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<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint
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Interacting groundstate (dressed vacuum)
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<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

Slide 1/24



Introduction

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)
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<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

1D

first step

Model:
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

continuous…



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

Lattice1D

first step computable

Model:Toy

Slide 1/24

<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

Lattice1D

first step computable

DynamicsChromoQuantumModel:Toy

quantum tech Scattering
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="xhPl3+wvADy6ZrJ66btXAf4CmDs=">AAAB93icbVBNS8NAFNz4WetX1aOXxSIIQklEqt4KXjxWMG2hjWWzfa1LN5tl90Uoob/Bq568iVd/jgf/i0nsQVvnNMy8x5s3oZbCout+OkvLK6tr66WN8ubW9s5uZW+/ZePEcPB5LGPTCZkFKRT4KFBCRxtgUSihHY6vc7/9CMaKWN3hREMQsZESQ8EZZpLf0+L+tF+pujW3AF0k3oxUyQzNfuWrN4h5EoFCLpm1Xc/VGKTMoOASpuVeYkEzPmYj6GZUsQhskBZhp/Q4sQxjqsFQIWkhwu+NlEXWTqIwm4wYPth5Lxf/87oJDi+DVCidICieH0IhoThkuRFZC0AHwgAiy5MDFYpyZhgiGEEZ55mYZLWUsz68+e8XSeus5tVr9dvzauNq1kyJHJIjckI8ckEa5IY0iU84EeSJPJMXZ+K8Om/O+8/okjPbOSB/4Hx8AxtlkvE=</latexit>

⇡+

<latexit sha1_base64="DWO4i30mjxGg4EFU9cyj6ub2G1s=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESHRENkIBegi0VAGCSeREhOdL5twyvl8ulsjRVa+gRYqOkTL51DwL9gmBSRMNZrZ1c5OqKWw6LqfztLyyuraemmjvLm1vbNb2dtv2TgxHHwey9h0QmZBCgU+CpTQ0QZYFEpoh+Pr3G8/grEiVnc40RBEbKTEUHCGmeT3tLg/7Veqbs0tQBeJNyNVMkOzX/nqDWKeRKCQS2Zt13M1BikzKLiEabmXWNCMj9kIuhlVLAIbpEXYKT1OLMOYajBUSFqI8HsjZZG1kyjMJiOGD3bey8X/vG6Cw8sgFUonCIrnh1BIKA5ZbkTWAtCBMIDI8uRAhaKcGYYIRlDGeSYmWS3lrA9v/vtF0jqrefVa/fa82riaNVMih+SInBCPXJAGuSFN4hNOBHkiz+TFmTivzpvz/jO65Mx2DsgfOB/fHoOS8w==</latexit>

⇡�

<latexit sha1_base64="QOOdtTBu1QtxXdGjgclwaIRfjkE=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEk4iJSY6XzbhlPP5dLdGiqx8Ay1UdIiWz6HgX7BNCkiYajSzq52dUEth0XU/ndLK6tr6RnmzsrW9s7tX3T9o2zgxHHwey9h0Q2ZBCgU+CpTQ1QZYFErohJPr3O88grEiVnc41RBEbKzESHCGmeT3tbh3B9WaW3cL0GXizUmNzNEaVL/6w5gnESjkklnb81yNQcoMCi5hVuknFjTjEzaGXkYVi8AGaRF2Rk8SyzCmGgwVkhYi/N5IWWTtNAqzyYjhg130cvE/r5fg6DJIhdIJguL5IRQSikOWG5G1AHQoDCCyPDlQoShnhiGCEZRxnolJVksl68Nb/H6ZtM/qXqPeuD2vNa/mzZTJETkmp8QjF6RJbkiL+IQTQZ7IM3lxps6r8+a8/4yWnPnOIfkD5+MbIzCS9g==</latexit>

⇡0

<latexit sha1_base64="I67rXdRirX/LxZV84UvVCGCXxhQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOot4MVjRPOAZA2zk04cMjs7zPQqYckneNWTN/Hq93jwX9xdc9BonYqqbrq6Ai2FRdf9cAoLi0vLK8XV0tr6xuZWeXunZaPYcGjySEamEzALUihookAJHW2AhYGEdjC+yPz2PRgrInWDEw1+yEZKDAVnmErX+vaoX664VTcH/Uu8GamQGRr98mdvEPE4BIVcMmu7nqvRT5hBwSVMS73YgmZ8zEbQTaliIVg/yaNO6UFsGUZUg6FC0lyEnxsJC62dhEE6GTK8s/NeJv7ndWMcnvmJUDpGUDw7hEJCfshyI9IOgA6EAUSWJQcqFOXMMEQwgjLOUzFOSymlfXjz3/8lreOqV6vWrk4q9fNZM0WyR/bJIfHIKamTS9IgTcLJiDySJ/LsPDgvzqvz9j1acGY7u+QXnPcvm6KSGA==</latexit>

p+ <latexit sha1_base64="gdP0U9WpWakDRYefw7uRq8uOKRw=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoMgBMKuSNRbQA8eI5gHbNbQO+nEIbMPZnqFsAS/wquevIlXv8WD/+Im5qCJdSqquunq8mMlDdn2p5VbWl5ZXcuvFzY2t7Z3irt7TRMlWmBDRCrSbR8MKhligyQpbMcaIfAVtvzh5cRvPaA2MgpvaRSjF8AglH0pgDLJ7VyhIrhLy+Vxt1iyK/YUfJE4M1JiM9S7xa9OLxJJgCEJBca4jh2Tl4ImKRSOC53EYAxiCAN0MxpCgMZLp5HH/CgxQBGPUXOp+FTE3xspBMaMAj+bDIDuzbw3Ef/z3IT6514qwzghDMXkEEmF00NGaJl1gbwnNRLBJDlyGXIBGohQSw5CZGKSlVPI+nDmv18kzZOKU61Ub05LtYtZM3l2wA7ZMXPYGauxa1ZnDSZYxJ7YM3uxHq1X6816/xnNWbOdffYH1sc3eMSVYQ==</latexit>

�++

Challenging (maybe next year...)
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<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

Lattice1D

first step computable

DynamicsElectroQuantumModel:Toy

quantum tech Scattering

first step

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�
<latexit sha1_base64="jRmT4iMTSB+SKIEmXhzClwddnaw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOot4MVjRPOAZA29k04cMvtgplcJSz7Bq568iVe/x4P/4u6ag0brVFR109XlRUoasu0Pq7CwuLS8Ulwtra1vbG6Vt3daJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+OLzG/fozYyDG5oEqHrwyiQQymAUukab4/65YpdtXPwv8SZkQqbodEvf/YGoYh9DEgoMKbr2BG5CWiSQuG01IsNRiDGMMJuSgPw0bhJHnXKD2IDFPIINZeK5yL+3EjAN2bie+mkD3Rn5r1M/M/rxjQ8cxMZRDFhILJDJBXmh4zQMu0A+UBqJIIsOXIZcAEaiFBLDkKkYpyWUkr7cOa//0tax1WnVq1dnVTq57NmimyP7bND5rBTVmeXrMGaTLARe2RP7Nl6sF6sV+vte7RgzXZ22S9Y71+KZ5IN</latexit>

e+
<latexit sha1_base64="mlDO2Wep4r8uN6ad5v4WuR+w0zA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXiYYyCPKQEhOtL5twyvmhuzUosvIJtFDRIVq+h4J/wTYpIDDVaGZXOztepKQh2/6wCguLS8srxdXS2vrG5lZ5e6dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N77I/PY9aiPD4IYmEbo+jAI5lAIola7x9qhfrthVOwf/S5wZqbAZGv3yZ28QitjHgIQCY7qOHZGbgCYpFE5LvdhgBGIMI+ymNAAfjZvkUaf8IDZAIY9Qc6l4LuLPjQR8Yya+l076QHdm3svE/7xuTMMzN5FBFBMGIjtEUmF+yAgt0w6QD6RGIsiSI5cBF6CBCLXkIEQqxmkppbQPZ/77v6R1XHVq1drVSaV+PmumyPbYPjtkDjtldXbJGqzJBBuxR/bEnq0H68V6td6+RwvWbGeX/YL1/gWNhZIP</latexit>

e�



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

Goal: Compton scattering
...we need a photon...



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�
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<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

(quasi)-

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

Too difficult (for the moment)



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

on Ladder GeometriesHamiltonian Lattice Pure1D

first step photon propagationcomputable

quantum tech

DynamicsElectroQuantumModel:Toy

first step

quantum tech

first step

Scattering

(still interacting)

Slide 1/24

<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

(quasi)-

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

on Ladder GeometriesHamiltonian Lattice Pure1D

first step photon propagationcomputable

quantum tech

DynamicsElectroQuantumModel:Toy

first step

quantum tech

first step

Scattering

(still interacting)
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>� <latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

(quasi)-



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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quantum tech
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>� <latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

(quasi)-

due to the ladder



Introduction

<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

Goal: prepare these

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

on Ladder GeometriesHamiltonian Lattice Pure1D

first step photon propagationcomputable

quantum tech

DynamicsElectroQuantumModel:Toy

first step

quantum tech

first step

Scattering

(still interacting)
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>� <latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

(quasi)-
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Motivation: problems and solutions

HEP

assumptions:

Analytical

QCD ?

discretization:

LGT

Numerical

CM

Quantum
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Models

Some problems remain intractable...

problem:
<latexit sha1_base64="zeA8qHwzapejQvxWhBO7F5yg/AA=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNUIAuEk3KIJGHlETR+rIJp5wfulsjRVZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOjhsqaci2P63C2vrG5lZxu7Szu7dfrhwcdkwQaYFtEahA91wwqKSPbZKksBdqBM9V2HVnN6nffUBtZODf0TzEoQdTX06kAEqkUaU8GEuPDzygewGKN0eVql2zM/BV4uSkynK0RpWvwTgQkYc+CQXG9B07pGEMmqRQuCgNIoMhiBlMsZ9QHzw0wzgLvuCnkQEKeIiaS8UzEX9vxOAZM/fcZDJNaJa9VPzP60c0uRrG0g8jQl+kh0gqzA4ZoWXSCPKx1EgEaXLk0ucCNBChlhyESMQoqaiU9OEsf79KOuc1p16r315UG9d5M0V2zE7YGXPYJWuwJmuxNhMsYk/smb1Yj9ar9Wa9/4wWrHzniP2B9fENwFuXHA==</latexit>

dimH

<latexit sha1_base64="Tac1oXlqU9hRA3Y/Im8HSb5e958=">AAACBHicbVC7SgNBFJ31GeNr1dJmMAjahF2RqF3AxkIwgnlAEsPdyTUOmX0wczcQlrR+ha1WdmLrf1j4L+6uKTR6qsM593LPPV6kpCHH+bDm5hcWl5YLK8XVtfWNTXtru2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3PM/85gi1kWFwQ+MIuz4MAnknBVAq9Wy74wPdC1DJ1eSgf3t52LNLTtnJwf8Sd0pKbIpaz/7s9EMR+xiQUGBM23Ui6iagSQqFk2InNhiBGMIA2ykNwEfTTfLkE74fG6CQR6i5VDwX8edGAr4xY99LJ7OcZtbLxP+8dkx3p91EBlFMGIjsEEmF+SEjtEwrQd6XGokgS45cBlyABiLUkoMQqRinHRXTPtzZ7/+SxlHZrZQr18el6tm0mQLbZXvsgLnshFXZBauxOhNsxB7ZE3u2HqwX69V6+x6ds6Y7O+wXrPcvwjWXrg==</latexit>

O(dL)

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =
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Some problems remain intractable...

problem:
<latexit sha1_base64="zeA8qHwzapejQvxWhBO7F5yg/AA=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNUIAuEk3KIJGHlETR+rIJp5wfulsjRVZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOjhsqaci2P63C2vrG5lZxu7Szu7dfrhwcdkwQaYFtEahA91wwqKSPbZKksBdqBM9V2HVnN6nffUBtZODf0TzEoQdTX06kAEqkUaU8GEuPDzygewGKN0eVql2zM/BV4uSkynK0RpWvwTgQkYc+CQXG9B07pGEMmqRQuCgNIoMhiBlMsZ9QHzw0wzgLvuCnkQEKeIiaS8UzEX9vxOAZM/fcZDJNaJa9VPzP60c0uRrG0g8jQl+kh0gqzA4ZoWXSCPKx1EgEaXLk0ucCNBChlhyESMQoqaiU9OEsf79KOuc1p16r315UG9d5M0V2zE7YGXPYJWuwJmuxNhMsYk/smb1Yj9ar9Wa9/4wWrHzniP2B9fENwFuXHA==</latexit>

dimH

<latexit sha1_base64="Tac1oXlqU9hRA3Y/Im8HSb5e958=">AAACBHicbVC7SgNBFJ31GeNr1dJmMAjahF2RqF3AxkIwgnlAEsPdyTUOmX0wczcQlrR+ha1WdmLrf1j4L+6uKTR6qsM593LPPV6kpCHH+bDm5hcWl5YLK8XVtfWNTXtru2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3PM/85gi1kWFwQ+MIuz4MAnknBVAq9Wy74wPdC1DJ1eSgf3t52LNLTtnJwf8Sd0pKbIpaz/7s9EMR+xiQUGBM23Ui6iagSQqFk2InNhiBGMIA2ykNwEfTTfLkE74fG6CQR6i5VDwX8edGAr4xY99LJ7OcZtbLxP+8dkx3p91EBlFMGIjsEEmF+SEjtEwrQd6XGokgS45cBlyABiLUkoMQqRinHRXTPtzZ7/+SxlHZrZQr18el6tm0mQLbZXvsgLnshFXZBauxOhNsxB7ZE3u2HqwX69V6+x6ds6Y7O+wXrPcvwjWXrg==</latexit>

O(dL)

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =
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Motivation: problems and solutions

HEP

assumptions:

Analytical

QCD ?

finite density
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out-of-equilibrium
(scattering…)

discretization:

LGT

Numerical Monte Carlo
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CM

Quantum
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Models
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problem:
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dimH

<latexit sha1_base64="Tac1oXlqU9hRA3Y/Im8HSb5e958=">AAACBHicbVC7SgNBFJ31GeNr1dJmMAjahF2RqF3AxkIwgnlAEsPdyTUOmX0wczcQlrR+ha1WdmLrf1j4L+6uKTR6qsM593LPPV6kpCHH+bDm5hcWl5YLK8XVtfWNTXtru2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3PM/85gi1kWFwQ+MIuz4MAnknBVAq9Wy74wPdC1DJ1eSgf3t52LNLTtnJwf8Sd0pKbIpaz/7s9EMR+xiQUGBM23Ui6iagSQqFk2InNhiBGMIA2ykNwEfTTfLkE74fG6CQR6i5VDwX8edGAr4xY99LJ7OcZtbLxP+8dkx3p91EBlFMGIjsEEmF+SEjtEwrQd6XGokgS45cBlyABiLUkoMQqRinHRXTPtzZ7/+SxlHZrZQr18el6tm0mQLbZXvsgLnshFXZBauxOhNsxB7ZE3u2HqwX69V6+x6ds6Y7O+wXrPcvwjWXrg==</latexit>

O(dL)

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =
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1. Theoretical background

(2+1)D pure EM Hamiltonian
<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization
1

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

(Quantum d.o.f survive!)

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization Wilson line
1

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>

H =
1
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Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

Gauge
invariance

Spacing

Divergence
of E
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Wilson line
1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

Hilbert space

Gauge
invariance

<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Wilson line
1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="d2XaJCPRHPuvr7+Q98DUlpP3IyM=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUmHpAAkrllgA17H+7OmhBC46+w1crO2PpPLPwvHieFgq96eW8m8+YFiZKGXPfTWVpeWV1bz23kN7e2d3YLe/s1E1st0BexinUjAINKRuiTJIWNRCOEgcJ6MLya+vUH1EbG0S2NEmyH0I9kTwqgVLprDYC432mZewsaO4WiW3Iz8EXizUiRzVDtFL5a3VjYECMSCoxpem5C7TFokkLhJN+yBhMQQ+hjM6URhGja4yz1hB9bAxTzBDWXimci/t4YQ2jMKAzSyRBoYOa9qfif17TUu2iPZZRYwkhMD5FUmB0yQsu0DuRdqZEIpsmRy4gL0ECEWnIQIhVt2k8+7cOb/36R1E5LXrlUvjkrVi5nzeTYITtiJ8xj56zCrlmV+UwwzZ7YM3txHp1X5815/xldcmY7B+wPnI9vJleW5w==</latexit>

Û⇤

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>

H =
1

2

Z
d
2
x
�
E

2 +B
2
�

Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

<latexit sha1_base64="vqJAtGJBrBsgokYFoirX0lUnA3s=">AAACD3icbVC7TsNAEDyHd3gFKGlOREhUkY1QgAIpEgWUIBGIFFvR+rJJTjmfrbs1UmQo+AS+ghYqOkTLJ1DwL9ghBa+pRjO72p0JEyUtue67U5qanpmdm18oLy4tr6xW1tYvbZwagU0Rq9i0QrCopMYmSVLYSgxCFCq8CofHhX91jcbKWF/QKMEggr6WPSmAcqlT2fQHQPykI/kN9xMruW9A9xXyI+52KlW35o7B/xJvQqpsgrNO5cPvxiKNUJNQYG3bcxMKMjAkhcLbsp9aTEAMoY/tnGqI0AbZOMQt304tUMwTNFwqPhbx+0YGkbWjKMwnI6CB/e0V4n9eO6XeQZBJnaSEWhSHSOYBi0NWGJm3g7wrDRJB8TlyqbkAA0RoJAchcjHN6yrnfXi/0/8ll7s1r16rn+9VG4eTZubZJttiO8xj+6zBTtkZazLB7tgDe2RPzr3z7Lw4r1+jJWeys8F+wHn7BDt1mw4=</latexit>

Ĝi| i = 0
<latexit sha1_base64="kERLnYYj9CeE65c/ivArNNKvCv0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFooAySOQhJVa0vmySU84P3a2RopCfoIWKDtHyMxT8C7ZxAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5Pr1G8/oDYyDO5pGqHrwyiQQymAEqnTGwPxm77slyt21c7Al4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcGWiSQuG81IsNRiAmMMJuQgPw0bizLO+cn8QGKOQRai4Vz0T8vTED35ip7yWTPtDYLHqp+J/XjWl46c5kEMWEgUgPkVSYHTJCy6QI5AOpkQjS5MhlwAVoIEItOQiRiHHSTCnpw1n8fpm0zqpOrVq7O6/Ur/JmiuyIHbNT5rALVme3rMGaTDDFntgze7EerVfrzXr/GS1Y+c4h+wPr4xsvCpQZ</latexit>

Ĝi

Gauge
generator

Physical statesPlaquette
operator

Electric op.Hilbert space

Gauge
invariance

<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Kogut-Susskind Hamiltonian

Wilson line

Coupling

1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

<latexit sha1_base64="KQ66Q+zBacHFEIYvzCyYPPeO65Q="></latexit>

Ĥ =
g
2

2a

X

l

Ê
2
l +

1

2ag2

X

⇤

⇣
Û⇤ +H.c.

⌘

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="d2XaJCPRHPuvr7+Q98DUlpP3IyM=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUmHpAAkrllgA17H+7OmhBC46+w1crO2PpPLPwvHieFgq96eW8m8+YFiZKGXPfTWVpeWV1bz23kN7e2d3YLe/s1E1st0BexinUjAINKRuiTJIWNRCOEgcJ6MLya+vUH1EbG0S2NEmyH0I9kTwqgVLprDYC432mZewsaO4WiW3Iz8EXizUiRzVDtFL5a3VjYECMSCoxpem5C7TFokkLhJN+yBhMQQ+hjM6URhGja4yz1hB9bAxTzBDWXimci/t4YQ2jMKAzSyRBoYOa9qfif17TUu2iPZZRYwkhMD5FUmB0yQsu0DuRdqZEIpsmRy4gL0ECEWnIQIhVt2k8+7cOb/36R1E5LXrlUvjkrVi5nzeTYITtiJ8xj56zCrlmV+UwwzZ7YM3txHp1X5815/xldcmY7B+wPnI9vJleW5w==</latexit>

Û⇤

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

<latexit sha1_base64="vqJAtGJBrBsgokYFoirX0lUnA3s=">AAACD3icbVC7TsNAEDyHd3gFKGlOREhUkY1QgAIpEgWUIBGIFFvR+rJJTjmfrbs1UmQo+AS+ghYqOkTLJ1DwL9ghBa+pRjO72p0JEyUtue67U5qanpmdm18oLy4tr6xW1tYvbZwagU0Rq9i0QrCopMYmSVLYSgxCFCq8CofHhX91jcbKWF/QKMEggr6WPSmAcqlT2fQHQPykI/kN9xMruW9A9xXyI+52KlW35o7B/xJvQqpsgrNO5cPvxiKNUJNQYG3bcxMKMjAkhcLbsp9aTEAMoY/tnGqI0AbZOMQt304tUMwTNFwqPhbx+0YGkbWjKMwnI6CB/e0V4n9eO6XeQZBJnaSEWhSHSOYBi0NWGJm3g7wrDRJB8TlyqbkAA0RoJAchcjHN6yrnfXi/0/8ll7s1r16rn+9VG4eTZubZJttiO8xj+6zBTtkZazLB7tgDe2RPzr3z7Lw4r1+jJWeys8F+wHn7BDt1mw4=</latexit>

Ĝi| i = 0
<latexit sha1_base64="kERLnYYj9CeE65c/ivArNNKvCv0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFooAySOQhJVa0vmySU84P3a2RopCfoIWKDtHyMxT8C7ZxAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5Pr1G8/oDYyDO5pGqHrwyiQQymAEqnTGwPxm77slyt21c7Al4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcGWiSQuG81IsNRiAmMMJuQgPw0bizLO+cn8QGKOQRai4Vz0T8vTED35ip7yWTPtDYLHqp+J/XjWl46c5kEMWEgUgPkVSYHTJCy6QI5AOpkQjS5MhlwAVoIEItOQiRiHHSTCnpw1n8fpm0zqpOrVq7O6/Ur/JmiuyIHbNT5rALVme3rMGaTDDFntgze7EerVfrzXr/GS1Y+c4h+wPr4xsvCpQZ</latexit>

Ĝi
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Electric op.Hilbert space

Gauge
invariance

<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Spacing

Comparator

Divergence
of E

Slide 3/24

J. Kogut, L. Susskind, Phys. Rev. D (1975) 395-408

<latexit sha1_base64="Bl5JsHsk+2ECbu2B+tZ7XxMZ3is=">AAAB/XicbVA9SwNBEN3zM8avqKXNYhCswl2QqIUQsLGMYD4giWFuM4lL9j7YnRNCCP4KW63sxNbfYuF/cXNeoYmvGB7vzTAzz4+VNOS6n87S8srq2npuI7+5tb2zW9jbb5go0QLrIlKRbvlgUMkQ6yRJYSvWCIGvsOmPrmZ+8wG1kVF4S+MYuwEMQzmQAshK7eFdmV9ytBV6haJbclPwReJlpMgy1HqFr04/EkmAIQkFxrQ9N6buBDRJoXCa7yQGYxAjGGLb0hACNN1JevKUHycGKOIxai4VT0X8PTGBwJhx4NvOAOjezHsz8T+vndDgvDuRYZwQhmK2iKTCdJERWtoskPelRiKYXY5chlyABiLUkoMQVkxsOHmbhzf//SJplEtepVS5OS1WL7JkcuyQHbET5rEzVmXXrMbqTLCIPbFn9uI8Oq/Om/P+07rkZDMH7A+cj2/YE5RZ</latexit>

g2 = e2a



1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Kogut-Susskind Hamiltonian

Wilson line

Coupling

Choose geometry, topology

1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

<latexit sha1_base64="KQ66Q+zBacHFEIYvzCyYPPeO65Q="></latexit>
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g
2

2a

X
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Ê
2
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2ag2

X

⇤

⇣
Û⇤ +H.c.

⌘

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="d2XaJCPRHPuvr7+Q98DUlpP3IyM=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUmHpAAkrllgA17H+7OmhBC46+w1crO2PpPLPwvHieFgq96eW8m8+YFiZKGXPfTWVpeWV1bz23kN7e2d3YLe/s1E1st0BexinUjAINKRuiTJIWNRCOEgcJ6MLya+vUH1EbG0S2NEmyH0I9kTwqgVLprDYC432mZewsaO4WiW3Iz8EXizUiRzVDtFL5a3VjYECMSCoxpem5C7TFokkLhJN+yBhMQQ+hjM6URhGja4yz1hB9bAxTzBDWXimci/t4YQ2jMKAzSyRBoYOa9qfif17TUu2iPZZRYwkhMD5FUmB0yQsu0DuRdqZEIpsmRy4gL0ECEWnIQIhVt2k8+7cOb/36R1E5LXrlUvjkrVi5nzeTYITtiJ8xj56zCrlmV+UwwzZ7YM3txHp1X5815/xldcmY7B+wPnI9vJleW5w==</latexit>

Û⇤

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

<latexit sha1_base64="vqJAtGJBrBsgokYFoirX0lUnA3s=">AAACD3icbVC7TsNAEDyHd3gFKGlOREhUkY1QgAIpEgWUIBGIFFvR+rJJTjmfrbs1UmQo+AS+ghYqOkTLJ1DwL9ghBa+pRjO72p0JEyUtue67U5qanpmdm18oLy4tr6xW1tYvbZwagU0Rq9i0QrCopMYmSVLYSgxCFCq8CofHhX91jcbKWF/QKMEggr6WPSmAcqlT2fQHQPykI/kN9xMruW9A9xXyI+52KlW35o7B/xJvQqpsgrNO5cPvxiKNUJNQYG3bcxMKMjAkhcLbsp9aTEAMoY/tnGqI0AbZOMQt304tUMwTNFwqPhbx+0YGkbWjKMwnI6CB/e0V4n9eO6XeQZBJnaSEWhSHSOYBi0NWGJm3g7wrDRJB8TlyqbkAA0RoJAchcjHN6yrnfXi/0/8ll7s1r16rn+9VG4eTZubZJttiO8xj+6zBTtkZazLB7tgDe2RPzr3z7Lw4r1+jJWeys8F+wHn7BDt1mw4=</latexit>

Ĝi| i = 0
<latexit sha1_base64="kERLnYYj9CeE65c/ivArNNKvCv0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFooAySOQhJVa0vmySU84P3a2RopCfoIWKDtHyMxT8C7ZxAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5Pr1G8/oDYyDO5pGqHrwyiQQymAEqnTGwPxm77slyt21c7Al4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcGWiSQuG81IsNRiAmMMJuQgPw0bizLO+cn8QGKOQRai4Vz0T8vTED35ip7yWTPtDYLHqp+J/XjWl46c5kEMWEgUgPkVSYHTJCy6QI5AOpkQjS5MhlwAVoIEItOQiRiHHSTCnpw1n8fpm0zqpOrVq7O6/Ur/JmiuyIHbNT5rALVme3rMGaTDDFntgze7EerVfrzXr/GS1Y+c4h+wPr4xsvCpQZ</latexit>

Ĝi
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Gauge
invariance

<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Spacing

Comparator

Size L (# plaquettes)
<latexit sha1_base64="vWUPl5xzLaHzaCgrYHNm4ns0TKY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptb1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98YvZE8</latexit>

1
<latexit sha1_base64="LFmm+r/vdbNDp1lV+JMIzfnv75w=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREOZSOQhJVZ0vmzCKeezdbeHFFn5Alqo6BAtH0TBv2AbFxCYajSzq52dIJbCoOt+OKW19Y3NrfJ2ZWd3b/+genjUM5HVHLo8kpEeBMyAFAq6KFDCINbAwkBCP5jfZH7/AbQRkbrDRQx+yGZKTAVnmEqdxrhac+tuDvqXeAWpkQLtcfVzNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TMGoYRjUFTIWkuws+NhIXGLMIgnQwZ3ptVLxP/84YWp1d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9fu/pNeoe816s3NRa10XzZTJCTkl58Qjl6RFbkmbdAknQB7JE3l2rPPivDpv36Mlp9g5Jr/gvH8BGkyRPQ==</latexit>

2
<latexit sha1_base64="wAYKiymy4+20uV9/56PWzBJP0Jg=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINBQUiUQeUmJF58smnHI+W3d7SJGVL6CFig7R8kEU/Au2cQEJU41mdrWzE8RSGHTdT2dldW19Y7O0Vd7e2d3brxwcdkxkNYc2j2SkewEzIIWCNgqU0Is1sDCQ0A2mN5nffQRtRKTucRaDH7KJEmPBGaZS625Yqbo1NwddJl5BqqRAc1j5GowibkNQyCUzpu+5MfoJ0yi4hHl5YA3EjE/ZBPopVSwE4yd50Dk9tYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGVnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJOe3DW/x+mXTOa169Vm9dVBvXRTMlckxOyBnxyCVpkFvSJG3CCZAn8kxeHOu8Om/O+8/oilPsHJE/cD6+AULSkVc=</latexit>

L <latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .<latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .

Divergence
of E

Slide 3/24

<latexit sha1_base64="Bl5JsHsk+2ECbu2B+tZ7XxMZ3is=">AAAB/XicbVA9SwNBEN3zM8avqKXNYhCswl2QqIUQsLGMYD4giWFuM4lL9j7YnRNCCP4KW63sxNbfYuF/cXNeoYmvGB7vzTAzz4+VNOS6n87S8srq2npuI7+5tb2zW9jbb5go0QLrIlKRbvlgUMkQ6yRJYSvWCIGvsOmPrmZ+8wG1kVF4S+MYuwEMQzmQAshK7eFdmV9ytBV6haJbclPwReJlpMgy1HqFr04/EkmAIQkFxrQ9N6buBDRJoXCa7yQGYxAjGGLb0hACNN1JevKUHycGKOIxai4VT0X8PTGBwJhx4NvOAOjezHsz8T+vndDgvDuRYZwQhmK2iKTCdJERWtoskPelRiKYXY5chlyABiLUkoMQVkxsOHmbhzf//SJplEtepVS5OS1WL7JkcuyQHbET5rEzVmXXrMbqTLCIPbFn9uI8Oq/Om/P+07rkZDMH7A+cj2/YE5RZ</latexit>

g2 = e2a



1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Kogut-Susskind Hamiltonian

Wilson line

Coupling

Choose geometry, topology

1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

<latexit sha1_base64="KQ66Q+zBacHFEIYvzCyYPPeO65Q="></latexit>

Ĥ =
g
2

2a

X

l

Ê
2
l +

1

2ag2

X

⇤

⇣
Û⇤ +H.c.

⌘

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="7ELPZXQoVSFBCyobjRg6zN5ZA+s=">AAACCnicbVDLSgNBEJz1GeMrKnjxMhgET2FXfIGXgJccI5gHJCH0TjrJkNkHM71iWPMHfoVXPXkTr/6EB//F3bgHTaxTUdVNV5cbKmnItj+thcWl5ZXV3Fp+fWNza7uws1s3QaQF1kSgAt10waCSPtZIksJmqBE8V2HDHV2nfuMOtZGBf0vjEDseDHzZlwIokbqF/bYHNBSgeKXbJrynOByOzaRbKNolewo+T5yMFFmGarfw1e4FIvLQJ6HAmJZjh9SJQZMUCif5dmQwBDGCAbYS6oOHphNP80/4UWSAAh6i5lLxqYi/N2LwjBl7bjKZpjWzXir+57Ui6l92YumHEaEv0kMkFU4PGaFlUgzyntRIBGly5NLnAjQQoZYchEjEKGkqn/ThzH4/T+onJee8dHZzWixfZc3k2AE7ZMfMYReszCqsympMsAf2xJ7Zi/VovVpv1vvP6IKV7eyxP7A+vgF1VJrp</latexit>

Hphys

<latexit sha1_base64="BCxn2jGYd9ydvWX6NdouYf3y2HM=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRL4kmEg1lIpGHlFjR+bIJp5zP1t0eUmTlC2ihokO0fBAF/4JtXEDCVKOZXe3sBLEUBl330ymtrK6tb5Q3K1vbO7t71f2Djoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqucNqza27Oegy8QpSIwWaw+rXYBRxG4JCLpkxfc+N0U+YRsElzCsDayBmfMom0E+pYiEYP8mDzumJNQwjGoOmQtJchN8bCQuNmYVBOhkyfDCLXib+5/Utjq/9RKjYIiieHUIhIT9kuBZpA0BHQgMiy5IDFYpyphkiaEEZ56lo00oqaR/e4vfLpHNW9y7rF63zWuOmaKZMjsgxOSUeuSINckeapE04AfJEnsmLY51X5815/xktOcXOIfkD5+MbF3aRPA==</latexit>

0

<latexit sha1_base64="SNdqXoHBcOW2LjpQ5EEYw5tnbhc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRL4kmEg1lIpGHlFjR+bIJp5zP1t0eUmTlC2ihokO0fBAF/4JtXEDCVKOZXe3sBLEUBl330ymtrK6tb5Q3K1vbO7t71f2Djoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1Rq4bBac+tuDrpMvILUSIHmsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYMH8yil4n/eX2L42s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6ZzVvcv6Reu81rgpmimTI3JMTolHrkiD3JEmaRNOgDyRZ/LiWOfVeXPef0ZLTrFzSP7A+fgGgXKRgA==</latexit>

t

<latexit sha1_base64="e4XyJ7LRrdK96BKzEotS1TqGPxM=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBCxMGcE8IFnC7M0kueTug3tnhRjyA36FrVZ2YutfWPgvbtYUmniaOZwzw8wcL1LSkG1/WguLS8srq5m17PrG5tZ2bme3ZsJYC6yKUIW64YFBJQOskiSFjUgj+J7Cuje4nvj1e9RGhsEdDSN0fegFsisFUCK1c/vNVh+I35zwtJZdfsXtdi5vF+wUfJ44U5JnU1Taua9WJxSxjwEJBcY0HTsidwSapFA4zrZigxGIAfSwmdAAfDTuKL1+zI9iAxTyCDWXiqci/p4YgW/M0PeSTh+ob2a9ifif14ype+GOZBDFhIGYLCKpMF1khJZJLMg7UiMRTC5HLgMuQAMRaslBiESMk5yySR7O7PfzpHZacIqF4u1ZvnQ5TSbDDtghO2YOO2clVmYVVmWCPbAn9sxerEfr1Xqz3n9aF6zpzB77A+vjGyIKl6w=</latexit>

[Ĝ, Ĥ] = 0

<latexit sha1_base64="d2XaJCPRHPuvr7+Q98DUlpP3IyM=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUmHpAAkrllgA17H+7OmhBC46+w1crO2PpPLPwvHieFgq96eW8m8+YFiZKGXPfTWVpeWV1bz23kN7e2d3YLe/s1E1st0BexinUjAINKRuiTJIWNRCOEgcJ6MLya+vUH1EbG0S2NEmyH0I9kTwqgVLprDYC432mZewsaO4WiW3Iz8EXizUiRzVDtFL5a3VjYECMSCoxpem5C7TFokkLhJN+yBhMQQ+hjM6URhGja4yz1hB9bAxTzBDWXimci/t4YQ2jMKAzSyRBoYOa9qfif17TUu2iPZZRYwkhMD5FUmB0yQsu0DuRdqZEIpsmRy4gL0ECEWnIQIhVt2k8+7cOb/36R1E5LXrlUvjkrVi5nzeTYITtiJ8xj56zCrlmV+UwwzZ7YM3txHp1X5815/xldcmY7B+wPnI9vJleW5w==</latexit>

Û⇤

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>
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�

Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

<latexit sha1_base64="vqJAtGJBrBsgokYFoirX0lUnA3s=">AAACD3icbVC7TsNAEDyHd3gFKGlOREhUkY1QgAIpEgWUIBGIFFvR+rJJTjmfrbs1UmQo+AS+ghYqOkTLJ1DwL9ghBa+pRjO72p0JEyUtue67U5qanpmdm18oLy4tr6xW1tYvbZwagU0Rq9i0QrCopMYmSVLYSgxCFCq8CofHhX91jcbKWF/QKMEggr6WPSmAcqlT2fQHQPykI/kN9xMruW9A9xXyI+52KlW35o7B/xJvQqpsgrNO5cPvxiKNUJNQYG3bcxMKMjAkhcLbsp9aTEAMoY/tnGqI0AbZOMQt304tUMwTNFwqPhbx+0YGkbWjKMwnI6CB/e0V4n9eO6XeQZBJnaSEWhSHSOYBi0NWGJm3g7wrDRJB8TlyqbkAA0RoJAchcjHN6yrnfXi/0/8ll7s1r16rn+9VG4eTZubZJttiO8xj+6zBTtkZazLB7tgDe2RPzr3z7Lw4r1+jJWeys8F+wHn7BDt1mw4=</latexit>

Ĝi| i = 0
<latexit sha1_base64="kERLnYYj9CeE65c/ivArNNKvCv0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFooAySOQhJVa0vmySU84P3a2RopCfoIWKDtHyMxT8C7ZxAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5Pr1G8/oDYyDO5pGqHrwyiQQymAEqnTGwPxm77slyt21c7Al4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcGWiSQuG81IsNRiAmMMJuQgPw0bizLO+cn8QGKOQRai4Vz0T8vTED35ip7yWTPtDYLHqp+J/XjWl46c5kEMWEgUgPkVSYHTJCy6QI5AOpkQjS5MhlwAVoIEItOQiRiHHSTCnpw1n8fpm0zqpOrVq7O6/Ur/JmiuyIHbNT5rALVme3rMGaTDDFntgze7EerVfrzXr/GS1Y+c4h+wPr4xsvCpQZ</latexit>

Ĝi

Gauge
generator

Physical statesPlaquette
operator

Electric op.Hilbert space

Gauge
invariance

<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Spacing

Comparator

Size L (# plaquettes)
<latexit sha1_base64="vWUPl5xzLaHzaCgrYHNm4ns0TKY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptb1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98YvZE8</latexit>

1
<latexit sha1_base64="LFmm+r/vdbNDp1lV+JMIzfnv75w=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREOZSOQhJVZ0vmzCKeezdbeHFFn5Alqo6BAtH0TBv2AbFxCYajSzq52dIJbCoOt+OKW19Y3NrfJ2ZWd3b/+genjUM5HVHLo8kpEeBMyAFAq6KFDCINbAwkBCP5jfZH7/AbQRkbrDRQx+yGZKTAVnmEqdxrhac+tuDvqXeAWpkQLtcfVzNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TMGoYRjUFTIWkuws+NhIXGLMIgnQwZ3ptVLxP/84YWp1d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9fu/pNeoe816s3NRa10XzZTJCTkl58Qjl6RFbkmbdAknQB7JE3l2rPPivDpv36Mlp9g5Jr/gvH8BGkyRPQ==</latexit>

2
<latexit sha1_base64="wAYKiymy4+20uV9/56PWzBJP0Jg=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINBQUiUQeUmJF58smnHI+W3d7SJGVL6CFig7R8kEU/Au2cQEJU41mdrWzE8RSGHTdT2dldW19Y7O0Vd7e2d3brxwcdkxkNYc2j2SkewEzIIWCNgqU0Is1sDCQ0A2mN5nffQRtRKTucRaDH7KJEmPBGaZS625Yqbo1NwddJl5BqqRAc1j5GowibkNQyCUzpu+5MfoJ0yi4hHl5YA3EjE/ZBPopVSwE4yd50Dk9tYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGVnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJOe3DW/x+mXTOa169Vm9dVBvXRTMlckxOyBnxyCVpkFvSJG3CCZAn8kxeHOu8Om/O+8/oilPsHJE/cD6+AULSkVc=</latexit>

L <latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .<latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .

Physical Hilbert space

Divergence
of E
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<latexit sha1_base64="Bl5JsHsk+2ECbu2B+tZ7XxMZ3is=">AAAB/XicbVA9SwNBEN3zM8avqKXNYhCswl2QqIUQsLGMYD4giWFuM4lL9j7YnRNCCP4KW63sxNbfYuF/cXNeoYmvGB7vzTAzz4+VNOS6n87S8srq2npuI7+5tb2zW9jbb5go0QLrIlKRbvlgUMkQ6yRJYSvWCIGvsOmPrmZ+8wG1kVF4S+MYuwEMQzmQAshK7eFdmV9ytBV6haJbclPwReJlpMgy1HqFr04/EkmAIQkFxrQ9N6buBDRJoXCa7yQGYxAjGGLb0hACNN1JevKUHycGKOIxai4VT0X8PTGBwJhx4NvOAOjezHsz8T+vndDgvDuRYZwQhmK2iKTCdJERWtoskPelRiKYXY5chlyABiLUkoMQVkxsOHmbhzf//SJplEtepVS5OS1WL7JkcuyQHbET5rEzVmXXrMbqTLCIPbFn9uI8Oq/Om/P+07rkZDMH7A+cj2/YE5RZ</latexit>

g2 = e2a



1. Theoretical background

2. The pure Lattice QED on ladder geometry
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1. Theoretical background

2. The pure Lattice QED on ladder geometry

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

To simulate
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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1. Theoretical background

U(1) Quantum Link Model (QLM)

2. The pure Lattice QED on ladder geometry

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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1. Theoretical background

U(1) Quantum Link Model (QLM)

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û
<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation

finite!

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

Slide 4/24

<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û

<latexit sha1_base64="i72zYSj96sL1Ev4CuH24uGiWD/4=">AAACEnicbVC7SgNREL3rM8ZX1FKQi0GwCrsiMY0QsNEugnlANobZm0lyyd0H984KIaTzE/wKW63sxNYfsPBf3E1SaOJp5nDODDNzvEhJQ7b9ZS0tr6yurWc2sptb2zu7ub39mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697gKvXrD6iNDIM7GkbY8qEXyK4UQInUzh25fSBe5dNy73agxy+56wP1PY/ftHN5u2BPwBeJMyN5NkOlnft2O6GIfQxIKDCm6dgRtUagSQqF46wbG4xADKCHzYQG4KNpjSZ/jPlJbIBCHqHmUvGJiL8nRuAbM/S9pDM90Mx7qfif14ypW2qNZBDFhIFIF5FUOFlkhJZJQMg7UiMRpJcjlwEXoIEIteQgRCLGSWLZJA9n/vtFUjsrOMVC8fY8Xy7NksmwQ3bMTpnDLliZXbMKqzLBHtkze2Gv1pP1Zr1bH9PWJWs2c8D+wPr8AVhfnC8=</latexit>

Û Û † = I

<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="d4DYmrFHMWlgoAmnyDvk2CQcsqI=">AAACBXicbVDLTgJBEJz1ifha9OhlIjExMZJdY5AjiRePGOWRAJLeoYEJs4/M9GoI4exXeNWTN+PV7/Dgv7jgHhSsU6WqO11dXqSkIcf5tJaWV1bX1jMb2c2t7Z1dO7dXM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RteTv36PWojw+CWRhG2fegHsicFUCJ17FxrAMRv7k54Sk47dt4pODPwReKmJM9SVDr2V6sbitjHgIQCY5quE1F7DJqkUDjJtmKDEYgh9LGZ0AB8NO3xLPqEH8UGKOQRai4Vn4n4e2MMvjEj30smfaCBmfem4n9eM6ZeqT2WQRQTBmJ6iKTC2SEjtEw6Qd6VGolgmhy5DLgADUSoJQchEjFOSsomfbjz3y+S2lnBLRaK1+f5ciltJsMO2CE7Zi67YGV2xSqsygR7YE/smb1Yj9ar9Wa9/4wuWenOPvsD6+MbA6mXJw==</latexit>

Ŝ+Ŝ�

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

Unitarity

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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<latexit sha1_base64="2MyvLEP82zaDGyAAxO3vyGXs6ZE=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINNAFiTyk2ETnyyaccj6buzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXe3s+JEUBm3701pYXFpeWS2tldc3Nre2Kzu7bRPGmkOLhzLUXZ8ZkEJBCwVK6EYaWOBL6Pjji8zvPIA2IlQ3OInAC9hIiaHgDFPp1lVwT92A4Z3v06t+pWrX7Bx0njgFqZICzX7lyx2EPA5AIZfMmJ5jR+glTKPgEqZlNzYQMT5mI+ilVLEAjJfkqaf0MDYMQxqBpkLSXITfGwkLjJkEfjqZBTSzXib+5/ViHJ55iVBRjKB4dgiFhPyQ4VqkdQAdCA2ILEsOVCjKmWaIoAVlnKdinPZTTvtwZr+fJ+3jmlOv1a9Pqo3zopkS2ScH5Ig45JQ0yCVpkhbhRJMn8kxerEfr1Xqz3n9GF6xiZ4/8gfXxDYYlloA=</latexit>

6= I

finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û

<latexit sha1_base64="i72zYSj96sL1Ev4CuH24uGiWD/4=">AAACEnicbVC7SgNREL3rM8ZX1FKQi0GwCrsiMY0QsNEugnlANobZm0lyyd0H984KIaTzE/wKW63sxNYfsPBf3E1SaOJp5nDODDNzvEhJQ7b9ZS0tr6yurWc2sptb2zu7ub39mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697gKvXrD6iNDIM7GkbY8qEXyK4UQInUzh25fSBe5dNy73agxy+56wP1PY/ftHN5u2BPwBeJMyN5NkOlnft2O6GIfQxIKDCm6dgRtUagSQqF46wbG4xADKCHzYQG4KNpjSZ/jPlJbIBCHqHmUvGJiL8nRuAbM/S9pDM90Mx7qfif14ypW2qNZBDFhIFIF5FUOFlkhJZJQMg7UiMRpJcjlwEXoIEIteQgRCLGSWLZJA9n/vtFUjsrOMVC8fY8Xy7NksmwQ3bMTpnDLliZXbMKqzLBHtkze2Gv1pP1Zr1bH9PWJWs2c8D+wPr8AVhfnC8=</latexit>

Û Û † = I

<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="d4DYmrFHMWlgoAmnyDvk2CQcsqI=">AAACBXicbVDLTgJBEJz1ifha9OhlIjExMZJdY5AjiRePGOWRAJLeoYEJs4/M9GoI4exXeNWTN+PV7/Dgv7jgHhSsU6WqO11dXqSkIcf5tJaWV1bX1jMb2c2t7Z1dO7dXM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RteTv36PWojw+CWRhG2fegHsicFUCJ17FxrAMRv7k54Sk47dt4pODPwReKmJM9SVDr2V6sbitjHgIQCY5quE1F7DJqkUDjJtmKDEYgh9LGZ0AB8NO3xLPqEH8UGKOQRai4Vn4n4e2MMvjEj30smfaCBmfem4n9eM6ZeqT2WQRQTBmJ6iKTC2SEjtEw6Qd6VGolgmhy5DLgADUSoJQchEjFOSsomfbjz3y+S2lnBLRaK1+f5ciltJsMO2CE7Zi67YGV2xSqsygR7YE/smb1Yj9ar9Wa9/4wuWenOPvsD6+MbA6mXJw==</latexit>

Ŝ+Ŝ�

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

Unitarity

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s
<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s

<latexit sha1_base64="PQhLySieZLhLQ7srCHlRLbzIRws=">AAACBXicbVC7TsNAEDzzDOHlQElzIkKiCnaEQspINJRBIg8pCdH5sgmnnM/W3RoUWan5Clqo6BAt30HBv2AbF5Aw1Whm92ZvvFAKg47zaa2srq1vbBa2its7u3v7dumgbYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW96mfqde9BGBOoGZyEMfDZRYiw4w0Qa2qV+9kbsyQjm9MzcVod22ak4GegycXNSJjmaQ/urPwp45INCLpkxPdcJcRAzjYJLmBf7kYGQ8SmbQC+hivlgBnEWO6cnkWEY0BA0FZJmIvzeiJlvzMz3kkmf4Z1Z9FLxP68X4bg+iIUKIwTF0yAUErIgw7VIOgE6EhoQWXo5UKEoZ5ohghaUcZ6IUVJSMenDXfz9MmlXK26tUrs+LzfqeTMFckSOySlxyQVpkCvSJC3CyQN5Is/kxXq0Xq036/1ndMXKdw7JH1gf39D4mEg=</latexit>

/s2

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

Slide 4/24

finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û

<latexit sha1_base64="i72zYSj96sL1Ev4CuH24uGiWD/4=">AAACEnicbVC7SgNREL3rM8ZX1FKQi0GwCrsiMY0QsNEugnlANobZm0lyyd0H984KIaTzE/wKW63sxNYfsPBf3E1SaOJp5nDODDNzvEhJQ7b9ZS0tr6yurWc2sptb2zu7ub39mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697gKvXrD6iNDIM7GkbY8qEXyK4UQInUzh25fSBe5dNy73agxy+56wP1PY/ftHN5u2BPwBeJMyN5NkOlnft2O6GIfQxIKDCm6dgRtUagSQqF46wbG4xADKCHzYQG4KNpjSZ/jPlJbIBCHqHmUvGJiL8nRuAbM/S9pDM90Mx7qfif14ypW2qNZBDFhIFIF5FUOFlkhJZJQMg7UiMRpJcjlwEXoIEIteQgRCLGSWLZJA9n/vtFUjsrOMVC8fY8Xy7NksmwQ3bMTpnDLliZXbMKqzLBHtkze2Gv1pP1Zr1bH9PWJWs2c8D+wPr8AVhfnC8=</latexit>

Û Û † = I

<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="d4DYmrFHMWlgoAmnyDvk2CQcsqI=">AAACBXicbVDLTgJBEJz1ifha9OhlIjExMZJdY5AjiRePGOWRAJLeoYEJs4/M9GoI4exXeNWTN+PV7/Dgv7jgHhSsU6WqO11dXqSkIcf5tJaWV1bX1jMb2c2t7Z1dO7dXM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RteTv36PWojw+CWRhG2fegHsicFUCJ17FxrAMRv7k54Sk47dt4pODPwReKmJM9SVDr2V6sbitjHgIQCY5quE1F7DJqkUDjJtmKDEYgh9LGZ0AB8NO3xLPqEH8UGKOQRai4Vn4n4e2MMvjEj30smfaCBmfem4n9eM6ZeqT2WQRQTBmJ6iKTC2SEjtEw6Qd6VGolgmhy5DLgADUSoJQchEjFOSsomfbjz3y+S2lnBLRaK1+f5ciltJsMO2CE7Zi67YGV2xSqsygR7YE/smb1Yj9ar9Wa9/4wuWenOPvsD6+MbA6mXJw==</latexit>

Ŝ+Ŝ�

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

Unitarity

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s
<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s

<latexit sha1_base64="PQhLySieZLhLQ7srCHlRLbzIRws=">AAACBXicbVC7TsNAEDzzDOHlQElzIkKiCnaEQspINJRBIg8pCdH5sgmnnM/W3RoUWan5Clqo6BAt30HBv2AbF5Aw1Whm92ZvvFAKg47zaa2srq1vbBa2its7u3v7dumgbYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW96mfqde9BGBOoGZyEMfDZRYiw4w0Qa2qV+9kbsyQjm9MzcVod22ak4GegycXNSJjmaQ/urPwp45INCLpkxPdcJcRAzjYJLmBf7kYGQ8SmbQC+hivlgBnEWO6cnkWEY0BA0FZJmIvzeiJlvzMz3kkmf4Z1Z9FLxP68X4bg+iIUKIwTF0yAUErIgw7VIOgE6EhoQWXo5UKEoZ5ohghaUcZ6IUVJSMenDXfz9MmlXK26tUrs+LzfqeTMFckSOySlxyQVpkCvSJC3CyQN5Is/kxXq0Xq036/1ndMXKdw7JH1gf39D4mEg=</latexit>

/s2
<latexit sha1_base64="ecXWUdj55k+6dTkQ/Ij2W/LiUkg=">AAACEXicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKxJQBG+0imAdklzA7udEhsw9m7gphSeUn+BW2WtmJrV9g4b84u6bQxFsdzn2cc0+QSKHRcT6t0tLyyupaeb2ysbm1vWPv7nV0nCoObR7LWPUCpkGKCNooUEIvUcDCQEI3GF/k/e49KC3i6AYnCfghu43ESHCGhhrYh15xIzM0RMim1MOYeiHDuyCgVwO76tScougicGegSmbVGthf3jDmaWhuccm07rtOgn7GFAouYVrxUg0J42Oj1jcwYiFoPyssTOlxqplRT0BRIWlBwu+NjIVaT8LATOYG9XwvJ//r9VMcNfxMREmKEPFcCIWEQkhzJUw+QIdCASLLnQMVEeVMMURQgjLODZmawComD3f++0XQOa259Vr9+qzabMySKZMDckROiEvOSZNckhZpE04eyBN5Ji/Wo/VqvVnvP6Mla7azT/6U9fENH6CdVQ==</latexit>! I Kogut - Susskind limit <latexit sha1_base64="lZDLHPw/BqYACyQUGr0kkgXucJA=">AAACEHicbVC7TsNAEDzzDOEVoITiRIREFdkIhZSRaCiDRB5SbEXnywZOOZ+tuzVSZKXhE/gKWqjoEC1/QMG/cDEuIGGr0czuzu6EiRQGXffTWVpeWV1bL22UN7e2d3Yre/sdE6eaQ5vHMta9kBmQQkEbBUroJRpYFErohuPLmd69B21ErG5wkkAQsVslRoIztNSgcuTnOzJLg0I2pYb6GFNfqBFOBpWqW3PzoovAK0CVFNUaVL78YczTyK7ikhnT99wEg4xpFFzCtOynBhLGx9asb6FiEZggyy+Y0pPUMGudgKZC0pyE3xMZi4yZRKHtjBjemXltRv6n9VMcNYJMqCRFUHxmhEJCbmS4FjYeoEOhAZHNLgcqFOVMM0TQgjLOLZnavMo2D2/++0XQOat59Vr9+rzabBTJlMghOSanxCMXpEmuSIu0CScP5Ik8kxfn0Xl13pz3n9Ylp5g5IH/K+fgGxVadMQ==</latexit>

s ! 1

✓

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û

<latexit sha1_base64="i72zYSj96sL1Ev4CuH24uGiWD/4=">AAACEnicbVC7SgNREL3rM8ZX1FKQi0GwCrsiMY0QsNEugnlANobZm0lyyd0H984KIaTzE/wKW63sxNYfsPBf3E1SaOJp5nDODDNzvEhJQ7b9ZS0tr6yurWc2sptb2zu7ub39mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697gKvXrD6iNDIM7GkbY8qEXyK4UQInUzh25fSBe5dNy73agxy+56wP1PY/ftHN5u2BPwBeJMyN5NkOlnft2O6GIfQxIKDCm6dgRtUagSQqF46wbG4xADKCHzYQG4KNpjSZ/jPlJbIBCHqHmUvGJiL8nRuAbM/S9pDM90Mx7qfif14ypW2qNZBDFhIFIF5FUOFlkhJZJQMg7UiMRpJcjlwEXoIEIteQgRCLGSWLZJA9n/vtFUjsrOMVC8fY8Xy7NksmwQ3bMTpnDLliZXbMKqzLBHtkze2Gv1pP1Zr1bH9PWJWs2c8D+wPr8AVhfnC8=</latexit>

Û Û † = I

<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="d4DYmrFHMWlgoAmnyDvk2CQcsqI=">AAACBXicbVDLTgJBEJz1ifha9OhlIjExMZJdY5AjiRePGOWRAJLeoYEJs4/M9GoI4exXeNWTN+PV7/Dgv7jgHhSsU6WqO11dXqSkIcf5tJaWV1bX1jMb2c2t7Z1dO7dXM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RteTv36PWojw+CWRhG2fegHsicFUCJ17FxrAMRv7k54Sk47dt4pODPwReKmJM9SVDr2V6sbitjHgIQCY5quE1F7DJqkUDjJtmKDEYgh9LGZ0AB8NO3xLPqEH8UGKOQRai4Vn4n4e2MMvjEj30smfaCBmfem4n9eM6ZeqT2WQRQTBmJ6iKTC2SEjtEw6Qd6VGolgmhy5DLgADUSoJQchEjFOSsomfbjz3y+S2lnBLRaK1+f5ciltJsMO2CE7Zi67YGV2xSqsygR7YE/smb1Yj9ar9Wa9/4wuWenOPvsD6+MbA6mXJw==</latexit>

Ŝ+Ŝ�

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

Unitarity

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s
<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s

<latexit sha1_base64="PQhLySieZLhLQ7srCHlRLbzIRws=">AAACBXicbVC7TsNAEDzzDOHlQElzIkKiCnaEQspINJRBIg8pCdH5sgmnnM/W3RoUWan5Clqo6BAt30HBv2AbF5Aw1Whm92ZvvFAKg47zaa2srq1vbBa2its7u3v7dumgbYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW96mfqde9BGBOoGZyEMfDZRYiw4w0Qa2qV+9kbsyQjm9MzcVod22ak4GegycXNSJjmaQ/urPwp45INCLpkxPdcJcRAzjYJLmBf7kYGQ8SmbQC+hivlgBnEWO6cnkWEY0BA0FZJmIvzeiJlvzMz3kkmf4Z1Z9FLxP68X4bg+iIUKIwTF0yAUErIgw7VIOgE6EhoQWXo5UKEoZ5ohghaUcZ6IUVJSMenDXfz9MmlXK26tUrs+LzfqeTMFckSOySlxyQVpkCvSJC3CyQN5Is/kxXq0Xq036/1ndMXKdw7JH1gf39D4mEg=</latexit>

/s2
<latexit sha1_base64="ecXWUdj55k+6dTkQ/Ij2W/LiUkg=">AAACEXicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKxJQBG+0imAdklzA7udEhsw9m7gphSeUn+BW2WtmJrV9g4b84u6bQxFsdzn2cc0+QSKHRcT6t0tLyyupaeb2ysbm1vWPv7nV0nCoObR7LWPUCpkGKCNooUEIvUcDCQEI3GF/k/e49KC3i6AYnCfghu43ESHCGhhrYh15xIzM0RMim1MOYeiHDuyCgVwO76tScougicGegSmbVGthf3jDmaWhuccm07rtOgn7GFAouYVrxUg0J42Oj1jcwYiFoPyssTOlxqplRT0BRIWlBwu+NjIVaT8LATOYG9XwvJ//r9VMcNfxMREmKEPFcCIWEQkhzJUw+QIdCASLLnQMVEeVMMURQgjLODZmawComD3f++0XQOa259Vr9+qzabMySKZMDckROiEvOSZNckhZpE04eyBN5Ji/Wo/VqvVnvP6Mla7azT/6U9fENH6CdVQ==</latexit>! I Kogut - Susskind limit <latexit sha1_base64="lZDLHPw/BqYACyQUGr0kkgXucJA=">AAACEHicbVC7TsNAEDzzDOEVoITiRIREFdkIhZSRaCiDRB5SbEXnywZOOZ+tuzVSZKXhE/gKWqjoEC1/QMG/cDEuIGGr0czuzu6EiRQGXffTWVpeWV1bL22UN7e2d3Yre/sdE6eaQ5vHMta9kBmQQkEbBUroJRpYFErohuPLmd69B21ErG5wkkAQsVslRoIztNSgcuTnOzJLg0I2pYb6GFNfqBFOBpWqW3PzoovAK0CVFNUaVL78YczTyK7ikhnT99wEg4xpFFzCtOynBhLGx9asb6FiEZggyy+Y0pPUMGudgKZC0pyE3xMZi4yZRKHtjBjemXltRv6n9VMcNYJMqCRFUHxmhEJCbmS4FjYeoEOhAZHNLgcqFOVMM0TQgjLOLZnavMo2D2/++0XQOat59Vr9+rzabBTJlMghOSanxCMXpEmuSIu0CScP5Ik8kxfn0Xl13pz3n9Ylp5g5IH/K+fgGxVadMQ==</latexit>

s ! 1

✓

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓

<latexit sha1_base64="A6QWJoO9LXDoZPH6HUonHnkTuU0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCIWUkCiiDRB5SYkXryyY5cn7obo0UovwDLVR0iJa/oeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubha3i9s7u3n7p4LBlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N7lK/fYDaiPD4I6mEbo+jAI5lAIokVq9MRC/7pfKdsXOwJeJk5Myy9Hol756g1DEPgYkFBjTdeyI3BlokkLhvNiLDUYgJjDCbkID8NG4syztnJ/GBijkEWouFc9E/L0xA9+Yqe8lkz7Q2Cx6qfif141pWHNnMohiwkCkh0gqzA4ZoWVSA/KB1EgEaXLkMuACNBChlhyESMQ46aWY9OEsfr9MWucVp1qp3l6U67W8mQI7ZifsjDnsktXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YuU7R+wPrI9vqJSTPA==</latexit>

Ĝ
<latexit sha1_base64="xuRh7ATywFszZEh18glGShr1Lg8=">AAACGHicbVDLSgNBEJyNrxhfqx69DEZBEMOuSPQY8OIxoolCEkPvpGPGzD6Y6RVMyA/4CX6FVz15E6/ePPgvbtYVfNWpuqqb7i4vUtKQ47xZuYnJqemZ/Gxhbn5hccleXqmbMNYCayJUoT73wKCSAdZIksLzSCP4nsIzr3849s+uURsZBqd0E2HLh8tAdqUASqS2vdHsAfGTtrwY8G2eFf2k2Pkqri4GbbvolJwU/C9xM1JkGapt+73ZCUXsY0BCgTEN14moNQRNUigcFZqxwQhEHy6xkdAAfDStYfrNiG/GBijkEWouFU9F/D4xBN+YG99LOn2gnvntjcX/vEZM3YPWUAZRTBiI8SKSCtNFRmiZxIS8IzUSwfhy5DLgAjQQoZYchEjEOMmtkOTh/v7+L6nvltxyqXy8V6wcZMnk2RpbZ1vMZfuswo5YldWYYLfsnj2wR+vOerKerZfP1pyVzayyH7BePwCpOZ54</latexit>

Ŝz
i + Ŝz

k � Ŝz
jGauge generator

Allowed ✓ Not allowed ✖
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Spin 
representation

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.
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2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1
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2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

Exp scaling

<latexit sha1_base64="5RVC7UWoFwgn2Zlgo7v9AdMJBaU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIghB2gy8QIeAlBw8RzAOSGHonnThk9sFMrxBC8BP8Cq968iZe/QYP/ou7MQdNrFNR1U1Xlxsqaci2P63U3PzC4lJ6ObOyura+kd3cqpog0gIrIlCBrrtgUEkfKyRJYT3UCJ6rsOb2LxO/do/ayMC/oUGILQ96vuxKARRL7exOsyM93vSA7gQoXuIXvHB7xQ95oZ3N2Xl7DD5LnAnJsQnK7exXsxOIyEOfhAJjGo4dUmsImqRQOMo0I4MhiD70sBFTHzw0reH4hRHfjwxQwEPUXCo+FvH3xhA8YwaeG08mWc20l4j/eY2IumetofTDiNAXySGSCseHjNAy7gZ5R2okgiQ5culzARqIUEsOQsRiFJeViftwpr+fJdVC3jnJH18f5Yrnk2bSbJftsQPmsFNWZCVWZhUm2AN7Ys/sxXq0Xq036/1nNGVNdrbZH1gf34GOmXc=</latexit>

dimH = 2L + 2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1
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2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

Exp scaling

<latexit sha1_base64="5RVC7UWoFwgn2Zlgo7v9AdMJBaU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIghB2gy8QIeAlBw8RzAOSGHonnThk9sFMrxBC8BP8Cq968iZe/QYP/ou7MQdNrFNR1U1Xlxsqaci2P63U3PzC4lJ6ObOyura+kd3cqpog0gIrIlCBrrtgUEkfKyRJYT3UCJ6rsOb2LxO/do/ayMC/oUGILQ96vuxKARRL7exOsyM93vSA7gQoXuIXvHB7xQ95oZ3N2Xl7DD5LnAnJsQnK7exXsxOIyEOfhAJjGo4dUmsImqRQOMo0I4MhiD70sBFTHzw0reH4hRHfjwxQwEPUXCo+FvH3xhA8YwaeG08mWc20l4j/eY2IumetofTDiNAXySGSCseHjNAy7gZ5R2okgiQ5culzARqIUEsOQsRiFJeViftwpr+fJdVC3jnJH18f5Yrnk2bSbJftsQPmsFNWZCVWZhUm2AN7Ys/sxXq0Xq036/1nNGVNdrbZH1gf34GOmXc=</latexit>

dimH = 2L + 2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1

Computational basis

Slide 5/24



2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

Exp scaling

<latexit sha1_base64="5RVC7UWoFwgn2Zlgo7v9AdMJBaU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIghB2gy8QIeAlBw8RzAOSGHonnThk9sFMrxBC8BP8Cq968iZe/QYP/ou7MQdNrFNR1U1Xlxsqaci2P63U3PzC4lJ6ObOyura+kd3cqpog0gIrIlCBrrtgUEkfKyRJYT3UCJ6rsOb2LxO/do/ayMC/oUGILQ96vuxKARRL7exOsyM93vSA7gQoXuIXvHB7xQ95oZ3N2Xl7DD5LnAnJsQnK7exXsxOIyEOfhAJjGo4dUmsImqRQOMo0I4MhiD70sBFTHzw0reH4hRHfjwxQwEPUXCo+FvH3xhA8YwaeG08mWc20l4j/eY2IumetofTDiNAXySGSCseHjNAy7gZ5R2okgiQ5culzARqIUEsOQsRiFJeViftwpr+fJdVC3jnJH18f5Yrnk2bSbJftsQPmsFNWZCVWZhUm2AN7Ys/sxXq0Xq036/1nNGVNdrbZH1gf34GOmXc=</latexit>

dimH = 2L + 2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation Construct operators

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1
<latexit sha1_base64="6CVFn2zL/iy5bcefLydx36QM7hs=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINCmDRB5SYkXryyY5cn7obo0UhfwELVR0iJafoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubha3i9s7u3n7p4LBlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N7lJ/fYDaiPD4I6mEbo+jAI5lAIokTq9MRCv9+/7pbJdsTPwZeLkpMxyNPqlr94gFLGPAQkFxnQdOyJ3BpqkUDgv9mKDEYgJjLCb0AB8NO4syzvnp7EBCnmEmkvFMxF/b8zAN2bqe8mkDzQ2i14q/ud1YxpeuTMZRDFhINJDJBVmh4zQMikC+UBqJII0OXIZcAEaiFBLDkIkYpw0U0z6cBa/Xyat84pTrVRvL8q167yZAjtmJ+yMOeyS1VidNViTCabYE3tmL9aj9Wq9We8/oytWvnPE/sD6+AYyKpQb</latexit>

Ĥj
<latexit sha1_base64="nr2T5XV6teBW0B2ExTJmm+mk1Ks=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRByktKrGh92SRHzg/drZFClH+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOzsFXc3tnd2y8dHLZMGGuBTRGqUHc8MKhkgE2SpLATaQTfU9j2Jjep335AbWQYNGgaoevDKJBDKYASqdUbA/FGv1S2K3YGvkycnJRZjnq/9NUbhCL2MSChwJiuY0fkzkCTFArnxV5sMAIxgRF2ExqAj8adZWnn/DQ2QCGPUHOpeCbi740Z+MZMfS+Z9IHGZtFLxf+8bkzDK3cmgygmDER6iKTC7JARWiY1IB9IjUSQJkcuAy5AAxFqyUGIRIyTXopJH87i98ukdV5xqpXq3UW5dp03U2DH7ISdMYddshq7ZXXWZILdsyf2zF6sR+vVerPef0ZXrHzniP2B9fENvSSTSg==</latexit>

T̂<latexit sha1_base64="hOnaXY7oiDk1XH3DISRqq5JrlxI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJQBkYeUWNH6skmOnB+6WyMFK/9ACxUdouVvKPgXHOMCEqYazexqZ8eLlDRk25/W0vLK6tp6YaO4ubW9s1va22+aMNYCGyJUoW57YFDJABskSWE70gi+p7Dlja9mfusBtZFhcEeTCF0fhoEcSAGUSs3uCIjf9kplu2Jn4IvEyUmZ5aj3Sl/dfihiHwMSCozpOHZEbgKapFA4LXZjgxGIMQyxk9IAfDRukqWd8uPYAIU8Qs2l4pmIvzcS8I2Z+F466QONzLw3E//zOjENLtxEBlFMGIjZIZIKs0NGaJnWgLwvNRLBLDlyGXABGohQSw5CpGKc9lJM+3Dmv18kzdOKU61Ub87Ktcu8mQI7ZEfshDnsnNXYNauzBhPsnj2xZ/ZiPVqv1pv1/jO6ZOU7B+wPrI9vugaTSA==</latexit>

R̂

Computational basis

Slide 5/24



2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

Exp scaling

<latexit sha1_base64="5RVC7UWoFwgn2Zlgo7v9AdMJBaU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIghB2gy8QIeAlBw8RzAOSGHonnThk9sFMrxBC8BP8Cq968iZe/QYP/ou7MQdNrFNR1U1Xlxsqaci2P63U3PzC4lJ6ObOyura+kd3cqpog0gIrIlCBrrtgUEkfKyRJYT3UCJ6rsOb2LxO/do/ayMC/oUGILQ96vuxKARRL7exOsyM93vSA7gQoXuIXvHB7xQ95oZ3N2Xl7DD5LnAnJsQnK7exXsxOIyEOfhAJjGo4dUmsImqRQOMo0I4MhiD70sBFTHzw0reH4hRHfjwxQwEPUXCo+FvH3xhA8YwaeG08mWc20l4j/eY2IumetofTDiNAXySGSCseHjNAy7gZ5R2okgiQ5culzARqIUEsOQsRiFJeViftwpr+fJdVC3jnJH18f5Yrnk2bSbJftsQPmsFNWZCVWZhUm2AN7Ys/sxXq0Xq036/1nNGVNdrbZH1gf34GOmXc=</latexit>

dimH = 2L + 2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation

<latexit sha1_base64="f4yKLrCnk2awd1EpHWMNumCeiRA=">AAACCHicbVDJSgNBEO1xjXGLy81LYxA8SJgRNxAh4CXHCNkgGUJNp5I06VnorhFiyA/4FV715E28+hce/BcnYw6a+C71eK+KqnpepKQh2/60FhaXlldWM2vZ9Y3Nre3czm7NhLEWWBWhCnXDA4NKBlglSQobkUbwPYV1b3A78ev3qI0MgwoNI3R96AWyKwVQIrVz+81WH4iXTnhaKy6/4XY7l7cLdgo+T5wpybMpyu3cV6sTitjHgIQCY5qOHZE7Ak1SKBxnW7HBCMQAethMaAA+GneUXj/mR7EBCnmEmkvFUxF/T4zAN2boe0mnD9Q3s95E/M9rxtS9ckcyiGLCQEwWkVSYLjJCyyQW5B2pkQgmlyOXAReggQi15CBEIsZJTtkkD2f2+3lSOy04F4Xzu7N88XqaTIYdsEN2zBx2yYqsxMqsygR7YE/smb1Yj9ar9Wa9/7QuWNOZPfYH1sc3Nt6Xug==</latexit>

[Ĥ, T̂ ] = 0

Construct operators

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1

Dispersion relation!

<latexit sha1_base64="6CVFn2zL/iy5bcefLydx36QM7hs=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINCmDRB5SYkXryyY5cn7obo0UhfwELVR0iJafoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubha3i9s7u3n7p4LBlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N7lJ/fYDaiPD4I6mEbo+jAI5lAIokTq9MRCv9+/7pbJdsTPwZeLkpMxyNPqlr94gFLGPAQkFxnQdOyJ3BpqkUDgv9mKDEYgJjLCb0AB8NO4syzvnp7EBCnmEmkvFMxF/b8zAN2bqe8mkDzQ2i14q/ud1YxpeuTMZRDFhINJDJBVmh4zQMikC+UBqJII0OXIZcAEaiFBLDkIkYpw0U0z6cBa/Xyat84pTrVRvL8q167yZAjtmJ+yMOeyS1VidNViTCabYE3tmL9aj9Wq9We8/oytWvnPE/sD6+AYyKpQb</latexit>

Ĥj
<latexit sha1_base64="nr2T5XV6teBW0B2ExTJmm+mk1Ks=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRByktKrGh92SRHzg/drZFClH+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOzsFXc3tnd2y8dHLZMGGuBTRGqUHc8MKhkgE2SpLATaQTfU9j2Jjep335AbWQYNGgaoevDKJBDKYASqdUbA/FGv1S2K3YGvkycnJRZjnq/9NUbhCL2MSChwJiuY0fkzkCTFArnxV5sMAIxgRF2ExqAj8adZWnn/DQ2QCGPUHOpeCbi740Z+MZMfS+Z9IHGZtFLxf+8bkzDK3cmgygmDER6iKTC7JARWiY1IB9IjUSQJkcuAy5AAxFqyUGIRIyTXopJH87i98ukdV5xqpXq3UW5dp03U2DH7ISdMYddshq7ZXXWZILdsyf2zF6sR+vVerPef0ZXrHzniP2B9fENvSSTSg==</latexit>

T̂<latexit sha1_base64="hOnaXY7oiDk1XH3DISRqq5JrlxI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJQBkYeUWNH6skmOnB+6WyMFK/9ACxUdouVvKPgXHOMCEqYazexqZ8eLlDRk25/W0vLK6tp6YaO4ubW9s1va22+aMNYCGyJUoW57YFDJABskSWE70gi+p7Dlja9mfusBtZFhcEeTCF0fhoEcSAGUSs3uCIjf9kplu2Jn4IvEyUmZ5aj3Sl/dfihiHwMSCozpOHZEbgKapFA4LXZjgxGIMQyxk9IAfDRukqWd8uPYAIU8Qs2l4pmIvzcS8I2Z+F466QONzLw3E//zOjENLtxEBlFMGIjZIZIKs0NGaJnWgLwvNRLBLDlyGXABGohQSw5CpGKc9lJM+3Dmv18kzdOKU61Ub87Ktcu8mQI7ZEfshDnsnNXYNauzBhPsnj2xZ/ZiPVqv1pv1/jO6ZOU7B+wPrI9vugaTSA==</latexit>

R̂

Computational basis
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Massive Massless

Continuum

Lattice
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Massive Massless

Continuum

Lattice
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="wQP/NhuM91VpxrNrcFd1RxuG+dg=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRBGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5wK+5M6zW7Lqdgy8TpyA1VqA1rH71R6GIfQxIKDCm59gRDRLQJIXCeaUfG4xATGGCvZQG4KMZJHnYOT+JDVDII9RcKp6L+HsjAd+Yme+lkz7Qg1n0MvE/rxfT+HKQyCCKCQORHSKpMD9khJZpC8hHUiMRZMmRy4AL0ECEWnIQIhXjtJZK2oez+P0yaZ/VnUa9cXdea14VzZTZETtmp8xhF6zJblmLuUwwyZ7YM3uxZtar9Wa9/4yWrGLnkP2B9fENCXCSQw==</latexit>

a = 1

Translational invar. (PBC)

( varying the coupling g )

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
<latexit sha1_base64="fdp2G2Lp0dSDUH9qSt0y0xnCHLM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBBSiQItFQUASJPKTEis6XTThyPlt3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HihFAZt+9MqLCwuLa8UV0tr6xubW+XtnZYJIs2hyQMZ6I7HDEihoIkCJXRCDcz3JLS98WXqtx9AGxGoW5yE4PpspMRQcIaJ1LqmF9Q57pcrdtXOQOeJk5MKydHol796g4BHPijkkhnTdewQ3ZhpFFzCtNSLDISMj9kIuglVzAfjxlnaKT2IDMOAhqCpkDQT4fdGzHxjJr6XTPoM78ysl4r/ed0Ih2duLFQYISieHkIhITtkuBZJDUAHQgMiS5MDFYpyphkiaEEZ54kYJb2Ukj6c2e/nSeuo6tSqtZuTSv08b6ZI9sg+OSQOOSV1ckUapEk4uSdP5Jm8WI/Wq/Vmvf+MFqx8Z5f8gfXxDV2Ckmo=</latexit>

L = 13 Intermediate system size

Lowest spin rep.

Unit lattice spacing

Assuming

1/2 1
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Simultaneous exact diagonalization
(computationally difficult step)

<latexit sha1_base64="wQP/NhuM91VpxrNrcFd1RxuG+dg=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRBGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5wK+5M6zW7Lqdgy8TpyA1VqA1rH71R6GIfQxIKDCm59gRDRLQJIXCeaUfG4xATGGCvZQG4KMZJHnYOT+JDVDII9RcKp6L+HsjAd+Yme+lkz7Qg1n0MvE/rxfT+HKQyCCKCQORHSKpMD9khJZpC8hHUiMRZMmRy4AL0ECEWnIQIhXjtJZK2oez+P0yaZ/VnUa9cXdea14VzZTZETtmp8xhF6zJblmLuUwwyZ7YM3uxZtar9Wa9/4yWrGLnkP2B9fENCXCSQw==</latexit>

a = 1

Translational invar. (PBC)

( varying the coupling g )

<latexit sha1_base64="CV5WYBJNNy0TKl44npXdT27oQDs="></latexit>

dimH = 8194

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
<latexit sha1_base64="fdp2G2Lp0dSDUH9qSt0y0xnCHLM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBBSiQItFQUASJPKTEis6XTThyPlt3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HihFAZt+9MqLCwuLa8UV0tr6xubW+XtnZYJIs2hyQMZ6I7HDEihoIkCJXRCDcz3JLS98WXqtx9AGxGoW5yE4PpspMRQcIaJ1LqmF9Q57pcrdtXOQOeJk5MKydHol796g4BHPijkkhnTdewQ3ZhpFFzCtNSLDISMj9kIuglVzAfjxlnaKT2IDMOAhqCpkDQT4fdGzHxjJr6XTPoM78ysl4r/ed0Ih2duLFQYISieHkIhITtkuBZJDUAHQgMiS5MDFYpyphkiaEEZ54kYJb2Ukj6c2e/nSeuo6tSqtZuTSv08b6ZI9sg+OSQOOSV1ckUapEk4uSdP5Jm8WI/Wq/Vmvf+MFqx8Z5f8gfXxDV2Ckmo=</latexit>

L = 13 Intermediate system size

Lowest spin rep.

Unit lattice spacing

Assuming

1/2 1
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Simultaneous exact diagonalization
(computationally difficult step)

<latexit sha1_base64="wQP/NhuM91VpxrNrcFd1RxuG+dg=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRBGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5wK+5M6zW7Lqdgy8TpyA1VqA1rH71R6GIfQxIKDCm59gRDRLQJIXCeaUfG4xATGGCvZQG4KMZJHnYOT+JDVDII9RcKp6L+HsjAd+Yme+lkz7Qg1n0MvE/rxfT+HKQyCCKCQORHSKpMD9khJZpC8hHUiMRZMmRy4AL0ECEWnIQIhXjtJZK2oez+P0yaZ/VnUa9cXdea14VzZTZETtmp8xhF6zJblmLuUwwyZ7YM3uxZtar9Wa9/4yWrGLnkP2B9fENCXCSQw==</latexit>

a = 1

Translational invar. (PBC)

( varying the coupling g )

<latexit sha1_base64="CV5WYBJNNy0TKl44npXdT27oQDs="></latexit>

dimH = 8194

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
<latexit sha1_base64="fdp2G2Lp0dSDUH9qSt0y0xnCHLM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBBSiQItFQUASJPKTEis6XTThyPlt3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HihFAZt+9MqLCwuLa8UV0tr6xubW+XtnZYJIs2hyQMZ6I7HDEihoIkCJXRCDcz3JLS98WXqtx9AGxGoW5yE4PpspMRQcIaJ1LqmF9Q57pcrdtXOQOeJk5MKydHol796g4BHPijkkhnTdewQ3ZhpFFzCtNSLDISMj9kIuglVzAfjxlnaKT2IDMOAhqCpkDQT4fdGzHxjJr6XTPoM78ysl4r/ed0Ih2duLFQYISieHkIhITtkuBZJDUAHQgMiS5MDFYpyphkiaEEZ54kYJb2Ukj6c2e/nSeuo6tSqtZuTSv08b6ZI9sg+OSQOOSV1ckUapEk4uSdP5Jm8WI/Wq/Vmvf+MFqx8Z5f8gfXxDV2Ckmo=</latexit>

L = 13 Intermediate system size

Lowest spin rep.

Unit lattice spacing

Assuming

Dispersion relation
in our (interacting!) model:

1/2 1
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Simultaneous exact diagonalization
(computationally difficult step)

<latexit sha1_base64="wQP/NhuM91VpxrNrcFd1RxuG+dg=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRBGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5wK+5M6zW7Lqdgy8TpyA1VqA1rH71R6GIfQxIKDCm59gRDRLQJIXCeaUfG4xATGGCvZQG4KMZJHnYOT+JDVDII9RcKp6L+HsjAd+Yme+lkz7Qg1n0MvE/rxfT+HKQyCCKCQORHSKpMD9khJZpC8hHUiMRZMmRy4AL0ECEWnIQIhXjtJZK2oez+P0yaZ/VnUa9cXdea14VzZTZETtmp8xhF6zJblmLuUwwyZ7YM3uxZtar9Wa9/4yWrGLnkP2B9fENCXCSQw==</latexit>

a = 1

Translational invar. (PBC)

( varying the coupling g )

<latexit sha1_base64="CV5WYBJNNy0TKl44npXdT27oQDs="></latexit>

dimH = 8194

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
<latexit sha1_base64="fdp2G2Lp0dSDUH9qSt0y0xnCHLM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBBSiQItFQUASJPKTEis6XTThyPlt3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HihFAZt+9MqLCwuLa8UV0tr6xubW+XtnZYJIs2hyQMZ6I7HDEihoIkCJXRCDcz3JLS98WXqtx9AGxGoW5yE4PpspMRQcIaJ1LqmF9Q57pcrdtXOQOeJk5MKydHol796g4BHPijkkhnTdewQ3ZhpFFzCtNSLDISMj9kIuglVzAfjxlnaKT2IDMOAhqCpkDQT4fdGzHxjJr6XTPoM78ysl4r/ed0Ih2duLFQYISieHkIhITtkuBZJDUAHQgMiS5MDFYpyphkiaEEZ54kYJb2Ukj6c2e/nSeuo6tSqtZuTSv08b6ZI9sg+OSQOOSV1ckUapEk4uSdP5Jm8WI/Wq/Vmvf+MFqx8Z5f8gfXxDV2Ckmo=</latexit>

L = 13 Intermediate system size

Lowest spin rep.

Unit lattice spacing

Assuming

Dispersion relation
in our (interacting!) model:

Critical point
(massless photon)

Gapped SSB phase
(degenerate g.s.)

Gapped phase
(massive photon)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡ <latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E
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<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Slide 8/24



2. The pure Lattice QED on ladder geometry
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<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>
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<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>
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k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i

<latexit sha1_base64="PVqhneEosAKhU9ZbvP3tG6+leLk=">AAACGXicbVA9SwNBEN2L3/ErammzGAJW4U4kaiEINpYKxgi5EOY2k2TJ3t6xOyeEJL/An+CvsNXKTmytLPwv3sUImviqx3szzLwXxEpact0PJzc3v7C4tLySX11b39gsbG3f2CgxAqsiUpG5DcCikhqrJEnhbWwQwkBhLeidZ37tDo2Vkb6mfoyNEDpatqUASqVmoTTkftyV3DegOwr5KfdtEnJo9viQ937kZqHolt0x+CzxJqTIJrhsFj79ViSSEDUJBdbWPTemxgAMSaFwlPcTizGIHnSwnlINIdrGYBxnxEuJBYp4jIZLxcci/t4YQGhtPwzSyRCoa6e9TPzPqyfUPm4MpI4TQi2yQyTTzNkhK4xMe0LekgaJIPscudRcgAEiNJKDEKmYpMXl0z686fSz5Oag7FXKlavD4tnJpJlltsv22D7z2BE7YxfsklWZYPfskT2xZ+fBeXFenbfv0Zwz2dlhf+C8fwFISJ9n</latexit>

|�i =
X

ak|ki

Single-particle state
(Bloch basis)
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i

Wannier Functions
(real-space basis)

<latexit sha1_base64="PVqhneEosAKhU9ZbvP3tG6+leLk=">AAACGXicbVA9SwNBEN2L3/ErammzGAJW4U4kaiEINpYKxgi5EOY2k2TJ3t6xOyeEJL/An+CvsNXKTmytLPwv3sUImviqx3szzLwXxEpact0PJzc3v7C4tLySX11b39gsbG3f2CgxAqsiUpG5DcCikhqrJEnhbWwQwkBhLeidZ37tDo2Vkb6mfoyNEDpatqUASqVmoTTkftyV3DegOwr5KfdtEnJo9viQ937kZqHolt0x+CzxJqTIJrhsFj79ViSSEDUJBdbWPTemxgAMSaFwlPcTizGIHnSwnlINIdrGYBxnxEuJBYp4jIZLxcci/t4YQGhtPwzSyRCoa6e9TPzPqyfUPm4MpI4TQi2yQyTTzNkhK4xMe0LekgaJIPscudRcgAEiNJKDEKmYpMXl0z686fSz5Oag7FXKlavD4tnJpJlltsv22D7z2BE7YxfsklWZYPfskT2xZ+fBeXFenbfv0Zwz2dlhf+C8fwFISJ9n</latexit>

|�i =
X

ak|ki

Single-particle state
(Bloch basis)
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i

Wave-packet state

Wannier Functions
(real-space basis)

<latexit sha1_base64="PVqhneEosAKhU9ZbvP3tG6+leLk=">AAACGXicbVA9SwNBEN2L3/ErammzGAJW4U4kaiEINpYKxgi5EOY2k2TJ3t6xOyeEJL/An+CvsNXKTmytLPwv3sUImviqx3szzLwXxEpact0PJzc3v7C4tLySX11b39gsbG3f2CgxAqsiUpG5DcCikhqrJEnhbWwQwkBhLeidZ37tDo2Vkb6mfoyNEDpatqUASqVmoTTkftyV3DegOwr5KfdtEnJo9viQ937kZqHolt0x+CzxJqTIJrhsFj79ViSSEDUJBdbWPTemxgAMSaFwlPcTizGIHnSwnlINIdrGYBxnxEuJBYp4jIZLxcci/t4YQGhtPwzSyRCoa6e9TPzPqyfUPm4MpI4TQi2yQyTTzNkhK4xMe0LekgaJIPscudRcgAEiNJKDEKmYpMXl0z686fSz5Oag7FXKlavD4tnJpJlltsv22D7z2BE7YxfsklWZYPfskT2xZ+fBeXFenbfv0Zwz2dlhf+C8fwFISJ9n</latexit>

|�i =
X

ak|ki

Single-particle state
(Bloch basis)
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i

Wave-packet state

Wannier Functions
(real-space basis)

<latexit sha1_base64="PVqhneEosAKhU9ZbvP3tG6+leLk=">AAACGXicbVA9SwNBEN2L3/ErammzGAJW4U4kaiEINpYKxgi5EOY2k2TJ3t6xOyeEJL/An+CvsNXKTmytLPwv3sUImviqx3szzLwXxEpact0PJzc3v7C4tLySX11b39gsbG3f2CgxAqsiUpG5DcCikhqrJEnhbWwQwkBhLeidZ37tDo2Vkb6mfoyNEDpatqUASqVmoTTkftyV3DegOwr5KfdtEnJo9viQ937kZqHolt0x+CzxJqTIJrhsFj79ViSSEDUJBdbWPTemxgAMSaFwlPcTizGIHnSwnlINIdrGYBxnxEuJBYp4jIZLxcci/t4YQGhtPwzSyRCoa6e9TPzPqyfUPm4MpI4TQi2yQyTTzNkhK4xMe0LekgaJIPscudRcgAEiNJKDEKmYpMXl0z686fSz5Oag7FXKlavD4tnJpJlltsv22D7z2BE7YxfsklWZYPfskT2xZ+fBeXFenbfv0Zwz2dlhf+C8fwFISJ9n</latexit>

|�i =
X

ak|ki

Single-particle state
(Bloch basis)

Program
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3. Construction of the wavepackets
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3. Construction of the wavepackets

Wannier states
<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki
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3. Construction of the wavepackets

Wannier states

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j
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3. Construction of the wavepackets

Wannier states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j
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3. Construction of the wavepackets

Wannier states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

Minimize

<latexit sha1_base64="FyLXsFqYnrB+yuXbhcC7r1nMi1s=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAjpHRoYmX1kptcECf/gVf/Mq1/iLuzBBetUqa5Kd6rdUElDtv2ds7a2d3b38vuFg8Oj42KpfNIyQaQFNkWgAt1xwaCSPjZJksJOqBE8V2HbnT4k8/YbaiMD/4VmIfY9GPtyJAVQLLV6NEGCQaliV+0l+CZxUlJhKRqDcu6xNwxE5KFPQoExXccOqT8HTVIoXBR6kcEQxBTG2I2pDx6a/nx57oJfRgYo4CFqLhVfivg3MQfPmJnnxk4PaGLWZ4n436wb0eiuP5d+GBH6IllEUuFykRFaxj0gH0qNRJBcjlz6XIAGItSSgxCxGMXFZBaGk5mRwiz+vSIjkpy+Z5XEMwxoLTybrLKFuHdnveVN0rquOrVq7fmmUr9PP5Bn5+yCXTGH3bI6e2IN1mSCvbIP9sm+cj9W3ipa5ZXVyqWZU5aBdfYLYqW6IA==</latexit>

✓
<latexit sha1_base64="DhAhzOXIZ0asvAi50GtZWueyjwI=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZNQb1RqIHj5jIIwFCeocGJsw+MtNrghs+w6t+l1/gb7gLHORRp0p1VbpT7YZKGrLtn4y1tb2zu5fdzx0c5o+OC8WThgkiLbAuAhXolgsGlfSxTpIUtkKN4LkKm+74KZ0331EbGfhvNAmx68HQlwMpgBKp3XFB8w6NkKBXKNllewa+TpwFKbEFar1i5rnTD0TkoU9CgTFtxw6pG4MmKRROc53IYAhiDENsJ9QHD003nt085deRAQp4iJpLxWci/k/E4Bkz8dzE6QGNzOosFTfN2hENHrqx9MOI0BfpIpIKZ4uM0DIpA3lfaiSC9HLk0ucCNBChlhyESMQoaWdpYTiaGCnMdOMVSyLJ8ceyknr6Aa2EJ6N5Npf07qy2vE4at2WnUq683pWqj4sPZNkFu2I3zGH3rMpeWI3VmWAB+2Rf7Dvza+WtM+t8brUyi8wpW4J1+Qd+kbwD</latexit>

✓̄
<latexit sha1_base64="Xtd0Oig7ZKedI6+Jny/fNd4kofk=">AAACYnicbVHLTgJBEBzWF+ITOephIjHxRHaNQY8kevCIiTwSQNI7tNBh9pGZXhMk/IRX/THvfoi7wEHQOlWqq9Kdaj/WZNl1v3LOxubW9k5+t7C3f3B4dFw8adooMQobKtKRaftgUVOIDSbW2I4NQuBrbPnju2zeekVjKQqfeBJjL4BhSC+kgFOp3bU0DOD5qn9cdivuHPIv8ZakLJao94u5++4gUkmAISsN1nY8N+beFAyT0jgrdBOLMagxDLGT0hACtL3p/OCZvEgscCRjNJK0nIv4OzGFwNpJ4KfOAHhk12eZ+N+sk/DLbW9KYZwwhipbxKRxvsgqQ2kTKAdkkBmyy1FSKBUYYEZDEpRKxSStZmVhPJpYUnb27xUrItP4bVXJPIOI18KT0SJbSHv31lv+S5pXFa9aqT5el2u3yw/kxak4F5fCEzeiJh5EXTSEElq8iw/xmft2Ck7RKS2sTm6ZKYkVOGc/w3y6vg==</latexit>

�2
<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j
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3. Construction of the wavepackets

Wannier states Maximally localized Wannier 
states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="Oo8XJxagm71w9KQfJyU3ywf1QlU="></latexit>

|Wji ⌘ |Wj(✓̄)i

Minimize

<latexit sha1_base64="FyLXsFqYnrB+yuXbhcC7r1nMi1s=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAjpHRoYmX1kptcECf/gVf/Mq1/iLuzBBetUqa5Kd6rdUElDtv2ds7a2d3b38vuFg8Oj42KpfNIyQaQFNkWgAt1xwaCSPjZJksJOqBE8V2HbnT4k8/YbaiMD/4VmIfY9GPtyJAVQLLV6NEGCQaliV+0l+CZxUlJhKRqDcu6xNwxE5KFPQoExXccOqT8HTVIoXBR6kcEQxBTG2I2pDx6a/nx57oJfRgYo4CFqLhVfivg3MQfPmJnnxk4PaGLWZ4n436wb0eiuP5d+GBH6IllEUuFykRFaxj0gH0qNRJBcjlz6XIAGItSSgxCxGMXFZBaGk5mRwiz+vSIjkpy+Z5XEMwxoLTybrLKFuHdnveVN0rquOrVq7fmmUr9PP5Bn5+yCXTGH3bI6e2IN1mSCvbIP9sm+cj9W3ipa5ZXVyqWZU5aBdfYLYqW6IA==</latexit>

✓
<latexit sha1_base64="DhAhzOXIZ0asvAi50GtZWueyjwI=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZNQb1RqIHj5jIIwFCeocGJsw+MtNrghs+w6t+l1/gb7gLHORRp0p1VbpT7YZKGrLtn4y1tb2zu5fdzx0c5o+OC8WThgkiLbAuAhXolgsGlfSxTpIUtkKN4LkKm+74KZ0331EbGfhvNAmx68HQlwMpgBKp3XFB8w6NkKBXKNllewa+TpwFKbEFar1i5rnTD0TkoU9CgTFtxw6pG4MmKRROc53IYAhiDENsJ9QHD003nt085deRAQp4iJpLxWci/k/E4Bkz8dzE6QGNzOosFTfN2hENHrqx9MOI0BfpIpIKZ4uM0DIpA3lfaiSC9HLk0ucCNBChlhyESMQoaWdpYTiaGCnMdOMVSyLJ8ceyknr6Aa2EJ6N5Npf07qy2vE4at2WnUq683pWqj4sPZNkFu2I3zGH3rMpeWI3VmWAB+2Rf7Dvza+WtM+t8brUyi8wpW4J1+Qd+kbwD</latexit>

✓̄
<latexit sha1_base64="Xtd0Oig7ZKedI6+Jny/fNd4kofk=">AAACYnicbVHLTgJBEBzWF+ITOephIjHxRHaNQY8kevCIiTwSQNI7tNBh9pGZXhMk/IRX/THvfoi7wEHQOlWqq9Kdaj/WZNl1v3LOxubW9k5+t7C3f3B4dFw8adooMQobKtKRaftgUVOIDSbW2I4NQuBrbPnju2zeekVjKQqfeBJjL4BhSC+kgFOp3bU0DOD5qn9cdivuHPIv8ZakLJao94u5++4gUkmAISsN1nY8N+beFAyT0jgrdBOLMagxDLGT0hACtL3p/OCZvEgscCRjNJK0nIv4OzGFwNpJ4KfOAHhk12eZ+N+sk/DLbW9KYZwwhipbxKRxvsgqQ2kTKAdkkBmyy1FSKBUYYEZDEpRKxSStZmVhPJpYUnb27xUrItP4bVXJPIOI18KT0SJbSHv31lv+S5pXFa9aqT5el2u3yw/kxak4F5fCEzeiJh5EXTSEElq8iw/xmft2Ck7RKS2sTm6ZKYkVOGc/w3y6vg==</latexit>

�2

<latexit sha1_base64="fMR530hqhHZkX9I5fTUUJa4BpKo=">AAACYHicbVHLTgJBEBzWF+ID0ZteJhITT2TXGB83Ez141EQeCRDSOzTQMvvITK8JEv7Bq/6ZV7/EXeAgYJ0q1VXpTrUfa7Lsut85Z219Y3Mrv13Y2d3bLx6UDms2SozCqop0ZBo+WNQUYpWJNTZigxD4Guv+8D6b19/QWIrCFx7F2A6gH1KPFHAq1VqW+gF0DspuxZ1CrhJvTspijqdOKffQ6kYqCTBkpcHapufG3B6DYVIaJ4VWYjEGNYQ+NlMaQoC2PZ6eO5FniQWOZIxGkpZTEf8mxhBYOwr81BkAD+zyLBP/mzUT7t20xxTGCWOoskVMGqeLrDKU9oCySwaZIbscJYVSgQFmNCRBqVRM0mIWFsaDkSVlJ/9esSAyDd8XlczTjXgpPBrMsoW0d2+55VVSu6h4V5Wr58vy3e38A3lxIk7FufDEtbgTj+JJVIUSr+JDfIqv3I+Td4pOaWZ1cvPMkViAc/wLWM66Gw==</latexit>�

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j
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3. Construction of the wavepackets

Wannier states Maximally localized Wannier 
states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="Oo8XJxagm71w9KQfJyU3ywf1QlU="></latexit>

|Wji ⌘ |Wj(✓̄)i

Minimize

<latexit sha1_base64="FyLXsFqYnrB+yuXbhcC7r1nMi1s=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAjpHRoYmX1kptcECf/gVf/Mq1/iLuzBBetUqa5Kd6rdUElDtv2ds7a2d3b38vuFg8Oj42KpfNIyQaQFNkWgAt1xwaCSPjZJksJOqBE8V2HbnT4k8/YbaiMD/4VmIfY9GPtyJAVQLLV6NEGCQaliV+0l+CZxUlJhKRqDcu6xNwxE5KFPQoExXccOqT8HTVIoXBR6kcEQxBTG2I2pDx6a/nx57oJfRgYo4CFqLhVfivg3MQfPmJnnxk4PaGLWZ4n436wb0eiuP5d+GBH6IllEUuFykRFaxj0gH0qNRJBcjlz6XIAGItSSgxCxGMXFZBaGk5mRwiz+vSIjkpy+Z5XEMwxoLTybrLKFuHdnveVN0rquOrVq7fmmUr9PP5Bn5+yCXTGH3bI6e2IN1mSCvbIP9sm+cj9W3ipa5ZXVyqWZU5aBdfYLYqW6IA==</latexit>

✓
<latexit sha1_base64="DhAhzOXIZ0asvAi50GtZWueyjwI=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZNQb1RqIHj5jIIwFCeocGJsw+MtNrghs+w6t+l1/gb7gLHORRp0p1VbpT7YZKGrLtn4y1tb2zu5fdzx0c5o+OC8WThgkiLbAuAhXolgsGlfSxTpIUtkKN4LkKm+74KZ0331EbGfhvNAmx68HQlwMpgBKp3XFB8w6NkKBXKNllewa+TpwFKbEFar1i5rnTD0TkoU9CgTFtxw6pG4MmKRROc53IYAhiDENsJ9QHD003nt085deRAQp4iJpLxWci/k/E4Bkz8dzE6QGNzOosFTfN2hENHrqx9MOI0BfpIpIKZ4uM0DIpA3lfaiSC9HLk0ucCNBChlhyESMQoaWdpYTiaGCnMdOMVSyLJ8ceyknr6Aa2EJ6N5Npf07qy2vE4at2WnUq683pWqj4sPZNkFu2I3zGH3rMpeWI3VmWAB+2Rf7Dvza+WtM+t8brUyi8wpW4J1+Qd+kbwD</latexit>

✓̄
<latexit sha1_base64="Xtd0Oig7ZKedI6+Jny/fNd4kofk=">AAACYnicbVHLTgJBEBzWF+ITOephIjHxRHaNQY8kevCIiTwSQNI7tNBh9pGZXhMk/IRX/THvfoi7wEHQOlWqq9Kdaj/WZNl1v3LOxubW9k5+t7C3f3B4dFw8adooMQobKtKRaftgUVOIDSbW2I4NQuBrbPnju2zeekVjKQqfeBJjL4BhSC+kgFOp3bU0DOD5qn9cdivuHPIv8ZakLJao94u5++4gUkmAISsN1nY8N+beFAyT0jgrdBOLMagxDLGT0hACtL3p/OCZvEgscCRjNJK0nIv4OzGFwNpJ4KfOAHhk12eZ+N+sk/DLbW9KYZwwhipbxKRxvsgqQ2kTKAdkkBmyy1FSKBUYYEZDEpRKxSStZmVhPJpYUnb27xUrItP4bVXJPIOI18KT0SJbSHv31lv+S5pXFa9aqT5el2u3yw/kxak4F5fCEzeiJh5EXTSEElq8iw/xmft2Ck7RKS2sTm6ZKYkVOGc/w3y6vg==</latexit>

�2

<latexit sha1_base64="fMR530hqhHZkX9I5fTUUJa4BpKo=">AAACYHicbVHLTgJBEBzWF+ID0ZteJhITT2TXGB83Ez141EQeCRDSOzTQMvvITK8JEv7Bq/6ZV7/EXeAgYJ0q1VXpTrUfa7Lsut85Z219Y3Mrv13Y2d3bLx6UDms2SozCqop0ZBo+WNQUYpWJNTZigxD4Guv+8D6b19/QWIrCFx7F2A6gH1KPFHAq1VqW+gF0DspuxZ1CrhJvTspijqdOKffQ6kYqCTBkpcHapufG3B6DYVIaJ4VWYjEGNYQ+NlMaQoC2PZ6eO5FniQWOZIxGkpZTEf8mxhBYOwr81BkAD+zyLBP/mzUT7t20xxTGCWOoskVMGqeLrDKU9oCySwaZIbscJYVSgQFmNCRBqVRM0mIWFsaDkSVlJ/9esSAyDd8XlczTjXgpPBrMsoW0d2+55VVSu6h4V5Wr58vy3e38A3lxIk7FufDEtbgTj+JJVIUSr+JDfIqv3I+Td4pOaWZ1cvPMkViAc/wLWM66Gw==</latexit>�

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j

<latexit sha1_base64="qXszbqCj0VX9DxYRc+1KVoafxX0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKWON67W3Lqbg64TryA1UqA9rn6NJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokl5YwzCiMWgqJM1F+L2RsNCYRRikkyHDB7PqZeJ/3tDi9MZPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1lvdhq1VqNopkzOyDm5JB65Ji1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsXPJE3</latexit>

1
<latexit sha1_base64="WD6WXiuAOAKU9xASgywsVmUwfUE=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrIhCpSRaCgDIg8psaL1ZRNOOT90t44URfkDWqjoEC3/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON7lJ/c4UtZFh8ECzCF0fxoEcSQGUSPfO5aBcsat2Br5KnJxUWI7moPzVH4Yi9jEgocCYnmNH5M5BkxQKF6V+bDACMYEx9hIagI/GnWdJF/wsNkAhj1BzqXgm4u+NOfjGzHwvmfSBHs2yl4r/eb2YRtfuXAZRTBiI9BBJhdkhI7RMKkA+lBqJIE2OXAZcgAYi1JKDEIkYJ52Ukj6c5e9XSfui6tSr9btapVHLmymyE3bKzpnDrliD3bImazHBRuyJPbMXa2q9Wm/W+89owcp3jtkfWB/fi9mRdA==</latexit>

13
<latexit sha1_base64="q0dT0mmUiy5r6zUFv4QeOSlJZ7E=">AAAB83icbVBNT8JAFNziF+IX6tHLRmLiibSGgEcSLx4hESSBhmyXB27Ybpvdtyak4Rd41ZM349Uf5MH/Ylt7UHBOk5n38uZNEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pm8hqDj0eyUgPAmZACgU9FChhEGtgYSDhPpjfZP79I2gjInWHixj8kM2UmArOMJW6rXG15tbdHHSdeAWpkQKdcfVrNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TCGoYRjUFTIWkuwu+NhIXGLMIgnQwZPphVLxP/84YWp9d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9ft10r+qe816s9uotRtFM2VyRs7JJfFIi7TJLemQHuEEyBN5Ji+OdV6dN+f9Z7TkFDun5A+cj28glpE9</latexit>

7

<latexit sha1_base64="vAbAR2dNQHYZxjf6FwaLY0SnqbU=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrJRFCgj0VAGiTykxETnyyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrcYNKBtgiSQq7kUbuewo73vQ69TsPqI0MgzuaRej6fBzIkRScUsmx7+1BuWJX7QxslTg5qUCO5qD81R+GIvYxIKG4MT3Hjsidc01SKFyU+rHBiIspH2MvoQH30bjzLOuCncWGU8gi1Ewqlon4e2POfWNmvpdM+pwmZtlLxf+8XkyjK3cugygmDER6iKTC7JARWiYlIBtKjUQ8TY5MBkxwzYlQS8aFSMQ4aaWU9OEsf79K2hdVp16t39YqjVreTBFO4BTOwYFLaMANNKEFAibwBM/wYj1ar9ab9f4zWrDynWP4A+vjG6+RkhM=</latexit>

100

<latexit sha1_base64="K8d1T3C11TW5IAGMbPGOyqvd75M=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhshGIVBGoqEMEnlIiYnOl0045fzQ3RopsvIRtFDRIVq+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMl15nceURsZBnc0jdD1+TiQIyk4pVLHse+Ts4vZoFyxq3YOtkycOanAHM1B+as/DEXsY0BCcWN6jh2Rm3BNUiiclfqxwYiLCR9jL6UB99G4SR53xk5iwylkEWomFctF/L2RcN+Yqe+lkz6nB7PoZeJ/Xi+m0ZWbyCCKCQORHSKpMD9khJZpD8iGUiMRz5IjkwETXHMi1JJxIVIxTosppX04i98vk/Z51alX67e1SqM2b6YIR3AMp+DAJTTgBprQAgETeIJneLES69V6s95/RgvWfOcQ/sD6+AbzR5Nb</latexit>

10�5

<latexit sha1_base64="u5U0wH0SKyNjPnBeG79gLWHcr44=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGUaCMREMZJPKQEhOdL5twyvmhuzVSZPITtFDRIVp+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMlV5nceUBsZBrc0jdD1+TiQIyk4pVLXse+SM8eeDcoVu2rnYMvEmZMKzNEclL/6w1DEPgYkFDem59gRuQnXJIXCWakfG4y4mPAx9lIacB+Nm+R5Z+wkNpxCFqFmUrFcxN8bCfeNmfpeOulzujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoFsKDUS8Sw5MhkwwTUnQi0ZFyIV47SZUtqHs/j9MmmfV516tX5TqzRq82aKcATHcAoOXEADrqEJLRCg4Ame4cV6tF6tN+v9Z7RgzXcO4Q+sj29eqZOR</latexit>

10�10

Energy density after minimization

<latexit sha1_base64="6EbDOKSxU6XxISaAZJF5iLES4uc=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyYcOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H99xlJF1</latexit>

j
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3. Construction of the wavepackets

Wannier states Maximally localized Wannier 
states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="Oo8XJxagm71w9KQfJyU3ywf1QlU="></latexit>

|Wji ⌘ |Wj(✓̄)i

Minimize

<latexit sha1_base64="FyLXsFqYnrB+yuXbhcC7r1nMi1s=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAjpHRoYmX1kptcECf/gVf/Mq1/iLuzBBetUqa5Kd6rdUElDtv2ds7a2d3b38vuFg8Oj42KpfNIyQaQFNkWgAt1xwaCSPjZJksJOqBE8V2HbnT4k8/YbaiMD/4VmIfY9GPtyJAVQLLV6NEGCQaliV+0l+CZxUlJhKRqDcu6xNwxE5KFPQoExXccOqT8HTVIoXBR6kcEQxBTG2I2pDx6a/nx57oJfRgYo4CFqLhVfivg3MQfPmJnnxk4PaGLWZ4n436wb0eiuP5d+GBH6IllEUuFykRFaxj0gH0qNRJBcjlz6XIAGItSSgxCxGMXFZBaGk5mRwiz+vSIjkpy+Z5XEMwxoLTybrLKFuHdnveVN0rquOrVq7fmmUr9PP5Bn5+yCXTGH3bI6e2IN1mSCvbIP9sm+cj9W3ipa5ZXVyqWZU5aBdfYLYqW6IA==</latexit>

✓
<latexit sha1_base64="DhAhzOXIZ0asvAi50GtZWueyjwI=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZNQb1RqIHj5jIIwFCeocGJsw+MtNrghs+w6t+l1/gb7gLHORRp0p1VbpT7YZKGrLtn4y1tb2zu5fdzx0c5o+OC8WThgkiLbAuAhXolgsGlfSxTpIUtkKN4LkKm+74KZ0331EbGfhvNAmx68HQlwMpgBKp3XFB8w6NkKBXKNllewa+TpwFKbEFar1i5rnTD0TkoU9CgTFtxw6pG4MmKRROc53IYAhiDENsJ9QHD003nt085deRAQp4iJpLxWci/k/E4Bkz8dzE6QGNzOosFTfN2hENHrqx9MOI0BfpIpIKZ4uM0DIpA3lfaiSC9HLk0ucCNBChlhyESMQoaWdpYTiaGCnMdOMVSyLJ8ceyknr6Aa2EJ6N5Npf07qy2vE4at2WnUq683pWqj4sPZNkFu2I3zGH3rMpeWI3VmWAB+2Rf7Dvza+WtM+t8brUyi8wpW4J1+Qd+kbwD</latexit>

✓̄
<latexit sha1_base64="Xtd0Oig7ZKedI6+Jny/fNd4kofk=">AAACYnicbVHLTgJBEBzWF+ITOephIjHxRHaNQY8kevCIiTwSQNI7tNBh9pGZXhMk/IRX/THvfoi7wEHQOlWqq9Kdaj/WZNl1v3LOxubW9k5+t7C3f3B4dFw8adooMQobKtKRaftgUVOIDSbW2I4NQuBrbPnju2zeekVjKQqfeBJjL4BhSC+kgFOp3bU0DOD5qn9cdivuHPIv8ZakLJao94u5++4gUkmAISsN1nY8N+beFAyT0jgrdBOLMagxDLGT0hACtL3p/OCZvEgscCRjNJK0nIv4OzGFwNpJ4KfOAHhk12eZ+N+sk/DLbW9KYZwwhipbxKRxvsgqQ2kTKAdkkBmyy1FSKBUYYEZDEpRKxSStZmVhPJpYUnb27xUrItP4bVXJPIOI18KT0SJbSHv31lv+S5pXFa9aqT5el2u3yw/kxak4F5fCEzeiJh5EXTSEElq8iw/xmft2Ck7RKS2sTm6ZKYkVOGc/w3y6vg==</latexit>

�2

<latexit sha1_base64="fMR530hqhHZkX9I5fTUUJa4BpKo=">AAACYHicbVHLTgJBEBzWF+ID0ZteJhITT2TXGB83Ez141EQeCRDSOzTQMvvITK8JEv7Bq/6ZV7/EXeAgYJ0q1VXpTrUfa7Lsut85Z219Y3Mrv13Y2d3bLx6UDms2SozCqop0ZBo+WNQUYpWJNTZigxD4Guv+8D6b19/QWIrCFx7F2A6gH1KPFHAq1VqW+gF0DspuxZ1CrhJvTspijqdOKffQ6kYqCTBkpcHapufG3B6DYVIaJ4VWYjEGNYQ+NlMaQoC2PZ6eO5FniQWOZIxGkpZTEf8mxhBYOwr81BkAD+zyLBP/mzUT7t20xxTGCWOoskVMGqeLrDKU9oCySwaZIbscJYVSgQFmNCRBqVRM0mIWFsaDkSVlJ/9esSAyDd8XlczTjXgpPBrMsoW0d2+55VVSu6h4V5Wr58vy3e38A3lxIk7FufDEtbgTj+JJVIUSr+JDfIqv3I+Td4pOaWZ1cvPMkViAc/wLWM66Gw==</latexit>�

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j

<latexit sha1_base64="qXszbqCj0VX9DxYRc+1KVoafxX0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKWON67W3Lqbg64TryA1UqA9rn6NJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokl5YwzCiMWgqJM1F+L2RsNCYRRikkyHDB7PqZeJ/3tDi9MZPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1lvdhq1VqNopkzOyDm5JB65Ji1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsXPJE3</latexit>

1
<latexit sha1_base64="WD6WXiuAOAKU9xASgywsVmUwfUE=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrIhCpSRaCgDIg8psaL1ZRNOOT90t44URfkDWqjoEC3/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON7lJ/c4UtZFh8ECzCF0fxoEcSQGUSPfO5aBcsat2Br5KnJxUWI7moPzVH4Yi9jEgocCYnmNH5M5BkxQKF6V+bDACMYEx9hIagI/GnWdJF/wsNkAhj1BzqXgm4u+NOfjGzHwvmfSBHs2yl4r/eb2YRtfuXAZRTBiI9BBJhdkhI7RMKkA+lBqJIE2OXAZcgAYi1JKDEIkYJ52Ukj6c5e9XSfui6tSr9btapVHLmymyE3bKzpnDrliD3bImazHBRuyJPbMXa2q9Wm/W+89owcp3jtkfWB/fi9mRdA==</latexit>

13
<latexit sha1_base64="q0dT0mmUiy5r6zUFv4QeOSlJZ7E=">AAAB83icbVBNT8JAFNziF+IX6tHLRmLiibSGgEcSLx4hESSBhmyXB27Ybpvdtyak4Rd41ZM349Uf5MH/Ylt7UHBOk5n38uZNEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pm8hqDj0eyUgPAmZACgU9FChhEGtgYSDhPpjfZP79I2gjInWHixj8kM2UmArOMJW6rXG15tbdHHSdeAWpkQKdcfVrNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TCGoYRjUFTIWkuwu+NhIXGLMIgnQwZPphVLxP/84YWp9d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9ft10r+qe816s9uotRtFM2VyRs7JJfFIi7TJLemQHuEEyBN5Ji+OdV6dN+f9Z7TkFDun5A+cj28glpE9</latexit>

7

<latexit sha1_base64="vAbAR2dNQHYZxjf6FwaLY0SnqbU=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrJRFCgj0VAGiTykxETnyyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrcYNKBtgiSQq7kUbuewo73vQ69TsPqI0MgzuaRej6fBzIkRScUsmx7+1BuWJX7QxslTg5qUCO5qD81R+GIvYxIKG4MT3Hjsidc01SKFyU+rHBiIspH2MvoQH30bjzLOuCncWGU8gi1Ewqlon4e2POfWNmvpdM+pwmZtlLxf+8XkyjK3cugygmDER6iKTC7JARWiYlIBtKjUQ8TY5MBkxwzYlQS8aFSMQ4aaWU9OEsf79K2hdVp16t39YqjVreTBFO4BTOwYFLaMANNKEFAibwBM/wYj1ar9ab9f4zWrDynWP4A+vjG6+RkhM=</latexit>

100

<latexit sha1_base64="K8d1T3C11TW5IAGMbPGOyqvd75M=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhshGIVBGoqEMEnlIiYnOl0045fzQ3RopsvIRtFDRIVq+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMl15nceURsZBnc0jdD1+TiQIyk4pVLHse+Ts4vZoFyxq3YOtkycOanAHM1B+as/DEXsY0BCcWN6jh2Rm3BNUiiclfqxwYiLCR9jL6UB99G4SR53xk5iwylkEWomFctF/L2RcN+Yqe+lkz6nB7PoZeJ/Xi+m0ZWbyCCKCQORHSKpMD9khJZpD8iGUiMRz5IjkwETXHMi1JJxIVIxTosppX04i98vk/Z51alX67e1SqM2b6YIR3AMp+DAJTTgBprQAgETeIJneLES69V6s95/RgvWfOcQ/sD6+AbzR5Nb</latexit>

10�5

<latexit sha1_base64="u5U0wH0SKyNjPnBeG79gLWHcr44=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGUaCMREMZJPKQEhOdL5twyvmhuzVSZPITtFDRIVp+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMlV5nceUBsZBrc0jdD1+TiQIyk4pVLXse+SM8eeDcoVu2rnYMvEmZMKzNEclL/6w1DEPgYkFDem59gRuQnXJIXCWakfG4y4mPAx9lIacB+Nm+R5Z+wkNpxCFqFmUrFcxN8bCfeNmfpeOulzujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoFsKDUS8Sw5MhkwwTUnQi0ZFyIV47SZUtqHs/j9MmmfV516tX5TqzRq82aKcATHcAoOXEADrqEJLRCg4Ame4cV6tF6tN+v9Z7RgzXcO4Q+sj29eqZOR</latexit>

10�10

<latexit sha1_base64="wqyVT1vQN+xzD7bDmAR9OEBQMzY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmErt6ahac+tuDrpKvILUSIHWqPo1HEfchqCQS2bMwHNj9BOmUXAJi8rQGogZn7EpDFKqWAjGT/KgC3pmDcOIxqCpkDQX4fdGwkJj5mGQToYMH8yyl4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3/P0q6V7UvUa90b6sNW+KZsrkhJySc+KRK9Ikd6RFOoQTIE/kmbw41nl13pz3n9GSU+wckz9wPr4BbOeRcg==</latexit>g<latexit sha1_base64="wqyVT1vQN+xzD7bDmAR9OEBQMzY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmErt6ahac+tuDrpKvILUSIHWqPo1HEfchqCQS2bMwHNj9BOmUXAJi8rQGogZn7EpDFKqWAjGT/KgC3pmDcOIxqCpkDQX4fdGwkJj5mGQToYMH8yyl4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3/P0q6V7UvUa90b6sNW+KZsrkhJySc+KRK9Ikd6RFOoQTIE/kmbw41nl13pz3n9GSU+wckz9wPr4BbOeRcg==</latexit>g

Energy density after minimization

<latexit sha1_base64="6EbDOKSxU6XxISaAZJF5iLES4uc=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyYcOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H99xlJF1</latexit>

j
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i Interacting!
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i w

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
<latexit sha1_base64="Mddw74bc9z3ARPFOqw3bmkuvdto=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2jUG9kehBb5jIwwAhs0MDE2Z2NzO9JrjhK7zqh/kB/oe7sAd59KlS1ZWuVLuBFAZt+ydjbW3v7O5l93P5g8Oj40Kx1DR+qDk0uC993XaZASk8aKBACe1AA1OuhJY7eUj01jtoI3zvFacB9BQbeWIoOMOYeusqhmPXpc/9Qtmu2POh68BJQZmkU+8XM4/dgc9DBR5yyYzpOHaAvYhpFFzCLNcNDQSMT9gIOjH0mALTi+aJZ/QyNAx9GoCmQtI5Cf8dEVPGTJUbbyYJzaqWkJu0TojDu14kvCBE8HhyCIWE+SHDtYirADoQGhBZkhyo8ChnmiGCFpRxHpNh3M3SwWA8NYKb2cYUSySKyccyk+wMfFwxT8cLby7u3VlteR00rytOtVJ9uSnX7tMPZMkZuSBXxCG3pEaeSJ00CCeKfJIv8p35tfJWyTpdrFqZ1HNClsY6/wNWILr/</latexit>I

<latexit sha1_base64="YH9V7+wjqDy6PzKdXN1VS+QPkYU=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQb1RqIHj5jIIwEkvUMjE2YfzvSa4Ib/8Kp/5S/4Fe4CB3nUqVJdle5Uu6GShmz7J2NtbG5t72R3c3v7B4dH+cJxwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0n86b76iNDPxnGofY9eDVlwMpgBLppTME4vVex7xFoLGXL9llewq+Spw5KbE5ar1C5qHTD0TkoU9CgTFtxw6pG4MmKRROcp3IYAhiBK/YTqgPHppuPD17wi8iAxTwEDWXik9F/J+IwTNm7LmJ0wMamuVZKq6btSMa3HZj6YcRoS/SRSQVThcZoWXSB/K+1EgE6eXIpc8FaCBCLTkIkYhRUtDCwnA4NlKYydorFkSSo49FJfX0A1oKj4ezbC7p3VlueZU0rspOpVx5ui5V7+YfyLJzVmSXzGE3rMoeWY3VmWCafbIv9p35tfLWqXU2s1qZeeaELcAq/gFfcr1Y</latexit>

Û⇤

Wannier creation ansatz      

<latexit sha1_base64="8lQmJb7L4LtsPIlag0DM0mg535o=">AAACB3icbVDLTgJBEJzFF+JrlaOXicTEE9k1BvVG4sUjJvJIWCS9QwMTZh/O9JoQwgf4FV715M149TM8+C8uuAcF61Sp6k5Xlx8rachxPq3cyura+kZ+s7C1vbO7Z+8fNEyUaIF1EalIt3wwqGSIdZKksBVrhMBX2PRHVzO/+YDayCi8pXGMnQAGoexLAZRKXbvoDYF4/c7rwaDrmfsENHbtklN25uDLxM1IiWWode0vrxeJJMCQhAJj2q4TU2cCmqRQOC14icEYxAgG2E5pCAGazmQefsqPEwMU8Rg1l4rPRfy9MYHAmHHgp5MB0NAsejPxP6+dUP+iM5FhnBCGYnaIpML5ISO0TFtB3pMaiWCWHLkMuQANRKglByFSMUlrKqR9uIvfL5PGadmtlCs3Z6XqZdZMnh2yI3bCXHbOquya1VidCTZmT+yZvViP1qv1Zr3/jOasbKfI/sD6+AZr/5kw</latexit>

Û †
⇤

choose
<latexit sha1_base64="gvsVojsFUaD9QBwo9kxNDTJ8zT0=">AAACYnicbVHLTgJBEBzWF+IL5KiHicTEE9k1BvVGogcPHjCRRwKE9A4NTJjdncz0miDhJ7zqj3n3Q9wFDgLWqVJdle5U+1pJS677nXG2tnd297L7uYPDo+OTfOG0YaPYCKyLSEWm5YNFJUOskySFLW0QAl9h0x8/pPPmGxoro/CVJhq7AQxDOZACKJFaz70OKD2CXr7klt05+CbxlqTElqj1CpnHTj8ScYAhCQXWtj1XU3cKhqRQOMt1YosaxBiG2E5oCAHa7nR+8IxfxhYo4hoNl4rPRfybmEJg7STwE2cANLLrs1T8b9aOaXDXncpQx4ShSBeRVDhfZIWRSRPI+9IgEaSXI5chF2CACI3kIEQixkk1Kwv1aGKlsLN/r1gRSY7fV5XU049oLTwZLbK5pHdvveVN0rgue5Vy5eWmVL1ffiDLztgFu2Ieu2VV9sRqrM4EU+yDfbKvzI+TcwpOcWF1MstMka3AOf8F4h26zw==</latexit>

L↵Interacting!
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i w

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="xnG+3+Cx+JCAnN1+8sa5Rwphj4U="></latexit> X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="Mddw74bc9z3ARPFOqw3bmkuvdto=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2jUG9kehBb5jIwwAhs0MDE2Z2NzO9JrjhK7zqh/kB/oe7sAd59KlS1ZWuVLuBFAZt+ydjbW3v7O5l93P5g8Oj40Kx1DR+qDk0uC993XaZASk8aKBACe1AA1OuhJY7eUj01jtoI3zvFacB9BQbeWIoOMOYeusqhmPXpc/9Qtmu2POh68BJQZmkU+8XM4/dgc9DBR5yyYzpOHaAvYhpFFzCLNcNDQSMT9gIOjH0mALTi+aJZ/QyNAx9GoCmQtI5Cf8dEVPGTJUbbyYJzaqWkJu0TojDu14kvCBE8HhyCIWE+SHDtYirADoQGhBZkhyo8ChnmiGCFpRxHpNh3M3SwWA8NYKb2cYUSySKyccyk+wMfFwxT8cLby7u3VlteR00rytOtVJ9uSnX7tMPZMkZuSBXxCG3pEaeSJ00CCeKfJIv8p35tfJWyTpdrFqZ1HNClsY6/wNWILr/</latexit>I
<latexit sha1_base64="YH9V7+wjqDy6PzKdXN1VS+QPkYU=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQb1RqIHj5jIIwEkvUMjE2YfzvSa4Ib/8Kp/5S/4Fe4CB3nUqVJdle5Uu6GShmz7J2NtbG5t72R3c3v7B4dH+cJxwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0n86b76iNDPxnGofY9eDVlwMpgBLppTME4vVex7xFoLGXL9llewq+Spw5KbE5ar1C5qHTD0TkoU9CgTFtxw6pG4MmKRROcp3IYAhiBK/YTqgPHppuPD17wi8iAxTwEDWXik9F/J+IwTNm7LmJ0wMamuVZKq6btSMa3HZj6YcRoS/SRSQVThcZoWXSB/K+1EgE6eXIpc8FaCBCLTkIkYhRUtDCwnA4NlKYydorFkSSo49FJfX0A1oKj4ezbC7p3VlueZU0rspOpVx5ui5V7+YfyLJzVmSXzGE3rMoeWY3VmWCafbIv9p35tfLWqXU2s1qZeeaELcAq/gFfcr1Y</latexit>

Û⇤

Wannier creation ansatz      

<latexit sha1_base64="8lQmJb7L4LtsPIlag0DM0mg535o=">AAACB3icbVDLTgJBEJzFF+JrlaOXicTEE9k1BvVG4sUjJvJIWCS9QwMTZh/O9JoQwgf4FV715M149TM8+C8uuAcF61Sp6k5Xlx8rachxPq3cyura+kZ+s7C1vbO7Z+8fNEyUaIF1EalIt3wwqGSIdZKksBVrhMBX2PRHVzO/+YDayCi8pXGMnQAGoexLAZRKXbvoDYF4/c7rwaDrmfsENHbtklN25uDLxM1IiWWode0vrxeJJMCQhAJj2q4TU2cCmqRQOC14icEYxAgG2E5pCAGazmQefsqPEwMU8Rg1l4rPRfy9MYHAmHHgp5MB0NAsejPxP6+dUP+iM5FhnBCGYnaIpML5ISO0TFtB3pMaiWCWHLkMuQANRKglByFSMUlrKqR9uIvfL5PGadmtlCs3Z6XqZdZMnh2yI3bCXHbOquya1VidCTZmT+yZvViP1qv1Zr3/jOasbKfI/sD6+AZr/5kw</latexit>

Û †
⇤

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit>=

choose

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="gvsVojsFUaD9QBwo9kxNDTJ8zT0=">AAACYnicbVHLTgJBEBzWF+IL5KiHicTEE9k1BvVGogcPHjCRRwKE9A4NTJjdncz0miDhJ7zqj3n3Q9wFDgLWqVJdle5U+1pJS677nXG2tnd297L7uYPDo+OTfOG0YaPYCKyLSEWm5YNFJUOskySFLW0QAl9h0x8/pPPmGxoro/CVJhq7AQxDOZACKJFaz70OKD2CXr7klt05+CbxlqTElqj1CpnHTj8ScYAhCQXWtj1XU3cKhqRQOMt1YosaxBiG2E5oCAHa7nR+8IxfxhYo4hoNl4rPRfybmEJg7STwE2cANLLrs1T8b9aOaXDXncpQx4ShSBeRVDhfZIWRSRPI+9IgEaSXI5chF2CACI3kIEQixkk1Kwv1aGKlsLN/r1gRSY7fV5XU049oLTwZLbK5pHdvveVN0rgue5Vy5eWmVL1ffiDLztgFu2Ieu2VV9sRqrM4EU+yDfbKvzI+TcwpOcWF1MstMka3AOf8F4h26zw==</latexit>

L↵

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

Interacting!
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i w

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="xnG+3+Cx+JCAnN1+8sa5Rwphj4U="></latexit> X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="Mddw74bc9z3ARPFOqw3bmkuvdto=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2jUG9kehBb5jIwwAhs0MDE2Z2NzO9JrjhK7zqh/kB/oe7sAd59KlS1ZWuVLuBFAZt+ydjbW3v7O5l93P5g8Oj40Kx1DR+qDk0uC993XaZASk8aKBACe1AA1OuhJY7eUj01jtoI3zvFacB9BQbeWIoOMOYeusqhmPXpc/9Qtmu2POh68BJQZmkU+8XM4/dgc9DBR5yyYzpOHaAvYhpFFzCLNcNDQSMT9gIOjH0mALTi+aJZ/QyNAx9GoCmQtI5Cf8dEVPGTJUbbyYJzaqWkJu0TojDu14kvCBE8HhyCIWE+SHDtYirADoQGhBZkhyo8ChnmiGCFpRxHpNh3M3SwWA8NYKb2cYUSySKyccyk+wMfFwxT8cLby7u3VlteR00rytOtVJ9uSnX7tMPZMkZuSBXxCG3pEaeSJ00CCeKfJIv8p35tfJWyTpdrFqZ1HNClsY6/wNWILr/</latexit>I
<latexit sha1_base64="YH9V7+wjqDy6PzKdXN1VS+QPkYU=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQb1RqIHj5jIIwEkvUMjE2YfzvSa4Ib/8Kp/5S/4Fe4CB3nUqVJdle5Uu6GShmz7J2NtbG5t72R3c3v7B4dH+cJxwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0n86b76iNDPxnGofY9eDVlwMpgBLppTME4vVex7xFoLGXL9llewq+Spw5KbE5ar1C5qHTD0TkoU9CgTFtxw6pG4MmKRROcp3IYAhiBK/YTqgPHppuPD17wi8iAxTwEDWXik9F/J+IwTNm7LmJ0wMamuVZKq6btSMa3HZj6YcRoS/SRSQVThcZoWXSB/K+1EgE6eXIpc8FaCBCLTkIkYhRUtDCwnA4NlKYydorFkSSo49FJfX0A1oKj4ezbC7p3VlueZU0rspOpVx5ui5V7+YfyLJzVmSXzGE3rMoeWY3VmWCafbIv9p35tfLWqXU2s1qZeeaELcAq/gFfcr1Y</latexit>

Û⇤

Wannier creation ansatz      Interpolation

<latexit sha1_base64="8lQmJb7L4LtsPIlag0DM0mg535o=">AAACB3icbVDLTgJBEJzFF+JrlaOXicTEE9k1BvVG4sUjJvJIWCS9QwMTZh/O9JoQwgf4FV715M149TM8+C8uuAcF61Sp6k5Xlx8rachxPq3cyura+kZ+s7C1vbO7Z+8fNEyUaIF1EalIt3wwqGSIdZKksBVrhMBX2PRHVzO/+YDayCi8pXGMnQAGoexLAZRKXbvoDYF4/c7rwaDrmfsENHbtklN25uDLxM1IiWWode0vrxeJJMCQhAJj2q4TU2cCmqRQOC14icEYxAgG2E5pCAGazmQefsqPEwMU8Rg1l4rPRfy9MYHAmHHgp5MB0NAsejPxP6+dUP+iM5FhnBCGYnaIpML5ISO0TFtB3pMaiWCWHLkMuQANRKglByFSMUlrKqR9uIvfL5PGadmtlCs3Z6XqZdZMnh2yI3bCXHbOquya1VidCTZmT+yZvViP1qv1Zr3/jOasbKfI/sD6+AZr/5kw</latexit>

Û †
⇤

<latexit sha1_base64="EUgMWqTG+kfSY+Z+aCCdfdktV6M="></latexit>���Ŵ (c)|⌦i � |W i
���
2

Minimize

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit>=

choose

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="gvsVojsFUaD9QBwo9kxNDTJ8zT0=">AAACYnicbVHLTgJBEBzWF+IL5KiHicTEE9k1BvVGogcPHjCRRwKE9A4NTJjdncz0miDhJ7zqj3n3Q9wFDgLWqVJdle5U+1pJS677nXG2tnd297L7uYPDo+OTfOG0YaPYCKyLSEWm5YNFJUOskySFLW0QAl9h0x8/pPPmGxoro/CVJhq7AQxDOZACKJFaz70OKD2CXr7klt05+CbxlqTElqj1CpnHTj8ScYAhCQXWtj1XU3cKhqRQOMt1YosaxBiG2E5oCAHa7nR+8IxfxhYo4hoNl4rPRfybmEJg7STwE2cANLLrs1T8b9aOaXDXncpQx4ShSBeRVDhfZIWRSRPI+9IgEaSXI5chF2CACI3kIEQixkk1Kwv1aGKlsLN/r1gRSY7fV5XU049oLTwZLbK5pHdvveVN0rgue5Vy5eWmVL1ffiDLztgFu2Ieu2VV9sRqrM4EU+yDfbKvzI+TcwpOcWF1MstMka3AOf8F4h26zw==</latexit>

L↵

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

Interacting!

Slide 10/24



3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="irCZeTSXqru7bLula/2YVLnyf10=">AAACE3icbVC7SgNBFJ2Nrxhfq5YWDgbBKuyKREGEiI1lBPOAZAmzk5s4ZPbBzF0hLCn9BL/CVis7sfUDLPwXZ+MWJnqaOXPuvdxzjx9LodFxPq3CwuLS8kpxtbS2vrG5ZW/vNHWUKA4NHslItX2mQYoQGihQQjtWwAJfQssfXWX11j0oLaLwFscxeAEbhmIgOEMj9ez9S9r1I9nX48A8lNOLmb/fs8tOxZmC/iVuTsokR71nf3X7EU8CCJFLpnXHdWL0UqZQcAmTUjfREDM+YkPoGBqyALSXTg+Z0MNEM4xoDIoKYyYT4fdEygKdOTOdAcM7PV/LxP9qnQQHZ14qwjhBCHm2CIWE6SLNlTAJAe0LBYgscw5UhJQzxRBBCco4N2JiIiuZPNz56/+S5nHFrVaqNyfl2nmeTJHskQNyRFxySmrkmtRJg3DyQJ7IM3mxHq1X6816/2ktWPnMLpmB9fENdoGdcw==</latexit>

Ac = b

Linear system

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i w

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="xnG+3+Cx+JCAnN1+8sa5Rwphj4U="></latexit> X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="Mddw74bc9z3ARPFOqw3bmkuvdto=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2jUG9kehBb5jIwwAhs0MDE2Z2NzO9JrjhK7zqh/kB/oe7sAd59KlS1ZWuVLuBFAZt+ydjbW3v7O5l93P5g8Oj40Kx1DR+qDk0uC993XaZASk8aKBACe1AA1OuhJY7eUj01jtoI3zvFacB9BQbeWIoOMOYeusqhmPXpc/9Qtmu2POh68BJQZmkU+8XM4/dgc9DBR5yyYzpOHaAvYhpFFzCLNcNDQSMT9gIOjH0mALTi+aJZ/QyNAx9GoCmQtI5Cf8dEVPGTJUbbyYJzaqWkJu0TojDu14kvCBE8HhyCIWE+SHDtYirADoQGhBZkhyo8ChnmiGCFpRxHpNh3M3SwWA8NYKb2cYUSySKyccyk+wMfFwxT8cLby7u3VlteR00rytOtVJ9uSnX7tMPZMkZuSBXxCG3pEaeSJ00CCeKfJIv8p35tfJWyTpdrFqZ1HNClsY6/wNWILr/</latexit>I
<latexit sha1_base64="YH9V7+wjqDy6PzKdXN1VS+QPkYU=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQb1RqIHj5jIIwEkvUMjE2YfzvSa4Ib/8Kp/5S/4Fe4CB3nUqVJdle5Uu6GShmz7J2NtbG5t72R3c3v7B4dH+cJxwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0n86b76iNDPxnGofY9eDVlwMpgBLppTME4vVex7xFoLGXL9llewq+Spw5KbE5ar1C5qHTD0TkoU9CgTFtxw6pG4MmKRROcp3IYAhiBK/YTqgPHppuPD17wi8iAxTwEDWXik9F/J+IwTNm7LmJ0wMamuVZKq6btSMa3HZj6YcRoS/SRSQVThcZoWXSB/K+1EgE6eXIpc8FaCBCLTkIkYhRUtDCwnA4NlKYydorFkSSo49FJfX0A1oKj4ezbC7p3VlueZU0rspOpVx5ui5V7+YfyLJzVmSXzGE3rMoeWY3VmWCafbIv9p35tfLWqXU2s1qZeeaELcAq/gFfcr1Y</latexit>

Û⇤

Wannier creation ansatz      Interpolation

<latexit sha1_base64="8lQmJb7L4LtsPIlag0DM0mg535o=">AAACB3icbVDLTgJBEJzFF+JrlaOXicTEE9k1BvVG4sUjJvJIWCS9QwMTZh/O9JoQwgf4FV715M149TM8+C8uuAcF61Sp6k5Xlx8rachxPq3cyura+kZ+s7C1vbO7Z+8fNEyUaIF1EalIt3wwqGSIdZKksBVrhMBX2PRHVzO/+YDayCi8pXGMnQAGoexLAZRKXbvoDYF4/c7rwaDrmfsENHbtklN25uDLxM1IiWWode0vrxeJJMCQhAJj2q4TU2cCmqRQOC14icEYxAgG2E5pCAGazmQefsqPEwMU8Rg1l4rPRfy9MYHAmHHgp5MB0NAsejPxP6+dUP+iM5FhnBCGYnaIpML5ISO0TFtB3pMaiWCWHLkMuQANRKglByFSMUlrKqR9uIvfL5PGadmtlCs3Z6XqZdZMnh2yI3bCXHbOquya1VidCTZmT+yZvViP1qv1Zr3/jOasbKfI/sD6+AZr/5kw</latexit>

Û †
⇤

<latexit sha1_base64="EUgMWqTG+kfSY+Z+aCCdfdktV6M="></latexit>���Ŵ (c)|⌦i � |W i
���
2

Minimize

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit>=

choose

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="gvsVojsFUaD9QBwo9kxNDTJ8zT0=">AAACYnicbVHLTgJBEBzWF+IL5KiHicTEE9k1BvVGogcPHjCRRwKE9A4NTJjdncz0miDhJ7zqj3n3Q9wFDgLWqVJdle5U+1pJS677nXG2tnd297L7uYPDo+OTfOG0YaPYCKyLSEWm5YNFJUOskySFLW0QAl9h0x8/pPPmGxoro/CVJhq7AQxDOZACKJFaz70OKD2CXr7klt05+CbxlqTElqj1CpnHTj8ScYAhCQXWtj1XU3cKhqRQOMt1YosaxBiG2E5oCAHa7nR+8IxfxhYo4hoNl4rPRfybmEJg7STwE2cANLLrs1T8b9aOaXDXncpQx4ShSBeRVDhfZIWRSRPI+9IgEaSXI5chF2CACI3kIEQixkk1Kwv1aGKlsLN/r1gRSY7fV5XU049oLTwZLbK5pHdvveVN0rgue5Vy5eWmVL1ffiDLztgFu2Ieu2VV9sRqrM4EU+yDfbKvzI+TcwpOcWF1MstMka3AOf8F4h26zw==</latexit>

L↵

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

Interacting!
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3. Construction of the wavepackets
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3. Construction of the wavepackets

Intermediate L ~ 15
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3. Construction of the wavepackets

w Small w ~ 5

Intermediate L ~ 15
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3. Construction of the wavepackets

Large L ~ 300

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

w Small w ~ 5

Intermediate L ~ 15
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3. Construction of the wavepackets

Large L ~ 300

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

similar for L large enough

w Small w ~ 5

Intermediate L ~ 15

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
<latexit sha1_base64="+p/ElRpxqmOq5Xm2e74xyKSqqpQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKXdn626NiKz8Ai1UdIiW36HgX7CNC0iYajSzq52dIJLCout+OqWV1bX1jfJmZWt7Z3evun/QsWFsOLR5KEPTDZgFKTS0UaCEbmSAqUDCfTC9zvz7BzBWhPoOZxH4io21GAnOMJP6VqhBtebW3Rx0mXgFqZECrUH1qz8MeaxAI5fM2p7nRugnzKDgEuaVfmwhYnzKxtBLqWYKrJ/kWef0JLYMQxqBoULSXITfGwlT1s5UkE4qhhO76GXif14vxtGlnwgdxQiaZ4dQSMgPWW5EWgLQoTCAyLLkQIWmnBmGCEZQxnkqxmkrlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgHN3ZLO</latexit>⇠
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3. Construction of the wavepackets

Large L ~ 300
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<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

similar for L large enough

w Small w ~ 5

Intermediate L ~ 15

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
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3. Construction of the wavepackets

Large L ~ 300

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

similar for L large enough

w Small w ~ 5

Intermediate L ~ 15

Wannier function → building blocks to construct any single-(quasi)particle 
state.

(On top of the interacting vacuum)
<latexit sha1_base64="D38Od86ldQmz1Phvh2GcMeq/IiU="></latexit>

|Wji = T j |W0i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
<latexit sha1_base64="+p/ElRpxqmOq5Xm2e74xyKSqqpQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKXdn626NiKz8Ai1UdIiW36HgX7CNC0iYajSzq52dIJLCout+OqWV1bX1jfJmZWt7Z3evun/QsWFsOLR5KEPTDZgFKTS0UaCEbmSAqUDCfTC9zvz7BzBWhPoOZxH4io21GAnOMJP6VqhBtebW3Rx0mXgFqZECrUH1qz8MeaxAI5fM2p7nRugnzKDgEuaVfmwhYnzKxtBLqWYKrJ/kWef0JLYMQxqBoULSXITfGwlT1s5UkE4qhhO76GXif14vxtGlnwgdxQiaZ4dQSMgPWW5EWgLQoTCAyLLkQIWmnBmGCEZQxnkqxmkrlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgHN3ZLO</latexit>⇠
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3. Construction of the wavepackets

Large L ~ 300

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

similar for L large enough

w Small w ~ 5

Intermediate L ~ 15

Wannier function → building blocks to construct any single-(quasi)particle 
state.

(On top of the interacting vacuum)
<latexit sha1_base64="D38Od86ldQmz1Phvh2GcMeq/IiU="></latexit>

|Wji = T j |W0i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
<latexit sha1_base64="+p/ElRpxqmOq5Xm2e74xyKSqqpQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKXdn626NiKz8Ai1UdIiW36HgX7CNC0iYajSzq52dIJLCout+OqWV1bX1jfJmZWt7Z3evun/QsWFsOLR5KEPTDZgFKTS0UaCEbmSAqUDCfTC9zvz7BzBWhPoOZxH4io21GAnOMJP6VqhBtebW3Rx0mXgFqZECrUH1qz8MeaxAI5fM2p7nRugnzKDgEuaVfmwhYnzKxtBLqWYKrJ/kWef0JLYMQxqBoULSXITfGwlT1s5UkE4qhhO76GXif14vxtGlnwgdxQiaZ4dQSMgPWW5EWgLQoTCAyLLkQIWmnBmGCEZQxnkqxmkrlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgHN3ZLO</latexit>⇠
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4. Tensor Network methods in a nutshell
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3. Construction of the wavepackets



4. Tensor Network methods in a nutshell

Tensor Networks notation: each tensor T (node) has n indices i (links). Each index has a dimension d (size).
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

Singular Value Decomposition (SVD)

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

M

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

Singular Value Decomposition (SVD)

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
SVD

M S D

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

V †

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

Singular Value Decomposition (SVD)

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
SVD

M S D

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

V †

6-rank tensor

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

Singular Value Decomposition (SVD)

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
SVD SVD

M S D

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

V †

6-rank tensor two 4-rank tensors

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Quantum MB states
SVD

Matrix Product States

Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�
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Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�
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Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�
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Matrix Product Operator

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)
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Is this representation efficient?

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)
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4. Tensor Network methods in a nutshell

Quantum MB states
SVD

SVD

Matrix Product States

Matrix Product Operator

Is this representation efficient?

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)

Hilbert space
<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Local Hamiltonian
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4. Tensor Network methods in a nutshell

Quantum MB states
SVD

SVD

Matrix Product States

Matrix Product Operator

Is this representation efficient?

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

Area law states

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)

Hilbert space
<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Local Hamiltonian
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4. Tensor Network methods in a nutshell

Quantum MB states
SVD

SVD

Matrix Product States

Matrix Product Operator

Is this representation efficient?

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

Area law states

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)

Hilbert space
<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Local Hamiltonian

MPS with low 
<latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�
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4. Tensor Network methods in a nutshell

Useful MPS and MPO Algorithms
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4. Tensor Network methods in a nutshell

Useful MPS and MPO Algorithms

Ground-state search
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4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Useful MPS and MPO Algorithms

Ground-state search

MPS ground-state
DMRG

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian
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4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Ground-state search

MPS ground-state
DMRG

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian
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4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Ground-state search

Time evolution for MPS

MPS ground-state
DMRG

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian
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4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Time evolution operator

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

Slide 15/24



4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Suzuki-Trotter
Time evolution operator Iteration of gates

<latexit sha1_base64="jxszx1fOEdr3hK/44KTiaH1cwZ8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0PURFwGlRrdt3OwReJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwVunHBiMQExhjL6UB+GjcJM8740exAQp5hJpLxXMRf28k4Bsz9b100ge6N/NeJv7n9WIaXbqJDKKYMBDZIZIK80NGaJkWgXwoNRJBlhy5DLgADUSoJQchUjFOm6mkfTjz3y+S9kndOa+f3Z7WGldFM2V2wA7ZMXPYBWuwG9ZkLSaYYk/smb1Yj9ar9Wa9/4yWrGJnn/2B9fENgCiUUw==</latexit>

�t

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

Slide 15/24



4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Suzuki-Trotter
Time evolution operator Iteration of gates

<latexit sha1_base64="jxszx1fOEdr3hK/44KTiaH1cwZ8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0PURFwGlRrdt3OwReJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwVunHBiMQExhjL6UB+GjcJM8740exAQp5hJpLxXMRf28k4Bsz9b100ge6N/NeJv7n9WIaXbqJDKKYMBDZIZIK80NGaJkWgXwoNRJBlhy5DLgADUSoJQchUjFOm6mkfTjz3y+S9kndOa+f3Z7WGldFM2V2wA7ZMXPYBWuwG9ZkLSaYYk/smb1Yj9ar9Wa9/4yWrGJnn/2B9fENgCiUUw==</latexit>

�t

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Operator to MPO conversion

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

Slide 15/24



4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Suzuki-Trotter
Time evolution operator Iteration of gates

<latexit sha1_base64="jxszx1fOEdr3hK/44KTiaH1cwZ8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0PURFwGlRrdt3OwReJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwVunHBiMQExhjL6UB+GjcJM8740exAQp5hJpLxXMRf28k4Bsz9b100ge6N/NeJv7n9WIaXbqJDKKYMBDZIZIK80NGaJkWgXwoNRJBlhy5DLgADUSoJQchUjFOm6mkfTjz3y+S9kndOa+f3Z7WGldFM2V2wA7ZMXPYBWuwG9ZkLSaYYk/smb1Yj9ar9Wa9/4yWrGJnn/2B9fENgCiUUw==</latexit>

�t

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Operator to MPO conversion

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

…

Sum of compositions of local operators

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

<latexit sha1_base64="68YsEAs9j3knE11yEm57bZhrLSs=">AAACFHicbVC7SgNREL0bXzG+opY2F4NgFXZFoiBCwMbCIoJ5QDaE2ZtJcsndB/fOCiGk9RP8Clut7MTW3sJ/cTeJoImnOnPODDNzvEhJQ7b9aWWWlldW17LruY3Nre2d/O5ezYSxFlgVoQp1wwODSgZYJUkKG5FG8D2FdW9wlfr1e9RGhsEdDSNs+dALZFcKoERq57lrYr/tgor6wN0+EL/5qS6nXr5gF+0J+CJxZqTAZqi0819uJxSxjwEJBcY0HTui1gg0SaFwnHNjgxGIAfSwmdAAfDSt0eSTMT+KDVDII9RcKj4R8ffECHxjhr6XdPpAfTPvpeJ/XjOm7nlrJIMoJgxEuoikwskiI7RMIkLekRqJIL0cuQy4AA1EqCUHIRIxTjLLJXk4898vktpJ0SkVS7enhfLFLJksO2CH7Jg57IyV2TWrsCoT7IE9sWf2Yj1ar9ab9T5tzVizmX32B9bHN3Qnnfo=</latexit>X

↵

L̂↵ =
X

Slide 15/24



4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Suzuki-Trotter
Time evolution operator Iteration of gates

<latexit sha1_base64="jxszx1fOEdr3hK/44KTiaH1cwZ8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0PURFwGlRrdt3OwReJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwVunHBiMQExhjL6UB+GjcJM8740exAQp5hJpLxXMRf28k4Bsz9b100ge6N/NeJv7n9WIaXbqJDKKYMBDZIZIK80NGaJkWgXwoNRJBlhy5DLgADUSoJQchUjFOm6mkfTjz3y+S9kndOa+f3Z7WGldFM2V2wA7ZMXPYBWuwG9ZkLSaYYk/smb1Yj9ar9Wa9/4yWrGJnn/2B9fENgCiUUw==</latexit>

�t

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Operator to MPO conversion

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

…

Sum of compositions of local operators Matrix Product Operator
Automata procedure

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

<latexit sha1_base64="68YsEAs9j3knE11yEm57bZhrLSs=">AAACFHicbVC7SgNREL0bXzG+opY2F4NgFXZFoiBCwMbCIoJ5QDaE2ZtJcsndB/fOCiGk9RP8Clut7MTW3sJ/cTeJoImnOnPODDNzvEhJQ7b9aWWWlldW17LruY3Nre2d/O5ezYSxFlgVoQp1wwODSgZYJUkKG5FG8D2FdW9wlfr1e9RGhsEdDSNs+dALZFcKoERq57lrYr/tgor6wN0+EL/5qS6nXr5gF+0J+CJxZqTAZqi0819uJxSxjwEJBcY0HTui1gg0SaFwnHNjgxGIAfSwmdAAfDSt0eSTMT+KDVDII9RcKj4R8ffECHxjhr6XdPpAfTPvpeJ/XjOm7nlrJIMoJgxEuoikwskiI7RMIkLekRqJIL0cuQy4AA1EqCUHIRIxTjLLJXk4898vktpJ0SkVS7enhfLFLJksO2CH7Jg57IyV2TWrsCoT7IE9sWf2Yj1ar9ab9T5tzVizmX32B9bHN3Qnnfo=</latexit>X

↵

L̂↵ =
X

Slide 15/24



4. Tensor Network methods in a nutshell

Automata procedure

Slide 16/24

Fröwis et al. Phys. Rev. A 81 (2010) 062337



4. Tensor Network methods in a nutshell

Automata procedure
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Ô =
X

↵

L̂↵Operator picture1
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Ô =
X

↵

L̂↵Operator picture

Automata picture

1

2

3
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Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>
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<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>
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<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>
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Ô =
X

↵

L̂↵Operator picture

Matrix picture

<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0

@
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>
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<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>
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<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0
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Ĝ Ĥ Î
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>
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<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>
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Ô =
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<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>

B̂

<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>

Ê

Wannier creation operator

TN picture
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<latexit sha1_base64="MTypBCmc+JktSAYxdqUGuFYyJoo="></latexit>

Ŵ =
X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

<latexit sha1_base64="nwPGmrMj2e2CI5xKW8/Qj4h0d6M="></latexit>✓
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<latexit sha1_base64="5w/1HovcqmmlxKLGlJ5r7QBN8MM=">AAACFnicbVC7SgNREL0bXzG+opY2lwTBKuyKLxAhYGMhGME8IBvC7M3EXLz74N5ZIYT0foJfYauVndjaWvgvbtYtNPFUZ86ZYWaOFylpyLY/rdzc/MLiUn65sLK6tr5R3NxqmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2dT/zmPWojw+CGhhF2fLgNZF8KoETqFkvuAIhf8TPumtjvuqCiAfBUvMyqbrFsV+wUfJY4GSmzDLVu8cvthSL2MSChwJi2Y0fUGYEmKRSOC25sMAJxB7fYTmgAPprOKP1lzHdjAxTyCDWXiqci/p4YgW/M0PeSTh9oYKa9ifif146pf9IZySCKCQMxWURSYbrICC2TkJD3pEYimFyOXAZcgAYi1JKDEIkYJ6kVkjyc6e9nSWO/4hxVDq8PytXTLJk822Eltsccdsyq7ILVWJ0J9sCe2DN7sR6tV+vNev9pzVnZzDb7A+vjG0r4nmQ=</latexit>

Ô =
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L̂↵Operator picture

Matrix picture

<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0
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1

A

Automata picture
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<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>

B̂

<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>

Ê

Wannier creation operator

TN picture
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<latexit sha1_base64="MTypBCmc+JktSAYxdqUGuFYyJoo="></latexit>
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↵1...↵w

c↵1...↵wL↵1 . . . L↵w

n - ary tree

<latexit sha1_base64="nwPGmrMj2e2CI5xKW8/Qj4h0d6M="></latexit>✓
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Automata procedure

<latexit sha1_base64="5w/1HovcqmmlxKLGlJ5r7QBN8MM=">AAACFnicbVC7SgNREL0bXzG+opY2lwTBKuyKLxAhYGMhGME8IBvC7M3EXLz74N5ZIYT0foJfYauVndjaWvgvbtYtNPFUZ86ZYWaOFylpyLY/rdzc/MLiUn65sLK6tr5R3NxqmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2dT/zmPWojw+CGhhF2fLgNZF8KoETqFkvuAIhf8TPumtjvuqCiAfBUvMyqbrFsV+wUfJY4GSmzDLVu8cvthSL2MSChwJi2Y0fUGYEmKRSOC25sMAJxB7fYTmgAPprOKP1lzHdjAxTyCDWXiqci/p4YgW/M0PeSTh9oYKa9ifif146pf9IZySCKCQMxWURSYbrICC2TkJD3pEYimFyOXAZcgAYi1JKDEIkYJ6kVkjyc6e9nSWO/4hxVDq8PytXTLJk822Eltsccdsyq7ILVWJ0J9sCe2DN7sR6tV+vNev9pzVnZzDb7A+vjG0r4nmQ=</latexit>

Ô =
X

↵

L̂↵Operator picture

Matrix picture

<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0
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D̂ Ê F̂

Ĝ Ĥ Î
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Automata picture
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3

<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>

B̂

<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>

Ê

Wannier creation operator

TN picture
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<latexit sha1_base64="MTypBCmc+JktSAYxdqUGuFYyJoo="></latexit>

Ŵ =
X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

n - ary tree

<latexit sha1_base64="uz6q1pBZqReq0P3VNoz+u/BH22Y=">AAACWXiclVDLSgMxFE3HVx1f1S7dBIviqsyIVN0V3LisYB/QKSWT3tZgJjMkd8Qy9Av9AhE/wq1uzNQitnXj3eRwzn2cnDCRwqDnvRScldW19Y3ipru1vbO7V9o/aJk41RyaPJax7oTMgBQKmihQQifRwKJQQjt8uM719iNoI2J1h+MEehEbKTEUnKGl+iUIQhgJlSURQy2eJm7ABzHSEzr/BsE/BTcANfjZ2i9VvKo3LboM/BmokFk1+qW3YBDzNAKFXDJjur6XYC9jGgWXYF2mBhLGH9gIuhYqFoHpZdM4JvQ4NQxjmoCmQtIpCb8nMhYZM45C22n93ZtFLSf/0ropDi97mVBJiqB4fgiFhOkhw7WwOQMdCA2ILHcOVCjKmWaIoAVlnFsytcG7Ng9/8ffLoHVW9WvV2u15pX41S6ZIDskROSU+uSB1ckMapEk4eSbv5IN8Fl6dglN03O9WpzCbKZO5cspfyvqziA==</latexit>0

@
· · ·
· · ·
· · ·

1

A <latexit sha1_base64="2/GogYI7ZxUSeQt8iKe/ekM3xcQ=">AAACA3icbVC7TgJBFJ3FF+KDVUubicQEG7JrDGpHYmMnJvJIAMnd4YITZh+ZuashhNKvsNXKztj6IRb+i7tIoeCpTs65N/fc40VKGnKcTyuztLyyupZdz21sbm3n7Z3dugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wIvUb96iNDIMbGkXY8WEQyL4UQInUtfNtH+hOgOJXRbx9OOraBafkTMEXiTsjBTZDtWt/tXuhiH0MSCgwpuU6EXXGoEkKhZNcOzYYgRjCAFsJDcBH0xlPg0/4YWyAQh6h5lLxqYi/N8bgGzPyvWQyjWnmvVT8z2vF1D/rjGUQxYSBSA+RVDg9ZISWSSPIe1IjEaTJkcuAC9BAhFpyECIR46SiXNKHO//9Iqkfl9xyqXx9Uqicz5rJsn12wIrMZaeswi5ZldWYYDF7Ys/sxXq0Xq036/1nNGPNdvbYH1gf34iDlvg=</latexit>
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<latexit sha1_base64="nwPGmrMj2e2CI5xKW8/Qj4h0d6M="></latexit>✓
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Automata procedure

<latexit sha1_base64="5w/1HovcqmmlxKLGlJ5r7QBN8MM=">AAACFnicbVC7SgNREL0bXzG+opY2lwTBKuyKLxAhYGMhGME8IBvC7M3EXLz74N5ZIYT0foJfYauVndjaWvgvbtYtNPFUZ86ZYWaOFylpyLY/rdzc/MLiUn65sLK6tr5R3NxqmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2dT/zmPWojw+CGhhF2fLgNZF8KoETqFkvuAIhf8TPumtjvuqCiAfBUvMyqbrFsV+wUfJY4GSmzDLVu8cvthSL2MSChwJi2Y0fUGYEmKRSOC25sMAJxB7fYTmgAPprOKP1lzHdjAxTyCDWXiqci/p4YgW/M0PeSTh9oYKa9ifif146pf9IZySCKCQMxWURSYbrICC2TkJD3pEYimFyOXAZcgAYi1JKDEIkYJ6kVkjyc6e9nSWO/4hxVDq8PytXTLJk822Eltsccdsyq7ILVWJ0J9sCe2DN7sR6tV+vNev9pzVnZzDb7A+vjG0r4nmQ=</latexit>

Ô =
X
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L̂↵Operator picture

Matrix picture

<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0

@
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A

Automata picture
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3

<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>

B̂

<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>

Ê

Wannier creation operator

TN picture
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<latexit sha1_base64="MTypBCmc+JktSAYxdqUGuFYyJoo="></latexit>

Ŵ =
X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

n - ary tree

<latexit sha1_base64="uz6q1pBZqReq0P3VNoz+u/BH22Y=">AAACWXiclVDLSgMxFE3HVx1f1S7dBIviqsyIVN0V3LisYB/QKSWT3tZgJjMkd8Qy9Av9AhE/wq1uzNQitnXj3eRwzn2cnDCRwqDnvRScldW19Y3ipru1vbO7V9o/aJk41RyaPJax7oTMgBQKmihQQifRwKJQQjt8uM719iNoI2J1h+MEehEbKTEUnKGl+iUIQhgJlSURQy2eJm7ABzHSEzr/BsE/BTcANfjZ2i9VvKo3LboM/BmokFk1+qW3YBDzNAKFXDJjur6XYC9jGgWXYF2mBhLGH9gIuhYqFoHpZdM4JvQ4NQxjmoCmQtIpCb8nMhYZM45C22n93ZtFLSf/0ropDi97mVBJiqB4fgiFhOkhw7WwOQMdCA2ILHcOVCjKmWaIoAVlnFsytcG7Ng9/8ffLoHVW9WvV2u15pX41S6ZIDskROSU+uSB1ckMapEk4eSbv5IN8Fl6dglN03O9WpzCbKZO5cspfyvqziA==</latexit>0

@
· · ·
· · ·
· · ·

1

A <latexit sha1_base64="2/GogYI7ZxUSeQt8iKe/ekM3xcQ=">AAACA3icbVC7TgJBFJ3FF+KDVUubicQEG7JrDGpHYmMnJvJIAMnd4YITZh+ZuashhNKvsNXKztj6IRb+i7tIoeCpTs65N/fc40VKGnKcTyuztLyyupZdz21sbm3n7Z3dugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wIvUb96iNDIMbGkXY8WEQyL4UQInUtfNtH+hOgOJXRbx9OOraBafkTMEXiTsjBTZDtWt/tXuhiH0MSCgwpuU6EXXGoEkKhZNcOzYYgRjCAFsJDcBH0xlPg0/4YWyAQh6h5lLxqYi/N8bgGzPyvWQyjWnmvVT8z2vF1D/rjGUQxYSBSA+RVDg9ZISWSSPIe1IjEaTJkcuAC9BAhFpyECIR46SiXNKHO//9Iqkfl9xyqXx9Uqicz5rJsn12wIrMZaeswi5ZldWYYDF7Ys/sxXq0Xq036/1nNGPNdvbYH1gf34iDlvg=</latexit>

O(ew)

“Wannier Ansätze”

<latexit sha1_base64="nwPGmrMj2e2CI5xKW8/Qj4h0d6M="></latexit>✓
C11 C12

C21 C22

◆
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“Wannier Ansätze”
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =

Wannier creation
operator Ansätze

w
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =

Wannier creation
operator Ansätze

w

Large L vacuum state
found with DMRG

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =

Wannier creation
operator Ansätze

w

Large L vacuum state
found with DMRG

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
No scaling of     with size!<latexit sha1_base64="O5QxAj0gkErmCjuPtxScdcTW6DE=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKeeH7taIyMov0EJFh2j5HQr+Bdu4gISpRjO72tnxIiUN2fanVVpZXVvfKG9WtrZ3dveq+wcdE8ZaYFuEKtRdjxtUMsA2SVLYjTRy31N4702vM//+AbWRYXBHswhdn48DOZKCUyb1xUQOqjW7budgy8QpSA0KtAbVr/4wFLGPAQnFjek5dkRuwjVJoXBe6ccGIy6mfIy9lAbcR+MmedY5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwmZtHLxP+8XkyjSzeRQRQTBiI7RFJhfsgILdMSkA2lRiKeJUcmAya45kSoJeNCpGKctlJJ+3AWv18mnbO606g3bs9rzauimTIcwTGcggMX0IQbaEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN60Bkrk=</latexit>�

<latexit sha1_base64="Zg2tmjRGRh7dNNwNBv8UQAg76o8=">AAACDXicbVDLSgNBEJz1bXxFPYmXwSBEkLArEvUgBLx4EIxgjJCNoXfSMUNmH8z0KhKCn+BXeNWTN/HqN3jwX9yNe9BonYqqbrq6vEhJQ7b9YY2NT0xOTc/M5ubmFxaX8ssrFyaMtcCaCFWoLz0wqGSANZKk8DLSCL6nsO71jlK/foPayDA4p7sImz5cB7IjBVAitfJrruhKfshdH6grQPHTIl7dbvOTrVa+YJfsIfhf4mSkwDJUW/lPtx2K2MeAhAJjGo4dUbMPmqRQOMi5scEIRA+usZHQAHw0zf7whQHfjA1QyCPUXCo+FPHnRh98Y+58L5lMk5pRLxX/8xoxdfabfRlEMWEg0kMkFQ4PGaFl0g3yttRIBGly5DLgAjQQoZYchEjEOCkrl/ThjH7/l1zslJxyqXy2W6gcZM3MsHW2wYrMYXuswo5ZldWYYPfskT2xZ+vBerFerbfv0TEr21llv2C9fwFYhJoB</latexit>

� = O(ew, L)
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

Gaussian wavepacket

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

<latexit sha1_base64="RxzOswNVURz004zlNcNDk9j6n08="></latexit>

1

N e�
(j�j0)2

2� eijk0

No scaling of     with size!<latexit sha1_base64="O5QxAj0gkErmCjuPtxScdcTW6DE=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKeeH7taIyMov0EJFh2j5HQr+Bdu4gISpRjO72tnxIiUN2fanVVpZXVvfKG9WtrZ3dveq+wcdE8ZaYFuEKtRdjxtUMsA2SVLYjTRy31N4702vM//+AbWRYXBHswhdn48DOZKCUyb1xUQOqjW7budgy8QpSA0KtAbVr/4wFLGPAQnFjek5dkRuwjVJoXBe6ccGIy6mfIy9lAbcR+MmedY5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwmZtHLxP+8XkyjSzeRQRQTBiI7RFJhfsgILdMSkA2lRiKeJUcmAya45kSoJeNCpGKctlJJ+3AWv18mnbO606g3bs9rzauimTIcwTGcggMX0IQbaEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN60Bkrk=</latexit>�
<latexit sha1_base64="Zg2tmjRGRh7dNNwNBv8UQAg76o8=">AAACDXicbVDLSgNBEJz1bXxFPYmXwSBEkLArEvUgBLx4EIxgjJCNoXfSMUNmH8z0KhKCn+BXeNWTN/HqN3jwX9yNe9BonYqqbrq6vEhJQ7b9YY2NT0xOTc/M5ubmFxaX8ssrFyaMtcCaCFWoLz0wqGSANZKk8DLSCL6nsO71jlK/foPayDA4p7sImz5cB7IjBVAitfJrruhKfshdH6grQPHTIl7dbvOTrVa+YJfsIfhf4mSkwDJUW/lPtx2K2MeAhAJjGo4dUbMPmqRQOMi5scEIRA+usZHQAHw0zf7whQHfjA1QyCPUXCo+FPHnRh98Y+58L5lMk5pRLxX/8xoxdfabfRlEMWEg0kMkFQ4PGaFl0g3yttRIBGly5DLgAjQQoZYchEjEOCkrl/ThjH7/l1zslJxyqXy2W6gcZM3MsHW2wYrMYXuswo5ZldWYYPfskT2xZ+vBerFerbfv0TEr21llv2C9fwFYhJoB</latexit>

� = O(ew, L)
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

Gaussian wavepacket
(Real space)

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i
<latexit sha1_base64="hCuWp8xd3ZMYOaGscCARSwXzumA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl004cn7obg2KrHwCLVR0iJbvoeBfsE0KSJhqNLOrnR0vUtKQbX9ahaXlldW14nppY3Nre6e8u9cyYawFNkWoQt3xwKCSATZJksJOpBF8T2HbG19mfvsBtZFhcEuTCF0fRoEcSgGUSjf3fbtfrthVOwdfJM6MVNgMjX75qzcIRexjQEKBMV3HjshNQJMUCqelXmwwAjGGEXZTGoCPxk3yqFN+FBugkEeouVQ8F/H3RgK+MRPfSyd9oDsz72Xif143puG5m8ggigkDkR0iqTA/ZISWaQfIB1IjEWTJkcuAC9BAhFpyECIV47SUUtqHM//9ImmdVJ1atXZ9WqlfzJopsgN2yI6Zw85YnV2xBmsywUbsiT2zF+vRerXerPef0YI129lnf2B9fAObl5IY</latexit>

j0

<latexit sha1_base64="cXHSJ1c/JMFhvx+2pJTjG5XS5MA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW6mQ3tYrdl1OwdfJE5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwlllEBuMQExhgv2UBuCjcZM86owfxQYo5BFqLhXPRfy9kYBvzKPvpZM+0J2Z9zLxP68f0/jcTWQQxYSByA6RVJgfMkLLtAPkI6mRCLLkyGXABWggQi05CJGKcVpKJe3Dmf9+kXRO6k6j3rg+rTUvimbK7IAdsmPmsDPWZFesxdpMsAl7Ys/sxXqwXq036/1ntGQVO/vsD6yPb50okhk=</latexit>

k0

<latexit sha1_base64="XpxirKyVLY4V24quyaRdoJh5ktc=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREMZJPKQEitaXzbhlPNDd2ukyMpH0EJFh2j5Ggr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlN5vceURsZBvc0j9D1YRrIiRRAqdRrDI2c+jCq1uy6nYOvEqcgNVagPap+DcehiH0MSCgwZuDYEbkJaJJC4aIyjA1GIGYwxUFKA/DRuEked8HPYgMU8gg1l4rnIv7eSMA3Zu576aQP9GCWvUz8zxvENLlyExlEMWEgskMkFeaHjNAy7QH5WGokgiw5chlwARqIUEsOQqRinBZTSftwlr9fJd1G3WnWm3cXtdZ10UyZnbBTds4cdsla7Ja1WYcJNmNP7Jm9WIn1ar1Z7z+jJavYOWZ/YH18A8ddk+Y=</latexit>

2�

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

<latexit sha1_base64="RxzOswNVURz004zlNcNDk9j6n08="></latexit>

1

N e�
(j�j0)2

2� eijk0

No scaling of     with size!<latexit sha1_base64="O5QxAj0gkErmCjuPtxScdcTW6DE=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKeeH7taIyMov0EJFh2j5HQr+Bdu4gISpRjO72tnxIiUN2fanVVpZXVvfKG9WtrZ3dveq+wcdE8ZaYFuEKtRdjxtUMsA2SVLYjTRy31N4702vM//+AbWRYXBHswhdn48DOZKCUyb1xUQOqjW7budgy8QpSA0KtAbVr/4wFLGPAQnFjek5dkRuwjVJoXBe6ccGIy6mfIy9lAbcR+MmedY5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwmZtHLxP+8XkyjSzeRQRQTBiI7RFJhfsgILdMSkA2lRiKeJUcmAya45kSoJeNCpGKctlJJ+3AWv18mnbO606g3bs9rzauimTIcwTGcggMX0IQbaEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN60Bkrk=</latexit>�
<latexit sha1_base64="Zg2tmjRGRh7dNNwNBv8UQAg76o8=">AAACDXicbVDLSgNBEJz1bXxFPYmXwSBEkLArEvUgBLx4EIxgjJCNoXfSMUNmH8z0KhKCn+BXeNWTN/HqN3jwX9yNe9BonYqqbrq6vEhJQ7b9YY2NT0xOTc/M5ubmFxaX8ssrFyaMtcCaCFWoLz0wqGSANZKk8DLSCL6nsO71jlK/foPayDA4p7sImz5cB7IjBVAitfJrruhKfshdH6grQPHTIl7dbvOTrVa+YJfsIfhf4mSkwDJUW/lPtx2K2MeAhAJjGo4dUbMPmqRQOMi5scEIRA+usZHQAHw0zf7whQHfjA1QyCPUXCo+FPHnRh98Y+58L5lMk5pRLxX/8xoxdfabfRlEMWEg0kMkFQ4PGaFl0g3yttRIBGly5DLgAjQQoZYchEjEOCkrl/ThjH7/l1zslJxyqXy2W6gcZM3MsHW2wYrMYXuswo5ZldWYYPfskT2xZ+vBerFerbfv0TEr21llv2C9fwFYhJoB</latexit>

� = O(ew, L)

Slide 17/24



5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

Gaussian wavepacket
(Real space)

Momentum space

quasi-Gaussian

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i
<latexit sha1_base64="hCuWp8xd3ZMYOaGscCARSwXzumA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl004cn7obg2KrHwCLVR0iJbvoeBfsE0KSJhqNLOrnR0vUtKQbX9ahaXlldW14nppY3Nre6e8u9cyYawFNkWoQt3xwKCSATZJksJOpBF8T2HbG19mfvsBtZFhcEuTCF0fRoEcSgGUSjf3fbtfrthVOwdfJM6MVNgMjX75qzcIRexjQEKBMV3HjshNQJMUCqelXmwwAjGGEXZTGoCPxk3yqFN+FBugkEeouVQ8F/H3RgK+MRPfSyd9oDsz72Xif143puG5m8ggigkDkR0iqTA/ZISWaQfIB1IjEWTJkcuAC9BAhFpyECIV47SUUtqHM//9ImmdVJ1atXZ9WqlfzJopsgN2yI6Zw85YnV2xBmsywUbsiT2zF+vRerXerPef0YI129lnf2B9fAObl5IY</latexit>

j0

<latexit sha1_base64="LnEjDRZX6FxMC9tIMv6Bh35q5MY=">AAAB/3icbVA9TwJBEN3DL8Qv1NJmIzGxwjtjUDsSG0tM5COBC5lbBtywe3fuzpkQQuGvsNXKztj6Uyz8Lx4nhYKvmZf3ZjIzL4iVtOS6n05uaXlldS2/XtjY3NreKe7uNWyUGIF1EanItAKwqGSIdZKksBUbBB0obAbDq6nffEBjZRTe0ihGX8MglH0pgFLJ71ipuXeSloGGbrHklt0MfJF4M1JiM9S6xa9OLxKJxpCEAmvbnhuTPwZDUiicFDqJxRjEEAbYTmkIGq0/zo6e8KPEAkU8RsOl4pmIvyfGoK0d6SDt1EB3dt6biv957YT6F/5YhnFCGIrpIpIKs0VWGJmmgbwnDRLB9HLkMuQCDBChkRyESMUkjaeQ5uHNf79IGqdlr1Ku3JyVqpezZPLsgB2yY+axc1Zl16zG6kywe/bEntmL8+i8Om/O+09rzpnN7LM/cD6+AcLLlhU=</latexit>

⇠ 1/�

<latexit sha1_base64="cXHSJ1c/JMFhvx+2pJTjG5XS5MA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW6mQ3tYrdl1OwdfJE5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwlllEBuMQExhgv2UBuCjcZM86owfxQYo5BFqLhXPRfy9kYBvzKPvpZM+0J2Z9zLxP68f0/jcTWQQxYSByA6RVJgfMkLLtAPkI6mRCLLkyGXABWggQi05CJGKcVpKJe3Dmf9+kXRO6k6j3rg+rTUvimbK7IAdsmPmsDPWZFesxdpMsAl7Ys/sxXqwXq036/1ntGQVO/vsD6yPb50okhk=</latexit>

k0

<latexit sha1_base64="XpxirKyVLY4V24quyaRdoJh5ktc=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREMZJPKQEitaXzbhlPNDd2ukyMpH0EJFh2j5Ggr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlN5vceURsZBvc0j9D1YRrIiRRAqdRrDI2c+jCq1uy6nYOvEqcgNVagPap+DcehiH0MSCgwZuDYEbkJaJJC4aIyjA1GIGYwxUFKA/DRuEked8HPYgMU8gg1l4rnIv7eSMA3Zu576aQP9GCWvUz8zxvENLlyExlEMWEgskMkFeaHjNAy7QH5WGokgiw5chlwARqIUEsOQqRinBZTSftwlr9fJd1G3WnWm3cXtdZ10UyZnbBTds4cdsla7Ja1WYcJNmNP7Jm9WIn1ar1Z7z+jJavYOWZ/YH18A8ddk+Y=</latexit>

2�

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

<latexit sha1_base64="RxzOswNVURz004zlNcNDk9j6n08="></latexit>

1

N e�
(j�j0)2

2� eijk0

No scaling of     with size!<latexit sha1_base64="O5QxAj0gkErmCjuPtxScdcTW6DE=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKeeH7taIyMov0EJFh2j5HQr+Bdu4gISpRjO72tnxIiUN2fanVVpZXVvfKG9WtrZ3dveq+wcdE8ZaYFuEKtRdjxtUMsA2SVLYjTRy31N4702vM//+AbWRYXBHswhdn48DOZKCUyb1xUQOqjW7budgy8QpSA0KtAbVr/4wFLGPAQnFjek5dkRuwjVJoXBe6ccGIy6mfIy9lAbcR+MmedY5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwmZtHLxP+8XkyjSzeRQRQTBiI7RFJhfsgILdMSkA2lRiKeJUcmAya45kSoJeNCpGKctlJJ+3AWv18mnbO606g3bs9rzauimTIcwTGcggMX0IQbaEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN60Bkrk=</latexit>�
<latexit sha1_base64="Zg2tmjRGRh7dNNwNBv8UQAg76o8=">AAACDXicbVDLSgNBEJz1bXxFPYmXwSBEkLArEvUgBLx4EIxgjJCNoXfSMUNmH8z0KhKCn+BXeNWTN/HqN3jwX9yNe9BonYqqbrq6vEhJQ7b9YY2NT0xOTc/M5ubmFxaX8ssrFyaMtcCaCFWoLz0wqGSANZKk8DLSCL6nsO71jlK/foPayDA4p7sImz5cB7IjBVAitfJrruhKfshdH6grQPHTIl7dbvOTrVa+YJfsIfhf4mSkwDJUW/lPtx2K2MeAhAJjGo4dUbMPmqRQOMi5scEIRA+usZHQAHw0zf7whQHfjA1QyCPUXCo+FPHnRh98Y+58L5lMk5pRLxX/8xoxdfabfRlEMWEg0kMkFQ4PGaFl0g3yttRIBGly5DLgAjQQoZYchEjEOCkrl/ThjH7/l1zslJxyqXy2W6gcZM3MsHW2wYrMYXuswo5ZldWYYPfskT2xZ+vBerFerbfv0TEr21llv2C9fwFYhJoB</latexit>

� = O(ew, L)

Slide 17/24



6. Numerical simulations

System parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1
(Dirichlet OBC)
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6. Numerical simulations

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
<latexit sha1_base64="StobmrpTnSdE+N8nWI6Bar/+zcQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptd1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98XLpE7</latexit>

0
<latexit sha1_base64="K0rAZrIroSGW0jVLpZ9NxREXU4I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW4c2x5Wa3bdzsEXiVOQGivQGla/BqNQxD4GJBQY03fsiNwENEmhcFYZxAYjEFOYYD+lAfho3CSPOuNHsQEKeYSaS8VzEX9vJOAb8+h76aQPdGfmvUz8z+vHND53ExlEMWEgskMkFeaHjNAy7QD5SGokgiw5chlwARqIUEsOQqRinJZSSftw5r9fJJ2TutOoN65Pa82LopkyO2CH7Jg57Iw12RVrsTYTbMKe2DN7sR6sV+vNev8ZLVnFzj77A+vjG/jPkbA=</latexit>

100

System parameters DMRG parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

(Dirichlet OBC)
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6. Numerical simulations

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i
<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="StobmrpTnSdE+N8nWI6Bar/+zcQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptd1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98XLpE7</latexit>

0
<latexit sha1_base64="K0rAZrIroSGW0jVLpZ9NxREXU4I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW4c2x5Wa3bdzsEXiVOQGivQGla/BqNQxD4GJBQY03fsiNwENEmhcFYZxAYjEFOYYD+lAfho3CSPOuNHsQEKeYSaS8VzEX9vJOAb8+h76aQPdGfmvUz8z+vHND53ExlEMWEgskMkFeaHjNAy7QD5SGokgiw5chlwARqIUEsOQqRinJZSSftw5r9fJJ2TutOoN65Pa82LopkyO2CH7Jg57Iw12RVrsTYTbMKe2DN7sR6sV+vNev8ZLVnFzj77A+vjG/jPkbA=</latexit>

100

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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6. Numerical simulations

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="StobmrpTnSdE+N8nWI6Bar/+zcQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptd1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98XLpE7</latexit>

0
<latexit sha1_base64="K0rAZrIroSGW0jVLpZ9NxREXU4I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW4c2x5Wa3bdzsEXiVOQGivQGla/BqNQxD4GJBQY03fsiNwENEmhcFYZxAYjEFOYYD+lAfho3CSPOuNHsQEKeYSaS8VzEX9vJOAb8+h76aQPdGfmvUz8z+vHND53ExlEMWEgskMkFeaHjNAy7QD5SGokgiw5chlwARqIUEsOQqRinJZSSftw5r9fJJ2TutOoN65Pa82LopkyO2CH7Jg57Iw12RVrsTYTbMKe2DN7sR6sV+vNev8ZLVnFzj77A+vjG/jPkbA=</latexit>

100

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

(Dirichlet OBC)

<latexit sha1_base64="5qYieG6YAB8e0Md7Sv9WAOBHDXs="></latexit>

(Ej � E0)/Emax,0

<latexit sha1_base64="NHCQpLWtoXw1kM4doQEMaUgOb/8=">AAACW3icbVFNT8JAFFyKH4iooPHkZSMx8URaY1BvJHrwCIl8JEDIdnnAhm272X01QcIv8Ko/zoP/xbb0YIE5TebN5L3Mc5UUBm37J2fl9/YPDgtHxePSyelZuXLeMUGoObR5IAPdc5kBKXxoo0AJPaWBea6Erjt/jufdd9BGBP4bLhQMPTb1xURwhpHUckblql2zE9Bt4qSkSlI0R5Xcy2Ac8NADH7lkxvQdW+FwyTQKLmFVHIQGFONzNoV+RH3mgRkuk0tX9CY0DAOqQFMhaSLC/8SSecYsPDdyegxnZnMWi7tm/RAnj8Ol8FWI4PN4EQoJySLDtYgqADoWGhBZfDlQ4VPONEMELSjjPBLDqJPMQjVbGMHNaucVGRHF/COrxJ5xgBvhxWydLUa9O5stb5POXc2p1+qt+2rjKf1AgVyRa3JLHPJAGuSVNEmbcALkk3yR79yvlbeKVmlttXJp5oJkYF3+ATPKt60=</latexit>

1

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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6. Numerical simulations

TEBD Gates

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="XgIcX3roJSYTQ0llvIy0svwSyEY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuMag3Ei8cMZFHwiLpHRqYMPvITK8J2fAFfoVXPXkzXv0KD/6LC+5BwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx545uZ33pAbWQY3NEkwq4Pw0AOpABKpV7xCO8Tyd0REK9xt4+KgNO0VyzZZXsOvkycjJRYhnqv+OX2QxH7GJBQYEzHsSPqJqBJCoXTghsbjECMYYidlAbgo+km8/hTfhoboJBHqLlUfC7i740EfGMmvpdO+kAjs+jNxP+8TkyDq24igygmDMTsEEmF80NGaJn2grwvNRLBLDlyGXABGohQSw5CpGKcFlVI+3AWv18mzfOyUylXbi9K1eusmTw7ZifsjDnsklVZjdVZgwmWsCf2zF6sR+vVerPef0ZzVrZzyP7A+vgG8SiZYw==</latexit>

eiĤ�t

<latexit sha1_base64="StobmrpTnSdE+N8nWI6Bar/+zcQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptd1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98XLpE7</latexit>

0
<latexit sha1_base64="K0rAZrIroSGW0jVLpZ9NxREXU4I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW4c2x5Wa3bdzsEXiVOQGivQGla/BqNQxD4GJBQY03fsiNwENEmhcFYZxAYjEFOYYD+lAfho3CSPOuNHsQEKeYSaS8VzEX9vJOAb8+h76aQPdGfmvUz8z+vHND53ExlEMWEgskMkFeaHjNAy7QD5SGokgiw5chlwARqIUEsOQqRinJZSSftw5r9fJJ2TutOoN65Pa82LopkyO2CH7Jg57Iw12RVrsTYTbMKe2DN7sR6sV+vNev8ZLVnFzj77A+vjG/jPkbA=</latexit>

100

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="5qYieG6YAB8e0Md7Sv9WAOBHDXs="></latexit>

(Ej � E0)/Emax,0

<latexit sha1_base64="NHCQpLWtoXw1kM4doQEMaUgOb/8=">AAACW3icbVFNT8JAFFyKH4iooPHkZSMx8URaY1BvJHrwCIl8JEDIdnnAhm272X01QcIv8Ko/zoP/xbb0YIE5TebN5L3Mc5UUBm37J2fl9/YPDgtHxePSyelZuXLeMUGoObR5IAPdc5kBKXxoo0AJPaWBea6Erjt/jufdd9BGBP4bLhQMPTb1xURwhpHUckblql2zE9Bt4qSkSlI0R5Xcy2Ac8NADH7lkxvQdW+FwyTQKLmFVHIQGFONzNoV+RH3mgRkuk0tX9CY0DAOqQFMhaSLC/8SSecYsPDdyegxnZnMWi7tm/RAnj8Ol8FWI4PN4EQoJySLDtYgqADoWGhBZfDlQ4VPONEMELSjjPBLDqJPMQjVbGMHNaucVGRHF/COrxJ5xgBvhxWydLUa9O5stb5POXc2p1+qt+2rjKf1AgVyRa3JLHPJAGuSVNEmbcALkk3yR79yvlbeKVmlttXJp5oJkYF3+ATPKt60=</latexit>

1

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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6. Numerical simulations

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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<latexit sha1_base64="i4yc9oNy93IeQBCwkrZjaRQGI0I=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHJEuYnXTikNkHM71CWPIRXvXkTbz6NR78F3fXPWhinYqqbrq6vEhJQ7b9aZVWVtfWN8qbla3tnd296v5Bx4SxFtgWoQp1z+MGlQywTZIU9iKN3PcUdr3pTeZ3H1EbGQb3NIvQ9fkkkGMpOKVSd8KumV13htWaXbdzsGXiFKQGBVrD6tdgFIrYx4CE4sb0HTsiN+GapFA4rwxigxEXUz7BfkoD7qNxkzzunJ3EhlPIItRMKpaL+Hsj4b4xM99LJ31OD2bRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3THpCNpEYiniVHJgMmuOZEqCXjQqRinBZTSftwFr9fJp2zutOoN+7Oa82ropkyHMExnIIDF9CEW2hBGwRM4Qme4cVKrFfrzXr/GS1Zxc4h/IH18Q3xXZK6</latexit>

g = 0.1

<latexit sha1_base64="CoHfstiE55LKLqmNbFUwEO9Hg2I=">AAAB+XicbVA9SwNBEN2LXzF+RS1tFoNgFe6CRC2EgI1lBGMCyRHmNpO4ZO+D3TkhHPkRtlrZia2/xsL/4t15hSa+6vHeDPPmeZGShmz70yqtrK6tb5Q3K1vbO7t71f2DexPGWmBHhCrUPQ8MKhlghyQp7EUawfcUdr3pdeZ3H1EbGQZ3NIvQ9WESyLEUQKnUnfArbtcbw2rNrts5+DJxClJjBdrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5HHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kAPZtHLxP+8fkzjCzeRQRQTBiI7RFJhfsgILdMekI+kRiLIkiOXAReggQi15CBEKsZpMZW0D2fx+2Vy36g7zXrz9qzWuiyaKbMjdsxOmcPOWYvdsDbrMMGm7Ik9sxcrsV6tN+v9Z7RkFTuH7A+sj2/y7JK7</latexit>

g = 0.2

<latexit sha1_base64="+bwY0UoepL0m8gcFXrN/AS6QKME=">AAAB+nicbVA9SwNBEN3zM8avqKXNYhCswp1I1EII2FhGMB+QHGFvM4lL9vaO3TkhnPkTtlrZia1/xsL/4t55hSa+Zh7vzTAzL4ilMOi6n87S8srq2nppo7y5tb2zW9nbb5so0RxaPJKR7gbMgBQKWihQQjfWwMJAQieYXGd+5wG0EZG6w2kMfsjGSowEZ2il7pheUbfmeoNK1ZYcdJF4BamSAs1B5as/jHgSgkIumTE9z43RT5lGwSXMyv3EQMz4hI2hZ6liIRg/ze+d0ePEMIxoDJoKSXMRfk+kLDRmGga2M2R4b+a9TPzP6yU4uvBToeIEQfFsEQoJ+SLDtbBBAB0KDYgsuxyoUJQzzRBBC8o4t2JikynbPLz57xdJ+7Tm1Wv127Nq47JIpkQOyRE5IR45Jw1yQ5qkRTiR5Ik8kxfn0Xl13pz3n9Ylp5g5IH/gfHwDYqmS9A==</latexit>

g = 0.01



6. Numerical simulations

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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<latexit sha1_base64="EDNCKuazaNL1YTFMRot1IS58+M4=">AAAB/HicbVA9SwNBEN2LXzF+RS1tFoNgFe5EohZCwMYygvnAJIS5zSQu2ds7dueEEOKvsNXKTmz9Lxb+Fy/nFZr4qsd7M8yb50dKWnLdTye3tLyyupZfL2xsbm3vFHf3GjaMjcC6CFVoWj5YVFJjnSQpbEUGIfAVNv3R1cxvPqCxMtS3NI6wG8BQy4EUQIl017FyGAC/5NArltyym4IvEi8jJZah1it+dfqhiAPUJBRY2/bciLoTMCSFwmmhE1uMQIxgiO2EagjQdidp4ik/ii1QyCM0XCqeivh7YwKBtePATyYDoHs7783E/7x2TIPz7kTqKCbUYnaIpML0kBVGJlUg70uDRDBLjlxqLsAAERrJQYhEjJNuCkkf3vz3i6RxUvYq5crNaal6kTWTZwfskB0zj52xKrtmNVZngmn2xJ7Zi/PovDpvzvvPaM7JdvbZHzgf30wIlLA=</latexit>� = a

<latexit sha1_base64="+OgJAK6Azrd6LJQH8mivy4jagg8=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKewGiXoQAl48RjAPSJbQO+nEIbMPZnqFEIJf4VVP3sSr3+LBf3F33YMm1qmo6qary4uUNGTbn1ZhZXVtfaO4Wdra3tndK+8ftE0Ya4EtEapQdz0wqGSALZKksBtpBN9T2PEm16nfeUBtZBjc0TRC14dxIEdSACVSr2/k2Ad+xWswKFfsqp2BLxMnJxWWozkof/WHoYh9DEgoMKbn2BG5M9AkhcJ5qR8bjEBMYIy9hAbgo3FnWeQ5P4kNUMgj1Fwqnon4e2MGvjFT30smfaB7s+il4n9eL6bRhTuTQRQTBiI9RFJhdsgILZMukA+lRiJIkyOXAReggQi15CBEIsZJOaWkD2fx+2XSrlWderV+e1ZpXObNFNkRO2anzGHnrMFuWJO1mGAhe2LP7MV6tF6tN+v9Z7Rg5TuH7A+sj2/CE5Ts</latexit>

� = 2a

<latexit sha1_base64="w/ziF4mGPm/O56MrfyD3tmfNMKg=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqRD0IAS8eI5gHJCH0TjpxyOyDmV4hLMGv8Konb+LVb/Hgv7i77kET61RUddPV5YZKGrLtT6uwtLyyulZcL21sbm3vlHf3WiaItMCmCFSgOy4YVNLHJklS2Ak1gucqbLuT69RvP6A2MvDvaBpi34OxL0dSACVSt2fk2AN+xU9hUK7YVTsDXyROTiosR2NQ/uoNAxF56JNQYEzXsUPqx6BJCoWzUi8yGIKYwBi7CfXBQ9OPs8gzfhQZoICHqLlUPBPx90YMnjFTz00mPaB7M++l4n9eN6LRRT+WfhgR+iI9RFJhdsgILZMukA+lRiJIkyOXPheggQi15CBEIkZJOaWkD2f++0XSOqk6tWrt9qxSv8ybKbIDdsiOmcPOWZ3dsAZrMsEC9sSe2Yv1aL1ab9b7z2jBynf22R9YH9/Do5Tt</latexit>

� = 3a

<latexit sha1_base64="B5aQ6GgwQ6JYBCn+qaM9H9V9+Dc=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKexKiHoQAl48RjAPSJbQO+nEIbMPZnqFEIJf4VVP3sSr3+LBf3F33YMm1qmo6qary4uUNGTbn1ZhZXVtfaO4Wdra3tndK+8ftE0Ya4EtEapQdz0wqGSALZKksBtpBN9T2PEm16nfeUBtZBjc0TRC14dxIEdSACVSr2/k2Ad+xWswKFfsqp2BLxMnJxWWozkof/WHoYh9DEgoMKbn2BG5M9AkhcJ5qR8bjEBMYIy9hAbgo3FnWeQ5P4kNUMgj1Fwqnon4e2MGvjFT30smfaB7s+il4n9eL6bRhTuTQRQTBiI9RFJhdsgILZMukA+lRiJIkyOXAReggQi15CBEIsZJOaWkD2fx+2XSPqs69Wr9tlZpXObNFNkRO2anzGHnrMFuWJO1mGAhe2LP7MV6tF6tN+v9Z7Rg5TuH7A+sj2/FM5Tu</latexit>

� = 4a



6. Numerical simulations

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="WbfMkH1YC+bQqLV14Dr4pi7ZHic=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKREGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5U37N7WG1ZtftHHyZOAWpsQKtYfWrPwpF7GNAQoExPceOaJCAJikUziv92GAEYgoT7KU0AB/NIMnDzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBHsyil4n/eb2YxpeDRAZRTBiI7BBJhfkhI7RMW0A+khqJIEuOXAZcgAYi1JKDEKkYp7VU0j6cxe+XSfus7jTqjbvzWvOqaKbMjtgxO2UOu2BNdstazGWCSfbEntmLNbNerTfr/We0ZBU7h+wPrI9vF+ySTQ==</latexit>

k = 0
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<latexit sha1_base64="wm7eRRn4qevcYASUeWh0lk3WgXw=">AAACDnicbVDLSgNBEJyNrxhfUW96GQyCBwm7QaMehIAXjxHMA7Ih9E46ccjsg5leISwBP8Gv8Konb+LVX/Dgv7iJOWhinYqqbrqrvEhJQ7b9aWUWFpeWV7KrubX1jc2t/PZO3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfYb96iNDINbGkbY9qEfyJ4UQKnUye8N+CW3i6VT7h5zl3oaROJGcpTAqJMv2EV7Aj5PnCkpsCmqnfyX2w1F7GNAQoExLceOqJ2AJikUjnJubDACMYA+tlIagI+mnUwyjPhhbIBCHqHmUvGJiL83EvCNGfpeOukD3ZlZbyz+57Vi6p23ExlEMWEgxodIKpwcMkLLtBzkXamRCMafI5cBF6CBCLXkIEQqxmlbubQPZzb9PKmXik65WL45KVQups1k2T47YEfMYWeswq5ZldWYYA/siT2zF+vRerXerPef0Yw13dllf2B9fANUaJqd</latexit>

k = 0.25 ⇡
a

<latexit sha1_base64="Hj3cdTboyxvSCV63gyzqyNrhKhA=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIHiTsikZBhIAXjxHMA7Ih9E46ccjsg5leISyLn+BXeNWTN/HqN3jwX9zEHDRap6Kqm+4qL1LSkG1/WLm5+YXFpfxyYWV1bX2juLnVMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xtejv3mHWojw+CGRhF2fBgEsi8FUCZ1iztDfsHt8gl3D7lLfQ0icSOZJpB2iyW7bE/A/xJnSkpsilq3+On2QhH7GJBQYEzbsSPqJKBJCoVpwY0NRiCGMMB2RgPw0XSSSYSU78cGKOQRai4Vn4j4cyMB35iR72WTPtCtmfXG4n9eO6b+WSeRQRQTBmJ8iKTCySEjtMy6Qd6TGolg/DlyGXABGohQSw5CZGKclVXI+nBm0/8ljaOyUylXro9L1fNpM3m2y/bYAXPYKauyK1ZjdSbYPXtkT+zZerBerFfr7Xs0Z013ttkvWO9f3MuaYw==</latexit>

k = 0.5 ⇡
a



6. Numerical simulations

maximum dispersion (curvature), null group velocity

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="WbfMkH1YC+bQqLV14Dr4pi7ZHic=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKREGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5U37N7WG1ZtftHHyZOAWpsQKtYfWrPwpF7GNAQoExPceOaJCAJikUziv92GAEYgoT7KU0AB/NIMnDzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBHsyil4n/eb2YxpeDRAZRTBiI7BBJhfkhI7RMW0A+khqJIEuOXAZcgAYi1JKDEKkYp7VU0j6cxe+XSfus7jTqjbvzWvOqaKbMjtgxO2UOu2BNdstazGWCSfbEntmLNbNerTfr/We0ZBU7h+wPrI9vF+ySTQ==</latexit>

k = 0

Slide 21/24

<latexit sha1_base64="wm7eRRn4qevcYASUeWh0lk3WgXw=">AAACDnicbVDLSgNBEJyNrxhfUW96GQyCBwm7QaMehIAXjxHMA7Ih9E46ccjsg5leISwBP8Gv8Konb+LVX/Dgv7iJOWhinYqqbrqrvEhJQ7b9aWUWFpeWV7KrubX1jc2t/PZO3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfYb96iNDINbGkbY9qEfyJ4UQKnUye8N+CW3i6VT7h5zl3oaROJGcpTAqJMv2EV7Aj5PnCkpsCmqnfyX2w1F7GNAQoExLceOqJ2AJikUjnJubDACMYA+tlIagI+mnUwyjPhhbIBCHqHmUvGJiL83EvCNGfpeOukD3ZlZbyz+57Vi6p23ExlEMWEgxodIKpwcMkLLtBzkXamRCMafI5cBF6CBCLXkIEQqxmlbubQPZzb9PKmXik65WL45KVQups1k2T47YEfMYWeswq5ZldWYYA/siT2zF+vRerXerPef0Yw13dllf2B9fANUaJqd</latexit>

k = 0.25 ⇡
a

<latexit sha1_base64="Hj3cdTboyxvSCV63gyzqyNrhKhA=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIHiTsikZBhIAXjxHMA7Ih9E46ccjsg5leISyLn+BXeNWTN/HqN3jwX9zEHDRap6Kqm+4qL1LSkG1/WLm5+YXFpfxyYWV1bX2juLnVMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xtejv3mHWojw+CGRhF2fBgEsi8FUCZ1iztDfsHt8gl3D7lLfQ0icSOZJpB2iyW7bE/A/xJnSkpsilq3+On2QhH7GJBQYEzbsSPqJKBJCoVpwY0NRiCGMMB2RgPw0XSSSYSU78cGKOQRai4Vn4j4cyMB35iR72WTPtCtmfXG4n9eO6b+WSeRQRQTBmJ8iKTCySEjtMy6Qd6TGolg/DlyGXABGohQSw5CZGKclVXI+nBm0/8ljaOyUylXro9L1fNpM3m2y/bYAXPYKauyK1ZjdSbYPXtkT+zZerBerFfr7Xs0Z013ttkvWO9f3MuaYw==</latexit>

k = 0.5 ⇡
a



6. Numerical simulations

maximum dispersion (curvature), null group velocity

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="WbfMkH1YC+bQqLV14Dr4pi7ZHic=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKREGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5U37N7WG1ZtftHHyZOAWpsQKtYfWrPwpF7GNAQoExPceOaJCAJikUziv92GAEYgoT7KU0AB/NIMnDzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBHsyil4n/eb2YxpeDRAZRTBiI7BBJhfkhI7RMW0A+khqJIEuOXAZcgAYi1JKDEKkYp7VU0j6cxe+XSfus7jTqjbvzWvOqaKbMjtgxO2UOu2BNdstazGWCSfbEntmLNbNerTfr/We0ZBU7h+wPrI9vF+ySTQ==</latexit>

k = 0
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<latexit sha1_base64="wm7eRRn4qevcYASUeWh0lk3WgXw=">AAACDnicbVDLSgNBEJyNrxhfUW96GQyCBwm7QaMehIAXjxHMA7Ih9E46ccjsg5leISwBP8Gv8Konb+LVX/Dgv7iJOWhinYqqbrqrvEhJQ7b9aWUWFpeWV7KrubX1jc2t/PZO3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfYb96iNDINbGkbY9qEfyJ4UQKnUye8N+CW3i6VT7h5zl3oaROJGcpTAqJMv2EV7Aj5PnCkpsCmqnfyX2w1F7GNAQoExLceOqJ2AJikUjnJubDACMYA+tlIagI+mnUwyjPhhbIBCHqHmUvGJiL83EvCNGfpeOukD3ZlZbyz+57Vi6p23ExlEMWEgxodIKpwcMkLLtBzkXamRCMafI5cBF6CBCLXkIEQqxmlbubQPZzb9PKmXik65WL45KVQups1k2T47YEfMYWeswq5ZldWYYA/siT2zF+vRerXerPef0Yw13dllf2B9fANUaJqd</latexit>

k = 0.25 ⇡
a

<latexit sha1_base64="Hj3cdTboyxvSCV63gyzqyNrhKhA=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIHiTsikZBhIAXjxHMA7Ih9E46ccjsg5leISyLn+BXeNWTN/HqN3jwX9zEHDRap6Kqm+4qL1LSkG1/WLm5+YXFpfxyYWV1bX2juLnVMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xtejv3mHWojw+CGRhF2fBgEsi8FUCZ1iztDfsHt8gl3D7lLfQ0icSOZJpB2iyW7bE/A/xJnSkpsilq3+On2QhH7GJBQYEzbsSPqJKBJCoVpwY0NRiCGMMB2RgPw0XSSSYSU78cGKOQRai4Vn4j4cyMB35iR72WTPtCtmfXG4n9eO6b+WSeRQRQTBmJ8iKTCySEjtMy6Qd6TGolg/DlyGXABGohQSw5CZGKclVXI+nBm0/8ljaOyUylXro9L1fNpM3m2y/bYAXPYKauyK1ZjdSbYPXtkT+zZerBerFfr7Xs0Z013ttkvWO9f3MuaYw==</latexit>

k = 0.5 ⇡
a



6. Numerical simulations

maximum dispersion (curvature), null group velocity

minimum dispersion (curvature), maximum group velocity Closest case to a “real 3D photon”

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="WbfMkH1YC+bQqLV14Dr4pi7ZHic=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKREGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5U37N7WG1ZtftHHyZOAWpsQKtYfWrPwpF7GNAQoExPceOaJCAJikUziv92GAEYgoT7KU0AB/NIMnDzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBHsyil4n/eb2YxpeDRAZRTBiI7BBJhfkhI7RMW0A+khqJIEuOXAZcgAYi1JKDEKkYp7VU0j6cxe+XSfus7jTqjbvzWvOqaKbMjtgxO2UOu2BNdstazGWCSfbEntmLNbNerTfr/We0ZBU7h+wPrI9vF+ySTQ==</latexit>

k = 0
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<latexit sha1_base64="wm7eRRn4qevcYASUeWh0lk3WgXw=">AAACDnicbVDLSgNBEJyNrxhfUW96GQyCBwm7QaMehIAXjxHMA7Ih9E46ccjsg5leISwBP8Gv8Konb+LVX/Dgv7iJOWhinYqqbrqrvEhJQ7b9aWUWFpeWV7KrubX1jc2t/PZO3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfYb96iNDINbGkbY9qEfyJ4UQKnUye8N+CW3i6VT7h5zl3oaROJGcpTAqJMv2EV7Aj5PnCkpsCmqnfyX2w1F7GNAQoExLceOqJ2AJikUjnJubDACMYA+tlIagI+mnUwyjPhhbIBCHqHmUvGJiL83EvCNGfpeOukD3ZlZbyz+57Vi6p23ExlEMWEgxodIKpwcMkLLtBzkXamRCMafI5cBF6CBCLXkIEQqxmlbubQPZzb9PKmXik65WL45KVQups1k2T47YEfMYWeswq5ZldWYYA/siT2zF+vRerXerPef0Yw13dllf2B9fANUaJqd</latexit>

k = 0.25 ⇡
a

<latexit sha1_base64="Hj3cdTboyxvSCV63gyzqyNrhKhA=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIHiTsikZBhIAXjxHMA7Ih9E46ccjsg5leISyLn+BXeNWTN/HqN3jwX9zEHDRap6Kqm+4qL1LSkG1/WLm5+YXFpfxyYWV1bX2juLnVMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xtejv3mHWojw+CGRhF2fBgEsi8FUCZ1iztDfsHt8gl3D7lLfQ0icSOZJpB2iyW7bE/A/xJnSkpsilq3+On2QhH7GJBQYEzbsSPqJKBJCoVpwY0NRiCGMMB2RgPw0XSSSYSU78cGKOQRai4Vn4j4cyMB35iR72WTPtCtmfXG4n9eO6b+WSeRQRQTBmJ8iKTCySEjtMy6Qd6TGolg/DlyGXABGohQSw5CZGKclVXI+nBm0/8ljaOyUylXro9L1fNpM3m2y/bYAXPYKauyK1ZjdSbYPXtkT+zZerBerFfr7Xs0Z013ttkvWO9f3MuaYw==</latexit>

k = 0.5 ⇡
a



6. Numerical simulations
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<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a
<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a



6. Numerical simulations
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Nothing happens: good, they are like photons, but bad, it’s boring like this!

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a
<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a



6. Numerical simulations
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Energy density

Nothing happens: good, they are like photons, but bad, it’s boring like this!

It becomes less and less interacting as we approach the continuum limit:

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a
<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="cdpKNqv4OeNnBrcMOlg1wMYmcAg=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqREGEgBcPHiKYByRLmJ104pDZBzO9QljyEV715E28+jUe/Bc36x40sU5FVTddXV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuNxg0oG2CRJCjuRRu57Ctve+Hrmtx9RGxkG9zSJ0PX5KJBDKTilUvuWXbFT2+6XK3bVzsAWiZOTCuRo9MtfvUEoYh8DEoob03XsiNyEa5JC4bTUiw1GXIz5CLspDbiPxk2yuFN2FBtOIYtQM6lYJuLvjYT7xkx8L530OT2YeW8m/ud1YxpeuIkMopgwELNDJBVmh4zQMu0B2UBqJOKz5MhkwATXnAi1ZFyIVIzTYkppH87894ukdVJ1atXa3Vmlfpk3U4QDOIRjcOAc6nADDWiCgDE8wTO8WIn1ar1Z7z+jBSvf2Yc/sD6+Ac2EkqU=</latexit>

L = 300
<latexit sha1_base64="xu54mFDngnW81IQsbwfHY04Puao=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRkGEgBePEcwDkhB6J504ZPbBTK8QluBXeNWTN/Hqt3jwX9xd96CJdSqquunqckMlDdn2p1VYWl5ZXSuulzY2t7Z3yrt7LRNEWmBTBCrQHRcMKuljkyQp7IQawXMVtt3Jdeq3H1AbGfh3NA2x78HYlyMpgBKp2zNy7AG/4mcwKFfsqp2BLxInJxWWozEof/WGgYg89EkoMKbr2CH1Y9AkhcJZqRcZDEFMYIzdhPrgoenHWeQZP4oMUMBD1Fwqnon4eyMGz5ip5yaTHtC9mfdS8T+vG9Hooh9LP4wIfZEeIqkwO2SElkkXyIdSIxGkyZFLnwvQQIRachAiEaOknFLShzP//SJpnVSdWrV2e1qpX+bNFNkBO2THzGHnrM5uWIM1mWABe2LP7MV6tF6tN+v9Z7Rg5Tv77A+sj2/HXZTx</latexit>

� = 5a



6. Numerical simulations

Interaction effects:
- Lattice artifacts
- Finite size effects
- 1D lattice geometry
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Energy density Energy density in log

Nothing happens: good, they are like photons, but bad, it’s boring like this!

It becomes less and less interacting as we approach the continuum limit:

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a
<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="cdpKNqv4OeNnBrcMOlg1wMYmcAg=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqREGEgBcPHiKYByRLmJ104pDZBzO9QljyEV715E28+jUe/Bc36x40sU5FVTddXV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuNxg0oG2CRJCjuRRu57Ctve+Hrmtx9RGxkG9zSJ0PX5KJBDKTilUvuWXbFT2+6XK3bVzsAWiZOTCuRo9MtfvUEoYh8DEoob03XsiNyEa5JC4bTUiw1GXIz5CLspDbiPxk2yuFN2FBtOIYtQM6lYJuLvjYT7xkx8L530OT2YeW8m/ud1YxpeuIkMopgwELNDJBVmh4zQMu0B2UBqJOKz5MhkwATXnAi1ZFyIVIzTYkppH87894ukdVJ1atXa3Vmlfpk3U4QDOIRjcOAc6nADDWiCgDE8wTO8WIn1ar1Z7z+jBSvf2Yc/sD6+Ac2EkqU=</latexit>

L = 300
<latexit sha1_base64="xu54mFDngnW81IQsbwfHY04Puao=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRkGEgBePEcwDkhB6J504ZPbBTK8QluBXeNWTN/Hqt3jwX9xd96CJdSqquunqckMlDdn2p1VYWl5ZXSuulzY2t7Z3yrt7LRNEWmBTBCrQHRcMKuljkyQp7IQawXMVtt3Jdeq3H1AbGfh3NA2x78HYlyMpgBKp2zNy7AG/4mcwKFfsqp2BLxInJxWWozEof/WGgYg89EkoMKbr2CH1Y9AkhcJZqRcZDEFMYIzdhPrgoenHWeQZP4oMUMBD1Fwqnon4eyMGz5ip5yaTHtC9mfdS8T+vG9Hooh9LP4wIfZEeIqkwO2SElkkXyIdSIxGkyZFLnwvQQIRachAiEaOknFLShzP//SJpnVSdWrV2e1qpX+bNFNkBO2THzGHnrM5uWIM1mWABe2LP7MV6tF6tN+v9Z7Rg5Tv77A+sj2/HXZTx</latexit>

� = 5a
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7. Conclusions
(model 
independent)Inputs

<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂ plus few assumptions
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7. Conclusions

1    Simultaneous exact diagonalization, finding the Bloch 
states

Computationally expensive step: intermediate system size

(model 
independent)Inputs

<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂ plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
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states

<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

Inputs
<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂ plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki
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1    Simultaneous exact diagonalization, finding the Bloch 
states

<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

3    Construction of the Wannier creation 
operator

Inputs
<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂ plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="KDrWAS/S2Cb/miyzjiyIPH8rR0Q=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsCsStRAEGzsVjAlkQ7g73sTB2dll5q4gMV/gJ/gVtlrZia2Vhf/ibIygiac6c8693DknSpW05Psf3sTk1PTMbGGuOL+wuLRcWlm9sElmBNZEohLTiMCikhprJElhIzUIcaSwHl0f5X79Bo2ViT6n2xRbMXS17EgB5KR2aTO8AuJ1fsfDkxi7wEMDuquQHzip/vNql8p+xR+Aj5NgSMpsiNN26TO8TEQWoyahwNpm4KfU6oEhKRT2i2FmMQVxDV1sOqohRtvqDeL0+WZmgRKeouFS8YGIvzd6EFt7G0duMga6sqNeLv7nNTPq7LV6UqcZoRb5IZIuan7ICiNdT8gvpUEiyH+OXGouwAARGslBCCdmrrii6yMYTT9OLrYrQbVSPdspH+4PmymwdbbBtljAdtkhO2anrMYEu2eP7Ik9ew/ei/fqvX2PTnjDnTX2B977F7ednw8=</latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

From the interacting vacuum
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<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

3    Construction of the Wannier creation 
operator

4    Construction of the Wavepacket creation operator

Inputs
<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂

<latexit sha1_base64="BZpz51zdzTNXE7Iyi6aHMb6Ab/Q=">AAACFnicbVC7SgNREL0bXzG+opY2F4NgFXZFohZCwMYygnlANiyzN2Nyk7sP7p0VQkjvJ/gVtlrZia2thf/ibkyhiaeZwzkzzMzxYyUN2fanlVtaXlldy68XNja3tneKu3sNEyVaYF1EKtItHwwqGWKdJClsxRoh8BU2/eFV5jfvURsZhbc0irETQC+Ud1IApZJXPHT7QNyt9SW/5K5JAm/A3bgvs5I5TW/gFUt22Z6CLxJnRkpshppX/HK7kUgCDEkoMKbt2DF1xqBJCoWTgpsYjEEMoYftlIYQoOmMp79M+FFigCIeo+ZS8amIvyfGEBgzCvy0MwDqm3kvE//z2gndnXfGMowTwlBki0gqnC4yQss0JORdqZEIssuRy5AL0ECEWnIQIhWTNLVCmocz//0iaZyUnUq5cnNaql7MksmzA3bIjpnDzliVXbMaqzPBHtgTe2Yv1qP1ar1Z7z+tOWs2s8/+wPr4Bv/BnjI=</latexit>

�̂ =
X

j

�jŴj

plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="KDrWAS/S2Cb/miyzjiyIPH8rR0Q=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsCsStRAEGzsVjAlkQ7g73sTB2dll5q4gMV/gJ/gVtlrZia2Vhf/ibIygiac6c8693DknSpW05Psf3sTk1PTMbGGuOL+wuLRcWlm9sElmBNZEohLTiMCikhprJElhIzUIcaSwHl0f5X79Bo2ViT6n2xRbMXS17EgB5KR2aTO8AuJ1fsfDkxi7wEMDuquQHzip/vNql8p+xR+Aj5NgSMpsiNN26TO8TEQWoyahwNpm4KfU6oEhKRT2i2FmMQVxDV1sOqohRtvqDeL0+WZmgRKeouFS8YGIvzd6EFt7G0duMga6sqNeLv7nNTPq7LV6UqcZoRb5IZIuan7ICiNdT8gvpUEiyH+OXGouwAARGslBCCdmrrii6yMYTT9OLrYrQbVSPdspH+4PmymwdbbBtljAdtkhO2anrMYEu2eP7Ik9ew/ei/fqvX2PTnjDnTX2B977F7ednw8=</latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

From the interacting vacuum

We mostly choose a gaussian wavepacket
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1    Simultaneous exact diagonalization, finding the Bloch 
states

<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

3    Construction of the Wannier creation 
operator

4    Construction of the Wavepacket creation operator

5    Conversion of the Wavepacket creation operator to an MPO

Inputs
<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂

<latexit sha1_base64="BZpz51zdzTNXE7Iyi6aHMb6Ab/Q=">AAACFnicbVC7SgNREL0bXzG+opY2F4NgFXZFohZCwMYygnlANiyzN2Nyk7sP7p0VQkjvJ/gVtlrZia2thf/ibkyhiaeZwzkzzMzxYyUN2fanlVtaXlldy68XNja3tneKu3sNEyVaYF1EKtItHwwqGWKdJClsxRoh8BU2/eFV5jfvURsZhbc0irETQC+Ud1IApZJXPHT7QNyt9SW/5K5JAm/A3bgvs5I5TW/gFUt22Z6CLxJnRkpshppX/HK7kUgCDEkoMKbt2DF1xqBJCoWTgpsYjEEMoYftlIYQoOmMp79M+FFigCIeo+ZS8amIvyfGEBgzCvy0MwDqm3kvE//z2gndnXfGMowTwlBki0gqnC4yQss0JORdqZEIssuRy5AL0ECEWnIQIhWTNLVCmocz//0iaZyUnUq5cnNaql7MksmzA3bIjpnDzliVXbMaqzPBHtgTe2Yv1qP1ar1Z7z+tOWs2s8/+wPr4Bv/BnjI=</latexit>

�̂ =
X

j

�jŴj

plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="KDrWAS/S2Cb/miyzjiyIPH8rR0Q=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsCsStRAEGzsVjAlkQ7g73sTB2dll5q4gMV/gJ/gVtlrZia2Vhf/ibIygiac6c8693DknSpW05Psf3sTk1PTMbGGuOL+wuLRcWlm9sElmBNZEohLTiMCikhprJElhIzUIcaSwHl0f5X79Bo2ViT6n2xRbMXS17EgB5KR2aTO8AuJ1fsfDkxi7wEMDuquQHzip/vNql8p+xR+Aj5NgSMpsiNN26TO8TEQWoyahwNpm4KfU6oEhKRT2i2FmMQVxDV1sOqohRtvqDeL0+WZmgRKeouFS8YGIvzd6EFt7G0duMga6sqNeLv7nNTPq7LV6UqcZoRb5IZIuan7ICiNdT8gvpUEiyH+OXGouwAARGslBCCdmrrii6yMYTT9OLrYrQbVSPdspH+4PmymwdbbBtljAdtkhO2anrMYEu2eP7Ik9ew/ei/fqvX2PTnjDnTX2B977F7ednw8=</latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

From the interacting vacuum

We mostly choose a gaussian wavepacket
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1    Simultaneous exact diagonalization, finding the Bloch 
states

<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

3    Construction of the Wannier creation 
operator

4    Construction of the Wavepacket creation operator

5    Conversion of the Wavepacket creation operator to an MPO

Inputs

Output: the MPO

<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂

<latexit sha1_base64="BZpz51zdzTNXE7Iyi6aHMb6Ab/Q=">AAACFnicbVC7SgNREL0bXzG+opY2F4NgFXZFohZCwMYygnlANiyzN2Nyk7sP7p0VQkjvJ/gVtlrZia2thf/ibkyhiaeZwzkzzMzxYyUN2fanlVtaXlldy68XNja3tneKu3sNEyVaYF1EKtItHwwqGWKdJClsxRoh8BU2/eFV5jfvURsZhbc0irETQC+Ud1IApZJXPHT7QNyt9SW/5K5JAm/A3bgvs5I5TW/gFUt22Z6CLxJnRkpshppX/HK7kUgCDEkoMKbt2DF1xqBJCoWTgpsYjEEMoYftlIYQoOmMp79M+FFigCIeo+ZS8amIvyfGEBgzCvy0MwDqm3kvE//z2gndnXfGMowTwlBki0gqnC4yQss0JORdqZEIssuRy5AL0ECEWnIQIhWTNLVCmocz//0iaZyUnUq5cnNaql7MksmzA3bIjpnDzliVXbMaqzPBHtgTe2Yv1qP1ar1Z7z+tOWs2s8/+wPr4Bv/BnjI=</latexit>

�̂ =
X

j

�jŴj

plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="KDrWAS/S2Cb/miyzjiyIPH8rR0Q=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsCsStRAEGzsVjAlkQ7g73sTB2dll5q4gMV/gJ/gVtlrZia2Vhf/ibIygiac6c8693DknSpW05Psf3sTk1PTMbGGuOL+wuLRcWlm9sElmBNZEohLTiMCikhprJElhIzUIcaSwHl0f5X79Bo2ViT6n2xRbMXS17EgB5KR2aTO8AuJ1fsfDkxi7wEMDuquQHzip/vNql8p+xR+Aj5NgSMpsiNN26TO8TEQWoyahwNpm4KfU6oEhKRT2i2FmMQVxDV1sOqohRtvqDeL0+WZmgRKeouFS8YGIvzd6EFt7G0duMga6sqNeLv7nNTPq7LV6UqcZoRb5IZIuan7ICiNdT8gvpUEiyH+OXGouwAARGslBCCdmrrii6yMYTT9OLrYrQbVSPdspH+4PmymwdbbBtljAdtkhO2anrMYEu2eP7Ik9ew/ei/fqvX2PTnjDnTX2B977F7ednw8=</latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

From the interacting vacuum

We mostly choose a gaussian wavepacket
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8. Outlook
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�

<latexit sha1_base64="+l9CcOQLjUgge+elyv5m1iOhXAg=">AAACGHicbVDJSgNBEO2JW4xb1KOXxihECGEmruAl4MVjBLNAEkJNpxKb9Cx01whhyA/4CX6FVz15E6/ePPgvTpaDRt/p8V49quq5oZKGbPvTSi0sLi2vpFcza+sbm1vZ7Z2aCSItsCoCFeiGCwaV9LFKkhQ2Qo3guQrr7uBq7NfvURsZ+Lc0DLHtQd+XPSmAEqmTPcg7BeeowFsFnm9RT4OIj0dxaVQoTcVWNyDTyebsoj0B/0ucGcmxGSqd7FeSE5GHPgkFxjQdO6R2DJqkUDjKtCKDIYgB9LGZUB88NO148s2IH0YGKOAhai4Vn4j4MxGDZ8zQc5NJD+jOzHtj8T+vGVHvoh1LP4wIfTFeRFLhZJERWiY1Ie9KjUQwvhy59LkADUSoJQchEjFKesskfTjz3/8ltVLROSue3pzkypezZtJsj+2zPHPYOSuza1ZhVSbYA3tiz+zFerRerTfrfTqasmaZXfYL1sc3DOyc6A==</latexit>

(1, 1), ( 32 , 2), . . .

<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�

Higher spin 
representations Adding matter d.o.f Background charge
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8. Outlook
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�

<latexit sha1_base64="+l9CcOQLjUgge+elyv5m1iOhXAg=">AAACGHicbVDJSgNBEO2JW4xb1KOXxihECGEmruAl4MVjBLNAEkJNpxKb9Cx01whhyA/4CX6FVz15E6/ePPgvTpaDRt/p8V49quq5oZKGbPvTSi0sLi2vpFcza+sbm1vZ7Z2aCSItsCoCFeiGCwaV9LFKkhQ2Qo3guQrr7uBq7NfvURsZ+Lc0DLHtQd+XPSmAEqmTPcg7BeeowFsFnm9RT4OIj0dxaVQoTcVWNyDTyebsoj0B/0ucGcmxGSqd7FeSE5GHPgkFxjQdO6R2DJqkUDjKtCKDIYgB9LGZUB88NO148s2IH0YGKOAhai4Vn4j4MxGDZ8zQc5NJD+jOzHtj8T+vGVHvoh1LP4wIfTFeRFLhZJERWiY1Ie9KjUQwvhy59LkADUSoJQchEjFKesskfTjz3/8ltVLROSue3pzkypezZtJsj+2zPHPYOSuza1ZhVSbYA3tiz+zFerRerTfrfTqasmaZXfYL1sc3DOyc6A==</latexit>

(1, 1), ( 32 , 2), . . .
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e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
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<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
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(1, 1), ( 32 , 2), . . .

<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
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<latexit sha1_base64="4XTV3MwtTINdbrRj1FzE+NQQL/c=">AAAB93icbVDLSsNAFJ3UV62vqks3g0UQhJKIL3BTcOOygmkLbSyT6W0dOpkMMzdCCf0Gt7pyJ279HBf+i0nsQqtndTjnXu65J9RSWHTdD6e0sLi0vFJeraytb2xuVbd3WjZODAefxzI2nZBZkEKBjwIldLQBFoUS2uH4KvfbD2CsiNUtTjQEERspMRScYSb5PS3ujvrVmlt3C9C/xJuRGpmh2a9+9gYxTyJQyCWztuu5GoOUGRRcwrTSSyxoxsdsBN2MKhaBDdIi7JQeJJZhTDUYKiQtRPi5kbLI2kkUZpMRw3s77+Xif143weFFkAqlEwTF80MoJBSHLDciawHoQBhAZHlyoEJRzgxDBCMo4zwTk6yWStaHN//9X9I6rntn9dObk1rjctZMmeyRfXJIPHJOGuSaNIlPOBHkkTyRZ2fivDivztv3aMmZ7eySX3DevwAbrZLy</latexit>

⇡+ <latexit sha1_base64="zeorJMUsCCh8gWhSfVt1oyBb+yY=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQcJJpMRE58smnHI+n+7WSJGVb6CFig7R8jkU/Au2SQGBqUYzu9rZCbUUFl33wyktLC4tr5RXK2vrG5tb1e2dlo0Tw8HnsYxNJ2QWpFDgo0AJHW2ARaGEdji+yv32AxgrYnWLEw1BxEZKDAVnmEl+T4u7o3615tbdAvQv8WakRmZo9qufvUHMkwgUcsms7XquxiBlBgWXMK30Egua8TEbQTejikVgg7QIO6UHiWUYUw2GCkkLEX5upCyydhKF2WTE8N7Oe7n4n9dNcHgRpELpBEHx/BAKCcUhy43IWgA6EAYQWZ4cqFCUM8MQwQjKOM/EJKulkvXhzX//l7SO695Z/fTmpNa4nDVTJntknxwSj5yTBrkmTeITTgR5JE/k2Zk4L86r8/Y9WnJmO7vkF5z3Lx7LkvQ=</latexit>

⇡�
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(1, 1), ( 32 , 2), . . .
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⇡�

Challenge: d = 54 local dimension
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<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�

<latexit sha1_base64="nR00P2X3zxpE0i5ek8WjuAh8n6g=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTbi2UWioUwk8pASKzpfNuGU89m620NEVr6AFio6RMsHUfAv2MYFJEw1mtnVzk4QS2HQdT+dpeWV1bX10kZ5c2t7Z7eyt982kdUcWjySke4GzIAUClooUEI31sDCQEInmNxkfucBtBGRusNpDH7IxkqMBGeYSs3HQaXq1twcdJF4BamSAo1B5as/jLgNQSGXzJie58boJ0yj4BJm5b41EDM+YWPopVSxEIyf5EFn9NgahhGNQVMhaS7C742EhcZMwyCdDBnem3kvE//zehZHV34iVGwRFM8OoZCQHzJci7QBoEOhAZFlyYEKRTnTDBG0oIzzVLRpJeW0D2/++0XSPq15F7Xz5lm1fl00UyKH5IicEI9ckjq5JQ3SIpwAeSLP5MWxzqvz5rz/jC45xc4B+QPn4xuHFJGC</latexit>x
Interacting groundstate (dressed vacuum)

Excitations (particles)

<latexit sha1_base64="Ntttlp0EXOuYqAcvcLSYyWGB1Ik=">AAACIXicbVDLSgNBEJz1GeMr6tHLYBAEMeyKRD0IAS85RjAPSELonXSSIbMPZnrFEPIVfoJf4VVP3sSbiP/ibpKDSaxTUdVNd5UbKmnItr+speWV1bX11EZ6c2t7Zzezt18xQaQFlkWgAl1zwaCSPpZJksJaqBE8V2HV7d8mfvUBtZGBf0+DEJsedH3ZkQIollqZs0YPiBf5DZ+QVoPwkYb2iJ/OKtKnUbqVydo5ewy+SJwpybIpSq3MT6MdiMhDn4QCY+qOHVJzCJqkUDhKNyKDIYg+dLEeUx88NM3hONaIH0cGKOAhai4VH4v4d2MInjEDz40nPaCemfcS8T+vHlHnqhknCiNCXySHSCocHzJCy7gv5G2pkQiSz5FLnwvQQIRachAiFqO4wKQPZz79Iqmc55x8Ln93kS1cT5tJsUN2xE6Ywy5ZgRVZiZWZYE/shb2yN+vZerc+rM/J6JI13TlgM7C+fwHmBaJU</latexit>

Ĥ = Ĥ0 + Ĥint

Goal: prepare these

<latexit sha1_base64="t1RaDh5wAaof0L+UgUi67Asv/HE=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyaccj6buz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H998fZF8</latexit>q

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

on Ladder GeometriesHamiltonian Lattice Pure1D

first step photon propagationcomputable

quantum tech

DynamicsElectroQuantumModel:Toy

first step

quantum tech

first step

Scattering

(still interacting)
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<latexit sha1_base64="vFsRthCzy1YhCNy061UtfZqu8GY=">AAACW3icbVHLTsJAFB2KD6yooHHlZiIxcUVaY1B3JLpwCYk8EiBkOlxg0ukjM7cmSPgCt/pxLvwX29KFBc7q5Nxzcm/OdUIpNFrWT8Eo7u0fHJaOzOPyyelZpXre1UGkOHR4IAPVd5gGKXzooEAJ/VAB8xwJPcd9Tua9d1BaBP4bLkIYeWzmi6ngDGOp7Y4rNatupaDbxM5IjWRojauFl+Ek4JEHPnLJtB7YVoijJVMouISVOYw0hIy7bAaDmPrMAz1appeu6E2kGQY0BEWFpKkI/xNL5mm98JzY6TGc681ZIu6aDSKcPo6Wwg8jBJ8ni1BISBdprkRcAdCJUIDIksuBCp9yphgiKEEZ57EYxZ3kFobzhRZcr3ZekRNRuB95JfFMAtwIL+brrBn3bm+2vE26d3W7UW+072vNp+wDJXJFrsktsckDaZJX0iIdwgmQT/JFvgu/RtEwjfLaahSyzAXJwbj8A6XAt+c=</latexit>

k

<latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>� <latexit sha1_base64="g874mAIfcX7hzaiyBABLAv/PHRg=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8psaL1ZROO3NnW3RopRPkHWqjoEC1/Q8G/YAcXkDDVaGZXOztBrKQl1/10lpZXVtfWCxvFza3tnd3S3n7TRokR2BCRikw7AItKhtggSQrbsUHQgcJWMLrK/NYDGiuj8JbGMfoahqEcSAGUSs3uELSGXqnsVtwZ+CLxclJmOeq90le3H4lEY0hCgbUdz43Jn4AhKRROi93EYgxiBEPspDQEjdafzNJO+XFigSIeo+FS8ZmIvzcmoK0d6yCd1EB3dt7LxP+8TkKDC38iwzghDEV2iKTC2SErjExrQN6XBokgS45chlyAASI0koMQqZikvRTTPrz57xdJ87TiVSvVm7Ny7TJvpsAO2RE7YR47ZzV2zeqswQS7Z0/smb04j86r8+a8/4wuOfnOAfsD5+MbPTyTnA==</latexit>�

(quasi)-



Motivation: problems and solutions

HEP

assumptions:

Analytical

QCD ?

finite density
(fermions)

out-of-equilibrium
(scattering…)

Quantum
technologies

Q. Simulations

Tensor Networks

discretization:

LGT

Numerical

Monte Carlo

sign problem...

CM

Quantum
Physics

Models

Some problems remain intractable...

problem:
<latexit sha1_base64="zeA8qHwzapejQvxWhBO7F5yg/AA=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNUIAuEk3KIJGHlETR+rIJp5wfulsjRVZKvoIWKjpEy4dQ8C/YxgUkTDWa2dXOjhsqaci2P63C2vrG5lZxu7Szu7dfrhwcdkwQaYFtEahA91wwqKSPbZKksBdqBM9V2HVnN6nffUBtZODf0TzEoQdTX06kAEqkUaU8GEuPDzygewGKN0eVql2zM/BV4uSkynK0RpWvwTgQkYc+CQXG9B07pGEMmqRQuCgNIoMhiBlMsZ9QHzw0wzgLvuCnkQEKeIiaS8UzEX9vxOAZM/fcZDJNaJa9VPzP60c0uRrG0g8jQl+kh0gqzA4ZoWXSCPKx1EgEaXLk0ucCNBChlhyESMQoqaiU9OEsf79KOuc1p16r315UG9d5M0V2zE7YGXPYJWuwJmuxNhMsYk/smb1Yj9ar9Wa9/4wWrHzniP2B9fENwFuXHA==</latexit>

dimH

<latexit sha1_base64="Tac1oXlqU9hRA3Y/Im8HSb5e958=">AAACBHicbVC7SgNBFJ31GeNr1dJmMAjahF2RqF3AxkIwgnlAEsPdyTUOmX0wczcQlrR+ha1WdmLrf1j4L+6uKTR6qsM593LPPV6kpCHH+bDm5hcWl5YLK8XVtfWNTXtru2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3PM/85gi1kWFwQ+MIuz4MAnknBVAq9Wy74wPdC1DJ1eSgf3t52LNLTtnJwf8Sd0pKbIpaz/7s9EMR+xiQUGBM23Ui6iagSQqFk2InNhiBGMIA2ykNwEfTTfLkE74fG6CQR6i5VDwX8edGAr4xY99LJ7OcZtbLxP+8dkx3p91EBlFMGIjsEEmF+SEjtEwrQd6XGokgS45cBlyABiLUkoMQqRinHRXTPtzZ7/+SxlHZrZQr18el6tm0mQLbZXvsgLnshFXZBauxOhNsxB7ZE3u2HqwX69V6+x6ds6Y7O+wXrPcvwjWXrg==</latexit>

O(dL)

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =
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1. Theoretical background

(2+1)D pure EM Hamiltonian

Space Discretization

Canonical quantization
<latexit sha1_base64="yetxwS+swnkHRfq2UIqJA3rOPk0=">AAACJ3icbVDLSsRAEJz4dn2tevQyuAgeZEl8gwiCCB4VXBV2w9KZbXXYmSTMdAQJ+RA/wa/wqidvogcP/omzcRFfdaqu6qa7K0qVtOT7r97A4NDwyOjYeGVicmp6pjo7d2qTzAhsiEQl5jwCi0rG2CBJCs9Tg6AjhWdRd7/nn12jsTKJT+gmxVDDZSwvpAByUru61mxdAeUHRTtXBV8pi4YrdBHy3VYHFQF3li6+HFW0qzW/7pfgf0nQJzXWx1G7+tbqJCLTGJNQYG0z8FMKczAkhcKi0sospiC6cIlNR2PQaMO8fK7gS5kFSniKhkvFSxG/T+Sgrb3RkevUQFf2t9cT//OaGV1sh7mM04wwFr1FJBWWi6ww0qWGvCMNEkHvcuQy5gIMEKGRHIRwYuZirLg8gt/f/yWnq/Vgs75xvF7b2+knM8YW2CJbZgHbYnvskB2xBhPslt2zB/bo3XlP3rP38tk64PVn5tkPeO8fqDynNA==</latexit>

[Êl, Ûm] = �lmÛl

Kogut-Susskind Hamiltonian

Wilson line

Coupling

Choose geometry, topology

1

2

<latexit sha1_base64="KBkWlBWb6obrWSr3KdePCmfwPVc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEitaXzbhlPNDd2ukyMoX0EJFh2j5IAr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlt5vceURsZBvc0j9D1YRrIiRRAqdSGUbVm1+0cfJU4BamxAq1R9Ws4DkXsY0BCgTEDx47ITUCTFAoXlWFsMAIxgykOUhqAj8ZN8qALfhYboJBHqLlUPBfx90YCvjFz30snfaAHs+xl4n/eIKbJtZvIIIoJA5EdIqkwP2SElmkDyMdSIxFkyZHLgAvQQIRachAiFeO0kkrah7P8/SrpXtSdRr3Rvqw1b4pmyuyEnbJz5rAr1mR3rMU6TDBkT+yZvVix9Wq9We8/oyWr2Dlmf2B9fANjjZFs</latexit>a

<latexit sha1_base64="KQ66Q+zBacHFEIYvzCyYPPeO65Q="></latexit>

Ĥ =
g
2

2a

X

l

Ê
2
l +

1

2ag2

X

⇤

⇣
Û⇤ +H.c.

⌘

Wilson loopElectric
(Quantum d.o.f survive!)

<latexit sha1_base64="7ELPZXQoVSFBCyobjRg6zN5ZA+s=">AAACCnicbVDLSgNBEJz1GeMrKnjxMhgET2FXfIGXgJccI5gHJCH0TjrJkNkHM71iWPMHfoVXPXkTr/6EB//F3bgHTaxTUdVNV5cbKmnItj+thcWl5ZXV3Fp+fWNza7uws1s3QaQF1kSgAt10waCSPtZIksJmqBE8V2HDHV2nfuMOtZGBf0vjEDseDHzZlwIokbqF/bYHNBSgeKXbJrynOByOzaRbKNolewo+T5yMFFmGarfw1e4FIvLQJ6HAmJZjh9SJQZMUCif5dmQwBDGCAbYS6oOHphNP80/4UWSAAh6i5lLxqYi/N2LwjBl7bjKZpjWzXir+57Ui6l92YumHEaEv0kMkFU4PGaFlUgzyntRIBGly5NLnAjQQoZYchEjEKGkqn/ThzH4/T+onJee8dHZzWixfZc3k2AE7ZMfMYReszCqsympMsAf2xJ7Zi/VovVpv1vvP6IKV7eyxP7A+vgF1VJrp</latexit>

Hphys

<latexit sha1_base64="BCxn2jGYd9ydvWX6NdouYf3y2HM=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRL4kmEg1lIpGHlFjR+bIJp5zP1t0eUmTlC2ihokO0fBAF/4JtXEDCVKOZXe3sBLEUBl330ymtrK6tb5Q3K1vbO7t71f2Djoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1RqucNqza27Oegy8QpSIwWaw+rXYBRxG4JCLpkxfc+N0U+YRsElzCsDayBmfMom0E+pYiEYP8mDzumJNQwjGoOmQtJchN8bCQuNmYVBOhkyfDCLXib+5/Utjq/9RKjYIiieHUIhIT9kuBZpA0BHQgMiy5IDFYpyphkiaEEZ56lo00oqaR/e4vfLpHNW9y7rF63zWuOmaKZMjsgxOSUeuSINckeapE04AfJEnsmLY51X5815/xktOcXOIfkD5+MbF3aRPA==</latexit>

0

<latexit sha1_base64="SNdqXoHBcOW2LjpQ5EEYw5tnbhc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRL4kmEg1lIpGHlFjR+bIJp5zP1t0eUmTlC2ihokO0fBAF/4JtXEDCVKOZXe3sBLEUBl330ymtrK6tb5Q3K1vbO7t71f2Djoms5tDmkYx0L2AGpFDQRoESerEGFgYSusH0NvO7j6CNiNQ9zmLwQzZRYiw4w1Rq4bBac+tuDrpMvILUSIHmsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYMH8yil4n/eX2L42s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6ZzVvcv6Reu81rgpmimTI3JMTolHrkiD3JEmaRNOgDyRZ/LiWOfVeXPef0ZLTrFzSP7A+fgGgXKRgA==</latexit>

t

<latexit sha1_base64="e4XyJ7LRrdK96BKzEotS1TqGPxM=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBCxMGcE8IFnC7M0kueTug3tnhRjyA36FrVZ2YutfWPgvbtYUmniaOZwzw8wcL1LSkG1/WguLS8srq5m17PrG5tZ2bme3ZsJYC6yKUIW64YFBJQOskiSFjUgj+J7Cuje4nvj1e9RGhsEdDSN0fegFsisFUCK1c/vNVh+I35zwtJZdfsXtdi5vF+wUfJ44U5JnU1Taua9WJxSxjwEJBcY0HTsidwSapFA4zrZigxGIAfSwmdAAfDTuKL1+zI9iAxTyCDWXiqci/p4YgW/M0PeSTh+ob2a9ifif14ype+GOZBDFhIGYLCKpMF1khJZJLMg7UiMRTC5HLgMuQAMRaslBiESMk5yySR7O7PfzpHZacIqF4u1ZvnQ5TSbDDtghO2YOO2clVmYVVmWCPbAn9sxerEfr1Xqz3n9aF6zpzB77A+vjGyIKl6w=</latexit>

[Ĝ, Ĥ] = 0

<latexit sha1_base64="d2XaJCPRHPuvr7+Q98DUlpP3IyM=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUmHpAAkrllgA17H+7OmhBC46+w1crO2PpPLPwvHieFgq96eW8m8+YFiZKGXPfTWVpeWV1bz23kN7e2d3YLe/s1E1st0BexinUjAINKRuiTJIWNRCOEgcJ6MLya+vUH1EbG0S2NEmyH0I9kTwqgVLprDYC432mZewsaO4WiW3Iz8EXizUiRzVDtFL5a3VjYECMSCoxpem5C7TFokkLhJN+yBhMQQ+hjM6URhGja4yz1hB9bAxTzBDWXimci/t4YQ2jMKAzSyRBoYOa9qfif17TUu2iPZZRYwkhMD5FUmB0yQsu0DuRdqZEIpsmRy4gL0ECEWnIQIhVt2k8+7cOb/36R1E5LXrlUvjkrVi5nzeTYITtiJ8xj56zCrlmV+UwwzZ7YM3txHp1X5815/xldcmY7B+wPnI9vJleW5w==</latexit>

Û⇤

<latexit sha1_base64="dzkWD8U1PWlTuhrmmvrCEbZkoPM=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJhshGKEAXREMZJPIQiYnOl0045Xy27tZIkRW+ghYqOkTLv1DwL9jGBSRMNZrZ1c6OF0ph0LY/rcLC4tLySnG1tLa+sblV3t5pmSDSHJo8kIHueMyAFAqaKFBCJ9TAfE9C2xtfpn77AbQRgbrBSQiuz0ZKDAVnmEi3cBcfCXrRl9N+uWJX7Qx0njg5qZAcjX75qzcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cJZ7Sg8gwDGgImgpJMxF+b8TMN2bie8mkz/DezHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkVQBdCA0ILI0OVChKGeaIYIWlHGeiFHSTSnpw5n9fp60jqtOrVq7PqnUz/NmimSP7JND4pBTUidXpEGahBNFnsgzebEerVfrzXr/GS1Y+c4u+QPr4xuYnJTi</latexit>

e�iAl
<latexit sha1_base64="l7e2G7bayM7FSe/FsZ69C4DreOU=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FRPAY0TwgCWF20olDZh/M9CphySd41ZM38er3ePBf3F33oIl1Kqq66epyQyUN2fanVVhaXlldK66XNja3tnfKu3stE0RaYFMEKtAdlxtU0scmSVLYCTVyz1XYdieXqd9+QG1k4N/RNMS+x8e+HEnBKZFurwZqUK7YVTsDWyROTiqQozEof/WGgYg89EkobkzXsUPqx1yTFApnpV5kMORiwsfYTajPPTT9OIs6Y0eR4RSwEDWTimUi/t6IuWfM1HOTSY/TvZn3UvE/rxvR6LwfSz+MCH2RHiKpMDtkhJZJB8iGUiMRT5Mjkz4TXHMi1JJxIRIxSkopJX04898vktZJ1alVazenlfpF3kwRDuAQjsGBM6jDNTSgCQLG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu/JpIv</latexit>

El

<latexit sha1_base64="HeJM2O/Slsyxg0sCZ7qWSUtrwhk="></latexit>

H =
1

2

Z
d
2
x
�
E

2 +B
2
�

Vertex flux Gauss’ Law

<latexit sha1_base64="nj5vc0T+SdPMj9qI68Z20q08C0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwklQEkXryyaccn5wt0aKrHwFLVR0iJaPoeBfsI0LSJhqNLOrnR0vUtKQbX9aS8srq2vrpY3y5tb2zm5lb79lwlgLdEWoQt3xwKCSAbokSWEn0gi+p7DtTa4yv/2I2sgwuKVphH0fxoEcSQGUSnfuoGceYtA4qFTtmp2DLxKnIFVWoDmofPWGoYh9DEgoMKbr2BH1E9AkhcJZuRcbjEBMYIzdlAbgo+kneeAZP44NUMgj1Fwqnov4eyMB35ip76WTPtC9mfcy8T+vG9Poop/IIIoJA5EdIqkwP2SElmkTyIdSIxFkyZHLgAvQQIRachAiFeO0mnLahzP//SJpndaceq1+c1ZtXBbNlNghO2InzGHnrMGuWZO5TDCfPbFn9mLNrFfrzXr/GV2yip0D9gfWxzeqVpT8</latexit>

U⇤

<latexit sha1_base64="w2QZPNTqKL4sS7Dh3dWpQIDukWI=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFooAyCPKQkig6XzbhlPNDd2tQZOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ey4oZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCSItsCkCFeiOyw0q6WOTJCnshBq55ypsu5PL1G8/oDYy8O9oGmLf42NfjqTglEi3VwM5KFfsqp2BLRInJxXI0RiUv3rDQEQe+iQUN6br2CH1Y65JCoWzUi8yGHIx4WPsJtTnHpp+nEWdsaPIcApYiJpJxTIRf2/E3DNm6rnJpMfp3sx7qfif141odN6PpR9GhL5ID5FUmB0yQsukA2RDqZGIp8mRSZ8JrjkRasm4EIkYJaWUkj6c+e8XSeuk6tSqtZvTSv0ib6YIB3AIx+DAGdThGhrQBAFjeIJneLEerVfrzXr/GS1Y+c4+/IH18Q29m5Iu</latexit>

Gi <latexit sha1_base64="i64aKYwQyZ094YRkRVZHc227dig=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV2RqAch4EGPEcwDkiX0TjpxyOyDmV4hLPkIr3ryJl79Gg/+i7vrHjSxTkVVN11dXqSkIdv+tJaWV1bX1ksb5c2t7Z3dyt5+24SxFtgSoQp11wODSgbYIkkKu5FG8D2FHW9ynfmdR9RGhsE9TSN0fRgHciQFUCp1bgaSX3F7UKnaNTsHXyROQaqsQHNQ+eoPQxH7GJBQYEzPsSNyE9AkhcJZuR8bjEBMYIy9lAbgo3GTPO6MH8cGKOQRai4Vz0X8vZGAb8zU99JJH+jBzHuZ+J/Xi2l04SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppz24cx/v0japzWnXqvfnVUbl0UzJXbIjtgJc9g5a7Bb1mQtJtiEPbFn9mIl1qv1Zr3/jC5Zxc4B+wPr4xtkapMD</latexit>

Gi = 0

<latexit sha1_base64="vqJAtGJBrBsgokYFoirX0lUnA3s=">AAACD3icbVC7TsNAEDyHd3gFKGlOREhUkY1QgAIpEgWUIBGIFFvR+rJJTjmfrbs1UmQo+AS+ghYqOkTLJ1DwL9ghBa+pRjO72p0JEyUtue67U5qanpmdm18oLy4tr6xW1tYvbZwagU0Rq9i0QrCopMYmSVLYSgxCFCq8CofHhX91jcbKWF/QKMEggr6WPSmAcqlT2fQHQPykI/kN9xMruW9A9xXyI+52KlW35o7B/xJvQqpsgrNO5cPvxiKNUJNQYG3bcxMKMjAkhcLbsp9aTEAMoY/tnGqI0AbZOMQt304tUMwTNFwqPhbx+0YGkbWjKMwnI6CB/e0V4n9eO6XeQZBJnaSEWhSHSOYBi0NWGJm3g7wrDRJB8TlyqbkAA0RoJAchcjHN6yrnfXi/0/8ll7s1r16rn+9VG4eTZubZJttiO8xj+6zBTtkZazLB7tgDe2RPzr3z7Lw4r1+jJWeys8F+wHn7BDt1mw4=</latexit>

Ĝi| i = 0
<latexit sha1_base64="kERLnYYj9CeE65c/ivArNNKvCv0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFooAySOQhJVa0vmySU84P3a2RopCfoIWKDtHyMxT8C7ZxAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5Pr1G8/oDYyDO5pGqHrwyiQQymAEqnTGwPxm77slyt21c7Al4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcGWiSQuG81IsNRiAmMMJuQgPw0bizLO+cn8QGKOQRai4Vz0T8vTED35ip7yWTPtDYLHqp+J/XjWl46c5kEMWEgUgPkVSYHTJCy6QI5AOpkQjS5MhlwAVoIEItOQiRiHHSTCnpw1n8fpm0zqpOrVq7O6/Ur/JmiuyIHbNT5rALVme3rMGaTDDFntgze7EerVfrzXr/GS1Y+c4h+wPr4xsvCpQZ</latexit>

Ĝi

Gauge
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<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Spacing

Comparator

Size L (# plaquettes)
<latexit sha1_base64="vWUPl5xzLaHzaCgrYHNm4ns0TKY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptb1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98YvZE8</latexit>

1
<latexit sha1_base64="LFmm+r/vdbNDp1lV+JMIzfnv75w=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREOZSOQhJVZ0vmzCKeezdbeHFFn5Alqo6BAtH0TBv2AbFxCYajSzq52dIJbCoOt+OKW19Y3NrfJ2ZWd3b/+genjUM5HVHLo8kpEeBMyAFAq6KFDCINbAwkBCP5jfZH7/AbQRkbrDRQx+yGZKTAVnmEqdxrhac+tuDvqXeAWpkQLtcfVzNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TMGoYRjUFTIWkuws+NhIXGLMIgnQwZ3ptVLxP/84YWp1d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9fu/pNeoe816s3NRa10XzZTJCTkl58Qjl6RFbkmbdAknQB7JE3l2rPPivDpv36Mlp9g5Jr/gvH8BGkyRPQ==</latexit>

2
<latexit sha1_base64="wAYKiymy4+20uV9/56PWzBJP0Jg=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINBQUiUQeUmJF58smnHI+W3d7SJGVL6CFig7R8kEU/Au2cQEJU41mdrWzE8RSGHTdT2dldW19Y7O0Vd7e2d3brxwcdkxkNYc2j2SkewEzIIWCNgqU0Is1sDCQ0A2mN5nffQRtRKTucRaDH7KJEmPBGaZS625Yqbo1NwddJl5BqqRAc1j5GowibkNQyCUzpu+5MfoJ0yi4hHl5YA3EjE/ZBPopVSwE4yd50Dk9tYZhRGPQVEiai/B7I2GhMbMwSCdDhg9m0cvE/7y+xfGVnwgVWwTFs0MoJOSHDNcibQDoSGhAZFlyoEJRzjRDBC0o4zwVbVpJOe3DW/x+mXTOa169Vm9dVBvXRTMlckxOyBnxyCVpkFvSJG3CCZAn8kxeHOu8Om/O+8/oilPsHJE/cD6+AULSkVc=</latexit>

L <latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .<latexit sha1_base64="n9buNJESPnoJn5ZAue8ad+y+gF4=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBwkmkxIrOl0045Xy27tZIkZVvoIWKDtHyORT8C2fjAhKmGs3saHcnTKQw6Lqfzsrq2vrGZmWrur2zu7dfOzjsmDjVHHwey1j3QmZACgU+CpTQSzSwKJTQDac3ud99BG1ErO5xlkAQsYkSY8EZWskfjGI0w1rdbbgF6DLxSlInJdrD2pfN8TQChVwyY/qem2CQMY2CS5hXB6mBhPEpm0DfUsUiMEFWHDunp6lhGNMENBWSFiL8TmQsMmYWhXYyYvhgFr1c/M/rpzi+CjKhkhRB8XwRCgnFIsO1sC0AHQkNiCy/HKhQlDPNEEELyji3Ymprqdo+vMXvl0nnvOE1G827i3rrumymQo7JCTkjHrkkLXJL2sQnnAjyRJ7JizNzXp035/1ndMUpM0fkD5yPb6SLk0k=</latexit>. . .

Physical Hilbert space

Divergence
of E
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<latexit sha1_base64="Bl5JsHsk+2ECbu2B+tZ7XxMZ3is=">AAAB/XicbVA9SwNBEN3zM8avqKXNYhCswl2QqIUQsLGMYD4giWFuM4lL9j7YnRNCCP4KW63sxNbfYuF/cXNeoYmvGB7vzTAzz4+VNOS6n87S8srq2npuI7+5tb2zW9jbb5go0QLrIlKRbvlgUMkQ6yRJYSvWCIGvsOmPrmZ+8wG1kVF4S+MYuwEMQzmQAshK7eFdmV9ytBV6haJbclPwReJlpMgy1HqFr04/EkmAIQkFxrQ9N6buBDRJoXCa7yQGYxAjGGLb0hACNN1JevKUHycGKOIxai4VT0X8PTGBwJhx4NvOAOjezHsz8T+vndDgvDuRYZwQhmK2iKTCdJERWtoskPelRiKYXY5chlyABiLUkoMQVkxsOHmbhzf//SJplEtepVS5OS1WL7JkcuyQHbET5rEzVmXXrMbqTLCIPbFn9uI8Oq/Om/P+07rkZDMH7A+cj2/YE5RZ</latexit>

g2 = e2a



1. Theoretical background

U(1) Quantum Link Model (QLM)

<latexit sha1_base64="6Fx+Y4cxGIhPZ+0TBmpe76xyVek=">AAACDXicbVDLSgNBEJyNrxhfq57Ey2AQPEjYFYm5CIIIHiMYDSRL6J10kiGzD2Z6hRDET/ArvOrJm3j1Gzz4L27WPWhiXbqo6qa7y4+VNOQ4n1Zhbn5hcam4XFpZXVvfsDe3bkyUaIENEalIN30wqGSIDZKksBlrhMBXeOsPzyf+7R1qI6PwmkYxegH0Q9mTAiiVOvZOqz0A4heHPKsNj5/mrGOXnYqTgc8SNydllqPesb/a3UgkAYYkFBjTcp2YvDFokkLhfamdGIxBDKGPrZSGEKDxxtkL93w/MUARj1FzqXgm4u+JMQTGjAI/7QyABmbam4j/ea2EejVvLMM4IQzFZBFJhdkiI7RMs0HelRqJYHI5chlyARqIUEsOQqRikoZVSvNwp7+fJTdHFbdaqV4dl89qeTJFtsv22AFz2Qk7Y5eszhpMsAf2xJ7Zi/VovVpv1vtPa8HKZ7bZH1gf3/eomcY=</latexit>

[Ê, Û ] = Û

<latexit sha1_base64="i72zYSj96sL1Ev4CuH24uGiWD/4=">AAACEnicbVC7SgNREL3rM8ZX1FKQi0GwCrsiMY0QsNEugnlANobZm0lyyd0H984KIaTzE/wKW63sxNYfsPBf3E1SaOJp5nDODDNzvEhJQ7b9ZS0tr6yurWc2sptb2zu7ub39mgljLbAqQhXqhgcGlQywSpIUNiKN4HsK697gKvXrD6iNDIM7GkbY8qEXyK4UQInUzh25fSBe5dNy73agxy+56wP1PY/ftHN5u2BPwBeJMyN5NkOlnft2O6GIfQxIKDCm6dgRtUagSQqF46wbG4xADKCHzYQG4KNpjSZ/jPlJbIBCHqHmUvGJiL8nRuAbM/S9pDM90Mx7qfif14ypW2qNZBDFhIFIF5FUOFlkhJZJQMg7UiMRpJcjlwEXoIEIteQgRCLGSWLZJA9n/vtFUjsrOMVC8fY8Xy7NksmwQ3bMTpnDLliZXbMKqzLBHtkze2Gv1pP1Zr1bH9PWJWs2c8D+wPr8AVhfnC8=</latexit>

Û Û † = I

<latexit sha1_base64="tueSIoLuO0N/iMyBFl2lpSZFEk4=">AAACE3icbZC7SgNREIbPeo3xFrW08GAQBCXsisQ0QsDGMqK5QLKG2ZNRDzl74ZxZIYaUPoJPYauVndj6ABa+i5u4iCZO9fH/M8zM70VKGrLtD2tqemZ2bj6zkF1cWl5Zza2t10wYa4FVEapQNzwwqGSAVZKksBFpBN9TWPe6J0O/fovayDC4oF6Erg/XgbySAiiR2rmtZusGiJ9f3u3zlPZcfvzD7VzeLtij4pPgpJBnaVXauc9WJxSxjwEJBcY0HTsitw+apFA4yLZigxGILlxjM8EAfDRuf/TIgO/EBijkEWouFR+J+HuiD74xPd9LOn2gGzPuDcX/vGZMVyW3L4MoJgzEcBFJhaNFRmiZJIS8IzUSwfBy5DLgAjQQoZYchEjEOIksm+ThjH8/CbWDglMsFM8O8+VSmkyGbbJttsscdsTK7JRVWJUJds8e2RN7th6sF+vVevtunbLSmQ32p6z3Lxtlm/Y=</latexit>

[Ŝz, Ŝ+] = Ŝ+

<latexit sha1_base64="d4DYmrFHMWlgoAmnyDvk2CQcsqI=">AAACBXicbVDLTgJBEJz1ifha9OhlIjExMZJdY5AjiRePGOWRAJLeoYEJs4/M9GoI4exXeNWTN+PV7/Dgv7jgHhSsU6WqO11dXqSkIcf5tJaWV1bX1jMb2c2t7Z1dO7dXM2GsBVZFqELd8MCgkgFWSZLCRqQRfE9h3RteTv36PWojw+CWRhG2fegHsicFUCJ17FxrAMRv7k54Sk47dt4pODPwReKmJM9SVDr2V6sbitjHgIQCY5quE1F7DJqkUDjJtmKDEYgh9LGZ0AB8NO3xLPqEH8UGKOQRai4Vn4n4e2MMvjEj30smfaCBmfem4n9eM6ZeqT2WQRQTBmJ6iKTC2SEjtEw6Qd6VGolgmhy5DLgADUSoJQchEjFOSsomfbjz3y+S2lnBLRaK1+f5ciltJsMO2CE7Zi67YGV2xSqsygR7YE/smb1Yj9ar9Wa9/4wuWenOPvsD6+MbA6mXJw==</latexit>

Ŝ+Ŝ�

<latexit sha1_base64="wA3RAydIVlY+/z5XobabeDMbYqE=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHaNQY4kXjxilEcCK+kdGpgw+8hMrwmu/IRXPXkzXv0ZD/6Lu8hBwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx548vMb92jNjIMbmkSoevDMJADKYBSqd0dAfGbu4desWSX7Rn4MnHmpMTmqPeKX91+KGIfAxIKjOk4dkRuApqkUDgtdGODEYgxDLGT0gB8NG4yyzvlJ7EBCnmEmkvFZyL+3kjAN2bie+mkDzQyi14m/ud1YhpU3UQGUUwYiOwQSYWzQ0ZomRaBvC81EkGWHLkMuAANRKglByFSMU6bKaR9OIvfL5PmWdmplCvX56Vadd5Mnh2xY3bKHHbBauyK1VmDCabYE3tmL9aj9Wq9We8/ozlrvnPI/sD6+AZaeJQ0</latexit>

Ŝz
<latexit sha1_base64="OyRa12d4WEA9jLivWkvMZGza2ew=">AAAB+HicbVDLSgNBEJz1GeMr6tHLYBA8hV2RmGNABI8RzAOSJfROOsmY2QczvUIM+QevevImXv0bD/6Lu+seNLFORVU3XV1epKQh2/60VlbX1jc2C1vF7Z3dvf3SwWHLhLEW2BShCnXHA4NKBtgkSQo7kUbwPYVtb3KV+u0H1EaGwR1NI3R9GAVyKAVQIrV6YyB+3S+V7YqdgS8TJydllqPRL331BqGIfQxIKDCm69gRuTPQJIXCebEXG4xATGCE3YQG4KNxZ1naOT+NDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvTsObOZBDFhIFID5FUmB0yQsukBuQDqZEI0uTIZcAFaCBCLTkIkYhx0ksx6cNZ/H6ZtM4rTrVSvb0o12t5MwV2zE7YGXPYJauzG9ZgTSbYPXtiz+zFerRerTfr/Wd0xcp3jtgfWB/fpXaTOg==</latexit>

Ê
<latexit sha1_base64="+zzoGQs+s1Jo6dGD/LZkwao8bB4=">AAAB+HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpDAhcwtA6zsfWR3zgQv/AdbreyMrf/Gwv/icVIo+KqX92Yyb54fK2nItj+twtr6xuZWcbu0s7u3f1A+PGqZKNECXRGpSHd8MKhkiC5JUtiJNULgK2z7k+u5335AbWQU3tE0Ri+AUSiHUgBlUqs3BuJuv1yxq3YOvkqcBamwBZr98ldvEIkkwJCEAmO6jh2Tl4ImKRTOSr3EYAxiAiPsZjSEAI2X5mln/CwxQBGPUXOpeC7i740UAmOmgZ9NBkBjs+zNxf+8bkLDupfKME4IQzE/RFJhfsgILbMakA+kRiKYJ0cuQy5AAxFqyUGITEyyXkpZH87y96ukdVF1atXa7WWlUV80U2Qn7JSdM4ddsQa7YU3mMsHu2RN7Zi/Wo/VqvVnvP6MFa7FzzP7A+vgGvmaTSg==</latexit>

Û
<latexit sha1_base64="6NeWtOgHzkBwD/p55eH7RIcGVHg=">AAAB+nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJOYY8OIxonlAsobeSScZMvtgplcIa37Cq568iVd/xoP/4m7MQRPrVFR109XlRUoasu1PK7eyura+kd8sbG3v7O4V9w+aJoy1wIYIVajbHhhUMsAGSVLYjjSC7ylseeOrzG89oDYyDO5oEqHrwzCQAymAUqndHQHx2/uzXrFkl+0Z+DJx5qTE5qj3il/dfihiHwMSCozpOHZEbgKapFA4LXRjgxGIMQyxk9IAfDRuMss75SexAQp5hJpLxWci/t5IwDdm4nvppA80MoteJv7ndWIaVN1EBlFMGIjsEEmFs0NGaJkWgbwvNRJBlhy5DLgADUSoJQchUjFOmymkfTiL3y+T5nnZqZQrNxelWnXeTJ4dsWN2yhx2yWrsmtVZgwmm2BN7Zi/Wo/VqvVnvP6M5a75zyP7A+vgG30iT5Q==</latexit>

Ŝ+

<latexit sha1_base64="oiz5W2dCqCbUYvQIlZlw3j5H1S4=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxInfGICWJjSUmHpBwSOaWATbsfWR3zoRciL/CVis7Y+tvsfC/eJwUCr7q5b2ZzJvnx0oasu1Pq7C2vrG5Vdwu7ezu7R+UD49aJkq0QFdEKtIdHwwqGaJLkhR2Yo0Q+Arb/uR67rcfUBsZhXc0jbEXwCiUQymAMqnrjYG4e+8NYNQvV+yqnYOvEmdBKmyBZr/85Q0ikQQYklBgTNexY+qloEkKhbOSlxiMQUxghN2MhhCg6aV55Bk/SwxQxGPUXCqei/h7I4XAmGngZ5MB0Ngse3PxP6+b0LDeS2UYJ4ShmB8iqTA/ZISWWRfIB1IjEcyTI5chF6CBCLXkIEQmJlk5pawPZ/n7VdK6qDq1au32stKoL5opshN2ys6Zw65Yg92wJnOZYBF7Ys/sxXq0Xq036/1ntGAtdo7ZH1gf33sIlWI=</latexit>

Û †
<latexit sha1_base64="oItpjEwmwnx7MrS5DORS4kV9+J0=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxItk1BjmSePGIUR4JrKR3aGDC7CMzvSZk5Se86smb8erPePBf3EUOCtapUtWdri4vUtKQbX9auZXVtfWN/GZha3tnd6+4f9A0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG19lfusBtZFhcEeTCF0fhoEcSAGUSu3uCIjf3p/1iiW7bM/Al4kzJyU2R71X/Or2QxH7GJBQYEzHsSNyE9AkhcJpoRsbjECMYYidlAbgo3GTWd4pP4kNUMgj1FwqPhPx90YCvjET30snfaCRWfQy8T+vE9Og6iYyiGLCQGSHSCqcHTJCy7QI5H2pkQiy5MhlwAVoIEItOQiRinHaTCHtw1n8fpk0z8tOpVy5uSjVqvNm8uyIHbNT5rBLVmPXrM4aTDDFntgze7EerVfrzXr/Gc1Z851D9gfWxzfiZpPn</latexit>

Ŝ�

Operators

CCR

Unitarity

<latexit sha1_base64="fbKSli14VIkZ/85NI1mjDvn5168=">AAAB+3icbVDLSsNAFJ3UV62vqks3g0VwVZPiC0QouHFZwT6kDWUyva1DZ5IwcyPU0K9wqyt34taPceG/mMQstPWsDufcyz33eKEUBm370yosLC4trxRXS2vrG5tb5e2dlgkizaHJAxnojscMSOFDEwVK6IQamPIktL3xVeq3H0AbEfi3OAnBVWzki6HgDBPpzvQf6SV1jmr9csWu2hnoPHFyUiE5Gv3yV28Q8EiBj1wyY7qOHaIbM42CS5iWepGBkPExG0E3oT5TYNw4CzylB5FhGNAQNBWSZiL83oiZMmaivGRSMbw3s14q/ud1Ixyeu7HwwwjB5+khFBKyQ4ZrkTQBdCA0ILI0OVDhU840QwQtKOM8EaOkmlLShzP7/Txp1arOafXk5rhSv8ibKZI9sk8OiUPOSJ1ckwZpEk4UeSLP5MWaWq/Wm/X+M1qw8p1d8gfWxzer+ZO3</latexit>

sz = 1/2
<latexit sha1_base64="Yv2dC542AY+N+Hs7W45bJ4ivsQE=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xBSIEvHiMYB6QLKF30olDZh/M9ApxyUd41ZM38erXePBf3F33oIl1Kqq66eryIiUN2fantbC4tLyyWlorr29sbm1XdnZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+PrzG8/oDYyDO5oEqHrwyiQQymAUqlt+o/8ijv9StWu2Tn4PHEKUmUFGv3KV28QitjHgIQCY7qOHZGbgCYpFE7LvdhgBGIMI+ymNAAfjZvkcaf8MDZAIY9Qc6l4LuLvjQR8Yya+l076QPdm1svE/7xuTMMLN5FBFBMGIjtEUmF+yAgt0x6QD6RGIsiSI5cBF6CBCLXkIEQqxmkx5bQPZ/b7edI6rjlntdPbk2r9smimxPbZATtiDjtndXbDGqzJBBuzJ/bMXqzEerXerPef0QWr2Nljf2B9fAPGoJNC</latexit>

sz = 1
<latexit sha1_base64="P4z/zxXkK5aEUKdk704UZ8Xegmw=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKtjhKSGkSDSUQSIPlFjR+bIJp5zP1t0aKVj5Clqo6BAtH0PBv2AbFxCYajSzq50dL5TCoG1/WIW5+YXFpeJyaWV1bX2jvLnVMkGkOTR5IAPd8ZgBKRQ0UaCETqiB+Z6Etje+TP32PWgjAnWDkxBcn42UGArOMJFuTf+BXtDDg1q/XLGrdgb6lzg5qZAcjX75szcIeOSDQi6ZMV3HDtGNmUbBJUxLvchAyPiYjaCbUMV8MG6cBZ7SvcgwDGgImgpJMxF+bsTMN2bie8mkz/DOzHqp+J/XjXB45sZChRGC4ukhFBKyQ4ZrkTQBdCA0ILI0OVChKGeaIYIWlHGeiFFSTSnpw5n9/i9p1arOSfX4+qhSP8+bKZIdskv2iUNOSZ1ckQZpEk588kieyLM1tV6sV+vte7Rg5Tvb5Bes9y+vG5O5</latexit>

sz = 3/2

<latexit sha1_base64="ydkpw1/zMeTShpC8pSOfY2Ymz5c=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEk4iJVZ0vmzCKeezdbdGiqx8Ay1UdIiWz6HgXzgbF5Aw1WhmR7s7YSKFQdf9dJaWV1bX1isb1c2t7Z3d2t5+28Sp5uDzWMa6GzIDUijwUaCEbqKBRaGETji5yf3OI2gjYnWP0wSCiI2VGAnO0Ep+fxijGdTqbsMtQBeJV5I6KdEa1L5sjqcRKOSSGdPz3ASDjGkUXMKs2k8NJIxP2Bh6lioWgQmy4tgZPU4Nw5gmoKmQtBDhdyJjkTHTKLSTEcMHM+/l4n9eL8XRVZAJlaQIiueLUEgoFhmuhW0B6FBoQGT55UCFopxphghaUMa5FVNbS9X24c1/v0japw3vonF+d1ZvXpfNVMghOSInxCOXpEluSYv4hBNBnsgzeXGmzqvz5rz/jC45ZeaA/IHz8Q2k05NK</latexit> ..
.

Arrow notation<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s
<latexit sha1_base64="M3MyHs+s0fW6eIDvFV4lNJOs7pM=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVMFGKKSMREMZJPKQEis6XzbhlPNDd3tIkZWSr6CFig7R8iEU/Au2cQEJU41mdm/2xo+l0Og4n1ZpbX1jc6u8XdnZ3duv2geHXR0ZxaHDIxmpvs80SBFCBwVK6McKWOBL6Pmz68zvPYDSIgrvcB6DF7BpKCaCM0ylkV0d5m8kvjSwoOd6ZNecupODrhK3IDVSoD2yv4bjiJsAQuSSaT1wnRi9hCkUXMKiMjQaYsZnbAqDlIYsAO0leeiCnhrNMKIxKCokzUX4vZGwQOt54KeTAcN7vexl4n/ewOCk6SUijA1CyLMgFBLyIM2VSBsBOhYKEFl2OVARUs4UQwQlKOM8FU1aUSXtw13+/SrpXtTdRr1xe1lrNYtmyuSYnJAz4pIr0iI3pE06hBNDnsgzebEerVfrzXr/GS1Zxc4R+QPr4xuaC5ek</latexit>

/s

<latexit sha1_base64="PQhLySieZLhLQ7srCHlRLbzIRws=">AAACBXicbVC7TsNAEDzzDOHlQElzIkKiCnaEQspINJRBIg8pCdH5sgmnnM/W3RoUWan5Clqo6BAt30HBv2AbF5Aw1Whm92ZvvFAKg47zaa2srq1vbBa2its7u3v7dumgbYJIc2jxQAa66zEDUihooUAJ3VAD8z0JHW96mfqde9BGBOoGZyEMfDZRYiw4w0Qa2qV+9kbsyQjm9MzcVod22ak4GegycXNSJjmaQ/urPwp45INCLpkxPdcJcRAzjYJLmBf7kYGQ8SmbQC+hivlgBnEWO6cnkWEY0BA0FZJmIvzeiJlvzMz3kkmf4Z1Z9FLxP68X4bg+iIUKIwTF0yAUErIgw7VIOgE6EhoQWXo5UKEoZ5ohghaUcZ6IUVJSMenDXfz9MmlXK26tUrs+LzfqeTMFckSOySlxyQVpkCvSJC3CyQN5Is/kxXq0Xq036/1ndMXKdw7JH1gf39D4mEg=</latexit>

/s2
<latexit sha1_base64="ecXWUdj55k+6dTkQ/Ij2W/LiUkg=">AAACEXicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKxJQBG+0imAdklzA7udEhsw9m7gphSeUn+BW2WtmJrV9g4b84u6bQxFsdzn2cc0+QSKHRcT6t0tLyyupaeb2ysbm1vWPv7nV0nCoObR7LWPUCpkGKCNooUEIvUcDCQEI3GF/k/e49KC3i6AYnCfghu43ESHCGhhrYh15xIzM0RMim1MOYeiHDuyCgVwO76tScougicGegSmbVGthf3jDmaWhuccm07rtOgn7GFAouYVrxUg0J42Oj1jcwYiFoPyssTOlxqplRT0BRIWlBwu+NjIVaT8LATOYG9XwvJ//r9VMcNfxMREmKEPFcCIWEQkhzJUw+QIdCASLLnQMVEeVMMURQgjLODZmawComD3f++0XQOa259Vr9+qzabMySKZMDckROiEvOSZNckhZpE04eyBN5Ji/Wo/VqvVnvP6Mla7azT/6U9fENH6CdVQ==</latexit>! I Kogut - Susskind limit <latexit sha1_base64="lZDLHPw/BqYACyQUGr0kkgXucJA=">AAACEHicbVC7TsNAEDzzDOEVoITiRIREFdkIhZSRaCiDRB5SbEXnywZOOZ+tuzVSZKXhE/gKWqjoEC1/QMG/cDEuIGGr0czuzu6EiRQGXffTWVpeWV1bL22UN7e2d3Yre/sdE6eaQ5vHMta9kBmQQkEbBUroJRpYFErohuPLmd69B21ErG5wkkAQsVslRoIztNSgcuTnOzJLg0I2pYb6GFNfqBFOBpWqW3PzoovAK0CVFNUaVL78YczTyK7ikhnT99wEg4xpFFzCtOynBhLGx9asb6FiEZggyy+Y0pPUMGudgKZC0pyE3xMZi4yZRKHtjBjemXltRv6n9VMcNYJMqCRFUHxmhEJCbmS4FjYeoEOhAZHNLgcqFOVMM0TQgjLOLZnavMo2D2/++0XQOat59Vr9+rzabBTJlMghOSanxCMXpEmuSIu0CScP5Ik8kxfn0Xl13pz3n9Ylp5g5IH/K+fgGxVadMQ==</latexit>

s ! 1

✓

✓

2. The pure Lattice QED on ladder geometry

<latexit sha1_base64="kmKX0S//z6qHyWfYZCiYwTtEDO0=">AAAB+XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRBIg8piaL1ZRNOOZ+tuzVSZOUjaKGiQ7R8DQX/gm1cQMJUo5ld7ez4kZKWXPfTWVldW9/YLG2Vt3d29/YrB4dtG8ZGYEuEKjRdHywqqbFFkhR2I4MQ+Ao7/vQm8zuPaKwM9T3NIhwEMNFyLAVQKnX649CAUsNK1a25Ofgy8QpSZQWaw8pXfxSKOEBNQoG1Pc+NaJCAISkUzsv92GIEYgoT7KVUQ4B2kORx5/w0tkAhj9BwqXgu4u+NBAJrZ4GfTgZAD3bRy8T/vF5M46tBInUUE2qRHSKpMD9khZFpD8hH0iARZMmRS80FGCBCIzkIkYpxWkw57cNb/H6ZtM9rXr1Wv7uoNq6LZkrsmJ2wM+axS9Zgt6zJWkywKXtiz+zFSZxX5815/xldcYqdI/YHzsc3J6uUIw==</latexit>

8 link Hilbert space 
<latexit sha1_base64="HHSqWMGLDqmM2gsMlgU1ZjB6xaE=">AAAB/nicbVC7TsNAEDzzDOEVoKQ5ESGFJrIjFFJGoqEMAieRYis6XzbhlPNDd2tEZEXiK2ihokO0/AoF/4JtXEDCVKOZXe3seJEUGk3z01hZXVvf2Cxtlbd3dvf2KweHXR3GioPNQxmqvsc0SBGAjQIl9CMFzPck9LzpZeb37kFpEQa3OIvA9dkkEGPBGaaS4yA8YHJj1xpn82GlatbNHHSZWAWpkgKdYeXLGYU89iFALpnWA8uM0E2YQsElzMtOrCFifMomMEhpwHzQbpJnntPTWDMMaQSKCklzEX5vJMzXeuZ76aTP8E4vepn4nzeIcdxyExFEMULAs0MoJOSHNFciLQPoSChAZFlyoCKgnCmGCEpQxnkqxmk75bQPa/H7ZdJt1K1mvXl9Xm23imZK5JickBqxyAVpkyvSITbhJCJP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGyMHlbw=</latexit>

SU(2) irreducible representation
<latexit sha1_base64="LoGWR3yRIkemmNbUdt/BJdWDji8=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQiJKtgRCikj0VChIJGHFFvR+bIJp5wfulsjBSs/wFfQQkWHaPkLCv4F27iAhKlGM7va2fEiKTRa1qextLyyurZe2ihvbm3v7Jp7+x0dxopDm4cyVD2PaZAigDYKlNCLFDDfk9D1JpeZ370HpUUY3OI0Atdn40CMBGeYSgPzUFNHBNTxGd55XnI9o2e0NjArVtXKQReJXZAKKdAamF/OMOSxDwFyybTu21aEbsIUCi5hVnZiDRHjEzaGfkoD5oN2kzz9jJ7EmmFII1BUSJqL8HsjYb7WU99LJ7OUet7LxP+8foyjhpuIIIoRAp4dQiEhP6S5EmktQIdCASLLkgNNi+BMMURQgjLOUzFOeyqnfdjz3y+STq1q16v1m/NKs1E0UyJH5JicEptckCa5Ii3SJpw8kCfyTF6MR+PVeDPef0aXjGLngPyB8fENjaeYkA==</latexit>

s 2 N/2

<latexit sha1_base64="dhAgb64ZIQTR17g5avdM/d9M77s=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBDiJeyKxBwDIniMYB6QXUPvpJMMmX0w0yuEkItf4VVP3sSrf+LBf3Gz5qCJdSqquunq8mMlDdn2p7Wyura+sZnbym/v7O7tFw4OmyZKtMCGiFSk2z4YVDLEBklS2I41QuArbPmjq5nfekBtZBTe0ThGL4BBKPtSAKXSvWvkIICSOwTi12fdQtEu2xn4MnHmpMjmqHcLX24vEkmAIQkFxnQcOyZvApqkUDjNu4nBGMQIBthJaQgBGm+SpZ7y08QARTxGzaXimYi/NyYQGDMO/HQyABqaRW8m/ud1EupXvYkM44QwFLNDJBVmh4zQMq0DeU9qJIJZcuQy5AI0EKGWHIRIxSTtJ5/24Sx+v0ya52WnUq7cXhRr1XkzOXbMTliJOeyS1dgNq7MGE0yzJ/bMXqxH69V6s95/Rles+c4R+wPr4xswfpZI</latexit>

�(Ê)

We want      finite-dimensional!
<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H

<latexit sha1_base64="xBuG6B6FeYQ4r45ahiF2Lz+5x3E=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMrMiuMagdiQ0lJvJIgJC7wwUnzD4yc9dIVv7Ar7DVys7Y+hMW/ou7K4WCpzo55965Z44bKmnItj+t3NLyyupafr2wsbm1vVPc3WuaINICGyJQgW67YFBJHxskSWE71Aieq7Dljq9Sv3WH2sjAv6FJiD0PRr4cSgGUSP3iQdcDuhWgeK3fJbynOHlpPO0XS3bZzsAXiTMjJTZDvV/86g4CEXnok1BgTMexQ+rFoEkKhdNCNzIYghjDCDsJ9cFD04uz/FN+HBmggIeouVQ8E/H3RgyeMRPPTSbTtGbeS8X/vE5Ew4teLP0wIvRFeoikwuyQEVomxSAfSI1EkCZHLn0uQAMRaslBiESMkqYKSR/O/O8XSfO07FTKleuzUvVy1kyeHbIjdsIcds6qrMbqrMEEe2BP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG1KXmtI=</latexit>

Hlink

To simulate

U(1) Lattice QED

<latexit sha1_base64="hmYsc0E5QXdqLInWV0jM7C90oDA=">AAAB/HicbVC7TsNAEDyHVwivACXNiQiJKrIRzy4STcogkYdIomh92YRTzmfrbo0UWeEraKGiQ7T8CwX/gh1SQMJUo5ld7ez4kZKWXPfTyS0tr6yu5dcLG5tb2zvF3b2GDWMjsC5CFZqWDxaV1FgnSQpbkUEIfIVNf3Sd+c0HNFaG+pbGEXYDGGo5kAIole46AdC9AMWrvWLJLbtT8EXizUiJzVDrFb86/VDEAWoSCqxte25E3QQMSaFwUujEFiMQIxhiO6UaArTdZJp4wo9iCxTyCA2Xik9F/L2RQGDtOPDTySyhnfcy8T+vHdPgsptIHcWEWmSHSCqcHrLCyLQK5H1pkAiy5Mil5gIMEKGRHIRIxTjtppD24c1/v0gaJ2XvvHx2c1qqXM2aybMDdsiOmccuWIVVWY3VmWCaPbFn9uI8Oq/Om/P+M5pzZjv77A+cj2/OCZUC</latexit>

H
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finite!
<latexit sha1_base64="Epg4HVmqKiEDNEvj2boKb8sZnrU=">AAACGXicbVC7SgNBFJ2N7/iKWtoMhoCChl0RtRECNpaK5gHZGO6O12TI7IOZu0Jc8gV+gl9hq5Wd2FpZ+C9OYgpfp5nDOfdw554gUdKQ6747uYnJqemZ2bn8/MLi0nJhZbVm4lQLrIpYxboRgEElI6ySJIWNRCOEgcJ60Dse+vUb1EbG0QX1E2yF0InktRRAVmoXSr6RnRA2/S4QP7+83eJH3M/4jtnm/lVM9jHcH7QLRbfsjsD/Em9MimyM03bhw6ZFGmJEQoExTc9NqJWBJikUDvJ+ajAB0YMONi2NIETTykbnDHgpNUAxT1BzqfhIxO+JDEJj+mFgJ0OgrvntDcX/vGZK14etTEZJShiJ4SKSCkeLjNDS9oT8SmokguHPkcuIC9BAhFpyEMKKqS0ub/vwfl//l9R2y95+ef9sr1g5HDczy9bZBttkHjtgFXbCTlmVCXbHHtgje3LunWfnxXn9Gs0548wa+wHn7RPES55z</latexit>

�(Ŝz) = {�s, . . . , s} ✓

<latexit sha1_base64="A6QWJoO9LXDoZPH6HUonHnkTuU0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCIWUkCiiDRB5SYkXryyY5cn7obo0UovwDLVR0iJa/oeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubha3i9s7u3n7p4LBlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N7lK/fYDaiPD4I6mEbo+jAI5lAIokVq9MRC/7pfKdsXOwJeJk5Myy9Hol756g1DEPgYkFBjTdeyI3BlokkLhvNiLDUYgJjDCbkID8NG4syztnJ/GBijkEWouFc9E/L0xA9+Yqe8lkz7Q2Cx6qfif141pWHNnMohiwkCkh0gqzA4ZoWVSA/KB1EgEaXLkMuACNBChlhyESMQ46aWY9OEsfr9MWucVp1qp3l6U67W8mQI7ZifsjDnsktXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jO6YuU7R+wPrI9vqJSTPA==</latexit>

Ĝ
<latexit sha1_base64="xuRh7ATywFszZEh18glGShr1Lg8=">AAACGHicbVDLSgNBEJyNrxhfqx69DEZBEMOuSPQY8OIxoolCEkPvpGPGzD6Y6RVMyA/4CX6FVz15E6/ePPgvbtYVfNWpuqqb7i4vUtKQ47xZuYnJqemZ/Gxhbn5hccleXqmbMNYCayJUoT73wKCSAdZIksLzSCP4nsIzr3849s+uURsZBqd0E2HLh8tAdqUASqS2vdHsAfGTtrwY8G2eFf2k2Pkqri4GbbvolJwU/C9xM1JkGapt+73ZCUXsY0BCgTEN14moNQRNUigcFZqxwQhEHy6xkdAAfDStYfrNiG/GBijkEWouFU9F/D4xBN+YG99LOn2gnvntjcX/vEZM3YPWUAZRTBiI8SKSCtNFRmiZxIS8IzUSwfhy5DLgAjQQoZYchEjEOMmtkOTh/v7+L6nvltxyqXy8V6wcZMnk2RpbZ1vMZfuswo5YldWYYLfsnj2wR+vOerKerZfP1pyVzayyH7BePwCpOZ54</latexit>

Ŝz
i + Ŝz

k � Ŝz
jGauge generator

Allowed ✓ Not allowed ✖



2. The pure Lattice QED on ladder geometry

L plaquettes ladder in PBC

Exp scaling

<latexit sha1_base64="5RVC7UWoFwgn2Zlgo7v9AdMJBaU=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIghB2gy8QIeAlBw8RzAOSGHonnThk9sFMrxBC8BP8Cq968iZe/QYP/ou7MQdNrFNR1U1Xlxsqaci2P63U3PzC4lJ6ObOyura+kd3cqpog0gIrIlCBrrtgUEkfKyRJYT3UCJ6rsOb2LxO/do/ayMC/oUGILQ96vuxKARRL7exOsyM93vSA7gQoXuIXvHB7xQ95oZ3N2Xl7DD5LnAnJsQnK7exXsxOIyEOfhAJjGo4dUmsImqRQOMo0I4MhiD70sBFTHzw0reH4hRHfjwxQwEPUXCo+FvH3xhA8YwaeG08mWc20l4j/eY2IumetofTDiNAXySGSCseHjNAy7gZ5R2okgiQ5culzARqIUEsOQsRiFJeViftwpr+fJdVC3jnJH18f5Yrnk2bSbJftsQPmsFNWZCVWZhUm2AN7Ys/sxXq0Xq036/1nNGVNdrbZH1gf34GOmXc=</latexit>

dimH = 2L + 2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

1

2

<latexit sha1_base64="MaqYsSvK1iHsa//wOMdb3ENUNag=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIRrzKChjJI5CElVnS+bMKR80N360jByj/QQkWHaPkbCv4F26SAhKlGM7va2fEiJQ3Z9qdVWFpeWV0rrpc2Nre2d8q7e00TxlpgQ4Qq1G2PG1QywAZJUtiONHLfU9jyRteZ3xqjNjIM7mgSoevzYSAHUnBKpWZ33A/J9MoVu2rnYIvEmZEKzFDvlb+6/VDEPgYkFDem49gRuQnXJIXCaakbG4y4GPEhdlIacB+Nm+Rpp+woNpxCFqFmUrFcxN8bCfeNmfheOulzujfzXib+53ViGly6iQyimDAQ2SGSCvNDRmiZ1oCsLzUS8Sw5MhkwwTUnQi0ZFyIV47SXUtqHM//9ImmeVJ3z6tntaaV2NWumCAdwCMfgwAXU4Abq0AABD/AEz/BiPVqv1pv1/jNasGY7+/AH1sc3hhKT0Q==</latexit>...

Spin 
representation

<latexit sha1_base64="f4yKLrCnk2awd1EpHWMNumCeiRA=">AAACCHicbVDJSgNBEO1xjXGLy81LYxA8SJgRNxAh4CXHCNkgGUJNp5I06VnorhFiyA/4FV715E28+hce/BcnYw6a+C71eK+KqnpepKQh2/60FhaXlldWM2vZ9Y3Nre3czm7NhLEWWBWhCnXDA4NKBlglSQobkUbwPYV1b3A78ev3qI0MgwoNI3R96AWyKwVQIrVz+81WH4iXTnhaKy6/4XY7l7cLdgo+T5wpybMpyu3cV6sTitjHgIQCY5qOHZE7Ak1SKBxnW7HBCMQAethMaAA+GneUXj/mR7EBCnmEmkvFUxF/T4zAN2boe0mnD9Q3s95E/M9rxtS9ckcyiGLCQEwWkVSYLjJCyyQW5B2pkQgmlyOXAReggQi15CBEIsZJTtkkD2f2+3lSOy04F4Xzu7N88XqaTIYdsEN2zBx2yYqsxMqsygR7YE/smb1Yj9ar9Wa9/7QuWNOZPfYH1sc3Nt6Xug==</latexit>

[Ĥ, T̂ ] = 0

Construct operators

Gauss’ Law on vertices

Lowest spin irrep assignments
which admits gauge inv. configs:

Translation and reflection inv.

1/2 1

Dispersion relation!

<latexit sha1_base64="6CVFn2zL/iy5bcefLydx36QM7hs=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINCmDRB5SYkXryyY5cn7obo0UhfwELVR0iJafoeBfsI0LSJhqNLOrnR0vUtKQbX9aK6tr6xubha3i9s7u3n7p4LBlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2N7lJ/fYDaiPD4I6mEbo+jAI5lAIokTq9MRCv9+/7pbJdsTPwZeLkpMxyNPqlr94gFLGPAQkFxnQdOyJ3BpqkUDgv9mKDEYgJjLCb0AB8NO4syzvnp7EBCnmEmkvFMxF/b8zAN2bqe8mkDzQ2i14q/ud1YxpeuTMZRDFhINJDJBVmh4zQMikC+UBqJII0OXIZcAEaiFBLDkIkYpw0U0z6cBa/Xyat84pTrVRvL8q167yZAjtmJ+yMOeyS1VidNViTCabYE3tmL9aj9Wq9We8/oytWvnPE/sD6+AYyKpQb</latexit>

Ĥj
<latexit sha1_base64="nr2T5XV6teBW0B2ExTJmm+mk1Ks=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJRByktKrGh92SRHzg/drZFClH+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOzsFXc3tnd2y8dHLZMGGuBTRGqUHc8MKhkgE2SpLATaQTfU9j2Jjep335AbWQYNGgaoevDKJBDKYASqdUbA/FGv1S2K3YGvkycnJRZjnq/9NUbhCL2MSChwJiuY0fkzkCTFArnxV5sMAIxgRF2ExqAj8adZWnn/DQ2QCGPUHOpeCbi740Z+MZMfS+Z9IHGZtFLxf+8bkzDK3cmgygmDER6iKTC7JARWiY1IB9IjUSQJkcuAy5AAxFqyUGIRIyTXopJH87i98ukdV5xqpXq3UW5dp03U2DH7ISdMYddshq7ZXXWZILdsyf2zF6sR+vVerPef0ZXrHzniP2B9fENvSSTSg==</latexit>

T̂<latexit sha1_base64="hOnaXY7oiDk1XH3DISRqq5JrlxI=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJQBkYeUWNH6skmOnB+6WyMFK/9ACxUdouVvKPgXHOMCEqYazexqZ8eLlDRk25/W0vLK6tp6YaO4ubW9s1va22+aMNYCGyJUoW57YFDJABskSWE70gi+p7Dlja9mfusBtZFhcEeTCF0fhoEcSAGUSs3uCIjf9kplu2Jn4IvEyUmZ5aj3Sl/dfihiHwMSCozpOHZEbgKapFA4LXZjgxGIMQyxk9IAfDRukqWd8uPYAIU8Qs2l4pmIvzcS8I2Z+F466QONzLw3E//zOjENLtxEBlFMGIjZIZIKs0NGaJnWgLwvNRLBLDlyGXABGohQSw5CpGKc9lJM+3Dmv18kzdOKU61Ub87Ktcu8mQI7ZEfshDnsnNXYNauzBhPsnj2xZ/ZiPVqv1pv1/jO6ZOU7B+wPrI9vugaTSA==</latexit>

R̂

Computational basis
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Massive Massless

Continuum

Lattice
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

Simultaneous exact diagonalization
(computationally difficult step)

<latexit sha1_base64="wQP/NhuM91VpxrNrcFd1RxuG+dg=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRBGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5wK+5M6zW7Lqdgy8TpyA1VqA1rH71R6GIfQxIKDCm59gRDRLQJIXCeaUfG4xATGGCvZQG4KMZJHnYOT+JDVDII9RcKp6L+HsjAd+Yme+lkz7Qg1n0MvE/rxfT+HKQyCCKCQORHSKpMD9khJZpC8hHUiMRZMmRy4AL0ECEWnIQIhXjtJZK2oez+P0yaZ/VnUa9cXdea14VzZTZETtmp8xhF6zJblmLuUwwyZ7YM3uxZtar9Wa9/4yWrGLnkP2B9fENCXCSQw==</latexit>

a = 1

Translational invar. (PBC)

( varying the coupling g )

<latexit sha1_base64="CV5WYBJNNy0TKl44npXdT27oQDs="></latexit>

dimH = 8194

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0
<latexit sha1_base64="fdp2G2Lp0dSDUH9qSt0y0xnCHLM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIBBSiQItFQUASJPKTEis6XTThyPlt3a6Rg5R9ooaJDtPwNBf+CbVxAwlSjmV3t7HihFAZt+9MqLCwuLa8UV0tr6xubW+XtnZYJIs2hyQMZ6I7HDEihoIkCJXRCDcz3JLS98WXqtx9AGxGoW5yE4PpspMRQcIaJ1LqmF9Q57pcrdtXOQOeJk5MKydHol796g4BHPijkkhnTdewQ3ZhpFFzCtNSLDISMj9kIuglVzAfjxlnaKT2IDMOAhqCpkDQT4fdGzHxjJr6XTPoM78ysl4r/ed0Ih2duLFQYISieHkIhITtkuBZJDUAHQgMiS5MDFYpyphkiaEEZ54kYJb2Ukj6c2e/nSeuo6tSqtZuTSv08b6ZI9sg+OSQOOSV1ckUapEk4uSdP5Jm8WI/Wq/Vmvf+MFqx8Z5f8gfXxDV2Ckmo=</latexit>

L = 13 Intermediate system size

Lowest spin rep.

Unit lattice spacing

Assuming

Dispersion relation
in our (interacting!) model:

Critical point
(massless photon)

Gapped SSB phase
(degenerate g.s.)

Gapped phase
(massive photon)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡ <latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

1/2 1
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2. The pure Lattice QED on ladder geometry
<latexit sha1_base64="/l41XkoVwoR+lBrfGiod6AAwSgg=">AAACBXicbVDLSgNBEJyNrxhfiR69DAYhgoTd4Au8BLx4jGAekITQO+nEIbMPZnqVsOzZr/CqJ2/i1e/w4L+4iTloYp2Kqm66utxQSUO2/WlllpZXVtey67mNza3tnXxht2GCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7upr4zXvURgb+LY1D7How9OVACqBU6uULpQ4NNIjYSeJKcsydo16+aJftKfgicWakyGao9fJfnX4gIg99EgqMaTt2SN0YNEmhMMl1IoMhiBEMsZ1SHzw03XgaPeGHkQEKeIiaS8WnIv7eiMEzZuy56aQHdGfmvYn4n9eOaHDRjaUfRoS+mBwiqXB6yAgt006Q96VGIpgkRy59LkADEWrJQYhUjNKScmkfzvz3i6RRKTtn5dObk2L1ctZMlu2zA1ZiDjtnVXbNaqzOBHtgT+yZvViP1qv1Zr3/jGas2c4e+wPr4xtuDJdq</latexit>

( 12 , 1)

<latexit sha1_base64="oYZpXFrbyVO6ZfLLApASwxlSqCs=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCikj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKXOfFytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHFadNPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1FvdK5rrWbRTJmckXNySTxyQ1rkjrRJl3AC5Ik8kxfHOq/Om/P+M1pyip1T8gfOxzdy1pF1</latexit>

k
<latexit sha1_base64="ageHOOYmsjvoOkjxfHe6pb/R6xQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJhshGUaCMREMZJPKQEis6XzbJKefz6W6NiKL8Ai1UdIiW36HgX7CNC0iYajSzq52dQEth0XU/ncLa+sbmVnG7tLO7t39QPjxq2yg2HFo8kpHpBsyCFApaKFBCVxtgYSChE0xvUr/zAMaKSN3jTIMfsrESI8EZptJFX4tBueJW3Qx0lXg5qZAczUH5qz+MeByCQi6ZtT3P1ejPmUHBJSxK/diCZnzKxtBLqGIhWH+eZV3Qs9gyjKgGQ4WkmQi/N+YstHYWBslkyHBil71U/M/rxTi69udC6RhB8fQQCgnZIcuNSEoAOhQGEFmaHKhQlDPDEMEIyjhPxDhppZT04S1/v0ral1WvXq3f1SqNWt5MkZyQU3JOPHJFGuSWNEmLcDIhT+SZvDiPzqvz5rz/jBacfOeY/IHz8Q1jO5KG</latexit>�⇡ <latexit sha1_base64="cxXcV/lCDw2o4jTEcWmtQX2PnMU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lmoMWwWnPrbg66TLyC1EiB9rD6NRhFPA5BIZfM2r7navQTZlBwCfPKILagGZ+yCfRTqlgI1k/yqHN6EluGEdVgqJA0F+H3RsJCa2dhkE6GDO/topeJ/3n9GMcXfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvea9eZ1o9ZqFM2UyRE5JqfEI+ekRa5Im3QIJxPyRJ7Ji/PovDpvzvvPaMkpdg7JHzgf3/ePkk8=</latexit>⇡

<latexit sha1_base64="5cVIvV0qPMbsLJ9IhkHDsO0gMt4=">AAAB/HicbVDLSgNBEJyNrxhfUY9eBoPgKexKiB4DIniMYB6YhNA76cQhs7PLTK8QQvwKr3ryJl79Fw/+i7txD5pYp6Kqm64uP1LSkut+OrmV1bX1jfxmYWt7Z3evuH/QtGFsBDZEqELT9sGikhobJElhOzIIga+w5Y8vU7/1gMbKUN/SJMJeACMth1IAJdJdNwC6F6D4Vb9YcsvuHHyZeBkpsQz1fvGrOwhFHKAmocDajudG1JuCISkUzgrd2GIEYgwj7CRUQ4C2N50nnvGT2AKFPELDpeJzEX9vTCGwdhL4yWSa0C56qfif14lpeNGbSh3FhFqkh0gqnB+ywsikCuQDaZAI0uTIpeYCDBChkRyESMQ46aaQ9OEtfr9Mmmdlr1qu3lRKtUrWTJ4dsWN2yjx2zmrsmtVZgwmm2RN7Zi/Oo/PqvDnvP6M5J9s5ZH/gfHwDyC2U+w==</latexit>

E

Groundstate

Single-quasiparticle band

Two-quasiparticle band

Many-body bands
...

<latexit sha1_base64="dvF28FGbDf11AXrCrhwiymeSn6g=">AAAB/XicbVA9TwJBEN3DL8Qv1NJmIzGxIneGoCWJjSUmAibHhcwtA27Y27vszpkQJP4KW63sjK2/xcL/4nFSKPiql/dmMm9emChpyXU/ncLK6tr6RnGztLW9s7tX3j9o2zg1AlsiVrG5DcGikhpbJEnhbWIQolBhJxxdzvzOPRorY31D4wSDCIZaDqQAyiT/gY9414AeKuyVK27VzcGXiTcnFTZHs1f+6vZjkUaoSSiw1vfchIIJGJJC4bTUTS0mIEYwRD+jGiK0wSSPPOUnqQWKeYKGS8VzEX9vTCCydhyF2WQEdGcXvZn4n+enNLgIJlInKaEWs0MkFeaHrDAy6wJ5Xxokglly5FJzAQaI0EgOQmRimpVTyvrwFr9fJu2zqlev1q9rlUZt3kyRHbFjdso8ds4a7Io1WYsJFrMn9sxenEfn1Xlz3n9GC85855D9gfPxDYVUlWY=</latexit>

|ki
<latexit sha1_base64="nM2xTyHzxKBT85d6cM89rlcru7w=">AAACBHicbVA9TwJBEN3DL8SvU0ubjcTEitwZg5YkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep5NbWV1b38hvFra2d3b33P2Duo0SI7AmIhWZZgAWldRYI0kKm7FBCAOFjWB4lfmNERorI31H4xg7IQy07EsBlEpd133g7ZsQB8DbBvRAYdcteiVvBr5M/DkpsjmqXfer3YtEEqImocDalu/F1JmAISkUTgvtxGIMYggDbKVUQ4i2M5kln/KTxAJFPEbDpeIzEX9vTCC0dhwG6WQIdG8XvUz8z2sl1L/sTKSOE0ItskMkFc4OWWFkWgnynjRIBFly5FJzAQaI0EgOQqRiknZUSPvwF79fJvWzkl8ulW/Pi5XzeTN5dsSO2Snz2QWrsGtWZTUm2Ig9sWf24jw6r86b8/4zmnPmO4fsD5yPb7H+l6M=</latexit>

|⌦i

Wave-packet state

Wannier Functions
(real-space basis)

<latexit sha1_base64="PVqhneEosAKhU9ZbvP3tG6+leLk=">AAACGXicbVA9SwNBEN2L3/ErammzGAJW4U4kaiEINpYKxgi5EOY2k2TJ3t6xOyeEJL/An+CvsNXKTmytLPwv3sUImviqx3szzLwXxEpact0PJzc3v7C4tLySX11b39gsbG3f2CgxAqsiUpG5DcCikhqrJEnhbWwQwkBhLeidZ37tDo2Vkb6mfoyNEDpatqUASqVmoTTkftyV3DegOwr5KfdtEnJo9viQ937kZqHolt0x+CzxJqTIJrhsFj79ViSSEDUJBdbWPTemxgAMSaFwlPcTizGIHnSwnlINIdrGYBxnxEuJBYp4jIZLxcci/t4YQGhtPwzSyRCoa6e9TPzPqyfUPm4MpI4TQi2yQyTTzNkhK4xMe0LekgaJIPscudRcgAEiNJKDEKmYpMXl0z686fSz5Oag7FXKlavD4tnJpJlltsv22D7z2BE7YxfsklWZYPfskT2xZ+fBeXFenbfv0Zwz2dlhf+C8fwFISJ9n</latexit>

|�i =
X

ak|ki

Single-particle state
(Bloch basis)

Program
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3. Construction of the wavepackets

Wannier states Maximally localized Wannier 
states

Spread functional

Energy density

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="tfMrhYGA8NyCmtF5F5SlB5pKfI8="></latexit>

Ej [�] = h�|Ĥj |�i

<latexit sha1_base64="JxfQVFrC+PM3FUCX0lOt7yv1mB8="></latexit>

�2[�] ⌘
P

j j
2Ej [�]P

j Ej [�]
�
ÇP

j jEj [�]P
j Ej [�]

å2

<latexit sha1_base64="HeLH2Juhp5tUjPC6M7Zzs8MkVno=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET2FXJOpNUMGjgnlAEkLvpJOMmd0dZnqFGPIbXvW3/AM/w91kD+bRp6Kqiy6qfa2kJdf9yTkrq2vrG5tb+e2d3b39wsFh1UaxEVgRkYpM3QeLSoZYIUkK69ogBL7Cmj+4T/XaOxoro/CVhhpbAfRC2ZUCKKGazQCoL0Dxx/Zbu1B0S+5k+CLwMlBk2Ty3D3IPzU4k4gBDEgqsbXiuptYIDEmhcJxvxhY1iAH0sJHAEAK0rdEk9JifxxYo4hoNl4pPSPzvGEFg7TDwk800pJ3XUnKZ1oipe9MayVDHhKFID5FUODlkhZFJG8g70iARpMmRy5ALMECERnIQIiHjpJ6Zg7o/tFLY8dIUMyTJwccsk+50IpozD/tTbz7p3ZtveRFUL0teuVR+uSre3WYf2GSn7IxdMI9dszv2xJ5ZhQmm2Sf7Yt+5X2fPOXZOpqtOLvMcsZlx+B8pB7xO</latexit>

Ej

<latexit sha1_base64="Oo8XJxagm71w9KQfJyU3ywf1QlU="></latexit>

|Wji ⌘ |Wj(✓̄)i

Minimize

<latexit sha1_base64="FyLXsFqYnrB+yuXbhcC7r1nMi1s=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAjpHRoYmX1kptcECf/gVf/Mq1/iLuzBBetUqa5Kd6rdUElDtv2ds7a2d3b38vuFg8Oj42KpfNIyQaQFNkWgAt1xwaCSPjZJksJOqBE8V2HbnT4k8/YbaiMD/4VmIfY9GPtyJAVQLLV6NEGCQaliV+0l+CZxUlJhKRqDcu6xNwxE5KFPQoExXccOqT8HTVIoXBR6kcEQxBTG2I2pDx6a/nx57oJfRgYo4CFqLhVfivg3MQfPmJnnxk4PaGLWZ4n436wb0eiuP5d+GBH6IllEUuFykRFaxj0gH0qNRJBcjlz6XIAGItSSgxCxGMXFZBaGk5mRwiz+vSIjkpy+Z5XEMwxoLTybrLKFuHdnveVN0rquOrVq7fmmUr9PP5Bn5+yCXTGH3bI6e2IN1mSCvbIP9sm+cj9W3ipa5ZXVyqWZU5aBdfYLYqW6IA==</latexit>

✓
<latexit sha1_base64="DhAhzOXIZ0asvAi50GtZWueyjwI=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZNQb1RqIHj5jIIwFCeocGJsw+MtNrghs+w6t+l1/gb7gLHORRp0p1VbpT7YZKGrLtn4y1tb2zu5fdzx0c5o+OC8WThgkiLbAuAhXolgsGlfSxTpIUtkKN4LkKm+74KZ0331EbGfhvNAmx68HQlwMpgBKp3XFB8w6NkKBXKNllewa+TpwFKbEFar1i5rnTD0TkoU9CgTFtxw6pG4MmKRROc53IYAhiDENsJ9QHD003nt085deRAQp4iJpLxWci/k/E4Bkz8dzE6QGNzOosFTfN2hENHrqx9MOI0BfpIpIKZ4uM0DIpA3lfaiSC9HLk0ucCNBChlhyESMQoaWdpYTiaGCnMdOMVSyLJ8ceyknr6Aa2EJ6N5Npf07qy2vE4at2WnUq683pWqj4sPZNkFu2I3zGH3rMpeWI3VmWAB+2Rf7Dvza+WtM+t8brUyi8wpW4J1+Qd+kbwD</latexit>

✓̄
<latexit sha1_base64="Xtd0Oig7ZKedI6+Jny/fNd4kofk=">AAACYnicbVHLTgJBEBzWF+ITOephIjHxRHaNQY8kevCIiTwSQNI7tNBh9pGZXhMk/IRX/THvfoi7wEHQOlWqq9Kdaj/WZNl1v3LOxubW9k5+t7C3f3B4dFw8adooMQobKtKRaftgUVOIDSbW2I4NQuBrbPnju2zeekVjKQqfeBJjL4BhSC+kgFOp3bU0DOD5qn9cdivuHPIv8ZakLJao94u5++4gUkmAISsN1nY8N+beFAyT0jgrdBOLMagxDLGT0hACtL3p/OCZvEgscCRjNJK0nIv4OzGFwNpJ4KfOAHhk12eZ+N+sk/DLbW9KYZwwhipbxKRxvsgqQ2kTKAdkkBmyy1FSKBUYYEZDEpRKxSStZmVhPJpYUnb27xUrItP4bVXJPIOI18KT0SJbSHv31lv+S5pXFa9aqT5el2u3yw/kxak4F5fCEzeiJh5EXTSEElq8iw/xmft2Ck7RKS2sTm6ZKYkVOGc/w3y6vg==</latexit>

�2

<latexit sha1_base64="fMR530hqhHZkX9I5fTUUJa4BpKo=">AAACYHicbVHLTgJBEBzWF+ID0ZteJhITT2TXGB83Ez141EQeCRDSOzTQMvvITK8JEv7Bq/6ZV7/EXeAgYJ0q1VXpTrUfa7Lsut85Z219Y3Mrv13Y2d3bLx6UDms2SozCqop0ZBo+WNQUYpWJNTZigxD4Guv+8D6b19/QWIrCFx7F2A6gH1KPFHAq1VqW+gF0DspuxZ1CrhJvTspijqdOKffQ6kYqCTBkpcHapufG3B6DYVIaJ4VWYjEGNYQ+NlMaQoC2PZ6eO5FniQWOZIxGkpZTEf8mxhBYOwr81BkAD+zyLBP/mzUT7t20xxTGCWOoskVMGqeLrDKU9oCySwaZIbscJYVSgQFmNCRBqVRM0mIWFsaDkSVlJ/9esSAyDd8XlczTjXgpPBrMsoW0d2+55VVSu6h4V5Wr58vy3e38A3lxIk7FufDEtbgTj+JJVIUSr+JDfIqv3I+Td4pOaWZ1cvPMkViAc/wLWM66Gw==</latexit>�

<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j<latexit sha1_base64="wqjDS7vY/ZXEDiUVPgEQbp5F4SQ=">AAACW3icbVFNT8JAFFyKH1hRQePJy0Zi4om0xqDeSPTgERL5SICQ7fKAlW272X01qQ2/wKv+OA/+F1vgIOCcJvNm8l7meUoKg47znbPyO7t7+4UD+7B4dHxSKp+2TRhpDi0eylB3PWZAigBaKFBCV2lgvieh480es3nnDbQRYfCCsYKBzyaBGAvOMJWar8NSxak6C9Bt4q5IhazQGJZzT/1RyCMfAuSSGdNzHYWDhGkUXMLc7kcGFOMzNoFeSgPmgxkki0vn9CoyDEOqQFMh6UKEv4mE+cbEvpc6fYZTsznLxP9mvQjH94NEBCpCCHi2CIWExSLDtUgrADoSGhBZdjlQEVDONEMELSjjPBWjtJO1hWoaG8HN/N8r1kQUs/d1JfOMQtwIx9Nl1k57dzdb3ibtm6pbq9aat5X6w+oDBXJBLsk1cckdqZNn0iAtwgmQD/JJvnI/Vt6yreLSauVWmTOyBuv8F6PJt+Y=</latexit>

j

<latexit sha1_base64="qXszbqCj0VX9DxYRc+1KVoafxX0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRFCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKWON67W3Lqbg64TryA1UqA9rn6NJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokl5YwzCiMWgqJM1F+L2RsNCYRRikkyHDB7PqZeJ/3tDi9MZPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfr9Oeld1r1lvdhq1VqNopkzOyDm5JB65Ji1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsXPJE3</latexit>

1
<latexit sha1_base64="WD6WXiuAOAKU9xASgywsVmUwfUE=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrIhCpSRaCgDIg8psaL1ZRNOOT90t44URfkDWqjoEC3/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON7lJ/c4UtZFh8ECzCF0fxoEcSQGUSPfO5aBcsat2Br5KnJxUWI7moPzVH4Yi9jEgocCYnmNH5M5BkxQKF6V+bDACMYEx9hIagI/GnWdJF/wsNkAhj1BzqXgm4u+NOfjGzHwvmfSBHs2yl4r/eb2YRtfuXAZRTBiI9BBJhdkhI7RMKkA+lBqJIE2OXAZcgAYi1JKDEIkYJ52Ukj6c5e9XSfui6tSr9btapVHLmymyE3bKzpnDrliD3bImazHBRuyJPbMXa2q9Wm/W+89owcp3jtkfWB/fi9mRdA==</latexit>

13
<latexit sha1_base64="q0dT0mmUiy5r6zUFv4QeOSlJZ7E=">AAAB83icbVBNT8JAFNziF+IX6tHLRmLiibSGgEcSLx4hESSBhmyXB27Ybpvdtyak4Rd41ZM349Uf5MH/Ylt7UHBOk5n38uZNEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pm8hqDj0eyUgPAmZACgU9FChhEGtgYSDhPpjfZP79I2gjInWHixj8kM2UmArOMJW6rXG15tbdHHSdeAWpkQKdcfVrNIm4DUEhl8yYoefG6CdMo+ASlpWRNRAzPmczGKZUsRCMn+RBl/TCGoYRjUFTIWkuwu+NhIXGLMIgnQwZPphVLxP/84YWp9d+IlRsERTPDqGQkB8yXIu0AaAToQGRZcmBCkU50wwRtKCM81S0aSWVtA9v9ft10r+qe816s9uotRtFM2VyRs7JJfFIi7TJLemQHuEEyBN5Ji+OdV6dN+f9Z7TkFDun5A+cj28glpE9</latexit>

7

<latexit sha1_base64="vAbAR2dNQHYZxjf6FwaLY0SnqbU=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrJRFCgj0VAGiTykxETnyyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrcYNKBtgiSQq7kUbuewo73vQ69TsPqI0MgzuaRej6fBzIkRScUsmx7+1BuWJX7QxslTg5qUCO5qD81R+GIvYxIKG4MT3Hjsidc01SKFyU+rHBiIspH2MvoQH30bjzLOuCncWGU8gi1Ewqlon4e2POfWNmvpdM+pwmZtlLxf+8XkyjK3cugygmDER6iKTC7JARWiYlIBtKjUQ8TY5MBkxwzYlQS8aFSMQ4aaWU9OEsf79K2hdVp16t39YqjVreTBFO4BTOwYFLaMANNKEFAibwBM/wYj1ar9ab9f4zWrDynWP4A+vjG6+RkhM=</latexit>

100

<latexit sha1_base64="K8d1T3C11TW5IAGMbPGOyqvd75M=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJhshGIVBGoqEMEnlIiYnOl0045fzQ3RopsvIRtFDRIVq+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMl15nceURsZBnc0jdD1+TiQIyk4pVLHse+Ts4vZoFyxq3YOtkycOanAHM1B+as/DEXsY0BCcWN6jh2Rm3BNUiiclfqxwYiLCR9jL6UB99G4SR53xk5iwylkEWomFctF/L2RcN+Yqe+lkz6nB7PoZeJ/Xi+m0ZWbyCCKCQORHSKpMD9khJZpD8iGUiMRz5IjkwETXHMi1JJxIVIxTosppX04i98vk/Z51alX67e1SqM2b6YIR3AMp+DAJTTgBprQAgETeIJneLES69V6s95/RgvWfOcQ/sD6+AbzR5Nb</latexit>

10�5

<latexit sha1_base64="u5U0wH0SKyNjPnBeG79gLWHcr44=">AAAB+nicbVC7TsNAEFyHVwivACXNiQiJhshGUaCMREMZJPKQEhOdL5twyvmhuzVSZPITtFDRIVp+hoJ/wTYpIGGq0cyudna8SElDtv1pFVZW19Y3ipulre2d3b3y/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vMlV5nceUBsZBrc0jdD1+TiQIyk4pVLXse+SM8eeDcoVu2rnYMvEmZMKzNEclL/6w1DEPgYkFDem59gRuQnXJIXCWakfG4y4mPAx9lIacB+Nm+R5Z+wkNpxCFqFmUrFcxN8bCfeNmfpeOulzujeLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoFsKDUS8Sw5MhkwwTUnQi0ZFyIV47SZUtqHs/j9MmmfV516tX5TqzRq82aKcATHcAoOXEADrqEJLRCg4Ame4cV6tF6tN+v9Z7RgzXcO4Q+sj29eqZOR</latexit>

10�10

<latexit sha1_base64="wqyVT1vQN+xzD7bDmAR9OEBQMzY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmErt6ahac+tuDrpKvILUSIHWqPo1HEfchqCQS2bMwHNj9BOmUXAJi8rQGogZn7EpDFKqWAjGT/KgC3pmDcOIxqCpkDQX4fdGwkJj5mGQToYMH8yyl4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3/P0q6V7UvUa90b6sNW+KZsrkhJySc+KRK9Ikd6RFOoQTIE/kmbw41nl13pz3n9GSU+wckz9wPr4BbOeRcg==</latexit>g<latexit sha1_base64="wqyVT1vQN+xzD7bDmAR9OEBQMzY=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmErt6ahac+tuDrpKvILUSIHWqPo1HEfchqCQS2bMwHNj9BOmUXAJi8rQGogZn7EpDFKqWAjGT/KgC3pmDcOIxqCpkDQX4fdGwkJj5mGQToYMH8yyl4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3/P0q6V7UvUa90b6sNW+KZsrkhJySc+KRK9Ikd6RFOoQTIE/kmbw41nl13pz3n9GSU+wckz9wPr4BbOeRcg==</latexit>g

Energy density after minimization

<latexit sha1_base64="6EbDOKSxU6XxISaAZJF5iLES4uc=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAbpINJSJRB5SYkXnyyYcOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtObzO8+gjYiUnc4i8EP2USJseAMU6n1MKxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/i+MpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOuc1r16rty6qjeuimRI5JifkjHjkkjTILWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H99xlJF1</latexit>

j
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3. Construction of the wavepackets

Wannier creation 
operator      

<latexit sha1_base64="irCZeTSXqru7bLula/2YVLnyf10=">AAACE3icbVC7SgNBFJ2Nrxhfq5YWDgbBKuyKREGEiI1lBPOAZAmzk5s4ZPbBzF0hLCn9BL/CVis7sfUDLPwXZ+MWJnqaOXPuvdxzjx9LodFxPq3CwuLS8kpxtbS2vrG5ZW/vNHWUKA4NHslItX2mQYoQGihQQjtWwAJfQssfXWX11j0oLaLwFscxeAEbhmIgOEMj9ez9S9r1I9nX48A8lNOLmb/fs8tOxZmC/iVuTsokR71nf3X7EU8CCJFLpnXHdWL0UqZQcAmTUjfREDM+YkPoGBqyALSXTg+Z0MNEM4xoDIoKYyYT4fdEygKdOTOdAcM7PV/LxP9qnQQHZ14qwjhBCHm2CIWE6SLNlTAJAe0LBYgscw5UhJQzxRBBCco4N2JiIiuZPNz56/+S5nHFrVaqNyfl2nmeTJHskQNyRFxySmrkmtRJg3DyQJ7IM3mxHq1X6816/2ktWPnMLpmB9fENdoGdcw==</latexit>

Ac = b

Linear system

<latexit sha1_base64="Rnb2CFlL1Dp4xklpsw2/UL0Rxs4="></latexit>

Ŵ |⌦i = |W i w

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit> =

<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="xnG+3+Cx+JCAnN1+8sa5Rwphj4U="></latexit> X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="Mddw74bc9z3ARPFOqw3bmkuvdto=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2jUG9kehBb5jIwwAhs0MDE2Z2NzO9JrjhK7zqh/kB/oe7sAd59KlS1ZWuVLuBFAZt+ydjbW3v7O5l93P5g8Oj40Kx1DR+qDk0uC993XaZASk8aKBACe1AA1OuhJY7eUj01jtoI3zvFacB9BQbeWIoOMOYeusqhmPXpc/9Qtmu2POh68BJQZmkU+8XM4/dgc9DBR5yyYzpOHaAvYhpFFzCLNcNDQSMT9gIOjH0mALTi+aJZ/QyNAx9GoCmQtI5Cf8dEVPGTJUbbyYJzaqWkJu0TojDu14kvCBE8HhyCIWE+SHDtYirADoQGhBZkhyo8ChnmiGCFpRxHpNh3M3SwWA8NYKb2cYUSySKyccyk+wMfFwxT8cLby7u3VlteR00rytOtVJ9uSnX7tMPZMkZuSBXxCG3pEaeSJ00CCeKfJIv8p35tfJWyTpdrFqZ1HNClsY6/wNWILr/</latexit>I
<latexit sha1_base64="YH9V7+wjqDy6PzKdXN1VS+QPkYU=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQb1RqIHj5jIIwEkvUMjE2YfzvSa4Ib/8Kp/5S/4Fe4CB3nUqVJdle5Uu6GShmz7J2NtbG5t72R3c3v7B4dH+cJxwwSRFlgXgQp0ywWDSvpYJ0kKW6FG8FyFTXd0n86b76iNDPxnGofY9eDVlwMpgBLppTME4vVex7xFoLGXL9llewq+Spw5KbE5ar1C5qHTD0TkoU9CgTFtxw6pG4MmKRROcp3IYAhiBK/YTqgPHppuPD17wi8iAxTwEDWXik9F/J+IwTNm7LmJ0wMamuVZKq6btSMa3HZj6YcRoS/SRSQVThcZoWXSB/K+1EgE6eXIpc8FaCBCLTkIkYhRUtDCwnA4NlKYydorFkSSo49FJfX0A1oKj4ezbC7p3VlueZU0rspOpVx5ui5V7+YfyLJzVmSXzGE3rMoeWY3VmWCafbIv9p35tfLWqXU2s1qZeeaELcAq/gFfcr1Y</latexit>

Û⇤

Wannier creation ansatz      Interpolation

<latexit sha1_base64="8lQmJb7L4LtsPIlag0DM0mg535o=">AAACB3icbVDLTgJBEJzFF+JrlaOXicTEE9k1BvVG4sUjJvJIWCS9QwMTZh/O9JoQwgf4FV715M149TM8+C8uuAcF61Sp6k5Xlx8rachxPq3cyura+kZ+s7C1vbO7Z+8fNEyUaIF1EalIt3wwqGSIdZKksBVrhMBX2PRHVzO/+YDayCi8pXGMnQAGoexLAZRKXbvoDYF4/c7rwaDrmfsENHbtklN25uDLxM1IiWWode0vrxeJJMCQhAJj2q4TU2cCmqRQOC14icEYxAgG2E5pCAGazmQefsqPEwMU8Rg1l4rPRfy9MYHAmHHgp5MB0NAsejPxP6+dUP+iM5FhnBCGYnaIpML5ISO0TFtB3pMaiWCWHLkMuQANRKglByFSMUlrKqR9uIvfL5PGadmtlCs3Z6XqZdZMnh2yI3bCXHbOquya1VidCTZmT+yZvViP1qv1Zr3/jOasbKfI/sD6+AZr/5kw</latexit>

Û †
⇤

<latexit sha1_base64="EUgMWqTG+kfSY+Z+aCCdfdktV6M="></latexit>���Ŵ (c)|⌦i � |W i
���
2

Minimize

<latexit sha1_base64="GMQa3o3n7iEqeAX77Nrmbd8h9fQ=">AAAB83icbVC7SgNBFJ31GeMramkzGASrsCsStRACNpYJmAckS5id3MQhs7PLzB0hLPkCW63sxNYPsvBf3F230MRTHc65l3vuCWIpDLrup7Oyura+sVnaKm/v7O7tVw4OOyaymkObRzLSvYAZkEJBGwVK6MUaWBhI6AbT28zvPoI2IlL3OIvBD9lEibHgDFOpdTOsVN2am4MuE68gVVKgOax8DUYRtyEo5JIZ0/fcGP2EaRRcwrw8sAZixqdsAv2UKhaC8ZM86JyeWsMwojFoKiTNRfi9kbDQmFkYpJMhwwez6GXif17f4vjKT4SKLYLi2SEUEvJDhmuRNgB0JDQgsiw5UKEoZ5ohghaUcZ6KNq2knPbhLX6/TDrnNa9eq7cuqo3ropkSOSYn5Ix45JI0yB1pkjbhBMgTeSYvjnVenTfn/Wd0xSl2jsgfOB/fK3GRSA==</latexit>=

choose

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="gvsVojsFUaD9QBwo9kxNDTJ8zT0=">AAACYnicbVHLTgJBEBzWF+IL5KiHicTEE9k1BvVGogcPHjCRRwKE9A4NTJjdncz0miDhJ7zqj3n3Q9wFDgLWqVJdle5U+1pJS677nXG2tnd297L7uYPDo+OTfOG0YaPYCKyLSEWm5YNFJUOskySFLW0QAl9h0x8/pPPmGxoro/CVJhq7AQxDOZACKJFaz70OKD2CXr7klt05+CbxlqTElqj1CpnHTj8ScYAhCQXWtj1XU3cKhqRQOMt1YosaxBiG2E5oCAHa7nR+8IxfxhYo4hoNl4rPRfybmEJg7STwE2cANLLrs1T8b9aOaXDXncpQx4ShSBeRVDhfZIWRSRPI+9IgEaSXI5chF2CACI3kIEQixkk1Kwv1aGKlsLN/r1gRSY7fV5XU049oLTwZLbK5pHdvveVN0rgue5Vy5eWmVL1ffiDLztgFu2Ieu2VV9sRqrM4EU+yDfbKvzI+TcwpOcWF1MstMka3AOf8F4h26zw==</latexit>

L↵

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

Interacting!
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3. Construction of the wavepackets
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3. Construction of the wavepackets

Large L ~ 300

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i

<latexit sha1_base64="7T3z3CY8Rsr0Fs/fX2NyalAnxYs="></latexit>

Ŵ |⌦i

similar for L large enough

How ?

w Small w ~ 5

Intermediate L ~ 15

Wannier function → building blocks to construct any single-(quasi)particle 
state.

(On top of the interacting vacuum)
<latexit sha1_base64="D38Od86ldQmz1Phvh2GcMeq/IiU="></latexit>

|Wji = T j |W0i

<latexit sha1_base64="4idUfFkkfnrt1uoWgXheWQ1RtVU="></latexit>

|⌦i
<latexit sha1_base64="+p/ElRpxqmOq5Xm2e74xyKSqqpQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKXdn626NiKz8Ai1UdIiW36HgX7CNC0iYajSzq52dIJLCout+OqWV1bX1jfJmZWt7Z3evun/QsWFsOLR5KEPTDZgFKTS0UaCEbmSAqUDCfTC9zvz7BzBWhPoOZxH4io21GAnOMJP6VqhBtebW3Rx0mXgFqZECrUH1qz8MeaxAI5fM2p7nRugnzKDgEuaVfmwhYnzKxtBLqWYKrJ/kWef0JLYMQxqBoULSXITfGwlT1s5UkE4qhhO76GXif14vxtGlnwgdxQiaZ4dQSMgPWW5EWgLQoTCAyLLkQIWmnBmGCEZQxnkqxmkrlbQPb/H7ZdI5q3uNeuP2vNa8KpopkyNyTE6JRy5Ik9yQFmkTTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgHN3ZLO</latexit>⇠
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4. Tensor Network methods in a nutshell

Tensor Networks notation: 

vectors
<latexit sha1_base64="05xAybaTdFnCr+BTJr0iZd9KtTk=">AAACXXicbVHLTgJBEBxWUURU0IMHLxOJiSeya3zeSPTgEaM8EiBkdmigw+wjM70mSPgEr/ptnvwVd2EP8qhTpboq3al2Q4WGbPsnY21tZ3d2c3v5/cLB4VGxdNwwQaQl1GWgAt1yhQGFPtQJSUEr1CA8V0HTHT8m8+Y7aIOB/0aTELqeGPo4QCkoll4bPewVy3bFnoOvEyclZZai1itlnjr9QEYe+CSVMKbt2CF1p0ITSgWzfCcyEAo5FkNox9QXHpjudH7rjF9ERlDAQ9AcFZ+L8D8xFZ4xE8+NnZ6gkVmdJeKmWTuiwX13in4YEfgyWUSoYL7ISI1xCcD7qIFIJJcDR59LoQURaORCyliM4laWFoajiUFpZhuvWBIJxx/LSuLpB7QSnowW2Xzcu7Pa8jppXFWc28rNy3W5+pB+IMfO2Dm7ZA67Y1X2zGqsziQbsk/2xb4zv1bWKliHC6uVSTMnbAnW6R9Q/Lit</latexit>

Vi

matrices

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="6p5Mx5vDofcD2BxXQtpxq5YTC6Y=">AAACYHicbVHJTgJBEG3GDXEB9KaXjsTEE5kxrjcSPXgxwUSWBAjpaQoo6VnSXWOCE/7Bq/6ZV7/EGeAgyzu9vHovVXnlhgoN2fZPxtrY3Nreye7m9vYPDvOF4lHdBJGWUJOBCnTTFQYU+lAjJAXNUIPwXAUNd/SQzhvvoA0G/iuNQ+h4YuBjH6WgRKo/d2N8m3QLJbtsT8FXiTMnJTZHtVvMPLZ7gYw88EkqYUzLsUPqxEITSgWTXDsyEAo5EgNoJdQXHphOPD13ws8jIyjgIWiOik9F+J+IhWfM2HMTpydoaJZnqbhu1oqof9eJ0Q8jAl+miwgVTBcZqTHpAXgPNRCJ9HLg6HMptCACjVxImYhRUszCwnA4NijNZO0VCyLh6GNRST29gJbC4+Esm0t6d5ZbXiX1y7JzU75+uSpV7ucfyLJTdsYumMNuWYU9sSqrMcne2Cf7Yt+ZXytr5a3izGpl5pljtgDr5A9rvrok</latexit>

Mij

tensors vector-matrix

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j

<latexit sha1_base64="PsIL4WBxdQtnSV8Xy35cKHnaxgU=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmnT4yc2uChC9wqx/nwn+xLV1Y4KxOzj0n9+ZcJ5RCo2n+FIzizu7efumgfFg5Oj6p1k67OogUhw4PZKD6DtMghQ8dFCihHypgniOh57jPybz3DkqLwH/DeQi2x6a+mAjOMJba7qhaNxtmCrpJrIzUSYbWqFZ4GY4DHnngI5dM64FlhmgvmELBJSzLw0hDyLjLpjCIqc880PYivXRJryLNMKAhKCokTUX4n1gwT+u558ROj+FMr88ScdtsEOHk0V4IP4wQfJ4sQiEhXaS5EnEFQMdCASJLLgcqfMqZYoigBGWcx2IUd5JbGM7mWnC93HpFTkThfuSVxDMOcC08n62y5bh3a73lTdK9aVj3jbv2bb35lH2gRC7IJbkmFnkgTfJKWqRDOAHySb7Id+HXKBplo7KyGoUsc0ZyMM7/AKVut+Y=</latexit>

k
<latexit sha1_base64="seVuJ1fI/VA5XTxbS49edFFG3qs=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwUmTNvJzK0JEr7ArX6cC//FFrqwwFmdnHtO7s25npLCoG3/5Kz8zu7efuGgeFg6Oj4pV07bJow0hxYPZai7HjMgRQAtFCihqzQw35PQ8abPybzzDtqIMHjDmQLXZ+NAjARnGEtNOShX7Zq9BN0kTkqqJEVjUMm99Ichj3wIkEtmTM+xFbpzplFwCYtiPzKgGJ+yMfRiGjAfjDtfXrqgV5FhGFIFmgpJlyL8T8yZb8zM92Knz3Bi1meJuG3Wi3D06M5FoCKEgCeLUEhYLjJci7gCoEOhAZEllwMVAeVMM0TQgjLOYzGKO8ksVJOZEdwstl6REVFMP7JK4hmGuBaeTVbZYty7s97yJmnf1Jz72l3ztlp/Sj9QIBfkklwThzyQOnklDdIinAD5JF/kO/dr5a2iVVpZrVyaOSMZWOd/p2W35w==</latexit>

l

<latexit sha1_base64="DqbWn0OWppNPnddtwBLbvxhRLqo=">AAACYnicbVHJTgJBEG3GDXEDOeqhIzHxRGaM641EDx4xYUuAkJ6mgJKeJd01JjjhJ7zqj3n3Q5wBDrK808ur91KVV26o0JBt/2Ssre2d3b3sfu7g8Oj4JF84bZgg0hLqMlCBbrnCgEIf6oSkoBVqEJ6roOmOn9J58x20wcCv0SSErieGPg5QCkqkVq0X49tYTXv5kl22Z+DrxFmQElug2itknjv9QEYe+CSVMKbt2CF1Y6EJpYJprhMZCIUciyG0E+oLD0w3nh085ZeRERTwEDRHxWci/E/EwjNm4rmJ0xM0MquzVNw0a0c0eOjG6IcRgS/TRYQKZouM1Jg0AbyPGohEejlw9LkUWhCBRi6kTMQoqWZpYTiaGJRmuvGKJZFw/LGspJ5+QCvhyWiezSW9O6str5PGddm5K9++3pQqj4sPZNkZu2BXzGH3rMJeWJXVmWSKfbIv9p35tXJWwSrOrVZmkSmyJVjnf3A5uxY=</latexit>

Tijkl
<latexit sha1_base64="5lGC+Dr5pEfeFU4j5NWhQge9hOc=">AAACY3icbVHLSgNBEJxd34nP6E2EwSB4Crvi8xbQgxdBwUQlCWF20knazD6Y6RXikq/wqh/mB/gf7sYc3CR1Kqqr6KbaixQacpxvy15YXFpeWV0rFNc3Nre2d0p1E8ZaQk2GKtTPnjCgMIAaISl4jjQI31Pw5A2us/nTG2iDYfBIwwhavugF2EUpKJVe7toJvo7q7df2dtmpOGPwWeJOSJlNcN/esW6anVDGPgQklTCm4ToRtRKhCaWCUaEZG4iEHIgeNFIaCB9MKxlfPOJHsREU8gg0R8XHIvxPJMI3Zuh7qdMX1DfTs0ycN2vE1L1sJRhEMUEgs0WECsaLjNSYVgG8gxqIRHY5cAy4FFoQgUYupEzFOO0mtzDqDw1KM5p7RU4kHLznlczTCWkqPOz/ZQtp7+50y7OkflJxzytnD6fl6tXkA6tsnx2yY+ayC1Zlt+ye1ZhkPvtgn+zL+rGLdsne+7Pa1iSzy3KwD34BGG27YQ==</latexit>

MijVj

tracescalar prod.matrix-matrix
<latexit sha1_base64="l89IXZypJ0aNPwPbK4h4acxv1Nc=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR48YiKPBAiZHRppmX1kptcECf/gVf/Mq1/iLuzBBepUqa5Kd6rdUKEh2/7JWVvbO7t7+f3CweHRcbFUPmmZINISmjJQge64woBCH5qEpKATahCeq6DtTh6SefsdtMHAf6FpCH1PvPo4QikollqtAbYHOChV7Kq9AF8nTkoqLEVjUM499oaBjDzwSSphTNexQ+rPhCaUCuaFXmQgFHIiXqEbU194YPqzxblzfhkZQQEPQXNUfCHC/8RMeMZMPTd2eoLGZnWWiJtm3YhGd/0Z+mFE4MtkEaGCxSIjNcY9AB+iBiKRXA4cfS6FFkSgkQspYzGKi8ksDMdTg9LMN16REQknH1kl8QwDWglPx8tsIe7dWW15nbSuq06tWnu+qdTv0w/k2Tm7YFfMYbeszp5YgzWZZG/sk32x79yvlbeKVnlptXJp5pRlYJ39AfnTues=</latexit>

ViWi
<latexit sha1_base64="d2YXjMcBHarUIQg/OUB8cXZSqhY=">AAACYHicbVHLTgJBEBzWF+ID0JteJhITT2TXGNQbiR68mGAijwQImR0aaJl9ZKbXBDf8g1f9M69+ibvAQR51qlRXpTvVbqjQkG3/ZKyt7Z3dvex+7uDw6DhfKJ40TBBpCXUZqEC3XGFAoQ91QlLQCjUIz1XQdMcP6bz5Dtpg4L/SJISuJ4Y+DlAKSqTGcy9GnPYKJbtsz8DXibMgJbZArVfMPHb6gYw88EkqYUzbsUPqxkITSgXTXCcyEAo5FkNoJ9QXHphuPDt3yi8jIyjgIWiOis9E+J+IhWfMxHMTpydoZFZnqbhp1o5ocNeN0Q8jAl+miwgVzBYZqTHpAXgfNRCJ9HLg6HMptCACjVxImYhRUszSwnA0MSjNdOMVSyLh+GNZST39gFbCk9E8m0t6d1ZbXieN67JTKVdebkrV+8UHsuycXbAr5rBbVmVPrMbqTLI39sm+2Hfm18paeas4t1qZReaULcE6+wNqGLok</latexit>

Mii
<latexit sha1_base64="6+efHQXkpumpGyAJYWiDcAStpec=">AAACZnicbVFNS8NAEN3G7/rVKuLBy2IRPJVEpOpN0IMXRcG2QlvKZjvaMZtk2Z0INeRveNW/5T/wZ5jUHmz1nR5v3mOGN75WaMl1P0vO3PzC4tLySnl1bX1js1Ldatk4MRKaMlaxefCFBYURNAlJwYM2IEJfQdsPLop5+wWMxTi6p5GGXiieInxEKSiXutf9FIPspp8Gz1m/UnPr7hj8L/EmpMYmuO1XS5fdQSyTECKSSljb8VxNvVQYQqkgK3cTC1rIQDxBJ6eRCMH20vHRGT9IrKCYazAcFR+L8DuRitDaUejnzlDQ0M7OCvG/WSehx9NeipFOCCJZLCJUMF5kpcG8DeADNEAkisuBY8SlMIIIDHIhZS4meT1TC/VwZFHa7N8rpkTC4HVaKTyDmGbCo+FPtpz37s22/Je0jupeo964O66dn00+sMz22D47ZB47Yefsit2yJpNMszf2zj5KX86Gs+Ps/lid0iSzzabg8G9A/7zc</latexit>

MikNkj

Singular Value Decomposition (SVD)

<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i
SVD SVD

M S D

<latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i <latexit sha1_base64="sqUdgAqoLqW8pntFICCuX6gcies=">AAACW3icbVHLTgJBEBwWH4iooPHkZSIx8UR2jc8biR48QiKPBAiZHRroMPvITK8JEr7Aq36cB//FXdiDPOpUqa5Kd6rdUKEh2/7JWNmd3b393EH+sHB0fFIsnTZNEGkJDRmoQLddYUChDw1CUtAONQjPVdByJ8/JvPUO2mDgv9E0hJ4nRj4OUQqKpTr2i2W7Yi/AN4mTkjJLUeuXMi/dQSAjD3ySShjTceyQejOhCaWCeb4bGQiFnIgRdGLqCw9Mb7a4dM6vIiMo4CFojoovRPifmAnPmKnnxk5P0NiszxJx26wT0fCxN0M/jAh8mSwiVLBYZKTGuALgA9RAJJLLgaPPpdCCCDRyIWUsRnEnKwvD8dSgNPOtV6yIhJOPVSXxDAJaC0/Hy2w+7t1Zb3mTNG8qzn3lrn5brj6lH8ixC3bJrpnDHliVvbIaazDJgH2yL/ad+bWyVt4qLK1WJs2csRVY53+hgLfk</latexit>

i

V †

6-rank tensor two 4-rank tensors

each tensor T (node) has n indices i (links). Each index has a dimension d (size).
<latexit sha1_base64="8yIHaUB4GugQCfULEDAJ89vvtF0=">AAACW3icbVHLTsJAFB2KD0RU0LhyM5GYuCKt8bkj0YVLSOSRQEOmwwVGpu1k5takNnyBW/04F/6LLbAQ5KxOzj0n9+ZcT0lh0La/c1Z+a3tnt7BX3C8dHB6VK8dtE0aaQ4uHMtRdjxmQIoAWCpTQVRqY70noeNPHbN55A21EGLxgrMD12TgQI8EZplLzdVCu2jV7DvqfOEtSJUs0BpXcU38Y8siHALlkxvQcW6GbMI2CS5gV+5EBxfiUjaGX0oD5YNxkfumMXkSGYUgVaCoknYvwN5Ew35jY91Knz3Bi1meZuGnWi3B07yYiUBFCwLNFKCTMFxmuRVoB0KHQgMiyy4GKgHKmGSJoQRnnqRilnawsVJPYCG5mG69YEVFM31eVzDMMcS0cTxbZYtq7s97yf9K+qjm3tZvmdbX+sPxAgZyRc3JJHHJH6uSZNEiLcALkg3ySr9yPlbeKVmlhtXLLzAlZgXX6C6N3t+U=</latexit>

j
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4. Tensor Network methods in a nutshell

Quantum MB states
SVD

SVD

Matrix Product States

Matrix Product Operator

Is this representation efficient?

<latexit sha1_base64="rf44dGKOrBSc+bjnFYy2BvxJXxY=">AAAB/3icbVC7SgNBFJ2NrxhfUUubwSDEJuyKL7AJ2FgIRjAPSJZwd3ITh8w+nLkrhCWFX2GrlZ3Y+ikW/ou7MYVGT3U4517uuceLlDRk2x9Wbm5+YXEpv1xYWV1b3yhubjVMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0hueZ37xHbWQY3NAoQteHQSD7UgClktvxgW4FKH5VvtzvFkt2xZ6A/yXOlJTYFLVu8bPTC0XsY0BCgTFtx47ITUCTFArHhU5sMAIxhAG2UxqAj8ZNJqHHfC82QCGPUHOp+ETEnxsJ+MaMfC+dzEKaWS8T//PaMfVP3UQGUUwYiOwQSYWTQ0ZombaBvCc1EkGWHLkMuAANRKglByFSMU7rKaR9OLPf/yWNg4pzXDm6PixVz6bN5NkO22Vl5rATVmUXrMbqTLA79sie2LP1YL1Yr9bb92jOmu5ss1+w3r8ASPGVxg==</latexit>

O(L)

Quantum MB Operators

Computational resources

Physical links with local dimension d
Virtual bond dimension <latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�

Area law states

( We can menage really high L )
<latexit sha1_base64="iG4GW9ZgprTyI5kVxhlKNxL4rVI=">AAACBHicbVC7TgJBFJ3FF+Jr1dJmIjHBhuwag8aKxMbCREzkkQCSu8MFJ8w+MnOXhBBav8JWKztj639Y+C/uIoWCpzo5597cc48XKWnIcT6tzNLyyupadj23sbm1vWPv7tVMGGuBVRGqUDc8MKhkgFWSpLARaQTfU1j3BpepXx+iNjIM7mgUYduHfiB7UgAlUse2Wz7QgwDFb3ihe3993LHzTtGZgi8Sd0bybIZKx/5qdUMR+xiQUGBM03Uiao9BkxQKJ7lWbDACMYA+NhMagI+mPZ4mn/Cj2ACFPELNpeJTEX9vjME3ZuR7yWSa08x7qfif14ypd94eyyCKCQORHiKpcHrICC2TSpB3pUYiSJMjlwEXoIEIteQgRCLGSUe5pA93/vtFUjspuqVi6fY0X76YNZNlB+yQFZjLzliZXbEKqzLBhuyJPbMX69F6td6s95/RjDXb2Wd/YH18A59dlvc=</latexit>

O(dL)

Hilbert space
<latexit sha1_base64="sJfoZQsiEIyHF3KE8szwj9o8sjU=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpSYyEcEQuaWATfs7V1250wIwV9hq5WdsfW/WPhfvMMrFHzVy3szmTfPj5S05LqfTm5ldW19I79Z2Nre2d0r7h80bRgbgQ0RqtC0fbCopMYGSVLYjgxC4Cts+ePr1G89oLEy1Lc0ibAXwEjLoRRAiXTXDYDuBShe6xdLbtmdgy8TLyMllqHeL351B6GIA9QkFFjb8dyIelMwJIXCWaEbW4xAjGGEnYRqCND2pvPEM34SW6CQR2i4VHwu4u+NKQTWTgI/mUwT2kUvFf/zOjENL3tTqaOYUIv0EEmF80NWGJlUgXwgDRJBmhy51FyAASI0koMQiRgn3RSSPrzF75dJ86zsVcqVm/NS9SprJs+O2DE7ZR67YFVWY3XWYIJp9sSe2Yvz6Lw6b877z2jOyXYO2R84H9/OW5UD</latexit>

H

Local Hamiltonian

MPS with low 
<latexit sha1_base64="IRe5q4MMTm0Y+2xEXtrwrNwH8lM=">AAACXnicbVHLTgJBEBxWRUQR0IuJl4nExBPZNQb1RqIHj5jIIwFCZoeG7TD7yEyvCRJ+wav+mjc/xV3gII86Vaqr0p1qN1JoyLZ/Mtbe/kH2MHeUPz4pnBZL5bOWCWMtoSlDFeqOKwwoDKBJSAo6kQbhuwra7uQpnbffQRsMgzeaRtD3xTjAEUpBqdSTHg5KFbtqL8C3ibMiFbZCY1DOPPeGoYx9CEgqYUzXsSPqz4QmlArm+V5sIBJyIsbQTWggfDD92eLYOb+OjaCQR6A5Kr4Q4X9iJnxjpr6bOH1BntmcpeKuWTem0UN/hkEUEwQyXUSoYLHISI1JC8CHqIFIpJcDx4BLoQURaORCykSMk1rWFkbe1KA0851XrImEk491JfUMQ9oIT71lNp/07my2vE1at1WnVq293lXqj6sP5Nglu2I3zGH3rM5eWIM1mWQe+2Rf7Dvza2WtglVcWq3MKnPO1mBd/AFX7bkq</latexit>�
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4. Tensor Network methods in a nutshell

Density Matrix Renormalization Group

Suzuki-Trotter
Time evolution operator Iteration of gates

<latexit sha1_base64="jxszx1fOEdr3hK/44KTiaH1cwZ8=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChjJI5CElVrS+bMIp54fu1kiRyU/QQkWHaPkZCv4F27iAhKlGM7va2fEiJQ3Z9qdVWlpeWV0rr1c2Nre2d6q7e20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0PURFwGlRrdt3OwReJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwVunHBiMQExhjL6UB+GjcJM8740exAQp5hJpLxXMRf28k4Bsz9b100ge6N/NeJv7n9WIaXbqJDKKYMBDZIZIK80NGaJkWgXwoNRJBlhy5DLgADUSoJQchUjFOm6mkfTjz3y+S9kndOa+f3Z7WGldFM2V2wA7ZMXPYBWuwG9ZkLSaYYk/smb1Yj9ar9Wa9/4yWrGJnn/2B9fENgCiUUw==</latexit>

�t

Large systems
(with just a laptop!)

<latexit sha1_base64="fv4uHPpBfNmSSyR1gASJAxZ3tWA=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRrzKChoIiSOQhJVZ0vmzCKXe2uVsjRVYKvoIWKjpEy6dQ8C+cTQpImGo0s6udnSCWwqDrfjqFhcWl5ZXiamltfWNzq7y90zRRojk0eCQj3Q6YASlCaKBACe1YA1OBhFYwusz81gNoI6LwFscx+IoNQzEQnKGV/GvaHaJ1FfVct1euuFU3B50n3pRUyBT1Xvmr2494oiBELpkxHc+N0U+ZRsElTErdxEDM+IgNoWNpyBQYP81DT+hBYhhGNAZNhaS5CL83UqaMGavATiqGd2bWy8T/vE6Cg3M/FWGcIIQ8O4RCQn7IcC1sG0D7QgMiy5IDFSHlTDNE0IIyzq2Y2HpKtg9v9vt50jyqeqfVk5vjSu1i2kyR7JF9ckg8ckZq5IrUSYNwck+eyDN5cR6dV+fNef8ZLTjTnV3yB87HN/iNlZo=</latexit>

L & 100

Useful MPS and MPO Algorithms

Operator to MPO conversion

Ground-state search

Time evolution for MPS

MPS ground-state

Time Evolving Block Decimation (…but also TDVP)

…

Sum of compositions of local operators Matrix Product Operator
Automata procedure

DMRG
<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦iMPO Hamiltonian

<latexit sha1_base64="68YsEAs9j3knE11yEm57bZhrLSs=">AAACFHicbVC7SgNREL0bXzG+opY2F4NgFXZFoiBCwMbCIoJ5QDaE2ZtJcsndB/fOCiGk9RP8Clut7MTW3sJ/cTeJoImnOnPODDNzvEhJQ7b9aWWWlldW17LruY3Nre2d/O5ezYSxFlgVoQp1wwODSgZYJUkKG5FG8D2FdW9wlfr1e9RGhsEdDSNs+dALZFcKoERq57lrYr/tgor6wN0+EL/5qS6nXr5gF+0J+CJxZqTAZqi0819uJxSxjwEJBcY0HTui1gg0SaFwnHNjgxGIAfSwmdAAfDSt0eSTMT+KDVDII9RcKj4R8ffECHxjhr6XdPpAfTPvpeJ/XjOm7nlrJIMoJgxEuoikwskiI7RMIkLekRqJIL0cuQy4AA1EqCUHIRIxTjLLJXk4898vktpJ0SkVS7enhfLFLJksO2CH7Jg57IyV2TWrsCoT7IE9sWf2Yj1ar9ab9T5tzVizmX32B9bHN3Qnnfo=</latexit>X

↵

L̂↵ =
X
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4. Tensor Network methods in a nutshell

Automata procedure

<latexit sha1_base64="5w/1HovcqmmlxKLGlJ5r7QBN8MM=">AAACFnicbVC7SgNREL0bXzG+opY2lwTBKuyKLxAhYGMhGME8IBvC7M3EXLz74N5ZIYT0foJfYauVndjaWvgvbtYtNPFUZ86ZYWaOFylpyLY/rdzc/MLiUn65sLK6tr5R3NxqmDDWAusiVKFueWBQyQDrJElhK9IIvqew6d2dT/zmPWojw+CGhhF2fLgNZF8KoETqFkvuAIhf8TPumtjvuqCiAfBUvMyqbrFsV+wUfJY4GSmzDLVu8cvthSL2MSChwJi2Y0fUGYEmKRSOC25sMAJxB7fYTmgAPprOKP1lzHdjAxTyCDWXiqci/p4YgW/M0PeSTh9oYKa9ifif146pf9IZySCKCQMxWURSYbrICC2TkJD3pEYimFyOXAZcgAYi1JKDEIkYJ6kVkjyc6e9nSWO/4hxVDq8PytXTLJk822Eltsccdsyq7ILVWJ0J9sCe2DN7sR6tV+vNev9pzVnZzDb7A+vjG0r4nmQ=</latexit>

Ô =
X

↵

L̂↵Operator picture

Matrix picture

<latexit sha1_base64="3XiPxxN3y3mKc4xj6uq5GTJ4qak="></latexit>0

@
Â B̂ Ĉ

D̂ Ê F̂

Ĝ Ĥ Î

1

A

Automata picture

1

2

3

<latexit sha1_base64="iHFjcZ6CdBEnqsEHnhyYJZUCNiQ=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpRBNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3ngaTMg==</latexit>

Â

<latexit sha1_base64="07Uuq6W16Uqj1+Dsl7s7IFJAy5Y=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIg8psaL1ZZMcOT90t0YKUf6BFio6RMvfUPAv2MYFJEw1mtnVzo4XKWnItj+twsrq2vpGcbO0tb2zu1feP2iZMNYCmyJUoe54YFDJAJskSWEn0gi+p7DtTa5Tv/2A2sgwuKNphK4Po0AOpQBKpFZvDMSv+uWKXbUz8GXi5KTCcjT65a/eIBSxjwEJBcZ0HTsidwaapFA4L/VigxGICYywm9AAfDTuLEs75yexAQp5hJpLxTMRf2/MwDdm6nvJpA80NoteKv7ndWMaXrozGUQxYSDSQyQVZoeM0DKpAflAaiSCNDlyGXABGohQSw5CJGKc9FJK+nAWv18mrbOqU6vWbs8r9fO8mSI7YsfslDnsgtXZDWuwJhPsnj2xZ/ZiPVqv1pv1/jNasPKdQ/YH1sc3n5WTMw==</latexit>

B̂

<latexit sha1_base64="d78R7usYSnfB0PCuWlJeWQKGf0A=">AAAB+HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI8BETxGMA9IltA76SRjZh/M9Aox5B+86smbePVvPPgv7q570MQ6FVXddHV5kZKGbPvTKqysrq1vFDdLW9s7u3vl/YOWCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3uQq9dsPqI0MgzuaRuj6MArkUAqgRGr1xkD8ul+u2FU7A18mTk4qLEejX/7qDUIR+xiQUGBM17EjcmegSQqF81IvNhiBmMAIuwkNwEfjzrK0c34SG6CQR6i5VDwT8ffGDHxjpr6XTPpAY7PopeJ/Xjem4aU7k0EUEwYiPURSYXbICC2TGpAPpEYiSJMjlwEXoIEIteQgRCLGSS+lpA9n8ftl0jqrOrVq7fa8Uj/PmymyI3bMTpnDLlid3bAGazLB7tkTe2Yv1qP1ar1Z7z+jBSvfOWR/YH18A6RCkzY=</latexit>

Ê

Wannier creation operator

TN picture

1

2

3

4

<latexit sha1_base64="MTypBCmc+JktSAYxdqUGuFYyJoo="></latexit>

Ŵ =
X

↵1...↵w

c↵1...↵wL↵1 . . . L↵w

n - ary tree

<latexit sha1_base64="uz6q1pBZqReq0P3VNoz+u/BH22Y=">AAACWXiclVDLSgMxFE3HVx1f1S7dBIviqsyIVN0V3LisYB/QKSWT3tZgJjMkd8Qy9Av9AhE/wq1uzNQitnXj3eRwzn2cnDCRwqDnvRScldW19Y3ipru1vbO7V9o/aJk41RyaPJax7oTMgBQKmihQQifRwKJQQjt8uM719iNoI2J1h+MEehEbKTEUnKGl+iUIQhgJlSURQy2eJm7ABzHSEzr/BsE/BTcANfjZ2i9VvKo3LboM/BmokFk1+qW3YBDzNAKFXDJjur6XYC9jGgWXYF2mBhLGH9gIuhYqFoHpZdM4JvQ4NQxjmoCmQtIpCb8nMhYZM45C22n93ZtFLSf/0ropDi97mVBJiqB4fgiFhOkhw7WwOQMdCA2ILHcOVCjKmWaIoAVlnFsytcG7Ng9/8ffLoHVW9WvV2u15pX41S6ZIDskROSU+uSB1ckMapEk4eSbv5IN8Fl6dglN03O9WpzCbKZO5cspfyvqziA==</latexit>0

@
· · ·
· · ·
· · ·

1

A <latexit sha1_base64="2/GogYI7ZxUSeQt8iKe/ekM3xcQ=">AAACA3icbVC7TgJBFJ3FF+KDVUubicQEG7JrDGpHYmMnJvJIAMnd4YITZh+ZuashhNKvsNXKztj6IRb+i7tIoeCpTs65N/fc40VKGnKcTyuztLyyupZdz21sbm3n7Z3dugljLbAmQhXqpgcGlQywRpIUNiON4HsKG97wIvUb96iNDIMbGkXY8WEQyL4UQInUtfNtH+hOgOJXRbx9OOraBafkTMEXiTsjBTZDtWt/tXuhiH0MSCgwpuU6EXXGoEkKhZNcOzYYgRjCAFsJDcBH0xlPg0/4YWyAQh6h5lLxqYi/N8bgGzPyvWQyjWnmvVT8z2vF1D/rjGUQxYSBSA+RVDg9ZISWSSPIe1IjEaTJkcuAC9BAhFpyECIR46SiXNKHO//9Iqkfl9xyqXx9Uqicz5rJsn12wIrMZaeswi5ZldWYYDF7Ys/sxXq0Xq036/1nNGPNdvbYH1gf34iDlvg=</latexit>

O(ew)

“Wannier Ansätze”

<latexit sha1_base64="nwPGmrMj2e2CI5xKW8/Qj4h0d6M="></latexit>✓
C11 C12

C21 C22

◆
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5. Back to Wavepackets

<latexit sha1_base64="RMyeUxVBfOskIi1Gu9Eu34rZq0Q=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5iHJCH0TjrJkNkHM71CWPIVXvXkTbz6MR78F3fXPWhinYqqbrq63FBJQ7b9aRVWVtfWN4qbpa3tnd298v5BywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXd6k/rtR9RGBv49zULsezD25UgKoER66E2AeJtf80G5YlftDHyZODmpsByNQfmrNwxE5KFPQoExXccOqR+DJikUzku9yGAIYgpj7CbUBw9NP84Cz/lJZIACHqLmUvFMxN8bMXjGzDw3mfSAJmbRS8X/vG5Eo8t+LP0wIvRFeoikwuyQEVomTSAfSo1EkCZHLn0uQAMRaslBiESMkmpKSR/O4vfLpHVWdWrV2t15pX6VN1NkR+yYnTKHXbA6u2UN1mSCeeyJPbMXa269Wm/W+89owcp3DtkfWB/f+lGT6A==</latexit>

Ŵ =
<latexit sha1_base64="dJmWQe8h0+CneaSYEOx54nRLx8Q=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHZEPonXSSIbMPZnqFEAJ+hVc9eROv/ooH/8XddQ+aWKeiqpuuLi9S0pBtf1qFldW19Y3iZmlre2d3r7x/0DJhrAU2RahC3fHAoJIBNkmSwk6kEXxPYdub3KR++wG1kWFwT9MIez6MAjmUAiiRXHcMxN3GWPJr3i9X7KqdgS8TJycVlqPRL3+5g1DEPgYkFBjTdeyIejPQJIXCecmNDUYgJjDCbkID8NH0ZlnmOT+JDVDII9RcKp6J+HtjBr4xU99LJn2gsVn0UvE/rxvT8LI3k0EUEwYiPURSYXbICC2TMpAPpEYiSJMjlwEXoIEIteQgRCLGSTulpA9n8ftl0jqrOrVq7e68Ur/KmymyI3bMTpnDLlid3bIGazLBIvbEntmL9Wi9Wm/W+89owcp3DtkfWB/fPnSVLA==</latexit>

�̂ =

Wannier creation
operator Ansätze

w

Wavepacket Ansatz

Large L vacuum state
found with DMRG

Gaussian wavepacket
(Real space)

Momentum space

quasi-Gaussian

<latexit sha1_base64="H5Ma/o2W370xITvFpdOJ6VOnNXM=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGoHYkNpaYyEeEC5lbBtywt3fZnTMhiL/CVis7Y+t/sfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUUmOdJClsxQYhDBQ2g+Hl1G/eo7Ey0jc0itEPYaBlXwqgVLp9aPKOAT1Q2C2W3LKbgS8Sb0ZKbIZat/jV6UUiCVGTUGBt23Nj8sdgSAqFk0InsRiDGMIA2ynVEKL1x1niCT9KLFDEYzRcKp6J+HtjDKG1ozBIJ0OgOzvvTcX/vHZC/XN/LHWcEGoxPURSYXbICiPTKpD3pEEimCZHLjUXYIAIjeQgRComaTeFtA9v/vtF0jgpe5Vy5fq0VL2YNZNnB+yQHTOPnbEqu2I1VmeCafbEntmL8+i8Om/O+89ozpnt7LM/cD6+AQ6MlS0=</latexit>

|W i
<latexit sha1_base64="fcTAvg+YpqDhc9tIKl6jzI1e1S8=">AAACAHicbVA9TwJBEN3zE/ELtbTZSEysyJ0xqB2JjSUm8pHASeaWATbs7V1250wI0vgrbLWyM7b+Ewv/iwdeoeCrXt6bybx5QaykJdf9dJaWV1bX1nMb+c2t7Z3dwt5+3UaJEVgTkYpMMwCLSmqskSSFzdgghIHCRjC8mvqNezRWRvqWRjH6IfS17EkBlEp3D7wdDyRvG9B9hZ1C0S25M/BF4mWkyDJUO4WvdjcSSYiahAJrW54bkz8GQ1IonOTbicUYxBD62EqphhCtP56lnvDjxAJFPEbDpeIzEX9vjCG0dhQG6WQINLDz3lT8z2sl1Lvwx1LHCaEW00MkFc4OWWFkWgfyrjRIBNPkyKXmAgwQoZEchEjFJO0nn/bhzX+/SOqnJa9cKt+cFSuXWTM5dsiO2Anz2DmrsGtWZTUmmGFP7Jm9OI/Oq/PmvP+MLjnZzgH7A+fjG+Cwlrs=</latexit>

|�i
<latexit sha1_base64="hCuWp8xd3ZMYOaGscCARSwXzumA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl004cn7obg2KrHwCLVR0iJbvoeBfsE0KSJhqNLOrnR0vUtKQbX9ahaXlldW14nppY3Nre6e8u9cyYawFNkWoQt3xwKCSATZJksJOpBF8T2HbG19mfvsBtZFhcEuTCF0fRoEcSgGUSjf3fbtfrthVOwdfJM6MVNgMjX75qzcIRexjQEKBMV3HjshNQJMUCqelXmwwAjGGEXZTGoCPxk3yqFN+FBugkEeouVQ8F/H3RgK+MRPfSyd9oDsz72Xif143puG5m8ggigkDkR0iqTA/ZISWaQfIB1IjEWTJkcuAC9BAhFpyECIV47SUUtqHM//9ImmdVJ1atXZ9WqlfzJopsgN2yI6Zw85YnV2xBmsywUbsiT2zF+vRerXerPef0YI129lnf2B9fAObl5IY</latexit>

j0

<latexit sha1_base64="LnEjDRZX6FxMC9tIMv6Bh35q5MY=">AAAB/3icbVA9TwJBEN3DL8Qv1NJmIzGxwjtjUDsSG0tM5COBC5lbBtywe3fuzpkQQuGvsNXKztj6Uyz8Lx4nhYKvmZf3ZjIzL4iVtOS6n05uaXlldS2/XtjY3NreKe7uNWyUGIF1EanItAKwqGSIdZKksBUbBB0obAbDq6nffEBjZRTe0ihGX8MglH0pgFLJ71ipuXeSloGGbrHklt0MfJF4M1JiM9S6xa9OLxKJxpCEAmvbnhuTPwZDUiicFDqJxRjEEAbYTmkIGq0/zo6e8KPEAkU8RsOl4pmIvyfGoK0d6SDt1EB3dt6biv957YT6F/5YhnFCGIrpIpIKs0VWGJmmgbwnDRLB9HLkMuQCDBChkRyESMUkjaeQ5uHNf79IGqdlr1Ku3JyVqpezZPLsgB2yY+axc1Zl16zG6kywe/bEntmL8+i8Om/O+09rzpnN7LM/cD6+AcLLlhU=</latexit>

⇠ 1/�

<latexit sha1_base64="cXHSJ1c/JMFhvx+2pJTjG5XS5MA=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW6mQ3tYrdl1OwdfJE5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwlllEBuMQExhgv2UBuCjcZM86owfxQYo5BFqLhXPRfy9kYBvzKPvpZM+0J2Z9zLxP68f0/jcTWQQxYSByA6RVJgfMkLLtAPkI6mRCLLkyGXABWggQi05CJGKcVpKJe3Dmf9+kXRO6k6j3rg+rTUvimbK7IAdsmPmsDPWZFesxdpMsAl7Ys/sxXqwXq036/1ntGQVO/vsD6yPb50okhk=</latexit>

k0

<latexit sha1_base64="XpxirKyVLY4V24quyaRdoJh5ktc=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIjFKCLREMZJPKQEitaXzbhlPNDd2ukyMpH0EJFh2j5Ggr+Bdu4gISpRjO72tnxIiUN2fanVVpb39jcKm9Xdnb39g+qh0ddE8ZaYEeEKtR9DwwqGWCHJCnsRxrB9xT2vNlN5vceURsZBvc0j9D1YRrIiRRAqdRrDI2c+jCq1uy6nYOvEqcgNVagPap+DcehiH0MSCgwZuDYEbkJaJJC4aIyjA1GIGYwxUFKA/DRuEked8HPYgMU8gg1l4rnIv7eSMA3Zu576aQP9GCWvUz8zxvENLlyExlEMWEgskMkFeaHjNAy7QH5WGokgiw5chlwARqIUEsOQqRinBZTSftwlr9fJd1G3WnWm3cXtdZ10UyZnbBTds4cdsla7Ja1WYcJNmNP7Jm9WIn1ar1Z7z+jJavYOWZ/YH18A8ddk+Y=</latexit>

2�

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i

<latexit sha1_base64="RxzOswNVURz004zlNcNDk9j6n08="></latexit>

1

N e�
(j�j0)2

2� eijk0

No scaling of     with size!<latexit sha1_base64="O5QxAj0gkErmCjuPtxScdcTW6DE=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIRCtBFoqEMEgmREis6XzbJKeeH7taIyMov0EJFh2j5HQr+Bdu4gISpRjO72tnxIiUN2fanVVpZXVvfKG9WtrZ3dveq+wcdE8ZaYFuEKtRdjxtUMsA2SVLYjTRy31N4702vM//+AbWRYXBHswhdn48DOZKCUyb1xUQOqjW7budgy8QpSA0KtAbVr/4wFLGPAQnFjek5dkRuwjVJoXBe6ccGIy6mfIy9lAbcR+MmedY5O4kNp5BFqJlULBfx90bCfWNmvpdO+pwmZtHLxP+8XkyjSzeRQRQTBiI7RFJhfsgILdMSkA2lRiKeJUcmAya45kSoJeNCpGKctlJJ+3AWv18mnbO606g3bs9rzauimTIcwTGcggMX0IQbaEEbBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN60Bkrk=</latexit>�
<latexit sha1_base64="Zg2tmjRGRh7dNNwNBv8UQAg76o8=">AAACDXicbVDLSgNBEJz1bXxFPYmXwSBEkLArEvUgBLx4EIxgjJCNoXfSMUNmH8z0KhKCn+BXeNWTN/HqN3jwX9yNe9BonYqqbrq6vEhJQ7b9YY2NT0xOTc/M5ubmFxaX8ssrFyaMtcCaCFWoLz0wqGSANZKk8DLSCL6nsO71jlK/foPayDA4p7sImz5cB7IjBVAitfJrruhKfshdH6grQPHTIl7dbvOTrVa+YJfsIfhf4mSkwDJUW/lPtx2K2MeAhAJjGo4dUbMPmqRQOMi5scEIRA+usZHQAHw0zf7whQHfjA1QyCPUXCo+FPHnRh98Y+58L5lMk5pRLxX/8xoxdfabfRlEMWEg0kMkFQ4PGaFl0g3yttRIBGly5DLgAjQQoZYchEjEOCkrl/ThjH7/l1zslJxyqXy2W6gcZM3MsHW2wYrMYXuswo5ZldWYYPfskT2xZ+vBerFerbfv0TEr21llv2C9fwFYhJoB</latexit>

� = O(ew, L)
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6. Numerical simulations

TEBD Gates

<latexit sha1_base64="8p/sdvTbN5rcz2JpHtynubULWVQ=">AAACBHicbVA9TwJBEN3zE/Hr1NJmIzGxInfGoHYkNnZiIh8JEDK3DLhhb++yO0dCkNZfYauVnbH1f1j4X7xDCgVf9fLeTObNC2IlLXnep7O0vLK6tp7byG9ube/sunv7NRslRmBVRCoyjQAsKqmxSpIUNmKDEAYK68HgKvPrQzRWRvqORjG2Q+hr2ZMCKJU6rvvAWzch9oG3DOi+wo5b8IreFHyR+DNSYDNUOu5XqxuJJERNQoG1Td+LqT0GQ1IonORbicUYxAD62EyphhBtezxNPuHHiQWKeIyGS8WnIv7eGENo7SgM0skQ6N7Oe5n4n9dMqHfRHksdJ4RaZIdIKpwessLItBLkXWmQCLLkyKXmAgwQoZEchEjFJO0on/bhz3+/SGqnRb9ULN2eFcqXs2Zy7JAdsRPms3NWZteswqpMsCF7Ys/sxXl0Xp035/1ndMmZ7RywP3A+vgGzf5eo</latexit>

|⌦i<latexit sha1_base64="qHxFKUSDw780C+fj7sr2DnSo5yY=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMEnlISRStL5vkyPmhuzVSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTHBYNK+tgkSQo7oUbwXIVtd3qd+u0H1EYG/h3NQux7MPblSAqgRGr1JkC8PShX7KqdgS8TJycVlqMxKH/1hoGIPPRJKDCm69gh9WPQJIXCeakXGQxBTGGM3YT64KHpx1naOT+JDFDAQ9RcKp6J+HsjBs+Ymecmkx7QxCx6qfif141odNmPpR9GhL5ID5FUmB0yQsukBuRDqZEI0uTIpc8FaCBCLTkIkYhR0ksp6cNZ/H6ZtM6qTq1auz2v1K/yZorsiB2zU+awC1ZnN6zBmkywe/bEntmL9Wi9Wm/W+89owcp3DtkfWB/fwdGTTQ==</latexit>

Ŵ

<latexit sha1_base64="XgIcX3roJSYTQ0llvIy0svwSyEY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuMag3Ei8cMZFHwiLpHRqYMPvITK8J2fAFfoVXPXkzXv0KD/6LC+5BwTpVqrrT1eVFShqy7U8rt7K6tr6R3yxsbe/s7hX3D5omjLXAhghVqNseGFQywAZJUtiONILvKWx545uZ33pAbWQY3NEkwq4Pw0AOpABKpV7xCO8Tyd0REK9xt4+KgNO0VyzZZXsOvkycjJRYhnqv+OX2QxH7GJBQYEzHsSPqJqBJCoXTghsbjECMYYidlAbgo+km8/hTfhoboJBHqLlUfC7i740EfGMmvpdO+kAjs+jNxP+8TkyDq24igygmDMTsEEmF80NGaJn2grwvNRLBLDlyGXABGohQSw5CpGKcFlVI+3AWv18mzfOyUylXbi9K1eusmTw7ZifsjDnsklVZjdVZgwmWsCf2zF6sR+vVerPef0ZzVrZzyP7A+vgG8SiZYw==</latexit>

eiĤ�t

<latexit sha1_base64="StobmrpTnSdE+N8nWI6Bar/+zcQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqFMJPKQEis6XzbhlPPZuttDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqW19Y3NrfJ2ZWd3b/+genjUNZHVHDo8kpHuB8yAFAo6KFBCP9bAwkBCL5jdZn7vEbQRkbrHeQx+yKZKTARnmEptd1StuXU3B10lXkFqpEBrVP0ajiNuQ1DIJTNm4Lkx+gnTKLiERWVoDcSMz9gUBilVLATjJ3nQBT2zhmFEY9BUSJqL8HsjYaEx8zBIJ0OGD2bZy8T/vIHFybWfCBVbBMWzQygk5IcM1yJtAOhYaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/n6VdC/qXqPeaF/WmjdFM2VyQk7JOfHIFWmSO9IiHcIJkCfyTF4c67w6b877z2jJKXaOyR84H98XLpE7</latexit>

0
<latexit sha1_base64="K0rAZrIroSGW0jVLpZ9NxREXU4I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRCtBFoqEMgjykxIrWl0045fzQ3RqErHwCLVR0iJbvoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9cxYawFtkWoQt3zwKCSAbZJksJepBF8T2HXm15mfvcetZFhcEuPEbo+TAI5lgIolW4c2x5Wa3bdzsEXiVOQGivQGla/BqNQxD4GJBQY03fsiNwENEmhcFYZxAYjEFOYYD+lAfho3CSPOuNHsQEKeYSaS8VzEX9vJOAb8+h76aQPdGfmvUz8z+vHND53ExlEMWEgskMkFeaHjNAy7QD5SGokgiw5chlwARqIUEsOQqRinJZSSftw5r9fJJ2TutOoN65Pa82LopkyO2CH7Jg57Iw12RVrsTYTbMKe2DN7sR6sV+vNev8ZLVnFzj77A+vjG/jPkbA=</latexit>

100

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="5qYieG6YAB8e0Md7Sv9WAOBHDXs="></latexit>

(Ej � E0)/Emax,0

<latexit sha1_base64="NHCQpLWtoXw1kM4doQEMaUgOb/8=">AAACW3icbVFNT8JAFFyKH4iooPHkZSMx8URaY1BvJHrwCIl8JEDIdnnAhm272X01QcIv8Ko/zoP/xbb0YIE5TebN5L3Mc5UUBm37J2fl9/YPDgtHxePSyelZuXLeMUGoObR5IAPdc5kBKXxoo0AJPaWBea6Erjt/jufdd9BGBP4bLhQMPTb1xURwhpHUckblql2zE9Bt4qSkSlI0R5Xcy2Ac8NADH7lkxvQdW+FwyTQKLmFVHIQGFONzNoV+RH3mgRkuk0tX9CY0DAOqQFMhaSLC/8SSecYsPDdyegxnZnMWi7tm/RAnj8Ol8FWI4PN4EQoJySLDtYgqADoWGhBZfDlQ4VPONEMELSjjPBLDqJPMQjVbGMHNaucVGRHF/COrxJ5xgBvhxWydLUa9O5stb5POXc2p1+qt+2rjKf1AgVyRa3JLHPJAGuSVNEmbcALkk3yR79yvlbeKVmlttXJp5oJkYF3+ATPKt60=</latexit>

1

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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1 second = 30 frames = 40 time units = 800 TEBD time steps



6. Numerical simulations

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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<latexit sha1_base64="i4yc9oNy93IeQBCwkrZjaRQGI0I=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRD0IAS8eI5gHJEuYnXTikNkHM71CWPIRXvXkTbz6NR78F3fXPWhinYqqbrq6vEhJQ7b9aZVWVtfWN8qbla3tnd296v5Bx4SxFtgWoQp1z+MGlQywTZIU9iKN3PcUdr3pTeZ3H1EbGQb3NIvQ9fkkkGMpOKVSd8KumV13htWaXbdzsGXiFKQGBVrD6tdgFIrYx4CE4sb0HTsiN+GapFA4rwxigxEXUz7BfkoD7qNxkzzunJ3EhlPIItRMKpaL+Hsj4b4xM99LJ31OD2bRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3THpCNpEYiniVHJgMmuOZEqCXjQqRinBZTSftwFr9fJp2zutOoN+7Oa82ropkyHMExnIIDF9CEW2hBGwRM4Qme4cVKrFfrzXr/GS1Zxc4h/IH18Q3xXZK6</latexit>

g = 0.1

<latexit sha1_base64="CoHfstiE55LKLqmNbFUwEO9Hg2I=">AAAB+XicbVA9SwNBEN2LXzF+RS1tFoNgFe6CRC2EgI1lBGMCyRHmNpO4ZO+D3TkhHPkRtlrZia2/xsL/4t15hSa+6vHeDPPmeZGShmz70yqtrK6tb5Q3K1vbO7t71f2DexPGWmBHhCrUPQ8MKhlghyQp7EUawfcUdr3pdeZ3H1EbGQZ3NIvQ9WESyLEUQKnUnfArbtcbw2rNrts5+DJxClJjBdrD6tdgFIrYx4CEAmP6jh2Rm4AmKRTOK4PYYARiChPspzQAH42b5HHn/CQ2QCGPUHOpeC7i740EfGNmvpdO+kAPZtHLxP+8fkzjCzeRQRQTBiI7RFJhfsgILdMekI+kRiLIkiOXAReggQi15CBEKsZpMZW0D2fx+2Vy36g7zXrz9qzWuiyaKbMjdsxOmcPOWYvdsDbrMMGm7Ik9sxcrsV6tN+v9Z7RkFTuH7A+sj2/y7JK7</latexit>

g = 0.2

<latexit sha1_base64="+bwY0UoepL0m8gcFXrN/AS6QKME=">AAAB+nicbVA9SwNBEN3zM8avqKXNYhCswp1I1EII2FhGMB+QHGFvM4lL9vaO3TkhnPkTtlrZia1/xsL/4t55hSa+Zh7vzTAzL4ilMOi6n87S8srq2nppo7y5tb2zW9nbb5so0RxaPJKR7gbMgBQKWihQQjfWwMJAQieYXGd+5wG0EZG6w2kMfsjGSowEZ2il7pheUbfmeoNK1ZYcdJF4BamSAs1B5as/jHgSgkIumTE9z43RT5lGwSXMyv3EQMz4hI2hZ6liIRg/ze+d0ePEMIxoDJoKSXMRfk+kLDRmGga2M2R4b+a9TPzP6yU4uvBToeIEQfFsEQoJ+SLDtbBBAB0KDYgsuxyoUJQzzRBBC8o4t2JikynbPLz57xdJ+7Tm1Wv127Nq47JIpkQOyRE5IR45Jw1yQ5qkRTiR5Ik8kxfn0Xl13pz3n9Ylp5g5IH/gfHwDYqmS9A==</latexit>

g = 0.01



6. Numerical simulations

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a
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<latexit sha1_base64="EDNCKuazaNL1YTFMRot1IS58+M4=">AAAB/HicbVA9SwNBEN2LXzF+RS1tFoNgFe5EohZCwMYygvnAJIS5zSQu2ds7dueEEOKvsNXKTmz9Lxb+Fy/nFZr4qsd7M8yb50dKWnLdTye3tLyyupZfL2xsbm3vFHf3GjaMjcC6CFVoWj5YVFJjnSQpbEUGIfAVNv3R1cxvPqCxMtS3NI6wG8BQy4EUQIl017FyGAC/5NArltyym4IvEi8jJZah1it+dfqhiAPUJBRY2/bciLoTMCSFwmmhE1uMQIxgiO2EagjQdidp4ik/ii1QyCM0XCqeivh7YwKBtePATyYDoHs7783E/7x2TIPz7kTqKCbUYnaIpML0kBVGJlUg70uDRDBLjlxqLsAAERrJQYhEjJNuCkkf3vz3i6RxUvYq5crNaal6kTWTZwfskB0zj52xKrtmNVZngmn2xJ7Zi/PovDpvzvvPaM7JdvbZHzgf30wIlLA=</latexit>� = a

<latexit sha1_base64="+OgJAK6Azrd6LJQH8mivy4jagg8=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKewGiXoQAl48RjAPSJbQO+nEIbMPZnqFEIJf4VVP3sSr3+LBf3F33YMm1qmo6qary4uUNGTbn1ZhZXVtfaO4Wdra3tndK+8ftE0Ya4EtEapQdz0wqGSALZKksBtpBN9T2PEm16nfeUBtZBjc0TRC14dxIEdSACVSr2/k2Ad+xWswKFfsqp2BLxMnJxWWozkof/WHoYh9DEgoMKbn2BG5M9AkhcJ5qR8bjEBMYIy9hAbgo3FnWeQ5P4kNUMgj1Fwqnon4e2MGvjFT30smfaB7s+il4n9eL6bRhTuTQRQTBiI9RFJhdsgILZMukA+lRiJIkyOXAReggQi15CBEIsZJOaWkD2fx+2XSrlWderV+e1ZpXObNFNkRO2anzGHnrMFuWJO1mGAhe2LP7MV6tF6tN+v9Z7Rg5TuH7A+sj2/CE5Ts</latexit>

� = 2a

<latexit sha1_base64="w/ziF4mGPm/O56MrfyD3tmfNMKg=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyqRD0IAS8eI5gHJCH0TjpxyOyDmV4hLMGv8Konb+LVb/Hgv7i77kET61RUddPV5YZKGrLtT6uwtLyyulZcL21sbm3vlHf3WiaItMCmCFSgOy4YVNLHJklS2Ak1gucqbLuT69RvP6A2MvDvaBpi34OxL0dSACVSt2fk2AN+xU9hUK7YVTsDXyROTiosR2NQ/uoNAxF56JNQYEzXsUPqx6BJCoWzUi8yGIKYwBi7CfXBQ9OPs8gzfhQZoICHqLlUPBPx90YMnjFTz00mPaB7M++l4n9eN6LRRT+WfhgR+iI9RFJhdsgILZMukA+lRiJIkyOXPheggQi15CBEIkZJOaWkD2f++0XSOqk6tWrt9qxSv8ybKbIDdsiOmcPOWZ3dsAZrMsEC9sSe2Yv1aL1ab9b7z2jBynf22R9YH9/Do5Tt</latexit>

� = 3a

<latexit sha1_base64="B5aQ6GgwQ6JYBCn+qaM9H9V9+Dc=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKexKiHoQAl48RjAPSJbQO+nEIbMPZnqFEIJf4VVP3sSr3+LBf3F33YMm1qmo6qary4uUNGTbn1ZhZXVtfaO4Wdra3tndK+8ftE0Ya4EtEapQdz0wqGSALZKksBtpBN9T2PEm16nfeUBtZBjc0TRC14dxIEdSACVSr2/k2Ad+xWswKFfsqp2BLxMnJxWWozkof/WHoYh9DEgoMKbn2BG5M9AkhcJ5qR8bjEBMYIy9hAbgo3FnWeQ5P4kNUMgj1Fwqnon4e2MGvjFT30smfaB7s+il4n9eL6bRhTuTQRQTBiI9RFJhdsgILZMukA+lRiJIkyOXAReggQi15CBEIsZJOaWkD2fx+2XSPqs69Wr9tlZpXObNFNkRO2anzGHnrMFuWJO1mGAhe2LP7MV6tF6tN+v9Z7Rg5TuH7A+sj2/FM5Tu</latexit>

� = 4a



6. Numerical simulations

maximum dispersion (curvature), null group velocity

minimum dispersion (curvature), maximum group velocity Closest case to a “real 3D photon”

<latexit sha1_base64="dliiybKM0Avdq/2KfymjovdNCiU=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEAhRIkWgog0QeUmJF68smHDk/dLdGikJ+ghYqOkTLz1DwL9jGBSRMNZrZ1c6OFylpyLY/raXlldW19cJGcXNre2e3tLffMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xtfpX77AbWRYXBLkwhdH0aBHEoBlEid+77NL3nV7pfKdsXOwBeJk5Myy9Hol756g1DEPgYkFBjTdeyI3ClokkLhrNiLDUYgxjDCbkID8NG40yzvjB/HBijkEWouFc9E/L0xBd+Yie8lkz7QnZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJEcgHUiMRpMmRy4AL0ECEWnIQIhHjpJli0ocz//0iaVUrTq1Suzkt1y/yZgrskB2xE+awM1Zn16zBmkwwxZ7YM3uxHq1X6816/xldsvKdA/YH1sc3tp+TKQ==</latexit>

j0 = 20

System parameters DMRG parameters Wavepacket parameters TEBD parameters
<latexit sha1_base64="0rjdBGMT6M05regbRJH1Xx1MXXY=">AAACX3icbVFNSwJRFH1OX2ZlVqto80iCVjITYbUIhFq0LMgKVOTO86oX33zw3p3AxN/Qtn5ay/5JM5OLNM/qcO453Mu5fqzJsut+FZyV1bX1jeJmaWt7p7xb2dt/slFiFDZVpCPz4oNFTSE2mVjjS2wQAl/jsz+6yebPr2gsReEjj2PsBDAIqU8KOJWaIK+l161U3ZqbQ/4n3oxUxQz33b3CbbsXqSTAkJUGa1ueG3NnAoZJaZyW2onFGNQIBthKaQgB2s4kv3YqTxILHMkYjSQtcxH/JiYQWDsO/NQZAA/t4iwTl81aCfcvOxMK44QxVNkiJo35IqsMpTWg7JFBZsguR0mhVGCAGQ1JUCoVk7SXuYXxcGxJ2enSK+ZEptHbvJJ5ehEvhMfD32wp7d1bbPk/eTqrefVa/eG82riafaAojsSxOBWeuBANcSfuRVMoQeJdfIjPwrez4ZSdyq/VKcwyB2IOzuEPgAC4sw==</latexit>

a = 1
<latexit sha1_base64="I/v0ILGRk2haGqE9Up20F7BLqc8=">AAACYXicbVHLTsJAFJ3WF+ALcMlmIjFxRVpjUBcmJLpw4QITeSTQkOlwkQnTR2ZuTZDwEW71y1z7I7alCwuc1cm55+TenOuGUmi0rB/D3Nnd2z8oFEuHR8cnp+VKtauDSHHo8EAGqu8yDVL40EGBEvqhAua5Enru7CGZ995BaRH4rzgPwfHYmy8mgjOMpd4zvae2ZY3KdathpaCbxM5InWRojyrG43Ac8MgDH7lkWg9sK0RnwRQKLmFZGkYaQsZn7A0GMfWZB9pZpPcu6UWkGQY0BEWFpKkI/xML5mk999zY6TGc6vVZIm6bDSKc3DoL4YcRgs+TRSgkpIs0VyIuAuhYKEBkyeVAhU85UwwRlKCM81iM4mZyC8PpXAuul1uvyIkoZh95JfGMA1wLz6erbCnu3V5veZN0rxp2s9F8ua637rIPFEiNnJNLYpMb0iJPpE06hJMZ+SRf5Nv4NYtm2ayurKaRZc5IDmbtD1/8uRI=</latexit>

L = 100
<latexit sha1_base64="hUpIxhxkswtPAM1Abck8+30C7kM=">AAACY3icbVHLTgJBEBzWF4IPQG/GZCIx8UR2DUE9mJDowSMm8jCAZHZoYMLsIzO9JrjhK7zqh/kB/oe7sAcXqFOluirdqbZ9KTSa5k/G2Nre2d3L7ufyB4dHx4ViqaW9QHFock96qmMzDVK40ESBEjq+AubYEtr29CGet99BaeG5Lzjzoe+wsStGgjOMpNfxW5XeU7NiDQpls2IuQNeJlZAySdAYFDOPvaHHAwdc5JJp3bVMH/shUyi4hHmuF2jwGZ+yMXQj6jIHdD9cXDynl4Fm6FEfFBWSLkT4nwiZo/XMsSOnw3CiV2exuGnWDXB02w+F6wcILo8XoZCwWKS5ElEVQIdCASKLLwcqXMqZYoigBGWcR2IQdZNa6E9mWnA933hFSkQx/UgrsWfo4Up4Nllmc1Hv1mrL66R1XbFqldpztVy/Sz6QJWfkglwRi9yQOnkiDdIknDjkk3yR78yvkTdKxunSamSSzAlJwTj/AwAVudE=</latexit>

g4 = 0.1

<latexit sha1_base64="yp4fV/66wEY6G5cD/dcskyENznk="></latexit>

nsweeps = 50

<latexit sha1_base64="P0ekx6pkAk4J9tDpsAmcT4AgKgA="></latexit>

�max = 200

<latexit sha1_base64="of7UT0Pw8SXiT7oPd2Jc7pNSp8g="></latexit>

✏SVD = 10�10<latexit sha1_base64="cB55fJcT3Xpn+QMV3f+6gUrxmcM="></latexit>

✏SVD = 10�13

<latexit sha1_base64="6FNIvrhK2yt/aOIY6wNGtwp2PcY=">AAACaHicbVHLTgJBEBzWF+IL9GCMlwnExBPZNQT1YEIiB4+YyCMBJL1DIxNmH5npNUHCf3jVv/IX/Ap3gYM86lSprkp3qt1QSUO2/ZOytrZ3dvfS+5mDw6Pjk2zutGGCSAusi0AFuuWCQSV9rJMkha1QI3iuwqY7ekzmzXfURgb+C41D7Hrw5suBFECx9NqpoiLgxB94ybZ72YJdtGfg68RZkAJboNbLpaqdfiAiD30SCoxpO3ZI3QlokkLhNNOJDIYgRvCG7Zj64KHpTmZnT/lVZIACHqLmUvGZiP8TE/CMGXtu7PSAhmZ1loibZu2IBnfdifTDiNAXySKSCmeLjNAy7gN5X2okguRy5NLnAjQQoZYchIjFKC5oaWE4HBspzHTjFUsiydHHspJ4+gGthMfDeTYT9+6strxOGjdFp1wsP5cKlfvFB9LskuXZNXPYLauwJ1ZjdSaYZp/si32nfq2sdW5dzK1WapE5Y0uw8n+Kebvp</latexit>

�t = 400

<latexit sha1_base64="eVF3hDKZKtyxVSM9NRs+2V6hKTw=">AAACa3icbVHLTgJBEBzWF+IDkJt6mEhIPJFdo6gHExI9eMREHgkQ0js0MmH2kZleEyR8iVf9KD/Cf3AXOMijLlOp6kp3atxQSUO2/ZOytrZ3dvfS+5mDw6PjbC5/0jBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdPSZ+8x21kYH/SuMQux68+XIgBVAs9XLZTh8VASf+wO2yfdPLFeNnBr5OnAUpsgVqvXzqqdMPROShT0KBMW3HDqk7AU1SKJxmOpHBEMQI3rAdUx88NN3J7PIpL0UGKOAhai4Vn4n4PzEBz5ix58aTHtDQrHqJuMlrRzS4606kH0aEvkgWkVQ4W2SElnElyPtSIxEklyOXPheggQi15CBELEZxR0sLw+HYSGGmG69YEkmOPpaVZKYf0Ep4PJxnM3HvzmrL66RxVXYq5crLdbF6v/iBNDtjF+ySOeyWVdkzq7E6Eyxin+yLfad+rYJ1ap3PR63UIlNgS7BKf9ZPvHM=</latexit>

�t = 0.05

<latexit sha1_base64="5XL+IC2GixnzzGWoTfPx+qeGTiQ="></latexit>

�max = 50(Dirichlet OBC)

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a

<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="WbfMkH1YC+bQqLV14Dr4pi7ZHic=">AAAB93icbVDLSgNBEJyNrxhfUY9eBoPgKeyKREGEgBePEdwkkITQO+nEIbMPZnqFsOQbvOrJm3j1czz4L+6ue9DEOhVV3XR1eZGShmz70yqtrK6tb5Q3K1vbO7t71f2DtgljLdAVoQp11wODSgbokiSF3Ugj+J7Cjje9yfzOI2ojw+CeZhEOfJgEciwFUCq5U37N7WG1ZtftHHyZOAWpsQKtYfWrPwpF7GNAQoExPceOaJCAJikUziv92GAEYgoT7KU0AB/NIMnDzvlJbIBCHqHmUvFcxN8bCfjGzHwvnfSBHsyil4n/eb2YxpeDRAZRTBiI7BBJhfkhI7RMW0A+khqJIEuOXAZcgAYi1JKDEKkYp7VU0j6cxe+XSfus7jTqjbvzWvOqaKbMjtgxO2UOu2BNdstazGWCSfbEntmLNbNerTfr/We0ZBU7h+wPrI9vF+ySTQ==</latexit>

k = 0
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<latexit sha1_base64="wm7eRRn4qevcYASUeWh0lk3WgXw=">AAACDnicbVDLSgNBEJyNrxhfUW96GQyCBwm7QaMehIAXjxHMA7Ih9E46ccjsg5leISwBP8Gv8Konb+LVX/Dgv7iJOWhinYqqbrqrvEhJQ7b9aWUWFpeWV7KrubX1jc2t/PZO3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfYb96iNDINbGkbY9qEfyJ4UQKnUye8N+CW3i6VT7h5zl3oaROJGcpTAqJMv2EV7Aj5PnCkpsCmqnfyX2w1F7GNAQoExLceOqJ2AJikUjnJubDACMYA+tlIagI+mnUwyjPhhbIBCHqHmUvGJiL83EvCNGfpeOukD3ZlZbyz+57Vi6p23ExlEMWEgxodIKpwcMkLLtBzkXamRCMafI5cBF6CBCLXkIEQqxmlbubQPZzb9PKmXik65WL45KVQups1k2T47YEfMYWeswq5ZldWYYA/siT2zF+vRerXerPef0Yw13dllf2B9fANUaJqd</latexit>

k = 0.25 ⇡
a

<latexit sha1_base64="Hj3cdTboyxvSCV63gyzqyNrhKhA=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTAIHiTsikZBhIAXjxHMA7Ih9E46ccjsg5leISyLn+BXeNWTN/HqN3jwX9zEHDRap6Kqm+4qL1LSkG1/WLm5+YXFpfxyYWV1bX2juLnVMGGsBdZFqELd8sCgkgHWSZLCVqQRfE9h0xtejv3mHWojw+CGRhF2fBgEsi8FUCZ1iztDfsHt8gl3D7lLfQ0icSOZJpB2iyW7bE/A/xJnSkpsilq3+On2QhH7GJBQYEzbsSPqJKBJCoVpwY0NRiCGMMB2RgPw0XSSSYSU78cGKOQRai4Vn4j4cyMB35iR72WTPtCtmfXG4n9eO6b+WSeRQRQTBmJ8iKTCySEjtMy6Qd6TGolg/DlyGXABGohQSw5CZGKclVXI+nBm0/8ljaOyUylXro9L1fNpM3m2y/bYAXPYKauyK1ZjdSbYPXtkT+zZerBerFfr7Xs0Z013ttkvWO9f3MuaYw==</latexit>

k = 0.5 ⇡
a



6. Numerical simulations

Interaction effects:
- Lattice artifacts
- Finite size effects
- 1D lattice geometry
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Energy density Energy density in log

Nothing happens: good, they are like photons, but bad, it’s boring like this!

It becomes less and less interacting as we approach the continuum limit:

<latexit sha1_base64="YGCKi2GD4DFVVRkTWs5G8g/vy7k=">AAACZnicbVHLSgNBEJys7/iKinjwMhgET3E3SNSDIOjBo4KJQhKkd9KaJrO7w0yvEEN+w6v+ln/gZ7gbczAxdSqqq+imOjSaHPv+V8Gbm19YXFpeKa6urW9slra2Gy5JrcK6SnRiH0NwqCnGOhNrfDQWIQo1PoS9q3z+8IrWURLfc99gO4KXmJ5JAWdSqycvZMuQPJZVeCqV/Yo/gvxPgjEpizFun7YK161OotIIY1YanGsGvuH2ACyT0jgstlKHBlQPXrCZ0RgidO3B6OihPEwdcCINWklajkT8mxhA5Fw/CjNnBNx107NcnDVrpvx81h5QbFLGWOWLmDSOFjllKWsDZYcsMkN+OUqKpQILzGhJglKZmGb1TCw03b4j5YYzr5gQmXpvk0ru6SQ8Fe53f7PFrPdguuX/pFGtBLVK7e6kfHk+/sCy2BcH4kgE4lRcihtxK+pCCSPexYf4LHx7G96ut/dr9QrjzI6YgCd/AKKuuwk=</latexit>

k = ⇡/2a
<latexit sha1_base64="utdrE2I3FzUn914gZFd3rb09NFE=">AAACZXicbVHLTgJBEBzWF6IoqPHiwYnExBPZVYN6MCHRg0dNRE2AmN6hgQ6zj8z0miDhM7zqd/kF/oa7yEHQOlWqq9Kdaj/WZNl1P3POwuLS8kp+tbC2XtzYLJW3HmyUGIUNFenIPPlgUVOIDSbW+BQbhMDX+OgPrrL54wsaS1F4z8MY2wH0QuqSAk6lZstSLwB5KU/guVRxq+4E8i/xpqQiprh9LueuW51IJQGGrDRY2/TcmNsjMExK47jQSizGoAbQw2ZKQwjQtkeTm8fyMLHAkYzRSNJyIuLvxAgCa4eBnzoD4L6dn2Xif7Nmwt3z9ojCOGEMVbaISeNkkVWG0jJQdsggM2SXo6RQKjDAjIYkKJWKSdrOzMK4P7Sk7PjfK2ZEpsHrrJJ5OhHPhYf9n2wh7d2bb/kveTiuerVq7e60Ur+YfiAv9sSBOBKeOBN1cSNuRUMoEYk38S4+cl9O0dlxdn+sTm6a2RYzcPa/ATomu14=</latexit>

� = 3a

<latexit sha1_base64="cdpKNqv4OeNnBrcMOlg1wMYmcAg=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqREGEgBcPHiKYByRLmJ104pDZBzO9QljyEV715E28+jUe/Bc36x40sU5FVTddXV6kpCHb/rQKS8srq2vF9dLG5tb2Tnl3r2XCWAtsilCFuuNxg0oG2CRJCjuRRu57Ctve+Hrmtx9RGxkG9zSJ0PX5KJBDKTilUvuWXbFT2+6XK3bVzsAWiZOTCuRo9MtfvUEoYh8DEoob03XsiNyEa5JC4bTUiw1GXIz5CLspDbiPxk2yuFN2FBtOIYtQM6lYJuLvjYT7xkx8L530OT2YeW8m/ud1YxpeuIkMopgwELNDJBVmh4zQMu0B2UBqJOKz5MhkwATXnAi1ZFyIVIzTYkppH87894ukdVJ1atXa3Vmlfpk3U4QDOIRjcOAc6nADDWiCgDE8wTO8WIn1ar1Z7z+jBSvf2Yc/sD6+Ac2EkqU=</latexit>

L = 300
<latexit sha1_base64="xu54mFDngnW81IQsbwfHY04Puao=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRkGEgBePEcwDkhB6J504ZPbBTK8QluBXeNWTN/Hqt3jwX9xd96CJdSqquunqckMlDdn2p1VYWl5ZXSuulzY2t7Z3yrt7LRNEWmBTBCrQHRcMKuljkyQp7IQawXMVtt3Jdeq3H1AbGfh3NA2x78HYlyMpgBKp2zNy7AG/4mcwKFfsqp2BLxInJxWWozEof/WGgYg89EkoMKbr2CH1Y9AkhcJZqRcZDEFMYIzdhPrgoenHWeQZP4oMUMBD1Fwqnon4eyMGz5ip5yaTHtC9mfdS8T+vG9Hooh9LP4wIfZEeIqkwO2SElkkXyIdSIxGkyZFLnwvQQIRachAiEaOknFLShzP//SJpnVSdWrV2e1qpX+bNFNkBO2THzGHnrM5uWIM1mWABe2LP7MV6tF6tN+v9Z7Rg5Tv77A+sj2/HXZTx</latexit>

� = 5a



7. Conclusions

1    Simultaneous exact diagonalization, finding the Bloch 
states

<latexit sha1_base64="l2zybJt4gPgW82Ak51WgFsOXetY=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5twyvls3a2RIhPxFbRQ0SFavoWCf8EOKSBhqtHMrnZ2glhJS6776SwsLi2vrBbWiusbm1vbpZ3dho0SI7AuIhWZVgAWldRYJ0kKW7FBCAOFzWB4lfvNezRWRvqWRjH6IQy07EsBlEntB97kHQN6oLBbKrsVdwI+T7wpKbMpat3SV6cXiSRETUKBtW3PjclPwZAUCsfFTmIxBjGEAbYzqiFE66eTyGN+mFigiMdouFR8IuLvjRRCa0dhkE2GQHd21svF/7x2Qv0LP5U6Tgi1yA+RVDg5ZIWRWRfIe9IgEeTJkUvNBRggQiM5CJGJSVZOMevDm/1+njSOK95Z5fTmpFy9nDZTYPvsgB0xj52zKrtmNVZngkXsiT2zF+fReXXenPef0QVnurPH/sD5+AZnUZVY</latexit>

|W i

Computationally expensive step: intermediate system size

(model 
independent)

2    Computation of the maximally localized Wannier states

3    Construction of the Wannier creation 
operator

4    Construction of the Wavepacket creation operator

5    Conversion of the Wavepacket creation operator to an MPO

Inputs

Output: the MPO

<latexit sha1_base64="gZK8h006TzX6PbicIfLg1yoVVAU=">AAACAHicbVC7TgJREL3rE/GFWtrcSEwsDNk1BrUjsaHEhFcCK5m9DHDD3UfunTUhGxq/wlYrO2Prn1j4Ly4rhYKnmZNzZjIzx4uUNGTbn9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNb2d+6wG1kWFQp0mErg/DQA6kAEql++4IiFfPeVbrvULRLtkZ+DJx5qTI5qj1Cl/dfihiHwMSCozpOHZEbgKapFA4zXdjgxGIMQyxk9IAfDRukl095aexAQp5hJpLxTMRf08k4Bsz8b200wcamUVvJv7ndWIaXLuJDKKYMBCzRSQVZouM0DKNA3lfaiSC2eXIZcAFaCBCLTkIkYpxmk8+zcNZ/H6ZNC9KTrlUvrssVm7myeTYMTthZ8xhV6zCqqzGGkwwzZ7YM3uxHq1X6816/2ldseYzR+wPrI9vkwWV5w==</latexit>

Ĥ, T̂

<latexit sha1_base64="BZpz51zdzTNXE7Iyi6aHMb6Ab/Q=">AAACFnicbVC7SgNREL0bXzG+opY2F4NgFXZFohZCwMYygnlANiyzN2Nyk7sP7p0VQkjvJ/gVtlrZia2thf/ibkyhiaeZwzkzzMzxYyUN2fanlVtaXlldy68XNja3tneKu3sNEyVaYF1EKtItHwwqGWKdJClsxRoh8BU2/eFV5jfvURsZhbc0irETQC+Ud1IApZJXPHT7QNyt9SW/5K5JAm/A3bgvs5I5TW/gFUt22Z6CLxJnRkpshppX/HK7kUgCDEkoMKbt2DF1xqBJCoWTgpsYjEEMoYftlIYQoOmMp79M+FFigCIeo+ZS8amIvyfGEBgzCvy0MwDqm3kvE//z2gndnXfGMowTwlBki0gqnC4yQss0JORdqZEIssuRy5AL0ECEWnIQIhWTNLVCmocz//0iaZyUnUq5cnNaql7MksmzA3bIjpnDzliVXbMaqzPBHtgTe2Yv1qP1ar1Z7z+tOWs2s8/+wPr4Bv/BnjI=</latexit>

�̂ =
X

j

�jŴj

plus few assumptions

<latexit sha1_base64="31xswWd0SQ90ZjaT5MFF6nzBaO4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgIWFXJGohBGxSRsgLkiXM3kySS+4+uHdWiCE/4FfYamUntv6Fhf/iZk2hiaeZwzkzzMzxIiUN2fantbS8srq2ntnIbm5t7+zm9vbrJoy1wJoIVaibHhhUMsAaSVLYjDSC7ylseMPbqd+4R21kGFRpFKHrQz+QPSmAEqmTO2y1B0C8fMbTWnX5Dbc7ubxdsFPwReLMSJ7NUOnkvtrdUMQ+BiQUGNNy7IjcMWiSQuEk244NRiCG0MdWQgPw0bjj9PoJP4kNUMgj1Fwqnor4e2IMvjEj30s6faCBmfem4n9eK6belTuWQRQTBmK6iKTCdJERWiaxIO9KjUQwvRy5DLgADUSoJQchEjFOcsomeTjz3y+S+nnBKRaKdxf50vUsmQw7YsfslDnskpVYmVVYjQn2wJ7YM3uxHq1X6816/2ldsmYzB+wPrI9vNpaXuQ==</latexit>

[Ĥ, T̂ ] = 0

<latexit sha1_base64="KDrWAS/S2Cb/miyzjiyIPH8rR0Q=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsCsStRAEGzsVjAlkQ7g73sTB2dll5q4gMV/gJ/gVtlrZia2Vhf/ibIygiac6c8693DknSpW05Psf3sTk1PTMbGGuOL+wuLRcWlm9sElmBNZEohLTiMCikhprJElhIzUIcaSwHl0f5X79Bo2ViT6n2xRbMXS17EgB5KR2aTO8AuJ1fsfDkxi7wEMDuquQHzip/vNql8p+xR+Aj5NgSMpsiNN26TO8TEQWoyahwNpm4KfU6oEhKRT2i2FmMQVxDV1sOqohRtvqDeL0+WZmgRKeouFS8YGIvzd6EFt7G0duMga6sqNeLv7nNTPq7LV6UqcZoRb5IZIuan7ICiNdT8gvpUEiyH+OXGouwAARGslBCCdmrrii6yMYTT9OLrYrQbVSPdspH+4PmymwdbbBtljAdtkhO2anrMYEu2eP7Ik9ew/ei/fqvX2PTnjDnTX2B977F7ednw8=</latexit>

Ŵ |⌦i = |W i

<latexit sha1_base64="ZIfzisAJeropKQbM04dshg1aoGs="></latexit>

|W (✓k)i =
1p
L

X

k

ei✓k |ki

<latexit sha1_base64="PRdR62E9E7v2RSqq1KBsVpK5ILI=">AAACZ3icbVHLTgJBEBzWF+ID0MSYeBklJp7IrjGoNxI96A0TeSSwIbNDAxNmH870muCG7/Cqn+Un+Bfuwh5coE+Vqq50pdoJpNBomj85Y2Nza3snv1vY2z84LJbKRy3th4pDk/vSVx2HaZDCgyYKlNAJFDDXkdB2Jg+J3n4HpYXvveI0ANtlI08MBWcYUzbvW7TnMhw7Dn3ulypm1ZwPXQVWCioknUa/nHvsDXweuuAhl0zrrmUGaEdMoeASZoVeqCFgfMJG0I2hx1zQdjRPPaOXoWbo0wAUFZLOSfjviJir9dR14s0koV7WEnKd1g1xeGdHwgtCBI8nh1BImB/SXIm4DqADoQCRJcmBCo9yphgiKEEZ5zEZxv1kDgbjqRZcz9amyJAoJh9ZJtkZ+Lhkno4X3kLcu7Xc8ipoXVetWrX2clOp36cfyJMzckGuiEVuSZ08kQZpEk7eyCf5It+5X6NonBini1Ujl3qOSWaM8z8UDbw6</latexit>

c1I

<latexit sha1_base64="AaVxYzgHTFUSaQgyvsByEdyOiNs="></latexit>

+ c3Û
†
⇤,1Û⇤,3

<latexit sha1_base64="f3J7N0CIVt7CYXJMptTAYJmLhoA="></latexit>

+ c3Û
†
⇤,2Û⇤,3

<latexit sha1_base64="tLPh916A+z6JptiCNI18DnFjWu4="></latexit>

+ c2Û
†
⇤,2

From the interacting vacuum

We mostly choose a gaussian wavepacket
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8. Outlook
<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�

<latexit sha1_base64="+l9CcOQLjUgge+elyv5m1iOhXAg=">AAACGHicbVDJSgNBEO2JW4xb1KOXxihECGEmruAl4MVjBLNAEkJNpxKb9Cx01whhyA/4CX6FVz15E6/ePPgvTpaDRt/p8V49quq5oZKGbPvTSi0sLi2vpFcza+sbm1vZ7Z2aCSItsCoCFeiGCwaV9LFKkhQ2Qo3guQrr7uBq7NfvURsZ+Lc0DLHtQd+XPSmAEqmTPcg7BeeowFsFnm9RT4OIj0dxaVQoTcVWNyDTyebsoj0B/0ucGcmxGSqd7FeSE5GHPgkFxjQdO6R2DJqkUDjKtCKDIYgB9LGZUB88NO148s2IH0YGKOAhai4Vn4j4MxGDZ8zQc5NJD+jOzHtj8T+vGVHvoh1LP4wIfTFeRFLhZJERWiY1Ie9KjUQwvhy59LkADUSoJQchEjFKesskfTjz3/8ltVLROSue3pzkypezZtJsj+2zPHPYOSuza1ZhVSbYA3tiz+zFerRerTfrfTqasmaZXfYL1sc3DOyc6A==</latexit>

(1, 1), ( 32 , 2), . . .

<latexit sha1_base64="wOU0D6JxR/S9ytnQdfyxB5HjjGI=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQZCHlJhofdmEU84P3a1BkZVPoIWKDtHyPRT8C7ZJAYGpRjO72tnxIiUN2faHVZibX1hcKi6XVlbX1jfKm1tNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNFF5rfuURsZBjc0jtD1YRjIgRRAqXSNtwe9csWu2jn4X+JMSYVNUe+VP7v9UMQ+BiQUGNNx7IjcBDRJoXBS6sYGIxAjGGInpQH4aNwkjzrhe7EBCnmEmkvFcxF/biTgGzP2vXTSB7ozs14m/ud1YhqcuYkMopgwENkhkgrzQ0ZomXaAvC81EkGWHLkMuAANRKglByFSMU5LKaV9OLPf/yXNw6pzUj2+OqrUzqfNFNkO22X7zGGnrMYuWZ01mGBD9sie2LP1YL1Yr9bb92jBmu5ss1+w3r8Ajc2SEA==</latexit>

e�
<latexit sha1_base64="KAqFX5VtnC7of281PO46axImxpk=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESFRRTbiJdFEoqEMEnlIiRWtL5tw5M627tZIwco/0EJFh2j5Gwr+BSe4gISpRjO72tkJYiUtue6ns7C4tLyyWlgrrm9sbm2XdnYbNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HVxG8+oLEyCm9pFKOvYRDKvhRAmdToDEBr6JbKbsWdgs8TLydllqPWLX11epFINIYkFFjb9tyY/BQMSaFwXOwkFmMQQxhgO6MhaLR+Ok075oeJBYp4jIZLxaci/t5IQVs70kE2qYHu7Kw3Ef/z2gn1L/xUhnFCGIrJIZIKp4esMDKrAXlPGiSCSXLkMuQCDBChkRyEyMQk66WY9eHNfj9PGscV76xyenNSrl7mzRTYPjtgR8xj56zKrlmN1Zlg9+yJPbMX59F5dd6c95/RBSff2WN/4Hx8Az2Ek50=</latexit>�

Higher spin 
representations Adding matter d.o.f Background charge

Different 
geometries

Higher 
dimension

Try to overcome 
exact 

diagonalization

Last but not least

moving to 1D QCD with two flavors,
simulating pion-pion scattering

arXiv:2308.04488

<latexit sha1_base64="4XTV3MwtTINdbrRj1FzE+NQQL/c=">AAAB93icbVDLSsNAFJ3UV62vqks3g0UQhJKIL3BTcOOygmkLbSyT6W0dOpkMMzdCCf0Gt7pyJ279HBf+i0nsQqtndTjnXu65J9RSWHTdD6e0sLi0vFJeraytb2xuVbd3WjZODAefxzI2nZBZkEKBjwIldLQBFoUS2uH4KvfbD2CsiNUtTjQEERspMRScYSb5PS3ujvrVmlt3C9C/xJuRGpmh2a9+9gYxTyJQyCWztuu5GoOUGRRcwrTSSyxoxsdsBN2MKhaBDdIi7JQeJJZhTDUYKiQtRPi5kbLI2kkUZpMRw3s77+Xif143weFFkAqlEwTF80MoJBSHLDciawHoQBhAZHlyoEJRzgxDBCMo4zwTk6yWStaHN//9X9I6rntn9dObk1rjctZMmeyRfXJIPHJOGuSaNIlPOBHkkTyRZ2fivDivztv3aMmZ7eySX3DevwAbrZLy</latexit>

⇡+ <latexit sha1_base64="zeorJMUsCCh8gWhSfVt1oyBb+yY=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJhshGvCSaSDSUQcJJpMRE58smnHI+n+7WSJGVb6CFig7R8jkU/Au2SQGBqUYzu9rZCbUUFl33wyktLC4tr5RXK2vrG5tb1e2dlo0Tw8HnsYxNJ2QWpFDgo0AJHW2ARaGEdji+yv32AxgrYnWLEw1BxEZKDAVnmEl+T4u7o3615tbdAvQv8WakRmZo9qufvUHMkwgUcsms7XquxiBlBgWXMK30Egua8TEbQTejikVgg7QIO6UHiWUYUw2GCkkLEX5upCyydhKF2WTE8N7Oe7n4n9dNcHgRpELpBEHx/BAKCcUhy43IWgA6EAYQWZ4cqFCUM8MQwQjKOM/EJKulkvXhzX//l7SO695Z/fTmpNa4nDVTJntknxwSj5yTBrkmTeITTgR5JE/k2Zk4L86r8/Y9WnJmO7vkF5z3Lx7LkvQ=</latexit>

⇡�

Challenge: d = 54 local dimension
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