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Real-Time Dynamics in U(1) Lattice Gauge Theories with Tensor Networks Real-time scattering in the lattice Schwinger model
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The U(1) quantum link model
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The quantum link model
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Realization on the quantum simulator
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Preparing a moving wavepacket
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Preparing moving wave packets of an elementary (anti)particle
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Particle-antiparticle collision
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Confinement dynamics



Confinement in (1+1)D QED

K ~t ~ ~t A 1
Hiat—qED = EZ(llJzTUl,lﬂl/Jlﬂ +H.c.) + m(=D!P/P,) +§Ezz,z+1
l

v

_ . Spin-S Quantum link model
String tension from the

S
gauge coupling term :
3 \ +2
0 0 +1 +1 +1 0 0 +1
| o - 0
O—0= O O @O o
—2
But...
—S
No string Gauge coupling is a 1\’ 1\? .
. <:| , (+ —> = (— —> <:| Spin-1/2 Quantum link model
tension! overall energy shift 2 2

—

20000200 ¢

19



K , . A = ~t A~ ~
Hiat-ep = ) =5 ($iStianien + Hoc.) + m bl + ax(-D'Sf1.,
l

String energy E~yL

A

Gaugetheory () <= O 9 S O Oh O O = Q = O &= O ¢=

“background field”

Break degeneracy
between the two vacual!

Charge Shielding and Quark Confinement in the
Massive Schwinger Model*

Spin M odel o O O ® SIDNEY COLEMAN

Staggered potential X

Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138

R. Jackiw

( 1 + 1 ) D QE D Laboratory for Nuclear Science and Department of Physics,

Toy mo d el Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

AND

@O0 O @& (ummm)

Belfer Graduate School of Science, Yeshiva University,
New York, New York 10033, and Tel Aviv University, Tel Aviv, Israel

Received May 8, 1975 20



Particle-antiparticle collision and confinement dynamics
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Zhang. et al. arXiv:2306.11794

Experimental observation of confinement (Accepted in Nature Physics)
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Experimental observation of confinement (Accepted in Nature Physics)
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Particle acceleration
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Particle acceleration
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String inversion
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String inversion

Spin-1 quantum link model Full (1+1)D QED

PHYSICAL REVIEW X 6, 011023 (2016)
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Real-Time Dynamics in U(1) Lattice Gauge Theories with Tensor Networks Real-Time Dynamics of String Breaking
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Entropy production
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Meson collisions
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Meson scattering m = 1.5k, y = 0.02k
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Meson scattering
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Probing meson band structure
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summary

* A cold-atom quantum simulator for lattice QED

* Preparation of moving wave packet in the quantum simulator
* Low-energy collisions and confinement dynamics

* String inversion in the strong coupling limit

* Probing meson band structure via collision dynamics
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Scalable Cold-Atom Quantum Simulator for Two-Dimensional QED
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