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Main message

• You shouldn’t use Kogut-Susskind formulation 
for quantum simulation of SU(N) theory (N>2). 

• Kogut-Susskind formulation for quantum is great.

However:

• Orbifold lattice is better.



Kogut-Susskind is hard.

complicated



Lattice regularisation is trivial Lattice regularisation 

is nightmare



Electric field 

      ~ momentum momentum

'plane wave' = irreducible representation

Fourier transform is trivial 
Fourier transform 


is nightmare

Lattice regularisation is trivial Lattice regularisation 

is nightmare



- Fock basis truncation

- Coordinate basis truncation



→ Scalar QFT is simpler

(e.g., Jordan, Lee, Preskill, 2011)

→ Matrix model is simpler
(e.g., Gharibyan, MH, Honda, Liu, 2021


Maldacena, 2023)



Original motivation = supersymmetric lattice

(Kaplan, Katz, Unsal, 2003)

SUSY Matrix model

Orbifold lattice construction

SUSY Lattice

orbifold 

projection

unitarypositive definite

Hermitian

gauge field

scalar field



x1

x2

W

U

U(1) case



(Gharibyan, MH, Honda, Liu, 2020; Bergner, MH, Rinaldi, Schafer, 2024)

Orbifold lattice for Yang-Mills
Forget about SUSY

Scalar mass term

     →YM at low energy

Bosonic part



Why is it called "orbifold"?

orbifold projection

history



orbifold projection

Why is it called "orbifold"?
history



orbifold projection

Why is it called "orbifold"?

Maximally supersymmetric 

Yang-Mills theory

orbifold projection

Quiver gauge theory

history



Why is it called "orbifold"?
history

Matrix Model Orbifold Lattice
(Special kind of quiver gauge theory)



(Bergner, MH, Rinaldi, Schafer, 2024)

Orbifold lattice for QCD

Fermionic part

Forget about SUSY



Orbifold lattice for QCD

Fermionic part

Forget about SUSY

(Bergner, MH, Rinaldi, Schafer, 2024)



Orbifold lattice for QCD

U(N) → SU(N)

Complex U(N)

- No difference in the IR if U(1) is not asymptotically free at UV


- To remove U(1) explicitly, we can add 

Easy for SU(2) and SU(3).

Harder for larger N.

Forget about SUSY

However, SU(∞) = U(∞)

(Bergner, MH, Rinaldi, Schafer, 2024)



How easy?



4-boson interaction





just add or subtract 1identity

←             for SU(3)

-Just add or subtract 1.


-Or, diagonalize it via Quantum Fourier Transform.

Fourier transform is easy,

unlike Kogut-Susskind



Future Directions

• Study of QCD via orbifold lattice


• Resource estimate for quantum simulation


• Quantum algorithm


• Quantum simulation of matrix model (before QCD)

- How large scalar mass? RG flow? Better lattice fermions?

- Euclidean lattice simulation is enough

- Quantum Gravity in the Lab

- SYK and spin models are technically similar to orbifold lattice


