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amiltonian Lattice Gauge Theory
Kogut and Susskind Phys.Rev.D 11 (1975) 395-408
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Hiloert space of an
SU(N) lattice gauge theory

Lattice spacing

Particle on a
SU(N) manifold!

Spatial gauge field

lattice

Matter dim(H,) = infinite

Fermions in some
irreps of SU(N)

dim(Hs) = finite
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Position basis on links

&'lg) = (g — &)
Left g) Right

o—@——@—¢ ) = / dg] ¥(e) |g)

Full Hilbert space:  Heyr = {(X) | g0 ))

Physical Hilbert space:
Gauss Law Projector

/

Henys = Pe_g (HFUH)
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Left transformations: Right transformations:

o iL°h] —iR?h3 g) = |g hE1>

g) = |h. g) e

[? and B2 a=1,2,..N?>—1 arethe generators

of left and right gauge transtormations on the link.

[2 and R? are like momentum operators! [La,Rb] =0
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Traditional Link Operators: ¢ i,j =1,2,..,d\

\ labels an irrep of SU(N) Z/A{,j‘ g) = D,-j-‘(g) g)
!
dy dimension of the irrep irrep matrices

Kogut Susskind Hamiltonian

Hes = &Y (L3 L3 4 R? Rp) — 5 > (U + )
E T

Diagonal in
position basis

Off-diagonal in
position basis

Except in some simple cases,
computing the low lying energy levels of a lattice gauge theory
In the physical Hilbert space is very difficult!



Monomer-Dimer-Tensor Network Basis

Hanqing Liu, SC Symmetry 14 (2022) 2 305,
Siew, SC, Bhattacharya, Phys.Rev.D 111 (2025), 114502
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Link Hilbert space: Momentum Basis

‘momentum or (representation) basis”

/ [dg] /dx D D2(g) |g) Left ;) Right
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Peter-Weyl| Theorem
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Gauge transformations preserve irrep!
Basis states for a irrep

e i'h) DXy = DA(ATYY | DX
| ij ) lk( L ) ‘ k_/> {|D3\>},/,J: 1,2, ..., d,

g~ iR D} = | Dy ) D(hg) transform as a tensor under
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Projecting to the gauge invariant subspace becomes easy.

Local Hilbert space on which Dimension
gauge transformations act D(HE) - of the local
> singlet
subspace
N HS P

Let as =1,2,..., D(HE)

label the basis states of
the singlet space

The physical Hilbert space basis:

[{Aef1as))

Dimer-Tensor-Network basis!

HE = V5, ® V5, ® V), ® V),
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Introducing matter fields is easy!

. . v)
ert )\ ig
H y A /
X
Dimer-Tensor
dim(H,) = d/% Monomer-Tensor
dim(HS) = d)

The physical Hilbert space is again obtained by
projecting to a gauge-invariant sector
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Local Hilbert space on which
gauge transformations act

o) (Xs |abels the basis states
o of the singlet space of H¢

as =1,2,..., D(HE)

With matter fields the physical Hilbert space
of lattice gauge theories is given by

Monomer-Dimer-Tensor-Network basis!

[ As) W) Qs t)



Qubit Regularized Lattice Gauge Theories
Hanging Liu, SC Symmetry 14 (2022) 2 305,
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Lattice gauge theories are not unique

Different Lattice Geometries

Different Lattice Actions

There Is a new parameter in the non-unigueness space!

Choice of the set of link irreps

st At ash) | Qubi

T regularization

Q={\. A7}

Qubit regularized lattice gauge theories:

- may

- may

7510

7510

to new continuum QFTs, or

to alternate ““regularization” of familiar QFTs
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A simple qubit regularization scheme T

All anti-symmetric irreps

SU(3) Link Hilbert space

SU(2) Link Hilbert space 1 -
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A qubit regularized SU(2) lattice gauge theory

color-flux representation

Quantum Ising Hilbert Space

vttty
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A qubit regularized SU(3) lattice gauge theory
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network

3-State Quantum Clock Hilbert Space
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Hamiltonian of a "Pure” qubit regularized gauge theory

Ho = Y & — 6 ) (Up + U})
B
Diagonal Off-diagonal
operators plaguette operators

This Hamiltonian is similar, yet different from
the traditional KS Hamiltonian

Similar to quantum dimer models in CMP





















Continuum limits

Siew, SC, Bhattacharya arXiv: 2512.11068
Siew, SC, Bhattacharya arXiv: 2603.01215
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Continuum Limits via the RG flow perspective

“Irrelevant direction” Massive QFT-1

Quantum Critical Point

—

space of all microscopic

Continuum lattice models

QFTs arise
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Massive QFT-2
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Steps to study the continuum limit:

1. Construct a lattice Hamiltonian

2. Look for a second order quantum critical point!

3. Tune to the QCP and switch on a relevant parameter.

E~hF
4. Define a dimensionless ratio in a finite box
w = L AP

5. Study physical quantities as a function of W

for large box sizes [ and small values of h

w— 0 (UV) p— 00 (IR)
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Continuum Limit of Plaguette Chains

Hamiltonian: 3-couplings

Hye = e d &t 3 & —g Y (thp + 1))
0, T P

] T

chain rung plaguette
\———\,_J

Color-flux energy

Changes color-flux

UV critical point: IR limit (with magnetic field):
SU(2). 2D Ising CFT Integrable (E8) massive QFT
SU); 2D Potts Model CFT Non-integrable massive QFT

What is the connection with gauge theory?
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SU(2) configuration

X=0 X=W

SU(3) configuration
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Results: DMRG (tensor network calculations)

Lowest Glueball Mass Ratios in the Continuum

SU(2) case: 1.618... (exactly known!)

SU(3) case: 1.459(2)

2+1D SU(3):

Athenodorou & Teper JHEP 02 (2017) 015 ~ 1.46

String-Tension vs Glueball Mass Ratios in the Continuum

SU(2) case: 0.249(1)

SU(3) case: 0.2648(2)

2+1D SU(3):
Athenodorou & Teper JHEP 02 (2017) 015

~ 0.23






What about Anomalies”



What about Anomalies?

Qubit regularization most likely changes the UV anomalies.



What about Anomalies?

Qubit regularization most likely changes the UV anomalies.

Can IR anomalies emerge with a local lattice Hilbert space
that is finite dimensional?



What about Anomalies?

Qubit regularization most likely changes the UV anomalies.

Can IR anomalies emerge with a local lattice Hilbert space
that is finite dimensional?

Or will infinite local lattice Hilbert space be Important
somehow to reproduce some continuum QFTs?
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Conclusions

Qubit regularization shows that the space of lattice gauge
theories is richer than we had appreciated before

Qubit regularized plaguette chains have relativistic continuum
limits.

In SU(2)/SU(3) cases the UV fixed points are the well known
Potts model fixed points.

The gauge coupling mimics the magnetic field and in the IR one
gets massive Glueball-like particles with a well defined string
tension!

Can we get similar continuum limits in
higher dimensions and if yes what are they”?



