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Extract properties emergent from Inputs



Q projection → C state 

creation/annihilation

C snapshots →
Q state prep
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Plaquette Operator

Calculate once

Use many



Phys. Rev. A 73 (2006) 022328

Local Hilbert Space

CGs through poly-overhead 

Operator construction

Bacon, Chuang, Harrow (2006)

Integrate Local Gauge Space

1𝐷 SU(2):  Bañuls, Cichy, Cirac, 

Jansen, Kühn. (2017)

1𝐷□ SU(2): Klco, Stryker, Savage. (2020)

CGs introduced 

as gate rotation 

angles, classically 

precomputed*

*Poly-time algorithm for fixed rank

De Loera, McAllister (2005)
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Tensor indices



Tied together with Vertex CGs

Sum over local orientations

Possible Multiplicities in SU(3)

e.g., 8⊗ 8⊗ 8

Pair of link CGs

Local Irreps



Classical Integration of 

Local Gauge Space

Klco, Savage, Stryker (2019)

6j vertex factors

“9R” vertex factors



Plaquette Operator Structure

1D□:

2D:

D:

Active Control

4 control registers

8 control 

registers

4D control registers

Consolidated into 4 virtual link insertions



(1,0) (1,0)

(1,1)

𝛿 contraction

(1,0) (0,1)

(0,2)

(1,0) (0,1)

(1,0)

𝜀 contraction

?

Controls incorporate Vertex CGs into operator

Gauge-Violating states in Hilbert Space!

color tensor index lines

(1,0) (0,1)

(2,1)







(p,q):

(p,q),     mix:

1D□ 2D

e.g., SRF cavities, Ions, Superconducting Circuits, …



• Classical Preprocessing of 

Hilbert Space.

• Project into Local and Global 

Symmetry Sectors

• Non-local distribution of 

lattice-local information  

Scalability Unknown

Economical use of Hilbert space

Errors incapable of violating symmetry

ۧȁΨ =෍𝑐 𝑅 ۧȁ𝑅



One 

plaquette

Hilbert space ~ 

Link Hilbert space

Wavefunction

Observables



Decomposition 

for 

Dynamics
Binary and Gray Encoding

Polynomial Time Evolution

Pauli

2-Level 

unitary

Distinct Sectors

Trivial vacuum +



Confidence Intervals:

• CNOT extrapolation

• Measurement calibration 

matrix inverse

• Majority voting (aux. qubits)

38 CNOTS

20 CNOTS

T-order   CNOTs

1 5

2 7

T-steps







phys ↔ phys phys ↔ unphys unphys ↔ unphys



(No Trotter errors between control sectors)

Gauge Invariant 

Matrix Element

2-Level unitaries



Black:  global ++ basis 

(4 dim)

Colors:  local qudit basis 

(36 = 729 dim, 27 cGivens) 

Two PBC Plaquettes    {1, 3, 3bar}



Gauss’s law constraint does 

not reduce the asymptotic 

polynomial scaling.

• Potential non-zero matrix element 

per physical state constant: 34 = 81
• Limited by Gauss’ Law 

• Givens rotations ~ Λ16

Scaling



Position space lattice

Eigenbasis of Field Operator 

Momentum Mode Lattice

Local Free-Field Eigenstates

Magnetic Basis

Gauge Field Integration in (1+1)

Orbifold Lattice

Loop, String, Hadron Excitations

Link Models/Qubit Regularization

Discrete Subgroups

Group Space Decimation

Mesh Digitization

Light-Front Formulations

Hybrid/Analog Representation

Irreducible Representations



(p,q):

(p,q),     mix:

1D□ 2D


