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Where is the line?

Quantum Computation of Scattering in Scalar Quantum Field Theories
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A Trailhead for Quantum Simulation of SU(3) Yang-Mills
Ly Lattice Gauge Theory in the Local Multiplet Basis

Anthony Ciavarella, Natalie Klco, Martin J. Savage
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b,links plaquettes

Local Hilbert Space

|p7 q, TL) Tf: YLa TRa szza YR>

PECECEER)

Tensor indices
AP RSE

d/Ap
2k b1 b2 ... bag

*Poly-time algorithm for fixed rank
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h Sum over local orientations
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Possible Multiplicities in SU(3)
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Local Gauge Space
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Plaguette Operator Structure _
Actlvej Control

2 D > | ‘ 4 control registers
8 control

registers

D " 4D control registers
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Vertex CGs
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Flexibility for Codesign with

existing and developing hardware
e.g., SRF cavities, lons, Superconducting Circuits, ...
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Global Basis

Wy= ) c(R)|R)

« Classical Preprocessing of
Hilbert Space.

Scalability Unknown

* Project into Local and Global
Symmetry Sectors

Economical use of Hilbert space
Errors incapable of violating symmetry

« Non-local distribution of
lattice-local information
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Dynamics Binary and Gray Encoding
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Polynomial Time Evolution
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o o Confidence Intervals: Global Basis: [R,,,.| =6
« CNOT extrapolation
« Measurement calibration a

matrix inverse n
« Majority voting (aux. qubits)
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Dynamical Peak
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Gauge Variant Completion
phys & phys  phys & unphys  unphys < unphys

\/ @ \:ree‘.

SU(2): “human neural network” for low A “color” truncation

SU(3): systematic construction. Human understandable.




Magnetic time evolution
expanded in Gauge Invariant
product of operators organized

by control sectors, C

(No Trotter errors between control sectors)

2-Level unitaries
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Trotterization with Givens
Preserves Gauge Invariance and Color Parity

« Each unitary operator is associated

with a physical plaquette transition Two PBC P|3.C|U€tt€$ {] 3 3bar}

« Coefficients determined from matrix
elements between gauge-invariant
states

Black: global ++ basis
(4 dim)

Colors: local qudit basis
(3 = 729 dim, 27 cGivens)
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Gauss’s law constraint does
not reduce the asymptotic
polynomial scaling.

« Potential non-zero matrix element

1 81 81 per physical state constant: 3* = 81
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. Position space lattice
FIEId Momentum Mode Lattice
[‘ Loop, String, Hadron Excitations

Eigenbasis of Field Operator
Quantum d.o.f. Gauge Field Integration in (1+1)

Quantum Simulation of Strong

Interactions (QuaSl) Workshop 1: Hybrld/Analog RepresentatiOn
Theoretical Strategies for Gauge _ :
Theories Orbifold Lattice
Irreducible Representations \l
Local Free-Field Eigenstates R :
SR - Initialization
Group Space Decimation . T A B
Link Models/Qubit Regularization ““ec(\\!‘\w gates Local wave packets
Magnetic Basis \~ o Time Evolution Cohe
; . Tence ¢
Discrete Subgroups Measurement Procedure ™

Mesh Digitization 4 Detector Design
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R et il ahors &, Entanglement Structures



« Multiplet basis integrated over the local gauge
space. Qubit requirements:

# qubits ~ 2LP log,(A, + 1)

L=10,D=3,A=1 — 2,000 logical qubits
! 3
\(? 1,000 ops/plaquette

« Implementation of Global basis

« Gauge Invariant Time Evolution organized ’
by local link qudit structure

« Flexibility for Codesign with existing and
developing hardware
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