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Current State of Quantum Hardware

® Noisy intermediate-scale quantum (NISQ) devices
® Error rate: 1%~0.1%
® Number of qubits: 100 ~1000
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Current State of Quantum Hardware

® Noisy intermediate-scale quantum (NISQ) devices
® Error rate: 1%~0.1%
® Number of qubits: 100 ~1000

® Simulation of 2+1D systems i1s becoming reasonable
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JQN

Current State of Quantum Hardware

® Noisy intermediate-scale quantum (NISQ) devices

® Error rate: 1%~0.1%

® Number of qubits: 100 ~1000

® Simulation of 2+1D systems i1s becoming reasonable
® What meaningful study can we do now?

® Search for effective, applicable algorithm

® Meaningful topics with small, simple systems
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QN

Gauge Theory in 1+1D

® Schwinger Model: |
H=—y(iy'D, + m )y + EEz

Gauss’s law:

0.FE = Q(x) — E(x) = £y + [ dQ(y)
0

® The remaining gauge link can be eliminated by a gauge transformation.

Pure fermionic Hamiltonian:

1 N—-1 2 N—1 n 1_( 1)[ :
H=— X ($idr+H.c. +m2< e, + LY [e+2( T~ )}

n=1 n=1
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Schwinger Mechanism

Pair production under strong electric field.
Strong field effect: no traditional perturbation method.
Dynamical evolution: well-established in quantum simulation.

® Trotterization
® State preparation: VQE + VQD

—

(p0) | H| p(0)) (@) | H|p0)) + {ep0) | )

H. Chen, L. Cheng, XG, arX1v:2607.02894
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LLQI\ - Vacuum State with External Field

® “Jump” of the ground state.
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JQN.

Vacuum State with External Field

® The critical field strength €. ~ 1/N + €.(c0).

® € .(oc0) 1s smaller than the theoretical
prediction: 0.5.

0.704 @ EDdata

® Open boundary effect: (H,) gives a negative

. . 0.65 - ) "’/
contribution.

(.60 +

e-(N)

(.55 1

0.50 - Ve
_E, (c0)~0.469

T T T T T T T
0.00 0.02 0.04 .06 0.0¥ 0.10 0.12

|/N
Fitting of the critical field strength
H. Chen, L. Cheng, XG, arX1v:2607.02894
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A3

® A pair of charge is periodically
produced at the boundary.

® No critical field strength

observed.

Q(1)

® Consistent with theoretic

prediction.
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Time evolution of spatial charge density
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® Vacuum state fidelity

Vacuum State Fidelity
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JQN.

Vacuum State Fidelity

® Vacuum state fidelity
Pvac(t) = ‘ <WO ‘ W(t» ‘2 Ts Exact I
® Describes how far the system deviates o] / |
from the 1nitial state. _/
® Fitting (0 < T/a < 1.0): ; 0.6 |
Pooc(t; €) = A(e)exp |—7e(e)]

® In theory, pair production rate: 92 P
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H. Chen, L. Cheng, XG, arX1v:2607.02894
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Outline

® Quantum simulation of Schwinger mechanism

® Quantum simulation of hadron structure

®* Summary
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JQN

Generalized Parton Distribution(GPD)

® GPD: parton distribution with longitudinal momentum transfer

d
H ;,(x,8) = [ 4j[ e PR B (") |\ (zA) (A - y)W(zA,0)w(0) | h(p))
Where P = (p' + p)/2,A =p —p, & = A
ere P=(p'+p)2.A=p'—p.&=———7

® Hadron states with different momentum

® Wilson line
N—1 X
W(Zﬁ,()) — H e—lHae—zgaAO(N)
N'=0
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JQN.

Generalized Parton Distribution(GPD)

® Quantum circuit:
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® Real part comes from finite volume effect.

T. L1, H. Xing, arX1v:2606.22602
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JQN.
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® Real part decreases with increasing lattice size.
® Wilson fermion gives better result than staggered fermion.
T. L1, H. Xing, arX1v:2606.22602
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® GPD goes back to PDF at & = 0. o a0 /.\ R
® Peak shifts to larger x when & 20r = Z‘ fg'?g‘: ‘
Increase. 10b— £=0.143 ]
® Behavior consistent with tensor R
network results.[arX1v:2511.17752] ;’; 0.01
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T. L1, H. Xing, arX1v:2606.22602
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JQN.

Hadronic Tensor

® Hadronic tensor: widely used scattering

Wi(q) = dize (| JH2IO0) | Y

. W)~ Y JdHX<2n>Da<D><q + py — PR JHO0) | X)X | J4(0) | B
X

: jquWf’O(q) < [ (h17°0) | hY | ~ F2(02)
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JQN.
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(a) WO9(q) of meson state in SU(2) LGT.

® Longer evolution time gives sharper peaks.
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® In SU(2) model, mesons and baryons are very similar.
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(b) W9(q) of baryon state in SU(2) LGT.

D. Zhou, T. L1, J. Liang, E. Wang, H. Xing, arXi1v:2606.17003
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JQN.

® Results extracted from hadronic tensor
agree very well from direct calculation. N aaans Raass AsaasaRSRRARRARRAREARSS

extract by hadronic tensor ~

® Shows the stability of quantum algorithm. sk % direct calculation

Form factor in SU(2) model
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Summary

® We studied Schwinger mechanism with Schwinger model.
® We also studied GPD and hadronic tensor with Schwinger and SU(2) model.

® Our results show that quantum algorithm can effectively simulate many quantities.

Thank you for your attention!
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