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1. Introduction

Following Banks, Susskind and Kogut [1], we
consider the Schwinger model via staggered
fermion on the circle
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and constraints —vanishing total fermion charge
and large gauge transformation,
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whereQn is the fermion charge on n-th site and
L̄ is the averaged electric field. The Coulomb
term is reminiscent of the Green function on the
discrete circle
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2. Propertiesofmodel

⋄ The configurations of fermion occupation are
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N = 8 for example. For each occupation, the
large gauge transformation constraint gets the
gauge field almost fixed, for instance,
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To cover all fermion configurations, the range of
the truncated gauge representation should not be
smaller thanN , i.e., with at least log2(N) qubits.

⋄ Spectrum from lowest:

ground state

vector state

scalar state
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In the free theory (x = 0),

vector state : |kV ⟩ ≡ |kF⟩ − e−ik2|kB⟩
scalar state : |kS⟩ ≡ |kF⟩ + e−ik2|kB⟩

where |kF/B⟩ are the forward/backward plane
waves whose existence is due to the periodic
boundary condition.

3. QuantumCircuit

⋄ Initialization: Translation invariant W-state [2]

|W ⟩ =
∑

k

ck|kV ⟩ =
∑

nF

cFn |nF⟩ +
∑

nB

cBn |nB⟩

with ck=exp
(
−ikx0 − (k − k0)

2/4σ2
k

)
in practice.

⋄ Time evolution:
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All terms on the right hand side can be imple-
mented precisely, and so the gauge invariance will
be conserved [3].

⋄ Quantum Error Mitigation: With Dynamical
Decoupling and Pauli Twirling in practice, the
Operator Decoherence Renormalization [4] can
be used to calibrate the measurement.

4. Simulationresults

⋄ Abs[Q]: Exact Diagonalization vs dt = 0.5:

⋄ As ng, the qubit number of the gauge field, in-
creases, a convergence can be spotted.
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where the lower panel shows the values sub-
tracted byQ of ng = 5.

⋄ The velocity of the wavepacket is proportional
to x2, and the spread of the wavepacket is de-
termined by σk. The propagation of a narrow
wavepacket in Abs[Q]:

The propagation of a wide wavepacket:

⋄ A scattering can be arranged when two sep-
arated wavepackets travel towards each other.
Scattering of two narrow wavepackets:

Scattering of two wide wavepackets:

5. QuantumHardware

⋄ ForN = 8 up to 5 Trotter steps on ibm boston
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With Quantum Error Mitigation technique, the
calibrated results can match the exact results up
to 4 steps.
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Paper will be on arXiv soon!


