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Temporal gauge A, = 0 Open boundary condition

Gauss law constraint
Kogut-Susskind formalism
Jordan-Wigner transformation

ﬁ%SChWIngr*ﬁﬁ(Z %) [Masazumi Honda et al, 2022]
H = HZZ + Hi + HZ

HZZ"’Z Z ZyZy HXY"’Z(XanHl + Y Yai1) , Hy = Z Zn
n n

n 1<k<¥fsn

X, Y., Z, : Pauli matrices on the n-th site.
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Schwinger model as a spin model
H — HZZ + Hi + HZ

N-1 N-1
J 1 m
Hy; = 2 Zyly Hy = 2 (W — (_1)71?51“ 9) (XnXns1 + YaVni1)
n=2 1sk<fsn n=1
9 N ] N-1 n
m cos 2
H, = 5 Z(—mzn -5 (n mod 2)22{; , ] = %,w = i ,a : lattice spacing
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Setup D E¥#A:
Configuration of subsystem
Symmetry p .
U(1) symmetry, Q = %an‘n ®o00e000 ---0 N qubits
N, qubits

Ial—3 v
STEPL: LUT 0 AJEBIkAE & 205 5,
6 = e F T 111y ¢ ABTHEOBND /8T X — & —

STEP2: Trotterization (second order)(Z & » THEHERE % £1T
H = Hz; + Hyy + Hy, Hyy = Hxy even T Hxy 0dd

STEP3: A0 EFEKE THE S N 2457 (1) % FE,

U EDFmEaharea—42—FTETL77(QulacsEFEF)



Appendix: derivation of our algorithm

To simplify the analysis, we focus on the Rényi entanglement asymmetry:

For concreteness, we consider n = 2.

Quantum circuit for computing Tr,[p3 |

Time evolution

ancilla ]0)

B,
1Y) {
Ay

—A

( \
—HH—9—/ HpBH
I |
Uil Pa 1 I
I
I |
L |
| Pa ;
| | X I
| /
\

SWAP test

455" = —(log Tra[p}] — log Tra[ps] ).

= Tr[p;]

lim 45\ = 45,

n-1

How can we compute Try[p5]?
(Our work)



Appendix: derivation of our algorithm

Decoherence: the loss of quantum coherence due to interactions with environment.

r N r N

Py = * * ‘ pA,S — , in eigen basis of Qg4

k
. * W, T \ /

Treat this as a decoherence.




Appendix: derivation of our algorithm

Decoherence: the loss of quantum coherence due to interactions with environment.

r N r N

Py = * * ‘ pA,S — , in eigen basis of Qg4

k
. * W, T \ /

Treat this as a decoherence.

We implement this decoherence by employing a quantum phase estimation of U, = e27@4/2" > log, N,

B 14
uw)| N
w)){ A — i Ujo an—1 : Pas What we want!
I I
10) {H l ] |
ancilla : l QFTT P
10) : H ® A1
]
N oo o o e e e e e e e e e mm e e mm -

Quantum phase estimation

pas can be prepared in a quantum circuit!



Appendix: derivation of our algorithm

B 14
U(t) ¢~ N
w)){ A — i Ujo an—1 : Pas What we want!
I I
10) {H l ] |
ancilla : I QFT? S There are redundancies.
10) : H ® A1
]
N o oom oom oom e e e e e mem mem mmm e e e e e -

Quantum phase estimation

‘ simplify

B — ——==
) u(@® (T
A — H—{ U2 Pas What we want!

' x : a random integer

~n e -

LR R

We can drastically simplify the quantum circuit.



Appendix: derivation of our algorithm

Overview of our quantum circuit

Time evolution , SWAP test \
ancilla |0) rLH —$—1H A Tr|papas| = (Z)ancina
|
Bl = } :
) u(t) Pa | | ‘ @)
A, — — X : We obtain 48,
Decoherence : I
B2 7 tT—  Pas | '
) v o S |
Ay — YA v _ _)'(_ )
.___/

(x : a random integer)

By combining the idea of quantum phase estimation with SWAP test,
we cah estimate the Rényi Entanglement Asymmetry.



Appendix: resource estimation (gate scaling)

ag=0.25, m/g=4, 6/m=0.33, tg=1, £54=0.01
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