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| AR R B —Bioc(n) Alid F R —Bquan(n) , 8l L REEFRR Fo (o, S, 2)
Fig. 1. When n = 8,9,10,11, the optimization process for finding the possible ground state energy A(<#,S) of the Hamiltonian

H, () using the Nelder-Mead simplex method, where the red and green dashed lines represent the local bound —Bj,(n) and

quantum bound —Bguan(n) , respectively; the function value on the vertical axis represents Fy (<, S, §2) .

%1 JEF Nelder-Mead YAk MBI H, (o) T REMMESAER 0L YR S R R

Table 1.  Iterations and energy error for finding the possible ground state energy of the Hamiltonian Hp (%) using the
Nelder-Mead simplex method.

n e B AT Rk A A R gk Xof I Y gt (E FRIEAIEL g iR

8 5580 —8.3454 10000 6.69 x 1076

9 4510 -8.0663 12000 1.32 x 108

10 7220 -16.1006 12000 2.88 x 1073

11 6720 -16.7089 12000 3.37 x 1073
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[ TR (stochastic gradient descent, SGD) 1k
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PR 235 52 Svetlichny AN = T2, 5I6[A
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HAMIBR M. hIE 2(a)—(d) FZ 2 ATLLR
th, BEE R R HEDE, 43 HI7E 30 K. 50 IR L 30 1K .
50 IEAR)E Fo(o, S, Q) ER T R —Bie(n)
FF i A& TCBR I I fe i T A — Bguan(n) . X R Y
AR BGABX SR E BT, A i a8
AR R A, T R A4S B 1Y & TS RE 8 L
Svetlichny AN K E i,

AT 2L 3 KRB, S Svetlichny A%
SR I ) B A TCRE I TR H,, (<)
FYSEARE &, B I ) & A LA T HS U
lbo) , XS EH 1 EEWA, T KE T VMC
D7 RAE AR SR BASH h AA 5E, ZT IEANMBEER
MR KFREE 2 Svetlichny ANEXE T, IARE
A R HAbE 2 Svetlichny A2 AR Ryl 2.

MR AR R SR BE T X Lk,
Nelder-Mead M4l JE 1%k 5 VMC J7 i AE7E B35 1)
25, B IRIAE £ RIS B . Nelder-Mead
AL TR e Rk A BE R BRI 2, X
BRE 2T AR BRI RZITRE L TA e e ik
JRBEASRERI. AHEZ T, VMC 5k R B B i )
ROREH, TEAR R G, HakARREN Nelder-
Mead B4 1309 0.5%—1.1%, 5L HE 2B Jay s A
X —Z5 AL VMC fig DL B> i 34 e
B AE RS, W ERIE T HAE AR SRy g [ gt v
PG OV, Bl A G AR RIS SRR R AT,
A 4 ) 5 AR e R R s i i 8, sk

# 2 HET VMC ik FHRME R H, (o) AT RERI SR BRI M AR S Re iR 22
Table 2. Iterations and energy error for finding the possible ground state energy of the Hamiltonian Hp (%) using the

VMC method.

n REE T AR TR A B AR of 1o (4 R k(i FRIEAIEL g2

8 30 ~8.3454 500 1.45 x 10~4
9 50 ~11.047 500 5.01 x 1077
10 30 ~16.07 500 3.05 x 1011
11 50 -22.51 500 3.05 x 10~ 11
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Fig. 2. When n = 8,9,10, 11, the optimization process for finding the possible ground state energy A(<#,S) of the Hamiltonian

Hy, (%) using VMC method, where the red and green dashed lines represent the local bound —Bje(n) and quantum bound

—Bguan(n) , respectively; the function value on the vertical axis represents Fy, (<7, S, §2) .
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Fig. 3. When n = 8,9,10, 11, the optimization process for finding the possible ground state energy A(<#,S) of the Hamiltonian

H,(<%41) using VMC method, where the red and green dashed lines represent the local bound —Bje(n) and quantum bound

—Bgquan(n) , respectively; the function value on the vertical axis represents Fy (27,5, Q).

#* 3 FHEWE H, (1) ATRER ISR AL UK BB 1R 25

Table 3. Iterations and energy error for finding the possible ground state energy of the Hamiltonian H,, (<) .
n BRI TRk AR AR 8 R E BRI BL Heitins
8 30 ~11.12 500 1.36 x 1072
9 30 -10.899 500 6.99 x 10~4
10 30 -22.237 500 3.002 x 1076
11 30 ~22.44 500 5.01 x 1073
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Fig. 4. When n = 3,9,10, 11, the optimization process for finding the possible ground state energy A(<#,S) of the Hamiltonian
H,,(4#) using VMC method, where the red dashed line represents the local bound — Bjoc(n) , the green dashed line represents the
quantum bound —Bguan(n) , and the blue dashed line represents the ground state energy obtained by EDj; the function value on the
vertical axis represents F (<7, S, (2).
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Table 4. Tterations and energy error for finding the possible ground state energy of the Hamiltonian Hy, (%) .

n RE AR TRl A AR B XoF Iz Y i i FRIEARIEL REimiR2E

3 40 ~1.075 500 8.35 x 10~7
9 160 -9.571 500 1.91 x 1073
10 100 -18.77 500 2.53 x 10~4
11 320 ~16.57 500 3.71 x 10~2
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Fig. 5. When n = 8,9,10, 11, the optimization process for finding the possible ground state energy A(<73,S) of the Hamiltonian
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Table 5. terations and energy error for finding the possible ground state energy of the Hamiltonian Hy(<73) .
n BB 1 YR AR R A A a2 AR of 1oy ) RE k(L FRIEAUEL it iRz
8 120 -10.138 500 1.33 x 1074
9 130 -8.20 500 5.59 x 1073
10 80 ~19.40 500 2.3x 1074
11 80 -19.04 500 6.84 x 102
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Abstract

Quantum nonlocality, as an invaluable quantum resource, plays an indispensable role in processing
numerous quantum information. Accurate characterization and effective detection of nonlocality have always
been important and challenging topics in theoretical and experimental quantum information research. How to
precisely identify and verify the phenomenon of quantum nonlocality in complex many-body quantum systems,
and how to design more efficient detection methods for the nonlocality, have become urgent scientific issues that
need to be addressed. This paper is dedicated to the detection of multipartite quantum nonlocality, with a focus
on exploring how the Svetlichny inequality can be used to detect it. First, the maximum quantum violation of
the Svetlichny inequality is discussed. Through construction, a quantum state p, and a set of observables %
are obtained, thereby achieving the maximum quantum violation of the Svetlichny inequality. It is also
demonstrated how to construct other quantum states and sets of observables to achieve their maximum
violation of the Svetlichny inequality, thereby clarifying that the quantum states and sets of observables that
achieve the maximum quantum violation of the Svetlichny inequality are not unique. Second, in order to find
more quantum states and sets of observables that violate the Svetlichny inequality, a corresponding
Hamiltonian is constructed using the Svetlichny operator. This core issue of finding quantum states that violate
the Svetlichny inequality is ingeniously transformed into solving the ground state of this Hamiltonian.
Leveraging the powerful function approximation capability of neural networks, neural network quantum states
are constructed. Two optimization algorithms, i.e. the Nelder-Mead simplex method and quantum variational
Monte Carlo (VMC), are respectively adopted to optimize the network parameters in order to find the ground
state energy and ground state of the Hamiltonian, thereby achieving a violation of the Svetlichny inequality and
ultimately detecting nonlocal states. To ensure the efficiency and accuracy of the detection method, we conduct
a comparative study of different optimization methods. By comparing the Nelder-Mead simplex method with
the VMC method, we find that the VMC method is more suitable for nonlocality detection based on neural
network quantum states in terms of efficiency and accuracy, providing reliable computational support for
detecting many-body quantum nonlocality and the violation of the Svetlichny inequality. To verify the validity
and universality of the proposed method, we detect the nonlocality of multipartite quantum pure states by

using neural network quantum states and the VMC method under different Hamiltonians. The results indicate
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that this method successfully captures violations of the Svetlichny inequality in many-body quantum systems,
thereby achieving effective detection of multipartite quantum nonlocality. This fully confirms the validity and
universal potential of the VMC method in nonlocality detection based on neural network quantum states. This
study not only verifies the theoretical and technical feasibility of detecting multipartite quantum nonlocality
based on neural network quantum states and the VMC method, but also provides valuable new insights for
detecting nonlocality. More importantly, it opens up a new research avenue for using neural networks to solve

complex quantum many-body problems.

Keywords: quantum nonlocality, neural network quantum state, Svetlichny inequality, variational Monte

Carlo, detection
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