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Fig. 1. Quantum non-local correlation testing of Werner

state in RT noise environment: (a) SRT versus evolution
time at under different v/a when F =1; (b) SRT versus

evolution time at under different fidelities when ~/a = 40.

\

M 1(a) ATLAE ), 24 Werner 2SI HRETZIHY
TRERE F = 16, 9IRS 2] (B ot = 0) iEFIE)R Ik
KA IR 45 3y SRT = 2,828, XL R 58 Fix
R G2l ) R SR e 45 R — 8. B Ak
BB at (38 0, SRUKG: HE 308300 2 5% 95 28 1k 17 3R
%, BRGNS/ (2v/0)” — VR I, X ilk—
R T P AATEIE B RBE R G T AL I A
“f BN RE . (AR B RS, R BT
i AN EA & IR RO R B B A &
TR R BROC IR A % A L i o i A ] g 3
I, e K R R R OC IR 30 () SR 4 AR,
i SRT 5 2.

Kl 1(b) 451 THEGTRE 5B R Z LI e
v/a =40 i}, SRT LA R fESC R, AEL 1(D)
AILVE ), BEE FROFEAR, AH RS A AT SRT{E
PR, B, 24 F = 0.80 i, R SRT(0) > 2,
EBE A A [R] A 3G I, SRT(¢) B R sk BEAR, HLA
— WA BB s 2 ) SRT B AL BEIA B SRT=2, Ttk
B 205, BI85 5 B AR SR AE R 15 B AR
I, SRR SR <2, UiHiZE FACAR&E
TR SR OCHRAG FEE.

SRy YT R s B e A P TR Y S A, A
B, /82— KT DU 7 i
TR R BOCHAS 35 1 R 240, B 2 WoR TR
2] Werner 55/ IMRELEE Foi Bl v /a FI7ZEAEOC R
HER

M 2 AT LB H, Werner 254 4 1 21 4 £z /)N
TR BB Froin B~/ 1A 38 T 2 1 ML /)N . 45 531
Hi, M y/a — 1/2 0 (B RT M IR EE L2 25

160301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 1B FE I Acta Phys.

Sin.

Vol. 73, No. 16 (2024)

160301

0.95

0.85 |

0.80

0.75 —

80 120 160
v/a

2 RT MR Fn B v/a BRI

Fig. 2. Fpin versus 7/a in RT noise environment.

e L RBEREEE), Fuon — 1. BE& ~v/a ASWHE N,
/MR EE BT T Fon — 0.78 . 1285 R 3R,
FAIRETZI) Werner A2 EE F > 0.78, BPA] {4
WEIZ R AE A E B PR, 20H — e ] 1
D7 & AR RO A 50

$2F 2k, 7781 Werner 54F OU W = 3R 55 p
WAL S 1Y &5 JE R OIS 19 1 A0, T8 3 R
(6) AN (9) K315 15 5] Werner B 7EIE /R F}
F OU M7 FREE v Ak 5 1 R Ry BOCIAS 35
et )

Gou _ QJ max{QE) (1 —4F)p2:|2, B (1 —4F)p2}2 + B (1 —4F)]2}.

— I'/y=0.01
- - I/y=0.02
= I/y=0.10

Sou

30 40

it

20

[l 3

50

Werner Z57E OU M 5 i f) 7 o) ol SC IRAS: 30155 0L

SOU

— F=0.90
- -F=0.385
- - F=0.80

it

(a) HIREHE F = 10, ARIFEESH T/~ T HY SOV BE vt (Y722

LR (b) M 5E I'/y = 0.01 0, RN FSECT 9 SOV BE vt 28k ih £k
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different I'/~y when F =1; (b) SOU versus evolution time vt under different fidelities when I'/y = 0.01.
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Abstract

Research on whether quantum states retain quantum non-local correlation properties after evolving in non-

Markovian environments has significant applications in the field of quantum information. In this work, we

investigate the density matrix of quantum states evolving with time in various non-Markovian environments.

Specifically, we examine two types of non-Markovian phase damping environments, namely random telegraph

(RT) noise environment and Ornstein-Uhlenbeck (OU) noise environment, and non-Markovian amplitude

damping (AD) environment. By utilizing the Clauser-Horne-Shimony-Holt (CHSH) inequality, a quantum non-

local correlation testing of the Werner state after its evolution in these non-Markovian environments is

conducted. The results show significant differences in the quantum non-local correlation testing results of the

Werner state after evolving in different non-Markovian environments. Notably, the Werner state displays
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information backflow in the RT noise environment and the AD environment, resulting in periodic oscillations in
its quantum non-local correlation testing. This suggests that under certain conditions, the quantum state can
transition from a state without quantum non-local correlation back to a state with such a correlation as
evolution time progresses. The results also show that the Werner state exhibits the information about backflow
phenomena in RT noise environment and AD environment, leading to periodic oscillations in its quantum non-
local correlation testing. Furthermore, these periods are inversely proportional to certain parameters, such as

(2v/a)? =1 and \/2I'/v—(I'/7)*. On the contrary, in the OU noise environment, no information about

backflow is obtained, thereby leading the value of the quantum non-local correlation test to increase with
evolution time increasing. In most of AD and OU noise environments, there exists a specific maximum evolution
time ~tmax in which successful quantum non-local correlation testing can be conducted. This maximum
evolution time ~vtmwx shows a nonlinear variation with fidelity increasing and an inverse variation with I'/vy
parameter increasing. In comparison, the maximum evolution time for successful quantum non-local correlation
testing in the OU noise environment exceeds that in the AD environment under the same conditions, indicating
that the AD environment exerts a more pronounced weakening effect on the quantum non-local correlation
properties of the Werner state.
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Shimony-Holt inequality, phase damping, amplitude damping
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