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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.
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Fig. 3. Quantum non-local correlation testing of Werner state in OU noise environment: (a) SOU versus evolution time ~t under
different I'/~y when F =1; (b) SOU versus evolution time vt under different fidelities when I'/y = 0.01.
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160301-6


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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 16 (2024) 160301

kT AT R B A Y AR BST TR] A S8 A
B, A — kT LU i 7 i
TR RS I IR BT S8, B 6 Bon T HILR T
Z| Werner 25 /M B Foin B T/ 12240 R
k.

1.00

0.95

0.90

0.85

0.80

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
I/~

6 ARIFFHIEFFIE T Fn B8 T/ A GC RN ER
Fig. 6. Fnin versus I'/+ in amplitude damping environ-

ment.

&l 6 W] Foin BE I/ BOHE RMHEL A Y HS K.
R, SRk E B R E R, 20 hEE
A — R i T iR R OG5, W5 2 )
IR Z01) Werner 2R EJE F > 0.78.

AT A R MFE AD R, Ty,
F X Werner 25 A] )47 8 F-HF Ryl oI A 95 fe
KA 565 B[] Yt (BDPRUE SAP > 2)) [ 52, & 7
ST o B Ty, FIAELERL. AT LA
H, TE[) — D)y 5T, yimax B F BY3E KMTELR
P I TAER — PR EE FF, ytma BE T /v 1)
HER M EL M Hus/ ).

)i, JE Xt E 4 FEL 7 AT LA H AL
T Werner Z57E OU M7 358 h RE A 1l DO k47
A R BOCIBEAS 56 1Y e KT AL B[] 46 24 K T
AD 8%, KB AD X Werner 245 & F3E 5

SIS AT B
4 %

i T Werner 25 7F 35 B /R B 4R i BH 2
WEE, WA AE SR B RABGIBHE B EE (RT B
PRGN OU M R8T ) vhist fb 5 1025 BE R R, 2k
F CHSH A5, ASCHEAMATS T Werner Z51E
3R =R E R B PR AR B R R
IAS I 175 AL

(a) — F=1.0
10
8-
i .
007
o
4-
2-
0 .
0 0.02 0.04 0.06 0.08 0.10
I/
sLb) — I/y=0.02
- - I/y=0.04
- = I/y=0.06
5-
" 4r -~
g
= -
3-
2-
1F

0.75 0.80 0.85 0.90 0.95 1.00
F

Ko7 RIERLJE ST yimax BE T/, FRYZEA R ML
(2) R FTF, ytmax B T/~ 07286 HHZR; (b)) AR I/ T,
Yimax Bl F (1978 4k 1 &

Fig. 7. ~vtmax versus I'/y and F respectively in amplitude
damping environment: (a) Ytmax versus I'/vy under differ-
ent F; (b) vtmax versus F under different I'/v.

T 45 0, Werner 2% 7E A [R] W 75 3115
ARG (T R OGRS ot SR R B S 0%
St A6 RT WS SR8 b {3 8 /e H i i TR
HOCH I AR ISR S, B IR S
FAWI 5 (27/a)® — LR H. 2 T A S
BT AR B S R RS AT R T SR B G A
5. WA %] Werner ¢ ELE T L F > 0.78.
75 OU MRS EREE T, i Tt F725 5 PEE 2 ) Jo 13 A
IR T, 2T Jo B 6 1 s A i 2%
VI, B Iy FIREAR A B (7 LR | 24 S
08 IR T k1 R A A 6 4 B A Y i)
£ AD FRES, £ B R0V A el SR B B A
KR, BRI  \/20 /v — (I/7)?
WU . BFST 4 St — AR W1, Tl R OB A
o (AR RO (B AE AT RSB O R IR S0 = 2. 75
B (B T AL R TR BTN, EL T/ BN, 758K
BT, 070 7 2 B A0 2 5 P A 1 5
REAR AT B (. 5 B i i T A5 25 8 Ml 1o P R g

160301-7


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 16 (2024)

160301

PR RS 2D AT 1 AE R Bl O B A 56, w0 4R B )
Werner /- BT L F > 0.78.

ARSCHIBFEER, —I7 ] SR iFsE Werner

ASTEAR Sy R B R IR BN 1] 7 AL A4 11 AR SRy ek
RPREIARPEATAE. 53 —Tr, dnl 7 asfe
M IFHCR T R GUR B A AR RO R 55 T
FRMIS %

Sk

(1]
2]

3]
(4]

5]
(6]

[7]

Einstein A, Podolsky B, Rosen N 1935 Phys. Rev. Lett. 47
T

Gisin N, Ribordy G, Tittel W, Zbinden H 2002 Rev. Mod.
Phys. T4 145

Bennett C H, Wiesner S J 1992 Phys. Rev. Lett. 69 2881
Bennett C H, Brassard G, Crépeau C, Jozsa R, Peres A,
Wootters W K 1993 Phys. Rev. Lett. 70 1895

Bell J S 1964 Physics 1 195

Clauser J F, Horne M A, Shimony A, Holt R A 1969 Phys.
Rev. Lett. 23 880

Horodecki R, Horodecki P, Horodecki M, Horodecki K 2009
Rev. Mod. Phys. 81 865

Collins D, Gisin N 2004 J. Phys. A: Math. Gen. 37 1775
Greenberger D M, Horne M A, Shimony A, Zeilinger A 1990
Am. J. Phys. 58 1131

Hardy L 1993 Phys. Rev. Lett. 71 1665

Hu Q, Zeng BY, GuP Y, Jia X Y, Fan D H 2022 Acta Phys.
Sin. 71 070301 (in Chinese) [#3#f, Wiz, SMEF, TURE, 5
FRAT 2022 PJEAAR 71 070301]

Zeng BY, Gu P Y, Jiang S M, Jia X Y, Fan D H 2023 Acta
Phys. Sin. 72 050301 (in Chinese) [EHiz, S, HIHR, 5

(13]
(14]
(15]
(16]
(17]
(18]

(19]

(20]

21]

22]
(23]

[24]
[25]
[26]
(27]

28]

29]
(30]

(31]

foiate, BEACR 2023 PIELAAAR 72 050301]

Rivas A, Huelga S F, Plenio M B 2014 Rep. Prog. Phys. T7
094001

Breuer H P, Laine E M, Piilo J, Vacchini B 2016 Rev. Mod.
Phys. 88 021002

de Vicente J I, Spee C, Sauerwein D, Kraus B 2017 Phys.
Rev. A 95 012323

Li L, Hall M J W, Wiseman H M 2018 Phys. Rep. 759 1
Weissman M B 1988 Rev. Mod. Phys. 60 537

Mi X, Cady J V, Zajac D M, Deelman P W, Petta J R 2017
Science 355 156

Groeblacher S, Trubarov A, Prigge N, Cole G D, Aspelmeyer
M, Eisert J 2015 Nat. Commun. 6 7606

Potoénik A, Bargerbos A, Schroder F A 'Y N, Khan S A,
Collodo M C, Gasparinetti S, Salathé Y, Creatore C, Eichler
C, Tiireci H E, Chin A W, Wallraff A 2018 Nat. Commun. 9
904

Haikka P, McEndoo S, De Chiara G, Palma G M, Maniscalco
S 2011 Phys. Rev. A 84 031602

Utagi S, Srikanth R, Banerjee S 2020 Sci. Rep. 10 15049
Naikoo J, Banerjee S, Chandrashekar C M 2020 Phys. Rev. A
102 062209

Yu T, Eberly J 2007 Quantum Inf. Comput. 7 459

Kraus K 1971 Ann. Phys. 64 311

Rivas A, Huelga S F, Plenio M B 2010 Phys. Rev. Lett. 105
050403

Breuer H P, Laine E M, Piilo J 2009 Phys. Rev. Lett. 103
210401

Pinto J P, Karpat G, Fanchini F F 2013 Phys. Rev. A. 88
034304

Yu T, Eberly J 2010 Opt. Commun. 283 676

Bellomo B, Franco R L, Compagno G 2007 Phys. Rev. Lett.
99 160502

Horodecki R, Horodecki P, Horodecki M 1995 Phys. Lett. A
200 340

Quantum non-local correlation testing of Werner state
in non-Markovian environment”

Jiang Shi-Min

Jia Xin-Yan

Fan Dai-Hef

(School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)

( Received 31 March 2024; revised manuscript received 19 June 2024 )

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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