Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

Institute of Physics, CAS

5 XY W AREBREHNE FILH RGN XKESHET T
e Lok §kk Rwik FRH

Correlation and coherence for two-qubit system coupled to XY spin chains
Yang Yang Wang An-Min Cao Lian-Zhen Zhao Jia-Qiang Lu Huai-Xin
5| H15 2. Citation: Acta Physica Sinica, 67, 150302 (2018) DOI: 10.7498/aps.67.20180812

7E 28 %3¢ View online:  http://dx.doi.org/10.7498/aps.67.20180812
2N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/115

AT RERCH B B S &
Articles you may be interested in

K& 21 95 H o i — 7%
General method of constructing entanglement witness
PP 27 4%.2018, 67(7): 070303  http://dx.doi.org/10.7498/aps.67.20172697

BT 8T AHT PR D044 DURANSE kg
Four-partite Bell inequalities based on quantum coherence
Y22 4%.2017, 66(20): 200301 http://dx.doi.org/10.7498/aps.66.200301

55 Ising BERS & B 0 X0UE T HURF RGBT IR HK
Quantum correlation for a central two-qubit system coupled to Ising chain
YE%4.2013, 62(13): 130305  http://dx.doi.org/10.7498/aps.62.130305

Majorana & % T 2 485 )%
Entanglement dynamics in Majorana representation
VI3 2242013, 62(3): 030303  http://dx.doi.org/10.7498/aps.62.030303

HI I R A 2 AU 2] 9 5)) /3 24T A BRI 5T
On the validity of factorization law for the entanglement evolution of two qubits
Y22 H%.2012, 61(21): 210304  http://dx.doi.org/10.7498/aps.61.210304


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180812
http://dx.doi.org/10.7498/aps.67.20180812
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I15
http://wulixb.iphy.ac.cn/CN/abstract/abstract71796.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70931.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54307.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract51982.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50829.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 15 (2018) 150302

5 XY WEhe#EH &N E TR G R
58+

YT EFZR?

¥k

RAnsgl @ irEry

1) (B2 B S i TR B, LR 20 TAJE SR YSRI0 =, ¥Y) 261061)
2) (P EBFEARR AR B R, S 230026)

(2018 4F 4 A 25 HUH; 2018 4 5 H 20 HUEMEHA )

WEFL T WU T HoAF R G 75 B Dzyaloshinsky-Moriya AH BAE F 57 XY H ieEE A5 F AT 5
RIRPEZN S35, S AR5 RV AT AL L. A BLAE R BE A I S A M, 2t < to I, RGUAHTIERY
AL 54 MO SE SR M1 ¢ > to I, WS E T IRBKTE AR 1 to I %, B RIKR AN E HURIK.

KRR XA TR R, = OR8K, XY HJiEesE, Dzyaloshinsky-Moriya #H B.AE H

PACS: 03.67.Mn, 03.65.Ud, 03.65.Yz

15 =

BTMHTHETET ISR, £&
TAE B AL by e EEN M . e g
AL BFHEEPL BTSN kR E
TP O AT B2 IR

Baumgratz % (22 H 7 — MR R TH T
L R R SR, AT R T TR A
th, Bl R s A R B R L VS EOE T R,
HHRETHERE TESIEMTEESRN
TR RN R T R S T T 9 A R
o (91 g e [116) ) R B 2 4 ) (AR
TR R ARGk IR . 7EHER R AR TS A T
R b, ANATN & 7 AR 0 22 A4S D5 TR T RIE
7t, s AT S R T A g R el &
TORBCE B T HE 1020 w2 B T A 4 P &
TS BAESS A B b [RIRE 3y v e AR H, Rt
BHIMHTHESE T REFK AR WG T AATHK
j;E [22—24].

PSR, B R G AN N b B PR A A
AR R R AR, 3 AN RE A AU AT 2T

DOI: 10.7498 /aps.67.20180812

G R EAE S, BT ORBRAE SEPR AL BAT S5, il
P PRES 7S (PR, (H 2 5 /& Markovian I8 /& 3F
Markovian 3358, AAT5 & - I BE A IR IF 78 40 %)
22 25-28) - SR I T LA 32 J e LA IR 7 1 5
Wi T DR FF AN A, RIS 7 SR K 5 48 M SRR 2 [A) A7
1E AR 2R 29=34 . Bromley %5 5] 3 2 R I+
FUCREE BT RS, AR R T LR Y&
i, BT E AT EERREAL, IRt
TGS, Yo &Pl 4H T &7 RGN T
FERGRA KA. T E— BERBOR, &7 R/R4%
Ab P R TAE BT 55 B e R BE RO B IR e A8
TER T E T REMETHEAER S T A2 2E
AT 9T BT RS A B AT e RE R AR R
RG-S ST TR AL L

A K B Dzyaloshinsky-Moriya (DM) AHH.
TERI XY BBEVE N E T RIS, %8
BT HRE RGBT AR B, #ET 2L
WIZS AT A A X, 975 RS SCHAH LA
AR I 5 AH 18 2 A [5] 1) B 8] B A [R] ) %6F
R, FEt < to I, &A1 A A S 22 OGN 58
AR TAEE > to I, W58 RS, [
i, FATEFE T DM AH BAE IR &7 AH VR 52

* FEFRHARRIERES (HHES: 11404246) FILARE HAR 4 (S ZR2017TMF040) % Bt IR,

T #E/E#H. BE-mail: yangyang@mail.ustc.edu.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

150302-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180812
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 15 (2018) 150302

2 RXY B+ R E T LA E N

H YA TS A LA 1 B e 4R ) 001 B
A, B &R S/ B A DM AH BAE S XY
H EBEA S T B Sy

H = Hg + Hi, (1)
Hp = Z Z{ lez+1l+TUzzaiy+1,z
I=A,B i=1
+Aof + D (07,001, — 0l 0ia )], (2)
N
Hy= > d07le), (el (3)

I=A,B i=1
et Hyg, Hy 4 SRR 1 R H 5 IR 5581 0 25 0
BRSSO A o o8, (o= 2.y, 2) R
504 R 0 AR ORI, N AR
HERERY BRI TR, AT 4 1 RIS AR 8
T AR A 4RI D AR 3 DM TLAE Y 2 77 18]
HORS Cr U, O KA 1 WERE RIS 1 e R GRS &
BRI |g), le) S BIFCH ST F 58 LR T
W RGN pan(0) @ |G),, (Gl [G)y K
PRESIA WU Hyy (0925, RV N

3
1
pas (0) = 1 (I-i- 261‘01‘ ®0'i> )

oi(i = z,y, z) NIEAELRF. RENERLEFEL N

paB(t)
= trple ' pap(0) ® |G),, (Gl ]
= {1+ es)la9) (ool + lee) (e
+(1 = e3)(Ige) (gel + leg) (eg])
+l(er = e2) F2(t) lgg) (ee]
(1 + ) [P [ge) (egl + Hee ]}, (4)
Hef, F(t) = 5 (G| e e HE" |G) | Ao = A +0,

Ay = A. FIH Jordan-Wigner 55 Bogoliubov 2% 4,
Hig# AT LR fi e gy (907

=3B (Hata—g)s @
o

By =24/e2 +42sin®(2nk/N) + 4D sin(2ntk/N),
(6)

\

en = Ay —cos(2mk/N), k = —M,---
= (N — 1)/2. Hy' X R3S
|G>A” = H(cos (92" + isin@,;\"bz’)\ub,kﬂ\u) IG)y
k>0

O = (6" — 0)/2,

M, H

in(2 N
2 br,x, Gy, =0, 9”—arct M,

=\, —cos(2nk/N). F(t )E’]ﬁﬁ—‘ﬂ/ﬁjﬂ

F(t) = exp llz (Eli‘ﬂ — E,;\e) t

k
X H <0052 O +sin’ @266_12E26t> . (7
k>0
5 XY gAML, BA7 DMAAEAEHK XY B
TS WIS X 5, — R8RS B & M ELAE A
SRIE D, R 92‘6 th &4 Bogoliubov 4% 4 f & 0)‘
PR b DMURH BLA HI AT BEX &7 AH 1k = AR R,
SRR | F(2)] i BARRIE S

7)) =] (1 — 5in2 20 cos? E,jet)

k>0

3 ETAWMEETHTEE

=R R BB TR, 2 A E (S
RO 2B TS R B s AR i 2 5 ok 181tk 3
BT RS, HE X H

Q(p) = 1(p) — Cc(p), (8)
HHA I(p), Ce(p) 73 AR 48 HLOCHK;
I(paB) = S(pa) + S(pB) — S(paB),
Ce(p) = S(pa) — min S(p|IT}),

S(p) = —trplog, p.

S(p|IT7) NETFAE, BX ARG T 7RG Bt
TR PHE T p; = IQI1P)p(IQIT}) /p;
KR, py = tr[(I @ I )p(I © II7)).

Baumgratz 5 2] 45 H 7 ek sl A T

T L R I 254 (1) AR, C (p) = 0, RAIEM
THEALETE,; (1) B, C(p) = C(Ap), AN
FEARTERAE; (il) SBPNE, C (p) = 32, p;C (p)),
HoP AR T4, p; = KjpK|/p;, pj =
tr (K;pK] ); (iv) ¥, Clgp+(1—q)m) < gC(p) +
(1 —q)C(7). BTk, MRS T B2 e, H

Cr (p)

= I;lel"I-IS (pllo) = -S(p), (9

S (pdiag)

150302-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 15 (2018) 150302

Hrb r NARMTEERE, paiag 7 p HIX A TCAE T
AELCS

4 ETHETHAF
Kﬁi*ﬂﬁﬁ, i?_ﬁﬁlcl =1, cg = —c3, HH (S)ﬁ
13 RUETHURE RGBSR

4
I(pap) =2+ > Ailogy A, (10)

i=1

Hrp
AL2:(1+CQ(11LFunﬁ/&
A&4:(1fc@(1iLFunﬁ/4 (11)
REETREEA
Qpan) = |(1 - c)logy (1 - )
+(1+0)logy(1+0)|/2. (12)

o, ¢ = max{|F (t)|*, s}
H (9) 215 RGP AH T EE &N

4
1 1—c¢
Cr (pAB) = Z)\Z 10g2 /\Z — 5 [ (1 — 63) log2 1 3
i=1
1+
+ (14 ¢3) log, 03}. (13)

I B 7 R BRECE A PR AT AR 2] XY
HHEHESE N = 1 ADA7 70 AR i 3], U AE 3 B A
RN = Ao = 1R IOCHE LA R AR 1% 1 AL 1
B EHS = 0.1, v = 0.5, cg = 0.8, N = 401 I,
K1 (a) B7n T D = 0 S-S5 A g AH B2 & 1)
B RIAEL = to BT R E A HOCHAFEAE
RAZ AW A to WL |F (to)|” = c5. 24t < to I,

T ORI Bl B[R] T 4038, 48 BOCBR R AR AL 4
t > to B, & OGN BE I (8] 1 248, & ORBK
AL, BB, Mt < to B, BT HLSE
BLOCHR PR AG I 2R 52 AR R Tt > to B, M5 &
FRBCEEMAE. Wt <ty i, RGETESHK
T2 OIS AT I EE B E E. 2t > to B,
(12) R ¢ B es 4 | F (£)]2, B ArkE (13) 208
Py (12) 2K, PR ORIk 5 A 1 1) A 58 4 Al
F. MAERATIEL L EAT ;& 1A
AR T BRSSPk B, (9) XA I A
T RGBFTIEFERINEIE N {|g) , |e)}; & IREL
{03000 2 T DA T B e A R AT I . 4t > o BT,
M7 RBATER N RRERN {|9), le)}, HET
FHFPER I EIEAHF, B L& RS &A1
SE4MA, X5 SCHR (37, 38) H AT IR I ) e AL B
WH—E FHN, NEFERGME S L H
SN E, 5SRGPE TR E B AR
A Ising H Jig 55 ¥ SEAHAR & 5 T AH L, RBR S AH
T2 5% R AL 1491, DR B4 FH () 52 0 mf
LA 1 (b) AT 1 (c) J8 B Sk, DM AR B F F 3
AN OB AR -1 5 SG I )R A, TR IR AR T 1
KRR AR, F AR I 265G D (135 I $2 /i

EI2 I T A [E % 0] 7 P 2 oy xF & 1 A
THEXBMEmN s = 01,D = 0,¢c3 =
0.8, N = 401. FEE &M m S8y, B
MFRR IR, X5h0NEFHEERGE —
XY H eSS AR AL 1040 T 4 i B
v=0.5D=0,c3 =08 N =401 i}, F3ERT
ANFEFEE AL S T BT ORISR AT AL, 3R
VRIS A R 6 AR A T M5 B R 3
AR

(a)

e
oo
T
|

i
0.8
4

©
i

0.4

Correlation and coherence

0

\
- 0.8 _gl -

0.4

0 | | . |
0 0.5 1.0 1.5 2.0 0 0.5

t

Bl1 AF DM A EAER T REES TR ME  (a) D=0; (b) D=0.4; (c) D=0.6
Fig. 1. The evolution of correlations and coherence for different values of the DM interaction: (a) D=0; (b) D=0.4; (c) D=0.6.
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Fig. 2. The evolution of correlations and coherence for different values of the anisotropy parameter: (a) v = 0.2;

(b) v =0.4; (c) vy =0.6.
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Fig. 3. The evolution of correlations and coherence for the different coupling constants: (a) 6 = 0.2; (b) 6 = 0.4; (¢) § = 0.6.
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Abstract

Quantum coherence has played a decisive role in quantum information processing. On the other hand, quantum
correlation can be considered as a powerful resource for delivering quantum information. Both quantum coherence and
quantum correlation may occur in an information propagating process, which challenges us to understand the relationship
between coherence and correlation. This is also an important procedure for physicists to know the features of quantum
resources. Any quantum system interacting with its surrounding environment will destroy the quantum coherence and
fail to fulfil any task of delivering quantum information. In this sense, studying the dynamics of quantum correlation
and quantum coherence is very fascinating. In this paper, we investigate the dynamics of the quantum correlation
and quantum coherence for two central qubits coupled to their own spin baths modeled by the XY spin chain with
Dzyaloshinsky-Moriya interaction. We employ the quantum discord to characterize the quantum correlation, and use
the relative entropy to measure quantum coherence. In this way the evolution law of the quantum discord and the
relative entropy of quantum coherence of two-qubit system are derived, and the evolution law depends not only on the
Dzyaloshinsky-Moriya interaction, the anisotropy parameter and the total number of spin chain sites, but also on the
coupling strength between the central spin and its spin chain. Our findings are as follows. Firstly, we find that near
the critical point of spin chain the quantum coherence abruptly changes, which can be used to detect the existence of
quantum phase transition. Secondly, at the critical point, the relative entropy of quantum coherence is the same as that
of classical correlation when time t < to, and it is the same as that of quantum discord when time ¢ > to. At time to,
the sudden transition from quantum discord to classical correlation occurs. All in all, the relative entropy of quantum
coherence reflects the behaviors of classical correlation and quantum discord for times t < to and ¢ > %o, respectively,
which is caused by the change of the optimal basis for quantum discord. Thirdly, the dynamics of quantum correlation
and quantum coherence keep invariant under the scaling variation of the total number of spin chain sites and the coupling
strength. Moreover, we find that all the Dzyaloshinsky-Moriya interactions and the anisotropy parameters, as well as the
coupling strengths will enhance the decay of quantum coherence and quantum correlation, while they have no obvious
effect on the relationship between dynamics of coherence and correlation. The above discussion reveals some new features

of quantum coherence and quantum correlation, which may be useful in further developing quantum information theory.

Keywords: relative entropy of quantum coherence, quantum correlation, XY spin, Dzyaloshinsky-

Moriya interaction
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