Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BERNEBHEEERNIE FILE X X Z 8R0 Breiay AL
X5t A B
Thermal entanglement in a five-qubit X X Z Heisenberg spin chain with the next nearest neighboring

interaction
Liu Gui-Yan Mao Zhu Zhou Bin

5| Fi{% K Citation: Acta Physica Sinica, 67, 020301 (2018) DOI: 10.7498/aps.20171641
TE26 1% View online:  http://dx.doi.org/10.7498/aps.20171641
2P 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/12

AT RE RSB E A L&
Articles you may be interested in

R L B ST -l R A 1 B M ik
Quantum entanglement concentration for photonic polarization state assisted by electron spin
PP 22 H%.2017, 66(24): 240301 http://dx.doi.org/10.7498/aps.66.240301

ETHPIEMENZ HHEWESYUERS
Entangled W state of multi degree of freedom system based on orbital angular momentum
YH%40.2015, 64(14): 140301  http://dx.doi.org/10.7498/aps.64.140301

Dzyaloshinskii-Moriya #H 5. FH A1 P 2298 A6 % 2% T 7 /1 LU R Heisenberg H i€ 5 4t 1) & 1 2 4L 4w i 11
Al

Effects of Dzyaloshinskii-Moriya interaction and intrinsic decoherence on quantum dense coding via a
two-qubit Heisenberg spin system

YyE = 4.2015, 64(8): 080302  http://dx.doi.org/10.7498/aps.64.080302

ARSI A RN E i 1 R GEE T IR ER AR

Effects of inhomogeneous magnetic field and magnetic impurity on the quantum correlation of spin-1
system

VP22 4%.2015, 64(3): 030301  http://dx.doi.org/10.7498/aps.64.030301

FE[FI AL v = Ji 5 1) 2 s A R R AT 5
Entanglement evolution of three interacting twolevel atoms within a common environment
YE = 4.2015, 64(1): 010302  http://dx.doi.org/10.7498/aps.64.010302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20171641
http://dx.doi.org/10.7498/aps.20171641
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract71318.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64670.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63927.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63927.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract63687.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract62300.shtml

# 32 % R  Acta Phys. Sin. Vol. 67, No. 2 (2018) 020301

BRGESBHEEIERNAE FIE X X Z 785K
B e Ry LY
WEw BT AR

(HER 2B S T RRE2BE, X 430062)
(201747 A 17 HU&HI; 2017 4£ 9 A 12 HIZRIE R )

BF 98 AT U AR AH ELAE F T8 B XX Z W AR A B e SR AE W 1 B R B 3l gtk o, ) B f o 5
K B AT B T LR R VR AR B T LRARF 1 3R AR 2 28 (concurrence), 23 BE N Cro F Crs. BRFGEREE
AH, BHA S HOM O T2 B AT B 52 0 17 HL PR S H AR AT Cro B Crs BIREIA L & ASAH [ I8 37 |
Dzyaloshinkii-Moriya A F.AE F LL K 2 [) S5 44 25 JO0H 0 0 #4821 94 36 AN R R FE 9 52 38 0 30k 4938 06k 244 ) A 7Y
ZH, 0] DA SR ST RIS R T LR X X Z AR A ERE R B FA ] 4.

KR AN, R0 B ERE, AT ARAR ELAE A

PACS: 03.65.Ud

1 5 =

B NE T RE PR RERRIEZ —,
I PR BB o, £ iR S ETE B
AR RE TN A, flnE T REAS I E
T i P DL s TR o R B RS R
S EERIE S e PP N NP SE I T e =W
Ve ARAD B e RE AR Dy — b ] B [ A B R R Ok
RNATI FC 7 A 9 B AR R T 2 — . A B i,
A 2 ) B S0 2 52 B P Ui B2 1) B LR, Bk
AN G =N A, A S A%
W R e — N R EE N RES S, AMTH
PEFR A 28 &, Arnesen 25 M B RAE HE AR 1A
BRI 5T | I G 1 5T, B AT S R R
F LR AR B A 2 & LURR I AR 0 Y Y 4R
AU R K 2 R T R T Tz I B R A g B
WEFER I, MR eI . B e AH T A AR % 1) S A
Dzyaloshinkii-Moriya (DM) #H B./E FH % % Fh 2= 4

DOI: 10.7498/aps.67.20171641

(RIS AR A 28 FACEL 4 o e 28] o ) R 4 1 .

FEHFARAN B e R A2 i (R T rp, AATTA
2 R RO AR T LRy AR BLAE . SEBR
By B - o WA B 5] T AT T
B, AR [ B 2% R8T R A e AR LA AR
VAR E A EAE R 09101 28 - J, e AR Aa R A o
T R A8 A AR I 50N S B R, Xk &R
FIREYEAE 5 RS, BT R I, AE— el — 4
& H, 11 CuGeOs 17 FT NaV,05 18] 2547 7 ¥k
AR E M EAEF. B, S TAERFAR T
HA T A8 A BAE 1 2 &7 HRR g AR 2 o
fR 2] g P 19261 4 Gu 25 DOV BIF R T IR R R
I AR A EAE F 2 50000 A8 4 ek B A Ui 45 A B4
1) — 4 g ARAN B e B Hh ol A BT PR Sk 4
B LRI T e g s, AR T A
TV (4 A 2 r 2 20008 R BT %ot IO P I S B . L 25 29
WA T HARIEAAH EAE M =& 7R XXX
W AR AR R A AR SR ST A R I e # 2] g 4k
Jii. Sahintag fl Akyiiz PS8 58 7 BLAT YRAT A8 AH H

* EFRARRERES (S 11274102) HE #BtH 005 A A SRR (S : NCET-11-0960) A8 L s 54 (185 28) (ki

51 20134208110001) % B

1 {5 1E#. E-mail: maozhu@hubu.edu.cn
1 #fE1E# . E-mail: binzhou@hubu.edu.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

020301-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20171641
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 2 (2018) 020301

PER B Y & LUy X X Z 1 AR A0 B8 o iy 24 2 1
Jit. ABATTEE RS T DM ELAE HI A B 2 H00 B
AR By PR S U R B PR FE T 21 98 (¥ 52

SO U AT UG AR A AR AT T 7 oy
XX Z AR RS o g 2 G 5T R P M v 5
J3E Gy BT S AT BT HUR AN U AR & 1 LU
SCA AL BT TT L R R L AR 21 2Kt B R
5 L DM AR ELAE - B AR B A R B 240
ARG AR g BRI M 21 98 P TSR0, A
LML B T AR, TR & 28O0 A 987
S

2 HGAER fool g
2.1 IBPIRA!

WA B GEA A BRI T LR X X Z
AN B R R A 1 B, R EE H H
A

R
H= §J1 Z<‘7i‘7ﬁ+1 +onon, + Moo )

n=1

5
1
+ §J2 Z(Uﬁai+2 + U%”%-}-Q + Az0707 1)

n=1
5 5
+ B Z UZJFDZ(UﬁU%H—UZUﬁH), (1)
n=1 n=1

Hh ol (i = x,y, 2) &5 n AN E T LRI FIRERE,
Ji Ty (= Jra) 43 e sl AR AR AR E e A H
TERZE (J1, Jo > 0 XN REBETEIE, J1, J2 <0

E1 AETHEREREARIESZE BEAOARBE
1/2 W57 LRy, B s AR IRl 4R AH FLAE AN J1,
LR AR UL BAR AR LA Jo

Fig. 1. Five-qubit Heisenberg spin chain. The black
dot represents a qubit with spin 1/2, the black lines
represent the interaction between the nearest neigh-
boring qubits named as Ji1, and the red dashed lines
represent the interaction between the next nearest

neighboring qubits named as Js.
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Fig. 2. Ci2 and Ch3 versus frustration parameter « for different temperature and magnetic field: (a) and
(d) B=0; (b) and (¢) B=1; (c) and (f) B=2. Here, D =0, Ay = A =1 and J; = 1.

020301-3


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

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 2 (2018) 020301

1, 4R N ER (K 2 (d) FiR), Yo > 1, Ba
P3G N, Crs HIA B 5 K E 0.25 IR FEAE. 4
W3 R EE R A, 0 B = 2, Cy3 I KAE R = 2
0.35, [FFEXS T a > 1, Cug B oo G 0 IEL ik v A 5T
PREFFAAS . KR, X T RAEKRBLETE (J1, J2 > 0) T
T, {EAM AR S EBOR T RIE A EAE 2
Bt AR T UG A0 B bGRR O 6 2 2 (1 7R AR
T 5 30T 20 PR B LU AR 2 9 2.

N T BRI Cro B g (52,
BUREET = 0.3 0, TH5E T BE#EI7 R 2 508
oS 20 g 25 i 3 45 (B 3 ARl (X sk
RER L G FE N, 1 i R R DX 3800 B 24 98 FE
0.35). MK 3 (a) TR LU, BE&E AR, —T5
THT HE B A5 300 A0 1T LU AR 0 4 1) DX SOZ B 4 /DS, 5
— J7 T I AR A O 5638 K5 1B W8 /N B2
K. FIEFRBL, UEEHEE — 2 mE (B > 2.5)
B, HH B2 2 D [X S5 R 1) 7E — /MR 22 1 2 802 )
(L 3 (a) HRik B8 (LX), 1 H AL AR 2 985 O
W EHIAE 0.1 LN, B3 (b) 4 N AL AR A 20 FF O
AR B, (ERESA /N T 3, BRI AR & 1 L
R M 20 (1 DX 3K BUR R AR, T G I 3, 7R
He 2 2 (1 11 S BEL 4 2 B b d 3 8 K K. A
B3 (b) 1, BEE R B 2500 4k, AR (e 1S
R o i B IR FMAIME Cr3 = 0.35 1 — MRS
HIX 55,

2% 08 H e A AR & R (B A, =
Ay = 0.5), Cro M Crz BEFH S HAZ K R H
Bl AZ . Lo 2 AR 4 R P, B Er BAE &1
S X A e A 2 2 A S s DA
T = 0.3 A0, HHi3H NER, Cro RNERH#S
HIXAEMWA (WE 4 (a), BI73HlE —2.5 < a < 0.9
Mla < —3.6, F—AZE X 130 B AE X T 2% 1 [F]
PER) (A = Ay = 1, W 2 (a)) B 47N, 2R —
AN S EL X S % 1] [F) B BT 1. B 5 W3 1 3
I, A7 2 98 1) 5 — AN BRI S EL XAE R Che BIME
/0N, R AT 51 LR 24 98 52 SR 3A ) H
T2 ASHIXN &, ish i a FlF 5L 48w
B R g A (LI 4 (b) F (c)). [RIFE, Bl
FHHP S H AR, ORI R T R g N F
FZHIX WA, 20l < afla < —2.7(4
T =03FMB =0, LE4(d), HFE-I S

FAN T ) [ T (L 2 (d)), ﬁ'ﬁf%ﬁ*
i&Emeﬂaaﬁmﬁﬁm’EﬁH%m#ﬁ S ki

P T LR R e 2 2. o 1 ot — 52 R R AN
3% i B, MAFAEE R B O3 A RNER S EIR T
AR PHARE S 50X (LI 4 (e) A (). @1, ¥ T =1
MB =10, MRTF1.2 < afMa < —3.3, FREE
AP T EURFRCN 24 28 (B O3 # 0).

15 B e A EAE & 1 SRS TR R, FAEE
BT = 0.3 861, B 54 T IA U985 ¢, M
Crs BERE A E A Z RS m B, 5B 3 (a)
e, ANHER I, 78 B ek EAE % A 5P 1S %
N, E5 () oL AEAGERE O FEFR IS BRI
BAE DX ) BT 2 9 X . 7R IX N T e i X, Bl
WA 3K, Cro J6IB WG K & i KAA, Ja w4 i) B
ZIHK. FFE, M T Cis i g (W5 (b) i), 5
K13 (b) b, 2 &3 H e A BAF & ) Sk, 7ERH
P S HURR I R X R BT T I X el
& MRS HIE K AR, o = -8, C13 B
WEIA R R I T AR AR

0.30
0.25
0.20
0.15
0.10
0.05

—8 -6 -4 -2 0
«

(b)
0.30
0.25
0.20
Q
0.15
0.10
0.05

-8 -6 -4 =2 0
a

3 NGRS H o KEIAEEEARAED  (a) Cia;

(b) Cy3; KHEET =03, D=0,A1 =As=1H1J; =1
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A=Ay =1and J; =1.
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Abstract

In the study of thermal entanglement of the Heisenberg spin chain model, one usually considers only the spin
interaction between the nearest neighboring qubits. Actually, a generalized Heisenberg model, so-called J1-J2 Heisenberg
model, which is constructed by considering the fact that not only the nearest neighboring but also the next nearest
neighboring spin interaction also plays an important role. In J;-J2 Heisenberg model, due to the next nearest neighboring
spin interaction, the frustration effect can occur and has an important influence on the magnetic properties of the model.
In this paper we investigate the thermal entanglement of a five-qubit X X Z Heisenberg spin chain with the next nearest
neighboring interaction in a magnetic field. Using the numerical method, we calculate the pairwise concurrences of the
nearest neighbouring qubits and the next nearest neighboring qubits, abbreviated as Ci2 and Cis respectively. The
numerical results show that the frustration parameter o has an important effect on the pairwise thermal entanglement.
Moreover, Ci2 and Ci3 have different variations with the change of the frustration parameter . Meanwhile, it is found
that the temperature, magnetic field, Dzyaloshinkii-Moriya (DM) interaction and anisotropic parameter also have great
effects on the thermal entanglement. The increasing of temperature can reduce the thermal entanglement. The magnetic
field can enhance the thermal entanglement between both two nearest and next nearest neighboring qubits, but when
the magnetic field becomes strong enough, only the thermal entanglement between the two nearest neighboring qubits
is suppressed. A certain extent of DM interaction can enhance the thermal entanglement between the two nearest
neighboring qubits. But for the next nearest neighboring qubits, without the magnetic field, the increasing of DM
interaction mainly enlarge the entanglement vanishing area of frustration parameter c. When the system changes
from anisotropic to isotropic state, the entanglement vanishing area also changes obviously for Ci2 and Cis. Thus,
we can choose appropriate magnetic field strength, temperature, frustration parameter, DM interaction parameter and

anisotropic parameter to effectively control and enhance the thermal entanglement of the system.
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