Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

FREBRAEM LS ML AP E F5ER

AR AL KT

Optimizing quantum state transfer in multi-excitation spin chains via information flux
ChenJun YuYa-Fei Zhang Zhi-Ming

5| {5 & Citation: Acta Physica Sinica, 64, 160305 (2015) DOI: 10.7498/aps.64.160305

1E 51515 View online:  http://dx.doi.org/10.7498/aps.64.160305
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/116

AT RE R B E 3 E

Articles you may be interested in

PM2.5 K5 4t B s i) 53845 1 BE B 52 i
Influences of PM2.5 atmospheric pollution on the performance of free space quantum communication
YE = 4.2015, 64(15): 150301  http://dx.doi.org/10.7498/aps.64.150301

BT A GRS T B IS X 48 1 A5 T S AR Y
Quantum channel establishing rate model of quantum communication network based on entangled states
PP 27 4%.2015, 64(4): 040301  http://dx.doi.org/10.7498/aps.64.040301

H RBEYD A o0t 1 TR T8 A A5 00 AR s ) S Mk e 7 L

Influences of mesoscale sandstorm on the quantum satellite communication channel and performance
simulation

Y224k 2014, 63(24): 240303  http://dx.doi.org/10.7498/aps.63.240303

E R TR R A i b L o v 4 ' SR AR U A B R RO 7T
Study on orbital angular momentum of Laguerre-Gaussian beam in a slant-path atmospheric turbulence
YH = 4.2014, 63(15): 150301  http://dx.doi.org/10.7498/aps.63.150301

BEE 2 WU AL
Quantum speech multi-band excitation algorithm
VP 2E4%.2014, 63(12): 120301 http://dx.doi.org/10.7498/aps.63.120301


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.160305
http://dx.doi.org/10.7498/aps.64.160305
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I16
http://wulixb.iphy.ac.cn/CN/abstract/abstract65025.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65025.shtml
http://dx.doi.org/10.7498/aps.64.150301
http://wulixb.iphy.ac.cn/CN/abstract/abstract63344.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63344.shtml
http://dx.doi.org/10.7498/aps.64.040301
http://wulixb.iphy.ac.cn/CN/abstract/abstract62251.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62251.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62251.shtml
http://dx.doi.org/10.7498/aps.63.240303
http://wulixb.iphy.ac.cn/CN/abstract/abstract60224.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60224.shtml
http://dx.doi.org/10.7498/aps.63.150301
http://wulixb.iphy.ac.cn/CN/abstract/abstract60005.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60005.shtml
http://dx.doi.org/10.7498/aps.63.120301

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 16 (2015) 160305

HR1E ,L.\uuﬁ,ﬂtﬂc%w%fl?i B HE 5% AY
TR

PR RIS

K& A

(HERITVE R, T RAMANE T IIREAM R S 280 B Ui & (5 RO TR0, T ARA B T TR SMEE AR E,
J7JH 510006)

(20154F 1 A 19 HIEI; 2015 4F 5 A 12 HIREMEMH )

WETE T 57 A AE — R SIRE A (X S kT B e e v A IS, 5 38 v 5 e A i e o A i I ) 52
A AR BRI 270 Wi kL1 (0 AT AL Bl 0 2, B4 7 BT SRR T R R S5 TE A eyl 2 A
I 2. SRR, I OR BRI R/ RO T 538 B RO B A A . i 3o L B e 73 A (5 3 rh 3R
TR R, M T I TEOR IR T 7 4 B ek R . 32Dt 1 A9 AE MO (R 18
KRR 0L, A EILZM 2 4 % A SR AN DO T b 8 e O K L AR B 9%, B R T80k E e IR A6 HE 1.
’-’f T, 2 {EE B e OO B A ORI, A AR (X /NN S AR T A O (S8, BRI
SR TAESER RGP R EE G B TS MU LMK E TFE

XA 518
PACS: 03.67.Hk, 75.10.Pq, 03.65.Ud

15 =

BT B AT 2 — R K R
T RS % 2003 4F, Bose 42 H B 1
1) A e Bk v LAAME &5 BRI E1E. @
T FH B e P A ELAE AR AN T AR
AN OUT, B 1AW LU B e —infe
KR . AR S —MHEAERAM 2R RS,
S B AEAS T8 AR Y i 2 T 1 6 O B
e, WIS E et N R A SO T PR R
B, iTLLSE TSR KN A e b e E
i 200 ok ) b St — 4% T T AR AR e R
NIRRT AT BT, WU EA TR EFEE T
BHIEAL T S T M2 48 1) 52 k4 07, 5
Ab, GNSRATE R GG e b 5| B N AR RS 50, R
F i 19, Dzyaloshinskii-Moriya(DM) A H.1% ] ['1]

W, BT A, BIEHK, MK

DOI: 10.7498 /aps.64.160305

B IOAE B v e A R A SR 2 AR A
RIEFERA R 2= B . REERMNZ, HH
i@ P 10) R AR SR8 116070 A5 R (38 A T RN
ZIEEMH RS MY AL m R, 2013 4, He
At (18] B L R P 95 0062 A0 A5 1k N g 9, AT LA
131 T AR A G875 18 P AR IR B 1) 32K R PRI,
AT 8 o LA i ) PR B R R i . 5 bl i %o
fi L ity AL T Bt 0 — N B R 1) Z R AR e, AT DR
AR 1920 BT Bk R4, &
T35 A G AL R 1 o AR A R T R kAT
TREWHT, WETFSREP, ABRKEER
g5 P2 A IR ek 5 R g% POl

B AE B e sk A& fr i O OR FLRERR T HCR
TEEMSE . A SEE A, FEiET Ak T
A7) 75 %o AR B KN TR R A 3 e s P 1 g 1290,
1E MR ZHO0W 7 b, B RN 7 1R A8

* K BARRFA LG E R TR (HEHE S : 91121023) H K B AR} 564 (HEHES: 61378012, 60978009) . = 55 K 18 1 24 Bl s % T
B4 (L1 5:20124407110009) B 55 s Bl 50 & & 18I (HEHES: 2011CBA00200, 2013CB921804) I [E X #UH # & %

ENEPNE RV EEIE Sl S i
T EEVEH. B-mail: yfyuks@hotmail.com

© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

160305-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.160305
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 160305

HAEUE B HENE (FM) 1, {5 T8 0 /9 E kL 5t
PABUE VIR BIIEZS. AR, SERr A K2 40 E e &
Gei P SR kG (AFM) P 2420 iRl
) —Le B g TAER I, AFM H hEHE & & i =
FAMLGE P02 I H T IE KR B s, 1)
AP S BRI AFM {5 18 7 A& 4 07 LR R 1L
B 52 N TH) A T Ak T RS I FMAS 18 9. SR T
Uk, ARSCHETE T HE— 26 SR G 10 AFM H e,
I B R B L RO 5 A AR B A A
A AL A R R )

R 2 kR g b R SR, AR
SR 7 1% 28] E g R R 45 55 LAY AT i i R 1 5
Rt sl 7157, WA A 2 Ak S R 0 HoRE B0
Hiy S B R G P R B K/ S AR T A A (028,20
DL W B 2 4 PO 2 G &R X L, JRATIA
R IERT TE 1 7 S EAE B e HoR s
B RETE. SREFERIEE RN EE
[ R B A BT . R, AR YR E T
STEA R EIE AR R RURE, JRATHE T Uk
FIERRETHE TS A RET M REE. A
G, BATE— 200 T A YEAE B e AR TE A 1%
oL, 45 R BRI NS 58 A e
K BARAN LSO PR 9 I R &R

AL GE TR B E AT A T
BT ASEAF B e soR B 5 18 AR S 7 2 0R
HPERRRIL S, IHFBUE 2 HT T EE T B e 8
PSP I ORI IS B4 th 1 A e UK AE
BRI RIA N, FFEME IS TETE T B ek
KU R Fe BRI AR T B A PR A RE M. 5 =
8 X O A REAT 1A

2 ETNEWMMYELS R

FR— 2t N AR T HAR R XY B 5 JiE
i, s iiE A0y

J N—-1 N
H=-3Y (oo, +olol,)+hY_ o
n=1 n=1

(D)
Horp, J RAHAR E O T RS REL, J < 080K
RLF- T AE ELAFE D9 SOBRBEYE, T > 0 BKMETE; h 2
0 2 JT RSN 715 o, o, o FoREn A
R FRERIEAT. 34k, AT TR T A2
PRAE BRI (J < 0) B eE ALk .

2.1 EFSfEE

B AL 2 HOK B e BE AL g DL
Bl (a) BTos. TERIAA T 2 ¢, FATH T EAL X
I HFRE T pin) HIGLE H BRI — KT 1
b, RGIAKLT B — 5 & AN R B O
BEIE. W st A AR AR, I
2 t, 15 F BBt A — k1 N B PA—E KR
HIE F = (omlon(t)]em) HWEZE TS Hh
pn (t) FoRHHubl T N 75 ¢ B 200 % AR, B
Ha g

1
px=3(1+ X @hiiak). @
d=x,y,z
KL TRERERE, (0, (8)) (8 = o, y, 2) TATEE
MNRGPIA T X E N ADRLT FRFIER o (1)
SRFIME. B B RBATVFI S B 7% P8 4 M
sk N R E AN )12

P

0 1

1 (MFIR) B TR g R B, 3o
WKL 2, -, N BB %SG B RBEBETE
B (a) BT A (b) YK

Fig. 1. (color online) The schematic for state transfer
and entanglement distribution through spin channel
with different number of spin excitations: (a) state

transfer; (b) entanglement distribution.
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Fig. 2. (color online) The average fidelity F as a func-
tion of t for the chains with N=8 and N=9 spins in
the case of different number of spin excitations M:
(a) magnetic field h = 0; (b) magnetic field h = 1.
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Fig. 5. (color online) The average concurrence C(t) as
a function of ¢ for spin chains N = 9 and N = 10 in
the case of the different number of spin excitations M,
magnetic field h = 1: (a) N =9, M =0, 2, 4, 6 and
8 (b) N=10, M =1, 3,5, 7and 9.
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M =5, Cryax = 0.761.
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Fig. 6. (color online) The maximum average concur-
rence Cmax as a function of the number of excited
spins M for N = 9 (dot) and N = 10 (square), mag-
netic field h = 1.
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tively, magnetic field h = 1.
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Abstract

The transfer of quantum states between distant nodes is one of the most fundamental tasks in quantum-information
processing. Recent studies show that the antiferromagnetic spin chain initially prepared in a multi-excitation state can
provide suitable pathways for quantum state transfer. In this paper, we investigate the quality of state transfer through
a uniformly coupled antiferromagnetic spin chain where the initial state of the channel varies with the number of spin
excitations. Firstly, by analyzing the dynamics of observables for the output qubit using the information-flux approach,
the explicit relation about how the average fidelity of state transfer depends on the initial state of the spin channel
is obtained. The results show that the average fidelity of state transfer through a multi-excitation spin channel only
relates to the parity of the number of spin excitations in the channel. Then we compare the maximum average fidelity
of state transfer through the odd-excitation with those through the even-excitation spin channels, and provide a simple
criterion to optimize the quality of state transfer by choosing appropriate channels from the odd-excitation and the
even-excitation channels. Compared with the previous studies which initialize the chains into the ground state of the
ferromagnetic medium or the Néel state, the maximum average fidelity of state transfer is evidently enhanced by using
the optimized channel. Moreover, we analyze the entanglement distribution through the channel having different number
of spin excitations via the information-flux approach. It is found that the quality of entanglement distribution not only
relates to the number of initial spin excitations present in the channel, but also depends on the initial ordering of these
excited spins. The numerical results suggest that the amount of distributed entanglement and duration of distribution
in the channel where all spins are down or up are larger than those in other excited channels. Based on these results, we

can choose appropriate quantum channels for state transfer and entanglement distribution in practice.

Keywords: information flux, quantum state transfer, spin excitation, entanglement distribution
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