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Fig. 1. The process of quantum repeater: (a) Distributing
entanglement states in every segment of quantum channel;
(b) quantum swapping in quantum repeaters; (c¢) quantum
teleportation. After Alice taking Bell state measurement,
the information of qubit 1 is transferred to Bob via entan-

glement state of qubit 2 and 3.
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Fig. 2. Entanglement of the two separated quantum repeat-
ers. Entangled states are the four Bell states constructed by

two electron spins.

0 —tto (B1z + Baz)
—po (B1: + Baz) 0
—pto (Bigy + Bay)  ipg (Biy + Bay)
—ipo (B1y — Bay)  po (Biz — Bag)

H, =

B2 Al Bo. WK/ IN A e 8034 EAHE RS, P
LR ST R AR YT A AR AR v B A 2,

WESR B 1 B £E 3 4~J7 ) L 1 5 K/,
6 AR R A8 e 3 oA, DR R] UKE B AR TR R

0 —poBy  —poBy  ipoB-
—poBy+ 0 —ipoBy  poB-
Hl = . )
—poBy  ipoBy 0 —poB-
—ipoB-  poB-  —poB- 0

(14)
;H\:EFI B+:le(yz)+B21(yz)7 szBlz(yz)_BQm(yz);

H\l = —UpOoO1 - Bl — K002 * B27 (]‘0)

o, Ho R SMneisg st s 11 e r Al LA T, i
H ] S5 3R % o F L REMIRIELAE FT ;oo
FRBIRRG T, o FmIAERE, By 255 2 Y
SNBSS, Byl Bo 4y BIFR WA GaAs i THE7
B ERRES (Overhauser field). By fill By 4
A (3) 2, (8) 2 (9) 2R

WA HL T 1 TELELAR Y 4/ Bell 50

61) = (1 T+ 1))
612) = (1) = | 1)
i) = 75t + 1 ).
iz) = 751 th = 1 10) (1)

L 4 Bell KE3Ese, WS ik Ho F H, (9 H
kAT LS
0 —2upBy 0 0
H —2410By 0 0 0 | a2)
0 0 0 0
0

0 0 0
JHH

—po (Biz + B2z)  ipo (Biy — Bay)
—ipo (Biy + Bay)  po (Biz — Bag)

0 —pto (B1z — B2y)
—po (B1. — Baz) 0

\
Bl B_ i &2 = oA, R
B

1
w (B+) = m €Xp <_2A2
B

(15)

).

1 B2
W(B_) = mexp <_2A2B> .

(16)

3 BEEREG

ESCER T RGN SR, 1R L
{E 77 R R A0 L R RE T2 T 12, 70 BIRAT 3 Bl

230303-3


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.

— = By=0Ap
. —— By=3Ap
— By=10A
~ 06 0 B
a0
2 3
0.5
(c) — = By=0Ap
0.4 —— By=34p
— By=10A
’: 0.3 0 B
< 0.2 ST T T T ey
s
V2N
01F # ~—
J
0
0 1 2 3

t/to

B3 3MARK/NINNEESS T, R TF 4 AR Bell £ F 1 LB A R) 7 78 1k B0 A

Vol. 70, No. 23 (2021) 230303
1.0
— = By=0Ap
0.8 H —-= By =343
| — By=10A
~ 06} il 0 B
< 04
o2fiff L """ T -
ok
2 3
0.5
(d) — = By=0Ap
0.4} —-— By =3Ag
— By=10A
~ 03} 0 B
E/ T T T T T et . e e oo - =
T o2} -
7
+ "‘-\‘\~
0.1 ,/ ~—
/.
0
0 1 2 3

t/to

(a), (b), (c), (d) 735 % BL 2 ekt T

165, 1612), [U1s), [vn) W TEH LR, (KRMAE N oh), IMNHEHSE R Bo=0 (L %), Bo=3Ap (B ARL%),

By = 10Ap (M EFL). BRI to = 1/(poAg) HERAL

Fig. 3. Time evolution of mean probability in four Bell states: (a) |¢15), (b) |¢1a), (€) |¥h), (d) |y) for different applied mag-

netic fields. The initial state is |¢],), and the parameters are By = 0(red dash line), Bo =3Ap (black dash dot line),
By = 10Ap (blue solid line). Time is in the unit of to = 1/(uoApB).

ARIREHSECT 4 41 Bell 322 8] 1 FHI BT J LR,
FELE RN 3 R 4 FR. R B
Wiz %0539k Bo =0, By =3Ap, By=104g,
h=1, WLl to = 1/poAp g B30, ARLAE J5 72 (6)
WINT AR/, to BIR/NH 1078 s R 3 7]
LA, WIS 61, SN Bo = O, Apfifi|ef,)
ISR LR 1 AR E] 0.34, RGAb AL =2
ERIILER M 0 ] 0.22; AN Bo A 0 3
) 10 Ap i, |oF) BT B [0 B TLZE M 0.22 /1
F10.01, TIAETE |¢75) F|d1o) BUILARTE 1/2 BT, 45
YL SMES B , W |oi) BRGE I [35) (10 J LR 4
T 0, RYETE |1,) Bl dro) Z MR, P11 L%
S5 1/2. pHAT L, B B AR TE REAS B R G
HA FFFAL ) Bell JERRIT 5 55 41 Bell 2, MM S5 T
AN ZS AR HIT, TSI A AE S SRR
FT, (18 R G AR A R 5 B 24 41
R R BN R — B, | ) B [obi5) 22 9 BRAT 4
SERMG], RERTE|0L) M on) Z kG . X T4
DR o) TE DL, 1350 505, ML ZE . BB
INUESIISE K, B G0 FLTE ) R 1) Z TR 955, T
|610) BT B |v75) (K TLEREIE T 0.

MIE 4TI, 0178 [vr,) , SN Bo = 0

i, Apflijon) BEHLRM 1 FEARE] 0.34, RS
REFEFAD 3 25 E R 0 BEME] 0.22; 2440
% Bo M 0 341 10 Ap i, o) BRI 2| 63,) B L
FM 0.22 Bl /NF] 0.01, THALTE [vio) Fl ) B LR
6 1/2 I, #5488 M AMIE % Bo , W [obr,) BRI
o) B LRI T 0, 258 RAE ) Fllvih) 2]
W%, FHILEN 1/2. TR N [oh) s,
B3 5 o) MRS5S, BEESMEAIIK, RS
R ) B |wh) Z RS, FRILEN 1/2; [vh)
PR 5 |65) (LRI T 0. L8RI5 31h 4 4
ASTA] Bell FE 345 - 0] LIAS 1, X FARMIA A,
% A WM AETE RERS B 22 5 MRT IR BT b 4 Bell HE8K
T4 Bell J, WIS BT 24 225 (038 AH T, 1
SMINRESH BIAEAE SRR AR T, (75 R 5%
AR LR, R R 2 AMIN G 3% K B — B
i, (o) 5 [0ih) Z I BRTHE 56 23, 248 R7E
| ) il 1) 2 TR B o)) i |0fy) 22 D HE L BRAE, MK
T A5 B AR B S ) 1/2. R, % T4
SREEERY, 4 Bell B %148 WK, B o)
i) T —2, T o) A |wiy) g 55— R iy
Bell 32 MIANEAEAHEIRGE, BT ATERNIIFOY R 5
DG R A TRV, 7T LA 22 55 U4k 204k
A 2 ) S b 3

230303-4


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

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021) 230303
0.5 0.5
(a) - = By=043 (b) — = By=0Ag
0.4 —-= By=3Ap 0.4 —-= By=3Ap
— By =10A — By =10A
~ 03l 0 B = 03} 0 B
D: 0.2+ /’ _____________ D: 0.2+ /’ _____________
7/ 7
L 7T L 7T
0.1 ¥ ~——om 0.1 S
A
0 0
0 1 2 3 0 1 2 3
t/to t/to
1.0 1.0
(c) - = By=043 N (d) — = By=0Ap
0.8} —-— By=3A4p 08 % —-— By=34p
— By =10A R — By=10A
~ 06} 0 B ~ 06} \\{\ 0 B
B 3 \oTeemTeal
A 04Ff - A 04Ff \
2 S ee T T T T T T
0.2} Sy 0.2
0 L 0 L
0 1 2 3 0 1 2 3
t/to t/to

B 4 3PARKNHISMEEIG T, KRR T 4 ANF Bell 11 LR B B (8] (4 35 7k LA
l615) s 1672)s 197, |[vig) BISE LR R R WA N [vh), SMNES S Bo =0 (L6

Bo = 10Ap (WE524). WL to = 1/ (o Ap) JHfL

(a), (b), (c), (d) F3BIXFBi R Geak T
i2%), Bo = 3Ap (A KIZk).
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Abstract

The decoherence of entanglement states stored in quantum memory is a major obstacle when implementing
a quantum repeater. So far, the electron spins in quantum dots are usually utilized to construct entangled states
in quantum repeater. In the quantum repeater process, the distance between quantum dots is large, so the
interaction between them can be neglected. Thus the hyperfine interaction between the electron spin and its
neighbor nuclear spins in the quantum dot is considered to be the main reason for the decoherence of the
system. In early researches, the hyperfine interaction between the electron spin and its neighbor nuclear spins
was considered as an effective magnetic field whose magnitude and direction are random and the magnitude
follows the Gaussian distribution. In this paper, we simultaneously consider an applied magnetic field and the
interaction between the electron spin and its neighbor nuclear spins, and investigate the decoherence of the
quantum repeater of two quantum dots. We first solve the time evolution of the system by the numerical
method, and the result shows that when the applied magnetic field is increased to a certain value, the four Bell
states can be divided into two kinds, each with two Bell states. The system cannot transit from the Bell state in
one kind to that in the other kind, but can transit between two Bell states with in the same kind. This
effectively improves the fidelity of the initial state and suppresses the decoherence of the system. For a given
applied magnetic field with large magnitude, we theoretically study the effect of the fluctuation of nuclear spin
on the entangled state, and give an analytical expression for each of the fidelity and the decoherence time of the
initial state. We show that the decoherence times of the four Bell states are the same, but the time evolutions of
the Bell states belonging to different kinds are different obviously. The fidelity of two Bell states not only
decays exponentially but also oscillates rapidly, so such two Bell states are difficult to be manipulated and not
suggested in quantum repeater process. The results in this paper are expected to provide theoretical suggestions

for selecting the entangled states in quantum repeater.
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