59 % 53201043 H
1000-3290,/2010/59 (03 ) /1468-05

L7/ N 1

ACTA PHYSICA SINICA

Vol. 59,No. 3,March,2010
(©2010 Chin. Phys. Soc.

ETIEHEIMIHNNEFIL4F B iE XYZ #EEIR
swap | J#R{E "

KEE A 4

(AR L2 AR R 22 W) BERL 2 SR e TR B B AR bRt

100191)

(2009 4£ 6 A 13 H ;2009 4 6 F 18 H i3 & i)

FI e A5 B0 A 52 B {5 R Ak R v S AR R B A A RS e 2 TR ) R R AT AR AR D B AR R T L AR 2 IR
AR LA T M e i 7 PO =2 () 77 AR T 2 0 [ I 22 W s B 2 ) R L PR T Y A e S T T O S B
(swap) " S ], FHIE AR 1 EUAS BB 1], AT A S8 & i B I AR 1) S5 b 4% ol S P A A AT AE TAT
o [ 35 B R T i, SE B T2 A 1) R S R AR AR BT Y. A SCITIE T AR AN T XYZ BB WUOEE T LU AR
swap [ JHYSCHLIR AL, 45 AR Y 29 5135 LA K A% 1) S PR AR AR TS B9 swap [T HRAERYIR 22

;&%iﬂ: XYZ Tﬁﬂ; swap I\j ’ jlziéj/}j ) %mﬁ'lﬁ
PACC. 0365, 7510

L3 7

AP, 7 i C-NOT [T %5 1R %L
FIFER. ATESiE AR 2 8 F R R A M L IE
AR 6 HR BE 02 4 1 L LU AR TR C-NOT 13k & S8 3, B
C-NOT ["J/Z38 H I']. 76 LA A e hy S ali i) 75 2 v, 1R
T LRI A T B 3 1) 5 e, T R £ EE T
1) S B0 0] 3 2 T B € W) 1 38 4 A EBLVE . AE T
AR T TR, R U, (| P) ® | @)
= | @) ® | W) "k E SRR E . R SR
ARG AR, A Z AT Z0E B A] LU o 5
FLRRT AN (U0 "7 BB A S IR 2 C-NOT |y
PE WG (U,,,,)"" R .

HPITRE MR AL HLRERZ & T AW
S5 LD R s e i NP (U | U DS = R 1 PN
WA TR (LR By fF 50 PR ka
T 7S 4 o ) PR B R BR AR R R B AT L
SEPL 2 LA )RR B A [ A O 2R B4 R
ZEAE T R O B R R, BT e B i

« [ H AP LIS (IS 110604053 F1 10874013 ) %5 Bl fit 14 i .

1 E-mail ; gf1978 zhang@ buaa. edu. cn

H TR RIRBBUZS ARS8, HARX T H Al A i A E
KB AH A I 18] 1 4 52 75 R A B OBE R R 1 1
Fede N B BE B AR VF 22 90 B R 48 v ] LA RTAE:
RO, B O BT O A S RO R [ e = )
R TR AR AR ELAE AT DUAE B L R A% B E
T AR S RSV 2 W B R e rp S B H AT T
A BE-5 A BE Z 18] (9 15 2% A0 A 5 A A i 41 214 28
HYBL T R TR T R AR B B ] A
FHEAR A 3 -2 385 1T R F 58 . SCHR 9 1A
(10 JTRAntE TS T % 58 A - /6 5 7 A A XU
FOARE 5 16 [l P 9 XXX BRI ¥ 20 5037 vh XXZ L
T swap [JHRAE, SCHRT 1L ] A AR RS Iy 22 07 ¥
X =KL A e XXZ AR GEAT T R SRR, vhig T —
Aot 72 50 R A A 52 B IR0 R 52 b A S B Y [
PRBPRE b e 22 18] 09 A AR P 3 2 4% 1) SR Y
WL B TE 25 8] = AN J7 1) 1 e = () A R 4 0 A
AT A 5 B AR SCF S A R AR 2150 T XU T
FRR R G XYZ BERLAY swap [THAE, 45 1 T RS2
G133 A e S 4 A0 B AT 8 4% 1) S 1k X S B swap
TR, W — 2B 0 A 1 2B swap BRAE AR 2.



34 HE S T AR SIS W T AR B IR XYZ BRI swap [THR4E 1469

2. BA LKA

AR S G b, s A B4R B A 1) S M 0 R
A Jié 2 8] Y W 2% i n] LS O

H :%[](1 sv)otel + (1 = v)olo)

v Joa+ (B+bo + (B=b)oi], (1)

Hrb oy #5387 «, vy B B BER A /EH 250,
b, BB E MU AR S R 5134y H B =
0. JF1 J, /&L FEA R, W E # K F X F 2
PRGBS T B X N T m At

FERRMESER [11),10),[01),[00) F,fR%
1% AR R AR NEE

E, == b + ] -
E, =Jb +J —%,
E, = -2 VB ),

~

z
’

N

2
Bo=3(L+2 B+, (@)
R B ASAE 25
) =10y« Jony,
JE +1 JE +1
) =0y e o,
& +1 Lo+
{. 1
) = | 11) 100),
' VO o+ 1 ' g+l
Z, 1
) =—————|11) + 100), (3)
e S
Horp
E.=(bx b + )/,
{.=(Bx /B + (Jv)")/(Jv).
BEA N

o)) =1 e (!
lvb -0 B 0

oo, | 11) + a,B,]10)
+Bla2‘01>+,31:32‘00>’
WITE bR g i (1) 93 AL R AL
| w(1)) =a(e) [11) +b(2) [ 10)
+c(t) |01) +d(¢) |00). (4)

Sm = VB + (Jn),e = b + . 3EDG3) X,
e
a(t) =e™(Ae™ + Be™) /2,

A =(1 —%)alaz _%ﬁlﬁz,

B

B Jv
(1 + 7)011012 + BBy
n n
b(t) — eijz//2C(eijz _ e—ilz)/z’
J b
C =-—a,B - —uopf;
& &
C(t) — ei/z//ZD(eih _ e—ilz)/z’
b J
D :;azﬂl - ?0‘1,82;
d(t) — e—i/zL/Z(Eei-qL + Fe—im)/z,

E = —&ozloz2 + (1 +£),B,ﬂz;
n n

F =40+ (1 _ﬁ)ﬁlﬁz. (5)
n n

3. swap | T#1EIR = 917

BEmER e(0) = ¢,(1,0) ® ¢,(2,0), &
S — SR A5 40 4 B B B ] 4
SRAE A ZR 0 B U R E R I AL @ =
0,(2,0) ® @, (1,0), B2 FHAL Y swap HAE 52 B
T . swap FRAE LT FRH — A BB AL R 5 —
ERRZS. T A e 2 5 e M B AE T P E
A S A 21 g S AE B B s 1 I ) £ 3 AL
FELI A AT LA G 5 — A 25 A S ] 4 i e R
75 % B T 25 09 28 R B TIE swap $R1E 275 H A
(IS

MR (4) 1 (5) 20, AT LS 3] A 2 70 4T 2 1 20 1Y
WM p, = | W) ) (W(e) | W w 8T
KRLT—AERE, B2 LR E A A TS %
AURAEAS. AT LIS O — A A R 21k B
W Ny

Pirr Pir]
P = ’
Pt Pily

pirr = la(e)[* + [b(e) |7,
Py = le(o) [P+ [d(o) |7,
pi+y =a(t)e” (1) +b(1)d” (1),

Pyt = Pl*u- (6)
MSCHER[4 18038 ,°% v = 0,6 = 0 BF, 2l T 5280 swap
BAE B —A AR IR B RS R



1470 w 3

S 59 %

‘wlllﬂﬁg> = ‘1> + (- 1)% 26”3! ‘0>, (7)
Horbon 5 m 2 B50 DGEEBR T 069 47 A5 46 (B
(A AH BT D 3E 2 B 3 58 A e % A5 DL A GE ), BRI
swap HAEC L. AT E HAE v # 0,6 # 0 ff
Hop— A~ AIESWALE] | gy ) LIRS p, ST
A =1 - p RAGFESLPR swap [T 5SS ] Z (8]
(iR 2

o, ]
(- T )
(8)

P =(a,” (- 1)"5”52%"'“‘)/}.(

RS 15

=\
4im

1
o=l Al + (B + ¢l o

s [ CEP+ [P + [D1P] 1B

[
+ [ UAB |, |F + EF |, )

—%(AD* + CF* )az*Bz]eizm

1 . .
+ [ ;A Bla, |+ EF[p, )

- %(A*D +C P, |e ™

1 * * .
—7[(BD +CE" a, B,

+(B"D+C E)a,3," ]. (9)
FIFH ae“e®” + ae e ™ = 2acos(¢ + ¢(1)) €
[=2,2], (9) AT LAAS B b5 KA e /M3 A9 fi
Pra ik
Pun = P =0Qspy = P +0Q, (10)
Horp

1
P=gClal+ 1B + [c]*]la
1 2 2 2 2
e [ CER + 1FID) + [D*] |,
1 . . *
—7[(BD +CE" )a, B,

+(B"D +C*E)a2,82*1§

(I
O =|5MB [a,|" + EF" |, [)

—(AD" + CF" o, 3, | - (11)

L w=Jv/B,6 =b/] I HABGEH N/ A5
FAR B /i

P =(1 —%,uz)( oy |” + B8 7)

+ (1 =8) (| |* + [eBi]?)
v s B, B,

+o, BB ) (o, = 8,17
b s (o, 0" BBy
o B ) (| = B 1)
+ 24w [ |

- Ll (") + ()

1
Q :7( ‘0‘10‘2‘2 - ‘alﬁz‘z + ‘32‘4)’“2

1 * E
- 7(#250‘10‘2 B, B
+M52a1*a2*BIIBZ)( ‘az‘z - ‘Bz‘z)

1 .
—I;L252\a232\2 +ud(a, " B,)° (12)

4. It E SR8

B, Y S, # O, itk p,, B p,., #5
a0y, BB, MIMINIA I, X A J5 (8 45 A 0 B %
T 3 T R R A5 O

1) ¥511G5% B ARKECE «,y i 4 A 211
NGB w— 0, AT LTS F

P =Puw = Puw =1 = (|28, " + |a,82]7)5";
A=l-p=_(—la] 2|, |"e, ]

+ o, |98 (13)

B 56k B ARG v,y J5 A A ZE AR/ swap 845
iR 22



34 HE S T AR SIS W T AR B IR XYZ BRI swap [THR4E 1471

ME T RIEE, S o, | » o] ) =(0,0)80(1,
1) BB, swap BIRZZR BB/ 25 o, | 5 o, | )
=(0,1) B (1,0) Fff I iF, 52 8 1] A9 5 22 3K 3 45 K,
Hoh & AR 2R b Fn J LR B E 105 G 1)
BIS) e ma L &,
2)8 =0, &6 <, MR SRR /NG,
Puin =1 = (1 = ‘al‘z —2‘012‘2

+2 e Play I* + oy [w's

Puwe =13

A, =1-p,. =0;

Do =V = = (1= L P =2l |
+20a, o [P+ oy [0’ (14)

B2 &=0,8FUs<pu, i swap ffe Kik%E

HIE 2 AT LIAR BT R i, fE5E 0L ( | o, |,
la, | ) =(0,1) 53 (1,0) &b swap '] fie KR 22
A, B/MER O || |a,| ) =(0,0) 8
(1,1) 4 swap T B RAR 2B K A w” L B35
W B,J M v LR P 105 1 5 09 JE 3 2338 73 3%
ARAR.

3) 6 5 p MALEAEN, swap [T IR Z A5 H)
U A I R AT 0% i HL AR5 R0 AR A A LA R R
REMBRKENA,, = X+Y FB/MEKA,, =X -
Y Ko

1
X = Claal|” + BB

+8 (B |* + [aB [P)

1 .
—Iﬂzﬁ(alaz B, B
+a1*a2ﬁ1,32*)( ‘az‘z - ‘.32‘2>

1 2 o w
_ZMS (041 a, BB,

taeB B ) (g |” = (B, ])

1 22 2 1 * 2
_ZMB ‘0‘232‘ +7,u,5[(0£2 B:)
+<Ol2B2$)2:|;

1
Y o= 7( ‘alaz‘z - ‘0‘1,32‘2 + ‘,32‘4)'“’2

1 P
_7(:“280‘10‘2 B B,

+/~L52a1*a2*31132)( ‘0‘2 ‘2 - ‘,82 ‘2>

1
- B, [P+ s )| (15)

5. %4 %

ASCREARBITSE 1 e ) AR FL AR A 45 1) S 4 L
BANEF X S BE swap [T 45 T — e 00 F
PR swap 15 BHAR swap [T] 2 18] (43 22 F 3K 30, Xy
RIS OLES T T ELE IR : (eS0T B ARR S «,y
J7 RS FZEAR/NE, swap TTHIRZEN A = (|q, |7
2, e, |” + [, |8, HMEEE d AE XY 510 b
g SEE P TS B B SR B SRR LA
WSS IR 10 ] i 2 R 45 ie e — B0l s 7EsMm Ak
oI BN swap [TSEBUYERRIRZEN A, =
(=, [* =2la, | +2 e, e [* + [, [0 H
W B2 i 50 E 3 B, T A v SERIE TS B 1 AR 1
AW BARR; — BT TIREN T A,, 54,.Z
(], AU T S g 5 FnEL e ()R8 A A T 58 id
UG S W R AR AL AR A SC R

[1] Brassard G, Braunstein S L, Cleve R 1998 Physica D 120 43

[2] Loss D, DiVincenzo D P 1998 Phys. Rev. A 57 120

[3] Zhang G F, Li S S 2006 Optics Communications 260 347
Zhang G F, Li S S 2006 Eur. Phys. J. D 37 123

[4] CaiZ, Lu W B, Liu Y J 2008 Acta. Phys. Sin. 57 7267 (in
Chinese) [ #8552 [l SCHE LRI 91 ZE 2008 4 244 57 7267 ]

[5] Qin M, Tian D P, Tao Y J 2008 Acta. Phys. Sin. 57 5395 (in
Chinese) [ & Jif . FIZRF (B 13 4 2008 4y 32 4f 57 5395 ]



1472 7/ S N 59 %
[6] Shan CJ, Chen W W, Liu T K, Huang Y X, Li H 2008 Chin. [10] Zhou Y, Zhang G F, Yang F H, Feng S L 2007 Phys. Rev. A
Phys. B 17 4002 75 062304
[7] Huang L Y, Fang M F 2008 Chin. Phys. B 17 2339 [11] Yan X B, Wang S ] 2006 Acta. Phys. Sin. 55 1591 (in
[8] XiX Q, Liu W M 2007 Chin. Phys. 16 1858 Chinese) [ /2B F 4 2006 ¥ ~# 47 55 1591 ]
[9]  Zhang G F 2007 J. Phys. : Cond. Matter 19 456205 [12] Zhang G F, Li S S 2005 Phys. Rev. A 72 034302

Swap operation in a two-qubit anisotropy XYZ model in the

presence of an inhomogeneous magnetic field "

Xing Zhao
( Department of Physics, School of Physics and Nuclear Energy Engineering , Beijing University of Aeronautics & Astronautics, Beijing

Zhang Guo-Feng'
100191, China)
(Received 13 June 2009 ; revised manuscript received 18 June 2009)

Abstract

Spin model plays an important role in the realization of quantum information processing. Quantum entanglement can
be constructed, also ( swap )" quantum logic gate is available if anisotropy is ignored, when Heisenberg interaction
between spins is used; thus a complete quantum computing gate will be realized by combining single-qubit rotation gate.
To study the influence of anisotropy on logic gate has high academic value since anisotropy is inevitable in any solid
material. In this paper, swap operation in a two-qubit anisotropy XYZ model in the presence of an inhomogeneous
magnetic field is discussed. The swap errors caused by the anisotropy parameter v of the exchange interaction between
spins and the inhomogeneous field § are evaluated. We can see clearly when the swap operation can be approximately used

as an ideal swap gate.
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