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Control of the periodical quantum echo of atom bit with
arbitrary initial states in two-photon channel

ZHOU Bing-ju, LIU Xiao-juan, ZHAN Jie, ZHOU Ren-long
(School of Physics, Hunan University of Science & Technology, Xiangtan 411201, China)

Abstract: By means of the full quantum theory, the conditions of generating a periodical quantum echo in the two-photon
channel of a atom bit with arbitrary (pure or mixed) initial states was investigated, in coherent light field. Having studied
the effects both the atom bit initial state and the surroundings parameter on its fidelity evolution, respectively, the pa-
rameter for control the periodical quantum echo of the atom bit was got and discuss its physical characters was discussed,
that may be as a possible theoretical basis to the realization of a high fidelity output of quantum information.

Key words: atom bit; two-photon channel; fidelity; quantum echo

jilll3

1 3]

AR AR R ERLRE R
TIAFAE T SR e DU T ) AR B O
fith, T AR S AT TR R AT IS G
R R A i 1 4 AR P17 3, AEde s S E
BAORAR R 2 4o 08 A R A R AN B v A IR 2 5%
7 T AT DL AT (28 30 A5 AR GERORR PR, 1A ik

CRESUR TR ARG, MO ELES,

WisHER: 2011-03-29; 1&[E HHEA: 2012-02-10

e SEYL R S AR S AR, b
REAE R BB R T P B, e R BER SL
AT OUR, ATRER AL AR TR R
IR Fi B bRy b, FAE RS SN Sl B i s
PR NAE AR R, X — BB AR R 7 B b
B e B R

IR, TR IR SRR AN R
Hoox B AN LA, 32 2P A K52 o H AT,
WFFURN], PRI 7S 3 B0 A (1 7 A AT
B MR E IS, A7 LR AT, T

EEWHE: M4 8RR S R4 T IUH (101J9002); HF4 HAAEL A4 % BT H (09313012, 10116101); iR 44
YU T A B B I H (10A032); o [ERL2 Bt 214 3 I 58 o e S S e e DU H . (201118, 201119)

Foundation Items: The Hunan Province Natural Science (Xiangtan) Union Foundation of China (10JJ9002); The Natural Science
Foundation of Hunan Province (09JJ3012, 10JJ6101); The Education Bureau of Hunan Province (10A032); The National Laboratory
for Infrared Physics, Chinese Academy of Sciences (201118, 201119)



+ 178 » b I =T S

o AR B R 12, T RHLAS T R 1l A7 A R
1%, SRR RN R I, fEARE
BEN A o Sy O N e R SRR i e
(1) 16 8 e AR 22 HR 1 A K (R PE T, R
FUE R P AN T IR s e, i
EANRIEN N, REESEHM T 205, waeklg
BIYIUE, Bz i A& BAT DY T (5 a1,
ﬁ%f@%f%OMTVMA%*%*,E?EW
Bl Y AR A, Tt ik 2 i R GUke P A T
TR FRAF I R i 9 7S A A R A
PR EALSS . T ERNIN, BT —
FGETHR A, BHUR A 5 R 8l ) #1478
Tﬂﬂﬁﬁﬁﬁixmkﬁﬂﬁﬁﬁi?%ﬁ%#
R EE IS . B RO M
U 48 A 2 3 B OVRIOON: 7 o R D LA R A
TR R, RO T I O A
TR E BEE TR, o AMTEA
ISR
ASCIEART5 638 0 i1 B (1 7 A8
WIRXOE FEIE D BAEEYE QSR G )
J5 U ORICRE AN TR AL, PR i1 Loy o (]
PP RS o 2050026 25 U WA MR B 240
XHE T [P R IR KIS, BRAF 251 Lek i1 ]
FIZEL IR 5. JATHIBETT S Rxt
TAFAEMEIE = 460 &, Ie IO 7IliE st 1 b
RS S AR R PR T

2 ERERNZEER
R8I Lo 5 AR 5 3 A0 B AE AL

TR R T RS RPN, REEMG
R

H=wa'a+wS, +g(S.a’+a”s_).h=1
Hy=wa'a+,S.,H,=g(S,a*+a”S ) (1)
Horb, a o a IR o R P A R K A
S, M, 535 A 1 (0 S e MRS AT, g, AT
MEGTAE, ¢ WIR TR NIE REL HIE
HARE N 0=, -
H A LA FH e 2
Dyson 547 RI A XU -1l

H, Ve ) 26 B TS A

Uy — —iuy,
U(t) =eXp(—iH1t)=|: . :| 2)

—1uy, U,

533 %
Hrp
Uy = cos(zzigt),u21 = sm(]?gt)
u, =azw,u“ = cos(Bgr) 3)
A=+d*a? ,B=a’d
WIEHWILRAE T A T35
@)=>1,|n) )
n=0
>N ’ . = CXp > \/ﬁ
a =i exp(ifp) (©6)

n AT, BRI T
TR 57 B R AR A R A R AT R N

aids, WAERRZ], X067 0IE b g1 s 2t

JESFAT AT LUE A (8).

> = cos§| +> + singexp(—i(p)| —> 7

Hrr, 9RIETHR A, @ eI,
LIETRO<d<n, 0<p<2n.

2. =Tr{U®pOU* (1)} = {pﬂ pﬂ (8)

p12 pll
Horp, ARG O+ 1 HRD WIA63 R
p0)=p,0)® p;(0) ©)

117 p, (0) A1 p,(0) 73531 S 3 M5 LEAF 4T 4R
WA W p, (1) BIREFEIC A

Zf {cos( j cos(x/(n+1D)(n+2)gt)’ +
msin (—j sin(y/(n+1)(n+2)gt) }+

1 ————sin(@)sin(p—2L)sin(2\/(n+1)(n+2)gr)
(n+ 1)(n +2)
(10)
Py =1=p, (11)
Py = —sm(9>2| f, E {expli(p+4p)]-
cos(/(n+1)(n+2)gt)cos(y/n(n—1)gt)+
exp(—i@)sin(y/(n+1)(n+2)gt)-



#5300

JRIFAEAR . XU 10T T R RIAS 57 LRSI ol A R 4 - 179 -

sin(yn(n—1)gt)} +iexp(2B){ f, f., cos[%) .
cos(rJ(n+1)(n+2)gt)sin(yn(n—1)gt) +
frn . sin (g] sin(\/(n+1)(n+2)gt)cos(yn((n—1)gt)}

12)
P =Py, 13)

A% BT R PG A TERR G A&
P.0)=X1E + 1,E, (14)

Hp, E =l—><— 1S, E, =+ ><+ 1 AK
e LARTHEFLETESE G=12) W#E, H
2+ =1 WTEARRINZ] >0, B A0 B
PRI AE

P =1, il f, Peos(y(n+1)(n+2)gt) +

,%S]ﬁﬂﬁmme+nm+2mn2 (15)
Py =1=py (16)
Py =p,= i{izlfnfniZ cos(y/(n+1)(n+2)gt)-

sin(yn(n—-1)gt) =iy, f,., f. sin(y/(n+ D)(n+2)gt)-
cos(y/n(n—1)gt)} (17)

FHAXAD)~KA7), A PR 5 LR AR
IS AT GO, W R LUR (R SIRILE,
PR R 7 LRy 7 [A] e = 2R R 4

3 REENEABEFORE
31 REEREX

N T RN E T p(0) (WA Ff B &
P (BN ZERERE, AMISINETFAREE,
o XhP

F(0) =[ Trdp©@p)p0)" |

F(t) BUEISHIAE 0~1 20, ¥ F@)=0, &
FARVISFARSHEIER, Ronfs BELHRE
h5e kR E, B F@) =1, VISHRERSMIAE,
Lol B AL AR . — BB UL R, O<F() <1,
BRI AKEH A ES, f5 RELHE R
REING .

(18)

XRE, Ha (7)) RIEW TR 2EES, T
PUARF S DR LR IE AN

F,(t)=cos’ gpn +Re(sin 8¢’ p,,) +sin’ gp“ (19)

M A4 FRIEF T LR HIaR AL TR R G 2
I, B A R R O

F,(O) =00+ 2P0 =20+ —20)Pn  (20)
32 FHAETEE
2 HUR A TR 2 LA R AR5
F (t)=F,(t+nT),n=0,1,2,--- i,
H F,(0)=F,(nT)=1 1)

RERFALI, FROb Jg5 Heke = 221 A T 1
R,

4 HEWE

TEES 3 WA B, AT BHe AN R R
REHIARDGY) GRED) SEO0 IR 7 EURES IR ETE 1)
RN, B (AR P AR A

W, AT RIS SR . 1)
WEESHfe, WO P rHin =36, iAH
fiB=0.

4.1 FEFIHMRETFEESES

BT R8T LR WA 18 4 A f 6 M\
0> /4 — /2 WK, 7 LRSS IRERE F (1) 1
WAL . BAR,  F (1) IR,

HE 1@ F H, 7 RAIR A TRl Gl
K& B, 1E t=nmn(n=0,1,2,---) BZIHL, F ) JL
FAE O~1 Z IR, RIS TRIORIFE 0.5. B
ToAifho R, 6 >nl/4, fFt=nan(n=0,1,2,---) B}
Z), F,(t) Ws/MERER, MAESLRIX TR, Bl [A] 5
RIZRBOCELL, WE 10)FR.

XA A9, HE, 16=0, F,1) X
A W

ﬂ@zpninH%mNm+Dm+Dg)@n

Hr,
£, I*=exp(-n)n/n! (23)
B, RETITFTZAMIEN gJn+D)(n+2) -
PME A 1 R 5% AR exp(—m)n” /n! &1,



+ 180 ¢ b I =T S

P33

AR IXBNE IR AEAT F, (1) BE I T SACAN S R
ARG, WME 1@P7R. F, (1) 8 e AR5 08 B Bk
PRI IR, 75 0 ~ m X[V A B30 0.5 78 o I
Z I SOT A6 A i B SGH8 Jm p ) B die s - %A Hh
LRI ik S e 2 . B - Ledr A 4 60
Ky 0 —n/4, Mg LR paa s, Xa9)
AR 24 3RS 1 IR IATIVEM, AEF, @) fE0~nia
i S ILA IR AR A 7 I ZUBRIE F, () PR IR
MELHR BESE

1.0

09F

0.8

0.7
0.6

0.5
0.4
0.3

02 |
0.1

F (1)

157 314 771 528
gt
(@) =0
1.0
0.9
08
0.7
0.6
05
04!l
03}
02!l
o1l

F (1)

0 1.I57 3.I14 4.I71 6.28
gt
(b) @=mn/4

1.0
09t
081
0.7t
0.6}
0.5}
041
03F
02t
0.1}

F (0

0 157 314 47 6.8
gt

(c) @d=m/2

Bl sy LR S IR EZ N TR (77 =36, 6 =0)

R, M e=n/20F, Ba(7)A 50 R T LLEr
VIR TR B nAs, ]

|@@kj§Mﬂﬁ> (24)

O L2 B IS )4 2 5% A s 4k, B 1(e)r
Ro fE t=nn(n=0,1,2--) I %I, F ()55 KMHE
1, MAEt=nn/2(n=0,1,2--) %I, F,(t) N 0. &
SRS 2

F@)=F ({+nn), t=nn=0,1,2---
FHA
F(0)=F(nm)=1 (25)

AT o SRR R LeRr A T H AT R o (T
[l o AL A R

R 5 X (15)~20(17) s 1 g7 LR 2 % FE A
RNt I RO ASAIE 2R 2 ) gt

wE (1))

L (expll26E£ )]+ exp[-12GE£ )] )

27 cosh &

(26)
Horp
Prn — Py Im(p21):|
0 =aresh| == | ¢ =arth 27)
( 20| Jf “ {Reml)
XA G 7 )

Lo 1 2
ﬂg(t) 25(/)22 + 0y ) iE|:(:022 —Pu )2 +4|p21 |2:|2 (28)

HH Schmide S #E, AT 4 RGUT R
ZINA KRBT A

v O)=Nm v )+ v lvr) @9
¥BH 0=n/2,t=nn(n=0,1,2---) FL A K (25)
ARQ6), B rt =1, =0,6=0,E=0. WK, X(29)
Wh|w, (1) =|wi)|w; ) BIER T LR S5t 5E
SR A] E R A . TR TR A AL B

moyi%$hk»,ﬁmﬁﬁ?w%@§ﬁ
(24). b, JRT7EuRE =R N o (& TRl 7,
YIRS SR LRy 5 R e AR A
MAEt=nn/2(n=0,1,2,-- ) W%, 7" =1 =1/2,




#5300

JRIFAEAR . XU 10T T R RIAS 57 LRSI ol A R 4

° 181 -

B S35 T v, () =N 2w v )+ v )
KN gi# (EPR &), J??H:#%L??Eé%
HMREGS, REEN 0, HHE I H 4
—,
42 FEFVEARETS

Kl 2 JEs T IR LURFI AR A TR & 2 I B

EX =y —x ), MR ASMEE, &
JEFERR R AR L. 2 n=1(y,, x, =0orl) ,

BT AR T oA ESRIME L),
BEEN 0 =00y, =1, =1/2), BT LRI

b B KR A
MR A&

Kl 2()& W] T n=11 F,@) KA, 55K 1(a)
SEA B E 2(0)KM T n=041 F,@) FE 4L,
5 2(a) A LA, AL AR R, AR R AR )
Bl 2(c) KW T n=0J7 1 Lk Y IR A0 T I KR &
ARITEEW AL, S, fRELEE A EE F,(1)=0.5,

XU =1y, =07, =1, fRARX
(20), PRECFEFRILX N

F(t)= Z]ﬁﬁcm@ﬂn+nm+2gn

597 A, B 1) 5 B 2a)i# 2k
—E M 0<n <L ARILEHER B 1 ST

O<n<l, BT —

= 20) P 2 T4, F, (2) MR IAIAAS, HIRE
R (PR A FE ], BE TR G R RS I B k)N
RIEO<F (t)<l. Mn=0(y,=4=0.5), F ()1
TR AR, R HREY y BAIER, B,
F, () BURGEME 0.5, Wl 2(0)fR.

N AL F (1) IR5g, RIS 630240,
SIS 5 LR U e [ 7 sl e HUR )
WA BRI & (O=7/2),

4.3 RIHFHKFEEIAT

Kl 3 KW TR e S F
80 WY 1) F,(¢) W I)¥sE Ak o 24K, P30 F AR
ANTE W F,(e) W3 A0 F 399, 3 d5 DK B R 35 /)
HAREREESE, XKEHTHEET Fot
| £, P=exp(-m)n /n! IKAE, &AW F, () T 1
FVER) R R o 5320, P 380 1 8 n A
36~60 /oA (Wil 3(b)Frs), n LLIRAG A8 8 43
F EORE B B Rl A, O g i B ] DL 45 R
bb 45 5 R 7 R R
4.4 FIHLIAEETETS

Kl 4 K, Suafitifm g0 —>n/d—>n/2,
Ji LR R R A . B3N /2 I
5 B=0N—%. £ T LU R E
HFEERAAR, A .

1.0,

1.0 1.0
0.9]
0.8

0.7 :
06 04
=05 =05
= =

0.9
0.8
0.7
06
SLE

0.4 Tl 0.4
03
02
0.1

0.4
0.3
0.2
0.1

0 1.57 3.14 471 6.28 0 1.57 3.14 4.71 6.28 1.57 3.14 471 6.28
gt gt gt
(@ n=1 (b) n=04 (© =0
2 JERT LS RECEE I (7 =36, 8=0)
1.0 1.0 1.0
0.9 0.9 0.9
0.8 0.8 0.8
0.7 0.7 0.7
~ 06 < 06 = 06
Zo0s <05 =05
0.4 04 04
0.3 03 03
0.2 02 02
0.1 0.1 0.1
0 1.57 3.14 471 6.28 0 157 3.14 471 6.28 C 1.57 3.14 471 6.28
gt &t 8t
() 7=5 (b) 7436~ 60 (c) =80

K3 R RS R (0 =n/2,6=0)



© 182+ w4k #33 %
1.0 1.0 10
09 09 09
08 038 08
0.7 0.7 07
06 = 0.6] = 0.6
=05 <05 =05
04 04 0.4
03 03 03
02 02 02
0.1 0.1 0.1
157 314 77T .28 0523 2.093 3.663 5233 6.803 157 314 471 6.28
gt gt gt
@ pf=0 (b)y f=nl4 (c) p=mu/2
Bl 4 J57 LS IR B I (0 =t/ 2,1 =36 )

5 #FRiE

A AR e, W T AT IR
NSO TR TE AR A IR T RN T A IR
FERIEAL, BT T )5ty Bk Y el A e AR
Ui SPRRIIWR: 1) fEE S5 eI 1,
Joy RS A DR ELRE S IR AL, B R U A
AU T I A2 (0 =/ 2), A IR 1 Bl 75,
HYH SO IR 7 LR el e 4B AN g 2) iy
FERFIE AL TAE R A AN, S LURr A ORI B R
MR A RS, AMBUAME RS, 3) Jtlgr
P 1R 51 PR 1 B s i A AR e RS i
RPN THE 36~60 Aidi, W] LIIRAGEGE R
TR R R 4) WA B, W
il J 3 Lo e IR A RO AT A2 AP A

DAk 45 306 B X067l 8 s 1 Ry R
TRl P SR TR B AL B A B .

Bk

[11 BENNETT C H, DIVINCENZO D P. Quantum information and
computation[J]. Nature (London) , 2000, 404: 247-255.

[2]1 MEIER F, LEVY J, LOSSL D. Quantum computing with spin cluster
qubits[J]. Phys Rev Lett, 2003, 90(4): 047901-047904.

3] ZKB. FEE REIDET LR 5 R LURE [ i 7 R AR A (D).
R ¥y RLE, 2008, 2(5):92.

WU C F. Quantum teleportation between the photon bits and atoms
bits first is completed in China[J]. Frontier Science, 2008, 2(5):92.

[4] LONGGL,LIY S,ZHANG W L, et al. Dominant gate imperfection
in grover's quantum search aglorith[J]. Phys Rev A, 2000, 61(4):
0423051-0423055.

[5]1 LIUTK, WANGJ S, LIU X ], et al. Fidelity of quantum information
in a pair atoms of entanglement state interacting with cohere state[J]
Acta Optica Sinica, 2000,20:1449-1455.

[6] SANKARANARAYANAN R, JANC H, LAKSHMANAN M. Quan-
tum Dynamical Echo in Two-Level Systems[P]. SI/050618v1-6,2005.

[71 SANKARANARAYANAN R, JANC H, LAKSHMANAN M. Dy-
namical echo in two-state quantum systems[J]. Chaos, Solitons and
Fractals, 2007, 33: 1618-1624.

[8] &K, &M, X=FKEE. RAEES R TR E RT
P ABORT]. HL 7244, 2002, 19(1):38.
NIE Y Y, ZHENG F N, LIU S Q, et al. Atomic squeezing effects in a
two-photon with two-level atomic mixed-state[J]. Chinese Journal of
Quantum Electronics, 2002, 19(1):38.
[91 XN, JEIEZE, J7nRAE. UG TR AR SIS TR B
AiJ]. PrELFAR,2006, 55(2):704-711.
LIU X J, ZHOU B J, FANG M F, et al. Information entropy squeezing
of the atom of an arbitrary initial state via the two-phtoton process[J].
Acta Phys Sin, 2006, 55(2): 704-711.
JFOAR, K. BOGF Jaynes-Cummings A7 H i 7 ) 24Tl 16 15
B HAEI]. PELAAR, 2000, 49(3): 0435-0440.
FANG M F, LIU X. Quantum mechanical channel and quantum mu-

[10

tual entropy in the two-photon Jaynes-Cummings[J]. Acta Phys, Sin,
2000, 49(3): 0435-0440.

KNG, T390k, T RAAJRTFIEIRR0ET J-C BT
772508 ST IR, WEEEER, 2005, 54(2): 703-709.

LIU X J, FANG M F, ZHOU Q P. Quantum mechanical channel and
quantum mutual entropy in the two-photon Jaynes-Cummings with
atomic motion[J]. Acta Phys Sin, 2005, 54(2): 703-709.

ZHOU B J, LIU Y M, ZHAO M Z, et al. Preparation and control of

atomic optimal entropy squeezing states for a moving two-level atom

[11]

[12]

under control of the two-mode squeezing vacuum fields[J]. Chin Phys
B, 2010, 19(12): 1242071-1242076.

EEEN:

BAFE (19575 , B, WK A,
IR M R 2 8%, W F R R 2R B2
TERRTT NG TS RGEHEI®R
K TAE B

XNE (1959-) L, WIRIKIP N, WIHE R S
£, BEWITUT R R A

BAR (1973-) , 5, WirwEEN, it WERECR
FRIBER, EEWIIT 0 A T LA A M 2% B3l A5 4% .

A=k 1975 , 5, WEEAFHN, HIERH O EE
Bz, FEFITIT I T bR AN 2



