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Abstract The atoms are driven by classical field introduced in the cavity quantum electro-dynamic model. By
setting the relationship between frequency detuning of atom-cavity field and classical field driven strength, the
transformation from the effectively Jaynes-Cummings model to the anti-Jaynes-Cummings model is achieved. The
dynamic process of the whole system can be controlled. The entanglement dynamic behaviors of three-atom
Greenberger-Horne-Zeilinger (GHZ)-type and W-type entanglement states in different effective atom-cavity field
interaction models are discussed. The results show that the three-atom entanglement state in dynamic process can
change from entanglement-sudden-death to no-entanglement-sudden-death with the assisting of classical field, so the
phenomenon of entanglement-sudden-death can be inhibited. The entanglement robustness of the three-atom GHZ-
type and W-type entanglement states in dissipative cavity is explored in the evolutionary process. The effective
atom-cavity interaction model of the three-atom GHZ-type and W-type entanglement states are obtained in dynamic
process in which the strongest robustness can be acquired.
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Fig. 1 Research model of three-atom entanglement dynamics with classical field driving
5 R B R R R 0= 20 R RIS [0 | >, nTLATH B A5 4R 35 TS IRk (3) 2 nT #5 4k
A RO i, H AR IR R

H?:%ﬂ+ﬂﬂa+FMHaﬂy )

HRZ%U*WHa+WHﬂaUO (5)

T QED #ig i, i 7 5 g A B AE A JC AR BIAE R TR RS { e, | g0 ) WA BB & AT 1E
A EAE I 67 a " Fl oa ALFIERERESFIEMAHBAE NI 6" a Moa ™, 5815 EG HAH AR AJC BHY
NGB, X RN 2 MG WK S S AR R RS B R S [ [ ) [ — )} N AT DA 8555 3 s+ 5 R 37 1) A
HAEMR JC A AJC BEAL, ik 5 F- IR RS 0 5A MR E Q WL o=20 i, J5i¥
B PRSI 3 (i) AR B R SBEAE A 280 JC BRI (O X 53 e 0= — 20 B, I 5 15 37 0] A B4R JHBE06 A 20 AJTC
BRI (55,

RO FE R T 5 B 3 AR A Ak JC BRI B i Ak B P R S AR T — ) 100 awmasee A B B[] 33
A TR S |40 100 awrmorcc 23 B B 8] A2 A2 A8 Ak SR i i 15 7 12 7 15

[4> | 00 awmprce = cos(gt/2) |4 | 00 awmice — isin(gt /2) =) | 1) aumi/ceo (6)

155 BRI MG A 20 ATC BERL R A B2 o, R S5 RS [+ 10D awmycc AN Bl B[] 38 4k , T

ARE =100 awmcc 23 BEF 0] & AE AR Ak, [RIRE H i 5 195 5 7l 15
|=> | 00 awmpce = cos(gt/2) |—> | 00 awmpce —isin(gt/2) [+ | 1) avmbrce o )

R b3R5 5 i 5 [ AR S TEAS (R4 240G 9% i 3 19 3h ) 2= AR AT R L B 9E 2 L 9K B0 T D ) = D
TGN B SR . Z R0 AR SE 1 )5 5 I 3 (B) A ELAE T % i 4 i e O JC AL Y = i
LYY 5)) I AT R AR TR AR AT A . AR SO = AR BT S L K S L 1 B S 5O RS A
) JC RLRIA AJC BRI, 38 o e AR ey 3l it - 5 Aa . Bb . Ce []AS ] 1948 R00R B A G %5 0 1, o] DA7E = JC
A = AJC B B JC BERIZE G0 AJC BER1 (B AJC BLARIES 5 3 JC BER R A58 — i 2 4 25 5 ) 2247
o RIS AR ] = A S AR T A R T A GG RAE TR

3 B S EIE b

FEE R A 9 )E 7 R A T GHZ & cos 0 ‘+++>ABC + sin 0 |777>ABC W
cos fcos ¢ | +——)apetcos Osin ¢ | —+—)ape +sin 0 | ——+) e = A AL E A R 1000) 0 3% B

(96[0,7(],@6[0,27(]0
3.1 =HEFGHZAEZRMZIR THUEZ NZITH
W =R F GHZ fEE Y, {5 = R F R AE E SRS pase (O IRL N X RUERE , H 2 AR

1227001-3



ai, 0 0 0 0 0 0 =
0O a2 0 0 0 0 =, 0
0 0 a 0 0 2z, 0 0
0 0 0 a =, 0 0 0
PuclD =1 o i by 0 0 0 ®)
0 0 =, 0 0 by, 0 0
0 = 0 0 0 0 b, 0
0 0 0 0 0 0 b

EEX =5 A AR X BRSO R | 2, [<a.b, ,é(aHrb,)=1],%ﬁHEE£Pﬁ#§§£““ (77 1%

KER ., X THEEEE pasc (OFRN =R TETRGERE MG Cane 1l E XN
CABCZZmaX{O,‘Zi‘*w,}, (9)

A wi=l;2'j/ﬁ,i=1,2,3,4g AGERE Cape N0 B 12846, 2 Cape =0 B, Z R F 58200852 Cane =1
if =R A A T K 2 0<<C ape<<1 BF, = A0 T30 2 48

WHE A Z S I IR S 1 BE R F R IR b F GHZ A0, 76 6 5 5 16 37 19 4 %0R B4 FH R 8 R
(] G h J1 2447 R . TEJRIBRTF-1E 4 Aa.Bb.Ce BIAHTAE T, 24 5 11 3 09 050 3R 2K i i 4 i 3K h 3
SR 0 =20, BV REUIRASTE = JC BRI BEAT ML . 28 R 3 i i 7 5 28 8 37 9K 3 ol B G 2 0 =
=20 A RGRESTE = AJC BB R 17 fh ., #H AR 5 e K Eh g W e 0= —20., 5 4b
PANET 54 A WS IR s) B R 6 =20, WA REAAE S AJC BERIEE A WA JC BRLF 47Tk .
A — A R 2 U R S B AL 0 =20, AN R T 5 45 A 4 ML IR BB B K 0= —20 .
BARGEAER JC RIS AP AJC AU F b ATk . B, AR R 5 4 3 I 3 19 4 200 B 7R AR A
T ARG 6) L (7R LU B0 A5 2 = A JE T AR Ak B b A 290k 5% B A B L 9 AR 9 L IE 2 R 3k A B O ok R
SR g, AT T R AR R 2 8 R R AN

PR a. = JCBRL L FE = AN R R - Aa . Bb.Ce Wil & 0 =20, i F[i] = i T2 g p) Fak X h

Cape =2max{0, |cos Osin 0 cos’(gt/2) | —+/3 | cos’d cos® (gz/2) sin® (gt /2) |}, (10)
B b, = AJC BHY 7 = ARl JE F-8 3% Aa.Bb.Ce Wil /£ 0= —2Q, i i) = Ji T2 95 ik R
Cape =2max{0, |cos Osin 0 cos’ (gt/2) |—+/3 | sin’0 cos® (gt /2) sin® (gt /2) |}, an

BERY ¢ X F JC+ AJCH]JC BERL, YE /3 i - 3 Aa.Ce Il 2 0 =20, /IR -1 Bb il 2
8=—20; % T AJC+]JC+AJC BB, 75 )5 S5 7 3 Aa . Ce il & 6 = —20 78 R U 7153 Bb i 2
8 =20; )57 8] = 7 2 g Rk Xl

Cape =2max{0, |cos Osin 0 cos’(gt/2) |}, (12

BERY d. X F JCHIJC+AJC BLHY, 7/ 3k s F- 5 4% Aa Bb Hiili & 0 =2Q . 7 R i 7B 3% Ce il 2
8=—20;XT AJCHJCH+]JC BA 75 Jmy i -3 Aa thiilfi 2 0= —20, 7R 35+ Bb.Ce i 2
8 =20 ;)7 8] = J5 F 2] g8 %3k Xy

Cape =2max{0, |cos 0 sin 0 cos’(gt/2) |— | cos 0 cos(gt/2) sin®(gt/2) | X

sin’d + cos®d sin* (gt /2) } . (13)
B e X F JCHAJCHAJC BB 75 Jm U 7183 Aa thili 2 6 =20 .78 Jm 85 7 3% Bb,Ce Hriji 2
8=—20; X T AJC+AJCH+]JC BEA 75 Jmy 85 -1 % Aa.Bb Hifli /& 6 = —20 78 a3 F- 13 Ce Hhii 2
8 =20 ; JF[a] = JF T2 45 335 20K
Cape =2max{0, |cos 0 sin 0 cos’(gt/2)|— |sin 0 cos(gt/2) sin’(gt/2) | X

sin’d + cos®d sin*(gt/2) }, (14
B 2 R =R F 0 GHZ R C e FEAN R B J 2R TR i W 6] ¢/ (¢ = g) IR TR S

1227001-4



ot % Es i

B0 WAL A R G B A0 T 2h ) R A - /] 2 () B L JC BRI 2(b) 3 4F = AJC BEAY, &
2(c)HAF JCH JCHAJC AL /AJCHAJCH JC B, [ 2(DBEAF JCHAJC+ JCHAR/AJCH JCH+AJC
R, MREDIAE R WE I, 6 = T AR AN SEAT AR AR B W0 i =R GHZ B 9884 = JC BB & A&
A WACT IS . MR A SO S AR = P AT 2 037 3K 27 45 2 200 = JC BEAL R sl 1 26 B b, 0 ds = R
T GHZ R i s RS R AR Al it T- M4, H A A AR T WL [ tan 0| <3, W& 2 a) b i {6 X 0 & A
AGTIRICT- S HIX Y [tan 0| >3 I, SR FAUMEEMME BP AL LERT- L., Y=HTF5%AM
WA LEA R = ATC BERLUR S AR, B0 =5 M1 2] 28 30 T A IR 42, an &l 2 (b)) T 7 9 1 8 X, 2 R A 38
TGS HGE B & B cot 0] <<3), AL 7E = JC BRI R R £ & SR T- B4 (i 5L 2L ) U GHZ
UL A AE = AJC BRI 2 & A R ARBET- A X T 240 L | tan 0 | >3 B, SR & | cot 0| <3, #&
WM A6 = AJC BRI R & & 4 SR T- B4 19 GHZ 9 2] 9 9] 25 (Bl 2 | cot 0] =>3) . 7E = JC B F & %
HERARBET- A G 2 | tan 0| <<3),

Entanglement Entanglement
6 () - o dE 610 . Pl i ®
5 1 5 1
; ' ; '
3 3
2 2
1 1
0 0
0 00 02 04 06 08 1.0 0
6 Entanglement 6 Entanglement
value value
5 1 5 1
: ' ; !
-3 3
2 2
1 1
0 0
00 02 04 06 08 1.0 0 00 02 04 06 08 1.0 0

0/n 6/n
2 ZJRFHIG R GHZ BRI GEES C ane 76N 6] 3l J3 27 B80T Bl ) ¢ s R0 5 2800 19281k .
(a) = JCHELAL; (b) = AJCHEIA; (c) JC+ JC+AJC BRI/ AJC+AJC+ JC LAY,
(d) JCHAJCH JCHER/AJC+ JCH+AJC A
Fig. 2 Variation in Cape with time ¢” and atomic initial parameter § for different dynamic models when the three-atom initial
entanglement type is GHZ. (a) Three-JC model; (b) three-AJC model; (c) JC+ JC+AJC model/AJC+ AJC+ JC model;
(d) JCHAJC+ JC model/AJC+ JC+ AJC model

WE R T R4 Aa.Bb BAE JC BB (5% AJC BEED AL, Rl 7 R 48 Ce 5 AJC BB (% JC KL
RO AL, AV RGEEAE JCHJC+ AJC s #E AJC+AJC+]C BRL Ak ; B A E S HCT W1 b GHZ
RGBS I P S R AERRIET AL ME 2o Pin., LR R GG = B A [7] /Y 78 fb A
BB G GHZ BV PASHAE — € A N R A A0 T 4 . X b e A7 BRI 1) P 3 24 28 19 30 4 FR
T A AR — R AR IR AR R A S AL B B AT IR A ) GHZ B A S A 3 1 e AR T R A
AEEE S, W BUET A AT DU B, B R RS Aa,Ce BEAG JC B (8038 AJC B8 AL, J&y 31
A4 Bb BEE AJC B (s JC HEED AL, Bl A R AE JC+HAJCH JC R AJCH JCHAJC K
RUEEAL W B S BT Wi GHZ R 9535 TE HAL I B h A 2 R AE RARFET- 4 il 5| A2 s v A
RO 2] 95 S SRACT- G . AT DL 38 5 B0 It - M 2 O 900 3 2 i e R 8 i 37 IR 5 i R ) G 2R R B E 4% SR
4 I 1 5 1K 3 22 1) AT RSO AR T DT 32k B0 AT S804 1) = i1~ 1 B2 3l g~ A D B R L B 2 R LA o T
[ A S S R ARIET- B R .
32 ZRFWAEEZRHEGRII THNUES HETH

XTI R =T WORL A GRS B XA R I 5 IS R AR T B0 B ) Al R T R 29 A AR

1227001-5



e % Es i1

AR X R I PR SR B0IE 22 R SR A B 07 W AN FRIE T . R T 3R 2R TR BRAY B2 5 0 A5 B = JR T 4 g
JE R AN

6
Cape = %Z[(Cj\mc’)zJr(C,AC“S)ZJr(CfC‘A)Zj, (15)
=1

AR CP = max(0. /A% — 2L a0 R p=p (L Q6 p" (L) Qe ) AL . i.j -k € (A.B,

Cl.p A= T AL p I L) A ERAEAE () T SO, B8 6 N T .00 NI T £ 78
y 5 EREFIAE R . AN E AR B SE A TRERE ST A A S A — R L, S — A SR TR A S
o= IZp,- (g (@i | EIE 2N CA[;c:mian[C(\gb,V) X TR ER/MEAR I DT p BRTAT R RE i [ @) BT AT

A AERY AR ILR p,  H C gy = /(3= Trph — Trph — Trpt) /3 Hih Tr ACEXHEHRIE papype W
TR AR . BT 45 SR 3 L R A = HRR TR A S B P I Bk T A <S4 I AR T B AT AR
— P SRR AR O E R SR IR A AR A ), P ih WO = R T A S A A JC R
s #H AJC BIALR ol Jy 2f b B v A VAL S B B AR B A Bk - <S4, SRTILAE TR BR AT LA A o i b BIE 9 = R ]
LY g1 B ) R

MZJEF R AT W B A H S 458 5878 A 5] R S5 -1 3 10 A S80RE LV R AR D () 24 4 1 3
AT R AR DI IR X R AR BEAT AR AT R E (S TR R L W0 IR R T ) W TR 2 2 2 A TR - s 3 [R) B4 AH L
YEH NG JC BRI R & R AR g SR A T- 4 . SRR FRR 19 )3 & 7 ik IF AR 215l A& Ll Ik ) J5
= T 2 28 R ik 5N

2
C asc :JE(C%\B+C%\(:+Ci<7) ’ (16)

o Cap v Cac Croe R W JE T I0] 1 e 2R 2 45 L A5 AN ) Jsy 38500 - s 3 1 A5 800 B A S L (i GHIZ Y 24 4
B a~e) PR A M B AR FREL, K3 =R FHET W RN Capc BT
AR AR TFRIASE0 A I o=n/4, 84 R G243 5 ARG 40 R 8h 1 2 AL Ak . B 3(a) = JC
KL/ 3(b) Sl JC+ JCHAJC i8I, & 3(c)h AJCHAJCHJC BB [/ 3(d) Jy = AJC BRI, 5 R %} 5 7
PEATARAT B BB T2 R B 1 24 28 04 2 J1 447 AR EL L 51 A & 3 3K 3 J5 I ) = Ji 2] 4878 A %00 AJC+
AJC+ JCBERIFN = AJC BT R AR AT L& A g AE T- 8 4 i &l 3 (o) (D FiR . fEA R = JC BN JC+
JCHAJCHRR , JFF 0] =i T A Sy 2 B A S R A RRET- L i 3¢ (W FF7R . Al WL, 7
25 W L7 %l BT A 0T D - A 4 AR R I R LI UK B 5 B 1 O R T DA CAR R BRUR - 3 1 A R
W R DT I8 245 ) W R 2 98 A5 3l f 2R AT i B
3.3 ZEFGHZEM W BYESERMEZFHWYERENYE

ARX =R GHZ BV W R 20 95 25 A 26 WU BK 3l N 9 98 5y 01 4 AT S 09 43 BT 02 78 56 36 W 6 0 3 45 1
AT AR AR R S8 WA T RE AR B S LU A R g . R A AT i S T R T A S A 4
B3 5 B R R B 12 AT . IR SR AR L R0 A R T AR G 2 4 I A T Ak R A R, DA T T B 2 4 ) R feE
PE . KT B F PEAT AR AT AR L B -6 s 37 22 18] 0 A B A TS AE JC AL, w1 4 GHZ B A 5 78 55 88 5 AL
il N2 R AR GHRIRFET- MG, Bl W B i3S R B 5 L P =2 2%, 7RG ILH . m T
ISR SR AT R, REWIG = R F A9 S e 0T 5 28Rk P ARG I EE . fEX R ol AL
YR sl 5, T LS S0 JC BERLEN AJC BERL >4 fis b7 o UG s, 6 SR A TR 5 s g [ 8l g 2 2o R 1 B AL
A EEE TS TR B M, R E AR, NI ES W R R R O 5 EMIKEh R Q 2
d=£20, KRR LIF AN P
G ARG %W i, I R G M FEBOR . IR ML, B E R R ¢ ) (p@ |, Hip
) =c (O +0)+c (O =D AR ICHER . (t)ve O3RN0 [ F1RERILFRIF &
loy=d ()| =0 +d_ (O +1DCHER AICHI d. () d- @3N —0) | +1REMILRE . FIH

r
:*i[HeusP;,j]*?(a+an~ *Zapi.jaJr +pi.ja+a)9;H\:rh He{fjg(4)\

1227001-6



ot 2 % i
Entanglement 6 Entanglement
value value

Il

2
| 1
% re- . 1

00 02 04 06 08 1.0

6 /n
@- q

00 02 04 06 08 10

0/n

Entanglement 6
value

1 5
I 1
3

2

1

0 0

Entanglement
value

Il

~—

o

g

1.0

Wy

00 02 04 06 08
0/n 0/n

A

00 02 04 06 08

A 0

1.0

K3 ZFETFHEET W RS BZSE Canc TEA R 3 11 BT B ) o FUR T RIS 24800 17251k,
(a) = JCALAL; (b) JC+ JCHAJCBIA; (o) AJCHAJCHJC BERL; (b = AJC LAY
Fig. 3 Variation in Cape with time ¢ and atomic initial parameter 0 for different dynamic models when the three-atom
initial entanglement type is W. (a) Three-JC model; (b) JC+ JC+AJC model;
(¢) AJC+AJC+ JC model; (d) three-AJC model

de: (1) g de_ () g r N " o dd . @) g r
=7 = — — 7 FH ) H [E— —
& i 267(15)’ & i 26‘+(t) Zcf(t)(ﬁxﬁJCE‘c:é)j% & i 2d7 (t) 2d+(t),
dd - () . § . §
dtt =—i%d+(t)(7ﬁ§ﬁ AJC B AR & e (O =18KF d (O =1,k c, (OB d_ (1),

TEA R JCBAVT YA B2 b, J5 7 5 PR S | —) 10 awmpsc AN BE I )AL S ARZS T4 100 a0/ e BT AL I
T2

[ 1 0) awmmce = E@) |4 1 0 awmivce /1 — [E@ |7 |=) | 1) awmpce s a7

. r . M e S 2 e 2 K
A e()=exp(—TIt/4D) [cosh(Gt/4)+Gsinh(Gt/4)} G=T"—4g" , 5 I'>2g.6) NF5EE W R 5L,

PRI E IR AT R ) Sy 223 B85 2 D<<2g B, &) ¥R Wi R AR AR IR B /R AT e gl ) ot
FE R T 5 B U s S i A 3 AJC BRI Ak ol B b IR S ISR T+ 100 awm e A BE T 8] 3 4L
RE—> ‘O>Aa/Bh/Cc By Ak o R

= [ 0 awmvee = @ | | O awpee + VT =TT |4 | D awpiees (18)

P4l =5 2 8 C e 76 AN T) JR) 38004 T 5 10 Jis 7 45 300OM B0 R Bl E S A0 8] T A9 A28 44T
TR T 5 B W S A AL (D =5g) T EIE 4(a) . (o), ERAB S HLEN (M =0.2¢g) THEEK 4(b) . (D), 4
Wt 25 GHZ B =5 T2 g5 (0=mr/4) , 1 (10) ~ (14) 0] A1, B A R G550808 = JC BRI/ = AJC A5 50 3
A | BT 18] 2 95 50 1 2447 AR ) B R GEREAE JC+ AJCHIC BB/ AJC+JCH AJC A5 B 3 AL I 19 = 5L 7
Al 95 Bl J 28 AT R 5 REAE T C R/ = AJC BRI E AL S AR — B A 4 () L (b) B . 8 20 i 0K Bl i
FE T BRI 00 56 &l B A RGe % JCHAJCHIC BRI/ AJC+]CH AJC A8 A, AT L4 ol
Y PGEIRFET- MG . X THItR R W B = B RS, Z RGN E SN, B cos 0 cos ¢=cos § sin ¢=
sin 0=1//3 , & 4Cc) . (D A%, B G AJC AR 1 J5 305 -1 378 S50 B4R T 08/, 40 i W 78 4 4
BAED Syt B i o] g e g M 35 . DR, FE S0 A 40 = JC R Akl A b it W = TR T A A Y
RtV fe ok 76 306 A 40— ATC BEALE At B b B0 4G WA = 2 S A AR d 59 . T L X T GHZ

1227001-7



ot % Es i1

BAF W RS A] 95 785, 6 3k 0 S o 2 i BIR Bl 7, 8 - M 3 AR O R A R 2 37 IR Sl R R B O AR L
T30 = i 2 98 25 A Bl g 2 de A v ) A R (R

1. 1.
0 three-JC model/three-AJC model 0 = three~JC model/three-AJC model
= = = =JC+AJC+JC modeVAJC+JC+AJC model = = = = JC+AJC+JC modeV/AJC+JC+AJC model
0.8 | T~ = -ICHICHAIC model AIC+AICHIC model 0.8 | b = = ~IC+ICHAIC model AIC+AIC+IC model
s Ir=02g¢g
=09
5 0.6 L, 06
e g
Q &) 1
L L b -
0.4 \ 04 1 Fal
\\ ‘\ I’ ‘\
02 _ N 02 - 1 I \
S 1 ] \ -
S ( 1 ! % P
-~ [} / \
0 L L L e 0 T [P BN AN L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
t' U
10 = three-JC model/three-AJC model 1.0 three-JC model/three-AJC model
% - -.I(:,&A,!(T%I(: nmdo]/AJ(',f.I(T+{\J(T‘m0d(~l 3\ -~ ~ "ICHAICHIC modeV/ATC+IC+AIC model
0.8 _& = = = =JC+JC+AJC model/ AJC+AJC+JC model 0.8 _‘ = = = = JC+JC+AJC model/ AJC+AJC+JC model
® I'=bg : r=02g¢
1)
L 06F% 0.6 [
2 g
< <
QO
0.4 Coat
0.2 02k
277N
( 3 ’ \\\
0 0 5 1 L=
0 2 4 6 8 10 12 14
'

t
F4 ZREWHMUMEEHR (2 (b) GHZ BRI (D) W B = FF B C ape HE ] ¢ 1925 1k

Fig. 4 Variation in three-atom entanglement Cape with time ¢” for systems with initial

(a)(b) GHZ-type and (c)(d) W-type entanglements

44 i

T 5| A 6 AT 8 ST QED B e JC BURLE) AJC UK B s 76 7T 19 I T
YA ORI R R T 2 B S M 0 7 v PR T =T GHZ A W s
(Y8 F9 55 . P L e 5 DT 5 2 5 20 b B 8 3 B 0 R 00 T = T 4
78 30 Jy 2 B B 200 5 SR SR T B AR TR T MR K T GHZ R0 W 2 5 1 2 R

Z2 £ x M

1 Bennett C H, Brassard G, Crepeau C, et al. Teleporting an unknown quantum state via dual classical and Einstein-
Podolsky-Rosen channels[J]. Phys Rev Lett, 1993, 70(13): 1895-1899.

2 Einstein A, Podolsk B, Rosen N. Can quantum-mechanical description of physical reality be considered complete? [J].
Phys Rev, 1935, 47: 777-780.

3 Bennett C H, Brassard G, Mermin N D. Quantum cryptography without Bell” s theorem [J]. Phys Rev Lett, 1992,

68(5): 557-559.
4 Bennett C H, DiVincenzo D P. Quantum information and computation[J]. Nature, 2000, 404(6775): 247-255.
5 YuT, Eberly ] H. Sudden death of entanglement[J]. Science, 2009, 323: 598.
6 Hadzibabic Z, Stock S, Battelier B, et al. Interference of an array of independent Bose-Einstein condensates[J]. Phys Rev
Lett, 2004, 93(18): 180403.
7 XulJ Z, Guo ] B, Wen W, et al. Entanglement evolution of three-qubit mixed states in multipartite cavity-reservoir
systems[J]. Chin Phys B, 2012, 21(8): 080305.
8 Yu T, Eberly ] H. Finite-time disentanglement via spontaneous emission[J]. Phys Rev Lett, 2004, 93(14): 140404.
9 Yonac M, Yu T, Eberly ] H. Pairwise concurrence dynamics: a four-qubit model[J]. J Phys B, 2007, 40(9): s45-s59.
10 Cui L, Zhang Y, Man Z, et al. Different entanglement dynamics and transfer behaviors due to dipole-dipole interaction
[J]. Chinese Optics Letters, 2012, 10(10): 100202.
11 Lu Daoming. Entanglement properties of two-photon process in three coupling cavities [J]. Acta Optica Sinica, 2013,
33(1): 0127001.

1227001-8



e % Es i1

12

13

14

15

16

17

18

19

20

21

22
23

24

I, A RGO T IR P AR T] . S, 2013, 33(1): 0127001.

Almeida M P, de Melo F, Hor-Meyll M, et al. Environment-induced sudden death of entanglement[J]. Science, 2007,
316(5824): 579-582.

Salles A, de Melo F, Almeida M P, et al. Experimental investigation of the dynamics of entanglement: sudden death,
complementarity, and continuous monitoring of the environment[]J]. Phys Rev A, 2008, 78(2): 022322.

XuJ S, Li CF, Gong M, et al. Experimental demonstration of photonic entanglement collapse and revival[J]. Phys Rev
Lett, 2010, 104(10): 100502.

Jaynes E T, Cummings F W. Comparison of quantum and semiclassical radiation theories with application to the beam
maser[J]. Proc IEEE, 1963, 51(1): 89-109.

Zhang Y J, Man Z X, Xia Y J. Atomic entanglement sudden death in a strongly driven cavity QED system[]]. ] Phys B,
2009, 42(9): 095503.

Feng L J, Zhang Y J, Xia Y J. Dynamics and improvement of quantum correlations in the triple Jaynes-Cummings model
[J]. Optics Communications, 2016, 366: 328-334.

Solano E, Agarwal G S, Walther H. Strong-driving-assisted multipartite entanglement in cavity QED[J]. Phys Rev Lett,
2003, 90(2): 027903.

Hashemi R S M, Huber M, Broadbent C J, et al. Genuinely multipartite concurrence of N-qubit X matrices[]J]. Phys
Rev A, 2012, 86(6): 062303.

An N B, Kim J, Kim K. Entanglement dynamics of three interacting two-level atoms within a common structured
environment[]J]. Phys Rev A, 2011, 84(2): 022329.

Siomau M, Fritzsche S. Entanglement dynamics of three-qubit states in noisy channels[J]. Eur Phys J D, 2010, 60(2):
397-403.

Weinstein Y S. Entanglement dynamics in three-qubit X states[]J]. Phys Rev A, 2010, 82(3): 032326.

An N B, Kim J, Kim K. Nonperturbative analysis of entanglement dynamics and control for three qubits in a common
lossy cavity[J]. Phys Rev A, 2010, 82(3): 032316.

Wootters W K. Entanglement of formation of an arbitrary state of two qubits[J]. Phys Rev Lett, 1998, 80(10): 2245-
2248.

1227001-9



