LR R Z F I 8 K ¥ ¥ ®RAKBFER Vol.6 No. 1
2005 42 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY ( NATURAL SCIENCE EDITION) Feb. 2005

E..t‘\ ﬂ”g*ﬁéqg&u‘\%iﬁ *E:FTH{]IEBJL,\%E%

»eg?, REZE, x=z&A', BHA, KiE
(1. STETRKE @RTEEME, B mE 7100772 B4 HaEBRERAEGRAT, KA Mm% 710002;3.
TITACEA WA, DR TE 710049;4. FALASETESHTHARBIAN, BT 12 710069;5. FG%m TR
kg AR, BT EE 710071) "

i EAASEREEAER N SBRAEA SRERAMTAIRSEARTEMTAZAL
HEMMRWSIEUEAAGERMT THAGRIBEEFAZEHARUATTHR. £RFK
W, UHETR WA, BALTPAREARUESHE - EXMULERAEHR) XELHKSE
FABAZEHFHENERZEEAR TELENA AN ERMULERMAFE XFLES
CREEEHUNNDEZESE AR, EHEFR-FBEUTEXRMENSFHWERE,
XA SHAES SEENS,FRAZESE BMT; RART WHEFRE
FESHES:0431.2 SRRFRIRES:A NEHRE:1009 -3516(2005)01 - 0078 —05

EEER AR ERSCGHOTFR OIS TRAER . RHARSHIFE, R[4 ~6] B LTS
RS AT LIERHEN SAEN BN EREIES , HIE MR DR S0 ER XA EHEE " %
—E TENERN SRR GHHERFEBERZ D FER T FR AR MERWELH{E. ik, A
IEEWEITR T ERHAGBNEFFES" . k(4]0 10] P HEEZIBHS LS, RAESE
BREEXRSROUESHE" . BTFTETFURARERFHERAETAGEENA, FHIIRAERTE
&, RFAUESYAERFEE™ ", ik 16 ]34 TH A TSR BEM N B FFEHAT
BTFRIPESHITR, L, TR SEEMAESG N LR TREMBARERENE

EXRERTHFFE, WG TATSEASEN=SRNSHOEREE RS EERE RN
XTHI”X?!F%‘&#%D\WZK%E*’E(X—E%)M MBS R THE, #E X BB T &4 T 855

BENGHRERBEREERFEE THEN, AR — S 0a B RIS

1 =TBMSRMNEERME

A I B A 1D ), SR E LR TS Z" 1) SEERERAS11Z,7 1), A%
BEEBO0]), ZBREBMTR. ER—MIRIF - HILRESRUESET, HBFERERN
9) 0 =CLHZ gy + CEZ 1 ) + G310} ), (1)
FHF € =rexp(if,) ,C, =rexp(if,) ,C, —T:;exP(IB:,) sriary Bory YRR WD), P AT ERIMILER,
0.6, & 6, 751D ), P EART B IVIABNL

15 D =1 2720 2 o 27 = el - 1051 1) ; l T]H Il @)
i e con . L < 2 iz," )"
I {iZ, 2 =112 12y e iZy ) = expl -+ I Z; | [ ini),

iz 1) : ) = el 513 1}}3:{{[[ P10 3)

RS B HY:2004 -07 -~ 13
EET A PRIE B RFHEE S YT B9 H (Z00ISL04)
EEBT PR (1961 -) 5B RARZA B, L, EENEd T2, B FAERBFEEFEWA.



1 P EE . AR NEEMNESCHBAT THIRSEES

79

#HH Z; = Rjexp(iij) ’Zj* = Rjexp(_ i@j):! {nj}>2q =1 ny,ny, 0, n2q> AZEHTHE E‘inii =

n‘] !n2 "!nzqozq %ﬁﬁaé\ﬁ E*Wqﬁ\ﬁﬁi%ﬁ:\-%.’c(.]c = 1!2! ,Q) J:q/l\'}fﬁ'ﬁi%j‘jb]f(h
.29) o
BIWO) A AHER
W T TN =t 7 4 2nrcos[ (6, - 6,) - ZRz]exp(— ERZ) +

I_l

2[rrscos(8;, = 6;) +ryrscos( 6, - 6;) Jexp( - "E"ER,?) =1
. ~

2 —REILER
SHAEN 0;(j = 1,2,-+,2q) MEHENT , & X PR
C(N), = f[af" , C(N), = f[a:”

L(N), ]‘[ , LT (M), H

4 D(N), =C" (N)L(N), , D'(N), =C(N)L(N),
BIATAIETHE R E A
X, (N),, = 172[D* (N),, + D(N),, ]
X,(N)y, =i/2[D* (N),, - D(N),,]
FIH Cauchy - Schwartz AU A MR R A
(AXT(N) ) (AXG(N) ) = 16711 ([D(N),,D" (N),, 1) 17
HA(AXL(N) ) = ([ X0 (V)5 1) (X (N) ) (m = 1,2) B3, 4R
S.(N) = 4(AX,(N)y) =1 {[D(N),,,D* (N),, 1)1 <0
TFREHETH X, (N) o (m = 1,2) HERAEE LIERIESRIR N W 2R,

g+1,q9+

(4)

(5)

(6)
(7)

(8)

(9)

(10)

RIEUERESHA(L) ~ (4) FRAK(10) £ iﬁﬁﬁ"ﬂ%ﬂ%*ﬁﬂiﬁml ‘I’(”>zq¢WiEx$ﬁﬁzo’}a

B SRR MESF R N RE R —REIR SR

Xt X, (N),, A
(W) = ALY 1 ([D(N),D* (N, 1)1 = exp(= 3 R) PRI
2nricos(s, -6, - 3 ) 1T (511 T T o *"‘),ﬁ]ﬁ‘
Hn(n—m)ﬁn (n, +m) :Jf[ﬂ(m "’”,ﬂl,ﬂ(” +m) -
TTTT o) T I =m0 111 #2]T (R oosl20C 3, - 3, 0,0

2q 2q q
{r2 + 713 +2rrycos[ guN + ZR".’ - (8, - 8,) Jexp( - ZRJZ)] - 2cos’ [ N( z(ﬁ! -
= A=

214’“)] trl 47 + 2nrycos[ g + ZRZ - 6,) Jexp( - }ij)i }
XF X, (N),, B
S,(N) = 4(AX5(N),,) =I {[D(N),,,D* (N),,1) | = exp( - ZRZ) c e

in =0
2g N-1

¢ N
VTT] (v ) T T =) +

Je=l m=1 Jr=g+lm=0

2q 2q RZn

2r,rycos( @, - ) zn)]n[

(11)



80 . SEIBRAFEFER(BABER) 2005 4

q N-1 g N-1

H]:IOn -m) H]H(n +m) lHl__[O(nj—-m) HIH(n +m) -

q N 2g N-1 2q

HH n, +m) HIHG( -m) 1} }+2]‘[(R2”)icos[2N(Z¢ - Zlqbu)]

fr? + ri + 2rrycos[ gmN + ZRJ- -(8, - 8,) Jexp( - ZRj)} + 2sin’ [N( Z‘i)jc -
j=1 i=1 m

243 Y11{? + 72 +2rrycos] qN+i‘;Rf—(B]—BZ)}exp(-i}Rf)}z} (12)

JL=q+1

R R AZS | O, 038 T EBOE TR, o NEARR KRR, N REEFTFRY, n,(j
= 1,2,-,2q) N5 j AT EBOE Fock BT HOLETFH(0 < ny < oo B n AN —IIEREED .

30 &1 V), ERMT T RIRAR R EES

mRr =1, =T\ﬂ(ﬁ1—62)—%511’77:1‘(21'4-1)17 (L =0,1,-) (13)
M= (11) . (12) "4k
S,(N) = 2ﬁ(RfN) {cos[ 2NV( id;! Z ¢JL)]{2r2{l - cos(gmN +

jr=q+l

2 29
Z{Rf —%Z} n,)exp( - Z},R}’)N - 2cos”[ N( ;‘iﬁ Z %)]

mﬂlwm%w+iﬁ—iimum—ifnu (14)
S,(N) = —2ﬁ<R?”)leos£2N(j2:¢, uz“%nazr [1 - cos(gmN +

sz 5 n)exp( - z"R?m F26 NS 8, ,,Z“ 6]

{221 - cos(——qN+ ZRZ S n)exp(— 2R2 (15)

31 A& PR, Hﬁ@*ﬁ%&ﬁ&ﬁ*&'{tzﬁ%
HFint =n,ny, 0, nFn(j=1,2,- 2q) BEREEEABE P O<n < o FFLIELR

Y Hilbert Z5[H], |n;| KIS A TS MEETHEIXHE, Znﬁ%in} YA R A BGE PR AT RER AR S B 3

H.HR(13) J,81 ), FEEMFE! {Z] I)z.,iﬁli {iZ] 1), ZIEFANAEZE (0, - 6,) thRFBUET & T 88
B, X BIR G X P S AR LS 2 EE RS, | ), AR TG REMEMS X dr, =
r, =T ELA ) FEATEZ ) M 2] ), HAMILRESHE, BA“ R .45 AT
A ), B LR R S E NS B A SIS HIRS, BN A THT NS | ¢0) B0
T RS EERIES,
3.2 #&I vV, ERETFTHRSEES

HESE T () WAL, XFfS%)L_t'H’EﬁHTJEU

Zﬁzgzm (16)
RER, %Pﬁﬁﬁﬁq wZat,=(16) %T‘E‘Jiﬁﬁ@ﬁﬁioﬁﬁhiﬁu_ﬁ— H(14) ((15) iﬁﬂ%ﬂ.’jﬂ
S, (N) = 2H(R2N)|cos 2N( Ed) - 2 qb“)]{Zr [1 - cos(gmN)exp( - ZRZ)]

jr=g9+1

2cos” [ N( Z_‘,d)’ E d’n)]l?’r [1- cos(—qN) + exp( ~ ERz)] (17)

ji=q+1 J=1



B WFES ZSBNESRNESHRBT THREXES 81

29 q 2 2q
S,(N) = —ZH(R}N){GOS[Q.N( Z’,d)j‘ - z'l¢jL)]{2r2[1 - cos(gmN)exp( - ;Rf)]l +

JL=g+

26 [NCS 6, = 3, ¢,)112701 - cos(Fgh) + exp(~ 3D 1] (18)

4 Mp=Yd - S ¢, 0% Ap == (k +;—) T (k= 0,1, B,5(17)(18) 46K

=1 jL=q+1 N y
$i(N) = $,(N) ==2[T(R") {27 [1 - cos(FgN)exp( = 3 RDII] <0 (19)

ERRE,E ), R ELS BRI EIERRS LAFREFFR N K 2 E RN X R —F
AALGEFREWARERRET G, A SHMAEXR AT B D ENS % BRI HAEEEF
RYBBAE R BB A AR “ SRR, RATFRX R IR SR RS .

HAp =xky (k=0,1,)HeN =dm (m=12,)8,3K(17).(18) XA

81(47'”) = ca(l -2a) 52(47’”) =-ca (20)

2q 2q
Hepze = 2] (B") a0 = 27°[1 — exp(= X R}) Jod13R(4) H1:0 < @ < Lie > 03— 4rH7R 8, % (20)
AHCF A 3 #IE A

1) s,(%’“) 50 . 82(%”) <0 (0<a<12) (21)
2) sl(‘—‘q@) -0 . 52(4?"‘) <0 (a=12) (22)
3) sl(‘%”“) <0 . 52(4?"‘) <0 (12<a<l) (23)

WAET 251 ), MBS Z E AR R4 B MR R I SR dm/q WA EFEMBAE 1.2 BATEL, R
{4t , BE1E 3 AR 4R IR B B ST dm/q T 2 FEARRORAS 3 B, RIS 1 09, BA“ S 2
45" A

Eﬁﬁﬁﬁfi%%,ﬁﬂﬁﬁﬂz’lA¢=i(k+—1§)% (k=0,1,~)H gN=4m (m=1,2,) i, Z1¥),

FISR—IECARN B SR EINH ERK 4m/q W EEFMN. FIFE, 5 1¢Y), WAF“IHEES"H
%C

G LR, BATBMS ) B— B M EHIEZIONY, 45107, ERMTHESERES
B AN R — AR EAMURR B ESCARGL A B R S8 0 25 IR AR , T BB A B E A AR AL 4 B R A
PR TCHZ R MAL. BTV, PEMTEEEML, B RTAH TR, BT LA X L3RR A b
PR AE T 45 75 T A I SR ) A4 TR

BIWD ), EBAR T T SRE  SGHZER M SR LR, —HEFnYBEAS , &
ARSI R MAER RHRABE, Fot, MRS THEEEBR M ELT SR THEESEHEER
HGRFEENE L. :

Sk
[ 1] Zhang Y, Wang H, Li X Y, etal. Experimental Generation of Bright Two — Mode Quadrture Squeezed Light From A Narrow —

band Nondegenerate Optical Parametric Amplifier[]J]. Phys,Rev. A,2000,623813 - 3816.
[ 2] OO, HBet, BEE, % REREEMTH[T]. BT 622K ,2002,8 (#F)) :10.



82 ZEIBAF#R( BRBER) 2005 £

(3] kIl ok 3,806, &, A R BHE o 4 532 nm 38 B R A0RIERTIT [ T]. HIB 24K ,2000,49 226 ~231.

(4] BEE A& A —FHIESBIEHHAFHERMES I ESA[]]. SLF5#iR,1998,27(4) . 289 -299.

[5) #HEB.E 0 SEEHDUENESKERSHEES -V K7 X EEN—REIR[T]. Ja 751K ,1998,27(12) :1065 -
1069.

[ 6] HBEH. & W SRESEEHEEERENBNEEN—BREIB[T]. F%¥IR,1999,28(5) . 385 -392.

[ 7] Hillery M. Sum and Difference Squeezing of The Electromagnetic Field[ J]. Phys Rev A,1989,40(6) .3147 - 3155.

[ 8] DuS$ D,Gong C D. Higher — Order Squeezing for The Quantized Light field; Kth — power Amplitude Squeezing[ J]. Phys Rev
A,1993,48(3) .2198 -2212.

[ 9] #Efede BEERNS—FELLT]. ¥R ,1996,16(11) 11543 - 1548.

[10]  Fheh &, BRETE. =8B MEHR Schro dinger - Cat FUMEH M AEFRRREERE (V] TETBRRFFM(8 AR
2hE) ,2004,5(2) :63 - 68. ‘

[11] Lai Z J, Hou X, Yang Z Y,et al. Efeects of Generalized Nonlinear Equal —~ Power Sum Squeezing of The Fields in The System
of Two — level Atom in The Hi — Q Kerr Medium Cavity[J]. Acta Photonic Sinica,2002,31(9) :1063 - 1068.

[12] Sanders B C. Entangled Coherent States[ J]. Phys Rev A,1992,45.6811 - 6815.

{13] Chai C L. Two ~ Mode Nonclassical State Via Superposition of Two — Mode Coherent State[ ] ]. Phys Rev A,1992,46.7187 -
7191, '

[14] Van Enk S ], Cirac J T, Zoller P. Ideal Quantum Communication Over Noisy Channels: A Quantum Optical Implementation
[J]. Phys Rev Lett. ,1997,78 ;4293 - 4296.

[15] Duan L M, Lukin M D, Cirac J I,et al. Long ~ Distance Quantum Communication With Atomic Ensembles and Linear Optics
[}]. Nature,2001 ,41(22) :413.

[16] Van Enk S J,Hirota O. Entangled Coherence States:leleportation and Decoherence[ J]. Phys. Rev. A,2001,64 2313 -2318.

[17) FOnk,BREH. BN HEXR SHEEEESRLT]. Yo ,2001,21(8) :276 - 279.

(%% Me4)

The Difference Squeezing of Mixed State for Multimode Entangled
' State Light Fields in Decoherence

SUN Zhong — yu'**, ZHAO En - bao®, LIU Bao —ying*, YANG Rui - ke’, CHEN Guang - dé’
(1. The Telecommunication Engineering Institute, Air Force Engineering University, Xi’an, Shaanxi 710077,
China; 2. Shaanxi Province Broadcast Television Information Network Ltd, Xi’an, Shaanxi 710002, China; 3.
School of Science, Xi’an Jiaotong University, Xi'an, Shaanxi 710049, China; 4. Institute of Photonics — and
Photon ~ Technology, Northwest University, Xi’an, Shaanxi 710069, China; 5. School of Science, Xidian Uni-
versity, Xi’an, Shaanxi 710071, China)

Abstract ; The properties of equal — higher — power difference squeezing of multimode entangled state light - field
composed of multimode complex conjugate coherent state, multimode complex conjugate imaginary coherent state
and multimode vacuum state are studied by utilizing the multimode squeezing theory in decoherence. The results
show that when some fixed conditions are satisfied the mixed entangled state light - field mentioned above not only
has the equal - higher — power difference squeezing in one of the two quadratures but also displays the similar
effects in the two quadratures simultaneously, that is called "two - sided difference squeezing". This is a newly
physical phenomenon which contradicts the principle of uncertainty.

Key Words: multimode entangled states; multimode superposition states; equal — power difference squeezing; de-

coherence; mixed states light —field; uncertainty principle



