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BE HAHT QEAHNEFNRRFELAAK AE(K23)H KANAERNA
—AREABHTEN SRR FARARTENABAFTELESE. &R
RH,ENESER AN EE % Hilbert Z18; E % K HBRE, XERESH
TEAMAF M=(n+12)K, n=0,1,2, - | EHKE.
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B BEMIERFEE D BB T Q BHFEMERT XHTARAEMA—Q &
WAEMRETHB SGETANHES, MR TENN— 845 Q THRIERRRTH
JCXHTFERQ BRI IR FEREA by WAL, Q BRI KRR FHA 8
XTSI REHL, WAES. ROBERIB] P, ERFHFOERNUERT
ERERFERBEABRFOSES, FESRTEMNN— SR TFHITHE. & THEN
Q %15l Heisenberg ABH — MR EZYELAN Q RFCHA TR RHAREYER
BT b i s de R Bon S H A R R R TN Q BUEANFARENMER
TR - HREILERAMTFTRENHRIBE. A KBRS 12] TR0 2R
ELERITOBFR A #)8 Q BHHEHR.

2 Q TRIFHERTS XBATFEN—EE5R

AT TEAXMZEEL, FNiERNSR B —T A XERRRT M Q AR IRM
BIRTT XRTE ETER.
I 16], E M ER FRERFFOLRNL AN
go 1l d& ., 1..14

—7IZ3+‘2—.I +7;, A >0,
SRR AR b, RIERER 6 A HIH
b= (X TiP), (2)
KF X HP A AERERFEGTHERLERERTHNBERANBEN
1/ d, d
X =z*-H, P=-2—i(xa+a;1), (3)
(=Kt Foho S ¥ A
[H, 6.1=%26,, [b_,b.]=H, (4)

(N, b.1=%b,, [b_,b,]=(N+1)N+2k)-N(N+2k-1), (5)
RFb=(1-VA+IA)2,N IR THRERIN=H2- k. ®|n)BE n MERAIE
A, ER bo(bg=H[2),b. X n)HFER N

boln)=(n+k)In), b_ln)y=van+2k-1Dln-1),
b Iln)=vVn+1D)(n+2k) | n+1).
FHEL QEHMEMERTFREMNZENERER by: B

(6)

by = o(N)b., by = b_ ¢(N), (7)
HE MBI o(N) =,/ NINT2E-L] g

[N, byt 1 =t bgt, [bg, bg*1=[N+11[N+2k]~-[N]J[N+2k-1], (8)

RF(n]=(Q" -DI(Q-1)(Q€[0,1]); LRAHT Q TR IEMKR rREMEEL
N(HERBH Q=18 [n]=n, WEHLLEHFR). HO)MNDATERE Q BHF
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Nlin)g = nlndq, bg ln)q=vIn]ln+2k- 1]ln - 1)q, (9a)
bot | n)g =V In+1][n+2k]ln+1),. (9b)
QEFERBERTFHS XATEEXNQ ERERNBRTERAEMN by WFLE

4 [12)
Ly

1B)q = [FQ(|B|)]'”2§ﬁ In)q, Fol(x) = Z(})m{r"ﬁ]—" , (10)

Kep[nll=[nlln-11-[2][1], [y],=[ylly+1][y+n-1], 3 HEBH[IBI<
R, R=1/(1-Q)]). H4, BA(9)R T ABB T FIREX

1
= ————— b |0)y.
(n)q ZJ2e], ¢ e

3 Q EREMERFELIRNABRIBORESRABFER

3.1 B by FASHMFEH
fﬁﬂﬁ)‘cﬁ[w]##ﬂﬁ(lo)iﬁ REFBROT K MK=3, TR, XPAREH)EX

i .
0= O T K e (2

KP C, WA—KEF,; WATERBE(TE, XPAREER)N j=0,1,2,,(K-1). K
ROAD)XFHH—KEF, % 2= 181°, AHA—HAATBAA—AETH

2K+ ]-1/2

C](Z) = [AjQ(z)]_llz = [ZrmK +]]'[2k],,,1(+,

BRUER, 1 (12)RPTE XX K A BRTRAF 66 R TFFEEN F HEES(K
ERHS),FHENZEBEERERE—H,

(13)

b5 1 g0a = Bl 0as ofdylgdae = 8- (14)
XHEL,RBATHES by 89 K MEXB—FER
16,09 = [A2( 81D “22 g K + s (15)

o/ [mK + j )2k},
RF A1) MERERH(13)RAE. BRA,EZAS)APLHELBH Q=18 , HAER
5 13]5% &M —B AT ER MR ER FEREFRKIE 0 (K=3)WEES.

3.2 W by FEDM—LBFEHER

B, HTHN 6 WERRX K MFESRRRAURSHS EXHERE FTUE P
B RME B £ 25 R AR BN
)

-1 g
(B 1 ¢, (8 ) = (AR BIHARF 1)) ’Z[mx+,1 T2k T~
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[A2(1BIDARI B 1] AR(B B) #0 . (16)
XEH,EPEFE LEF b5 WX K MEESS Glauber TS —#, A HHAIE
.

FANTLER, ERER by HERX K MEESHARMZEE  @LEH bo
MR, TEHX K AMSZENEE %R GImEERA oy EEERES ¢
L%

b L gode = BAZ " AL 2 g ),y (= 1,2,,K) , (17)
BB b EEERTE o) L, THESEBE | o> dx-100> g2 )=
LYo ¢oro BIRFEFZEE(K-DASEXEBIES| ¢o)q: IREER bp- EX K
PEZRET - HNERWIER.

ATHRIERAER b W ERX K MEEENTZEE, A THHERZEHAKX. W
RATERAFFE" . H(IS)RFFEHES ¢, ﬂPtﬂEWﬁEx |mK +j)q BILER

2{mK+jy)

Pa(mK + . B = |a(mK +j1¢;)a|" = Sl o+ 5 TT2r T, (18)

B LEERK E) o, X
o = D Po(mK +j) mK +j)q +o{mK + ji (19)

m=0

Kb Po(mK +j) = ﬂpq(mK +7,B)d . KR DRI < R, WS HTEH
AR

K-

>0, ﬂdzﬂlsmq o{gl=1 (20)

=0

L. A RIT .
E BV EBAR LR B= rexp(i6), & B=rdrdd, MJLE Po(mK + ;) TLE R

R X
2x JrZ("'K”) rdr

Po(mK + 1) = TR+ 2k T, ARG (2D
Rt (200X %S EN R
K-1
-1 dZ ) . -1 1
2o [ #8190 alu ] = 2‘” mzozmmx+j]![zk],m,[nx+jJ![szK+, *
(nK+))
ﬂdzﬁ%— |mK + j)q <qlnK + ;| =
; (%)
A r2KD pdy - -
2407 2327| IR + 5 ok Ty K+ )0 talnK 41 =
K-1 el
246 ‘ZP (nK + j) | nK + j)q *q(nK + j| =

K-

.

SIP(mK + ) mK + j)q ol{mK +j| D Po(aK + j)| nK + j)q *
n=0

=0 m=0

-
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Q<71K+j| = Eln>o 'Q<7I|=
n=0

FELAGERSBPRNAAT QDR XRE, BH by WX K MAESREHE—1
52489 Hilbert 25 /8], AL BTN M MRRER. AIMEXTRRT,Q XH
ERT T XHTE | 8) TRRRHR

|B)q = [Fo(lﬁlz)]"”Z_)[A?(lﬂP)]"zl¢j>Q. (23)

4 B by FASHBH ERSE

5 ER[191H9 2600, RATTE AR AT W B B N JE R B A
W, (M) = (b + b3)[2, W (M) = i(by ~ by )2, (24
REEH, ENZEKRRABRR[W, (M), W,(M)]=(/2)[by- , bg- [FRAKEX R

o{(BW,))q (AW )q = 1l o (L8, B Da s
5345 0 3% 08 B Uk 7 PR 4R 0 5 S AL, 3
QAW — g (6, b D <0 (i = 1,2),

WFREE W, i ERFEM K EEB.
T4 4 FREBRBIR AR bg- 8 K AN IE3IH—AE 75 B0 X b g B R g8 4

4.1 ¥M=nK (n=1,2,3, )¢

EXMELT TR by WX K AEXB—FES, B(14)ATH

of ¢ 163 [ g)q = PP, o 16Q" | g )q = ™ e™™, (27a)
ol 168 [ grg = r¥e ™, olglog-1¢g)q = re™, (27b)
ol ¢ 165" bg [ §0q = 7™, (27c)

AP B=rexp(if). ¥WLL EHEARA(26)K18

o(8 | AW ¢)a = (110, 68 11g)a =0 =1.2).  (28)
XEHRXMER b WX K MNEXE—FESHRREF W, (M)YF W,(M)ME/PIUAR
4.2 ¥ K AHFTWAM=nK+i (n=0,1,2,;i=1,2,,K-1)0

KOst TERF b5 BIX K MEXE—-XES, BH
ol 163 I g0a =al ¢ 168 1 4,00 = ol 16g: | 400 =ol¢; 6G- 1400 = 0,
(29)
i e (17) XBATAT LSRG
of¢s16g g | ¢s)q = rOAR sIAS, (8 =0,1,2,0,i-1), (30)
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ol 168 b 1 9)q = PP ALJAT, (1 =ii+1,K-1). (3D
B FA | g5)o(S=0,1,2,,i ~DAE| g )¢ =i i+ 1, K- DAHHH

o{gs | (AW gsda = 5 (s (B 8l 11 gsda = 577 ARiosl AT, (32)

a9 (AW, 1900 = 5 ST 85 V1 9)a = 37V AZIAT, (33)

fis (13) KRB N, Y 2= 181770 Bt 8A A2 (2) >0, lh s A ERA AT LR H], X it
TR OS- WX K AMEXR—FES,E W, i EALER M K7 BB (F
B o TFE W, F LaaRUNER).

4.3 YKHEMB M=nK+i (n=0,1,2,+; i=1,2,,K/2-1,K/2+1,-, K-1)R}

5FEXM 4.2 WRTHe AR, TS BERAMER TER 6 WX K T EXHE—
AAEBERALERM KI7EHEBL.

4.4 Y KIAMWBAM=(n+1/2)K (n=0,1,2,--)8¢
EHFERT N TRF b5 X K MNEXB—-FESHE

Q<¢j Ibé‘*‘l ¢,>Q = r(2n+l)Ke-i(2n+l)KB’ Q<</1,- |b¢2;M| ‘/’j>o — r(zn+|)xea(2n+1)Ko,(34a)
ol 168 100 =al¢ 165 1 g0 =0 . (34b)
NENT)X LSS
o5 B8 B | gsdo = r@V¥AR,. /A, (S =0,1,2,~,K2-1), (35)
ol 16 BY | g = r@ VA2, [A%, (¢t = K[2,K[2+1,,K -1) .(36)
U FA ¢s)0(S=0,1,2, KR -1)FE| ¢ )q(: =K/2,K[2+1,-, K — 1) 533!
A

a{ds | (BW,) L gsdq = (s I [6f, 0 11 4s)a =

100K A, ] AD + cos(2n + DKS] 3
Q<¢l|(AW1)2|¢,>Q_—i'o<¢r|[bg_9 bz’+}|¢r>0 -
L PR AR o IA2 — cos(2n + 1)K8] . (38)

B (37)MG)RABXM A ¢s)o(S=0,1,2, , K2-1)F | ¢ )o(t =K/[2,K[2+1,
K- W, FEEWR M K EEMEE45 50
An.s/AS + cos(2n + 1)KE < 0, (39)
A%/ A? — cos(2n + 1)KE < 0 . (40)
MEFR, BFY 2= 8120 BH A?(2) >0, FFLUHN % K(K AEEOF » 2 5H
R—EEsedn, REZESERESH B WERIME - Mg o, A% (39)8(40) X &7
DBHE, AR E ) EW, FRAEBAUER M KF[(M=(n+1/2)K; n=0,
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1,2, B K hABESRL. [, FE W, 7 EadRUNEIS

5 #ig

AR R TR0 AR B Q BT MR TARKY R, EXR(12,
BIMERE W T Q ERERNERFERBEFRRRLG (K=3)H K MEXH—

AR, A T XERMESEEEIEHURE RO EER, FASRTENNERE
R, GREW(D)HER b WX K MARESATHAR —41 58 & 8 Hilbert ], &
Al fEA — NSRBI REEYERESH S EME ME/AO, MK IE
R E BB, BF b5 X K MEXH—-FEBEW, (M)R W,(M)F R L, &
AUERAMEKF I M=(n+1/2)K; n=0,1,2, - JERKN. YTHSH Q—~1 8, %
XHBER S XRM13]Z LM, BT, MERRET Q B EMERT
EREFRRKBRESNA LM TG, SR b (K23)FESRTFHITHR
MRAFR M FAN#E—SHBR Q ERERMERFEGNARBRE —ENERS S
#H18.
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Eigenstates of the Higher Powers of Annihilation Operator of a Q-Deformed
Non-harmonic Oscillator and Their Higher-Order Squeezing "

WANG JiSuo!™>?  LIU TangKun''#* ZHAN MingSheng!
1 (State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan Institute of Physics and
Mathematics, The Chinese Academy of Sciences, Wuhan 430071, China)
2 (Laser Spectroscopy Laboratory, Anhui Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences,
Hefei 230031, China)
3( Department of Physics, Liaocheng Teachers University, Liaocheng 252059, China)
4( Department of Physics, Hubei Normal University, Huangshi 435002, China)

Abstract The eigenstates of the Kth powers { K=23) of the annihilation operator of the Q-de-
formed non-harmonic oscillator are constructed, and their completeness and higher-order squeezing
properties are investigated. The results show that they form a complete Hilbert space, and the Mth
order [M=(n+1/2)K; n=0,1,2, -] squeezing effects exist in all of the eigenstates when K is

even.

Key words non-harmonic oscillator, Q-deformation, higher power of the annihilation operator,
eigenstate, completeness, higher-order squeezing
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