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ABSTRACT

The squeezing effect in a system of moving atom interacting with field

In the quantum optics field, the study of the éiuantnm properties of the system of
the field interacting with the atom has been always devoted rtn considerable attention. It
is one of the most important contents for the quantum optics to study on the dynamics
and non-classical properties of the interaction between the field and the moving atom
in the Jaynes-Cummings model with atomic moving. In this paper, the squeezing effect
in a system of moving atom interacting with field, of the traditional squeezing of the
moving atom,of the atomic quantum information entropy squeezing, of the traditional
squeezing of the field |, of the field entropy squeezing are studied, and a series of

significant results are obtained.

In chapter 1, a simple history overview is presented about the the Jaynes-Cummings
model with atomic moving. With the Hamiltonian of the interaction between the field
and the moving atom , the evolution operator and the reduced density operators of
the field and the atom are derived, then the basic work model with atomic motion
is established. Iﬁ addition,the theories of the quantum information entropy squeezing
and the traditional squeezing of atom and field are absorbed in the last of this chapter,

which form the theoretical basic of the work in the following chapters.

In chapter 2, the sqneeziﬁg effect of a moving atom izzte;ract‘mg with a squeezed
vacuum state field is investigated using the traditional squeezing theory of the atom
The influence of the field-mode structure parameter and the squeezing parameter on
the squeezing effect of a moving atom is investigated in detail.lt is shown that the
sjqueezing effect of a moving atom depends on the initial state of the atom , the feld-
mode structure parameter and the squeezing parameter, with increase in the squeezing
parameter, the squeezing time and the squeezing effect decrease ,with increase in the

field-mode structure parameter, the period of evolution shortens and the squeezing time
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prolongs, the moving atom may exhibit long time squeezing effect for some choiced

system parameters.

In chapter 3,the squeezing effect of the field interacting with an moving atom is
investigated by means of the traditional squeezing theory of the field. The influence of
the initial average photon number and field model structure parameter on the squeezing
property of the field is studied in detail. It is shown that the squeezing effect of the field
depends on the initial mean photon number and the field-mode structure parameter,

the field may exhibit long time squeezing effect for some choiced system parameters.

In chapter 4, the influence of the motion of the atom, the field mode structure and
the initial mean photon number on the field entropy squeezing is investigated by means
of the theory of quantum information entropy. It is shown that the atomic motion leads
to the periodic evolution of the ﬁkeldr entropy squeezing, this period depends on the field
mode structure parameter and the field may exhibit long time entropy squeezing effect

for some choiced system parameters.

In chapter 5, the dynamics behaviors of quantum information entropy squeezing
of the moving atom dipoles are investigated. The influences of the atomic coherence
the atomic motion and the field-mode structure on the quantum information entropy
squeezing of the atomic dipoles are investigated in detail. The comparing of the nu-
merical results obtained from the uncertainty relation of Heisenberg (HUR) to those
from the uncertainty relation of the quantum information entropy (EUR}) proves the
triviality of HUR with exact examples. The results show that the atomic motion leads
to the periodic evolution of the entropy squeezing, an increase in field-mode structure
parameter results in not only the shortening of the evolution period of the entropy
squeezing but also prolonging of the squeezing time, 'the moving atom may exhibit

long time entropy squeezing effect for some choiced system parameters, the informa-

tion entropy is more precise than the variance squeezing as a measure of the atomic
squeezing.

Key words: The Jaynes-Cummings model with atomic moving, Interaction be-
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tween the moving atom and the field, The information entropy squeezing of the atom,
The information entropy squeezing of the field , The squeezing effect, The field-mode

structure parameter.

\?’



R T IURA

—HRARENEA.

RETIEESETES
BERM T IS ETHE

$—E 5Is

§1.1 h2 Bl

H48

L, MG SETFHHEERZARFHBTFIFENTR

FEHEERFEEEEINREERLBRR

TERERKANBEREZ~—. Stoler Al
CUEHES: Walls § Zoller?) {EBH T 7EAE TERBh &Y

Wodkiewicz 2 A 1

SRR RS, ERNETRENERENEE; Agarwal F1 Purild & A\ %

ETRER® %E
RTIETFIGEPR EIE
SR

FEANB
EH S IRTH

Eﬁfﬁﬁ

KhER VT 23R
LB ERZHEEEERRN

%‘J‘ﬁﬁﬁi
i, KEXTHRESETF]
FEREGESREFIUNEERTFHEIHEHE
SRR BN AL RETE

4 JE B B IR T R R RY )

HEH ZREETRENET
HERBRE, S - E“‘%#EHJ’F
BrEHE P B, AIMERE £ ST

A BRG] é%i’ﬁiﬁﬁﬁ%ﬂﬁﬁ%ﬁ‘

X4

HEAR,  Wineland?

R4 O R T A

Xty

JRTIRAI IR L, R

REGHAE SR EREN

%E%B‘]E#L ﬁkﬁﬁ T
CFEEREMERYE, BBRFE
BraitiE, XEREHSRFESHERE %

AHEXRR, A

BAHIRE, B, XE (S 9 ABNEELEE VMR TRHEXR 10,
MEHNSIBEE N 26 8B HE, BV TIREF. SHHEESENEES, L

BT XeHMETEENERREEE.

WA _ERETESREEBTETT
] Jaynes-Cummings B2 1) By 8igr

ZEE

RERRTETH

bAR /

IR G THEN (FHERTHLEHT
BN, FTFEERRERFILR), &4 ZH5E
RN, MEFHRHESHRMER,

s Bl 75

- (i B P9 AE BLVE F AR ME
AN T AR AR,

ELZ SR TIREREE SERILRIERHE

CRFESGHEEERANREL
SBR[ ZFER
48, dERVER G L BT RECSE.

HESCERHRETFRERA 19 HEE, BEFHERETHHERELHR

1



FIRIETHEEZS., B, M -CEBETY R, EERTETFIEER
HEES ARG EERER O . FRRYE: FFEsh8BTERETH
B SRR Y 100 | B TS ST R 19 | smAaf
A F TR 19 At Hma IR iR U0, RO T deme9 & ad 19 R4
U8, RETHREMETFSREE . TR, ETE3H5IEHET
Y TE SRR B A T RAG .

§1.2 HEAEI{Fad

BHEFEZ J-C *ﬁﬂ% J.CHEBN—-MHEERD, FErEsifigi
ZHHES N FHFEETEERW. 2XH TERERTX —E BRI
7.

mi
].L'I

ERRERTFRINFEES, RAL—-RFREHELERERE
AEEEmSARGERSHTE, REERGSFRTHREATENEN
BTFRY., RIOFE—EHN ZERETSBETIMES R TFIRITM
EEMBEERANBR TR, ANEER, RERETEM =1, TERRE
BT, REHMERETRRN

H = wpS; +wata+ gf(2)(Sya+a*S.) (1.1)

A, &t Mo ARIREEN o 8RBT TFHFENERAS, S
S: AN HBETFHEEMRIERN, HERIEERD w, ¢ 3G SIETF

MEERMBESER, fe) AHEREARY. RETFH - 323, Hit,

n@EEEHELR R - WREXE, BEFHENTULEMEL R,

f(2) » flot) = sin(T) (12

Ko RRETHEHEE, »RrKEN L OETHROFER. N7
FEER, BRAGSETFATFHES (R wv=w), FERERETE =0
it REANER A TFESSHE ST ENS

[¢e(0)) = cos(7/2)|+) + exp(~ip) sin(7/2)|-) (1.3)

2



FIRIETHEEZS., B, M -CEBETY R, EERTETFIEER
HEES ARG EERER O . FRRYE: FFEsh8BTERETH
B SRR Y 100 | B TS ST R 19 | smAaf
A F TR 19 At Hma IR iR U0, RO T deme9 & ad 19 R4
U8, RETHREMETFSREE . TR, ETE3H5IEHET
Y TE SRR B A T RAG .

§1.2 HEAEI{Fad

BHEFEZ J-C *ﬁﬂ% J.CHEBN—-MHEERD, FErEsifigi
ZHHES N FHFEETEERW. 2XH TERERTX —E BRI
7.

mi
].L'I

ERRERTFRINFEES, RAL—-RFREHELERERE
AEEEmSARGERSHTE, REERGSFRTHREATENEN
BTFRY., RIOFE—EHN ZERETSBETIMES R TFIRITM
EEMBEERANBR TR, ANEER, RERETEM =1, TERRE
BT, REHMERETRRN

H = wpS; +wata+ gf(2)(Sya+a*S.) (1.1)

A, &t Mo ARIREEN o 8RBT TFHFENERAS, S
S: AN HBETFHEEMRIERN, HERIEERD w, ¢ 3G SIETF

MEERMBESER, fe) AHEREARY. RETFH - 323, Hit,

n@EEEHELR R - WREXE, BEFHENTULEMEL R,

f(2) » flot) = sin(T) (12

Ko RRETHEHEE, »RrKEN L OETHROFER. N7
FEER, BRAGSETFATFHES (R wv=w), FERERETE =0
it REANER A TFESSHE ST ENS

[¢e(0)) = cos(7/2)|+) + exp(~ip) sin(7/2)|-) (1.3)

2



2yt p NEERZEERE. EHEEAE
E:ﬁﬁ?i%?ﬁ@ﬁk%ﬁ?ﬁ%

. cos[VaatgO(t)]  —ia sin| “j_f_g_@ @
1 $) = ' - ata

_iq+SinlY “,__iaf OO cosfv/aTago(t)
A,

L prut

- /; flot)at = =1 ~ cos(Z7)

Py
AE—ftE, BFFETFHEE v=gL/r,

O(t) = (1/pg){l — cos(pgt)]

il

BEWMHZ, BHRLTHSHEREME:

1950 = - fa | )

n=0

AH,  fo ACHHETEI o 1R

| ¥£a(0)) =[ ¥7(0))® | ¥u(0)
WREEENZ ¢ RESK

| P1a(2)) = Ui(t) | ¥7a(0))
= | D)y ")+ 1E)|-)

MARKABEA

X
| D) = f {cos %fn COS (x/n + lgB(t))
—isin -g-exp(--icp)an sin (\/n + lg@(t))} | n)
1E) = 3 {sin exp(-ig)fu cos (VAgO()

n=0

—1 COS %fn_l sin (\/ﬁg@(t))} | n
FIAEXAEEEERD t RAENTERERE

| DYD| | DKE|
| EXD | | EYE|

pfa(t) —

IREZT, A (11) XM ETE,

(1.4)

(1.5)

(1.6)

(1.7)

(1.8)

(1.9)

(1.10)

(1.11)

(1.12)



RE LRI A5 B RERE

ps(t) = Tra(p(t) =| DYD | + | E)(E | (1.13)
BT H 4L R
oy — | (P1D) (E|D)

PO=Trile® =\ 15y (e1m) (1.14)
AR, R (118) A (1.14) RBEHIES 5 R T B 490 3 BERE R,
AT LIXHE SR F 556 EE R R RV BT 5.

§1.3 MARNEFRIER
—. FFHESEER

HAl, FTERGBNSRT MU ZENEEMEN. BERS L
WE 2O, ERMERTUR CY, BHMEARRENE P, R
A 23 S T B R AT

1. [RFERIEREE X

w3, MIFRETESRMN B EENSREUTEXREE,

MT%%%&‘
[Sz, Sy) = iS5,
BT RN
88,05, 2 3I(S.)
KB,
B R &I

V(Sa) =

[(S:)]
2

RITKE o T EHBTFHRER

4

e BB TR R0 T 36
b EjEd | REEEN ZBRRT, RTRREN=DR 5.5, 5 IR

a=z Oor Y.

4R, (R, IRETEREBUAHERFZM

ZR F R, Bl

8 it ek

(1.15)

(1.16)

AS, = [(52) ~ (5] (o =2 B y) FIRAERE. WRETBHIEN o

(1.17)




RE LRI A5 B RERE

ps(t) = Tra(p(t) =| DYD | + | E)(E | (1.13)
BT H 4L R
oy — | (P1D) (E|D)

PO=Trile® =\ 15y (e1m) (1.14)
AR, R (118) A (1.14) RBEHIES 5 R T B 490 3 BERE R,
AT LIXHE SR F 556 EE R R RV BT 5.

§1.3 MARNEFRIER
—. FFHESEER

HAl, FTERGBNSRT MU ZENEEMEN. BERS L
WE 2O, ERMERTUR CY, BHMEARRENE P, R
A 23 S T B R AT

1. [RFERIEREE X

w3, MIFRETESRMN B EENSREUTEXREE,

MT%%%&‘
[Sz, Sy) = iS5,
BT RN
88,05, 2 3I(S.)
KB,
B R &I

V(Sa) =

[(S:)]
2

RITKE o T EHBTFHRER

4

e BB TR R0 T 36
b EjEd | REEEN ZBRRT, RTRREN=DR 5.5, 5 IR

a=z Oor Y.

4R, (R, IRETEREBUAHERFZM

ZR F R, Bl

8 it ek

(1.15)

(1.16)

AS, = [(52) ~ (5] (o =2 B y) FIRAERE. WRETBHIEN o

(1.17)




e E € XN EHFTFEO T NBNERE: Bk, (S) KBTETS,
STRERFE, (5)=0, BREMNIEXR EREFEE, SEEEE
THEEER, flin: ERTE o) = H,}Lil_)’ (Sz) = 0, NEFREN A
WXRBAIEMETFEENEE. BXL EFE b)) 2 —TRENE
. Bk, MHERENNESRTFEEERNZSITE, TERBHE

BERTRENETHRE.
2. [RFHERERUAERR

BN N B RISEE, N+ A AR A A B AN B
e F o 251,

N+1

ZH(S,; ) >

2Nln( N)+( N+1)ln( N +1). (1.18)

A HS) RAEE S MEREME. £ RAF, 4 N=2, METREE
TR AHER R

H(S,) + H(S,) + H(S,) > 2In2. (1.19)

EXTEERMTER O

SH(S)SH(S) > geas

XREARETRABRIEFEaEBEUAERR, 2F, 6H(S) =

exp[H(S:)|(a =2,y, 2) JX =

(1.20)

H(S,) = - Z Fi(5a) 1o F;(Se) : (1.21)

Fi(Sa) = (ailpla) (1.22)
HAERI T

XTFHIEY ; RENRTE, REEEETERY

p=%(fg+P'O’) (1.23)

2, I w 2x2 B LLEEF g = {J;;,Uy,d'z} %?@Eiﬁﬁa P = <J> %{ﬁﬂﬁ%
B, p=|P|<1AREKRE. p=1HNFREES. XTHEH o HIHIE




R, "ﬁsn=8-a—§ Eﬂzﬁﬁﬁi HIHEZE

1
Py = -2-(1:l:pa) o=z, 9 2 —k=1,2, 3 (1.24)

PRI R=4 8BRS BH{E EMmZfh.
;H(Sk)z“Z{ (1+Pk)1ﬂ[ 1+Pk)] (1.25)

k=

+§(1"‘Pk )In [§(l—pk)]}
AR T H(S) IRME, FBREHE p ENE TS, HHREKMGHN:

G= g:pi —p? =0, (1.26)
M AREE H AERE, FI15:

5‘%(2 H(Sk) —nG) =0 (1.27)
#%ln(i;i)u%pjzﬂ j=1,2 3

n ARHEEHEEL T8 (L2 M T HRENE

(1)  pup2ps#0 (1.28)
IR PSSt AN & SN _
7?“thpjln(l—l—;:aj.)_“ 4,;211—!—1 7=123
p; BlWER—THE, LE:
ol = lpal = Il = = | (1.29)
TR @R A5 15 R

p

Ha(p)z—S{%(l-l-—%)ln[?l-!—:/:)] 51— v_,g)ln[ﬁ(l——\/_—é)]} (1.30)

2). TE PH—I4E, Hinp KXo, W 1p21=|p3|=\-%xmm&{a
1A
1 1
Hyp) = In2-2{50+ =) 501+ )] (1.31)

|
21_7) [5( %]}



(3). WRHEF PH—NMDEARRF 0, MG BREIHEL N p, R
R AE K8 2
1 1

H(p)=2In2 - {=(1+p)In [%(1 +p)] + =

: (1= p)In[5(1-p)]} (1.32)

W EA=T78, X TEEN ., AAFEX
H,(p) =2 Hy(p) > H.(p) (1.33)
p=0 XN FHFESHIL, FEHZM Tl H(S) BRRATREE 3In2 ,
R XMTFAHEERRE p WBTE, BRI Hap), B/MEAN Ho(p)

B F— (82 AMEREAHTEEA (5.,5,.5) R (AHE)
XFR. YBp=18, Hlp) M H(p) BRE/ME. p=1 HHETHS.

3
Y H(Sk) > 2In2 = 1.3862944 (1.34)
k_

Z H(S:) < [3 In6 — v3In(2 + v3)] ~ 1.5471202 (1.35)

FEERTOSERNAELR S BEUTELRIELE, &5, W
EHWRE R, BT AL TFRBERRS B 5. 7 5, AMAAEE
BOETREWRTS. KK, WHEOEIN

() SRR (U B T B BB R — e, TR BRI s T 2
=gt AE; |

@) RN AEX R EE SR TERNEBRERER, HERENT
e R A X E B R

@) MIFT RN 0 5L, ML RRETHY, MRS
WA R TG,

3. BF s B fEELRE E X

RIE T SEGURTO0E BRINRAEE R, TR R BN A2
.. |

NEFFBREEE S. - R o) HIEEEMEREU T ERHRT

7



45
2
CE(S,) = 6H(S,) — \/lﬁH(Sz)[ <0 (@=z or y) (1.36)
R BRERSEFEREFHEE R
1-vV2< E(S,)<2-V2 a=21z or y (1.37)
ERABEDE DI RGA RN 5. WAERITER, HhSEUBRLE
5 S. #EXT M ERES BEE AR AIERETEL,
=, FEpRIELEIEIe
1. SHERBIERE N
A B FIIEMEREFERRBNIELARTTE, XTHHESE, FHK
X |
E RPN IERRTE KA A
1 +
T = E(a +a’) (1.38)
1 +
p= —-ﬁg(ama ) (1.39)
fbfi T B XS Bk R =
lz,p) = % (1.40)
TR, REEREMNAREXR, ,p WETFIRERERE TR 2
AzAp > -;- (1.41)
H AL = (A% — (A2, A=z,p. BAGHE-EXSBHNETIREKRER
b
AA < _\}-5 A=1z,p (1.42)
IR A S EEES. XB % A E S EKEHR R,
2. HIHREREERENX
FEEIE o) RENETFS (AEREED), HUBFHMIEMA




EL4r 7l 5E X (26, 28]

He(t) =~ [ _(alo)ls) In(z|p(t)|z)d (143
Hy(t) =~ [ (plo(t)lp) In{plo(t)ip)dp (144
FE A 1E BT AR R
5x(t)ép(t) > e (h=1) (1.45)
Ao
§z(t) = exp[H(t), (1.46)
Ip(t) = exp[Hp(?)] (1.47)

{E EBRAHERR 145 AEFSNVEMNSIBETHRENEEXRN, HY
BEXE: MTEHUEMSE, FARRNAEFXEBENFER, (145)
AR [27, 28]

AA > (2me)"i6A (A=2z,p) (1.48)
T EFEERENAHEXR
AzAp > % (1.49)

(1.45) FF0 (1.48) X é’]%%ﬂ:‘ﬁﬁ%%‘?%ﬁ%%i?fﬁﬁi B
BMAEXE AREEHUREXR— M. & (148) XTH, QAR
HT sA B ER. XERENERESERGT T I RMNEERAETE

R FERFENES, I HXHEREEEENRS: H3XHE—8ETF
B ASE (A=1z,p) MEREDTEHEZSHRERE, H
§A < Vre (A=uzx,p) | (1.50)

RHZAGETEIN ALBEEA T ERMAESE. M5 ERHURHERXR (145)
ATH: YHFZEBEFESN-ITI2BHAEEHESRN, H—TrEBUEX
{5 BAESR 3R,

3. JHHE B — 8 E AR




MW HANERF H.(t) Sh B H.(¢), FEEH %F"EE% p(t) TEABARER
ZPRIBERETT (z)o(t)]x) *ﬂﬁﬁ%%mﬂ’lﬁﬁﬁjﬁ (ple®)lp) . MEEHMETE
R EEERE o) ER THEEZFHIER

Zﬂ Z f(n, 1) 5 (m, t)[n){(m)| (1.51)
N EEGELITRENIBERRTHERTH
(elp(0la) = 3 5° Flm, 07" (m, )l i) (152
(lp(t)lp) = Zﬂ E_Uf n,t)f"(m, t){pin)(m|p) (1.53)
I
{(z|n) = ‘/\/;211”! exp(—xQ/ﬁ?Hn(z) - (1.54)
o) = T PP D) (1.55)

X B H,(x), Ha(p) 7 n BrIEK LI,

10



E-8 SERASSHEEFRNEDETNEEEREYN
§2.1 S|

EFREFHECARANELRIAREARTIEFESRTHEFEFRE
KRR —, ERETEREEETURG 1 | B o iR & o2
B %R %ﬁf_i?ﬁ% 43 EgEEMTE P EFHEREEMNNA. Stolert
F Wodkiewicz 2 A 1] BREBVYTEFHAESES;, Wals f Zoller!Zl YiFBH
TEHTENNEBRRESLT, EENRTFEENESHNOKIE:  Agarwal
MPuild EFAERTEERWERESHEN _BRETRGHNETES
A Wineland® £ AR T BTN ERESESRESRS: %
—~EFHEEERET LGSR FHERSES SHRE P, BE. Al
HE R S EPEg ERETFEMES LTS (Few-photonstates) ! SE7E
YER, 2 ANEN. £ ECHSRAERNFIRNVREL.

SEERESARELRTOHE NRNERRNS, BERES
35 4 A A SR T R R A R B R R, AR o
S RMERESSHHEERNEDRTOERRY, BRESSHEM
GG T AR A, SRR BT REEUNRRSHR, &
SR LRSI LSBT, (RS £ LA BRI
K% ERBHEZIE, 2003, 2)

"h.i

2.2 BRESEFERARN

Hi1EEEEG S~ METM RERFETFHEEHN. EREEMT, £
G EEl 1) RFER. FEEREFE t = 0 HALEABERLTES
HER AT RIS,

¥} = cos(3) | +) +exp(—ig)sin(3) | =), (2.1

11




E-8 SERASSHEEFRNEDETNEEEREYN
§2.1 S|

EFREFHECARANELRIAREARTIEFESRTHEFEFRE
KRR —, ERETEREEETURG 1 | B o iR & o2
B %R %ﬁf_i?ﬁ% 43 EgEEMTE P EFHEREEMNNA. Stolert
F Wodkiewicz 2 A 1] BREBVYTEFHAESES;, Wals f Zoller!Zl YiFBH
TEHTENNEBRRESLT, EENRTFEENESHNOKIE:  Agarwal
MPuild EFAERTEERWERESHEN _BRETRGHNETES
A Wineland® £ AR T BTN ERESESRESRS: %
—~EFHEEERET LGSR FHERSES SHRE P, BE. Al
HE R S EPEg ERETFEMES LTS (Few-photonstates) ! SE7E
YER, 2 ANEN. £ ECHSRAERNFIRNVREL.

SEERESARELRTOHE NRNERRNS, BERES
35 4 A A SR T R R A R B R R, AR o
S RMERESSHHEERNEDRTOERRY, BRESSHEM
GG T AR A, SRR BT REEUNRRSHR, &
SR LRSI LSBT, (RS £ LA BRI
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