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ABSTRACT

ABSTRACT

The coupling system of two-level cold atomic gas with optical cavity
has drawn lots of attentions both theoretically and experimentally. It is
found that there exhibit much more interesting features in the quantum
phase diagram. In this thesis, we briefly introduce the theoretical model of
atom-field interaction and the stimulated Raman adiabatic passage. Then
we describe heat bath theory and Langevin equation which can be used to
study the open system of atoms coupling to the cavity modes. Starting
from the system of coupling system of two-level cold atomic gases with
single cavity mode, we study the system of A -type three-level cold
atomic gases interacting with two cavity modes. Under the condition of
large detuning, detailed analysis of the Langevin equation of cavity field
operator and atomic field operator enables us to adiabatically eliminate the
atomic particles on the upper level, and obtain the effective Hamiltonian
of the system, which may be used to simulate the phase transition and the

dynamics of two-component Bose-Hubbard model in two cavity modes.

Key words: Atom-field interaction; Stimulated Raman adiabatic passage;

Langevin equation; Adiabatic elimination.
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[b(a)),b+ (a))]=5(a)—a)') (2.27)
RGN IASERIARBAE I R A T s, w3 vy DL A

mj o)[b* (@)c-cb(w)]de (2.28)

Hc BREm—NREHFT
FR G AN ELAE 43K FH e A ALl — A AR A3 AL R g
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A AT AU SR S R 4

AL, B R TR (U S L (0,00) Y483 (—o0,00) , 1]

o0

j e"“do=275(t-t) (2.29)
jc@jd@—{jdﬂ:%cu) (2.30)

SR 57 b () MRS LR ANAF a(t) s 3 7R

b(w)=-iab(w)+x(w)c (2.31)
:——{aHm] [x( { ac][&G}Mw»dw (2.32)

R 2.31)20, ATy LT E]
b(w)=e"""), je'“tt (2.33)

ity (@) 17 U =t, 141D (o) WHUE, 45b (o) fAAQ.32) 7T BMHEISEAF a(t) 115
TR

+ j k(o) {eiw(t—to)bg (w)[a.c]- [a, ot J g -y, (w)} do (2.34)
+H?U®T£@MH%TVH& ~[act Je ™ e(t)dtde

K By IRBE I AN

x(@)=\r/27 (2.35)
CEEIPN PN
bin(t)=ﬁj b (@)de (2.36)

by (8) WAL 56 R [, (1), by (V)] = 6 (t—t) Tl Tar A7 5 R G546 a (1) i)
i Py

a:_;[a H, [ }[%Cﬂ/}bm( } [ c 1y (t }ac (2.37)

h
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FEE CRR T BRI G RS

E=ZF ZRRFETFHEERENBEESRS

BRSO R & RO 51 T BRI X T, Ritschfi
Larson’ A &0 24 A F 46 S0 54 = 5 (0 TR, 6, Tl T ot
WA~ RS T AR MRS & RSt R, ST — R T RO A
HRE.
3.1 BT RERIE FAIREIERES

B HR NS T RS TR m A RS T, S Ak
MRS R, R TR E, . E, . MR 1) MR 2)
2 BTSN @, o KHRHAFN o, « 4RIE4 7 10HORKRIRENEA Yo
Wik, AR o, B K IO S T R

EREBOE IR, A RESUR T SR & R B D

Hy = 2‘32 +ha)ca*a+ha)a&*&—mg(x)(&*a—a*&)—ihn(ae‘%t —é*e’i‘”pt) (3.1)
Heh g, pArRbRC R T LA E RS E. 6=(1)(2], &' =|2)(1| hE FHEK
BROT R B SLRFRD B TR RE . g(x) b R TR BT M)A A R %
g(x)=g,cos(kx), g, HFA* Rabi S, WL EMEKEAFNE, a7, HiL

woKAR[A8 =1,

3

Zo3t L IEAEHU (t) = exp| iyt (8'4+6'6) |, A HEGUR T MR HERL & 11

FE T DL RN
a2
.= me —hAA'A— A6 G —ihg(x)(G'a-4'6)—ihn(a-4")  (3.2)

HA A, =0, - o, IR G 7 ERIEWR Z BIFRIER, A =0, -0, 25
T AN P R 2 [ () A o

TFERBRGEM B 1%, R ELSP e RENZ TR . iR #E
PR, R TAERR G RGN RS G AN DG,
M E T o, LM B IEBAE R — DN IEFERE o, #5 s J5 1 (1) F 8RS AT LA
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A LU A B RS

Gy AN AR TR A, SN FLT o oI L I oo, R (IR £,
IR T R RS €, AENEBAALL T 4 0T LAFH (2.28) SRR A FLAF -
A QAR AT —>a, A BURAME S B T R
a(t)=iAa(t)+g(x)o+n—-xa(t)-v2xa,(t) (3.3)
FH TG BRSBTS e, BURER i x o a, (t) JE4R NI 5 5175,
WL S X, M ([a, (1),a) (1) ) =8 (t-t).
AT e > o, B AZT

dﬂ%ﬂAJﬂU+gﬂknﬁﬁ—%dﬂﬁw55JMD (3.4)

6,()=—2g()(c'a+a'c)—y (o, +1)-2y(c" f, (1) + o ! (1) (3.5)
Hrp, o, =c'c—oco". [T BRESFN y, WMAREESEELTA f (1), WLo K
B[ 6 (1), (1) ) =0 (t-1)

SE SR T 400 TP Y LT 0, A0 S 13 {5599 B 7
WK . RATRICA K, BI|A,|>> gV« Al 7. KEZ0ET BT 02Rs. 175
KK DL, AT DAL BR O AS EREAm fae. Jf1i o, (1) 0 -1JF
B HARNGB.4)R AT LR

G(t) =iA,ot)—-g(x)a (3.6)
AP RIS, 6@)00, ALK

- T19()a 37)
W AR G Bl i(3.2) 2, v DA RS e i1 S5 IR & R A 2
Al

2

H :;—m+h[Uo0052(kx)—AC]a*a—ihn(a—Ff) (3.8)

E¢w=%ﬁﬁ%?%m%%%§o

a

3.2 BN R R FERERES
FHEANTF R B2 R FA A RS BRI G ARG . %E
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FEE CRR T BRI G RS

ZARIE, TATRH k& T,
K B R ST RN s R A A S R (3.2) N kT, T LA EIPY
Hy,=H,+H, ,+H. +H, . (3.9)

tot

FCrp gyl 23 1A e R T AR A

H,= i;,zj-XmPiT(X)(_ h;:: +Viqui(X)"'J.dX\P;(X)(_hAa)\Pz(X) (3.10)

b, Vi (X) MR TR B R AR AN ZE S 1=1,2 0 BATFINE TIA5AT
(X)) WI(X), J=12ARICAFEEE, HIA A AR Sk R

[ (%), ¥ (x)]=5(x=x)s (3.11)

[P (%), (x) = W] (x).¥](x)]=0 (3.12)

REEBAE T HORES LN T M EEANE, A EAE T AR L1 2 18]

FOREREAT AR, 50840 T35 BT Z MR LA ] . 35 BT 2 (A A

4rahn’
m

PERI AR, Ty, = 7O e A T A IR, a, s RIS, LT
RERH T T 0 B0
Han = JU 00 {00, 00, (x)0x (.13)

AR D 18 o (1 ey Ty

H,=-hAa'a-inn(a—a') (3.14)
JE- R R R A AR P8 43 Ky
H, s ==k g ([ W1 (X)W, (x)a—a"P] (x) ¥, (x)]dx (3.15)

N HERE AR R TR MERRE S R T, Ffilic > a, &
AR A2 DT TR A
a:iACa+I g(x) ¥ ()¥,00dx+n—xa—2xa,(t) (3.16)

Be—YY, TSRz TN
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A LU A B RS

00 =L [%,00.H, ]
h
— [‘Pl (x),c* } [gc +J7 f, (t)} + {%c* +Jrf (t)} [, (x),c]

RN /GO NN e
2 V00 IEE W, 00 LT 0, 00 () 3.17)

+9(a"Y,(x) +%‘P§(X)‘P2(X)‘Pl(x) 7 fr OV, (0

I iV
D|2mV Y (X)—1 5 Y, (X)

iu,
h
+g()a" W, (X) ++f fE (O, (X)

PO, 00, (X)

\Pz(x) = —%[‘PZ(X), Htot]

—[‘I’z(x),cﬂ[%ch/;fm (t)}{%c* +Jyf (t)}[‘l’z(x),c]

Vix) W, () +iA,¥,(X) - g (X) ¥, (x)a

= iivzwz(x)—i
2m (3.18)

—gwxmwnmwﬁm—J?EWHMU

h V, (%)

:%V ¥, (x)—i " ¥, (x)+iA Y, () —-g(x)¥,(x)a

D0 (0T, 1)
Hra, (t) £, (t) %A SE G, W26 KK, W, ()W, () X RS b
THoo, MYI0P,()00: ¥ 0000 ML), HY,)¥ (x)=1. B
SR B[A>> 0N+ A 7. 20 T BT RS BEIRISH R AE AV, ()
YRR IR RO B REL W,0000, WAL H

¥ (x) 0 i gA(X) ¥ (x)a (3.19)

a

¥(3.19) AN (3.16) A (3.17)xK, Tl Tml LTS

a=iAa—iUafdxcos’ (O¥; )W, 00 +n—-xa—~2xa, (1) (3.20)
¥ (x) =i {%vz —\%—%‘Pf(x)‘l’l(x) ~U, cos2(kx)a+a}yl(x)

(3.21)

+gu0 cos’ (kx)a a¥r (X)W, (X) =iy .7 (t) gA(X) ¥ (x)a

a
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i in 2 =[a, e ], T [, (x), H TS BRI AR i
A AR R
H =H +HY +HE + HE (3.22)
LAl gy e g e DA 1 2 Ta) AT ELAE Y R v S e 5 503, 13) A1 (3. 14) A ]
H =H, , :% [u 0¥, 00w, 00, (x)dx (3.23)

H =H, =-hAa‘a—ihn(a—a’) (3.24)
JiR 1 R W B i Ay

. . h2v2
HET =[x, (x)(— o

+V1j‘1’1(x) (3.25)
JE AR S5 R 5 PO W s

HET, = [dx®} (30U, cos” (kx)a*aW, (x) (3.26)

fE oAb LR, ) T JOR v (x) &I B JE R i T A

W (x)= Y bw(x-x): b RO TR G KR bb) =50 k=12, K Frtk

A F o, (x) M ELJE R RETFTE AN HE e, JRAT T4 30 200G 251 (14 e T T

H* =E,N+EB+niU,a"a(J,N+J,B)

1 3.27

—hAca*a—ihn(a—a+)+%an(nk -1) G-27)

g ISR N =3 b, o BRIRSAS B =D by, b +he.) o SO HR AL A5

k k

TARRAIRE U, =05 /A, o FMTH B 15 1, IR & 1R T2 W)

WA EL AR, AR S DL AR BAE R 38 200 o 20 e SRURTBIk BRI R 1 75 43 33l Ay

E, =Idxw"(x—xk)£—%v2 +V1jw(x—xk+l), J, :Idxw*(x—xk)cosz(kx)w(x—xk+,) ,

| = 0,140 BIARTE [Fl— M i FUE AR A 1o U722 1) RO A A0 PR A% B ) — A%

FLEIIRUL, 6 =u, [dx(w(x—x )| o ZREBATH T = REGUR Uk S R & 1

AT R
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FOE AB=ZgRRTS5AFERNBE RS

FE b RATEEWI T R 7 HIEEIR G RSt X R IATEZWTS
T ARSI T 5 IR G R FIFERA TS N T 5 B & ke,
AR R T A S RS
4.1 BANABIZ g QIR FHEENREE

B A BV 5T INAETEZE B IR DA BHEORT) Y, H5HE N o« o, 1]
A2 AT R, FOG2A e 23 () (R A AR A, e BRI 1 s
[ RIS R @, « $IE 23590 A 7, 0, BROBOEK IR S IX A 680 Horpr A L
THAAEMDIFRERE, « E, M E, Wil 2 s B THE(1) > |3) Z MR fatid i

Wkt o BB |2) o |3) AL @, B2y, HUE AN IRy H R b

bo,

A 4.1 SR T8e 4% B 4.2 ARBRTaRALEH

FEREBELAA T, B A J5 7 5 ERORE &5 AR ST e i i

Ho =P SE
“om T2 EC

i=1

+hwa'a +ho,aa,

—ing;; (8.1631 —8,0y; ) —ihg,, (8.2032 - a2+023) (4.1)
. |h771 (aleiwpt _ a;refia)pt ) . |h772 (azei(upt . a;efia)pt)
Z LI HU (1) = exp[ia)pt({:lfa1 +8,8, — 0,04, — 0,04, )] , HE B A IR R N -

HO=HS+HY+H (4.2)

Int

2
ngglﬁJMMGn—hAman+hmp 4.3)
m
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A

Hp =—hA,a 8, —hA,aa, —ih, (&, -4 )-ifn, (a,-a] ) (4.4)

Hy, =—ihg,, (X)(a0y, —a 0y ) —ihg,, (X) (04, —aj 0y ) (4.5)
Hrp, HR 2RI miE, Hx, paalbsidf 7o i EMshs. Jiis
W0 o, =[] 1] =12.3. EIET A E HEREYE, WE =ha,,
E, = hay, 96 5 AT BT B 2 09 0 K R A, =, —a, »
By =,y HY IR RO B, 0D ot o, (@, HP2E
MRS M A . a (8. ay), Hili x5 X% a.a |=]a,.a |=1.
Ay =w,—a), A, =0, -0, R RERIRE 2 M REE. H) 6%
PR FIOR S EM, RNk MEEa 5R T (1) «|3) &S50y
0 (x) = 0% cos(kix) » 3 5 K, 10 s HE @, 15 BT [2) o |3) 04 & B 4k

0,5 (X) = 95, cos (K,X) o
JCEA S AN FAEOC IR S) B A TR 1 MRS RE R R 5 AR 48 e TH IR
Gio ST IR A AR SR DAL IR 1) AR A vl A 0 FA s i i1 AR Y32 3,
FEHAFAERE LR, LB JE ORIV S0 I IR B2 3 7 R AR BRI AN I I
RYE.
WA w237, FlMc >a, ¢, >a, TESRGEGEFNHZ
JITiREA
a :—%[al,H‘)]
—[al,cf}[zclcl+ 2K, (t)}+[/clcl++ 2K, (t)}[al,cl] (4.6)
=iAya, +0,,0,; +77, — k@, — /2K a, (1)
4, :—Lh[az,H‘)]
—[az,C;jH:KZCZ-i- 21,8y, (t)}+[/czc;+ 2K, 8, (t)][az,cz] (4.7)
=iA,a, + 05,0, +77, —K,8, — /2K, 8y, (1)
T TOLE BT HIE S ASGE BB BURE, BURBR DN &« K, 0 8, (1) ay, (1)
R ON W R SERE L W S e B ([a, (1).a) (1) ])=8(t-t)
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A B TSR SO R R A R
([ ()25, (1) ]) =5 (t-1).
FEFA N C, — 05 €, — 0y RIFE TABMEAT B2 T )7 FE A

—— 0
13 — 5
o hI:O'B H ]

_[013’(3?}[%(:1 +7 fin (t)}"'l:%q"‘ 7 fiin (t):|[o-l3’cl]

(4.8)
=iA,0,; - 053 (011 — 033 ) — 038,09,
_%613 _(0-11 _633) 7 fin (t)
) i
0y = _%I:sta H O:I
—[023305][&02 +7: 5 (t)}{&CZ +y7. b (t)}[‘)—zsvcz]
2 n 2 n (4.9)

=iA,,0,, +im,0,, - 0,8, (0, —03;)—0,,8,0,,

—%023—(0'22—033) 72 B (1)

by, y, WBESLE, IRTAE|3) > [1) F1[3) > | 2) W e A R AL £, f,
O\ 0B SR L S Sk B (£ (1), fa (1)) =S (t-t)

<[ fn (1), £ (t')]> —5(t-t).

WRKWEA, ~A,=A>>a,, Ays Ays 7o 7, MIEBT, T3
A LU ST (%) 1 R BT LA e B B i gt i B E, A B IR T AR AL,
1o, 00, 31

i 9401, +0,4,01,

o, U A

(4.10)

1

_i gl3alo-21 + gZ3a20-22

F (@ 10) R A TDAAN A A J5 7 5 AR & AR S8 1 i i 5 (4.2) H n]
LAASH BT 200 e i Ay

oy [l (4.11)

2
H :p__hAcla;al —hA & a, —ihn, (al —af)—ihn2 (a2 —a;)
2m (4.12)
9,9 9; 9, |
+h 13A 2 (313;0'21 + afa2012)+ hfala;ro-ll +hfa2a5622
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Ho 2 1 ha, T

4.2 MR ERE-RAEKRESERBE RS

AT & 2 A AR TR AR S RIS RS, HIEE
PRI BN, BAT IR =k A 57k,
R AV S R R A e (4. 2) A R Ak, il DA 2

Hy=H,+H;+H, ,+H

It (4.13)

HAziZ:J.‘I’i*(x)(—zh—zVZ +V] dx+'|.‘11+ )(he, )Y, (x)dx

(4.14)
o (0, ) ()
HR :_hAclaral _hAcza;az _ihnl (al _ar)_ihﬂz(az _a;) (4.15)
_ﬁ + + u_z * *
Hn =3 JOKT ()91 (0%, (0, 00+ 3 [0 (0 (0¥, (000 o
+H, [P (X) W3 (x)'P (X) ¥, (x)
H,, = —th.dX‘P; (x)a,9,;¥, (x)+ thdX\Pf (x)a’g,,¥, (x) (4.17)

=i AW (x) 2,0, ¥, (X)+ ik ] (x)a; g, W, (%)
FCRV, (X) BT A S50 SR OO AR, 121,23« W, (x) R T B
O FL A 365 70 5 56 R [, (), ()] =6,8(x=x) s [¥,(x), %, (x)]=0
[P0 (%), 95 () [=0 v (u,) R [F—BEZL E, (E,) b5 2 [ AR A AR B
u,, R Ab T AR REL E, A1 E, b1 J5i 2 TR R AH ELAE F 5 R
N R R T AR R S RGN T T R e T AR SRS R (2.37)
X, W —>a, ¢, >a ERHEGHMZ TN

a, (t):_l%[al’Htot]_Klal_ 2Ky, (t) (4.18)

a, (t)z_%[aZ’Htot]_Kzaz_ 2K, 8y, (t) (4.19)

Jis 3 0T 062 B B R S RIS I RE, UFER N & Ky @y~ @y, A2
NI PRSI E & KRk,
BAIN K¢, > ¥ W, ¢, >V, RTHEFHIMZ TR
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lPl (X) = _%[T1(X)a Htot]

[0 ]| B 7 (0| S 8 (0] [0,

| (4.20)
== TP H T 2 () (0¥, (X) 4 i (05 ()
:—%[‘PI,HMH 71 i () W5 (%)

9,(X) =~ L[, 00.H

[, (X)C]{_C ¥ yzfm()} [Zc + yzfz.n()}[wz(x),cz] 421)
:__[LPZ, Ho ]+ 2207 (X) ¥, (X) ¥, ()7, T (1) 5 ()
- M 0 ()

\p3(x)=—%[w3(x),Hm]

SR EENANCI 2 SN LXK
SRORS S ANU] B PNAA U] CASES

=3 g (39- 20 ()i, W, (- 0,89, (0 0.2, (1)
=T ()W) (X) (X) =7 (%) (1)
Lo, ()95 (00, (0725 () (1)

:%V ¥, (%) w‘PB(X)+iAaI‘P3(X)—gBaﬁP1(X)_gzsaz\yz(x)
A ORNAAOENOENANEM (4.22)

oy, p, WRERE, MR TAERIEL R |3) > (1) 1(3) > [2) I A R EAEK,
y=n+r, NEERR, ., f, SRS, WE o K. W)W, (X)
FAEZAS EIRTEL MOPT 00, (000 P 00T (x) B (1]|1), W, ()5 (x) 4
R(2[[2), P, 0P (0=1, ¥,)¥;(x)=1-

ERREA, ~A,=A>>w,, A,r A, ¥, 7, NEIT, Z8ETH5)EE
AP SR Z B A N B3, AT r DAL 3 ki e o B 4% E, A& IRk A1
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A

JaH, Hv, (x) 2 0T BRI W, (x) =-i(9,,8 P, (X) + 0,58, %, (X)) /A KEHACA b
B2 3 R (4.18-2 1) A3 BN B R i 1 AT AR - AT a8 3l 5 o e 2

.. 0a .  oa e ow, )
Ihﬁ_t]:[al’H ff] ’ |ha—t2:[a2,H ﬁ:| ’ |h?l_|:q/l(x)’H :' ,
in s [, (), HO" ] W48 F 2 5004 00 R 00 0 5

H =H{ +Hy+H,  +H o b, S BsgAgsdi s &mieE, BLRRT
PAAAR 2 TR) AR ELAE B e s it e 70 ol 5 54 15) R (4. 1) AT ], Jit A4 R e S i
H

Hy' =" [y (x)[—%vz +V, ]‘Pi (%)+ [ w3 () e, 2P, (x) (4.23)

M0 5 R RRE A 28 8 1) I 2 i 1
H =7 dx¥; (x g—‘z3a1*<311\111 X)+ 7| dX¥? (x 9—223a2*a2‘112 X
e ()= (x)+hf ax¥s (x)=2 (%) 424)
[ der; (x)%a;a;yz (x)+hf ¥ (x)%a;a;yl (x)
M T . BT 5w (x) R B R R B A

W (x)= D bw, (x=x)» Dy AR T )k R [bpk,b;kl =804+ P.g=L2F%
WAFRMIR TE k=12, K Rk m%. #e (x) e RBEIFERAAN RS
AT B s R ) T S

H =E'N,, +EB, +(Ey + 9, )Ny, +E,By, + Y AU ara, (1B, +I5N )
p,q=1,2
—inn, (a'l _a;)_ i, (az _a;)_hAclaral —hA,a 8, (4.25)
a u -
+Elzn1k (nlk _1)+?Zn2k (n2k _1)+u122n1kn2k
K k K

H S NEGLRE N, = Sbsb, » BRESLEB,, = (b5, by +he) . HIETHAEH
k k

%4&%@&%%%&%%ﬁﬂ%ﬁoﬁmﬂ%@@~%ﬁi,ﬂﬁ%%@i

J5 5 Z TR AR AR L, A8 A L LA EAN AR P4 20 o ] — A% s S REAT Bk ER
P T el S
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* hz
E, =‘[dxwp(x—xk)(—%v2 +Vp]wp(x—xk)a
Jog :.[dxw’;(x—xk)cos(kpx)cos(kqx)wq(x—xk) o

RS R 57 2 TR AR A

Ave

E,= J'dxwz (x— xk)(— py

+ijWp(X—Xk+1)’
35 = [ dws (x=x, )cos (K, X ) cos (k,x)w, (x=%,.,) -
5T 2 ) R REAREATT A A% BB T — R 1 st
B =us o (= ) s (=)
UL VER T AT = R T 5 PR 5 S A 1 22 A B0 (4.25)
VAT A B T SRR P4 R B (A S R S R . AT TR I 5
TS AR P FRGE 0 20 ) 2 TEAE R BT BB T 10445 «

a, :upjdx‘wp (x=x)
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PRIDEH PRI A B 5 SRS A BN BAE IR & R 48 il R4t
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