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Quantum state engineering of the atomic field of a Bose-Einstein
condensate interacting with an optical cavity

Ali Dalafi'?, Mohammd Hosein Naderi?, Mahmoud Soltanolkotabi?
YIranian National Center of Laser Science and Technology (INLC), Tehran

Quantum Optics Group, Department of Physics, Faculty of Science, University of Isfahan

Abstract- In this paper we investigate theoretically a system consisting of a Bose-Einstein Condensate (BEC) trapped inside
the optical lattice of an optical cavity. It is shown that using the nonlinear atom-atom interaction, how one can manipulate
and control the state of the Bogoliubov mode (the quantum fluctuations of the atomic field) and produce squeezed states.

Keywords: BEC, optical lattice, squeezed state

10


http://www.opsi.ir/article-1-365-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Siblol psb a4 Glgies |y @l (S gaSil
A Byo bagil 093 4 053 LS ST 5l 5 05 Sl
o ik @, U @ azliy dalis ez e I¥]es
X y9oe le.';...u‘) o ‘) L:op_'{l 6‘517 LS‘)‘}T LS O‘?S
o5lsS Olee b ped AlsS (gaidge B ooz lex 5o
G S Fhe Sedkola b ) aileles Sliys 5 W(X)
{¥]s,5 o

QD)

2

ez ~ #H? d_ ) .
H _I_le ¥ (x)[ om, O +hU, cos”(kx)a'a

+1U W (0W(X)) W (x) dx+7A,a"a

WS 9,0 (Sl Gl gopl Shee @ brul o
(Sl Slslib el ) o
s OB Gl wele gy Ug=0g5/A,
SaSTy Jsb a0l yo a5 el Uy =4xh’a /m,

Ay=w,—o

k=, /¢ mmpe [0Flcwl whpsl aiSway, o

as U0<aTa>S1060R ‘5,..&: aM JJ‘-@E}) rg.))) )é
) ] kS“‘ @)w ML..».QC()R =hk2/2m0 ‘UT L
Salss L o )LS o e w90 4y 1) cadl lae olgs
Ol S il GBI js as oS sgame  HAK
Gl @ arg b ooy e [V en oo as Sl
4 (ool (ogtlsS Olse BagdsSer o 50 g 4l

D950 Bogi ) D90

Y(x) :EJr\Ecos(ka)c. )

oS Gl BargdsSer s (g09b Slae € dolre (pl jo
) 03 dla de Jo oagilsS lars g il ke
Gxo Sl slglae a0 il Gre Al
oo &l L a5l 2SS Ly © ae Jledl Jlozs
Ol o 4 0 3 Sl (€TC) 0 N a5 (glaisS 4y
(Sar9d55 5 ) 55 @ VN sae b ) oISz e
Seikals (1) Wolee o (V) dolee ols 135 L Al
R R e R R

H =ns,a'a+nha,c'c+inm,, (c’ +c')

+Zpratac+c').
(el Olae Pie wslew 0, =A; +3NU, bxol o

R I R e

\p)

o, =4, + a,,

q.

;

et o oKSls AVAY oo Ve LA

doodio —)

plo a4y Josly ol G U1 50 (9590 N slaad ailis
(oS 5,50 0992 59) by Sl sloles U g iy
3 Aol 5o Ll 5 S ez olST s o5
Sy edSr Sy 9o I Jeily ol s
.[\]\)9.:;360 IR TR

WIN olass 5l Sace Gloa s ) allis ool o
Sl sah U 0 &5 wibnie iy,
((omaboliiog 58Ul (soobial ggo 5| (5L (9l Jouilis)
Soalon Jowils g0 aliwg 4 g a8 F 15 SlolS” SO
bl j0 6,50 5 (@ sy L) Job sliwl) o S
S1e Iveal oslidl als 4y (@, soles L) SIS 2o ,0
Gogamme olaxd STl 950 ogiilsS lae b y2aS 0l
ouly (Sl 4l e Sl Dl et 4 lagsl S
Ol )3 (o295lsS Slog 5 S8l 590 e 9 Nad oo
oo SnosTe de ol 4 A Webioe cads (o]
0,95y Sl aS s o las alie ol jo aneS
Olgse (Sl S35 LBy selay Lawsgs a5) bl o
S S ez SRS slr syl Glye @

5,5 oolil (55555

Shole gl 5wl 5 eoss T i 53
 alele Gloj Jso - Shoe ¥ (50 50 5 w23l pise o
o Bz pusle ¥t 0 mpglee cans @
Plsm O Gige ;o 5 ool uss 4 | BisdsSs:
Pt 0 el oS ouyp | O SOz

.mﬂdégwboulwo@@m

alolw (gl Cuogs Y
-9 GoadBs Sl cud)le addlas 5,90 (sailolw
s Myp,> b gl 90 w3l Noolows 5l JSCace iz
L sk b Sl S5 G S5l o a8 o, 5188 asles
otalean] 5l (S Gk 5l e ST ool a3 18
g o 0dged 1 il Ly, suluw b )3 G alws 4
Sl pls S B 0 eu By & piS 0 o)
0.l 5 s 0 b S L slai
A, =0, — 0, as ‘o..x;..i‘:lg: 25 00 ] 00l yugasre


http://www.opsi.ir/article-1-365-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

H"=S()H'S" (&),

. ' A
=hec'c+hs,a’a- ©®

L

1
20, +3 0,

(a'a)’.

Slee Slgise ) 5 (F) SYolao 5 oolizul b o8]
by ) Oyg0 4|y ailele oo

—it
U(t)=exp[7Hj,

=D'(A)S" (&) exp(2H

*)
")S(£)D(A).

Wolgi g (ogilys slacdle (cwaige -F
LD

oogte gadsl S o (Sl Gl &5 cnl (28 L
oadr silwoslel s > jo BarglsSe s g |a)
Jon ey g |w(0)) =la), ®[0), (om wiil
ly(®) =U0)|w(0)) ak, jl oolizul b abeles cJl>
2 oogded S bawn (58,5 5l 50 b ogd oo dlee
> sy (8) aoles 5l oolinul b g Ssb al oo
| E |1//(t)> .mlso Cewd o b oadasd o alelw
LT 5l el oudKa 5 (Sl o 51 JKete saibolus

on ly 0adBs egtlsS Ll ole> cualys o a5
as W‘)BT Cowd 4 ‘) od..Jl.i>- ‘;li> ‘_)MJ))[A AJL» ‘W.A_S

ol S pO=TLly®)wON ;I cwsle

Qe S0 & Bz 9 BegdsSe de 4 C sz p
srle bl alml 1 ol olal Sl
Nloe Cass ) 15 O jso a4 Baugd s e JB

2n
oy el solal”
pt)=¢ Z(; p

G MO G5 | !

9,-(2)) =D (BN)S'(&)| Bre ™, &™) Lyl o
S pl oAy L ocwl T=dt ol o &5 el
V) doles sl oy > S |Bne, o)
G abls Cb t by cundS 5l am a5 wes o ol
3 el gladdle Sl pugsen (ipen So Sjpe
51 ebb Sl 5l nl o a8 ol usgs a3 ] o
RO PRV SR SR,

csf WSl 00‘95 Ca Py -0
S5 edly o Sy o postlsS e S azilir

q.

Y

SiS oy 50 (SoiSTy swles @, =877, N /myLw?
S o Sy i C=EINUG 5 daesl s

Gy saler (M) geilkels  salex 3]
~ST5l5) SeilSagil slaaibels o Al SolSegnl
It il e [0 [ panl b gle
S e ganl Gl o8 > cely ST (500 e
Sl Jily S jon e 42 )3 9 d9d e
C o o] 5o aS g o (V) dolas alos o351 JS &
O S e g3k al ol CS e e s
So b bl ol gailele )3 BagdsTer wo ol
Soilagl gaibls G0 S e san] sl )|

S|
Slolw Swolv s -Y

Ses (1) Sethoola 5l oolital b adly> oo (55T
ol ssbie (gl G 4 ) alleles oy Joou
9] oelys 5o (o5l JSb @y al>ye 90 y0 ) ikl
Fo a4 ol See S Jsl galm e o
Ol 0 aS aiS e i e D(A):exp(A(c*—c))
Shee ol g1 N el p=L2_£ - . A=pa'a
s -DA)CD (A)=c—Ajl cusjle © 5, 2
Srdele 9, » |y plolr Slee Sl o5 e iy
23y9] Cawd 4 g0 4 (V)

=D(A)H D'(A),
=hdé,a'a+hoc'c+inm,,(c’ +c'?) f)
(o, +Law,)A.

st

Syge 4 &S 1) (Sodlr See Sl wm gal>ye o
@9y 2 VY loss oa iy o5 S(8) =exp(3£(c° —c™))
9> 2 Shee Gl Fleryslee s 4 (F) Sgilals
oy as S(&)eS (&) =puc+vc!
S gLl & s v=s i &
E=1(0) —@,) amiliz ols olas olyoe VY]l
51 opiman ¢ Col @] m of o a8 asly
Sl v=Jo 2~ 11 5 u=o 20/+172

rebls publys ol cigls

cu=coshé&


http://www.opsi.ir/article-1-365-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

plo dulus a5 Sl 5l el JpsS BB @, G,b )l
by oy el U555 BB 025 b 4 o2

2 g ol s 1) Wl 0yt p 25 g O e

8,8 STy BgdsS e e (Sadla a0 ams

T T T T
7y 2 ~\
{ "'. [ \- f \"- n"lr ',II
/ h { | | \ { \
/ | / \ / \ | \
— | Ilﬁ wp III | [ III III \
= / \ I.'I I'. f '|II | |
o[ \/ wep \/ \J '
1iwg
g
—ns b L . L : . L
i} 2 4 é 2 10 12
T

Snosls &) 4S,(0) Sy ol ey Uy ) S
0,50 el iz Jade oz ly D] ez o8
(opin o) @, =100 (o] i) @, =5y
(o s Oy, =200, 5 (Joyp  sow) @, =150y

el onts o3 @ =001 pimen

S S aom -
g ol Sy Sl ey allie Gl o
Sl ShET So 09y (seglsS Ol b i
e Ol il [iaS il a5 lesls ylid g aisle gy
Sybisn ool Ol 53 (oaglsS lazes 5 28l 55
o5l o )9 5w oS 5 8l al (cagiileS Il
5l 05 75 sl a5 GlaiS 4 o ls S o
5 <8l o (Fadly cuols e 4 i il

Dol 605‘ Oldse sl

&=l o

[1] C.J. Pethick and H. Smith, Bose Einstein Condensation in
Dilute Gases (Cambridge University Press, Cambridge,

2002).

[2] ©. Morsch and M. Oberthaler, Rev. Mod. Phys. 78, 179
(2006).

[3] C. Maschler and H. Ritsch, Opt. Commun. 243, 145
(2004).

[4] A. Dalafi, M. H. Naderi, M. Soltanolkotabi, and Sh.
Barzanjeh, Phys. Rev. A 87, 013417 (2013).

[5] P. Domokos and H. Ritsch, J. Opt. Soc. Am. B 20, 1098
(2003).

[6] C. Maschler and H. Ritsch, Phys. Rev. Lett. 95, 260401
(2005).

[71 D. Nagy, P. Domokos, A. Vukics, and H. Ritsch, Eur.
Phys. J. D 55, 659 (2009).

[8] R. Kanamoto and P. Meystre, Phys. Scr. 82, 038111
(2010).

[9]1 J. D. McCullen, P. Meystre, and E. M. Wright, Opt. Lett.
9, 193-195 (1984).

[10] P. Meystre, E. M. Wright, J. D. McCullen, and E. Vignes,
J. Opt. Soc. Am. B 2, 1830-1840 (1985).

A

et o oKSls AVAY oo Ve LA

S & by (oosilsS (slays gl olSST il i S
Lokl sloSlee) Glare 5)551,0lsS sloadlse |
Gadlye sl a5 o o ail e 2alS (WSS 5 e
~ailye [N YIab oo Gl s slajs o <l Ko
Sope 4 SandsSe Ol Goglols sl
Wsh oo iypmp=4(c—C) 5 g=(c+c)
Febl b eadlse ol 51K 0 0 (Sudlr g4z
5 So(0)=2((A0))—1 w530 aie S
(80)” =(a*) —(a)" Ll ;o a5'S,(2) =2((4p)") -1
woslsS glacabs pae (Ap) =(p*)=(p)° s
madlie 51 SG 2 50 (SN b i § p i

Dgd oo i, S (7) <0 (i=porg) & e 4 a

ST do S puple GRBl Cws o L
b1, S,(7) Sl il olyiee (V) ol
Z\))ji Cawd
S, (1) =4p%|a|" (u-v)*sin*

+2v(u—v)((u—v)(ucos2z +v)-1).
(S Sl adg Jale a5 055 wST Wb beol e
o Olndgi by Sl @ilpsl (Sl A en
S ) 555 o wala i e ol sl L
aolgs (u=Lv=0) ax ,0 9 £=0] (, =0
Sipe 4 SO bl
Cute ojlgen a5 Wl S (2)=48%of sin’z

D950 O

M)

e pS(7) (Sodlr yebl () S e
S obged Gl ey Sl Sanl oad oy T dmr (a0 oo
ol o eolinal DYONF] sl o2 slacols
Jsb LSS 0 Rb o5l N=10" olow _m
m0ad Sy 014K glod b g ool plo &y L =178 um
oSl ez Jeb A=780nm Ll
Jsb ¢ <A, =27x58GHz.g, =27 x14.1MHz

Cowlay =5nm ol iSen y jo SaSTy

Camols el ol ools ylid (V) USKS j0 oS jeboyles
Gazys U8 slp Gl ples 4 Glge @ )
Fohlh cpl 0,8 colatnl BgisdeTes v > Saidl>


http://www.opsi.ir/article-1-365-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

[11] Bose S, Jacobs K and Knight P L 1997 Phys. Rev. A 56
4175

[12] M. O. Scully and M. S. Zubairy, Quantum Optics
(Cambridge University Press, Cambridge, 2001).

[13] F. Brennecke, S. Ritter, T. Donner, and T. Esslinger,
Science 322, 235 (2008).

[14] S. Ritter, F. Brennecke, K. Baumann, T. Donner, C.
Guerlin, and T. Esslinger, Appl. Phys. B 95, 213 (2009).


http://www.opsi.ir/article-1-365-fa.html
http://www.tcpdf.org

