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Spontaneous emission originating from atomic BEC interacting with a single-

mode quantized field
Ebrahim, Ghasemian!; Mohammad Kazem, Tavassoly 2
tAtomic and Molecular Group, Faculty of Physics, Yazd University
2The Laboratory of Quantum Information Processing, Yazd University

Abstract- In this paper we present a general theoretical model for the interaction of a number of two-level atoms in
Bose-Einstein condensate (BEC) with a single-mode quantized field. In addition to the usual interacting terms, the
Hamiltonian of system contains interatom as well as higher-order atom-field interactions. To quantify the
spontaneous emission, we obtain analytical expressions for atomic population inversion (API), in the cases of
number and coherent states for atomic subsystem. Our results show that the above-mentioned model interaction leads
to the appearance of collapse-revival phenomenon in API. Also, the revival time may be tuned by adjusting the
interatom interaction constant.

Keywords: Spontaneous emission, collapse-revival, squeezing, Bose-Einstein condensate, atomic population inversion.

OAQ

ol 10 09 w0 b 4 dlie ) WWW.OPSLIT Gl juise.


http://opsi.ir/article-1-1261-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

=l 515 g0 an byuye Y 9 ) slogmsing a5
sy an(bHbs@aha adl, ol s s
abgye sl 0 @il 5 Glae (i B1) g0l sl Shos
oozilsS lowe «(1) sibalas Jol alex (i =1,2) oo
Lol Gelals oo 5 pow 5 pg DMlex eSS
b ol =l aSma s p)lez ale g abgyye lasl 5
“obee oo yg3 1 aler g0 iz ed At e lis
ol s w51 G YL a0 23S o0 9 BEC o (ol
GRS o5 Cel S 4 pY S e (B S 4
Ty (58,5 5l o jelae 4y (lase 9 051 G YL A e
Sleslawl bl oals Llod lage 45 bapdl (orex s
Dyg—e |y Ablo Sethoals (g5 o0 Sr0deS s o8

12,5 w93k 2

H=wmaa+Qb'b

+ g\/N_l(a*b+b+a) )

+ Ab*°b 2 —B(b*’ba+a‘b'b?),

S 0 e SO S b s sl Slee o] 0 aS
3154 bype slogmging Gl s cnlplo g oad a8 S
OYolae dn obcews johaie 4y 0gad Bix |, i Sl
S Sl Gl 5 051 slayles sl Syinle o5 >

S o0 ol 5

¢, (t) = —va(t) + ubl(t),

¢, (t) = ua(t) + vb(t), @

SO Galy 5l eslil b ool UZ + V2 =1 o 5 a8

5@%.)“5 odls S

a(t) = uc, (t) + ve, t),

bi(t) = uc, (t) - v, 1), @

a1y aleln Sskoala Glss o (V) Lasls, 5l eslizal L

12,5 o9l pj O)ge

2
+ + At
Hy =Y w,cic;+ Ajc/clec, + ©
i1

+

+ +At
AZZCZ C2 C2C2 + 2AlZCZ C1 Cch

o4

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

S g el (B slojglidS e S
B9 oo (SE) s095us9> oS 4 jomio ¢ s0glsS (loe
Otk e 00 oundy 4 bgye f 3l slacd iy
el slomy) s ¢ omblize sla(els) abi s (BEC)
S5 Sy o bl pla o] o 45 sl 0 oole 5l gy
slagle o [V-Y] wls 13 5o5us She segiilsS Cl>
Sad dg wolzdl plos 4y BEC jo (s055u0es oS (5]
)9_»a.> ) GOMQP J.o.mf ] M)f )‘)3 ax]llas Sy90
J8 A Sl Cdle o sl 5l (SO s o oK o3I N
SPCSUIA IS ICHN PRSI | J [ CUURRRTA RPTRA
oS B o L) eeetlsS Glae S LBEC S
oy 45 lodld )18 (g 890 (ool Glee sloo,95
Lf] coil ssmlise Jos o)1 jo cdlsb —cdly 3 ogiileS
30 (695 5udg> S dalllaoe gt opl plxl 5l Gas
Ly 00isS (S e 65l yiss ol 5l St asloles S
SLo S oot (55,5 5 53 b a5 (gl oo o
ogdle el (g Khoe Cla) b e g o3l e VL 4S50
A3 (SFLS eans Ojge 4 1S gl oy a2
o515 oandy A4S wad e LS gl e oo 4id )T
Ol (295 4 &5 (ol Comex ()l o 2Ll b
Wl 1855 g0 dilelis 10 (6095uds S oyl 5ue cdimd
L Olas 9 Losl i 6551 Jobs Bl Olgier (ooilolee

5 Js
Jow

) S35 slepsl l laegomma 5l i s 50 ailels
Aa ST agilsS e S g BEC cdl> o (ol aibolas
soy Jeideele Lol sl | Sis (o ailels 5)
g g0 48,5 a3 10 55 D0 a4 dilele oS
H=waa+Qb'b +Q,b,b,
+glah,"b, +abp; )
2 2 QD)
+ A, b, +b," b, +2b,' b, b,)
2
~B(b," b,a+a’b,'b,%),

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1261-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

-0 ool 5 iy i b sl Comaz Sg)ly 1 S o0

10940
W(t)=(J,(t) = %<b+(t)b(t) —a’(t)a(t)).

1S ol olass 5l IS iie sladilolis jo oy ya5 oyl 5
:0)9T Cewd ).’)

W (t) = 1 2 2 + +
( ) - E(V —u )(<C1 C1> _<C1 C1>)

+Uv(C,'C, +C,C,).

(QRD)

3y et jslate 4 103 (GO0 adgl LI (I
L s g 4 1, ailols sl Sl s ¢ ol Copraz
ose > o bl g (| 0) DB adsl lae oS 0 5 o0
(sb 5 00z Sl ol 5y il ([ 1))

D9 g0 00l 5 Djpe 4 Cumex gl

W(t) = %cosz (20)+

f2
E[Me*ime—(hﬂz)t/ZGZi(Aanlz)(N—1)T
2 2
(5in? 0+ COs? e2(Ae AR ¢ ]

(QRD)

YL all, (0=040=7/4) ozs Lyl o

129850 03l 5 )90

W) = N cos[(2G + B(N —D)t] x
2 QD)
[Cos(ﬂ)]Nfle—(th)t/Z_
2

e Sy jedaie a t =03l wgu—od adgl I (o
e ol yo ead a8 3 ke o allele cegilsS Seliss
Ao ogimed Sl 28,5 A o L) edl Camex (Sg)ls
Lyl s ol )0 peiS oo dulre (a3l gl cl> lgie
1398 o0 Ly 5 Djge 4 Alebe 5 adgl 2l

| W (0)) =" ’ZZm |, J)-

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

1wl 00l oolaziwl ) .la)|5) )‘ U] o as

A, =Uu’(Au + 2Bv),

A, =u’(Av - 2Bu),

A, = 2uv(Auv - B(u® —v?)),

o, =%[a)c +Q+(-DA] *)

A=w,—w, =5 +4G?,

G=g4N,

o=w,—Q.

:MJQ ouds ,53 Sgls @Mas 3l eslaiwl b ST

U=cosd,v=sin@, tang = —2%.

aoles 5l ool 5 aibolus Seiloola piils cows o L
:MJQ uf)...:).iLas C,S).>

=i, +2A,¢/C, +2A,C;C,)C,,

ac,
dt

4
d_ )
d

C .
,[2 =—i(w, +2A,C/C, +2A,C;C,)C,,
e Cewd 4 iy S jge ) il Clg o5

2
c; =exp[-i(w; —iy; + 2D  Aycc)tl )
k=1

Sl loailolr o5 )3 (2lme cup Byma 77 Ll Gl o
00l Slewloes 8l bl oagay b 5l eolaiul b as
Oyl S an j0 aS ol ;3 W pY iz ed ol
= S ) Dy a S LS > ol Gl Yol g

] 00l oolaziwl gl

N =c; (t)e, () +c; (), ()
+¢; (0)¢,(0) + ¢, (0)c, (0),

Q)

050 allels jo Ol)d ol caims las &8l o aS

so55leS Selins oy )514’;,@ & :6»5' Coros S99

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1261-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

WA o VEIY Olnl Sigish (5)5kd 5 (qwaipe (il S (et 9 Sdgisd 9 Syl (il S Geges 5 Con

4 Lo 5l & 56 & > 3,4 o asbel R

LS'LA) 0)30 U‘?“QSA L)] 3 J) )‘ 45 w‘[COS(At/Z)]N{l
IS ged ni |y b3l sloald slwl sl (2771 A)

2 o=l ez (Hg)ly (69, (eilile (Sabdz JIY

Atomic mmversion

0 0 100 12 0 2 t 10 150

t
@ A=0.1G (b) A=02G

.G=gN,.g=1.B=0.1G.y, =y, =001
w5 s »A=02G b A=01Ga , N=8

90 <8l b gloald oloml  gloj 0,90 ¢ wgden cl> o
e b anolio ;o Jg wad oo J U053 00 4 laald albls

ol 895 5l 9290 () Conl yiin alold (ol o0
(! asrine Yol 55 loald oloss

&=l

[1] P. Goy, J.M. Raimond, M. Gross, S. Haroche,
Phys. Rev. Lett., 50, 1903, (1983).

[2] W. Jhe, A. Anderson, E.A. Hinds, D. Meschede,
L. Moi, S. Haroche, Phys. Rev. Lett., 58, 666, (1987).

[3] J. Seke, Phys. Rev. A., 33, 739, (1998).
[4] E. Ghasemian, M. K. Tavassoly, Phys. Lett. A, 380, 2362,
(2016).

s ol p) Oge 4 eil Comez g)lg 9550 (0l jo

D9
W (t) = %cos2 (20) +
(N) [si n*(26)
2 2
oMU #7220 20 (A A)((N) Dt g ~(N) O

exp[< N >e2i(2A12—_A11_A22)t
(sin? @ +cos’ !Ny 4y ¢ ],

&ygmo an YU dal ) wais b o (goue b alin
0l wlgs ool 3

QD)
W(t) = %COS[(ZG + B((N) =)t] x

exp[-2(N)sin®(At/ 4)]exp[~(r, + )t/ 2]
S @L.; Sl g a3

Sa=is bl b 50 e (Ss)ls (Sl Joo ) S
laes! olaey calizes polin lil as goue cdlb> (ol
I e al,b asdy isle a5 ol b g BEC [0 04290
Oiali3l L 09 e cdaline a5 jgblan s o LS
Oz g o8| Coumex Jg)ly aels BEC [0 lags! slass
m ol el Sley o3l SO e bl slaald slaws

b

Atomic inversion
{
[
Atomic inversion
—

£ G
(@) N=5 (b) N=10

.A=0.01G.B=0.12G .y, =y, =0.01
N=10b N=54 ,g=1.G=g,/N,

}_E.ud)_»o Coxo @3)‘5 FERK) LS")'“'Q )J| 5o ;w‘ » 09)19
0l el oSl o ol cldS L daps! slass )

oAy

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1261-en.html
http://www.tcpdf.org

