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Photon emission by two two-level atoms in a two-mode lossy cavity
soheila, salimian!; 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 consider two two-level atoms interacting with a two-mode lossy cavity. The effects of losses such as
spontaneouse emissions of two-level atoms, photon absorption and scattering by the cavity mirrors are considered. Dynamical
evolution of the quantum system is expressed by a master equation for density operator. We relate the probability to measure a
photon in the considered two field modes with the photodetection probability theory as given by the quantum trajectory and so
we can see clearly the shape of the two modes of the extracted cavity field.

Keywords: Lossy cavity, Two-level atom, Photon emission.

VAN

ol ulre WWW.OPSLIT olg 10 1058 (o yiwsd j0 b i 4 dllie oyl


http://opsi.ir/article-1-1396-fa.html

Downloaded from opsi.ir at 16:08 +0330 on Friday November 16th 2018

1YAD poge VF-1Y

ol stem mp 45 ol o bt ol e bl S
“pé Kagph alolae sl sl 4ty sy e ot
toleg 5o bl el 11w 6l oS U 1, SIS
Wl 0525 Sloj o3l (nl o iz w2l LA L

S fusd Aol ml adl
ol & ws g , H'ly)=in|y)
)
H'=H —iay*a'a-iny®b™ -
Ry

iAoy, ihC° oy,

2 2
I slyls” laan,] 5l o558 @iz g )13 &5 1 beil o
B A Glagmal 5 wsiliss ol opmsss 35 &5
o)k 50 i g S| Sl pgo g Jol slawsl 4 by e
Mo il ailoles gl o i Gsl TG by b

25 Soge 4 (V) aal) 5 Susgypd dolas 4 a5 b )

e PR

|l//no (t)> :a(t)|a1'a2>+ﬁ(t)|bl'b2>+
n(t)|by,a,) +¢(t)]a,b,)

3o 5 Jsl Olweil Gl 4y bgyw 2 5 1 sla el

D)

Ol s w5 el ol easS Ly N0 il aiss
By s JSE ]y G gl Sles Jb el Gloj ojl
) (oS o

_ ArB _A B
J, =I"T" 0,00,

Ji ZVZiAZiBaiaz’ i=12
Jg = Z Z Z(Zimrl)allzam’

I1=A.B m=ABi=12

l#m.

S oad gl sbogish & i & 350 d) Gl le e
A Jo}:).o L‘bd.u" JG.M:}: R oA..S‘).)Lac_\.M: u..\> “S‘slf
5 Sl slaedl sasudes o 4 borye I gz Sles
Jo el I 5 Jy ez Rles 50 5l (oS 5 Dy50 4 g

Wl G S tj e[to’t] Sy o3k 0 S s 22

Js [Wo ) =V T® a(t)[c,.C,), ®)

J; |‘//no (t)> = \/ZiAZi ° ﬂ(t)|cl’c2>7

YAY

Olnl Sigigd (5,9l g (owiigs il 23S retd 9 Sgigd g Sl il eges g o

Ol 9 (Seolod J925 (o p dllie (5o Lo B sl -)
o9 Ol S b (551590 Sl 93 ASemp 5l (26 (2>
W1 S ol e aS V] g e 5l ol goens 45 il SIS o
ol b el o 43,5 L3 0 decSS lane <G 5 (sjlg0
iy SS90 ol Jo g (Soilals 4 () Doz (035
w1y gosmsss S 5 0dx @ sl ol a
o ole L a5 wiloles  Saaliys 555 « s gl oo Consd
o S o0 B 058 o0 oy JBs e oS>
ol 50 5 00,8 amila |, SIS 51 [Y ] (598 29,5 Jlozo]
9 g0 oyl Slojm olad de S L aS SIS (g5 o
Sload ) ae 0 s S (g pSejlail sl lawg |,
s by by &5 6y il Jlexal L aS) STlS
osliss S & g 00 00ls [YoF] oogls

e 50 85 631590 ol 93 5l a0 )9e alebe e Y

Gsthola ol oty LS5 Wiz S 5 egs STolS

g se a3)S I 50 55 &g wlele oS i

A A

H/h= (@ +9) ;QZ) (a'a+bb+1) +_a)2202 +

M

B __B A __A B __B
wZ O-Z + a)Z O-Z + a)Z O-Z
2 2 2
(@abX +a'b' X))+ Ao, +A'Cy.

+ Ay X

boad iz (silyiss ol 53 slaaely @ 40; L) o
el Ay axes Q0 Glasels L STlS we g0
~Sle coig o @MD" Ak ool Fascis
moe e Glee p95 5 Jsl slade (G2 D ol o
Silpes slapsl seles 51 A olal 4 Sl sla
@) =, +A 5 @ = A 5 s SsSt
2T, 2" Laedl (S oasygl ol 5 0nin VU sla Slae
D LT =000 ks s G Sge ol @
ol 4 |y el sl sl o .2 =0t o
M55 b () =[2,0) seemsin ules 0590
|b> :|1,1> (Conas SIS 33 Sgigd gt g Canl 395
5 (Sl Olae )0 G5igd Su g 055 Sl SIS e oD
S5 5 Sl 355 ol 315 0 ) [C) =(1,0)
0% SaSTy g i cde 4 € cdls (Conss lae o
sl 53190 w1 895usgs S 5 SIS slaan,T S
RN R Rt PR PSISONEL T I (I CPS.
& bl J5 <o oy sl @) cllo s 5 0 YL

oty 2yt 5 |y (O) =[a2) e

ol e WWW.OPSEIT oKsg ;0 098 (o yiwd 4o byl ab alae


http://opsi.ir/article-1-1396-fa.html

Downloaded from opsi.ir at 16:08 +0330 on Friday November 16th 2018

AT NROVERE SR ¢

P 0= o [ 1 )
P () =2 (2 ldt |B)) 4 Idt"(o(t')r),
P, () =T"T° tjdt Jar)] 4T 28 tjdt o) +

0 0
P tjdt'\n(t')f,
0
Py (=127 ;c?ldt'|ﬂ(t')|2 +T g5 ldt'|¢)(t')|2 4

R 79 i ]dt'\ﬂ(f)\z- 0
0

P () ool M = 0P B 5l sl abal,
B s A bl sosmags Jem Jlaiml iy & Py (1)
"o ol ST slean] bawgs fS g od> Jlisl
055 gsr Jboil ey a PP (O) 5 PR (1) e
P () a5 coilag aiian p90 5 Jsl ool 4 by
ol s (213 15550 55k & als Poo (1) (P, (1)
Sl 5 i s Jlaml asl 25,5 Sl ol ax e
250 el D5dee ity (595mdgE S 5 ran] Laws
ool s & sy NiM [y =L enls t —> 00
St Koy Al b @) |7 (O] | BO)| ] (@)
| S s L S8

—%[4i (9 +0,)+2i(A+A)+(TA +TB )+ (A +45)]

L)‘ Az »
a(t)=e
[COSh(E'[)+£[(—4i(A+A')—(l"A +I8)+

2 Q

(2 + 2 Isinh )],

%[zu (©Q+0Q,)+2i(A+A)+(TA+TB )+ + 28]

A1) =é[—4ig xe
sinh(%t)], On

o3 ;S i pai 5 Sygo ]y L) T s a8

Q:\/2(A+A’)—%[(FA+1"B)—(;(A+;(B)—4g oY)

><\/—2(A+A’)—%[(l"A +I8)—(x* + %) + 49,

3 SFR Ed g diad 393 YU 5,0 ol g0 e oS Lyl
W) =0=0(1) el oo cord 50 @lp Cas lare

Olnl Sigigd (5,9l g (owiigs il 23S retd 9 Sgigd g Sl il eges g o

Jg |Wno (t)> ZZ(\IFAZiB ¢(t)|C1’C2>+

Jre 2t n®le,.c,)).
L \) alolw ‘u».e‘} 6L:b).§l.o.c as [Q.».SLSA ooalice
Al Lt ol 8 I Shos ool i [€4,C, ) i

(Ui E989 (e 4 YBS aih) 05 oo Gl 2

*)
)9““‘:") G]&)ﬂ"‘““‘] pyes (t):|C1’C2><Cl1C2|'
o3 5 25 )9 & &

9 pno (t) & ‘p(t) =Pro (t)pno (t) + pyes (t)pyes (t)!

™) il e Cawd A 5 e @ Pyes (t)

P ® = ||V O = (Woo O]w,o )
=la@[* +|BO| + 7O +|e®

Pyes (0 =1-Py, () =[7(O"
g s oy e dilie b P() JK> Shee Salus

d ot 1
o= p0)+

A B
Z%% [4ab p(tya'’ ~a'ab'b p(t) - p(t)a'ab' |+

A

r* e
77[40'1/;012p(t)0'£\10§1 —O';\ZGZBZp(t) —p(t)0220§2:|+
I _
Y, ¥ S toatos -
iL2m-121-A.B
opana, pt)— pt)oyala,), m=l. \
61, ]CC,) Gl & alls 38 Lz A) 51 eolizad L

dt
T @)+ 2 @) +T° 2~ n". @

d |7(t)| :Tr ‘:d gt(t) |C]_102><01!CZ |:| B IAIB |ﬂ(t)|2 +

ol 3 5 98 e iy [€1,C,) Ty alaba i (sla Shoc

2
ool () bl 6 F LS5 L ol se Sl [Y ()] 5,
Pyes O =7 (O = P () + Pas O+ Py (- 09

:M‘°‘))S w).su m;d\ 1) 2 Lgl.d:u}.& u‘ 5 as

VAY

ol e WWW.OPSEIT oKsg ;0 098 (o yiwd 4o byl ab alae


http://opsi.ir/article-1-1396-fa.html

Downloaded from opsi.ir at 16:08 +0330 on Friday November 16th 2018

1YAD poge VF-1Y

St Cewd A |y daly gy S aS el Glaiz e aials
10l G oy IS8T gagiilsS 035 ST o055

::5j = gp;{B (Oo)giz,j ®T. Y
12,5 drloe Gl o0 w2 (65505 (g, 5l 1) YL b,

P =91 Trlp,, @a+acy)]=
g2 (22 1BO) +T2 [n®) T,
P () =g 22 Tr[pl, (0'b +boh)] =

L 2 2 an
a2 (| BO) +T @) ) T.
:M)b A 9 A\Y) LSL‘“-‘G'.“) Qé‘b )|)§ 63L~.¢
s (0= |EAIPOL T n(O]
i - A '
o0
pext ( ) (\c\)
2 2
A2 BO T e
g ()= = :
pext (oo)

alwg 4 aS el Caws i t Oley 5o aeld g ees i ol 4
5 ammilna 1) G (1) pleslad @ anly e JS Glsiea o]
iy 5 00aline |y, SIS §l o gyl lige agiilsS s
-lad 4y aily zae @l amels Ghey S (V) Sloged jo 08
o oley CtdS L aS 0gd co odalive el 00l sy o

Dgd s yoS adold

&, (O Paxe (2) / 27" 277
08
06
04
02
10 20 EY w0 "

© by O @) g Al G e (1) laged
eyl b SIS (25,5 e plojy -Lad 4 atly we

(V) loges aslins

&=y

[1] Di Fidio, C., Vogel, W., Khanbekyan, M. and Welsch, D.G.,
Phys. Rev. A, 77, 04382, (2008).

[2] E.B. Davies, Quantum Theory of Open Systems
(AcademicPress, New York, 1976).

[3] R. Dum, A.S. Parkins, P. Zoller, and C.W. Gardiner,
Phys. Rev. A 46, 4382 (1992).

[4] ). Dalibard, Y. Castin, and K. Mglmer, Phys. Rev.
Lett. 68, 580 (1992).

Olnl Sigigd (5,9l g (owiigs il 23S retd 9 Sgigd g Sl il eges g o

5 Sl slean] ) ogigd Sassly 5 oz Jlixl Gl
Noges 48 0550 Caws w1y (55159 slaesl (sog3usgE JuS
S OPP Ta 3 @i isogPude oS Lokl Slpss (V)
ol sy 00l S gla il 4 az g bl can SIS

0.06
0.05
0.04
0.03
0.02
0.01
t
P10
P
P,.(1)

S 058 TerF 9 Py oS Py iz Jlizl()) loged
(A+AY =01 29/ =10 syl L P, Sl
oy =2 "+ 3 T*+T°)/ x=05 x}/x=09

RGO PR

Sl 51 gl 0 Loged geeaims Saels Y

R Gl slade jo Wlgh o (29,5 (98 ST 5l 2,5 0

Lloole 3 & s 0 a5 Sescs cdb oy 0,8
R N

5 08 e A Sles € 5 s i |1, ) =c |0)

Dedes duym 5 Syze & & (1) Glelad 4 anly we
c! (t):joltgi b’ (). ()
0

S S5 aals gy o5l G (1) plejlad 4 s v ol
LM =g )" YO ons LS
st S p) Ooge w4 ploy 9ly p (5igd wly po L e
5 SIS slacddll 8,5 L o b .f () =bT()b(t) e
‘1§i > Gl 3 SIS 5l oad g5 clopygiss 4ul o3
SO R NIV TV Y s W
Pl = plP (o)1 ) (s, [+ [1-p2® () ]I0) 0]

55isn ol s Ay b lasisd (5 Sl Jloz!

- pﬁ.,(t):Tr[pcin;tij(t)]: Pai (0)&”, (). O®)
O\ :M)lo ) 4,]4_31) }] 6;5J|)5~U‘

Joolizal b sl Pl =J-dtpz_ () =ps ().
0 )

LY QT 40 aS T ey o3b o jb)&bT b Jlas!

ol e WWW.OPSEIT oKsg ;0 098 (o yiwd 4o byl ab alae


http://opsi.ir/article-1-1396-fa.html

