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Optimum coupling between a A-type three-level atom and a single-mode
nonlinear field

M. Rastegarzadeh Bafroee’ and M. K. Tavassoly*
!Atomic & Molecular Group, Faculty of Physics, Yazd University, Yazd
“Photonic Research Group, Engineering Research Center, Yazd University, Yazd

Abstract- Based on the generalization of the Jaynes-Cummings model, we study the interaction between a A-type three-level
atom and a single-mode radiation field in an intensity-dependent regime, in which the effect of Kerr-like medium is obtained
by using an appropriate deformation function. Via the periodic condition, we will find an optimum value of coupling constant
in resonance condition for which the atom suffers transitions with maximum (unit) probability, periodically.

Keywords: A-Type three-level atom, Jaynes-Cummings model, Intensity-dependent coupling, Kerr-like medium.

PACS No: 270.0270

Yo
DGl g yawd B WWW.OPSILIE Col (o a5 canl jliel lilo 5 js0 j0 alie ¢yl


http://www.opsi.ir/
https://opsi.ir/article-1-570-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

iz Slewlowe 5l o ojelaie .o)5T Cewddy  plgds
ol sl 5 (1) Gsthsle poliossyy drlo oy
oy o0 05 solas @ |3,n+1> 9 |2,n +1> ‘|l,n>

/1[3+x1y52+x2,uf+x3:0, (=123 M)

X1=—3}/,
2 1,2 2 2 2
Xp =3y —§(A12 +A13" = AppAg3) — (" +Qy%),

3 1 1 2 2y 2, 3
X3 ==y —§7A12A13+§7(A12 +Aq3 )_EA:LZ

2 3.1 2 2
_EAIS +§A12A13(A12 +Aq3) + (" +Q%)

+%912(2A13 —Ap7) +%sz(2A12 —Ag3),
iplools 1,3 ol e as
y =%[2(n +2)f 2(n+2)+3(n +Df 2(n +2)
+nf 2(n)], )

O = glx/n +1f (n+2),
Q, = gz»\/n +1f (n+1),

God 4 atly Sliel Sl Az 9 A Gizpen g
s e slaclo 5 ol slajl5 (5551 ol o
ilodds s 25 1) O ygods 45

Atz = Z[(n+2)f 2(n+2)—nf 2(n)] (e, — ),
2 )
A3 :%[(n +2)f 2(n +2)—nf 2(”)]—(0)1_603)v

Open | ilpan @l Ol b Fosle sl
a (F) Ly, (plpls S o0 5 50 (@ =@3) s
(A =A13=Ay) sl s ol 5 saka,

An =210+ 2(0+2)=nf ()] - e, )

b 55 90 9 YU 5l e @l saleld @y ] o oS
Jiaosy s () salolen o 5 el el 2 sl o]

A 1
,U1: }/——n"rEJAnz +4Q]_2 +4Q22,

6
A
ﬂzzy_?”_%\/An2+4le+4sz, ®)
An
= +—’
H3=Y 3

Y.

v

St S e oKssls N YAY oLo..{O YO LYY

doddo

2 Ol b @Sl S em oy sl eoglsS Syl o
5 [VoV] SRaals=jim (ool o agiilys” SLls iila,
Ot loads (Byma Y] 51 S55UsS laeass
2 bl g Zélyd laonay 098 G oS (nl o
A5l 50 928 gl b aS cl el sla S5 XSl
5 5l s e pomans [F] 50058 5 ol 15
&b S bl by wd 5l o ) Sl s
Srbels 4 1) aile 5 e S o ccmlio (a8
Ll o oS wiols oLt lagy] is,S Lol LS en s
ood hyme gailol gy aais Sl e 54l
s b oeiz oy boeplea W cansay
L aS o5l cavoay Sabcas el gl ang jlaae S
S KXl sl (axly) Jlais! aiis QT 3 eolazwl
!l el b ol lie g0y (ool
LA g5 65lpam ol S sl 90 0l sl @ Lo wdloa,
e Sy sz gaible @l g 85 s [l o

S,9l el Cavody Sadcds col gl ange

ol basl Joxi <l g dibolw (Jgibula
935 1) YL @35 cdle LA g sl an @l S
ool oS oo S5 0 ([B) 5 [2) ol 3l >

ol ol S ern Sedele sl X

Sad 4 Ay 05, SU 0 W ST Glawe S L g5l A

(h=1) 595 0 Grogi 1) &jp0h
UV ATA L AR . S
Hp =—(A"A+AA")+ ) wi6 +
5 IZ=1 i o)

+01(AS1, +AT65) +9,(Aby3 +AT63),

sl Sloe 5l canoss ATS A | OSRVAUWIR PN U
Sypots 8 Wlgyy @) sl 5 @ sonb
f(A) 5 Wed oo iy e Al =f (1)aT 5 A=4f (A)
e el 1 =818 Slaw Shee 5 das 08 i
(,5=123) & =[i)(i|e3l 515 oell 551 @]
92 5 91 5 o5l slajls oxipimly 9 00 Vb sla Shoe
ol baiee plas g o8l o Sadcas slagl
oboy 2 0 1y ol o oy ol wailibs Jgilols



https://opsi.ir/article-1-570-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

Lrs a5 o5 cil gl Sy 40 walss e

L ‘a)a 3 n=N O )JQLM 6‘)‘? An:O VRV
14
D9 o0 (shie ) LS‘\-I‘”.‘)
P S S1 “a 1 av)
2(N+1) v VvV

Oygot | OV) abaly Gl Ay =0 byt o925 L
0,5 (s 93l 25

ANsr i, ), r=—N,-N +1.. (")
N

2

2wl jgas Jlasl (1) 58 sswl Cavoas cll> 4 axg5 b
Cawddy gy galaly 3t Gley o |1> EVE G JURLA ES

Pt = A, O
o ; O
:Z|pn|2 z afzakze_i(/‘/_ﬂk)t_
n=0 k=1

05&.} 00)3]).) )J) .}a),w n ® 6‘)‘ LY J.:l.: I g_;gLJ

3 .
£,k=1

olee N=N Glywass pb a0 sl byl
23)9] Cawsdy 5 Sygods [, T gls (090

T = moﬂ'
et NN +1F (N+1)

%)

SOy Oeff 9 St guomo S0 S 1y My ol e a8

( 2 2 ce @ s
2 Geff =01 +02° Ohpoh Jhe (Sabcds ol
P2 ellal 00) bpd plg e (IS jsbas mlasd 5 L

wy))) u)}..ad.a n=N +r
(e =4 )T =2(Mg+r )z, r=—N,—N+1...(\Y)

2y gakl, 85 Sl e 9 (1) ek, NS> L

Yoy

St S e oKisls N YAY oLo..{O YO LYY

Cowddy 5 IS5 4 gl b jblie glals pesg 50

|oe) =ac[Ln)+b,[2,n+1)+c,[3n +1), N
2 2|
a, =| 1+ —2 vl < - ’
iy ey (=123
b, = QlAn AN QZAn 3.
[ul—]/—? /ll[—}/—?

o ) sl s o t=0 5 Wl a5 58 cnl b

W3k goae glddl I lieen Digetr Gl

Kby 5 Sypes alazd o 51wl cls ol e

o 3
|y (0)) = ZZ Pnas|or), )

n=0 (=1

L Lol ol plae S5igd @i (searmsglis [pp[” &5
Moy YU ey b b s, Sloy Jomu Shes Jloc!
e oo Jol> i ISS At gloj o plase sl el

o0

ly (@)= Z[An ®|Ln)+B, ®)]2,n +1)
n=0 Q¥

+Cp ()[3,n +1)],
it Jlazs sloassls Cp (1) 5 By () <Ap (1) o5

3 3
An(®) = prae By ())=D paabe AL,
(=1 (=1

3 .
Ch)= Z pnace L.
=

O Gailobw SO Ho wuld byl
Dot (Pl b b s Sy 185 a5 o b ST
f (n) :1f1+;(n,

(V) Sgibeale yo 1) wiilem )5 bapmo G jpa 1 g (o0
An Syl sl (F) salayl, 51 ol ol b oo,8 Ll

x>0, )

=Y 240 +D)+1]-1,

An N=012.. ()
@y Wy


https://opsi.ir/article-1-570-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

L bl S99 w88 sl T e P]_l(t) Jel ¥ s

,
v

Lais bys N 5%&“ sl slil a alie a5

R g m0yg) Cawody oads a8 5 L o sailel sl )
S R e S50 el Gl S Sl 4368
Slr dne e SG Ll p8 ol Cod ogdleay s S 13
&S ol ol place 5 a3l Glojl e S5 (Sabiar
At & Opre slaosls o Py () Jl>! o1 Gl 4
5o oad &l gl loges a0 Vim0 lake
Oypots Ll oy g8y (somoplis Vo) sla S
Mals’ Lo ko Slewles b g sn oS 5 gl
Cesdly nl p bjloges ol @l Grizee 2550
s 58, gy (Sadds cb gl 4 a4 wils oled!
FED 53 plee Soist @i 5l Jas Py oz
S Sy o osie ool JLs, andl ol Sy
w3l 1950 5 Glaee (Gigd el aloz 5l Koo (SedlS 58
D)l 3geS Cde 445 3,93 (o0 iz 4 5 Gl

o299 Loy

&zl
[1] Jaynes E. T. & Cummings F. W., Proc. IEEE. 51 (1963) 89.

[2] Klimov A. B. & Chumakov S. M. "A Group-Theoretical
approach to Quantum Optics" WILY-VCH (2009).

[3] SivakumarS., Int. J. Theor. Phys. 43 (2004) 2405.

[4] Cordero S & Recamier J. , J. Phys. B: At. Mol. Opt. Phys.
44 (2011) 135502.

Y-f

St S e oKssls N YAY oLo..{O YO LYY

mg :z[iﬂJ(Nﬂ), A
Wy

My a5 Cowl Shde etmo 00e (iS4 ol o a8

Slowlre jl e s dblys Cute g o o] S5l @

Cewddy oo (Sabldr ol gly n) aige ke SYob

, 1 @, 12

Jet__ (“a_y) S 0
1% v 2(N +1) v

Jie sael Cawoy Sabidsx ol a5 col 3 LLS

Cexe S polie LBl b oS g Cenl lose Sggd e8|

, - [0)

I b blie gt quish 99 S Sl o (e
S o0 5 1) ) @leS Sl g o latial ugaes
<n>2n

£cs (O)=|pn |2 ze—<n) nt

()
@+(n)"*t

2 O slaggisd sl 5:Sile () lag] o &S

w2 o N ;—J‘ﬁ‘)QTLnsawl 28 vt £, (cala
e g sbul el ;o N=N gl wais Lyl o b

shl &, P Jlal &b ¥ 5 ) sladses jo wces s

)
prs 0 =|pn | =

“ K PP Ve @, . -
oad ;S3 Sgigd mie 99 slp g N g Ta omre polie

t iy
'f"i“"))sf"’“’)-l-_ G Az QLo)’W}s

=]
B~

0.0 05 1.0 1.5 20 25 3.0
t

T
b bl S sy sl T T P10 Jlml VS

,
N=25 5 822 Lslie 6l 4 g laibinl ugaen cdl>
14


https://opsi.ir/article-1-570-en.html
http://www.tcpdf.org

