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Optical Phase Transition in Janes-Cummings Model with Counter
Rotating Wave

Saheb Samimi, Mohammad Mahdi Golshan

Physics Department, Science College, Shiraz University, Shiraz, Iran. golshan@susc.ac.ir

Abstract- In this paper it is shown that there is an optical phase transition in the systems of two level atoms and photons,
with large detuning and under counter-rotating wave approximation. Our calculations show that such system, even
under this approximation have two independent optical phases, the well known normal and super-radiant ones. In the
normal phase, the ground state of the total Hamiltonian, with a large detuning, is a state for which the mean photon
number is zero. On the other hand, when the atom-photon coupling constant exceeds a critical value, the photon mean
number is nonzero when the system is in the ground state, and the system makes a transition to the super-radiant phase.
We also show this is a second order phase transition.

Keywords: Counter Rotating Wave, Quantum Optics, Phase transition, Super Radiant

AbY
ASL g yiawd B WWW.OPSILIT Colu [ 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/article-1-1673-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

i

b |+} & :?_
AN OI i‘:‘_=0 L0
& 3

.o)‘l)l' 93 pﬁ‘ é‘djl.aL.u )'1 L5|°)‘9>)J¢ 2\ J.i,.u
D9 g0 Adsl ) Gille ailolw cpl M e Seilals
. Q
H, :ha)a'a+hEo-Z o)

(39b) 3L Shes(@ra’ oS el i (V) doles o
z2ly widlior Joilmacts slogm Sz adlseo, 505558
{In.£)=[n)®|1)} (Msslsle slacdl> o3y 45 o
1, ool slocdl>[£) 3 Ssigs slacdl> [N) o7 o a5
sl f[N 1) slacdl acgorms aiius wims o L
slp wiibiee Harom @ Hpnoton «opben slad
Hy ol alb o5 008 o las bl o sleoslasl

nQ

S pan 255 28 Jadle = S5l L 0.-)

9 95% (pdgy LS Do 4 lygigs g (il sla dadgs
5L oLy sl S5 5 (03l IS Gl S B e (SoU
b glyel s 1 IS Seikeele o il Syse cal o
oo Seials o i g0 ol cou LMo S solinul o5 >

23 g0 Al 25 llan SKaalS 5z

H =HO—/1(aT0++aa_) )

care Aoyl Ghoy glaSles (00) 0, Ll 0 S
SSlas a5 ol plis gl o Sl 4 aee  Soes
aral 3 0gd e bul> Seiels U L .C =ad" +o o,
C sbal b Sie sloal o Golols o ile Siales
~edls o5rg el g walss (2% 2 sl 4) (g las anki

g dals> p &g (V) Goilala lo

o, )=, [n+1,4)+ B, |n,-) )

P s pealys 0950 azilix S 5 @ o] 0 &S
iloe (Fatiz ol g bl 3 i gigh slass 5l ki

S 25 ey Shlae 55 x50 4o 55 i o

doddo

0P8 9 w8l Seap Sl )0 &S wisee gl 3l Slalllas
"l bl b g bald s Satl SIS Sy o
lige HI5 5eS 636l b6, %s a4 M al cl
el oy o a5 " gl cdl " s, sl el
Sybala S5 51l wbloe eass Je Sgilla
@b o2 5 6k liiss 3 sladle ys [Y-le
RN A 5% 4 IRCH [PCEJOR WCISPRIE S IR PST AT SOOI
FaelS=s Joo 5l o@gbpil (oogiilsS ples 2iSem
05 5 ol GSpan Oy axliz [0logs e eolinl
So b gl el wpads s s wdl s
il Sy (Sl poiilsS hoogi )3 3850l )i
GRSy 08 azliz Ko Bk IV AT s e gish
S mop Gikeala ;o il obj (S g (595 (ist-pl
O3k glgel o g 09y walyss pne (5 2 glosl o8
2 ol |y Lyl ol S e Ll |y (glodiiS e i
Jo A5 ssalie obsS 58 slaglly 5 il 23S o2
oyl 0 a5 WisSilen (ygigi- il (ailelu 4 il Jlgws
3l (LBl (Jgene 5B g s (12 sl
a3 o ol 053 1 5B 9 cnl 5 (B szl glgel s
30 Sl 5B RS S92y s p Lo Baiow cnl yo cnlple
g a3lon Gz ob glael oyl Cod Ggigdoesl aileles
2,00 992 9 (Sl 5B 90 5 s (nl 5o A5 oo LS
o S Heighm el S e 4 (55,0 il Liul) o
EaR & SR R ) e 35800 A G52 3L sl
Sy 505 Ll o o o STy 5 (Sl lajlé

S o0 53, 3o () 5l ol bl paisee
Tlool 5 35 (395 9851 (IS ed 2 31 (5390
oz ol

Sogar &5 (9598 9 o5l g0 slaesl Juld wilels SO
m)..i.).!a.‘)o ‘) sl 00 00l uL\.M)\ Jiﬁ;)\) o)|9>).b

ASL g yiawd B WWW.OPSILIT Colu [ a5 cuwl jliel gyl a0 0 dlin )


http://www.opsi.ir/article-1-1673-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

(omiblin 5 Sy slaglas X, =i(a-a')

AX;=AX,=1 )

el (Sl 50 (@
loygigd olaws 31 Jop laST b AE™ ¢ g >2 lp

~ab S G 655l el @blE S g >2 YL (SSU
4y ok widl oo G B slass sl b slacdl> 5 Hy s

0}
e 2 elss azliz Soally ol 8y <=7 olse

S Y] PG| EpeS o) BRG] BN VIR IS VPV H I RN 3

:6‘)’1 L )'Lé

28]

e slp ol Sl (551 s 50 5 03,5 o (B) Sjlee

] oo Sy 5 Oy b Sl slp (1) sl

1 g 4 )
& “5[3‘(5”

38 Glp awbadl @ cas 1) lagygied olaws Sl lade

tauloe Gy pjadaly Bl 70 0> o Sull)s

R GRGISE

slp laggg olawi (2Sle b S 0 iy o

S il Sl 56w alboles 5 05gs yio illie g >2

9]

24 W )
g:hm 5&_;5513}‘@‘}#“77:5 )'.t-'"“-]"‘.‘))‘>

29 rl 3l om S e iy 1) am g (Saste Sols
— 0 sy S50 bl o " (Sl glails M4y > bsS

OF 989 051590 ol bl yo (Soul gl
Ol 2ol Zlgel o, cxd

E, @ Loy ohle 5l al cll 65,0 (F) dobes o

L 790 ob; jlew SoU Lls o wlee conn

(F) dolee 7 & o ) adye 5l 5YL oDlex 5 Hats o

welie 5o 25 s BT Gl
g2
AE zn{(n +1)(1—T)—1} )

0l Hlmge 550 9 B e S AET (0) dolas yo
Ao oo ol ) Hy 4l <>

@ole (Sl 56 -l
<2 Lyl o w0gdce 00 (B) doles jo a5 jglhailes
Gipl olpls casl loygisd slass 5l gosmo &b AET
ol Glgse s o 7, N=0 Glil 4 o)l a4l >
25 akly 5l b cdls 6550 Gl el o aiibe S =1

__ hQ ?
&g z—T[l‘i‘gTﬂj *)

Cows (a'2) ke 70 Sl (sl 5 Jgans 36 50

5o oS ol flas g oo pizmes bl oo yho al Il 4
5 Xy=a+a' sboweS o i pae Jyere 3B

ASL g yiawd B WWW.OPSILIT Colu [ a5 cuwl jliel gyl a0 0 dlin )


http://www.opsi.ir/article-1-1673-fa.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

coye 5 (b b 65 asl)  Jol i
Sl (30 ol sl gy Sl (Faii
il oe atwgnl b cdl> 65,00 pgs Grie a5
S B Gl 53 end gy B ISl

by oo pgd aiye 5B 1S

g yo
[1] J. Gelhausen, M. Buchhold, Dissipative Dicke
model  with  collective atomic  decay:

Bistability, noise-driven activation, and the
nonthermal first-order superradiance transition,

Physical Review A, 97 (2018) 023807.

[2] M.-J. Hwang, P. Rabl, M.B. Plenio ,
Dissipative phase transition in the open
quantum Rabi model, Physical Review A, 97
(2018) 013825.

[3] S. Mukhin, N. Gnezdilov, First-order dipolar
phase transition in the Dicke model with
infinitely coordinated frustrating interaction,
Physical Review A 97(2018) ,0538009.

[4] M.-J. Hwang, R. Puebla, M.B. Plenio,
Quantum phase transition and universal
dynamics in the rabi model, Physical review
letters, 115 (2015) 180404.

[5] M.O. Scully, M.S. Zubairy, Quantum optics,
in, AAPT, 1999,

[6] H.-P. Eckle, H. Johannesson, A generalization
of the quantum Rabi model: exact solution and
spectral structure, Journal of Physics A:
Mathematical and Theoretical, 50 (2017)
294004.

[71 A. Rosenhouse, On the squeezing of coherent
states by the multiphoton Jaynes-Cummings
Hamiltonian with an intensity-dependent
coupling, Journal of modern optics, 38 (1991)
269-286.

[8] M. Anand, S. Pabst, O. Kwon, D.E. Kim,
Attosecond counter-rotating-wave effect in
xenon driven by strong fields, Physical Review
A, 95 (2017) 053420.

AS -

X, 9 X sliasS 1o iy pae il pl 56 50 .aules oo

AX | =AX,
2 2
av)
i\ 2 g
2° Oy pae (BRI ) &S wad e i B sala,

bl Rl (pbline 5 (SOl slaglae 655l

Cope S WD gy G5l a5 glabls o
&S (Gl Satix wpd) el Caods pame (St
Jubl (Fasiz oy ol (Sileod 53 ogighopsl el
57 sl qbli Gl (Saia b Gl 1n)
S9ry 4 JSan e Feikesle 4l cll> 4 s (S
&5 55 Sedesle aly Sl g5, a5 sk el
S R Foml ASeen e Geilale 4l cl
sole Sl 5l ailile S 4 e 535 sl qblis ol
Ol e bl aelsl o 05 oo L2l pl Sl ((L20U ,.8)

59 o slam! llie

0, =2 Gl Saar oo Shaws o alol ©
Adlge HlabL

Sl @ Cas aygigd dlass Sl (gole 5B s @
ool ‘S»i}.fl.‘)’).g‘ 385 Sl e Mb‘_s_a o wl
g el jho pé (Sl

5 ) sladkl) b c> o550 5l S Eie L@

A g oo AeS (SO oo A Cowd ()

ASL g yiawd B WWW.OPSILIT Colu [ a5 cuwl jliel gyl a0 0 dlin )


http://www.opsi.ir/article-1-1673-fa.html
http://www.tcpdf.org

