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Much attention has recently been paid to the study of .model prob
lems das0ribing an interaction of an atom having a finite number of 
leveIs with an electromagnetic field (see, e.g., review/ 1/ ) . First 
of alI, this is due to a possibility of der1 v ing exact solutions and 

describe rigorously some nonlinear effects that should prove of in
terest owing to the development of quantum electronics. 

Some strict results were obtained for an important and interest
ingobject'- a three-level atom interacting with a finite number of 
modes of the electromagnetic field. For a model problem describing 
such a system a new integral of motion could have been established/ 2/ 

and the Heisenberg equation could have been integrated for the opera
tors of leveI populations and photon numbers. In particular, it h~s 

been shown that the quantum revival and collapse are possible in the 
loss-free three-level two-mode model/5/ , the theoretical investiga
tions under suitable conditions photon antibunching and anticorrela
t10n be~ween the modes/ 16/ . 

In our recent paper/6/ we have 'studied a special case of a mul
tiphoton two-mode processes on a three-level atom for which we have 
calculated the leval popu~ations, photon numbers, the photon charac
teristic diatribution functions, the statistical momenta of photon 
numbera and the correlationa of modes. In the present paper we shall 
continue atudying such a system by the formalisrn of dressed sta
tes/7- 10/ . 

The three-level atom model considered 

here 1s shown in the figure (for the case t:" , 3 
?n1= J, ?n~= 2). L~t lhe upper leveI J be T-
coupled with leveI 1 (leveI 2) due to the w, W2----1'-
interact10n w1th the field 1n mode I (mode 2) 

(,)2v1a?nl-photon (~~-photon) transition. The w, 2model Hamiltonian of the system under con
sideration 1s 

H ::. H4 + HF +- HAF . (1) 
w, 

O~l.e.m~l'ieUli1Jtl RHcnnyr I 
u~,dUdX scc~eJlt)BaURm 

b~~.n~j~~Tr=f.(A\ 



He~e /-IA and H,: describe a free at om and a free field, respecti
vely, and fi4~ desQribes the atom-field interaction in the dipole 
and rotating wave approrimations 

3 . 2 

~ =/;7 t;~J~i ' HF =;;;/~ Cl.<~Q", (2) 

I / ...2.. J.. ('R In"t o +111)
I7AF ::::k '1..t 30<. «: -+ /\0(3 Q..t ~ 

The operator IVi =Id"><JIdescribes the population of LeveL rj . The 
operato,r Ri' =/t)/;/ corresponds to the atomic transi tion from le-

V 'd . ',' +
vel d to LeveI l ( i *,1 ). The operators a", ( 0.,( ) des
cribe ne'ar-resonant mode ~of the radiation field in the cavity. The 

6U~'s are the mode frequencies and the detuning parameter Ll can 
be defined as 

.fl3 -~ - h7.x Wa< = .ó , (J) 

where tJCL,' ia the corresponding leveI ene~gy and Jo( theia 
coupling constfu~t. 

We denote by / i; 1t I ~> an eigenatate veetor of the free Ha
mil tonian H + H,:} where I i> is. an atomie eigenstate vector corA 
responding to leveI i , and by /11,-, /12 > a Foek state wi th J1L ' 

photons in mode 1 and nz photons in mode 2. This ventor describes 
the so-called undressed state of the system/7-101. The eigenatates 

of the full Hamiltonian are easily found by solving the Schr6dinger 

~quation 

H Cf == E C/' 
Their expressions in terms of the undressed states /,,'; n/ 

J 
112.> 

are given by , 

UJ - À , ( 11) /1. 'n m I'J. >+7+ - , ,+ I} 2
+; t1

" 
nl" (;}.z.(n nJ+ l~(n 

IJ:Z /10 li 
h)'

~ i. 

+- , ~t (n.t) la, fh, nL+fflJ.)+ À+(I1"l7z ) /~Il,Jh:;' 
VÀ; (n" h.t) + Âo.l-(n"h.z) 

I 

t/;J;{nll f1J +;}oJ.(",~1) J 

UJ _ À, ('7,) / . > (4)
T-' ti - 1.., n,+ 111, J nz "t

, .», VílZII1 h) 11.(17 n )'
- 1., Z +- /Jc I, z: 

A,z, (n~) l- >;L (I7'J n3.) j . \+ . ;Z J ~, 11.1. +fli - 3J~/J~( 
lVÂ_ { fI"hl.) + )}(n'J flz) I )~ [11,~~) +;;ol.{n,Jf)~) 

(V _ ;L. (nl.) / I: > .::l, (17,) ! 
1() - 1 ( L,l,r-InIJI?z. ;}. ( I7 1Jz.) Z,'I7, ~ 17.z. +~>vi; nl. -t: 11, .. fJ.z.) L J 

~ 

and also by 
'(Vi th fi, ~ nt, - i 

~ '11 h -= / ", ií, ~ i1z. >'I :z.J 

with ff L m.-1z. - ...<f;.·h P[ ~ /2; 11,) íi > 
J IJ Z 

where we use the relations 

Rt//d" >~ / t~ >, a "'/11> '" vi,,':;', /n - rn >, 
,~~. (5) 

) J((-ta./h) -= h/h> 0+111 ) -= V(fJ:,:,J// n+h-1> 

and the following notation is introduced 

,1 :::;} ± Ll., ;t =- . / ;F' (-n- nJ + ~ 2,' 

± 2, v"" <tJ IJZ-

Ao" (nli /12.) ::. ;}/-(h,) + ;}2,z. (nz.))· (6) 

;l. ~,) = o. ,/ (IJrrnt,)/ (/=12) 
c \' , \I, V 17. '/ I J 

I • 

Here ~r and 2~ are the frequeneies of the two-photon Rabi oscil
lations in the system. 

The eigenenergies ~Y'~ h ( )/ = 0, ± 1,2) of the full Hamiltoni
,"11 l. ) 

an H that eorrespond to the eigenstates I <f ' >are found to 
Y,n,,'h

be 

E(), J1 I1 ~ÇQ.-Ll) 
J li z 

(7) 

C tSl ± t;tL.z; 11" J1,L + 

where ..Q = ...Q3 + I7L ~ + hz.. tAlz. 
and 

F _ -=li (a, + if,~ +I?z ~) with 17, ~ 111, -1-'i it" nz 

E,·n ~ ir (..f22. + h,W, + n;: ulz.. ) 17.:z f J11z. - f.with<-J " 

We now proeeed to ealeulate the probabilities for the multiphoton 
transi tions of the a t om, Let us denote by Cf (t) the wave function 
of the total "atom + field" .syat em in the Schz-õdí.nger picture. Then , 

the ~robability of finding. the a:om on its ~'-th leveI at time f 
as- a reaul t of the transi tion t.-'>J initiated by tiL pho t oris in 
mode 1 and 11~ photons in mode 2 of the field is defined by the for
muLa • 

;{ 



t' 
i" 
j. 

(8)

P(l; i 1J) -=h /< Cj}; ;'lI l1z (I:) /J: 11/, hz
i >/~ 

, z 
Here, the initial condition 

Cfl, (0):= / i; n1 , hz > (9) 
,~, h,z 

nas been aasumed; By expanding '/."/1. 11(0 hn terms 01' the dressed 
e; " ~ ~Ieigenstates (4), we can eàaily find the time dependent wave ~unc-

tions Cf?- (i). They read 
t.if1"nz 

'1:. (i;' exp[i (si- ~- \ tj = 
t, ",+""" h~ J 

À 2. ( -/,/~ ~'Àf J -.dt ~.-t : l =fi; h,+ ht, I hz.>I~ Jaz. ~ :L e + )~ e } + lD2. e J +
 

+/2' n n +1'11 >I-M (d e-iÃ/..,.;L el"Àt-)_ J,4z, el~l-~ l 
~ L, Z. z 2 )tI~À - ~ J Àr>"Z J
 

- i / 3;'F1L , 112 ) 1 ..f[n)i ~
 

(I) (I) eso r; f-:J2 - LI) f 7-= 
72.;'I"hz.+h1z /: L' 2, J . (10)
 

=jl'h.+111. 11 >1 ;},À~ (Â e-i Ãi + À e~~fl_ À,)z e/I t}..,.

J I fi Z 2 Ãoz.J - ~.J À 2 

0 

+ '.2. n n -1-/'11. >{ :J}- (A_ e -/,Ji-l-À. e /,/f) + ;J,1. e/I 1: i : 
, .. , u z z .2Àoz J .,. :41 J
 

-:// 3~' 11" I1z ) l' .rÔ1)-(- ~
 

~. (E) exp{t"(fl- ~) I:7 -= -t/f,- /1,+nt, l17z) {, .J}lvll
3, "',n~ J ,..,
 

-l/2; 11,,rIz+»7.>§ .rin.H 13; 11,,11,>-l~ (J.,. e-j)~ 1.-e°tJ .
 
In particular, for one-photon tranaitions 1.) and 2+3 we have 

;liP(i; l'~3) -= J'ih Z À-l 
,)/J:l, 

;lZ, (11) 
.~ ~.I:{I; :l -'> 3) = J'in1. À I I 

)Z =

and for two-photon processes we find ~ n!t. f 21= :lÀ/-J./.~[...1. .fti'l';}t -I + -L flÍ1~ 4-./ _ ..2:.. $lnz;jf 7(12) 
'-(' I ~ ':I Â...~) J.,. 2, ;L 2,"'.t,J J 

which ia in agreement wlth theresult obtained by an exact solution 
of the Heisenberg equationa 151 . 

The dreased statea ~. n (aee the last eq. in (4» are theH 
, "1; Z \.. 

coherent auperpositiona of' only undressed statea 11.; n, + m~ , nz' / 
and /2; h,L' ~+h'lz>but not /3; n., tIL>. The existence of such 
dressed atatea uncoupled with the upper level 3 plays an important 
role in the rnechanism or the population trapping effect/l~11-151 due 

to which the decay channela in multiphoton excitation can be turned 

off. 

We call a atate of' the "atom+:field" system. /ttP> a coherent

trapping atate if Jt!/> >sa't:ls:f1.""ea tha following conditions: 

1. /tP> i.a given by 

{e:/> >= / epA>(g) / 4} >' 

I<f>(l)>= ekpfi~ t) / cPA> I2Xp(-/~-t) / cP,:>.t1C (14) 

The coherent-trapping condition requires only/<1>/ to be made o~ 
the null dressed states ~ h 

O,,' "nL 

/1>>-= L C (I1,J 11z.)/ 'lo; 11 J1 >= 
h,n~ I, z (15) 

-=2.-{À.l.(n;t) fL)(III1 "z)/1;n,rh1"~>-~(h,)~(",,nJ/2;~~hz+'Vl ~ 
".n~ 

where· - -the notation e(/11. , nz.)/ Ào ( 17t., I'}z) -=- g ( ~, "?) 

haa been intxoduced. À D (IJ" 'lz.) J À,P,,)and ~(h~) are defined by 

relation (6). To fulfil condition (1), it ia necessary that 

Â2, (f?z) SlJ ("'-1111} ~) =-4 (J1~)~(~, n.l. -Inz) Gz/~ . {16} 

Hera r;,' and C.Z are C. -numbers. From (4) and (14), we get 

4- 5 



n 

the	 relation for determining .!2 (17" noZ-) 

( (
' ) o (f 1/17 +111) I h 7'17 - rn 17 -= [J 17 /J. -m~;' li I u : (17 ) 

Qf I I).z,) I) 2J g (j., tl/'! ( 17.1.. 
I' 

+ h1.z)!2 

Using (17) and the normalization condi tions for f ( nL I /12-) 

1 ::Z eZ(tl,,1(2) z: L c2)Z (11'1nz) ;;O:z.(~1 í1z)	 !~l~~ ~~ . 
we get an explici t expression for [2)(11, I /12.) . 11 

.z h7g{I7,l n ) = L, eXPf4/g)-~- .L fJi r yz X z VG L + 6:2 ..z (67/ .z ( ~z/ ( 18)(O) -h,+J11, I _ lhA +H1 z • " 
-(/.L hI, ~ ;111..(G, .Hi 1 . ((I1I""I11,)!clt.. + In.]!' 

From (15) and (18) we find the factorization of the state 

j<k >= ~ /1> - G7 /2>
4 v"cr.2. (}Z,' V6:z,+6: z' ),+ 1. I 2 h 11	 (19 ) 

/ eJ:.>-= exof ~ /~<. +2~J 1L ~ '2 1..111 h>
!= /.z l ' 1 :li) J1 VJ.1 I

2 

i /1 Z. ,,nz ",. nz' t 
where we have used the notation 

7-,	 =(dlX~ z= (-ir~zG';/ 

Thus, using eigenstate ~'~ h (superposition of the lower leveIs 
~ /I	 lo

1 and 2 ) we have obtained the ,functions of coherent-trapping
 
of the ·two-mode three-Ievel model with multiphoton transitions. It
 
should be noted that the fie1d states under the coherent-trapping
 

condition are çlassified as coherent states.
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KorepeHTHoe nnenenue naceneHHOCTeH B TpexyposnesoA 
AByxMOAOBOH MOAenH C MHOrOWoTOHH~H nepeXOAaMH 

HccneAOBaHa AByxMOAOBaH TpexypoBHeBaH MOAenh aToMa c 
MHOrOWoTOHH~ nepexOAaMH H C yqeTOM paCCTPOHKH DPH DOMO~ 
WoPManHSMa OAe~ COCTOHHHH, B~qucneH~ BepOHTHOCTH nepeXOAOB 
H HaceneHHOCTH ypOBHeH, nonyqe~ KBaHTOBOMexaHHqeCKHe aHano
rH qaCTOT Pa~Ho lloKasaHa BOSMOXHOCTh C~eCTBOBaHHH KOrepeHT
HOrO nneneHHH nacenennocTeH B TaKOH MOAenH H s~qucne~ WYHK
Qnn KorepeHTHoro nneHeHHH. 

Pa~oTa B~nonHeHa B na~opaTopHH TeopeTHqeCKOH WHSHKH 
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Coherent Trapping of Populations in a Three-Level 
Two-Mode Model wi~h Multiphoton Transitions 

A two-mode three-level model atom with multiphoton 
transitions is studied taking into account detuning by the 
formalism of dressed states.• Transition probabilities are 
calculated and quamtum-mechanical analogs of the Rabi fre
quences are found. A possibility for the existence of cohe
rent trapping of populations is shown in such a model and 
the coherent trapping states are found. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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