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COHERENT-TRAPPING STATES OF THREE-LEVEL
TWO-MODE SYSTEMS WITH MULTIPHOTON TRANSITIONS

Fam Le Kien

The coherent-trapping states of three-level two-mode systems with
multiphoton transitions have been found. All three types of ato-
mic transition configurations have been considered.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

CoCTOAHNA KOTepPEHTHOrO IJIEHEeHHA HaceJIeHHOCTeH ypOBHei
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HaiineHsl COCTOAHHA KOrepeHTHOro IUICHEHHA HacelleHHOCTEH ypoOB-
Hei B MHOroQOTOHHBIX TpPEXypOBHEBBIX [BYXMOAOBBIX CHCTEMaX.
MccnefroBanst Bee THITEI KOHGUTYpalyit EpexoioB.

PaGoTa BeinonHeHa B JlaGopaTopuu Teopermyeckoit puszuxku OUSAH.

In recent years, the study of coherent population trapping has
received a great deal of interest 7114/ This phenomenon consists in
impossibility to excite an atom to a given level in spite of the existen-
ce of both a radiation field and allowed transitions from other levels
initially occupied. Coherent population trapping is explained to occur
due to the destructive interference between two or more transition
channels. A pure two-evel system cannot exhibit trapping. Coherent
population trapping in a threelevel atomic system has been noted
under the two-photon resonance condition and has been well studied
semiclassically for a lambda-type atomic system with one-photon tran-
sitions /1-7/. It has been shown that one of the levels involved can
even be a member of a continuum, and coherent trapping remains
possible /8-10/ The conditions under which coherent population
trapping in two-photon ionization occurs have been obtained /11-12/
The possibility of coherent trapping with the quantized cavity field
has been examined for all the possible types of single-photon-transi-
tion three-level atoms /13-14/ by using the dressed state formalism.

In this paper we present a treatment of coherent population trap-
ping with the quantized cavity field. We find the so-called coherent
trapping states of a multiphoton-transition three-level two-mode sys-
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tem using a procedure different from the Yoo-Eberly treatment for
the single-photon-transition case /14/and the treatment for the mul-
tiphoton lambda-configuration system /187

Our system in its most general form consists of a three-level
atom and a quantized electromagnetic field of two excited cavity modes.
We treat this system as closed, i.e., no coupling of the atom with the
radiation field modes of free space. The atom and the excited cavity
modes couple to each other by an effective interaction with allowed
multiphoton transitions of atomic levels 1«+3 and 2«—3 but not of
1+=2. The rotating wave approximation is used.

There are three distinct atomic level configurations in which
level 3 is intermediate, upper or lower. We call these configurations
cascade-, lambda-, and V-types, respectively, and treat them formal-
ly in the same manner.

The system is described by the Hamiltonian

H=HA+HF+HAF| (1)

where the free atomic part H ,and the free field part Hy are

3
and

€ %o ot ‘ 3
HF = E’ Watadq - 3)

The operator R j; describes the population of atomic level j , az and
a, are the creation and annihilation operators of a photon in mode
a, &, is the jth atomic level frequency, while w, is the frequency
of mode a . The interaction part H,yof the Hamiltonian H is given,
depending on the three possible types of the atomic level configura-
tions, by

m1 m
H,p=Tg,a, R31+ﬁg2a22R23+ h.c. (cascade type), (4.1)
H _ -figa™ R, +tig.a"2R.. + he (lambda type) (4.2)
AF ~ RE42,; Rgy +NEoa 5" Rgy + D.C. ype), .
H,,=tgallR +hg,al? Ry +he. (V-type), (4.3)
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where h.c, is hermitian conjugate, g, and g, are coupling constants,
m; and mg are the photon multiples of the atomic transitions, and
R,y describes the atomic transition from level j to level i (i £ j). The
operators R;;(i,j = 1,2, 3) are defined by

Ry =11, I (5)
They obey the relation
Rij|k>A =8kj|i>A' (6)

Here |[i> A (i =1,2,3) is the state vector of atomic level i . We impo-
se the two.mode multiphoton resonance condition, where the sum
(cascade type) or difference (lambda and V.-types) of two mode-fre-
quency multiples is exactly on resonance with the atomic frequency
difference between levels 1 and 2

Qo -0; =m0, +Mmy o (cascade type),  (7.1)

Now we call a state of the system, |¢>, a coherent-trapping state if
l¢> satisfies the following conditions / 14/ :

) 16> =18,> @[y > @ldp > (8)

and
i) |(t) > = exp(-iHt /h) | ¢> =

ii
= exp(-iH, t/h) | ¢ ,> ® exp(-iHyt /h) [dp >,

where |¢,> is an atomic state made by a proper linear superposition
of levels 1 and 2, and {¢p>={dp 9 l,,2> is a field state different
from the states consisting of only the niimber states [n4,05> with
n <m; orng< mg, Taking into account the resonance condition descri-
bed by egs. (7.1)-(7.3) we can easily show that the coherent-trapping
condition (ii) is equivalent to

(9)

HAFI é> =0, (10)

Because level 3 is not involved with I¢A> we can write |¢A>as
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2 2 _ (14
|<;SA>=u111>A —u2[2>A, lu 1% +jugl® =1. (11)

Using egs. (4.1)-(4.3), (8) and (11) we get from eq. (10)

m +m
81u1311|¢p>=82\1232 21¢p> (cascade type), 12.1)
1 2 lambda t 12.2
31“18‘1 | $p> =By U8, ° [bp> (lambda type), (12.2)
+m
g, 0,8, Yo >=gou,a, 2oy, > (V-type). (12.3)

Equations (12.1)-(12.3) determine ldp>= :qSFl , ¢F >, the values
of u; and u, and thus |¢,> for all the three types of atomic confi-
gurations, It is easy to solve these equations, As a resuli we obtain
for the lambda-type system the field coherent-trapping states

® |z > (13)

!¢F>=|z1> 2  coh

coh
Here |z;>.,, and lz,> . are Glauber coherent states of modes
1 and 2, respectively. The amplitudes u, and u, of the corresponding
atomic coherent-trapping states should be

goza 2 8,2,
1
s , ug = B . (14)

/

Vig,2™M® o g, 2" VigzM® o gzt
For the cascade- and V-type systems we find no coherent-trapping
state,

Thus, in this paper we have investigated the coherent trapping
effect in the multiphoton threelevel two-mode systems. All three
types of atomic transitions have been considered., It has been shown
that coherent-trapping states exist only for the lambda-type system, Our
results have been straight-forwardly obtained from the interaction Hamil-
tonian without using the dressed state formalism.
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