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The four-wave interaction under coherent population trapping conditions when two of three waves incident on the medium are strong has
been investigated in the constant field approximation where, unless the constant field approximation, the reverse reaction of the excited
waves on the exciting wave phase is taken into account. Moreover, the constant intensity approximation allows to account both the phase
mismatch and the damping of all the interacting waves simultaneously. Tt has been shown that with certain parameter values of the problem

considered, the use of the constant intensity approximation, rather than the constant field approximation, is more reasonable.

One of the perspective direction of the further develop-
ment of a superhigh resolution spectroscopy, the creation of
specific scheme of atomic cooling, amplification and genera-
tion of the light beams in the lack of population inversion and
so on is due to coherent population trapping (CPT) phenome-
non {1-4].

CPT is a special state of multilevel system, when the ex-
citation of the upper levels because of absence of interaction
of system with optical fields is impossible. In this state popu-
lation is distributed between the bottom levels, occurs so-
called "trapping” or capture in a coherent superposition basic
and final excited state, and the intermediate state is not
populated [5]. At CPT the system can not absorb or radiate
resonant photons, the significant reduction of absorption of
strong pump fields is observed at their propagation in the
medium while thé nonlinear polarization in this area is great
enough. This effect is of interest in terms of increase in a
nonlinear frequency mixing efficiency at the two- photon
resonance in a multilevel system due to medium transparency
for the strong pumping fields under certain conditions.

The three-frequency interaction [5-6] and four wave inter-
action [3] when two of three waves incident on the medium
are strong have been considered for the case of CPT. To
analyze the nonlinear frequency conversion efficiency, the
authors investigated the effects of the wave propagation in a
nonlinear medium in the constant pumping field approxima-
tion, i.e. without account of the change of interacting wave
phases. In addition, the analysis of wave interaction in the
constant intensity approximation [7] allows to take into ac-
count the reverse reaction of the excited waves on the excit-
ing wave phases.

In the present paper a theoretical analysis of the four-wave
interaction in a nonlinear medium with a simultaneous ac-
count both of the phase change and the damping of all inter-
acting waves has been carried out in the constant intensity
approximation.

Consider the Raman scattering of three laser radiations in
a four-level system. In this case, two of four incident electro-
magnetic waves at frequencies w; and @, are assumed to be
strong, and the third one at the frequency w; is considered to
be weak (Fig.1). As a result of a nonlinear interaction in ato-

mic system, the fourth wave at the frequency w,=m;-w,+m;
is generated. It is assumed that the ground state is occupied
initially, and the transition 2->0 is a dipole- forbidden transi-
tion. This is attributed to the fact that the coherent trapping is
observed only in the case of two-photon excitation of a me-
tastable level.
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Fig. 1. The scheme of transitions for the Raman scattering
process under coherent population trapping conditions,

The reduced equations for the field amplitudes at a four-
wave interaction of the plane waves propagating along the z-
axis have the following form in a steady-state conditions [8]:
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where A, , are the complex amplitudes of pumping waves at
the frequencies w;,;; A; is a complex amplitude of a weak
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laser wave at the frequency ws; A, is a complex amplitude of
a weak wave generated in a nonlinear medium; &; are the

absorption coefficients; y, = 27k, x;”‘ are the nonlinear

- . NL . . .
wave coupling coefficients; ¥, (@;) 18 the atomic nonlinear

susceptibility responsible for generation at the frequency
w;; A=ky~kztks-k, is the phase mismatch of interacting

waves. B
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The boundary conditions in this case are
Aj (z=0) -’—'Ajo (_7—'-"1 ~3) Ay(z=0)=0. 2)

It is assumed that at the boundary of a nonlinear medium
the coherent population trapping effect takes place.

Solving the system (1) in the constant intensity approxi-
mation with the boundary conditions (2), we obtain
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Then, the formula for conversion efficiency 7=I,/15 at
the output of a nonlinear medium of the length 1 is obtained:
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For y,=y,=0, from (5) we obtain the result for the constant
field approximation, (8;,,~0) [3], where
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Fig.2. The dependence of conversion efficiency 7 on pumping
intensity for 41=1.5; 8; =0; y =0.7; I21 =09 and
I3l =08(1,2); [21=0.7and I'31=0.6(3,4):
1, 3- in the constant field approximation;
2, 4- in the constant intensity approximation.
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I With a certain relationship of the frequencies w;, the val-
ues 4s (71120T50-¥3I10130) and 47.75I10I20 can be of
the same order. In this case, in Eq. (5) the term
4%, (11120130-y3I10130) in the parameter A cannot be ig-
nored, and therefore the use of the constant intensity ap-
proximation is more reasonable.
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Fig.3. The dependence of conversion efficiency 77 on the redu-
ced length of the nonlinear medium I'L in the constant
intensity approximation for &y, = 0; 83 = &4 y=08;
/=1 4/T=2 (1, 2), 3 (3, 4); 8:/1=0.2 (1-3),
0.6 (4); I2/I'=1(1,3,4), 1.2Q2).

From (5) follows, that the efficiency of conversion is peri-
odic function of length of nonlinear medium. Optimal length
1°Pt, at which the efficiency reaches the maximal value is

determined by expression (8;=6,=0; 65=5,)
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where

AZ

A" = 4 + 74[(73110 + 72 I50)5 = }'2.?.'10130] '

According to (6) as against result in the constant field ap-
proximation (y;,,=0) in the constant intensity approximation
optimal length of a nonlinear medium depends besides inten-
sity of waves pumping on intensity of a wave on frequency
3.

The dependences of conversion efficiency on pumping
intensity at different interacting wave intensity values are
shown in Fig.2. As would be expected, the account of the
phase effects at four-wave interaction leads to decrease in
frequency conversion efficiency as compared to the efficiency
value in the constant field approximation. Such behaviour of
curves received in the constant intensity approximation, is
connected as against constant field approximation by reverse
pumping of power of a excited wave in exciting.

The dependences of conversion efficiency on the reduced
length of the nonlinear medium are presented in Fig.3. As
seen in Fig.3, the curves have a distinct maximum. With in-
crease of the phase mismatch 4 and the losses in the medium,
the conversion efficiency decreases (curves 1,3 and 3,4). Mo-
reover, as the value 4, § increases, the optimal length value in
the nonlinear medium corresponding to the maximum fre-
quency conversion decreases.

As seen from the above dependences, with increase of the
phase mismatch 4 and the y parameter, the difference in the
results obtained in the constant intensity and constant field
approximation decreases. Hence, at low y and A the use of the
constant intensity approximation is more reasonable. By
choice of optimal value 1°* it is possible to achieve essential
increase of efficiency of frequency conversion.
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ENERJI SOViYYOLORININ KOHERENT DOLDURULDUGU $ORAITD® DALGALARIN QEYRI-XOTTI
QARSILIQLI TO'SIRI

Enerji saviyyelarinin koherent dolduruldugu seraitde dord dalgamin qarsihgh te'siri aragdirilmigdir. Burada miihite diigen iig dal-
gadan ikisinin giicli oldugu nezerde tutulur. Sabit amplitud yaxmnlasmasindan ferqli olaraq, generasiya olunan dalganin esas dal-
ganm fazasina gosterdiyi eks te'siri de nezera alan sabit intensivlik yaxinlagmasinda baxilmgdir.

Sabit intensivlik yaxinlasmasinda garsihghi te'sirde olan dalgalarin udulmasi ve fazalar ferginin qargiligh te'sir prosesine te’siri

neazere ahinmigdir.

Miieyyen edilmigdir ki, bele prosesleri aragdirmagq iigiin sabit amplitud yaxinlagmas: ile miigayisede sabit intensivlik yaxmlasma-

sindan istifade etmak daha megsedsuygundur.

3.A. Tarues, P.Jx. Kacymona, H.B. Kepumosa

HEJMHENRHOE B3AUMOJAEACTBHUE BOJIH ITPY KOTEPEHTHOM IVIEHEHUHM HACEJEHHOCTEN

TIpoBefeHO HCCISAOBAHME YETHIPEX-BONHOBOTO B3aUMOIEHCTBHS B YCIIOBHAX KOTEPEHTHOTO TICHEHHA HACENEHHOCTH, KOT/IA [1BA U3 TpeX
TNANAI0MIMX HA CPEAY BOJH ABNAIOTCH CHALHBIMH. PaccMoTpeHue BeieTcs B pUOIIOKEHHH 3a1aHHON MHTEHCHBHOCTH, KOTOPas B OT/IH4HE OT
npubIKeHKs 3alaHHOTO TIONIs Y4HTHIBACT O6PaTHYIO peakumio Bo3OyxaacMeix BoiH Ha (ady Bo36yxiaiommux BoaH. Kpome Toro xanxoc
NpubIKkeHHe MO3BOMSET ONHOBPEMEHHO YYECTh Kak (a30B0€ PacCOrNIacOBaHHE, TAK M 3aTYXaHHE BCEX B3aAMMOAEHCTBYIOWIMX BOMH.

Honyueno 9to, Ipy ONPEAENIEHHBIX 3HAYCHNAX TAPAMETPOB 3a/a4H LenecoobpasHo pabotars B NpUGAMKEHNH 320aHHOH HHTEHCHBHO-

CTH, YEM B anGﬂH)KCHHH 3aXaHHOTO NMOJs.
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