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A report is given of the observation of parametric bleaching of a two-photon absorbing
medium by interference of two coherent channels of the excitation of a two-photon transition.
Parametric bleaching caused a reduction in two-photon absorption of probe radiation by more
than two orders of magnitude. A study was made of the kinetics of parametric bleaching as a
result of a resonant four-wave interaction. An investigation was made of the influence of
destructive interference on the spectral and energy characteristics of parametric conversion in
the case of a two-photon resonance which is of practical interest. The theoretical and

experimental results are compared.

INTRODUCTION

Coherence of parametric frequency mixing has the ef-
fect that the contributions made by various molecules and
atoms in a medium to the intensity of the signal converted by
mixing are not summed but interfere. This is manifested by
the fact that the macroscopic nonlinear susceptibility of the
medium is a sum of the nonlinear susceptibilities of each
kind of molecule and atom. Contributions due to different
energy levels of each particle in a medium interfere in a simi-
lar manner. The interference effects due to a cubic nonlinear
susceptibility had been used very successfully for a long time
in various spectroscopic methods, particularly in resonance
active Raman spectroscopy, known usually as coherent anti-
Stokes scattering (CARS).! Another class of interference
effects observed on interaction of coherent radiation with
matter is related to the interference of various excitation
channels of energy levels in a medium. The most striking
manifestation of such interference is parametric bleaching of
a medium.

The parametric bleaching effect is manifested as fol-
lows: when waves propagate in a two-photon or, more gener-
ally, a multiphoton absorbing medium, it is found that para-
metric processes, two-photon absorption of interacting
waves, etc. are suppressed. The possibility of this effect was
first pointed out in Ref. 2. It is interpreted physically by
assuming that two-photon excitation of a transition 1-2
(Fig. 1) under the action of two waves E, and E; is sup-
pressed by an antiphase interaction with another pair of
waves E, and E,, i.e., parametric bleaching is due to inter-
ference of two coherent excitation channels of a two-photon
transition. In a phenomenological description of this process
in terms of nonlinear susceptibilities the parametric bleach-
ing effect represents interference quenching of macroscopic
nonlinear polarizations of a medium at frequencies of the
interacting waves.>> Generation of four such waves
E, — E, in the optical range is possible by parametric pro-
cesses in which the phase relationships between the interact-
ing radiations are conserved.

The parametric bleaching effect alters radically the
characteristics of nonlinear optical phenomena. Up to now
the interference of two coherent excitation channels of an
energy level had been observed experimentally (see Refs. 4-
8 and the bibliography given there) in studies of resonant
multiphoton ionization. A relative reduction in the multi-
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photon ionization signal was observed at the exact three-
photon resonance. This was interpreted as the result of de-
structive interference between two coherent channels of
excitation of an intermediate level: three-photon excitation
by the pump radiation and one-photon excitation by the
third harmonic generated in the investigated medium. The
proof of the proposed interpretation is the absence of a reso-
nant multiphoton ionization signal from traveling pump
waves and its appearance in standing waves.

Our aim was to observe the parametric bleaching effect
in the case of a two-photon resonance which is of practical
interest.>'® We carried out experimental investigations un-
der conditions such that a change in the populations, field
broadening, and shifts of the levels were slight and, conse-
quently, a quantitative comparison of the theoretical and
experimental results was possible. The parametric bleaching
effect was realized using a resonant four-wave interaction
which made it possible not only to study the kinetics of the
effect, but also to check the absence of a significant dynamic
Stark effect and saturation of a two-photon transition, which
might mask the bleaching. Moreover an investigation was
made of the energy and spectral characteristics of resonant
mixing of frequencies under conditions of parametric
bleaching of a medium.

THEORY

It is known®? that parametric bleaching of a medium
(Fig. 1) occurs only for certain specific relationships
between the amplitudes and phases of the interacting waves
E, — E,. Theserelationships can be deduced from the equa-
tions for an off-diagonal element of the density matrix>

r,E,E3+r2Ez'EA=O,
(1)
where 7, and r, are the component matrix elements of the

transition 1-2 and the electromagnetic field in the medium
can be represented by

E= ZE‘ (r,t)exp{—i(wi—kz)} + c.c.

=i

Suppression of two-photon excitation throughout the length
of a nonlinear medium requires matching of the phase veloc-
ities of the interacting waves: k, =k, + k, + k.
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Generation in the optical range of four waves satisfying
the phase and amplitude relationships of Eq. (1) can be
achieved most simply by parametric generation of one of the
waves in a nonlinear medium. Let us assume that three
waves of frequencies o, , ,, and o, are incident on a two-
photon absorbing medium. A fourth wave of frequency
w, = w, + ©, + w; is generated in the medium itself as a
result of parametric conversion under collinear phase-
matching conditions. The intensity of the signal wave E ; is
considerably less than the intensities of the other two
(pump) waves E | and E,. In this case we find that, firstly,
the fraction of excited atoms is small and, secondly, the
changes in the fields £, and E, in a nonlinear medium are
slight, i.e., the conditions of a constant field are satisfied by
the pump waves. The maximum intensities of the pump
waves are limited by the dynamic Stark shifts of the energy
levels of the medium which are induced by these waves and
which give rise to frequency offsets from a two-photon reso-
nance. The restrictions on the wave intensities are imposed
because significant changes in the populations and fairly
large Stark shifts of the levels reduce the excitation of a two-
photon transition if it is not related to the parametric bleach-
ing effect.

In the approximation of the interaction between plane
monochromatic waves the equations of propagation appear
as follows:

dEa/dz-i-NgsEs=gon3E1*Ez'Ea,
dE./dz+Ng.E.=gNo.E,E,E;,

(2)
where N is the concentration of the particles,
n
go=i—2?x‘” (01, 03, ©2),
.o
gs=i— 05 (01, 05, —0)) | E,|?,
2c
oo
gi=i—- 0 (0:, — 0z, @) | Es|?,
2¢ (3)

and ¥ is a nonlinear third-order susceptibility per one
atom.

We shall analyze the behavior of the other characteris-
tics of the interaction as a function of the concentration of
the particles and of the intensities of the pump waves. First-
ly, we shall be interested in the quantum efficiency 7 of the
conversion process, which is defined as the number of pho-
tons in the output wave E , to the initial number of photons
in the signal wave E 5 :

Eyh
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FIG. 1. (a) Schematic representation of the energy levels and of the inter-
acting waves. (b) Dependences of the conversion efficiency # and of the
transmission coefficient of the signal waves k and &k, on the length z of the
nonlinear medium in the case when g; =g,.
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n=1[g:8./(g:+g.)"1{1—exp[— (g.+g) NI]}?, (4a)

where /is the length of the nonlinear medium. Secondly, we
shall consider the transmission coefficient k& of the signal
radiation, which is equal to the ratio of the energy of the
wave E ; before and after passage through the absorbing me-
dium:

E={[g:exp[—(g:+g)Nl]+g.]/(g:+g.)}*% (4b)

The expressions (4a) and (4b) are derived allowing for the
relationship g,g, = g,°w,w,|E,E,|?, which follows from the
explicit form of y® if we ignore the nonresonant part of the
nonlinear susceptibility. We shall calculate the transmission
coefficient of the signal wave under these assumptions and
postulate the absence of the second pump wave, i.e., we shall
find the coefficient & for 7, = 0:

ko=exp(—2gNI). (4¢)
The coefficient k, represents two-photon absorption of the
signal wave in the radiation field of the first pump wave.

We can readily show that if N(g; + g,)/> 1, the waves
E, — E, begin to satisfy the condition (1) and their subse-
quent propagation no longer excites the transition 1-2, i.e.,
we now have parametric bleaching. The conversion effi-
ciency 7 = g:8./(g; + g4)” and the transmission coefficient
of the signal wave k = g,%/(g; + g,)? remain constant on
increasein N(g; + g4)! and the two-photon absorption coef-
ficient k , falls exponentially (Fig. 1b). The quantities 7, k,
and &k, can be measured quite simply and the fact that the
1n(N!) and k(N!) dependences reach constant values is a
demonstration of the parametric bleaching effect. Suppres-
sion of two-photon absorption is supported also by the fact
that the transmission coefficient k is higher than k&, for any
value of N(g; + g4)1.

A characteristic feature of the investigated interaction
is the dependence of 7 and k on the intensities of the pump
waves. The conversion efficiency reaches its maximum value
of 25% when g, = g, . Further increase in the pump intensi-
ties is compensated, in accordance with Eq. (1), by a reduc-
tion in the wave intensity E , and by an increase in the wave
intensity E ;.

In contrast to the usual experimental conditions, it is
not assumed in Eq. (2) that the absorption is linear and that
the interacting waves have a specific time (pulsed) struc-
ture. An allowance for these aspects modifies the expres-
sions of Eq. (4) as follows:

A
e

p
Xj di gsgl.{ exp[ (yi—a—g) NI]— exp[ (1:—a—¢.) Nl]}

Yi—Y2
(-5)
X exp —}? ,
1
k=—7
T3l
xj dt{Y' exp[— (y2+g.+B) NI]—ys exp[— (1, +gs+B) NI] }z
Y1—Y2

tz
X exp( - —2) ,
Ta

1
ko ='c_17‘[ dt exp(—2gsl)exp (—i*/7s%),
8
21, y=atg—gs—BE[(atgi—gs—p) t4g:al"  (5)
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where a and S are the linear absorption coefficients of the
output and signal waves, respectively; 7; is the duration of a
pulse of the wave E; ; the nonlinear susceptibility y** is inte-
grated over the Maxwellian distribution of the atomic veloc-
ities

o _[(_m sz <3)( E) (_ mvz)d
(6)

where m is the mass of an atom and kj is the Boltzmann
constant.

In allowing for the time structure of the interacting
waves we shall assume that the interaction with the medium
is in a steady state. This is justified in the case when the
coherence times of the waves E | and E; exceed the trans-
verse relaxation time 1/T of the two-level system under dis-
cussion. In other words, we shall assume that the spectral
widths of the radiation lines E, and E, are less than the
homogeneous broadening of a two-photon transition. It
should be pointed out that the spectral width of the E, line
may exceed I', since its maximum value is governed (in our
model) by the width of the phase-matching curve.

Naturally, the dependences of the conversion efficiency
and of the transmission coefficients of the signal radiation on
the concentration of the particles and on the pump intensi-
ties, calculated in accordance with Eq. (5), differ quantita-
tively from those given in Fig. 1(b), but the qualitative be-
havior remains as before.

APPARATUS AND MEASUREMENT METHOD

Atomic sodium vapor was used as the two-photon ab-
sorbing medium. This medium was selected because of the
high values of the nonlinear susceptibilities and the ease of
variation of the concentration, i.e., of the parameter NI.
Two-photon excitation of the 35—4s transition in the sodium
atom (Fig. 1a) was provided by the first pump wave from an
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FIG. 2. Schematic diagram of the apparatus: YAG is an yttrium alumi-
num garnet laser; 4 1 and 4 2 are amplifiers; CFD are crystal frequency
doublers; OPO is an optical parametric oscillator; DYE is an organic dye
laser; Na is a cell with sodium vapor; UFS and OS are optical filters; -23,
F-25, FEU-106, and PbS are photodetectors; AMCS is an automated mea-
suring computing system.
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yttrium aluminum garnet (YAG) laser and an organic dye
laser (Fig. 2). The YAG laser was used as a reference source
and it emitted a single longitudinal mode of the wavelength
A, = 1.064 1 with a spectral width Av, ~0.01 cm~'. This
width was reduced by using a pile of plates as the exit mirror
and placing a low-Q Fabry-Perot étalon inside the resonator.
Moreover, passive Q switching was performed by an LiF
crystal with F;~ color centers. The garnet laser emitted
pulses of ~12 mJ energy and ~25 nsec duration, and with
an instability less than 3%.

The dye laser was excited by the second harmonic of the
reference (garnet) laser and it emitted at 4 ; = 0.612 . The
dispersive components in the dye laser were two diffraction
gratings. The first (1200 lines/mm) operated in the near-
grazing regime, whereas the second (1800 lines/mm) was
operated in the autocollimation regime. Continuous fre-
quency tuning was provided by rotation of the second grat-
ing. The width of the dye laser line was less than 0.05 cm'
and the long-term frequency instability of this line was with-
in0.1cm~'.

The second pump wave was generated by an optical pa-
rametric oscillator (OPO) at A, = 2.2 y and its output fre-
quency was tunable near the frequency of the 4s—4p transi-
tion when the phase matching conditions were satisfied. The
OPO was based on a lithium niobate crystal 5-cm long. The
emission wavelength was tuned by altering the temperature
of this crystal. The spectral width of the emission line of the
OPO was measured by two methods: the method of nonlin-
ear infrared spectroscopy (using the OPO idler wave of 2.2 1
wavelength) and with a scanning Fabry-Perot interferome-
ter (OPO signal wave at the wavelength of 0.7 1). Both
methods gave approximately the same value of Av, =0.5cm
~ 1. The peak power of infrared radiation obtained from the
OPO reached 2 kW.

The maximum intensities of the pump waves were 80
MW/cm? (YAG) and 150kW/cm? (OPO). A weak signal
wave was obtained by attenuating the dye laser radiation
with optical filters. The absence of significant changes in the
populations of the levels involved in the investigated two-
photon transition was deduced from the spectral and con-
centration dependences of the two-photon absorption coeffi-
cient. The influence of the transverse distributions of the
intensities in the pump waves was avoided by selecting the
constriction diameter of the signal wave to be one-third of
the diameters of the constrictions of both pump waves. The
energies of the interacting waves before and after the nonlin-
ear medium were determined using F-23 and F-25 photocells
and a PbS photoresistor. The monitoring of the parameters,
the acquisition of the data, and the on-line analysis of these
data were performed by a measuring system based on an
Elektronika DZ-28 microcomputer.

The tuning of the emission frequencies of the dye laser
and of the OPO, needed to ensure the exact two-photon reso-
nance and phase matching, was carried out as follows. When
the concentration of the atomic vapor was N=3Xx10%
cm ~? and the second pump wave was missing, we varied the
dye laser frequency until the two-photon absorption was
maximized (k,=0.3). Then, the concentration was in-
creased to N =3 10'® cm ~* and the intensities of the inter-
acting waves were attenuated by between one and a half and
two orders of magnitude; the OPO frequency was then tuned
to ensure the highest conversion efficiency.
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The correctness of the interpretation of the results was
checked by demonstrating that the two-photon absorption
coefficient was not affected by the dynamic Stark effect due
to the second pump wave, since this could also result in sup-
pression of two-photon absorption. This could be done quite
simply using the technique of opposite beams, i.e., by elimi-
nating the parametric processes. Figure 3 shows the depen-
dence of the transmission coefficient of the signal radiation
on the offset & of the OPO frequency from the,one-photon
resonance with the 4s,,,-4p,,, transition. The measure-
ments demonstrated that for the intensities employed in our
study, when the offset was § =7 cm ™~ ! the dynamic Stark
effect had practically no influence on the two-photon ab-
sorption coefficient. Nevertheless, when the OPO frequency
was tuned to the frequencies of the 4s,,,-4p, 5, 3/, transi-
tions, a strong reduction in the two-photon absorption coef-
ficient began to be manifested and this was due to a strong
perturbation of the energy spectrum of the sodium atom.
The transmission coefficient minimum lying within the
doublet was related to the exact compensation of the linear
susceptibility of the 4s,,, level.

Special attention was given to the determination of the
absolute value of the quantum efficiency of the conversion
process, which was essential in a quantitative comparison of
the experimental and theoretical results. Moreover, in some
problems of practical interest the parametric bleaching ef-
fect was known to determine the maximum conversion effi-
ciency.''*® All this required a careful determination of the
relative spectral sensitivity of the recording system at the
wavelengths of 0.612 and 0.33 4. The calibration was carried
out by two methods. The first was based on the nominal
spectral characteristic of the photodetector supplied by the
manufacturer and the second involved direct measurement
of the quantum efficiency in the process of frequency conver-
sion from the range 0.612 u to 0.33 u. Two-photon absorp-
tion of the signal wave was avoided by detuning the dye fre-
quency from the exact two-photon resonance by 2 cm ~ ! and
measuring the energy of the output wave and the change in
the energy of the signal wave. The measuring system could
be calibrated to within 30%.
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FIG. 3. Dependences of the transmission coefficient of the signal wave on
the frequency of the second pump wave. The intensities of the pump waves
were I, = 12 MW/cm? and I, = 100 kW/cm?. The sodium vapor con-
centration was 7 10"* cm 3.
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RESULTS AND DISCUSSION

The experimental and theoretical dependences of the
conversion efficiency 7, and of the transmission coefficients
kand k , on the sodium vapor concentration are presented in
Fig. 4. Suppression of two-photon absorption of the signal
wave by the combination interaction of the output radiation
with the second pump became observable even at relatively
low (N=10" cm~?) concentrations. In spite of the weak-

" “ening of ‘thé signal ‘wave due to the effective transfer of its

energy to the output radiation, the transmission coefficient k
was greater than the coefficient k, and their ratio increased
on increase in the sodium concentration. Suppression of
two-photon absorption by the strong wave was by more than
two orders of magnitude.

The dependence of the quantum efficiency % reached
saturation at N=~10'® cm~2 and the transmission coeffi-
cient of the signal wave k& then varied slowly (Fig. 4) indicat-
ing the absence of interaction between all four waves in a
distance exceeding /. = IN /N, (in our case, we found that
N, =10 cm~?). Consequently, when the condition
IN > (1N),, was satisfied, we found that two-photon absorp-
tion was reduced by parametric bleaching. The slight
changesin the values of 7 and k& were due to linear absorption
of the signal (dashed curve in Fig. 4) and output radiations.

The measured conversion efficiency 7 (N = 10'¢
cm~3) was 14 + 5%, whereas the calculated value was
18%. The deviation from the maximum theoretical value of

0.1

|
V4 N-10716, cm~—3

FIG. 4. Kinetics of the establishment of the parametric bleaching effect in
amedium. The intensities of the pump waves were: I, = 7 MW/cm? and
I, =50kW/cm? (the values of  are represented by circles and the values
of k are represented by triangles); 7, = 7MW/cm?,7, = 0 (the values of
k , are represented by squares); I, = I, = 0 (the values of k, are repre-
sented by black dots). The effective length of the vapor cell was / = 7 cm.
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25% was due to linear absorption and not quite optimal ratio
of the pump wave intensities. For the optimal ratio of the
intensities in question (g; = g, ) and in the presence of para-
metric bleaching the value of k should be approximately
equal to 25%, as given by Eq. (5). In our case (Fig. 4), we
found that k=35%, which corresponded to g, >g5. The
same conclusion was drawn from the calculated and experi-
mental dependences of the conversion efficiency and of the
transmission coefficient on the intensities of the pump
waves.

The dependences of 7 and k on the intensities of the
pump waves given in Fig. 5 also demonstrated that the para-
metric bleaching effect was observed. In agreement with the
theory [Eq. (4a)], the dependences of the conversion effi-
ciency on the intensities of the first or second pump waves
were the same. The value of 7 first increased on increase in
I,, and then it reached its maximum value at intensities
corresponding to g;~g,. A further increase in I, or I, re-
duced the conversion efficiency 7, as predicted theoretically.

On the other hand, the transmission coefficient k exhib-
ited an asymmetric dependence on the pump wave intensi-
ties. The dependence could be studied qualitatively on the
basis of Eq. (1). Assuming that the output radiation intensi-
ty was approximately constant, we found that an increase in
I, increased the signal transmission coefficient (Figs. 5aand
5c), but an increase in I, reduced this transmission coeffi-
cient (Figs. 5b and 5d). The more detailed behavior of these
dependences fitted Eq. (5), as demonstrated by the contin-
uous curves in Fig. 5. The experimental points fitted well
these theoretical curves.

The parametric bleaching effect was observed for quite
specific ratios of the amplitudes of the interacting waves.
Hence, we could carry out relative measurements of the
component elements of the matrix of the investigated two-
photon transition and to study the dispersion by varying the
wavelengths of the interacting radiations. The absolute val-
ues of the component matrix elements could be found from
the two-photon absorption data. Such spectroscopic infor-
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mation was carried by the dependence of the conversion effi-
ciency on the intensity of one of the pump waves (Fig. 5). In
this case there was no need to carry out absolute measure-
ments of the intensities of the signal and output waves.

As pointed out already, in the case of the optimal ratio
of the intensities of the pump wave we should have k = 25%
and the value of 7 should pass through its maximum. This
relationship between the conversion characteristics was also
clearly demonstrated by the experimental dependences in
Fig. 5. The slight deviation of ¥ from 25% was due to linear
absorption and it was described quantitatively by the rela-
tionships of Eq. (5). The influence of linear absorption lim-
ited the maximum attainable conversion efficiency 7™**: an
increase in this absorption reduced n™** (we recall that
7™ = 25% should be obtained in the absence of linear ab-
sorption of waves). This was confirmed by the measured
values 7™** = 18 and 14% obtained for sodium concentra-
tions N of 3.5 10'* and 1.3 X 10'® cm 3 respectively.

Interference between two-photon excitations of a level
affects not only the energy but also the spectral characteris-
tics of nonlinear resonance processes. This is due to the fact
that away from a two-photon resonance both two-photon
absorption and inverse Raman scattering become weaker at
a rate faster than the parametric coupling coefficient of the
interacting radiations. The spectral characteristics of this
process are described by Eq. (2) if we allow for the fact that
the coefficients g, g5, and g, are complex variables.

The dependences of the conversion efficiency and of the
transmission coefficient of the signal radiation on the offset
from the investigated two-photon resonance are plotted in
Fig. 6. An increase in the sodium concentration increased
the amplitude of the spectral curve representing the conver-
sion efficiency, but the width of this curve remained constant
(Fig. 6a). A further increase in the sodium concentration,
i.e., in the parameter N/, reduced the rate of rise of the con-
version efficiency at the center because of the interference
quenching of the excited two-photon transition but did not
affect the wings. The curve representing the conversion effi-

FIG. 5. Experimental and theoretical dependences of the
conversion efficiency 7 (O ) and of the signal wave transmis-
sion coefficients k, () and k (A) on the intensities of the
pump waves for different sodium vapor concentrations:
3.5%x10" cm~? (a, b) and 1.3%x10' cm~? (¢, d): (a)
7 I, =130 kW/cm?; (b) I, =40 MW/cm?; (c) I, = 100

kW/cm?; (d) I, =7 MW/cm?. The effective length of the
vapor cell was / = 10 cm.

0 700 15, KW/cmz2 25 a0

888 Sov. Phys. JETP 65 (5), May 1987

L |
100 /5, KW/cmz?

Krasnikov et al. 888



7 k, rel. units
5 —H7.0
7, rel. units : T }fr}‘
1.0
a b

} i
”J‘ §\§ | \ 5 Ji
/

A \T\x e L V/ §

=02 0 02 -0

05 A,cm™!

FIG. 6. Dependences of the conversion efficiency 7 (O) and of the signal
radiation transmission coefficient £ (A) on the detuning from a two-pho-
ton resonance. The intensities of the pump waves were I, = 40 MW/cm?
and I, =50 kW/cm?. The concentration of the sodium vapor was
N =102 cm~* (a) and 3.5 10'® cm ~3 (b). The continuous curves are
drawn by hand.

ciency became broader and the maximum value of the effi-
ciency began to shift away from the exact two-photon reso-
nance (Fig. 6b).

The dependences shown in Fig. 6 agreed qualitatively
with those found by calculation, but we were unable to
achieve a quantitative agreement within the adopted model
of monochromatic waves. The differences were due to the
influence of the spectral width of the line representing the
second pump wave (~0.5 cm~!), which was greater than
the width of the two-photon transition. This influence could
be eliminated by additional experimental investigations
based on the following circumstance.

Allthe results obtained for the investigated sum process
apply also in the case of conversion to the difference frequen-
cyw, = 0, + w3 — w, (Ref. 14). In an experimental investi-
gation of the influence of the parametric bleaching effect on
the spectral characteristics of the conversion process and the
frequencies of the second pump wave @, and of the signal
wave w; were selected to be the same for the following rea-
sons. Firstly, in this case the phase-matching conditions
were satisfied automatically and, secondly, the experimental
dependences were found to be related solely to the two-pho-
ton resonance (because the offset from the intermediate res-
onance with the 3s level was sufficiently large). The first
pump wave E |, and signal wave E ; had the samelinear polar-
ization, which was orthogonal to the polarization of the sec-
ond pump wave E, .

In these experiments the source of the first pump wave
was an organic dye laser (1, = 0.7612 ). The signal and
the second pump waves were provided by YAG laser radi-
ation (4,3 = 1.064 ). The sum frequency of these lasers
was varied near the resonance with the 3s—4p transition in
the sodium atom. The intensities of the pump waves were
I, =5MW/cm? and I, = 60 MW/cm?. The output radi-
ation was selected by an optical filter and a polarizer.

A typical spectral dependence of the conversion effi-
ciency is presented in Fig. 7. A reduction in the conversion
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FIG. 7. Spectral dependence of the conversion efficiency Pump wave in-
tensities/, = SMW/cm? andJ, = 60 MW/cm?. The sodium vapor con-
centration was N = 4x 10" cm 3.

efficiency of the exact two-photon resonance was observed
because of destructive interference already for concentra-
tions of N = 10'* cm ~3. The width of the profile was in this
case still slight (it was 0.4 cm ~! at midamplitude). When
the sodium atom concentration was N = 10'® ¢cm 3, the
conversion efficiency obtained for detuning from the two-
photon resonance was more than three times greater than %
in the case when A = 0. A further increase in the sodium
atom concentration continued to increase the maximum effi-
ciency and the width of the conversion efficiency curve (Fig.
7). Broadening of the spectral dependence of the conversion
efficiency to 8 cm ~! was recorded. It is clear from Fig. 7 that
theoretical and experimental results agreed quite well.

Our investigation indicated that detuning from the two-
photon resonance could ensure high values of the conversion
efficiency. The influence of two excitation channels of the
two-photon transition, which in the case of the exact two-
photon resonance resulted in parametric bleaching of the
medium, broadened considerably the conversion efficiency
curve. Such broadening could be several orders of magni-
tude greater than the spectral width of the resonantly excited
transition.

CONCLUSIONS

We observed directly parametric bleaching of a two-
photon absorbing medium associated with destructive inter-
ference between two coherent channels of the excitation of a
two-photon transition. The observed suppression of two-
photon absorption of the probe radiation by more than two
orders of magnitude was due to parametric bleaching. This
conclusion was drawn from the results of test experiments
which excluded other possible mechanisms of the change in
the two-photon absorption coeflicient.

The recent interest in the various aspects of the para-
metric bleaching effect™' !> is not only due to its nonlin-
ear optical interference nature. Equally interesting is the in-
fluence of destructive interference on various characteristics
of resonant nonlinear optical processes. Qur experimental
investigations demonstrate that the resultant destructive in-
terference limits the degree of excitation of a multiphoton
transition and thus the efficiency of resonant processes.
Moreover, parametric bleaching broadens considerably and
alters the profile of a resonant transition.

Direct observation of the parametric bleaching effect
required that the experiments should be carried out under
conditions manifesting this effect most clearly. Neverthe-
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less, destructive interference accompanies to a greater or
smaller degree all parametric resonances, because of the co-
herence of the parametric interaction. The multiplicity of
the concomitant phenomena (shift of the populations, -dy-
namic Stark effect, multiphoton ionization, etc.) make the
influence of this interference not as obvious as in the case
discussed above. However, this interference must be taken
into account both in the development of methods for genera-
tion of coherent infrared and vacuum ultraviolet radiations,
as well as in spectroscopic investigations by the methods of
nonlinear optics.

The authors are grateful to S.A. Akhmanov for his in-
terest in this work and valuable discussions.
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