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A joint scientific session of the Division of General Physics
and Astronomy and the Division of Nuclear Physics of the
USSR Academy of Sciences was held on March 26 and 27,
1986 at the S. I. Vavilov Institute of Physical Problems of the
USSR Academy of Sciences. The following reports were pre-
sented at the session:

March 26
1. V. E. Zakharov. Semiclassical theory of superra-

diance.
2. A. M. Leontovich, A. M. Mozharovskii, and E. D. Tri-

fonov. Coherent amplification, reflection, and induced su-
perradiance in activated media.

3. V. V. Zheleznyakov, V. V. Kocharovskii, and VI. V.
Kocharovskii. Polarization waves and superradiance.

4. S. N. Andrianov, Yu. V. Naboikin, V. V. Samartsev,
N. B. Silaeva, and Yu. E. Sheibut. Optical superradiance in a
diphenyl crystal with pyrene.

March 27
5. M. G. Shchepkin. Majorana neutrino and double beta

decay.
6. O. Ya. Zel'dovich, I. V. Kirpichnikov, and A. S. Star-

ostin. Double beta decay: experimental status.
7. L. A. Mikaelyan. Neutrino experiments on the reac-

tor at the Roven nuclear power plant.
Summaries of five reports are published below.

A. M. Leontovich, A. M. Mozharovskii, and E. D. Tri-
fonov. Coherent amplification, reflection, and induced super-
radiance in activated media. Coherent propagation of light
pulses in activated crystals under conditions of retention of
the phase memory of active centers was studied theoretically
and experimentally. The evolution of light pulses in this case
obeys substantially different laws than under conditions
which are ordinarily realized in solid-state lasers, when the
phase relaxation time of the medium is shorter than the du-
ration of the pulses. The phenomena studied belong to a class
of transient optical processes which occur over such short
time intervals that during these processes there is not enough
time for a stationary value of the polarization, correspond-
ing to the carrier frequency of the pulse, to be established.
For the same reason irreversible absorption does not arise
and self-induced transparency is observed.

Retention of phase memory also means that superposi-
tional (coherent) states of active centers are manifested in
the interaction with the electromagnetic field. In particular,
this leads to the addition of dipole moments and the forma-
tion of macroscopic polarization of the medium, proportion-
al to the density of radiators. For this reason, in the processes
under study, not only is the electromagnetic field coherent,
but the state of the active medium is coherent also.

The studies performed have made it possible to con-
struct the general physical picture of coherent optical pro-
cesses in inverted media. In particular, the relationship
between coherent amplification of ultrashort pulses and
Dicke superradiance can be traced.

Methods were developed for finding the general solu-
tions to the Maxwell-Bloch equations, satisfying arbitrary

initial and boundary conditions and describing exactly the
effects of propagation and retardation. In so doing both ho-
mogeneous and inhomogeneous broadening of the spectral
line were taken into account correctly.2 This enabled calcu-
lations of superradiant pulses and coherent amplification for
situations approximating experimental ones quite closely.

Resonance nonlinear reflection was studied theoretical-
ly. It was shown that total reflection corresponds to the con-
dition of phase-memory retention in a boundary layer of
thickness ~A. In addition, the intensity of the incident field
must be such that the Rabi period does not exceed the super-
radiance time for this layer.

Coherent propagation of light pulses in activated crys-
tals (ruby and Nd:YAG) at 100 K for different areas of the
input pulses and different ratios between the characteristic
superradiance time, pulse duration, and phase relaxation
time was studied: induced superradiance, lethargic amplifi-
cation, and coherent ir-pulse amplification. Analogs of these
states in noninverted media were also observed: self-induced
transparency and lethargic absorption.

The basic features of the self-similar pulse were ob-
served in experiments on coherent amplification. Pulses
with an oscillating envelope were observed.3 It was estab-
lished that intensity oscillations correspond to sign-alternat-
ing oscillations of the envelope of the field.4 Compression of
the temporal structure of the pulse as it is amplified was
recorded. Pulses with durations of 5-10 psec, which is 5 to 10
times shorter than the inverse linewidth of the amplifying
transition, were obtained in a three-cascade ruby amplifier.5

The splitting of the superradiance spectrum and coher-
ent amplification were predicted theoretically6 and recorded
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experimentally.7 The doublet structure of the spectrum can
be regarded as a manifestation of the dynamic Stark effect in
the field of the pulse. The magnitude of the splitting is of the
order of the Rabi frequency, and this makes it possible to
estimate the intensity of the radiation from its spectrum.

The amplification threshold conditions for the develop-
ment of superradiance were determined. The existence of
relaxation processes leads to the fact that below threshold
amplification the cooperative process is suppressed. Under
these conditions inversion in the active medium can be accu-
mulated with the help of slow pumping in an interval sub-
stantially exceeding the characteristic superradiance time. It
was shown that under real experimental conditions the exci-
tation is subthreshold and spontaneous development of su-
perradiance is impossible. In this case the superradiance
pulse can be initiated by a short pulse with a small area. This
effect is called induced superradiance.8 We have observed an
induced superradiance pulse experimentally, though it was
strongly suppressed because of rapid phase relaxation.

Coherent propagation of small-area pulses, which do
not significantly alter the inversion on the amplifying transi-
tion, was observed theoretically and experimentally.9"1' De-
viations from Beer's law governing the increase in the radi-
ation power (so-called lethargic amplification) were
observed. The transition to Beer amplification accompany-
ing an increase in the duration of the amplified pulse was
observed. Transformations of the pulse shape, which in the
temporal description can be explained by the interference of
the radiation field and the secondary field generated by the

macroscopic polarization created in the medium by the
starting field, were recorded. In the spectral description the
effects obtained can be regarded as spectral selection.

The new optical phenomena studied are of considerable
interest in connection with the development of new types of
laser media with long phase relaxation times and femtose-
cond lasers, in which the pulse duration is comparable to the
phase relaxation time in condensed media at room tempera-
ture. The effects observed can be used in spectroscopy to
study phase-relaxation mechanisms.
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V. V. Zheleznyakov, V. V. Kocharovskii, and VI. V.
Kocharovskii. Polarization waves and superradiance. The
basic ideas and results of the macroscopic approach to the
description of nonsteadystate coherent collective optical
processes in active media, and primarily Dicke superrai-
dance, were summarized in the report. The physical nature
of superradiance and its properties in macroscopic samples
were studied by the method used for analyzing normal waves
in active media and collective modes of excitation of bound-
ed samples. The method is based on the equations of the so-
called semiclassical description of the interaction of a medi-
um with an electromagnetic field. This method, which is a
standard method in the electrodynamics of continuous me-
dia, turned out to be very fruitful also in the new area of its
application. It enabled taking into account directly the col-
lective character of the behavior of molecules in a self-con-
sistent field.

Until recently, the literature on this question has dealt
primarily with the microscopic approach, based on the ideas
of the quantum electrodynamics of a system of separate mol-
ecules and a field in a vacuum. As is well known, however,
the transition from these starting microscopic ideas to the
direct calculation of the observed macroscopic characteris-
tics of collective processes involves significant, and in most
cases insurmountable, difficulties.

The results of the macroscopic approach to this prob-
lem, based on the study of the characteristic excitations of
the active medium and the field on the basis of the electrody-
namics of continuous media, refer primarily to systems of
inverted two-level molecules (see, in particular, Refs. 1-5).

The properties of the characteristic excitations of an
active medium consisting of two-level molecules are studied
in detail in Refs. 1 and 5, where its is shown that together
with waves of the electromagnetic type, close to waves in a
vacuum, other types of normal waves exist also. They in-
clude polarization waves, in which the relative amplitude of
the oscillations of the polarization of the active medium is
substantially larger than in an electromagnetic wave (see
Fig. 1). In an inverted medium the polarization wave has
negative energy. Therefore, as the solution of the initial
problem shows, in the presence of dissipative losses the ener-
gy of the polarization wave decreases with time, becoming
increasingly more negative, i.e., the amplitude of the polar-
ization wave increases. As a result there arises the dissipative
instability of the polarization wave, while the standard ma-
ser instability of the electromagnetic wave of positive energy
in this case vanishes.

Studies of bounded samples in the form of a flat layer
and a sphere established that the physical mechanism of su-
perradiance, realized in an inverted medium under condi-
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