
FIG. 1. a) Dispersion branches (oep (k) = <u^, + /<u^ of normal waves
°cexp(/fcz — /YuO in an inverted two-level medium with homogeneous
broadening of the spectra line 1/7*2 anc' "background" electrical conduc-
tivity c. For 1/7*2 < 2iw < — <yj 7"2/4 the polarization wave has the incre-
ment <a"f > 0, while the electromagnetic wave decays (01" < 0). The quan-
tity toc is called the cooperative frequency of the two-level medium and is
determined by the difference population density AJV = N, — N2, the fre-
quency < u 2 i > and the two-level transition dipole moment d: col
= 8wc"2A./V<y2i/3fi. b) Regions of dissipative instability of the polariza-

tion wave (/) and of the maser instability of the electromagnetic
wave (//).

tions of weak incoherent relaxation, is the dissipative insta-
bility of a polarization wave of negative energy, developing
owing to energy losses to radiation through the boundary of
the active sample.1-2 Small reflections have a strong effect on
the properties of superradiance. A reflection coefficient
/J~10~2-10~4is usually sufficient for making a transition
from the regime of superradiation of waves with a contin-
uous spectrum to a regime of superradiation of polariton

modes with a discrete spectrum. The latter is characterized
by a shorter delay time and synchronous superradiation of
identical modes from the opposite ends of a long sample. The
form and intensity of the superradiance pulse is also affected
by the presence of distributed losses. An increase in distrib-
uted losses transform superradiance from the oscillator type
into the single-pulse type. Owing to the dissipative instabil-
ity of the polarization wave, as a result of Ohmic losses, in an
inverted medium superabsorption,1>2>4 analogous to superra-
diation and giving rise to impulsive transition into heat
stored in the internal energy of the molecules in the medium,
can develop. There is an analogy between superradiance in
quantum radiophysics and the dissipative instability in clas-
sical electronics and plasma physics.

A description of the quantum-statistical properties of
nonstationary collective processes, based on the phenomen-
ological quantization of the characteristic excitations of the
active medium and of the field (normal waves or modes in an
active sample), was developed.2'3 The observed fluctuations
in the parameters of the superradiation are linked with the
fact that in the process of development of the dissipative
instability transport of quantum fluctuations of the collec-
tive excitations of molecules and of the field on a macroscop-
ic level occurs. The dependence of the statistics of superra-
diance on the form of the sample is determined by the
number of dissipatively unstable polariton modes, and not
by the specific geometry of the sample.2'3

The ideas indicated above enabled a new interpretation
of Dicke superradiance linking it with the dissipative insta-
bility of the polarization wave. These ideas can be used to
construct a more complete macroscopic description of the
properties of nonstationary collective optical processes.
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S. N. Andrianov, Yu. V. Naboikin, V. V. Samartsev, N.
B. Silaeva, and Yu. E. Sheibut. Optical superradiance in a
diphenyl crystal with pyrene. Up to now the overwhelming
majority of experiments on optical superradiance (coherent
spontaneous emission) has been performed with gases,1

since in gases it is technically simpler to provide the model
conditions built into the theory. The first experiments on
optical superradiance (SR) in solids, namely, in extrinsic
crystals, were reported in Refs. 2 and 3. The high density of
impurity centers per unit volume, the diversity of the mecha-

nisms by which excitation is transferred between centers and
into the lattice, and the optical anisotropy of the crystals
associated with their symmetry are by no means a complete
list of factors determining the characteristics of SR in crys-
tals. This report is devoted to the discussion of the basic
characteristics of the SR in a mixed molecular crystal—di-
phenyl with pyrene molecules2—as well as the analysis of the
results of application of SR to the investigation of relaxation
processes.4

The inverted population difference between the work-
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FIG. 1. Concentration dependence of superradiance intensity in a di-
phenyl crystal with pyrene at a temperature of 2.2 K. The width of the
spectrum of pumping 1 — 3 and emission (2 — 1) is narrower than the
inhomogeneous width of the line (10IO-10' s ~ ' ) b y two to three orders of
magnitude.

ing levels [' Ag (1) and ' B2u (2) ] required in order to realize
superradiance was achieved through a third (electronic-vi-
brational, short-lived) level 3, narrow-band pumping of
which was carried out at the wavelength 3530 A with a YAG
laser pulse with a duration of 8-10 nsec. As a result of the
nonradiative transition 3 -»2 the electrons rapidly (within a
time of x 10~ " s) populated the state 2. Superradiance was
formed on the transition 2-» 1 (0-0 transition) at the wave-
length 3739.3 A. When definite threshold powers for the
pulse pumping the level 3 (equal to 5-10s W/cm2) was
achieved, the deexcitation time for the 0-0 transition de-
creased markedly from 110 ns to 5-6 ns. Superradiance was
characterized by the sharp spatial directedness (with a solid
angle of 0.1 sr) on both sides, and its intensity JSR was one
thousand times higher than that of the incoherent spontane-
ous background. It turned out to be highly polarized (the
degree of linear polarization equalled 0.95), and the polar-
ization plane of the SR formed an angle of 100-110° with the
b axis of the crystal, along which the pyrene absorption is
polarized. Checking the concentration dependence of SR,
shown in Fig. 1, presented the greatest technical difficulties.
This dependence exhibited a quadratic character (J SR <x N2,
where TV is the number of active impurity centers per cm3) in
agreement with the theory of SR.' The delay time in the
appearance of the SR pulse equals 2 ns.5 We note that the SR
pulse formed in the effective part of the sample (/eff~0.15
cm with a total sample length / equal to 0.4 cm) propagated
into the partially inverted resonance medium, subject to its
"reaction." A special investigation carried out in Ref. 6
showed that this resonance passage of the pulse occurred in
the regime of self-induced transparency (SIT). This regime
corresponded to the characteristic (for SIT) kinetics of de-
formation of the SR pulse shape (self-broadening, self-com-
pression, self-division), whose analysis yielded the param-
eters of the resonance medium (the modulus of the electric
dipole moment of the resonance transition 2-1 equals 10~19

CGSE units; the transverse irreversible relaxation time T2 at
a temperature of 2.2 K equals 10 ns). The delay time of the
superradiance pulse owing to SIT equalled 7 ns.

The SR phenomenon was later used to investigate relax-
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FIG. 2. Temperature dependence of the superradiance intensity at maxi-
mum in a diphenyl crystal containing pyrene molecules with a concentra-
tion of 0.25 mole %.

ation (with the participation of phonons) in a diphenyl crys-
tal with pyrene.4 To this end, the temperature dependence of
the SR intensity at maximum J^ in dipfoenyl crystals with
different concentrations (C) of pyrene molecules was mea-
sured in the experiment. This dependence is presented in
Fig. 2 for C = 0.25 mole %. The decay of the SR intensity
with increasing temperature is caused by Orbach relaxation
with the participation of pseudolocalized phonons, whose
frequency lies in the continuous spectrum of the allowed
phonon frequencies of the matrix. As a result of the absorp-
tion of the phonon energy the unpaired electron of the pyr-
ene molecule is transferred from the state 2 into the elec-
tronic-vibrational state 2', in which the pyrene molecule
undergoes librational oscillations. Returning rapidly to the
state 2 (and, correspondingly, giving up a phonon to the
lattice), the electron completely loses in the process of such a
double transition information about the phase, as a result of
which this molecule is "knocked out" of the SR process. The
calculation of the dynamic variables, describing the behav-
ior of the system as a function of time, was carried out by the
method of the nonequilibrium statistical operator. It showed
that the SR intensity at maximum J^ is proportional to the
factor

[1 1 / A£\l2

[--—exv^)j ,
where rc is the correlation self-induction time (I), defined
by the expression rc = (4TrA /A 2) T{/N', T, is the spontane-
ous decay rate of one atom; A is the active part of the trans-
verse cross section of a cylindrical sample; A, is the wave-
length of SR; rph and A£ are the lifetime and energy of
activation of pseudolocalized phonons; kB is the Boltzmann
constant; T is the absolute temperature of the crystal; and,
N' = N-leSfA. Using the values of/SR', corresponding to the
three values of the temperatures in the graph of Fig. 2, it is
possible to find two independent parameters: rph and A£. In
particular, for a diphenyl crystal with a pyrene concentra-
tion of 0.25 mole %, these parameters equal rph = 1-15 ps
and A£' = 7 + 3cm~1.

We note that in all these investigations the main condi-
tion for the formation of SR / /c < rc <TltT2 (where c is the
velocity of light in the crystal) was satisfied. The question of
whether or not this coherent emission is superluminescence
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(amplification of spontaneous emission) was specially in-
vestigated. It was found that under the conditions of the
present experiment it is optical superradiance that forms on
the transition 'B2u -»'Ag of pyrene in diphenyl.
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M. G. Shchepkin. Majorana neutrino and double beta
decay. The question of the neutrino mass and its possible
manifestations is now being widely discussed. In the last few
years, of the order of 100 experiments in which processes
which are sensitive to nonzero neutrino mass have been per-
formed, and the number of theoretical works is significantly
higher than the number of experimental works.

What explains this unusual interest in this question?
What is the role of processes in which the leptonic charge is
not conserved in the phenomena studied? Is there any basis
for doubting the exactness of the law of conservation of lep-
tons, taking into account the fact that the well-known ex-
perimental facts are in agreement with the conservation of
L ? From the standpoint of the theory, the problem of neu-
trino mass and conservation of L is linked with the problem
of unification of the strong and electroweak interactions. If
the unified description of interactions is based on a gauge
theory, then at low energies the symmetry corresponding to
conservation of L must be a spontaneously broken local sym-
metry. Otherwise it is impossible to solve the problem of
leptonic photons, whose nonexistence has been verified ex-
perimentally with high accuracy. From the standpoint of the
most popular models, the spontaneous breaking of L sym-
metry means that the neutrino is a majorana particle with
nonzero mass. We note that in such theories the smallness of
the neutrino mass compared with the masses of the charged
leptons and quarks is explained in a natural manner.

The arguments presented in support of the existence of
the neutrino rest mass are not absolutely exact. Models in
which the L symmetry is global, like, for example, in SU (5),
are discussed in the literature. In such theories the spontane-
ous breakdown of the conservation of leptonic charge is ac-
companied by the appearance of a massless Goldstone bo-
son, capable of a virtual transition into a neutrino or
antineutrino pair.

It is not easy to observe experimentally the conse-
quences of spontaneous breaking of L symmetry. The prob-
lem is that the amplitudes of the processes in which the L
charge is not conserved are small because of the so-called
chiral exclusion rule. The search for neutrinoless double
beta decay is apparently a more effective method for check-
ing L conservation. It is now known that the period of
2^(0v)-decay is not less than 102I-1023 years, whence it is
possible to obtain a limit on the Majorana mass of the elec-
tron neutrino. Based on estimates by different authors, it
ranges from several eV to tens of eV. Unfortunately the accu-
racy of the calculation of the nuclear amplitudes is low, so

that more precise estimates of the upper limits on the neu-
trino mass apparently cannot be obtained from double beta
decay experiments. The same data imply that the amplitude
of the admixture of the right-hand currents to the Lagran-
gian of the weak interactions does not exceed 10~5-10~6.

It is interesting to compare the limits on the neutrino
mass from double beta decay with the results of measure-
ments of the beta spectrum of tritium. Experiments per-
formed at the Institute of Theoretical and Experimental
Physics' were interpreted as an indication of the existence of
a neutrino rest mass mv > 20 eV. Recent results obtained at
SINP (Switzerland) show that mv < 18 eV.2 There are rea-
sons for expecting that in the near future the situation with
tritium will be clarified. There is no doubt that these data are
a kind of landmark in investigations of double beta pro-
cesses, in spite of the fact that there may not be a unique
relationship between these phenomena. In principle, it has
not been excluded that the neutrino mass is a Dirac mass and
that there are no processes which are forbidden by the law of
conservation of leptonic charge. There is a large number of
investigations on the comparison of different processes sen-
sitive to the neutrino masses. On the phenomenological lev-
el, however, the problem is solved relatively simply by study-
ing the properties of the neutrino mixing matrix.

A number of new experiments on the study of double
beta processes, including K capture with the emission of a
positron, are now being planned. Together with the search
for neutrinoless 2/9 transitions, attempts are being made to
observe two-neutrino decay modes, 2/8(2v) decay is allowed
by the conservation laws, and there is no doubt that it does
occur. Comparison of the theoretical predictions of the
probability of 2/?(2v) decay with experiment will make it
possible to select the best approach to the calculation of the
nuclear amplitudes of double beta transitions.

A detailed discussion of the problem of the neutrino
mass and leptonic charge conservation is given in Ref. 3; a
comparatively complete list of original works is also present-
ed there.
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