
phase are an essential factor in the destabilization of
liquid-crystal structure and may also lead to the ap-
pearance of ferroelectric ordering in an isotropic liq-
uid. The ferroelectric polarization appears as a re-
sult of orientational deformation of molecular group-
ings, giving rise to a phenomenon of pseudointrinsic
ferroelectricity. Generally, such ferroelectrics have
a layered (helicoidal) structure, the possibility of whose
formation in crystals with finite symmetry groups (when
the Lif shitz invariant exists) was first indicated by V. L.
Indenbom (Kristallografiya 5, 115 (1960) [Sov. Phys.
Crystallogr. 5, 106 (I960)]. Group-theoretical analysis
of the possible transitions from a smectic phase A with
the limiting symmetry group /)„ has shown that the ap-
pearance of pseudointrinsic ferroelectricity is due to a
second-order Z>«,— C2 phase transition in the two-di-
mensional vector representation Eu whose antisymmet-
ric square contains the one-dimensional vector rep-
resentation Az {{E\}-AZ, i .e., the Lifshitz invariant

G. T. Zatsepin. Problems of Neutrino Astrophysics.
1. The sun. The experiments performed by R. Davis
to observe neutrinos from the sun on the basis of the
reaction Cl37 + ν - Ar37 + e~ (Q = - 0. 814 MeV) produced
negative results in a long series of exposures extending
over many years. This gave rise to numerous hypoth-
eses and speculations. The last three exposures intro-
duced another surprise: a high Ar37 yield, approaching
predictions based on the standard model of the sun.
Doubt was cast on the stability of the neutrino flux. So-
lution of the problems posed requires coordinated stud-
ies of the sun, and experiments to register the neutrino
flux from the basic reaction p + p~D+e*+v, which is
practically model-independent, are especially important
tant. This can be done with a detector based on gallium,
which has a low energy threshold: Ga71 +v — Ga71 + e"
(Q = - 0. 233 MeV). A method for detection of neutrinos
with the aid of gallium has recently been brought to the
operational level in the laboratories of the USSR Acad-
emy of Sciences and Moscow State University. Twenty
tons of gallium are required to conduct a full-scale ex-
periment. The use of lithium as a target is also of in-
terest. The yield on lithium is proportional to the den-
sity of the matter at the center of the sun and therefore
would yield new information.

2. Collapsing stars. At the Artemovsk salt mines,
the first large installation designed to detect pulses
from antineutrino streams emitted on collapse of stars
in our Galaxy is now near completion. A worldwide net-
work of such detectors is planned and will make it pos-
sible to determine the direction to the collapsing star.
Study of neutrino bursts will yield information on the dy-
namics of star collapse.

3. Evolution of galaxies. The space of the Universe
is opaque to all high-energy particles except neutrinos.
Therefore an American proposal calling for the crea-
tion of a gigantic detector at a depth of 5 km in the ocean
to register events caused by neutrinos (Project
DUMAKD) is highly promising. It has been shown by
Soviet physicists that this device will probably have suf-
ficient grasp to register neutrinos with energies of

exists). It has been shown that an existing cholesteric
phase cannot be a pseudointrinsic ferroelectric. The-
oretical estimates of the spontaneous polarization in a
liquid crystalline ferroelectric agree with known exper-
imental data.
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1015-1017 eV that date from the violent formation of gal-

axies.

Neutrino astrophysics is still in its infancy. In the
near future it will become a powerful new tool for un-
derstanding of the interiors of the stars and the evolu-
tion of the Universe.

B. M. Pontecorvo. The Problem of Oscillations in
Neutrino Beams. Neutrino οscillations l l i may occur if
there is a certain (very weak) interaction that disturbs
conservation of the leptonic charges, which distinguish
ve from ~ve, vu from ~vu,... or mixes unlike neutrinos
{ve, νβ, ) with one another. Neutrino oscillations are
analogous to K°zK° oscillations. Like K° and K°, ve<li

and ve<il are not described by stationary states, so that
it is necessary to introduce neutrinos vu vz with definite
masses (m l f m^) the superposition of whose fields de-
scribes veili and Z>e>|1. Experimental exploration for
neutrino oscillations is a powerful tool for the study of
possible violations of conservation laws, since it en-
ables us to measure the amplitudes of the processes
(rather than their squares). The neutrinos with defined
masses may be either Majorana particles'·2] or Dirac
particles. c 3 ]

The oscillation length L equals 4wp/\ ml-mz\ {m1 + mz),
where ρ is the momentum of the neutrino. In the case
of the maximum oscillation amplitude, the intensity IVe

of electronic neutrinos at a distance R from the source
ve is given by the expression

where l\ is the intensity of ve expected in the absence

of oscillations.

In principle, oscillations of the type ve— ι>μ can be ob-
served on accelerators by measuring the ratio r = IVe/lVli

of the intensities of the electronic and muonic neutrinos
at a given distance R between the neutrino detector and
the neutrino source as a function of the neutrino momen-
tum p. The ratio r is given by the expression
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- *~"»(α/Ρ)
r{J>'~ 1 +cos (α/ρ) '

where a = RI m1 - mz\ {m1 + m^) is a constant. Oscilla-
tions can be observed on the accelerator if

0.2 eV.

For solar neutrinos, the oscillations can be detected
by comparing the average intensity 7Ve with the inten-
sity /Je expected in the absence of oscillations. In the
simplest case, C 1~S ) in which there are two types of
neutrinos, /„ /l°v > 1/2, and when there are Ν types
of neutrinos/ 4 ·" we have TvJl°Ve^ l/JV or even"31VJ
/Je> 1/2/V. In principle, the oscillations can be de-
tected if M i 5-

Despite the "low" measured signal, the experiments

of Davis et αϊ.ίΊ1 do not yet justify the conclusion that

oscillations exist, since the expected intensity is not

known with any accuracy and the accuracy of the mea-

surements themselves is still inadequate. Registra-

tion of solar neutrinos would appear highly promising

for detection of Ga-Ge oscillations.
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Scientific session of the Division of General Physics and
Astronomy and the Division of Nuclear Physics, USSR
Academy of Sciences (23-24 June 1976)

Usp. Fiz. Nauk 120, 706-709 (December 1976)

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
June 23 and 24, 1976 at the Conference Hall of the P. N.
Lebedev Physics Institute. The following papers were
delivered:

1. M. M. Zaripov, I. B. Khaybullin, and E. I. Shtyr-

kov, Annealing of Ion-Implanted Layers Under the Ac-

tion of Laser Radiation.

2. I. A. Smirnov, Rare-Earth Semiconductors.

3. L. P. Pitaevskii, Superfluid He3.

4. E. P. Velikhov, Controlled Thermonuclear Fu-

sion. Present State and Prospects.

5. Yu.B. Khariton, V. N. Mokhov, V. K. Cherny-
shev, and V. B. Yakubov, Operation of Thermonuclear
Targets with Magnetic Pinching.

6. Β. Β. Kadomtsev, The Physics of Quasistationary

Thermonuclear Systems.

We publish below brief contents of two of the papers.

M. M. Zaripov, I. B. Khaybullin, and E. I. Shtyrkov.
Annealing of Ion-Implanted Layers Under the Action of
Laser Radiation. The basic shortcoming of ion implan-
tation of semiconductors is the formation of an enor-
mous number of radiation-induced defects during bom-
bardment, which may totally amorphize the irradiated
layer. As we know,[1>2] the ion-implanted layer (IIL)
is subjected to thermal annealing to eliminate the radia-
tion damage and to obtain electrical activation of the

implanted impurity, i. e., the specimen is heated and
held at the optimum temperature for the particular
semiconductor either during or after ion bombardment.
In either case, this operation has a whole series of un-
desirable consequences: deterioration of certain elec-
trophysical parameters of the original semiconductor,
uncontrollable diffusive redistribution of the implanted
impurity, contamination of the IIL by extrinsic impuri-
ties, etc. These deficiencies of thermal annealing in-
terfere with practical realization of a whole series of
interesting and even unique possibilities of ion implan-
tation and thereby hinder expansion of its use in semi-
conductor electronics.

Since 1973, a fundamentally new method of eliminat-
ing radiation-induced damage was proposed and tested
in the course of research done at the Kaztan' Physico-
technical Institute of the USSR Academy of Sciences
Kazan' Branch on the interaction of powerful coherent-
radiation pulses with IIL; we refer here to laser an-
nealing, t 3 · 4 3 which has a whole list of important advan-
tages over the traditional thermal-annealing process.
It is based on a photostimulated-recrystallization ef-
fect that we observed in disordered ion-implanted
layers. It was shown in the case of IIL produced by
bombarding Si, Ge, and GaAs with B*, C+, Ne*, P*, S+,
Ar+, Zn% In+, and Sb+ ions at doses of 6 · 1012-6 · 10le

ions · cm"2 and energies of 10-370 keV, using electrical,
optical, electron-diffraction, and electron-microscopic
measurements, that when a short (< 10"7 sec), powerful
(~10s-10e W/cm2) pulse of coherent radiation whose
wavelength lies in an absorption band of the irradiated
layer is directed at a disordered IIL, the disturbed crys-
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