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The Homestake Cherenkov Detector (HCD) operated
up to 1982. At present it is in the stage of having its Cheren-
kov modules being replaced by scintillation modules
(0.3 X0.3 X 8 m3). According to plan the reconstructed de-
tector (HSD) should begin operation in 1985. Of the other
detectors one should mention JACK—a Cherenkov counter
of cylindrical shape, the height and diameter of the cylinder
is 40 m, 40% of the surface is occupied by photocathodes of
11 000 PEM. This is the only detector capable of recording
radiation during the phase of stellar neutronization utilizing
the reaction

ve + e- -»- ve + e-. (3)

This detector, and also the Homestake track spectrometer
(HT) and the LVD can record a collapse not only in our
Galaxy, but also in the Magellanic Clouds.

In the case of recording the fact of a collapse it is impor-
tant to measure the amplitude and the time distribution of v
in the flare, which would yield information on the dynamics
of the collapse of the nuclear core of a star. Here detectors
with a minimal threshold and a maximal ??e+ have the advan-
tage. Cherenkov detectors can indicate the direction to the
collapsing star.19 The program for searching for stellar col-
lapses must include several detectors operating simulta-
neously. Two detectors already give a reliable recording of a
collapse even at the level of background simulations at the
rate of 100 per annum. Practically the entire Galaxy is being
covered by the detectors at present in operation. The "ac-
tive" time of operation of a single detector can hardly be
made greater than 80% of the total time. Table III shows the

fraction of time during which not less than two detectors out
of a total of K are in operation, f (>2, K) for /„ = 80%. It
can be seen from Table III that for an effective search for
collapses in the Galaxy not less than three independent de-
tectors are required. During the time that the above installa-
tions have been in operation of more than 3.5 years the fre-
quency of simulations corresponds to the calculated one, i.e.,
no collapses have been recorded.
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V. S. Berezinskii. High energy neutrino astrophysics.
Cosmic neutrinos with Ev £ 3-100 GeV are produced in
sources as a result of the interaction of accelerated protons
and nuclei with a gas or with low energy photons: as result of
this interaction charged IT and K mesons are produced, in
the decay chains of which neutrinos are formed. The idea of
the existence of high energy cosmic neutrinos and of the pos-
sibility of recording them was proposed for the first time by
M. A. Markov in 1959,' and the principal sources and the
contemporary possibilities of high energy neutrino astro-
physics were discussed for the first time in the review article
of Ref. 2.

Neutrino astrophysics can be naturally subdivided into
the fields of high and superhigh energies. The latter is char-
acterized by neutrino energies of Ev S 107 GeV. The genera-
tion of these neutrinos is dominated by the py —>• ir+X. pro-
cesses, in the recording of these neutrinos the resonance
production of a W~ boson (ve + e~—»• W~—>hadrons) and
the use of acoustic or radio methods of registration3 enable

one to hope for the future use of gigantic detecting volumes
of a natural substance (water, ice). The present paper dis-
cusses high energy neutrino astrophysics (Ev £ 30-100
GeV). The production of neutrinos at these energies is domi-
nated by the pp—>ir± X processes, and the recording is
dominated by v M N — » ^ ± X scattering. At an energy of
EH £ 30-100 GeV the muon preserves practically the direc-
tion of the neutrino giving rise to it, as a result of which an
underground (underwater) muon detector is a neutrino
telescope. Muons with an energy of £M £ 100 GeV have a
range in soil exceeding 0.5- 10s g/cm2, in the case of detectors
of relatively small volume muons are produced primarily
outside the detector and the determining parameter for the
possibility of recording a neutrino flux turns out to be the
detector area.

At present several underground detectors of high ener-
gy neutrinos are in operation with an area ofS~ 100 m2. The
most effective of these is the Baksan neutrino telescope of the
Institute of Nuclear Research of the Academy of Sciences of
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the USSR 4, of dimensions 16 X 16 X 11 m3. The LSD detec-
tor (Institute of Nuclear Research of the Academy of Sci-
ences of the USSR, the Institute of Cosmic Geophysics,
Turin) under the Mont Blanc of dimensions 8 X 7 X 5 m3 has
good possibilities for detecting high energy neutrinos. The
recording of high energy cosmic neutrinos is also one of
the tasks of proton decay detectors: IMB-USA (dimen-
sions 22.8 X 16.9 X 17.8m3); KEK-Japan (cylinder of diam-
eter 15.6 m and height 16 m); "Frejus"-France, FRG
(18X6.2X6.2 m3); NUSEKS-Italy (3.5x3.5x3.5 m3).
Work is in progress on constructing a specialized deep un-
derwater neutrino telescope in the Baikal of area S~ 105 m2.5

The project of the deep underwater installation DUMAND
in the USA proposes an even greater detector area.

The horizon of the presently existing underground de-
tectors of area S~ 100 m2 is limited by the bounds of our
Galaxy. In undertaking recording with a detector with
S~ 100 m2 even for galactic sources the luminosity in the
form of accelerated particles must amount to 1041-1043 erg/s
with the index of the total production spectrum y = 1.1-1.3.
Sources with such high luminosity must be short lived (for
example, r~ 10 years for a pulsar with L~ 1043 erg/s). An
example of such a neutrino source is the dense outer shells of
supernovae during the period from 2 weeks to 5 months after
a flareup.6 Protons can be accelerated both by the Fermi
mechanism directly in the outer shell, and in the magneto-
sphere of a young pulsar. Flareups of supernovae in the Gal-
axy are expected to occur with the frequency of 10 ~' to 10 ~2

a"1. Another model is a close binary system with a young
pulsar as the compact companion.7

An interesting class of objects are the so-called "hid-
den" neutrino sources. They are characterized by a relative-
ly low flux of radiation (from pp—<-7r°X, ir°—*2y reac-
tions ). An example of such a source is the binary system of
an active pulsar and the core of a giant star, both situated
within a common outer shell,8 the gamma radiation is ab-
sorbed in the outer shell and according to all the observa-
tional parameters the star does not differ in any respect from
a usual giant star with the exception of the fact that it emits a
flux of high energy neutrinos.

At the present time the greatest interest is evoked by the
model of a hidden source which represents an unusual "neu-
trino pulsar"8 (cf., Fig. 1): a beam of protons accelerated in
the magnetosphere of a young pulsar gives rise to neutrinos

(bymeansofthepp—••Tr* X,ir± —*-fiv,/u —>-evvreaction)
in the atmosphere of the massive component on the "oppo-
site" (with respect to the observer) side of the star. The
observed y radiation is generated when the atmosphere
crosses the line of sight with a thickness of x~ 10-100 g/
cm2: at lesser thicknesses the production of pions by the
beam is not effective, and at greater thicknesses the y radi-
ation is absorbed. As a result, the y flux is reduced compared
with the neutrino flux by a factor TY/TV , where rr and TV are
the duration of the gamma and the neutrino pulses TV ~ 2R /
v and TY ~H /v, where R is the radius of the normal compo-
nent, v is the velocity of orbital motion, H is the height of the
homogeneous atmosphere of the star).

The model described above was used in Ref. 9 to explain
the high energy radiation from Cygnus X-3.10

We present the results of our calculations of the flux of
neutrinos of energy higher than E from Cygnus X-3 on the
assumption that the pulsar emits accelerated protons in the
form of a beam of solid angle O and with the energy spec-
trum AE~(Y+ u

.. !_ V — 1 1 /„ , ,„_ v. 4n R , p-v.

(1)

here jv + P is the flux of muon neutrinos and antineutrinos
averaged over the observed period of the source T= 4.8 h,
r = 10 kpc is the distance to Cygnus X-3, y is the index of the
total proton spectrum, as0.5 is the fraction of the energy
retained by a proton in a pp collision, <pv and <p^ are the
dimensionless neutrino yields1 \ R is the radius of the star, A
is the distance between the star and the pulsar, Lf is the
luminosity of the pulsar in accelerated particles expressed in
GeV/s and E is the neutrino energy in GeV; the coefficient
R /-irA in (1) is related to the duration of the neutrino pulse
TV = (R /ITA) T. The flux of gamma radiation of energy
above E is expressed by a similar formula

7v (2)

=0.95 (<pv + ?„ ).
For E% 103 GeV the observed gamma flux amounts to

jY ( > 1 TeV~3-10~" cm~2 s~' and y^ 1.0 for energies up
to Er ~ 103 TeV. The number of muons with energy above 1
TeV, crossing per year an underground detector with
Szz 100 m2 is equal to
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Agreement with the gamma flux given by (2) in this case
requires a small value ofrr/T.

Recently preliminary data have been obtained on re-
cording the muon flux in the direction of Cygnus X-3 by the
detectors NUSEKS and 1MB. It is not clear whether they
can be interpreted with the aid of a neutrino flux from this
source.
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