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Abstract: The current status of the experiment on recording neutrino bursts is presented. The actual observa-
tional time (from June 30, 1980 until December 31, 2012) is 28.02 years. An upper bound of the mean frequency
of core collapse Supernovae in our Galaxy isfcol < 0.082year−1 at a 90 % confidence level.
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1 Introduction
A detailed measurement of the neutrino signal from a
galactic SN could yield an important information on the
SN explosion mechanism and the SN dynamics. Today
there are many facilities which are able to detect a neu-
trino bursts. Together they could provide the information
on the neutrino flux, energy spectrum with high statistics.
Furthermore, neutrino detection would be the only way
to obtain information of the inner layers of the star. Un-
til now, the only supernova source of neutrinos that has
been observed is the supernova SN1987A [1],[2], [3],[4].
Registered events generated by SN1987A neutrino con-
firmed predictions of the supernovae theory. The theoreti-
cal models for the neutrino emission parameters expected
during the gravitational core collapse of a massive star
and the cooling of a newborn neutron star forecast: neutri-
nos carry away about 99% of the gravitational binding en-
ergy released in the collapseεtot = 3× 1053 erg; this en-
ergy is roughly equipartitioned between the six neutrino
flavors; typical ranges for the average energies of the time-
integrated neutrino spectra〈Eνe〉 = 10-12 MeV,〈Eνe〉 = 11-
17 MeV, 〈Eνx〉 = 15-24 MeV and the duration of the neu-
trino burst does not exceed 20 sec ([5] and refs. therein),
[6].

The SN 1987A neutrino observations provided a confir-
mation of the overall picture of core-collapse and neutron-
star formation. The signal duration was about ten seconds,
which is within time scale predicted by the diffusive neu-
trino energy transport in a nuclear-density hot compact star.
The energies in the ten MeV range, representatives of the
temperature at the ”neutrino sphere,” roughly agreed with
expectations.

However a registration of additional event cluster in
the LSD experiment [2] gives rise to non-standard two-
stage scenario of stellar collapse. The scenario has been
proposed to incorporate both neutrino pulses from SN1987
in a self-consistent two-stage hydrodynamical model of
the gravitational collapse [7]. The mean neutrino energy
(during the first stage) in this model isEνe = 30−40 MeV
[8].

Another model of type II supernova explosion has been
proposed in 2007 [9]. This model has taken into account
large-scale convection caused by non-equilibrium neutron-
ization of matter in the central region of protoneutron star.

The large-scale convection provides high yield of high en-
ergy neutrinos from the central region of presupernova.
The average energy of neutrinos is 30-50 MeV which is
more than in the case of diffusion.

2 The Baksan Underground Scintillation
Telescope (BUST)

The Baksan Neutrino Observatory (BNO) located in the
Northern Caucasus consists of facilities at different depths,
dimensions and scopes. The underground facilities are
placed in the first excavation in the world specifically built
for scientific purposes. The experimental activities of BNO
started in the 70s.

One of the current task of the Baksan Underground Scin-
tillation Telescope (BUST) is the search for neutrino burst
from gravitational collapse of stars. BUST has been search-
ing for neutrino burst from supernova explosions since
June 30, 1980. BUST is placed at the effective depth of
850 m of w.e. The facility has dimensions of 17× 17×
11 m3 and consists of four horizontal and four vertical
planes. Planes are covered with standard autonomic mod-
ules (detectors). Each module (70×70×30 cm3 in size) is
filled with organic liquid scintillator on the basis of white
spirit (CnH2n+2, n ≃ 9), viewed by one photomultiplier
with a photocathode of 15 cm in diameter. The scintillator
was developed at the Institute for Nuclear Research [10]
and it remains one of the best in the world. The long-time
stability of the scintillator has been checked in practice -
BUST has been operated since 1977. The total number of
modules is 3180. The mass of the scintillator of the facil-
ity is 330 tons. Three lower horizontal planes (the internal
planes) have 1200 standard detectors and 130 tons of scin-
tillator.

The information from each detector is transferred
through three channels concurrently:

- an anodic channel (which serves to generate triggers
and measure signal amplitudes of up to 2.5 GeV),

- a pulse channel with an energy threshold of 8 MeV
(the most probable muon energy release in the module is
50 MeV),

- a logarithmic channel with an energy threshold of
500 MeV.

Dead time of BUST is≃ 1 ms. The timing accuracy is
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Figure 1: General view of the Baksan underground scintil-
lation telescope

0.2 ms. Synchronization of the clock is performed by GPS
signal approximately 20 times per calendar day.

3 The method of neutrino burst detection in
the Baksan experiment

4 The method of neutrino burst detection in
the Baksan experiment

Since the cross-section for inverseβ decay reaction on
protons

νe + p → n+ e+ (1)

exceeds the cross-sections for other neutrino flavors and
targets, the neutrino signal from a supernova explosion is
recorded withνe events.

If the mean antineutrino energy is 11 -17 MeV [5],[6]
the range of positrons (produced in reaction (1)) will be
as a rule, in the volume of one detector only. In such a
case the signal from a supernova explosion will appear as a
series of events from singly triggered detectors. The search
for the signal from the neutrino burst involves selecting
a cluster of single events duringτ = 20 s (according to
the standard collapse models the burst duration does not
exceed 20 s). To evaluate the expected number of events at
BUST from neutrino burst, we assume that 1) the distance
from the star is 10 kpc (approximately the distance to the
Galactic center, but in an arbitrary direction), 2) the total
energy radiated in neutrinos isεtot = 3×1053 erg and the
energy of theνi(ν i) ( i = e,µ ,τ) flux is equal toεtot/6, and
3) we leave out a possible influence of oscillations.

The expected number of single events from reaction (1)
will be NH

ev ≃ 38× η1, where η1 denotes the detection
efficiency of e+ and the symbol ”H” indicates that the
hydrogen is the target;η1 ≈ 0.7 if the electron energyEe =
10 MeV andη1 = 0.9 if Ee = 20 MeV.

The models [8, 9] called for further investigations of
response at BUST. According to [8],[9] the mean neutrino
energy isEν = 30−50 MeV, therefore the reactions on the
carbon of the scintillator begin to work:

νi +
12C →12 C∗+νi, Eth = 15.1 MeV,

i = e,µ ,τ ,

12C∗ →12 C+ γ , Eγ = 15.1 MeV

(2)

and

νe +
12C →12 N + e−, Eth = 17.34 MeV,

12N →12 C+ e++νe, τN = 15.9 ms,
(3)

τN is the lifetime of the nucleus12N.
Reaction (2) allows us to measure the total neutrino flux

with the energyEν > 15.1 MeV.
In reaction (3) BUST can detect both an electron with

energyEe = Eν − 17 MeV and a positron if the energy
release from each particle is> 8 MeV. In such a case,
the reaction (3) has the distinctive signature of two signals
separated by 0−50 ms time interval (dead time of BUST
is ≃ 1 ms).

In the case of very high energy neutrinos we consider
also the neutrino interaction with the iron of the facility.
The lower part of the overlap between horizontal scintilla-
tor planes is the 8 mm iron layer. This can be used as the
target in the reaction

νe +
56Fe →56 Co∗+ e−, Eth = 4.056MeV, (4)

(cobalt emerges in excited state).
To summarize, if the average neutrino energies are 30−

40 MeV, the number of events induced by neutrino at
BUST is increased by≈ 50%.

The cluster of events at BUST would be considered to
be a serious candidate for collapse detection if nine or
more single events were observed within 20 s sliding time
interval in the internal planes of the facility (130 ton of
scintillator). To search for such rare events requires careful
consideration of noises.

5 Background events
The background for this task is due to a number of reasons.

1. One of them is cosmic ray muons when a single
muon is only registered by one detector due to spatial gaps
between modules of the telescope, and also in the case of
one muon energy release< 8 MeV.

2. Some part of the background events can be connected
with inelastic muon interactions which can produce unsta-
ble nuclei whose disintegration brings into operation only
one detector. One this is12B.

12B can appear as the resultπ− interacting with carbon
of the scintillator (π−are produced in inelastic muon inter-
actions)

12C+π− →12 B+πo (5)

and then disintegrate in reactions

12B →12 C+ e−+νe (6)

We obtain the estimation for the fraction of detector’s
operation related to12B decayf r(12B) = 0.013 [12].

3. Since our experiment is based on the detection of a
single electron, any radioactive decay with similar energy
deposition can mimic a neutrino events.

4. The ghost signals from detectors add to the noise.
The total count rate from single events in the Baksan ex-

periment isfi = 0.02s−1 in internal planes (1200 detectors)
and fe = 1s−1 in external ones (1980 detectors). Therefore
three lower horizontal planes are used as a target (i.e. the
fired detector is located in one of three internal planes).

We suppose that background events are fitted by Pois-
sons’ law. The treatment of experimental data over a pe-
riod of 2001 - 2012 y (the period with equal conditions for
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Figure 2: The number of bunches withk single events
within time interval ofτ = 20 s. Squares are experimental
data, the curve is the expected number according to the
Poissons’ law, actual time is 10.1 years

recording of the events) shows (Fig.2) that the single event
distribution is in good agreement with Poissons’ law.

At present we are also studying events with two neigh-
boring triggered detectors of BUST. The count rate of such
events in internal planes is≈ 4·10−3s−1.

6 Conclusions
The Baksan experiment searching for neutrino bursts is in
progress since the mid-1980s [11], [12]. The total live time
for the period of 30.06.1980 to 31.12.2012 is T = 28.02
years. No burst candidates have been detected during this
period. Let fcol be the mean frequency of collapses, then
the probability of absence collapse during the time interval
T is (according to the Poisson law) exp(− fcolT ). An upper
bound on the mean frequency of gravitational collapses in
the Galaxy at 90% CL can be obtained with the help of the
expression exp(− fcolT ) = 0.1.

year actual time (y) frequency/year
2009 24.7 0.093
2011 26.2 0.088
2013 28.0 0.082

Table 1: An upper bound on the mean frequency of col-
lapses per year in our Galaxy from experimental results of
the Baksan Underground Scintillation Telescope
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