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Abstract: The results of 30 years of neutrino sky coverage at the Baksan Underground Scintillation Telescope are
presented. The investigation of afterpulses related to inelastic muon interactions has been performed. The upper bound
on collapse frequency in our Galaxy was found 0.088 y−1 (90% CL).
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1 Introduction

Neutrino burst from the core collapse of a massive star in
our Galaxy would be detected by existing detectors. To-
gether they will provide detailed information on the neutri-
no flux, energy and the dynamics of the collapse. Further-
more, neutrino detection would be the only way, apart from
gravitational waves, to obtain information of the inner lay-
ers of the star. Until now, the only supernova source of neu-
trinos that has been observed is the supernova SN1987A
[1, 2, 3, 4]. Registered events generated by SN1987A neu-
trino confirmed predictions of the supernovae theory.

2 Theoretical models

The theoretical models for the neutrinoradiation parameters
expected during the gravitational core collapse of a massive
star and the cooling newborn neutron star forecast: neu-
trinos carry away about 99% of the gravitational binding
energy released in the collapse εtot = 3 × 1053 erg; this
energy 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
neutrino burst does not exceed 20 sec ([5] and refs. there-
in), [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 neutri-
no 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 significant event cluster in the
LSD experiment [2] gives rise to non-standard two-stage s-
cenario 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 gravita-
tional collapse [7]. The mean neutrino energy (during the
first stage) in this model is Eνe

= 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 s-
tar. The large-scale convection provides high yield of high
energy 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.
The Baksan underground scintillation telescope has been
searching for neutrino burst from supernova explosions s-
ince June 30, 1980.

3 The Baksan Underground Scintillation
Telescope (BUST)

3.1 The Baksan Neutrino Observatory

The Baksan Neutrino Observatory located in the Northern
Caucasus consists of facilities at different depths, dimen-
sions and scopes. The underground facilities are placed in
the first excavation in the world specifically built for sci-
entific purposes. The experimental activities started in the
70s.
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3.2 BUST

BUST is placed at the effective depth of 850 m of w.e.
[10]. The facility has dimensions of 17 × 17 × 11 m3

and consists of four horizontal and four vertical planes.
Planes are covered with standard autonomic modules (de-
tectors). 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 [11] and it
remains one of the best in the world. The long term 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 facility is 330 ton-
s. Three lower horizontal planes (the internal planes) have
1200 standard detectors and 130 tons of scintillator.
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.
The last essential change of the condition of event’s selec-
tion at the facility, amidst other various changes performed
since 1977, was in 2001 year; since March, 2001 all events
have been written down without exception.
Dead time of BUST is � 1 ms. The timing accuracy is
0.2 ms. Synchronization of the clock is performed by GPS
signal approximately 20 times per calendar day.

4 The method of neutrino burst detection in
the Baksan experiment

Since the cross-section for inverse β decay reaction on pro-
tons

νe + p→ n+ e+ (1)

exceeds the cross-sections for other neutrino flavors and
targets, the neutrino signal from a supernova explosion is
recorded with νe 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. Singly triggered
detector means that the one pulse channel at the facility has
been operated (below as ”1 from 3180”). The search for the
signal from the neutrino burst involves selecting a cluster
of single events during τ = 20 s (according to the standard
collapse models the burst duration does not exceed 20 s).
Calculation of the detection efficiency for e− (e+) η1 shows
that the efficiency depends on the electron energy. η1 = 0.7

if the electron energy Ee = 10 MeV and η1 = 0.9 if Ee =
20 MeV [12].
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 is εtot = 3 × 1053 erg and 3) we leave out a
possible influence of oscillations.
If the energy of the νi(νi) ( i = e, μ, τ ) flux is equal to

1/6× εtot (2)

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

ev � 38× η1, where η1 denotes the detection efficien-
cy of e+ and the symbol ”H” indicates that the hydrogen is
the target.
The models [8, 9] called for further investigations of re-
sponse at BUST. According to [8, 9] the mean neutrino en-
ergy is Eν = 30 − 50 MeV, therefore the reactions on the
carbon of the scintillator begin to work:

νi +
12 C →12 C∗ + νi, Eth = 15.1 MeV,

i = e, μ, τ,

12C∗ →12 C + γ, Eγ = 15.1 MeV

(3)

and

νe +
12 C →12 N + e−, Eth = 17.34MeV,

12N →12 C + e+ + νe, τN = 15.9ms,
(4)

τN is the lifetime of the nucleus 12N .
Reaction (3) allows us to measure the total neutrino flux
with the energy Eν > 15.1 MeV.
If the energy Eν = 30 MeV, the expected number of events
for reactions (3) and (4) can be estimated (under condition
(2)) by formulae

NC
ev2 = 16× η2, (Eγ = 15 MeV ), (5)

NC
ev3 = 30× η3, (Eν = 30 MeV ), (6)

The radiation length for our scintillator is 47 g/cm2, there-
fore η2 ≈ 0.2. In reaction (4) the sum of energies Ee++Eν

is 17.3 MeV, therefore η3 ≈ 0.5− 0.7.
In reaction (4) BUST can detect both an electron with ener-
gy Ee = Eν − 17 MeV and a positron if the energy release
from each particle is > 8 MeV. In such a case, the reaction
(4) has the distinctive signature of two signals separated by
5− 45 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 scintillator
planes is the 8 mm iron layer. This can be used as the target
in the reaction

νe +
56 Fe→56 Co∗ + e−, Eth = 4.056MeV, (7)

Vol. 4, 154



32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

(cobalt emerges in excited state).
Under condition ( 2 ) the expected number of events from
reaction (7) (neutrinos arrive from above) is

NFe
ev = 6.3× ηFe(26MeV ), (8)

ηFe(26MeV ) ≈ 0.4 is the detection efficiency of e− with
the energy 26 MeV produced into the 8 mm iron layer.
It should be noticed, if Eνe = 30 − 40 MeV a noticeable
percentage of neutrino reactions (7) will cause triggering
of two detectors.
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 sin-
gle 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 considera-
tion 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 (”1 from 3180”) due to
spatial gaps between modules of the telescope, and also in
the case of one muon energy release < 8 MeV.
2. Other sources of the background come from radioactive
isotopes induced by cosmic ray muons (see subsection ”In-
elastic muon interaction with the matter of the detector”).
3. Since our experiment is based on the detection of a sin-
gle recoil electron, any radioactive decay with similar en-
ergy 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 exper-
iment is fi = 0.02s−1 in internal planes (1200 detectors)
and fe = 1s−1 in external ones (1980 detectors). There-
fore 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 Poissons’
law. So the background events imitate the expected signal
(k single events in the internal planes within sliding time
interval τ ) with a count rate

p(k) = fi × exp(−fiτ)
(fiτ)

k−1

(k − 1)!
(9)

The treatment of experimental data over a period of 2001
- 2010 y (the period with equal conditions for recording
of the events) shows that the single event distribution is in
good agreement with Poissons’ law.
At present we are also studying events with two triggered
detectors of BUST. The count rate of such events in internal
planes is ≈ 4 · 10−3s−1.

5.1 Inelastic muon interaction with the matter of
the detector

Some part of the background events can be connected with
inelastic muon interactions which can produce unstable nu-
clei whose disintegration brings into operation only one de-
tector. To separate such events, afterpulses following large
energy deposition (≥ 500 MeV) in the detector were stud-
ied.
The events ”1 from 3180” are afterpulses for this case. The
events with energy deposition of (≥ 500 MeV) are cascades
with a lot of detectors (the number of the pulse channels up
to 3000); at least one logarithmic channel has been operat-
ed (the number of them up to a few tens).
The events are analyzed, which have had on the internal
planes of the facility one or more detectors with energy re-
lease of E ≥ 500 MeV (event of type ”a”), and then a single
events were selected among these detectors (i.e. afterpuls-
es) within interval Δt (event of type ”b”).
The distribution of events of type ”b” in Δt is well de-
scribed by exponent A ∗ exp((−Δt)/τ) with τ = 21.8 ±
2.16 ms. This value of τ is in good agreement with lifetime
of the nucleus 12B: τ(12B) = 20.4 ms.
12B can appear as the result π− interacting with carbon of
the scintillator (π−are produced in inelastic muon interac-
tions)

12C + π− →12 B + πo (10)

and then disintegrate in reactions

12B →12 C + e− + νe (11)

The peak of energy deposition spectrum of type ”b” events
with Δt ≤ 1s corresponds to energy deposition E = 13.3
MeV which is in close agreement with typical energy of an
electron in process (10) (Ee = 13.37 MeV). Events with
larger energy depositions are interpreted as the path of a
single muon when only one detector is hit in BUST (natu-
rally, such muons give some contribution at smaller values
of energy deposition).
The energy deposition spectrum of ”b” events with Δt ≤
0.1 s (i.e. the contribution of muons has been reduced by
10 times) has the peak at the same energy. This apparently
indicates that the peak results from 12B decay.
Assuming that Na−b is � 10% of the total number of reac-
tions (10,11) we obtain the estimation for the fraction of de-
tector’s operation related to 12B decay fr(12B) = 0.013.

6 Conclusions

Investigations of BUST response to neutrinos of 30 - 40
MeV have been performed. The number of events induced
by neutrino in BUST has been found to be increased by
≈ 50%.
Afterpulses related to inelastic muon interactions have been
studied. Discrimination of such afterpulses does not lead to
noticeable reduction of the background.
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The Baksan experiment searching for neutrino bursts is in
progress since the mid-1980s [12], [13]. The total live
time for the period of 30.06.1980 to 31.12.2010 is T = 26.2
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 up-
per 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, therefore

fcol < 0.088y−1 (90% CL). (12)
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