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Abstract  The current status of the experiment on recording neutrino bursts is presented.  As 

the target, we use two parts of the facility with the total mass of 240 tons. Over the period of June 

30, 1980 to June, 30, 2017, the actual observational time is 31.72 years. No candidate for the 

stellar core collapse has been detected during the observation period. An upper bound of the mean 

frequency of core collapse supernovae in our Galaxy is 0.073 year-1 (90% CL). 
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1. Introduction 

The detection of neutrinos from the supernova SN1987A experimentally proved the 

critical role of neutrinos in the explosion of massive stars,  as it was suggested more than 50 

years ago [1-3]. 

Neutrinos are especially important, because they reveal the physical conditions in the star 

core at the instant of collapse. The SN1987A event helped to establish some aspects of the 

theory, namely the total energy radiated, the neutrinos temperatures and the duration of the 

neutrino burst [4, 5]. 

SN 1987A was the closest supernova (SN) for hundreds of years and thus was observed 

with unprecedented detailedness from the earliest moments of radiation emission. This event 

has demonstrated that SN explosions are genericly non-spherical. It implies that 

three-dimensional simulations are needed to understand the nature of the phenomenon of 

stellar core collapse and explosion, and, in particular, of the physical mechanism that initiates 

the SN blast. 

Large long-term neutrino detectors are the most suited ones to observe the Galaxy and 

search for core collapse supernovae explosions. Several neutrino detectors have been 

observing the Galaxy in the last decades to search for stellar collapses, namely Baksan [6,7], 

Super-Kamiokande [8], MACRO [9], LVD [10], AMANDA [11], SNO [12]. At present, the 

new generation detectors, which are capable effectively to record the neutrino burst from the 

next SN, are added to the facilities listed above: IceCube[13], Borexino [14,15], KamLAND 

A search for neutrino bursts in the Galaxy at the Baksan 

Underground Scintillation Telescope; 37 years of exposure

R.V. Novoseltseva1, M.M. Boliev1, I.M. Dzaparova1,2, M.M. Kochkarov1, 

A.N. Kurenya1, Yu.F. Novoseltsev1,*, V. B. Petkov1,2, P.S. Striganov1, 

V. I. Volchenko1, G.V. Volchenko1, A.F. Yanin1

1 Institute for Nuclear Research of the Russian Academy of Sciences,  

60th October Anniversary Prospect, 7a, 117312 Moscow, Russia, novoseltsev@inr.ru 

2 Institute of Astronomy of the Russian Academy of Sciences,  

48 Pyatnitskaya St., 119017, Moscow, Russia



143

2 
 

[16] and some others. 

The Baksan Underground Scintillation Telescope (BUST) is the multipurpose detector 

intended for wide range of investigations in cosmic rays and particle physics. The 

experiments were begun in 1978. One of the current tasks is the search for neutrino bursts. 

The BUST operates under this program since the mid-1980. The paper is built as follows. 

Section 2 is the brief description of the facility. Section 3 is devoted to the method of 

neutrino burst detection. Conclusion is presented in Section 4.  

2. The facility 

The Baksan Underground Scintillation Telescope is located in the Northern Caucasus 

(Russia) in the underground laboratory at the effective depth of 8.5104 gcm-2 (850 m of 

w.e.) [17].The facility has dimensions 171711 m3 and consists of four horizontal 

scintillation planes and four vertical ones (Fig. 1). 

Fig1. The Baksan underground scintillation telescope 

The upper horizontal plane consists of 576 (2424) liquid scintillator counters of the 

standard type, three lower planes have 400 (2020) counters each. The vertical planes have 

1524 and 1522 counters. Each counter is 0.70.70.3 m3 in size, filled with an organic 

CnH2n+2 (n≈ 9) scintillator, and viewed by one photomultiplier with a photocathode diameter 

of 15 cm. The distance between neighboring horizontal scintillation layers is 3.6 m. The 

angular resolution of the facility is 2o, time resolution is 5 ns. 

The information from each counter is transmitted over three channels: an anode channel 

(which serves for amplitude measurements up to 2.5 GeV), a pulse channel with operation 

threshold 8 MeV and 10 MeV for the horizontal and vertical planes respectively (the most 

probable energy deposition of a muon in a counter is 50 MeV ≡ 1relativistic particle) and a 

logarithmic channel with a threshold 0.5 GeV. The signal from the fifth dynode of PM tube 

FEU-49 goes to a logarithmic channel where it is converted into a pulse whose length t is 

proportional to the logarithm of the amplitude of the signal [18]. 

The trigger is an operation of any counter pulse channel of the BUST. 

The facility operates almost continuously under the program of search for neutrino bursts 
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since the mid-1980. The total time of Galactic observation accounts for 90% of the calendar 

time. 
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3. The method of neutrino burst detection 

The BUST consists of 3184 standard autonomous counters.  The total scintillator mass is 

330 t, and the mass enclosed in three lower horizontal layers (1200 standard counters) is 130 

tons. The majority of the events recorded with the Baksan telescope from a supernova 

explosion will be produced in inverse beta decay (IBD) reactions 

� �	                                  (1) 

If the mean antineutrino energy is ஝ത౛ [19, 20], the pass of e+ (produced 

in reaction (1)) will be included, as a rule, in the volume of one counter. In such case the 

signal from a supernova explosion will appear as a series of events from singly triggered 

counters (the only counter from 3184 operates; below we call such event "the single event") 

during the neutrino burst. The search for a neutrino burst consists in recording of single 

events cluster within time interval of = 20 s (according to the modern collapse models the 

burst duration δt does not exceed 20 s). 

The expected number of neutrino interactions detected during an interval of duration δt 

from the beginning of the collapse can be expressed as:  

�௩ு ு ��� ��  ,                  (2) 

here NH is the number of free protons, F(E,t) is the flux of electron antineutrinos, (E) - 

the IBD cross section, and (E) - the detection efficiency. The symbol "H" in left side 

indicates that the hydrogen of scintillator is the target. 

If one assumes the distance from the SN is 10 kpc, the total energy irradiated in neutrinos 

is  

�௢� ��                                  (3) 

and the target mass is 130 tns (three lower horizontal layers) the expected number of 

single events from reaction (1) (we assume the ୣ flux is equal to 1/6εtot)  will be 

�௩ு                                         (4) 

Flavor oscillations are unavoidable of course. However, it was recognized in recent years 

that the expected neutrino signal depends strongly on the oscillation scenario (see e.g. 

[21-24]. In the absence of a quantitatively reliable prediction of the flavor-dependent fluxes 

and spectra it is difficult to estimate the oscillation impact on ୣ�  and ୣ  fluxes arriving 

to the Earth. Therefore we do not discuss the effects of flavor oscillations in this paper. 

Background events are radioactivity (mainly from cosmogeneous isotopes) and cosmic ray 

muons if only one counter from 3184 hit. The total count rate from background events 

(averaged over the period of 2001 - 2017 years) is f1 = 0.0207 s-1 in internal planes (three 

lower horizontal layers) and ≈1.5 s-1 in external ones. Therefore three lower horizontal layers 

are used as a target; below we call this the D1 detector (the estimation (4) has been made for 

the D1 detector). 

Background events can imitate the expected signal (k single events within sliding time 
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The treatment of experimental data (single events over a period 2001 - 2017 years; Tactual 

= 14.12 years) is shown by squares in Fig.2 in comparison with the expected distribution 

according to the expression (5) calculated at f1 = 0.0207 s-1. Note there is no normalization 

in Fig.2. 

 
Fig2. The number of clusters with k single events within time interval of  = 20 s. Squares are experimental data, the 

curve is the expected number according to the expression (5). 

Background events create clusters with k = 8 with the rate 0.178 y-1. The expected number 

of such clusters during the time interval T = 14.12 ys is 2.51 that we observe (2 events). The 

formation rate of clusters with k = 9 background events is 9.2×10-3 y-1, therefore the cluster 

with multiplicity k≥ kth=9 should be considered as a neutrino burst detection. 

3.1. Two independent detectors 

As it follows from the estimation (4) the "sensitivity radius" of the D1 detector is Rs  20 

kpc. To increase the sensitivity radius, we use those parts of external scintillator layers that 

have relatively low count rate of background events. The total number of counters in these 

parts is 1012, the scintillator mass is 110 tons. We call this array the D2 detector, it has the 

count rate of single events f2 = 0.12 s-1. The count rates of single events in the D1 and the 

D2 detectors and the operating stability have been shown in Fig.3. 

The joint use of D1 and D2 detectors allows us to decrease the threshold multiplicity in the 

D1 cluster (kth =9) and, consequently, to increase Rs.  

We use the following algorithm: in case of cluster detection with k1≥ 6 in the D1, we 

check the number of single events k2 in the 10-second time frame in the D2 detector. The 

start of the frame coincides with the start of the cluster in the D1. Mass ratio of D2 and D1 

detectors 1012/1200 = 0.843 implies that for the mean value of neutrino events k1 = 6 in the 

D1, the mean number of neutrino events in the D2 will be  = 6× 0.843 ×0.8 = 4.05 (factor 

0.8 takes into account that the frame duration in the D2 is 10 seconds instead of 20 seconds 

in the D1). Since the background adds f2×10 s = 1.2 events, we obtain finally =6)= 

4.05+1.2 = 5.25. 
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Fig3. 

The D1 and the D2 detectors are independent ones therefore the imitation probability P1 

of clusters with multiplicities k1 in the D1 and P2 for k2 in the D2 by background events is 

the product of appropriate probabilities 

P(k1,k2) = P1(k1) × P2(k2)                                 (6) 
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Fig3. 

and we obtain P(6,5) = 0.23 y-1, P(6,6) = 0.045 y-1 (note P1 is determined according to the 

expression (5) and P2 is the Poisson distribution). 

Therefore the events with k1≥ 6, k2≥ 6 should be considered as candidates for a neutrino 

burst detection (since mean values of k1 and k2 are significantly exceeded in two 

independent detectors simultaneously and the imitation probability of such events by 

background is very small). Thus we decrease the threshold value of k1 from 9 to 6 and 

increase the sensitivity radius up to Rs ≈ 23 kpc. 

3.2. Reactions on Carbon nuclei 

There are models which predict the mean neutrino energy from SN is ஝= 30 - 40 MeV 

[25, 26]. In such case the reactions on Carbon nuclei of the scintillator become effective and 

neutrinos can be detected in the BUST through interactions: 

νi +
12C → 12C* + νi,     Eth=15.1 MeV   ,    i=e,μ,τ,                 (7) 

C*→ 12C  + γ,          Eγ=15.1 MeV 

and 

νe +
12C → 12N + e-,      Eth=17.34 MeV 

12N → 12C + e+ + νe,     (12N) =15.9 ms                      (8) 

 is a lifetime of the nucleus 12N. 

If the mean energy ஝ = 30 MeV the expected number of events in both detectors (the D1 

and the D2) for reactions (7) and (8) can be estimated (under conditions (3)) by formulae 

�௩�஼ � ఊ                            (9) 
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�௩�஼ � ఔ                       (10) 

The radiation length for our scintillator is 47 g/cm2, therefore 2 ≈ 0.2. In reaction (6) the 

BUST can detect both e- with energy (Eν - 17) MeV and e+ if the energy deposition from 

these particles is greater than 8 MeV. In the latter case, the reaction (8) will have the 

distinctive signature: two signals separated with (1 – 50) ms time interval (dead time of the 

BUST is ≈ 1 ms). In reaction (8) the sum of energies (Ee+ + Eν) is 17.3 MeV therefore 3 

≈0.5 - 0.7. 

It should be noticed, if  ஝ = 30 - 40 MeV a noticeable percentage of neutrino reactions 

will cause triggering two adjacent counters. 

4. Conclusion 

The Baksan Underground Scintillation Telescope operates under the program of search for 

neutrino bursts since June 30, 1980. As the target, we use two parts of the BUST (the D1 and 

D2 detectors) with the total mass of 240 tons. The "sensitivity radius" of the BUST (for a 

recording of neutrino bursts from supernovae) is Rs ≈ 23 kpc. 

Background events are 1) decays of cosmogeneous isotopes (which are produced in 
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recording of neutrino bursts from supernovae) is Rs ≈ 23 kpc. 

Background events are 1) decays of cosmogeneous isotopes (which are produced in 

inelastic interaction of muons with the scintillator carbon and nuclei of surrounding matter) 

and 2) cosmic ray muons if the only counter from 3184 hits. 

Over the period of June 30, 1980 to June 30, 2017, the actual observation time was 31.72 

years. This is the longest observation time of our Galaxy with neutrino at the same facility. 

No candidate for the core collapse has been detected during the observation period. This 

leads to an upper bound of the mean frequency of gravitational collapses in the Galaxy  

fcol  0.73 y-1 

at 90% CL. Recent estimations of the Galactic core-collapse SN rate give roughly the 

value ≈ 2-5 events per century (see e.g. [27]). 
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