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Introduction
 signal from SN1987A detected with LSD
 signal from SN1987A detected with IMB, KamiokandeII, BUST
 contradictions

 Supernova explosion models
 Standard model
 Two-stage collapse

 Some speculation
 neutrino interaction with Fe and rock nuclei
 Monte-Carlo simulation (available crossection)
 energy spectrum of detected events (gammas from neutron captures) 

Conclusion
main theses
what is the second signal?   



 water Cerenkov
 5000 tons fiducial
 threshold 20 MeV
 8 events in 6 seconds

 water Cerenkov
 2140 tons fiducial
 threshold ~6 MeV
 12 events in 12.4 sec.

 330 tons liquid scint
 threshold ~10 MeV
 5 events in 9.1 sec.

nepе  ~

IMB,KII, BUST, LSD 
detected  by IBD

 90 tons liquid scintilator
 220 tons Fe
 threshold ~ 5 MeV
 5 events in 7 sec – 2:52
 2 ev. In 18 sec. – 7:36
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90 т СnH2n
200 т Fe

№ Time,
UT ± 2ms

Energy,
MeV

1
2
3
4
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2:52:36,79
40,65
41,01
42,70
43,80

6,2 – 7
5,8 – 8
7,8 –11
7,0 – 7
6,8 – 9

1
2

7:36:00,54
7:36:18,88

8
9

3 of them in the 16 internal tanks, 2 in the 56 external tanks

On the Event Observed in the 
Mont Blanc Underground 

Neutrino Observatory during 
the Occurrence of Supernova 

1987A M. Aglietta, et all., 
EuroPhys. Lett. 3 (1987) 1315

Liquid Scintillation Detector, 
Italy, Mont Blanc

LSD events



The SN outburst is triggered by  the gravitational 
collapse of  the “iron” core of  a mass  MFe=1.22 
Mc into a neutron star.  About (10  15)% MFec2 is 
radiated in the form of  and of all the flavors 
(e, , ): E = (3 - 5) 1053 erg. The total energy is 
assumed to be equally distributed among the six 
neutrino species: Ei ~ 0.5×1053 erg .

e
e

,,

• A. DeRujula (Phys.Lett.B 1987, CERN) 
•A. Burrows’ group (Arisona); E. Müller, T. 
Janka (MPA, Garching) 
• G.S. Bisnovatyi-Kogan’s group (ICR, Keldysh 
IPM, Moscow) 
•V.S. Imshennik (Alikhanov ITEP, Moscow) 
•V.S. Berezinsky et al, Nuovo Cimento, Torino

Fe ….. O C He H

i

E νe 
 = 9.5MeV, 

 Eνe
 = 12MeV, 

 E νx 
 = 15.6MeV

Neutrino spectra, 100ms after bounce



e + p  e+ + n
n + p  d + 
n + Fe  Fe + .

Eth = 1.8 МэВ
E= 2.2МэВ
E  7МэВ

e + 12C  e + 12N
12N  12C + e+ +e

Eth = 17.3 МэВ

e + 12C  e++ 12B
12B  12C + e +e

Eth = 14.4 МэВ

i +  12C  i + 12C* 
12C*  12C + 
12C*  11C + n
12C*  11B + p

Eth = 15.1 МэВ
E = 15.1 МэВ
En = 8 – 9 МэВ
Ep = 8 – 9 МэВ

i + e  i + e -
e + 56Fe  e+ 56Co* 

56Co*  56Co +
56Co*  55Co +n
56Co*  55Fe +p

Eth = 10 МэВ
E = 7-11 МэВ

e + 56Fe  e+ + 56Mn*
56Mn*  56Mn + 
56Mn*  55Mn +n
56Mn*  55Cr +p

Eth = 12.5 МэВ

i + 56Fe  i + 56Fe* 
56Fe*  56Fe  +
56Fe*  55Fe +n
56Fe*  55Mn +p

Eth =15.0 МэВ
E  7.6 МэВ

Recently, Stanly Yen  
(Sudbury) suggested to 
take into account the 
role of surrounding LSD 
rock.

The main reaction



nFe – interactions in 
LSD iron,
nA – interaction in 
Granite (O,Si, Al, K, 
Na, Ca, Fe)
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LSD 
counter

any =2.2 MeV

 ~ 7-8 MeV
nnFe – interactions in LSD iron,

nA – interaction in Granite (O,Si, 
Al, K, Na, Ca, Fe)

any

element Mass 
fraction

%
SiO2 75.4
AlO 13.7
FeO 0.99
NaO 3.73
KO 5.66
CaO 0.74
MgO 0.24

Chemical composition 
of Mont Black rock



Несмотря на то, что эти сечения меньше, 
чем e p , но железа в конструкции установок 
много и есть тяжелые ядра в окружающем 
грунте.
Предполагается, что учет этих нейтронов может 
объяснить сигнал SN1987A даже в рамках 
Стандартной модели взрыва сверхновых.

e +  A  e + A*  A* + n
e +  A  e+ + A*  A* + n
i +  A  i + A*  A* + n

En = 2 MeV

En = 2 MeV

Simulations of neutrons produced in rock, 
captured in LSD material and had energy 
E> 5 MeV  

Simulations of neutrons produced in LSD 
iron, captured in LSD material and had 
energy  E> 5 MeV  

LSD eventsDistribution of 5 
LSD pulses



1. Our estimates show that the energy distribution of the LSD signal pulses is 
very similar to the distribution of gamma-quanta from neutron capture by 
the iron nuclei.

2. Thus, the LSD events can be associated with the capture of neutrons by the 
iron that is part of the detector design.

3. Neutrons can be produced by a neutrino flux from SN1987A in the rock 
surrounding LSD and iron in reactions :

LSD was a neutron 
bunch detector
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2 hrs  interval
NLSD = 96

NGWA (>150K) =172
n=NLSD.NGWA.1s/7200 =2.3

P(>13) = 9.4 10-7



LSD: 91 events, f=0.72/min
Eth ≥ 5-7MeV

K-II: 191 events, f=1.4/min
Eth ≥ 7.5MeV (20 hits) 

T: from 1:45 to 3:45



91 Mt. Blanc events
240 Baksan events



LSD events Mt. Blanc
IMB  events



Событие, зарегистрированное детектором LSD 23 февраля 1987 года во время вспышки 
Сверхновой SN1987A, не находило объяснения в рамках стандартной модели гравитационного 
коллапса, так как при оценках обнаруженных сигналов не принимались во внимание 
взаимодействия нейтрино с железом детектора и окружающим его грунтом. 
События LSD могут быть ассоциированы с взаимодействием нейтронов в веществе детектора. 

Наши оценки показывают, что энергетическое распределение импульсов сигнала в LSD очень 
похоже на распределение от захватов нейтронов в материале детектора.

Если предположить, что от SN1987A поток нейтрино был небольшим и их энергия вблизи порога 5-
7 МэВ, то другие установки не могли увидеть сигнала.  
LSD же  имел преимущества из-за грунта вокруг установки и железа в самом детекторе.

LSD мог зарегистрировать 5 событий, в то время как в других экспериментах IMB, и KII не было 
возможности регистрировать нейтроны.



 The event detected by the LSD on February 23, 1987 during the supernova explosion SN1987A, could not 
be explained within the framework of the standard gravitational collapse model, since the neutrino 
interactions with the detector iron and the surrounding soil were not taken into account when estimating 
the detected signals.
 LSD events can be associated with neutron interaction in the detector material.

 Our estimates show that the energy distribution of the signal pulses in the LSD is very similar to the 
distribution from neutron capture in the detector material.

 If we assume that the SN neutrino flux was small and their energy was close to the 5-7 MeV threshold, 
then other installations could not see the signal.
 LSD also had advantages due to the ground around the setup and iron in the detector itself.

 LSD could detect 5 events, while in other IMB and KII experiments it was not possible to detect neutrons.


