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Supernovae are 

classified according 

to light curves and 

spectrum: 

Large uniformity and Hydrogen poor in type I. 

Large differences and Hydrogen rich in type II. 

Light curves are consistent with heathing from  

decay of radioactive nuclei.  



P.Galeotti SN 1987A 3 

•  Large Magellanic Cloud 

•  Tipo II peculiar 

•  Progenitor: a blue massive 
supergiant 

•  Neutrinos detected a few 
hours before explosion 

•  Observation of X and γ 
rays from 56Co decay. 

•  Light echos, produced by 
pre-explosion mass loss) 
require high rotation rate. 
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SN 1987A: 
light curve in 
visual band  

m1 − m2 = −2,5 log
L1

L2
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Supernova 
neutrinos 
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Neutrinos are detectable in underground laboratories 
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Atmospheric  

Solar 

Astrophysical 
sources  

Flux of 
natural ν  

Cosmologic  Supernovae 
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|νe> , |νµ> , |ντ>  = Weak Interactions eigenstates 

|ν1> , |ν2> , |ν3>  = Mass (Hamiltonian) eigenstates 

Neutrinos are created or 
annihilated as W.I. eigenstates 

Neutrinos propagate as a 
superposition of mass eigenstates 
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Structure of an evolved massive star 
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P.Galeo+  SN 1987A 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γγ → e
+
e
−
→ν

x
ν x

The stellar collapse 
of the iron core is 
induced by three 
cooling processes: 
1.  photodissociation 

of iron nuclei 
2.  neutronization of 

matter 
3.  neutrino emission 

from electron pair 
annihilation 
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The core collapse is inevitable when its mass MC 
exceeds the Chandrasekhar mass: 

where Ye is the leptons to barions ratio in the core.  
Note that MC increases because of thermonuclear 
burning of the Si shell around the core, and MCh 
decreases because Ye decreases in the previously 
mentioned processes of neutronization of matter 
and annihilation processes.  
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MC > MCh = 5.76 Ye
2 M

 

e
_
 + p  →  n + νe 
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Φ(ν
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In a stellar core with MC = MCh ~ 1.5 M
 there are ~ 1057 

protons, and the maximum number of neutronization 
neutrinos emitted during the collapse is of the same order 
of magnitude. Since their average energy is ~ 10 MeV = 
10-12 J, the total energy emitted in this collapse phase is 
of the order of 1045 J, corresponding to ~ 10-2 MC·c2. 
According to most models, the energy emitted in neutrinos 
during electron pairs annihilation processes is ~ 20-30 
times bigger, namely of order of 3·1046 J. 
For a stellar collapse at the center of our Galaxy (d~8.5 
kpc) the flux of electron neutrinos and antineutrinos is: 

producing n = NΦσ 
interactions in a 
detector
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Neutrinos from SN 1987A 

Neutrinos 

Light 

2:52 UT 7:36 UT 

1:55 UT, mV = 12 10:33 UT, mV = 6 

The progenitor star, Sanduleak –69.202, 
spectral type B3 Ia and mass 20-25 M


, 

belonged to a binary (or even triple) system. 
 Neutrinos (and gravitational waves?) were detected 

in all the experiments running at that time.  



Wampler et al., 
Astron. and Astrophys. Lett. 

Wampler et al., 
Astron. and Astrophys. Lett. 
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Muon flux vs. 
depth in some 
underground 
laboratories. 

3,5 µ/h 
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Baksan 
Underground 
Scintillation 
Telescope 
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KamiokaNDE 

IMB 



Main interactions 
in scintillator 

•  Inverse β decay: 

•  Neutrino-elettron scattering: 

•  Neutral currents interactions: 

•  Charged currents interactions: 
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Neutrino interactions in iron 

 ν, Fe 

νe + 56Fe ⇒ 56Co + e-  

ν, p 
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Cherenkov light in 
water is emitted at 
angles of ≈ 43° from 
the parent particle. 
The direction of this 
particle can be easily 
reconstructed.  
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T

By detecting a statistical 
significative burst of N 
pulses in a short time interval 
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1: Statistics 
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 Spectrum, 
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 (off line) 
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Number of bursts 
as a function of 
their duration ΔT (s) 
for multiplicities 

  n ≥ 5, ≥ 10 and ≥ 15 

Trigger rate 
f = 0.012/s 



Neutrino ’84, 11th Int. Conference on 

 Nutrino Physics and Astrophysics 

562 563 
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February 23, 1987 
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Mont Blanc 5 pulses  E > 5 MeV  UT 2:52:36.8 + 2 ms 

Kamioka 11   “                  8         7:35:35 + 1 min 

IMB  8     “                     25         7:35:41 + 5 ms 

BST         (2+5)   “        10       2:52:34 and 7:36:06 (+ 2s-54s) 

The main signal comes from electron antineutrinos: 

νep     νe+ followed by e+e
_
 annihilation producing 

2 γ’s, detectable in scintillator but not in water. 

The Mont Blanc signal (5.8 < Evis < 7.8 MeV) 

corresponds to 4.6 < Evis < 6.6 MeV in water, at the 

limit to be detected in Kamioka. 

SN 1987A 



Kamioka - Mont Blanc correlations 

0 

LSD Δt = 1.0 ms 

Kamioka Δt =  60 sec 

- 60 s -  + 60 s 

shift 
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Coincidence window Δt = + 0.5 s 

Bin width: 2 hours 

Coincidence time: 34 hours 

Kamioka time + 7 seconds 

NC = 191•91•2•0.5/7200 = 2.4 

NO = 9 

Mt. Blanc event time 

1:45 – 3.45 U.T. 
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91 Mt. Blanc events 
240 Baksan events 







2 hrs  interval 
NLSD = 60 
NGWA (>150K) = 172 

P(>13) = 9.4 10-7 

 

n =
N
1
N
2
Δt

T
=
60i172i1

7200
= 2.3



  
hours of 23 February 
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11 ν in 12 s 

7 ν in 6 s 
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IMB 
E > 15 MeV 

No IMB 
E < 15 MeV 
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LVD results from 21 years of data taking at LNGS 



54 

The Two-Stage Gravitational Collapse Model 
[Imshennik V.S., Space Sci Rev, 74, 325-334 (1995)] 
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ECRS 2014 Kiel 

P.Galeotti SN 1987A 



Conclusions 

1.  A signal has been detected in the Mont Blanc experiment 
a few hours before the optical detection of SN 1987A. 

2.  This signal is generally considered as a statistical 
fluctuation in the  Mt Blanc data (a noise). This is the only 
significant “noise” detected in almost 30 years of data 
taking with LSD in Mont Blanc and LVD in Gran Sasso 

3.  This “noise” is self consistent and additionally supported 
by the data of all the experiments running at that time, at 
intercontinental distances, (rather strange for a noise). In 
addition, when a supernova (visible to naked eye) exploded 
near us. 

4.  The main problem of this “noise” is that it does not fit a 
collapse theory based on non rotation and no magnetic 
field of the stellar core. 



WHAT HAVE WE LEARNED FROM SN 1987A? 

•  Neutrinos: One or two bursts? Feb. 23.12 and/or Feb 
23.32, or a long activity during several hours as suggested 
by gravitational waves observations? 
•  Was it a 2 step collapse (first into a NS and 4.7 hours 
later into a BH or a SQM star)? 
•  Light: A week after the explosion mV = 4.5 and MV = -14.5 
being 18.95 the distance module. Hence this SN wouldn’t be 
visible to the naked eye if exploded in the disk of our 
Galaxy, unless closer than ~ 5 kpc (assuming an extinction 
parameter of ~ 1.5 mag/kpc). However the neutrino burst 
would have been 100 times stronger!!! 
•  Hidden sources: Are there sources visible only in 
neutrinos and not in light? Is the rate of stellar collapses 
higher than that of SN? 


