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The star that exploded on February 23 in

the Large Magellanic Cloud (the

progenitor of supernova 1987A) has now

been identified. It was catalogued by in

1969 as an OB star of 12th magnitude and

given the designation Sanduleak-69 202.

Observations at the European Southern

Observatory in the mid-1970's allowed to

classify it as of spectral type B3 I, that is a

very hot, supergiant star. Credit: ESO



Progenitor was a hot blue supergiant (BSG)
M ~ 17M


R~40R


L~105 L


Teff = 16000K



Image from skyandtelescope.com



SN 1987A  16 years old (HST  Nov. 28, 2003)

Interaction of shock wave with the circumstellar ring

Circumstellar Ring

SN «visible» ejecta

1.2 ly



SN1987A ring evolution



Binary merger scenario
(Podsiadlowski / Ivanova papers)

Primary Red supergiant with CO core +
Secondary main sequence 

(Podsiadlowski et al. 2007) 

Merger: Order of 100 years
3D simulations (Ivanova 2002, 2003) 



The Bolometric Light Curve of  SN1987A





(based on Nadyozhin 1978)
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Cumulative neutrino «light» curve



Liebendoerfer et al., 

ApJS 150, 1 (2004)
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Energy  spectra

Neutrino spectra for thermal phase

Fermi−Dirac law:

High-energy cutoff

(relevant to           ):



Schematic Supernova «light curves»
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All three detectors 

saw a cluster of

events at ~7:35 UT



Georg Raffelt, MPI Physics, Munich

Neutrino signal of Supernova 1987A
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Нейтринный сигнал от СН1987А

О.Г. Ряжская, УФН 176, №10 (2006) LSD, Mot Blanc



P. Galeotti

Coincidences (GWR + GWM) with LSD, BST and 

Kamiokande II (70 seconds of data taking)





Aglietti et al. 1988

H=5200 m.w.e.

72 counters

90 tons of CnH2n

200 tons of Fe
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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





Neutrons propagation in granite



En = 1 MeV En = 2 MeV

En = 4 MeV En = 8 MeV



En = 1 MeV En = 2 MeV

En = 4 MeV En = 8 MeV



Примеры реакций

<Eν> = 15  MeV

Eν=22.34, place=Scint, nucleus=H1

run: e+, neutron

N 5222 E = 20.978, t = 2.687E-6

N 5222 E = 0.1089, t = 0.0105 

N 5222 E = 1.2259, t = 160.54 

N 4222 E = 0.1771, t = 160.55

Eν=31.808, place=Granite, 

nucleus=O16

run: e+, neutron, neutron, gamma, 

N14

N 1221  E = 0.13513, t = 0.49344

N 1221  E = 6.7123, t = 124.63 

<Eν> = 40  MeV

Eν=19.36018, place=Steel, 

nucleus=Fe56

run: e-, gamma, gamma, gamma, 

Co56

N 1121 E = 5.8699, t = 1.409E-5

N 1121 E = 0.64718, t = 3.3193E13

N 2121 E = 1.8593, t = 3.3193E13

Eν = 55.84111, place=Scint, 

nucleus=C12

run: proton, gamma, B11

N 4231 E = 0.46383, t = 2.8714E-7

N 4231 E = 7.0736, t = 2.5414E-6









Тип реакции Ожидаемое 

число 

энерговыдел.

Вероятность

5<E<10 МэВ

Доля событий,

пришедших из

грунта

Доля событий 

с нейтронами

15 МэВ

anti-nu-e
1.92 0.379 0.0011 6.4e-4

30 МэВ

anti-nu-e
5.6 0.175 0.0029 9.2e-3 

40 МэВ

anti-nu-e
8.46 0.135 0.0054 1.96e-2 

15 МэВ

nu-e
0.08 0.635 0.0017 1.1e-2 

30 МэВ

nu-e
1.1 0.449 0.0045 2.43e-2 

40 МэВ

nu-e
2.6 0.371 0.0093 2.86e-2

15 МэВ

neutral
0.046 0.69 0.0006 6.8e-3 

30 МэВ

neutral
0.22 0.69 0.0092 1.64e-2 

40 МэВ

neutral
0.41 0.69 0.0193 3.52e-2



Спасибо за внимание!


