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SN1987A - characteristics
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What is this? 

SN ! Type II supernovae ! Core Collapses 
February 23rd, 1987. 
Luminosity ~108 L◉ (L◉ ~3.9 x 1033 ergs/s) 

Distance ~ 50Mpc ~168000 light years 
Progenitor: Sanduleak -69o202 (SK -69o202).

Arnett et al. 1989; Parthasarathy et al. 2006,  Fransson et al. 2007.



SN1987A - Motivation
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The scenario with two temperatures burst was 
proposed by Benvenuto and Horvath 1989 (Phys. Rev. 
Let., vol 63, no. 7, 1989). 
Two temperatures the idea is: 
Conversion to SQM follows the “normal” burst! 
e - + e+ ! νe+ anti - νe – carry the binding energy 
and both cases! 



Neutrinos from Supernovae

One or two bursts?



SN1987A - Bayes’ Theorem for the 
Analysis of the neutrinos burst(s)

Bayes’ theorem

Prior distribution

Posteriori distribution

Likelihood
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Loredo & Lamb 2001, Valentim et al. 2011.




 lnBij = ln [Li(✓,�)/Lj(✓)] �
1

2
m�lnN. (3)

Onde Li(✓,�)/Lj(✓) é a razão entre as função de verossimilhanças dos modelos, � é o parâmetro

adicional, m� é a dimensão de � e N é o número de dados. O BIC penaliza modelos que têm

mais parâmetros em relação aos que têm menos, isso fica evidente com o termo �, pois para os

modelos testados o número de dados é o mesmo (N).

Objetivos e desenvolvimento

O projeto será desenvolvido nas seguintes etapas:

1 - Desenvolvimento do código para o cálculo das funções de verossimilhança.

2 - Estagiar em grupos do exterior: Grupo do prof. Dr. Paulo Freire no Max Planck, Bonn,

Alemanha, Grupo do prof. Dr. Zhang Chen Ming do National Astronomical Observatories,

Chinese Academy of Sciences, Beijing, China e com os profs. Drs. Omar Benvenuto e Alejandra

De Vito na Universidad de La Plata, La Plata, Argentina. Estes estágios visam estreitar relações

com grupos observacionais que utilizam técnicas pra estimar a massa de ENs e com grupos que

fazem simulações computacionais visando compreender os mecanismos de acresção e formação

de populações de ENs com massas elevadas.

3 - Teste de modelos alternativos (distribuições de vários tipos) às distribuições de massas

4 - Comparação entre testes estat́ısticos.

Cronograma de execução

O cronograma do projeto será desenvolvido nas seguintes fases:

Primeiro ano:

1 - Construção da função de verossimilhança para as massas das ENs no http://stellarcollapse.org/nsmasses.

2 - Testar os diferentes modelos para a distribuição de massas e/ou para os modelos de densidade

centrais.

3- Testar o modelo com duas populações: M1 = 1.50M� e M2 = M�↵
1 . Este modelo permite

estimar um valor máximo para massas das ENs.

Segundo ano:

9



• The likelihood function is built through 
this principle:

SNA1987A - Likelihood

Likelihood

What it  measured! What it is expected to be measured!



SN1987A - Likelihood

Likelihood function considers  neutrinos 
observed, background noise, efficiency 
curve of each detector and energy of 
neutrinos!

Loredo & Lamb 2001



SN1987A -Bayesian tools for analysis 

Bayesian Information Criterion (BIC)
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com grupos observacionais que utilizam técnicas pra estimar a massa de ENs e com grupos que

fazem simulações computacionais visando compreender os mecanismos de acresção e formação

de populações de ENs com massas elevadas.

3 - Teste de modelos alternativos (distribuições de vários tipos) às distribuições de massas
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• Interpretation of Bayes FactorTABLE I. Interpretation of Bayes Factors.

ln(Bij) Bij Evidence against Hj

0 to 1 1 to 3 Not worth more than a bare mention
1 to 3 3 to 20 Positive
3 to 5 20 to 150 Strong
> 5 > 150 Very Strong

TABLE II. Detector characteristics used in evaluating the likelihood function.

Characteristic Kamiokande II IMB Baksan
Effective H20 Mass, Meff (kton) 2.14 6.8 0.28
Background Rate, Rbg (events s−1) 0.187 0 0.0345
Dead Time, τ (s) 0 0.035 0
Live Fraction, f 1 0.9055 1

TABLE III. Detected event data used in evaluating the
likelihood function.

ti ϵi σi Bi

Event (s) (MeV) (MeV) (s−1)
Kamiokande II

1 ≡ 0.0 20.0 2.9 1.6 × 10−5

2 0.107 13.5 3.2 1.9 × 10−3

3 0.303 7.5 2.0 2.9 × 10−2

4 0.324 9.2 2.7 1.2 × 10−2

5 0.507 12.8 2.9 2.1 × 10−3

6a 0.686 6.3 1.7 3.7 × 10−2

7 1.541 35.4 8.0 4.5 × 10−5

8 1.728 21.0 4.2 8.2 × 10−5

9 1.915 19.8 3.2 1.5 × 10−5

10 9.219 8.6 2.7 1.5 × 10−2

11 10.433 13.0 2.6 1.9 × 10−3

12 12.439 8.9 1.9 1.6 × 10−2

13a 17.641 6.5 1.6b 3.8 × 10−2

14a 20.257 5.4 1.4b 2.9 × 10−2

15a 21.355 4.6 1.3b 2.8 × 10−2

16a 23.814 6.5 1.6b 3.8 × 10−2

IMB
1 ≡ 0.0 38 7 0
2 0.412 37 7 0
3 0.650 28 6 0
4 1.141 39 7 0
5 1.562 36 9 0

6 2.684 36 6 0
7 5.010 19 5 0
8 5.582 22 5 0

Baksan
1 ≡ 0.0 12.0 2.4 8.4 × 10−4

2 0.435 17.9 3.6 1.3 × 10−3

3 1.710 23.5 4.7 1.2 × 10−3

4 7.687 17.6 3.5 1.3 × 10−3

5 9.099 20.3 4.1 1.3 × 10−3

aOmitted as a background event by other investigators.
bCalculated using a linear fit of σi vs. ϵi for earlier events.
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Models of neutrinos’ bursts

Two uniform temperatures (TUT) 
_____________________________________________________________________

Max. Likehood Parameter: 7.28071e-65;

 alpha   1.50 .

 Radius of neutrinosphere    15km;

 T1    3.30 MeV —> first burst;

 T2    0.33 MeV —> second burst;

 Tp   3.00s temporal gap between peaks.

 Percentage amplitude between the two peaks is: 10%;

 Tau 1   0.10s —> time duration of the first peak;

 Tau 2  28.00s —> time duration of the second peak.



Models of neutrinos’ bursts

Two exponential temperatures (TEXT) 
_______________________________________________

Max Likehood Parameter:1.30737e-53;

 alpha   2.90.

 Radius of neutrinosphere    29km;

 T1   3.90 MeV —> first burst;

 T2   3.12 MeV —> second burst;

 Tp   5.00s temporal gap between peaks.

 Percentage amplitude between the two peaks is: 80%;

 Tau 1   9.10s  —> time duration of the first peak;

 Tau 2  20.10s —> time duration of the second peak.




Models of neutrinos’ bursts

Two step temperatures (TST) 
___________________________________________________________

Max Likehood Parameter: 1.85255e-52;

 alpha  3.10.

 Radius of neutrinosphere  31km;

 T1   3.60 MeV —> first burst;

 T2   2.52 MeV —> second burst;

 Tp   4.50s temporal gap between peaks.

 Percentage amplitude between the two peaks: 70%;

 Tau 1   2.70s —> time duration of the first peak;

 Tau 2  8.00s —> time duration of the second peak.




Results

                                          Bayesian Information Criterion  
_______________________________________________________________________ 
Model             Likelihood         BIC Models comparative         Analysis  
_________________________________________________________________________     
_________________________________________________________________________ 
TUT               7.28071e-65     TEXT/TUT =  25.91381     strong evidence in favor 
_________________________________________________________________________ 
TEXT             1.30737e-53     TST/TUT   = 28.56494      strong evidence in favor 
_________________________________________________________________________ 
TST                1.85255e-52    TST/TEXT =  2.651131       weak evidence in favor 



SN1987A - Conclusions and Perspectives

• Improving this model. 

• Suggesting new models! 

• Using new statistical tools! 

• Detections of new neutrinos from SNe on 
DUNE, IceCube, etc. 
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