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•  host galaxies long GRBs: blue, usually regular and high star forming, GRB 
located in  star forming regions 

•  host galaxies of short GRBs: elliptical, irregular galaxies, away from star 
forming region 

Unvealing the GRB progenitors 

GRB 050509b 

Short Long 
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The SK way- The elastic scattering 
of neutrinos on electrons 

• Real-time detector 
• Elastic scattering  

νe→ νe 

νe 

e 



Astrofisica Nucleare e Subnucleare 
Cherenkov effect 











15 

Neutrino Scattering Experiments - 
SuperKamiokande 

•  Size: Cylinder of 41.4m (Height) x 39.3m (Diameter) 
•  Weight: 50,000 tons of pure water 
•  Light Sensitivity: 11,200 photomultiplier tubes  
  (50cm each in diameter -the biggest size in the world) 
•  Energy Resolution: 2.5% (at 1 GeV) 
                                  ~16% (at 10 MeV)  
•  Energy Threshold 5 MeV 
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Cherenkov light is emitted in a cone of half angle θ from the direction  
of the particle track 
 

Neutrino Scattering Experiments 
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Neutrino Scattering Experiments 



Neutrino Detectors SNO 
•  18m sphere, situated underground at 
about 2.5km underground, in Ontario  
•  10,000 photomultiplier tubes  (PMT)  
•  Each PMT collect Cherenkov light photons 
•  Heavy water (D2O) inside a transparent 
acrylic sphere (12m diameter) 
•  Pure salt is added to increase sensitivity 
of NC reactions (2002) 

•  It can measure the flux of all neutrinos 
‘Φ(νx)’ and electron neutrinos ‘Φ(νe)’ 
•  The flux of non-electron neutrinos 

■ These fluxes can be measured via the 3 different 
ways in which neutrinos interact with heavy water 

Φ(νµ, ντ) = Φ(νx) - Φ(νe) 



Sudbury Neutrino 
Observatory 

1700 tonnes  Inner 
Shielding H2O 

1000 tonnes D2O 

5300 tonnes Outer  
Shield H2O 

12 m Diameter 
Acrylic Vessel 

Support Structure 
for 9500 PMTs, 
60% coverage 

Urylon Liner and 
Radon Seal 
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The Crab in Multi-Wavelengths Photons 

Infrared Optical X-ray Radio 



Supernovae 
The field of the 
supernova SN1987A 
before 23 February 1987. 
 
This picture shows a 
small area of sky in the 
Large Magellanic Cloud, 
the nearby dwarf  
companion galaxy to  
our own Galaxy. 

 after 

Anglo-Australian Telescope 

















Neutrinos from a Stellar 
Gravitational Collapse 

Una supernova nella 
Galassia Centaurus A.  Il 
clip è stato preparato dal 
“Supernova Cosmology 
Project” (P. Nugent, A. 
Conley) con l’aiuto del 
Lawrence Berkeley 
National Laboratory's 
Computer Visualization 
Laboratory (N. Johnston: 
animazione) al “ National 
Energy Research Scientific 
Computing Center” 

http://supernova.lbl.gov 



§  Stars with masses above eight solar masses undergo gravitational collapse. 
§  Once the core of the star becomes constituted primarily of iron, further compression 
of the core does not ignite nuclear fusion and the star is unable to thermodynamically 
support its outer envelope.  
§ As the surrounding matter falls inward under gravity, the temperature of the core 
rises and iron dissociates into α particles and nucleons. 
§  Electron capture on protons becomes heavily favored and electron neutrinos are 
produced as the core gets neutronized (a process known as neutronization).  
§  When the core reaches densities above 1012 g/cm3, neutrinos become trapped (in 
the so-called neutrinosphere).  
§  The collapse continues until 3 − 4 times nuclear density is reached, after which the 
inner core rebounds, sending a shock-wave across the outer core and into the mantle.  
§  This shock-wave loses energy as it heats the matter it traverses and incites further  
electron-capture on the free protons left in the wake of the shock.  
§  During the few milliseconds in which the shock-wave travels from the inner core to 
the neutrinosphere, electron neutrinos are released in a pulse. This neutronization 
burst carries away approximately 1051 ergs of energy. 





§  99% of the binding energy Eb, of the protoneutron star is released in the 
following ∼ 10 seconds primarily via β-decay (providing a source of 
electron antineutrinos), νe, anti-νe and e+e− annihilation and nucleon 
bremsstrahlung (sources for all flavors of neutrinos including νµ, anti-νµ, νt 
and anti-νt ), in addition to electron capture. 
 Schematic 

illustration of a SN 
explosion. The 
dense Fe core 
collapses in a 
fraction of a 
second and gets 
neutronized 
(lower-left). The 
inner core 
rebounds and 
gives rise to a 
shock-wave 
(lower-right). The 
protoneutron star 
cools by the 
emission of 
neutrinos. 
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 Recorded explosions visible to naked eye: 
      Year (A.D.)                      Where observed                         Brightness 
            185                                      Chinese                         Brighter than Venus 
            369                                      Chinese                    Brighter than Mars or Jupiter 
          1006           China, Japan, Korea, Europe, Arabia         Brighter than Venus 
          1054                          China, SW India, Arabia               Brighter than Venus 
          1572                                        Tycho                         Nearly as bright as Venus 
          1604                                        Kepler                            Brighter than Jupiter 
          1987                                Ian Shelton (Chile) 

SN1987A 



Core collapse 



Neutrinos to the rescue 



Antineutrino 
Luminosity 



The SN neutrino signal 



8.6 The SN1987A 

Neutrino cross sections: 

Distance: 52 kpc (LMC) 



Introduction: Core collapse of type-II SN 

Supernovae explode in Nature, but non 
in computers (J. Beacom, ν2002) 

enpe ν+→+−

νν +→+ +− ee

•  Neutronization, ~10 ms  
•  1051 erg, νe only 

•  Thermalization: ~10 s 
•  3×1053 erg 
•  Lνe(t) ≈ Lanti-νe(t) ≈ Lνx(t)  

Detection: mainly through  ++→+ enpeν

∼300 events/kt (@GC) 



Time-energy 

(a) Time-integrated fraction of the SN 
positrons produced in the detector 
versus time. 24% of the signal it is 
produced in the first 100 ms after the 
neutronization burst. It is 60% after 
1 second.  

(b) Differential energy spectrum 
(arbitrary units) of positrons. A 
SN1987A-like stellar collapse was 
assumed. 

T (ms) 

100% 

100 ms 

1 s 

Ee (MeV) 



The SN1987A: how many events? 
1- Energy released 2.5 1053 erg  
2- Average νe energy ≈ 16 MeV = 2.5 10-5 erg 
3- Nsource= (1/6) × 2.5 1053/ (2.5 10-5)= 1.7 1057   νe   

4-  LMC Distance :                   D=52 kpc = 1.6 1023 cm 
5- Fluency at Earth:                F = NSource/4πD2  = 0.5 1010  cm-2 
6- Targets in 1 Kt water:         Nt = 0.7 1032 protons 
7- cross section:                      σ(antiνe+p) ~ 2x10-41 cm2    

8- Ne+ = F (cm-2)× σ (cm2)× Nt (kt-1)= 0.5 1010 ×  2x10-41× 0.7 1032   

                          = 7 positrons/kt 
9 – M(Kam II) = 2.1 kt, efficiency ε~ 80% 
10 – Events in Kam II = 7 x 2.1 x ε ~ 12 events 

For a SN @ Galactic Center (8.5 kpc) :  
N events= 7x(52/8.5)2 =  260 e+/kt 



The detectors 



The SN1987A 



Energy from SN1987a 



•  The observation of supernova neutrinos should bring a better 
understanding of the core collapse mechanism from the feature of the 
time and energy spectra, and constraints the supernova models.  
•  Moreover, an estimation of the neutrino masses could be done in the 
following manner. The velocity of a particle of energy E and mass m, 
with E >> m, is given by (with c = 1):  

v =  
p 

 =  
( E2 –m2)½ 

 ≈ 1 -  
m2 

. 
E       E 2E

• Thus, for a supernova at distance d, the delay of a neutrino due to its mass 
is, expressed in the proper units:  

Δt[s] ≈0.05  
m[eV]

2 
 d[kpc] . 

E[MeV]

•  Therefore, neutrinos of different energies released at the same instant 
should show a spread in their arrival time.  

Neutrino mass from SN 



Experiments 



Neutrino Astrophysics 
•  The only SN seen with neutrino was SN1987a 
•   Small experiments, small statistics 
•  Qualitative agreement with the SN models 
•  Wait for the next near SN with the new larger 

experiments (SK, SNO, Borexino, LVD…) 
•  à neutrino properties (mass, livetime, magnetic 

moment) from astrophysics 


