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Tasks

● Find the direction of the Supernova

● Identify the physical process for directional information

● Generate a numerical simulation to evaluate the performances

○ Sk - like detector

● Improve event tagging efficiency



Supernova model(Type II)

● Stellar mass: 8Msun < M < 40~50Msun

●  Stages:

○ Nuclear reactions equilibrium(degenerate pressure of  e⁻ v.s  gravity)

○ Electron capture, photodisintegration reaction

● Core collapse

○ neutrino trapped, β-equilibrium → central density exceeds the nuclear density

● Shock wave form

○ Prevented by photodisintegration reaction and neutrino emission

● Neutrino driven



Supernova neutrino spectrum



SN Neutrino reactions in Super-K
K. Abe et al. (Super-Kamiokande), Astropart. Phys.81,39 (2016), 1601.04778.
Ando, S., & Sato, K. 2002, Prog. Theor. Phys., 107, 957



SN Neutrino reactions in Super-K

Elastic scattering is a good channel for neutrino direction!

K. Abe et al. (Super-Kamiokande), Astropart. Phys.81,39 (2016), 1601.04778.
Ando, S., & Sato, K. 2002, Prog. Theor. Phys., 107, 957



The simulation

● Events simulated with the GENIE Neutrino Monte Carlo generator, V_2.12.6

○ Pre-computed cross sections

● 5000 νe + 5000 νe(bar) on H₂O

○ Re-weighted to reproduce a realistic interaction rate

○ Expected much more νe(bar) interactions than νe

● Monochromatic 15 MeV flux

● Same direction (like a SN burst)

● Channels of interest:

○ ν – e elastic scattering

○ Inverse beta decay



The simulation

● Outputs of interest:

○ Neutrino direction

○ Final-state lepton direction

● Example: ν – e angular distance for ES on the ν direction orthogonal plane



The analysis

1. direction of 

the scattered 

electrons

2. added 

smearing for 

reco

3. added 

uniformly 

distributed 

background



The analysis, identification of IBD
# ES vs.  # IBD
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Comparison with papers

SEARCH FOR SUPERNOVA NEUTRINO BURSTS AT SUPER-KAMIOKANDE; the Super-Kamiokande Collaboration; arXiv:0706.228.v1
Real-time supernova neutrino burst monitor at Super-Kamiokande, K. Abe et al. / Astroparticle Physics 81 (2016) 39–48



Conclusions

● It is possible to point back a Supernova burst

● The main interactions will be IBD with no direction information

● The challenge will be to identify the ES interactions among the others

○ Tagging the IBD interactions with the use of Gd


