
Detection of supernova      in Super-K Gd and large LS detector  
Ranjan Laha1

1PRISMA Cluster of Excellence and Mainz Institute for Theoretical Physics, Johannes Gutenberg-Universität Mainz  ranjalah@uni-mainz.de
R.L. & John F. Beacom   arXiv: 1311.6407   PRD 89 063007 (2014)

R.L., John F. Beacom & Sanjib K. Agarwalla   arXiv:1412.8425 and A. Niktant, R.L. & S. Horiuchi  arXiv: 1711.00008 PRD 97 no.2 023019 (2018) 

•  Supernova νs carry ~99% of total energy --- need to detect all 
flavors in adequate numbers

•  Neutrino flavors that can be detected easily at present
   (i)     via inverse beta (IB) interaction     
   (ii)                         & antiparticles via elastic scattering on protons in 
liquid scintillator detectors
•  Presently NO good way to measure      in large numbers
•  Largest number of     signal interactions is in Super-Kamiokande via
•         gives comparable number of events when the 

average energy of     is high
•  Efficient way to detect these     in Gd loaded Super-K 
•  Near-future large liquid scintillator detector can also detect 

supernova     via 
•  The           decays with the half-life of 11 ms
•  The double coincidence signature of this interaction can very 

efficiently detect the supernova 
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•  Energy carried by Galactic (~ 10 kpc) supernova = 3 × 1053 erg --- equally 
divided between all neutrino species
•  Different cases of neutrino average energies:
(a)
(b) & one of the      has an average energy of 
12 MeV and the others have 18 MeV è 
(c)
•   

•  Galactic supernova is detected in a water Cherenkov detector loaded with 
gadolinium --- we take the example of Super-Kamiokande (32 kton)

 

Motivation
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Detection strategy (Super-K Gd)
•  Use angular cut to isolate the electrons from                                 --- 

inverse beta backgrounds still too large
•  Gadolinium in Super-K èidentify neutrons è remove inverse beta 

events individually with high efficiency  
•  Remove the remaining smaller backgrounds statistically
•  When         is high è 16O is important è detect electrons in the 

“backward” cone è Gd helps in removing the enormous background  
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Results
•  Important to detect supernova      in as many detectors as 

possible
•  Super-K Gd and near future large liquid
 scintillator detectors (JUNO, RENO-50 
and LENA) have excellent sensitivity to 
supernova  
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Impact of Gd – dramatic reduction of background
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Detection strategy (large liquid scintillator detector – JUNO, RENO-50, LENA)
•  No Gadolinium in these detectors è detect neutrons from inverse 

beta interactions via capture on hydrogen and carbon 
•  Detect electrons from                                --- no angular information 

--- efficiency determined by neutron capture efficiency 
•  Detect the electron and positron from the double coinicidence 

signature in the interaction    --- backgrounds 
due to     è important to distinguish electrons and positrons 
in liquid scintillator detectors via pulse shape discrimination and 
different lifetime of the excited nucleus
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(shown reduced by 10)

(1% untagged neutrons)
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Large liquid scintillator detectors JUNO
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