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Motivation
• How does the SN explosion take place?


• What are the conditions inside massive 
stars during their evolution, collapse 
and explosion?


• Is the compact remnant after the SN 
explosion a neutron star or a black 
hole?


• Matter is too dense inside the core-
collapsed star—> neutrinos are the 
most important tool to study physics at 
core!

2



SN 1987A
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• If a SN neutrino burst arrived at Earth today, it would be detected by a variety of ton to kiloton scale neutrino detectors based on different 
technologies and target media. 
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Multi-detector analysis
• Various experiments complement each other 


• One could provide experiments with limited energy 
resolution, such as IceCube with spectral information 
from other detectors so that rates can be translated into 
fluxes


• As a result of limitations and peculiarities of different 
target media of the existing and future detectors, one 
would need a framework to analyse data from all of 
them simultaneously 


• —-> My work is to develop this framework in order to 
take advantage of various experiments
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R = Np ⋅ Φν̄e
⋅ σ(E)

Icecube JUNO (fit)

χ2 = χ2
JUNO + χ2
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JUNO Experiment
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Channels of interaction in 
scintillator
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DUNE
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Channels of interaction in
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Noise rate (avg) = 
540 Hz

dead time = 250 μs
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SN neutrino rate in Icecube
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Common fit of all neutrino 
spectra
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Fit parameters: <E> , , flux normalisationγ

• Histogram array of simulated data is 
pre-stored using SNOwGLoBES


• Fit uses it interpolating in-between 
histograms

13



Fit to Asimov data sets returns median 
sensitivity/uncertainties + quenching

—  
— 
— 
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Icecube fit

—  
— 
— 
—

νe

ν̄e

νμ, ντ, ν̄μ, ν̄τ
total

17



Mean energy -    correlationγ
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Mean energy -    correlationγ
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Mean energy -    correlationγ
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Time-dependent neutrino 
flux
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Time-dependent neutrino 
flux
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Time-dependent 
parameters. Fit results
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— 
— 

νe

ν̄e

νμ, ντ, ν̄μ, ν̄τ

23



Time-dependent 
parameters. Fit results

8.8 Solar mass model—  
— 
— 

νe

ν̄e

νμ, ντ, ν̄μ, ν̄τ

24



Time-dependent 
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Summary
• Basic framework is working fine


• SN explosion is a unique astrophysical event:


• Visible in the sky! (if it is close enough)


• Astrophysics


• Supernova explosion mechanism?


• Heavy elements production?


• Neutron star or a blackhole?


• Particle physics


• Total energy emitted in neutrinos?


• Partition between flavours?


• Emission in other particles?


• Spectrum of neutrinos?


• Neutrino mixing effects?

It will offer unprecedented opportunities for diverse 
neutrino detectors around the world to gather 

critical information about astrophysics and particle 
physics!
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Thank you for your attention!
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