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• Neutrinos are elementary particles of the Standard Model. Weakly interacting particles 
with no charge.

• They were predicted to be massless, but in fact they are not; neutrino oscillation 
evidence.

• They are produce in a wide range of sources: among them, supernovae → core-collapse 
supernovae (CCSNe).

• Stars are stable due to the balance of forces.  Onion-like structure since they produce 
heavy elements in their interior.

• Once Fe is reached, gravity is not countered by pressure any more. The star collapses.

• CCSNe are the fate of most of massive stars.

• CCSN event rate in a region with radius of 10kpc → 2-3 per century.

• CCSN eject 1053erg of energy, ~99% of it in form of neutrinos and produce ~1058

neutrinos.

Throughout the explosion mechanism as it is understood up to date, neutrino 
emission would take place at three different stages: burst of electron neutrinos, post-
bounce accretion phase and neutrino cooling of the proto neutron star phase.
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Introduction

Neutrinos are of crucial importance 
to study these cataclysmic explosions.



❖ A flavour oscillation implies a change 
in mass.

❖ Hence, the observation of neutrino 
oscillations implies that they have 
mass.
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Hyper-Kamiokande

• Next generation water Cherenkov detector. Planned to be operational 
in 2027.

• It will have a mass roughly about one order of magnitude larger than 
its predecessor.

Jun Kameda, Detailed Studies of Neutrino Oscillations
with Atmospheric Neutrinos of Wide Energy range
from 100 MeV to 1000 GeV in Supe-Kamiokande, 
Doctor Thesis, September 2002, University of Tokyo.

• When a charged particle travels in a dielectric medium with 𝑛 > 1, some of its energy is converted into 
light: this light is known as Cherenkov radiation.

• These photons describes the shape of a cone → ring pattern in the walls.

• Detected with photomultipliers (PMTs): PMT hit, then vertex reconstruction.
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Relevant interaction channels in HyperK

• Inverse beta decay (IBD) -

Dominant interaction channel in Hyper-Kamiokande, from which we can only 
detect electron antineutrinos.

Low energy threshold and high cross section + large number of protons in the 
ultra-pure water of HyperK.

• Electron scattering  (ES) -

Subdominant channel in HyperK. ν here represents all neutrino flavours, thus 
through ES we can detect all flavours.

Important feature! Angular distribution is strongly peaked into the forward 
direction.

• Charge-current interaction on oxygen nuclei (O16e) –
Subdominant channel in HyperK. High energy thresholds for both reactions.

Only electron neutrinos and antineutrinos.

Sensitive proof of the high energy tail of neutrino flux coming from SN.

7

G.L.Fogli, E.Lisi, A.Mirizzi, D.Montanino, Probing
supernova shock waves and neutrino flavor transitions
in next-generation water-Cherenkov detectors,
March 10, 2005.
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Analysis & Results

MC test file with inverted MHMC test file with normal MH

Equivalent to detecting a SN ν burst from 
a SN 10kpc away from Earth.
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By counting the fraction of the ∆χ2 values that we have on 
the left and on the right side of 0, we can estimate how 
many times the observation has normal or inverted MH. 



Elena Ramos Cascón Neutrino Mass Ordering with Supernovae                                                                                                                 June 14, 2023   



Results neither 
satisfactory nor 

decisive.

Starting point for future enhanced 
analysis (e.g. with more sophisticated 
shape analysis of the data).
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Time 
shape 

analysis

Energy shape analysis

22

Bin-by-bin analysis

For the  𝑖-th bin, you calculate χ𝑖
2, and then

χ2 = ෍

𝑖

χ𝑖
2

This way, you should have much more sensitivity, basically because you have 
a shape information, whereas in the ratio method developed in this work, 
you have all the information projected into a single parameter: the ratio.
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THE END

Thank you for your attention 
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