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Historical SN neutrino observation
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Supernovae
violent explosions of the progenitors with ὓ ψὓἄat the end of their lives 
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Pre-SN neutrinos
˄Ωǎemitted from the core before core bounce
They decide evolutionary paths 
typicalaverage energy: Ḑa few MeV
Ҝ It seemed tobe difficult to detect them   

Core bounce



A. Odrzywoleket al.(2004)
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Importance of pre-{b ˄ ƻōǎŜǊǾŀǘƛƻƴǎ

1. Proof of stellar evolution theory
convectionproperty

nuclear burning process  

progenitor type

EOS 

2. SN alarm

3.neutrino physics

mass hierarchy                                             

etc.
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1. Massive star evolution
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1. Neutrino emission from massive stars

Electron capture by free p

Ὡ ὴO ὲ ’

Thermalemission

Pair annihilation

Ὡ Ὡ ᴼ’ ’

Plasmondecay

z ᴼ’ ’

Nuclear reactions

bŜǳǘǊƛƴƻ ŜƳƛǎǎƛƻƴΥ ¢Σ ˊΣ ¸ŜΣ ·ƛ
Odrzywolek2004 2007 2009,  Kato 20152017, Patton 2015 



1. Typical pre-SN neutrinoproperties
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1. Typical pre-SN neutrino properties

Kato 2017

’

Ӷ’
d =200pc
Inverse-ʲ ŘŜŎŀȅ όӶ’)

liquid Ar reaction (’)
neutrino oscillation  

Progenitor phase

Collapsing phase

Ӷ’: progenitor phase

’: collapse phase



Outline

1.  Massivestarevolution

& typical properties of pre-SN neutrinos

2.  Importance 1: Proof of stellar evolution theory

3.  Importance2: SN alarm 

4.  Discussion for observation ofpre-SNneutrinos

5.  Summary & Future prospects



2. Nuclear burning & convective property

shell burningaffectsneutrinoemissions
shell burningҜ core expansion 
Ҝ T&ˊ Ҩ
Ҝ neutrino emissions Ҩ

We confirm the existence of shell burning 

Si shell

JUNO
1.8MeV

HK + Gd
1.8MeV

O shell

Yoshida 2015



2. Progenitor difference

ECSN

FeCCSNe

Kato 2017

The evolution in late phase 
is quite different

ECSNe: drastically T increase
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Boundary: ὓ ὓόὴ

The mass boundary 
of two progenitors is 
quite uncertain
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Nakamura 2016

Galactic supernova rate :  a few / 100years

ҜWe must not miss nextSN !

3. Multi-messenger& SNalarm

Multi-messenger study of SNe: neutrino,GW,EMwave

mechanism of SNe

nucleosynthesis 

EOS

BH formation   

neutrino physics etc.

Findings by SN neutrinos



3. Timeevolutionof neutrinoevents

Ӷ’ : ͯ 6 days before @LS /  ’ : ͯ 20 min before @ DUNE

’> Ӷ’ in collapse phase (IH) Ҝ detail information 

Eth = 5.0 MeV 

Eth= 10.8 MeV

DUNE

SK

KamLAND

HK

JUNO



3. Strategy of SN alarm for FeCCSNe@ 200pc 
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4. Discussionfor pre-SN neutrino obs.

Observable distance@KamLAND

Asakura2015

Detectable range: Ṃa few hundreds pc



4. Discussionfor pre-SN neutrino obs.

Candidate RSGs : 39 (d < 1kpc)

Betelgeuse (200pc)

Lambda Velorum
(190pc)

Nakamura 2016 

Antares (160pc)

EpsilonPegasi
(150pc)



5. Summary

Observations of pre-SN neutrinos come into the view 
due to the development of low background technique !!

Evidence of stellar evolution theory

confirmation of shell burning

distinguishability of two types of SN progenitors 

SN alarm (200 pc)

a few days before (Ӷ’@ LS) 

source pointing (Ӷ’@ WC)

detail information during collapse (’@LAr)



5. Future prospects

Detail background discussion

Systematic study (ψ ςυὓṩ)

Pointing by pre-SN neutrinos

When is the first detection of pre-SN ˄ Ωǎ?

Thank you for your attention!

Ҝhƴƭȅ ƎƻŘ ƪƴƻǿǎΧ

@Japanese shrine (Dazaifu)
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