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aŀǎǎƛǾŜ ǎǘŀǊ ŜǾƻƭǳǘƛƻƴ ϧ ˄ ŜƳƛǎǎƛƻƴǎ

Pre-SN neutrinos
̗˄ǎemitted from SNprogenitors before core bounce
̗ important factor for stellar evolution
˄ǎcan freely escape a stellar core and cool down it

̗ typical average energy: Ḑa few MeV detection threshold

Pre-SN neutrino SN neutrino

1987A obs.

Observation of pre-SN ˄ ǎhascome into view !!
Odrzywolek2004first pointedout



Importance of pre-{b ˄ observation

̗SN alarm 

pHre-SN ˄ ǎare emittedbefore SN

̗Proofof stellar evolution theory

cHonvectionproperty

nHuclear burning process  shell burning Yoshida 2016

pHrogenitor type 

distinction between ECSN & FeCCSNprogenitorsKato2015

EHOS 

̗Neutrino physics    

mHass hierarchy   Kato 2017, Guo 2019    



Outline of calculation methods

’
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Stellar evolution calculation 
˄ ŜƳƛǎǎƛƻƴ

˄ ƻǎŎƛƭƭŀǘƛƻƴ 

ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ˄ ŦƭǳȄ ƻƴ ǘƘŜ 9ŀǊǘƘ

Estimationof˄ ŜǾŜƴǘǎ 
@ detectors



Resultsof stellarevolution calculations

Yoshida 2019/ Nagakura2014
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LƳǇƻǊǘŀƴǘ ˄ 9Ƴƛǎǎƛƻƴ ǇǊƻŎŜǎǎŜǎ

̗For Ӷ’Ὡ
pHair annihilation  Ὡ Ὡ ᴼ’Ὡ Ӷ’Ὡ

( pHlasmondecay     ‎z ᴼ’Ὡ Ӷ’Ὡ for ECSN progenitor)

‍H decay  ὤȟὃ ᴼ ὤ ρȟὃ Ὡ Ӷ’Ὡ

̗For ’

EHC on free protons  Ὡ ὴᴼὲ ’Ὡ
EHC on heavy nuclei ὤȟὃ Ὡ ᴼ ὤ ρȟὃ ’Ὡ

Ὕȟ”ȟὣȟὢŀǊŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ˄ ŜƳƛǎǎƛƻƴ

Odrzywoleck2004/2007/2009,  Kato 2015, Guo 2016, Patton 2017a



Typical lightcurveand spectrum

c.f. SN neutrinos: ͯρπ/s , ͯ a few tens of MeV 

̗ Ӷ’Ὡ: ͯ ρπ
υσ/s, ’Ὡ: ͯ ρπ

υφ/s

̗ ὉӶ’Ὡ : ͯ 3 MeV, Ὁ’Ὡ : ͯ 8 MeV      @ core bounce

15ὓṩ
Kato 2017
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Theoretical uncertainties

Stellar models / Neutrino reactions / Nuclear composition

Odrzywoleck2010,  Yoshida 2016, Kato 2017, Patton 2017a

15ὓṩ, Ӷ’ Si-shell

O-shell



9ǎǘƛƳŀǘƛƻƴ ƻŦ ˄ ŜǾŜƴǘǎ όL.5ύ
̗˄ ƻǎŎƛƭƭŀǘƛƻƴΥ ǾŀŎǳǳƳ Ҍ a{²

̗IBD events @JUNO

T=24h, d=200pc, NH, 15ὓṩ

Si-shell

O-shell

Event rate

Integrate
event rate



SN alarm

SNrate:only once/century in our galaxy

we must not miss the next near-by SN ! 

{bd˄etection will bring many important info.

pre-{b ˄ ŘŜǘŜŎǘƛƻƴ ǿƛƭƭ ōŜ ŀ ŎǊǳŎƛŀƭ ƴƻǘƛŦƛŎŀǘƛƻƴ

How far?  How early?How wellthe directionpointing?

2.0



How far?

Kato 2020a (3 detectors)
Asakura2016 (KamLAND)
Simpson 2019 (SK-Gd)
Li 2020 (JUNO)

NO, 15ὓṩ
β uncertainty: Pre-{b ˄ ƳƻŘŜƭ κ .D ŎƻƴŘƛǘƛƻƴ

JUNO results

Poster #11 by HuilingLi



Candidate stars
Candidate stars 

Ṃ40 (d < 1kpc) 

Betelgeuse (200pc)

Antares 
(160pc)

Epsilon Pegasi
(150pc)

Given by S. Horiuchbased on
Nakamura 2016

Their initial masses are 
highly uncertainty 

Suggestion of mass independent 
analysis

(′ȟὝȟὣ ὺίPre-{b˄lum.)

Kato 2020b 


