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Historical SN neutrino observation

Supernovae
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Quasistationary Core Supernova 8 1987A obs.
evolutions collapse explosion 48 T

PreSN neutrino SN neutrino

Core boune

PreSN neutrinos
A @m@aitted from the core before core bounce
They decide evolutionary paths
typicalaverage energyp) a few MeV
K It seemed tdoe difficult to detect them




Previous great study [ISEEHCEERES
. neutrino spectru

A.Odrzywolelet al.(2004)

ldea paper of pr&SN neutrino
observation
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Importanceofprd b A 20aSN

1. Proofof stellar evolution theory

convectionproperty
nuclear burning process
progenitor type

EOS

2.SN alarm
3.neutrino physics

mass hierarchy
etc.
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Massivestarevolution
& typical properties of pr&SN neutrinos

Importancéel: Proof ofstellar evolutiortheory
Importance 2: SAlarm
Discussion for observationme-SNneutrinos

. Summary & Future prospsct
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1. Massive star evolut|0|

Neutron Star Black Hole|
‘Brown Dwar1
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1. Neutrino emission from massive stars

Thermalemission Nuclear reactions
Pa|r ann|h||at|0n 1. electron capture (EC)

(@) QO O ’ (Z,A)+e — (Z—1.4)+ v,

2. 81 decay

Plasmordecay )

|-> Z 0 7 y (£, A) — (Z-1.A)+e" +1e

3. positron capture (PC)

(Z,A)+ et — (Z+1,A4) + e
Electron capture by free p |-

() PO - (ZA) — (Z+1A) +e +7,.
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1. Typical preéSNneutrinoproperties

progenitor collapse

A E?" | [ A transfer results
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1. Typical préeSNneutrino properties

detector 15 M Kato 201

normal inverted d :Zoop C
r Super-K B 89.9 - JH: | |nversej FIQ é1 D |
(88.3, 1.61) (19.9, 0.41) I|qU|d Arreaction ( )

KamLAND 44.3 10.1 - T
e | - | neutrino oscillation
(44.2, 0.15) (10.1, 0.03)

Hyper-K 363 37.7
(353, 9.84) (35.9, 1.82)
JUNO 894 204
(891, 3.07) (203, 0.63)
(57.8, 111) (713, 1429) ' [. progenitor phase
DUNE(10.8MeV) 69.3 : Collapsephase
(6.27, 63)  (80.1, 815)

Progenitor phase

Collapsing phase
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2. Nuclear burning & convective property

shell burningaffectsneutrinoemissions

shell burnind core expansion

K T& @

K neutrino emission&

We confirm the existence of shell burning
Yoshida 2015
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2. Progenitor difference
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The evolution In late phase
IS quite different

ECSNedrasticaly T increase

The mass boundary
of two progenitors Is
guite uncertain
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2. Progenitor difference

progenitor collapse progenitor collapse

— | | 7e: transfer results
PC i
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normal inverted normal inverted
Super-K 0.93 0.03 89.9 20.3
(88.3, 1.61) (19.9, 0.41)

non-detectable: ECSN s a s 0.1
d@tectable FeCCSN (44.2, 0.15) (10.1, 0.03)

Hyper-K . . 363 37.7
(353, 9.84) (35.9, 1.82)

JUNO . . 894 204
(891, 3.07) (203, 0.63)
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3. Mult-messenge& SNalarm

Galactic supernova rate : a few / 100years
K We must not misaext S\ !

Multi-messenger study &Ne: neutrino, GW,EMwawe

Findings by SN neutrin

mechanism oENe
nucleosynthesis

EOS
BH formation
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3. Timeevolutionof neutrinoevens

progenitor collapse

KamLANI

DUNE
Eth = 5.0 MeV

10°  10° 10" 1070 50 100 150
time to collapse [s] time after collapse [ms]

'[ X 6days before QS /' :x 20 minbefore @ DUNE
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3. Strategy of SN alarm flBe CCSN@ 200pc
1s 20s

Quasistationary Core Supernova PNS
evolutions Collapse explosion cooling

PreSN neutrino SN neutrino
| II_ - .
First’ o Aburst
- a fewmins + 10ms
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4. Discussiofor pre-SN neutrino obs.
Observable distanc@KamLAND
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5. Summary

Observations of prk&N neutrinos come into the view
due to the development of low background technique !

Bvidence of stellar evolution theory
confirmation of shell burning
distinguishability of two types of SN progenitors

SN alarm (200 pc)
a few days beforé [ @ LS)
source pointing’ ([ @ WC)
detall information during collapse (@ LA



5. Future prospects
Detailbackground discussion
Systematic studyp( ¢ v )

Pointing by pre&SN neutrinos

When is the first detection of pi8NA 2 a
Khyfé 32R (y26akX
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Thank you for your attention! @Japanese shrinBézaifi



