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Introduction
Final fates of stars
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Complete destruction —No compact object (remnant)



Introduction

GW events in Pl mass gap
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PISN best candidate

MPG/GROND tmax+283.2 days
gri

SN 2018ibb

S. Schulze et al. A&A 683, A223 (2024)
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1100 Days in the Life of the Supernova 2018ibb —
the Best Pair-Instability Supernova Candidate, to date
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Stars with zero age main sequence masses between 140 and 260 M, are thought to explode as pair-instability supernovae (PISNe). During their
I thermonuclear runaw ay, PISNe can produce up to several tens of solar ma munt radioactive nickel, resulting in luminous transients similar to some
© superluminous supernovae (SLSNe). Yet, no unambiguous PISN has been discovered so far. SN 2018ibb is a hydrogen-poor SLSN at z = 0.166
™ that evolves extremelv slowlv compared to the hundreds of known SLSNe. Between mid 2018 and early 2022. we monitored its photometric

4057500 300 400 500 600 700
Days since maximum (rest-frame)



Introduction _ |
12C(a,y)**0 reaction rate uncertainty

12C(a,y)*0 reaction

Fuel Main Secondary T Time _Main _ ]
Product Product (10°K)  (yr) Reaction (this work’s target)
H He 14N 0.02 107 4H C_'“)°4He
He A, C ™0, 2Ne 0.2 108  3‘He>*C
S-process 2C(a,y)*0
Na 0.8 103 120 + 12C
ALP 15 3  INeGawo

160+ 16Q reaction
w20 08 TOFRO === p|SN main energy)

Ti, V, Cr, 3.5 0.02 *Siy,0)...
Mn, Co, Ni

https://www2.yukawa.kyoto-u.ac.jp/~nuc2021/slides/heger_a.pdf



Introduction
12C(a,y)**0 reaction rate uncertainty
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Introduction
Pl mass gap and 1°C (a,y)°0 rate

M. Renzo et al. A&A 640, A56 (2020) R. Farmer et al. ApJL. 902, L36 (2020).
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Lower limit of Pl mass gap is affected by _ _
Massive BH formation

Nuclear reaction (especially 12C(c.,y)160)



Introduction _ _
PISNe details (final fate) with rate

R. Farmer et al. ApJL. 902, L36 (2020).
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NI synthesis

1

Focusing on the same initial
4 | mass,

high 2C(a,y)**0 reaction

rate series makes more 2°Ni

90 | T I T T | | I [ |
4
70 b , / Y ;-
r /A
= a8 i
a
(qv}
: 30 [
’Z o+
<o)
LN 2
FU -
Q 10 : ——fom=] : = : : :
a s atha®"
Q L
S 1000 i
s { =
n 1 ' 206 N
10°1L — 10 B
5 standard M
10 +1c M -
+2¢ B
10'3 | | | | | | | | | |
60 70 80 90 100 110 120 130 140 150 160

initial He star mass [M o ]

H. Kawashimo et al. MNRAS 531, 2786 (2024)

170

10



Motivation

Previous work
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Neutrino emission from PISN:
Pair process, ~ 10%° erg/s
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In this work...

PISN emission =>
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We investigate VMSs stellar evolution focusing
on neutrino luminosity with changed

12C(a,y)t0 reaction. £ —
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Method _
Stellar evolution

MESA r24.08.1 (Paxton+ 2011 etc.)

Initial conditions and setups: Marchant+ 2019

* He star (Main sequence terminated + H envelope removed)
« Metallicity Z = 103
- Initial mass My, => 60 M, to 160 M, (step 5 M)

MESA i

‘____
13



Method _
Reaction rate

20
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12C(a,y)*°0 reaction:

STARLIB (Sallska+ 14)
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Results
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Our result provided
more emission?
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Results

Peak neutrino luminosity map
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Discussion -
Error range shifting
’ 90 Mo] | | | | ’ 155 M; P
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Massive case
=> Reaction rate induced error
will be smaller

\_
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Future work

Observation estimation

TABLE II. Numbers of interactions per detector for each mass ordering and a PISN at 10 kpc. These event counts
are for the whole neutrino burst. The last two columns represent the number of interactions observed when neutrino
oscillations are not taken into account.

NMO IMO Unoscillated
Mass Detector Helm SFHo Helm SFHo Helm SFHo
P150 Hyper-Kamiokande 1.77 1.78 1.74 1.75 3.02 3.05
Super-Kamiokande 0.24 0.24 0.23 0.23 0.40 0.41
DUNE 0.14 0.14 0.15 0.15 0.25 0.25
JUNO 0.10 0.10 0.10 0.10 0.17 0.17
P250 Hyper-Kamiokande 52.23 50.08 43.32 41.98 85.70 84.19
Super-Kamiokande 6.98 6.69 5.79 5.61 11.46 11.26
DUNE 2.95 2.78 3.17 3.06 5.30 5.20
JUNO 3.13 3.00 2.48 2.40 5.06 4.97

W. P. Wright et al. Phys. Rev. D 96, 103008 (2017)

How will be changed by reaction
rate uncertainty?
(for future work)

L
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Summary

Introduction Result
* PISN is interested in the context of

GW obs. (e.g. GW190521) and

optical obs. (SN 2018ibb)
* 12C(a,y)t°0 plays an important role

for PISN explosion
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In our work... _ :

» He star evolution with 2C(a,y)'O Discussion | -
reaction (x0.5 ~ x2)  Error range will be smaller in high

» Neutrino emission time evolution LB (2]
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