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Introduction
Final fates of stars

NASA

M. Renzo et al. A&A 640, A56 (2020)~8M☉ : White dwarf

~30(?)M☉ : Core-Collapse supernova (Neutron star, Black hole)

~140M☉ : Black hole (Direct collapse/ Falied supernova)

~260M☉ : Pair-instability supernova

260M☉~ : Black hole (Direct collapse?)
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Introduction
Final fates of stars

Final fate of ZAMS 140-260M☉ low metal very massive star

→Pair-instability supernova

Complete destruction →No compact object (remnant)

R. Farmer et al. ApJ. 887, 53 (2019)

M. Renzo et al. A&A 640, A56 (2020)
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Introduction
GW events in PI mass gap

R. Abbott et al. Phys. Rev. X 11, 021053 (2021).

R. Abbott et al. arXiv:2108.01045 (2021)

E. Moreno-Méndez et al. MNRAS 522, 1686 (2023). 
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Introduction
PISN best candidate

SN 2018ibb

S. Schulze et al. A&A 683, A223 (2024)
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https://www2.yukawa.kyoto-u.ac.jp/~nuc2021/slides/heger_a.pdf

Introduction
12C(,)16O reaction rate uncertainty

12C(,)16O reaction
(this work’s target)

16O+ 16O reaction
(PISN main energy)



Introduction
12C(,)16O reaction rate uncertainty

deBoer et al. Rev. Mod. Phys. 89, 035007 (2017).

Too difficult to id. Astronomical S-factor
(convert: 0.1MeV ~ 109 K: typical stellar 
physics temperature)

12C

4He 16O





Introduction

PI mass gap and 12C (,)16O rate

M. Renzo et al. A&A 640, A56 (2020) R. Farmer et al. ApJL. 902, L36 (2020).

low

high

12C (,)16O rate

（GW190521 like）
Massive BH formation

Lower limit of PI mass gap is affected by 

Nuclear reaction（especially 12C()16O）
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PISN final fate → 

strongly effected from 
12C(,)16O reaction rate

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

12C (,)16O rate
highlow

Introduction
PISNe details (final fate) with rate
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Focusing on the same initial 
mass, 
high 12C(,)16O reaction 
rate series makes more 56Ni

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

Introduction
56Ni synthesis
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Neutrino emission from PISN: 
Pair process, ~ 1049 erg/s

Motivation
Previous work

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

MZAMS = 250 M☉

(Mfinal = 126.7 M☉)

Z = 0.001
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In this work…

PISN emission => 

 GW (mass gap BBH)               optical (e.g. 2018ibb)

We investigate VMSs stellar evolution focusing 

on neutrino luminosity with changed 
12C(,)16O reaction.

A. Abbott et al. PRL. 125, 101102 (2020) H. Kawashimo et al. MNRAS 531, 2786 (2024)
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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 = 10-3

・ Initial mass MHe => 60 M☉ to 160 M☉ (step 5 M☉)
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Method

Reaction rate

12C(,)16O reaction:

 Kunz+ 02 and 

STARLIB (Sallska+ 14)

-2 to 2 (0.1 step)

2

-2



Results

Consistency with previous work

15

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

125 M☉

Our result provided 
more emission?
(see -20s & +10s)



Results

Peak neutrino luminosity map
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Discussion

Error range shifting

17

Massive case
=> Reaction rate induced error 
will be smaller

90 M☉ 155 M☉

49.756 (log erg s-1)

48.700 (log erg s-1)

47.800  (log erg s-1)

49.217 (log erg s-1)



Future work

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

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

Introduction

• PISN is interested in the context of 

GW obs. (e.g. GW190521) and 

optical obs. (SN 2018ibb)

• 12C()16O plays an important role 

for PISN explosion

In our work…

• He star evolution with 12C()16O 

reaction (x0.5 ~ x2)

• Neutrino emission time evolution

Result

Discussion

• Error range will be smaller in high 

mass region
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