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Introduction
Final fates of stars

NASA
M. Renzo et al. A&A 640, A56 (2020)

Final fate of ZAMS 140-260M☉ Very massive star

→Pair-instability supernova

Complete destruction →No compact object (remnant)

R. Farmer et al. ApJ. 887, 53 (2019).
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Introduction
PISN best candidate

SN 2018ibb

S. Schulze et al. arXiv:2305.05796 (2023).
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Motivation

PISN upper/lower limits

なぜこのように反応率に
対し傾く応答をする？

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

12C (a,g)16O rate
highlow
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Motivation (前回のおさらい)

Ni synthesis

(HW02: A. Heger & S. E. Woosley ApJ. 567, 532 (2002) )

①High reaction 
rate→more Ni

②Maximum amount 
is larger for lower 
rates (Max 84.5M☉

for the -2s group!)

①

②

H. Kawashimo et al. arXiv:2306.01682 (2023)
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① Expl. energy ∝ 
Progenitor mass

② High reaction rate 
→High expl. Energy

③ Energy “dropping” 
feature in high mass!

(HW02: A. Heger & S. E. Woosley ApJ. 567, 532 (2002) )

②

①

③

Motivation (前回のおさらい)

explosion energy

H. Kawashimo et al. arXiv:2306.01682 (2023)
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Motivation (秋天文学会のおさらい)

Carbon “pre-heating” 

• ▲：start C+C burn, ■: start O+O burn
Upside: carbon remaining
Downside: total energy evolution

• Remain more carbon => gain more 
energy before O+O main burning!

H. Kawashimo et al. arXiv:2306.01682 (2023)
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Motivation (秋天文学会のおさらい)

“Pre-heating” shifts limit point

• ◆: start expansion point
• Dashed: PISN failed cases 

(CC)

• Dashed grey lines: He-
pnpn photodisintegration 
(He 97%-93%)

• “Pre-heating” effect 
shifts the limit point to 
the massive side

+2σ case killed! +1σ case killed!
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In this work…

• 3a-> supply 12C (CO core total mass)
• 12C(a,g)16O-> turn 12C to 16O (C/O ratio)

Is 3a rate effective for nickel synthesis?

-> Calculation with both 3a and 12C(a,g)16O changed
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Almost same structure

Results

nickel production (3a fixed)



14

Almost same structure

Results

total energy (3a fixed)
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High cag->3a independent!
No hierarchical structure

Results

nickel production (12C(a,g)16O fixed)
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High cag->3a independent
No hierarchical structure

Results

total energy (12C(a,g)16O fixed)
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No ↗ feature? (The highest amount 
of nickel produced in each series)
: ↗ feature is independent from “pre-
heating”?

Discussion -1

H. Kawashimo et al. arXiv:2306.01682 (2023)

12C(a,g)16O
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With high 12C(a,g)16O rate, all series
have same lines.

high 12C(a,g)16O rate
➔ Carbon depression?
➔ low “pre-heating”?

However: explodable mass range shift

Discussion -2

H. Kawashimo et al. arXiv:2306.01682 (2023)

12C(a,g)16O
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Summary

Motivation
• PISNは12C(a,g)16O反応率を振ると爆
発範囲やニッケル生成量、爆発エネ
ルギー量に変化

• この原因は炭素「予熱」効果で、
12C(a,g)16O反応率が低いと炭素が多
く残るので、PISNの主エネルギーであ
る酸素より先に燃える

• 炭素量を決定するのは12C(a,g)16Oの
みならず、3aも影響。同時に変えた
ら？

Result and Discussion

• 12C(a,g)16Oが変化する場合、おおか
た3aによらず同じようなふるまい

• 12C(a,g)16Oが高いとき、3aを変化させ
てもほかでみられるようなhierarchical
な構造がない

• 3aが変化しても、系統ごとの最高生
成ニッケル量は影響を受けない
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