
ブラックホールを形成する場合の
超新星爆発の計算

Calculation of a supernova in the 
case of BH formation
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•Huge explosion of heavy stars at their death
• Forms a neutron star or a black hole (BH)

• The “Brightest” neutrino source 

•99% of its energy released as neutrinos
• Neutrinos can penetrate the center

➢Only one observed example: SN1987A

Supernova and Neutrino

SN1987A events

• 11: Kamiokande[1]
• 8: IMB [2]
• 5: Baksan [3]

[1]Hirata et al. 1987

[2]Bionta et al. 1987

[3]Alekseev et al. 1987
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• Many studies of supernova neutrinos for neutron star 
formation
• Able to obtain neutron star properties from neutrinos

Neutrino templates and analysis of neutron stars
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Supernova events Distributed to time bins 

Event rate 𝑹 𝒕

and
Average energy 𝐸 𝑡
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M31-2014-DS1

• A star faded into darkness in 
M31 in sudden.

• Failed SN? 
• Kishalay De et al. (2026)
• Emma R. Beasor et al.(2026)
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Failed SN？

2012
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Divergence of stellar mass black hole

Boccioli et al. (2024)

Mass distribution of black holes from the GW observation
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Simulations of neutrinos of collapse into black holes

O’Connor and Ott (2011)

Suwa et al. (2025)Many simulations?
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Simulations of neutrinos of collapse into black holes

O’Connor and Ott (2011)

Too many 40𝑀⨀ progenitors 

(and neighborhoods)!

Suwa et al. (2025)
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Simulations of neutrinos of collapse into black holes

O’Connor and Ott (2011)

Too many 40𝑀⨀ progenitors 

(and neighborhoods)!

Non-full-G.R. simulations

Suwa et al. (2025)



• People are interested in unveiling the supernova 
explosion mechanism.
• Failed supernovae are just failed calculations.

• More difficult than calculation of neutron stars.
• General relativity

• Too extreme environment

Why are there few failed supernova simulations? 
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• Motivation
• Make neutrino templates of failed supernovae
• Calculate various progenitors and situations.

• Method
• Computers

• Personal Computer Cluster (PCC)
• Open MP 

• GR1D (O’Connor et al. 2015) 
• modified for black hole simulations
• General relativity
• Neutrino radiation transport
• 1D

• EOS
• Shen EOS (2020)
• Wide-ranged parameters

• Density: ~1016g/cc

• Maximum mass: 2.12𝑀⊙

• Progenitor
• 40𝑀⊙

• Woosely and Weaver 1995

Black hole simulation
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• Failed SN

• The central density suddenly rises at 
0.92 s

• The lapse function drops 0.01.
Metric 
• 𝑑𝑠2 = −𝛼2𝑑𝑡2 + 𝑋2𝑑𝑟2

• 𝛼 = 𝛼0exp 𝑋2׬
𝑚

𝑟2
+ 4𝜋𝑟 𝜌ℎ𝑊2𝑣2 + 𝑃 + 𝜏 dr

Fluid properties and metric
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Shockradius
Central Dinsity

Lapse function



• Average energy and luminosity

• Reference NS model (Dashed lines)
• Mass: 9.6𝑀⊙

• EOS: DD2

• Mori et al. (2021)

• Higher energy and luminosity

Neutrino properties 
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• 10 kpc supernovae with 
Super-kamiokande
• BH: 12000 at 0.92 s
• NS: 1700 at 10 s 

• Higher events above 
100MeV in BH

Neutrino observation 
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• BH formation time vs compactness
• Compactness 𝜉2.5: 0.583

• 𝜉2.5 ≡
𝑀/𝑀⊙

𝑅(𝑀)/1000km
𝑀 = 2.5𝑀⊙

• PNS mass of BH formation
• 2.6𝑀⊙

• Need to consider finite temperature

Discussion
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O’Connor et al. (2011) NS mass

Maximum 
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Summary

• Motivation 
• Want to make a neutrino database for collapse to black holes

• Succeeded  code development
• Calculated 40𝑀⨀

• Stabilized M1 scheme

• Result
• Higher average energy and more neutrinos

To do
• Increase progenitors and EOSs.

Summary
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• Water Cherenkov detector in the Gifu prefecture.

➢Height: 41.4 m

➢Diameter: 39.3 m

➢Inner detector: 32.5 kton

➢Number of PMTs:11,129 

➢Energy threshold: 5MeV

• Can detect BH formation in M31 
• Main interaction channel 

• Inverse beta decay
• ҧ𝜈𝑒 + 𝑝 → 𝑒+ + 𝑛

Super-Kamiokande(SK)

http://www-sk.icrr.u-tokyo.ac.jp
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M31
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