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* We investigate light-curve properties of the lowest-mass core-
collapse supernovae, electron-capture supernovae.
Investigating the ECSN candidates, we infer their occurrence
rate and explosion energies.
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Lifecycles of stars
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Initial-mass range of CCSNe
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Low-mass limit strongly affects CCSN rate.
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Difftuse SN neutrino background
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Terminal fate of massive stars
RSG star
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Terminal fate of super-AGB stars
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Initial stellar mass of ECSNe is unclear .




ECSN explosion

o12F - -

> I -
o
O — Low energy

(@)
O = ~71 0N50
c O 10°%erg
Q | N |
(@1
X
LLi

Kitaura+06

Time [ms]



ECSN candidates

SN 1054 (Crab nebula, Nomoto+82) SN 2018zd (Hiramatsu+21)

Crab Nebula M1 , Las Cumbres 2m -
"HSTWFPC2 . . p

BVgr

L SN 2018zd

¥

Observational investigations are becoming feasible.
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Aim of my research
Theory (Sato+24)

» Revealing a robust observational difference between ECSNe and low-
mass FeCCSNe

» Proposing a diagnostic method to identify ECSNe

» Searching for ECSN candidates in the past

» Examining the consistency between ECSN theory and observation
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Progenitor models

RSG stars

(for FeCCSN, Sukhbold+16)
- Initial mass M, = 9-12 Mg

Super-AGB stars

(for ECSN, Tominaga+13)

- Envelope mass M.,

-  Envelope H abundance X(H)
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Light-curve models

Explosion
- Thermal bomb
- Explosion energy (0.1-14.2) X 10°° erg

Light-curve calculation
- 1D multi-group radiation hydrodynamics code, STELLA (Bllinikov+93)

~ 2000 models

12



Light curves
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Density [g cm™]

Hydrodynamical structure
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Diagnostic method of ECSN
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Aim of my research
Theory (Sato+24)

» Revealing a robust observational difference between ECSNe and low-
mass FeCCSNe

» Proposing a diagnostic method to identify ECSNe

» Searching for ECSN candidates in the past

» Examining the consistency between ECSN theory and observation
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Applying the diagnostic to the past SNe

97 Type-ll SNe

Literature sample: 35
 Faran+14: 5
* Galbany+16: 7
* Valenti+16: 10
* Anderson+24: 11
* Hiramatsu+21: 1 (2018zd)
« Shrestha+23: 1 (2023axu)

ZTF survey sample: 62
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Comparison with models
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Explosion energy
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Occurrence ratio & Initial mass

Occurrence ratio
- ~3.0-15.7 % of Type-1l SNe (1.8 - 9.2 % of CCSNe).

Initial mass

- The initial stellar mass window may be ™ 0.1-0.7 MQ_.
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Summary

« ECSNe show bluer plateaus than low-mass FeCCSNe.

« 10 ECSN candidates are found from 97 Type-ll SNe in the past
with the color-based diagnostic.

* The explosion energies of the candidates are inferred to be
~10°0 erg, consistent with the first-principles simulations.

 The occurrence ratio of ECSNe are inferred to be ~3.0-15.7 %
of Type-Il SNe.
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