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Finding (extragalactic) transients

Mostly, either of

- Super-massive Black Holes (BH, AGNs)

- Stellar explosions (Supernovae, SN) +
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Stellar Evolution and Supernovae (SNe)

H-burning WS, 2009.2.19-20

CC-SN

GRB

SN Ia



Core-Collapse SNe (CCSNe)
• CCSNe: 

– Massive star forming “onion” structure.

– Iron/Fe core collapse ⇒ neutron star (NS) or Black hole (BH).

– Explosion aided by neutrino heating. 

– Origin of O, Si, etc. 

• Unresolved:

– Explosion mechanism(s) not completed. Case for BH formation?

– “Final” stellar evolution not well understood (now challenged). 

• Hope: 

– Stellar evolution, neutrino-matter coupling, NS/BH census, etc.

Burrows & Vartanyan 

2021, Nature



Type Ia Supernovae (SNe Ia)
• Thermonuclear explosion of a white dwarf (WD).

• A binary origin: WD + WD or WD + normal star.

• No remnant. Origin of Fe-peak elements. 

• Uniform luminosities ⇒ distance indicators. 

• Unresolved:
– Progenitor evolution channel(s): WD + what?

– Nuclear-reaction physics: deflagration, detonation?

– Emerging diversity in observational properties – origin?

• Hope:
– Binary physics, explosion physics, precise cosmology, etc.

Knop+ 

2003

Iwata+KM

2024, PRL



Thermonuclear 
explosions (SNe Ia +)

Decline rate

Peak mag

Taubenberger 

2017

• Too much diversity to 
be a single population. 

• Indications for different 
progenitors/explosions 
for different classes. 

• Main issue:

• Mapping the different 
classes to 
progenitor/explosion 
scenarios. 

• Identify the main route. 

?
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SN/transient discovery and follow-up

1m, survey 1-2m, follow-up

2-4m, follow-up

8m or space, 

follow-up

“nearby” 

objects



JWST + ground based (incl. Subaru/FOCAS)

James Webb 

Space Telescope 

(JWST)

NIR + mid-IR

Subaru/FOCAS

optical



JWST + ground based (incl. Subaru/FOCAS)

Kwok+ 2023, 

2025a

KM+ 2010, 

Nature

“normal” SNe Ia

Standard “delayed detonation”

SN Ia at late phases (> 100 days) ⇒ subclasses⇔ different channels



JWST + ground based (incl. Subaru/FOCAS)

Kwok+ 2023, 

2025a

KM+ 2010, 

Nature

“normal” SNe Ia

Standard “delayed detonation”

“over-luminous” SNe Ia

WD-WD merger - detonation

Pakmor+ 

2010, Nature
Kwok+ 2024



JWST + ground based (incl. Subaru/FOCAS)

Kwok+ 2023, 

2025a

KM+ 2010, 

Nature

“normal” SNe Ia

Standard “delayed detonation”

“over-luminous” SNe Ia

WD-WD merger - detonation

Pakmor+ 

2010, Nature
Kwok+ 2024

“faint” SNe “Iax”

Weak/Failed deflagration

Kromer+ 2013



Faint SNe “Iax”: left-over White Dwarf?

WD partially left

Nothing left

Nothing left

Subaru/FOCAS spectra @ +500 day

WD partially left

WD “remnant”

ejecta Galactic counterpart:

Remnant of SN 1181

KM+ 2022

Kromer+ 13
Gvaramadze+ 2019

# Nothing left in 

other mechanisms



CCSN applications

Fang, KM+ 2022

Statistical analysis of >100 

CCSN spectra @ > 150 day 

(incl. FOCAS data)

Fang, KM+ 2019, Nat. Ast.

Different roles of binary 

evolution in SNe IIb/Ib and IcKM+ 2008, Sci. 

Asymmetry key 

in SN explosion

Fang, KM+ 2024, 

Nat. Ast.

Explosion 

mechanism 

dependent on 

the mass



Another example: Tidal-Disruption Event (TDE)
Seimei classification⇒ Subaru spec-pol obs.

Uno, KM+ 2025
1st epoch

“outflow”

2nd epoch 

“torus” echo

3rd epoch

“background”

(zero-point)

Naive expectation: 

stellar orbit is random

⇒ no correlation b/w “outflow” and torus (“red” in the above picture)

90 deg flip:

Outflow and 

torus are 

“orthogonal”

Seimei telescope 

3.8m, Kyoto. U.

Dusty torus 

around the 

SMBH

Outflow by 

the TDE
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SN/transient discovery and follow-up

1m, survey 1-2m, follow-up

2-4m, follow-up

8m, “survey”

“nearby” 

objects

?

Need deep and “Wide”

⇒ Subaru / Hyper Suprime-Cam (HSC)

Exceptionally large field-of-view for 8m



SNe Ia are more diverse toward earlier phases

Jiang+ 18

“bright” SNe Ia

Bright SNe Ia are preferentially 

associated with early “flux excess”

⇒ explosion mechanism different than 

“normal” SNe Ia?

+ another rare population of SNe IA 

showing the early excess (next)

Wu+ 2025

Compilation of “very-early” light 

curves of SNe Ia

(incl. Subaru/HSC data)



Catching a peculiar
SN at the birth

Normal class

Faint class

Excess in the first 

few days. Normal, but with 

strong Ti absorption

Jiang, Doi, 

KM+ 2017, 

Nature

1 day

Well explained by “Helium detonation”-

triggered explosion (a kind of “Nova”)

Proposed in 1980’s, but has not been a 

“popular” scenario. 

⇒ revival, now intensively studied 
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SN/transient discovery and follow-up

1m, survey 1-2m, follow-up

2-4m, follow-up

8m survey 

(+follow-up)

“nearby” 

objects

“distant/high-z” 

objects



Subaru HSC survey: strategic survey

Summary by Yasuda+ 19 (PI)

Cosmos field (2016-2017)

SXDX field (2019-2020)

One driver: SN Ia cosmology (in prep.)

Yasuda+ 19

redshift

Number

Date

Lim. 

Mag.



Subaru HSC survey(s)

Light curve examples for SNe Ia 

from the SSP survey.

- The evolution well characterized. 

- The initial phase was caught for 

some objects. 

Allows investigations of both 

statistical properties and short-

time scale objects (+ early SNe). 

+ complementary surveys: 

- High-cadence survey (PI: Jiang)

(2 hrs cadence for 1 week).

- Long-term survey (PI: Moriya)

(once per every half year).

Yasuda+ 19

Date

Flux



Toward high-z, slow and long

Super-luminous SNe (SLSNe): 

< -20-21 mag.

3 SLSNe + 2 candidates 

@ z > ~2.

High-z star-formation rate, etc.

Moriya+ 19

Curtin+ 19

Rate from the 3 SLSNe

Rate from the 

candidates.

Prototypical 

SLSN

HSC17auzg



Rapidly-evolving transients

Ho+ 2023

(ZTF) Tshikage+ 2024

(Subaru/HSC)

Canonical 

SNe

Rapid 

transients

Δt

Newly discovered population(s) 
(high-cadence surveys + rapid follow-up)

Still the “infant” phase of the investigation

Need both statistic and detailed individuals Jiang, Yasuda, KM+ 

2022 (Subaru/HSC)



Multi-messenger
• Characterizing the nature of 

“muti-messengers”                              
(+ non-optical emitters).

⇒Need to find and follow-up 
electro-magnetic (esp. Opt+NIR) 
counterparts. 

Abbott+ 2017

GW-triggered NS-NS merger GW170817

- Heavy-element nucleosynthesis

- Origin of short GRBs, etc.



Multi-messenger

• Frequently, 

– the “error circle” of the multi-messenger is large.

– The counterpart is expected to be faint. 

⇒ deep & wide: HSC (imaging) & PFS (spectroscopy).

Zhang+ 2025



Latest example

Subaru/PFS

> 2000 targets within 1.25 deg2 in one shot.

GW S250328ae (BH-BH merger)

DECam – PFS joint search

3897 targets observed by PFS

“Possible” candidates. But 

none confident (yet to know 

what a BH-BH merger looks 

like in the optical).

But demonstrated 

unique capability of 

Subaru/PFS.
Zhang+ 2025



Future perspectives

Survey
Classification & 

follow-up

Characterization
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Future perspectives

Survey

Characterization

Classification & 

follow-up



Summary

• Transient science being inflated in the last decade.

– New insights on known populations (e.g., SNe).

– Discovery of new populations.

• Multiple and complementary strategies.
– Global network mandatory.

– Detailed follow-up and characterization.

– Toward the time of the explosions for nearby objects.

– Toward high-redshift Universe.

– Subaru has been playing key roles in all the aspects.

• Future is bright, more to come.
– New facilities to come (Rubin/LSST, Roman, TMT. ELT, TAO, …)

– Subaru has been a pathfinder, and will keep its unique position. 
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