Supernova and transient science with
the telescope network including Subaru
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Fi nding (extragalactlc) transients
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Supernova Primo in the Hubble Ultra Deep Field Hubble Space Telescope = WFC3 ACS
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Mostly, either of ' AN iy
- Super-massive Black Holes (BH, AGNSs) |
- Stellar explosions (Supernovae, SN) + | wswenon # || soweriosoa 10,200 #




Stellar Evolution and Supernovae (SNe)
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Core-Collapse SNe (CCSNe)
» CCSNe:

— Massive star forming “onion” structure.
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— lron/Fe core collapse = neutron star (NS) or Black hoIe (BH)
— Explosion aided by neutrino heating. #4§ .
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— Originof O, Si, etc. |- @ ™
Ao
"Burrows & Vartanyar
* Unresolved: ol s L

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

I”

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

* Hope:

Keiichi Maeda

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



Type la Supernovae (SNe la)

Thermonuclear explosion of a white dwarf (WD). ff
A binary origin: WD + WD or WD + normal star.
No remnant. Origin of Fe-peak elements.

Uniform luminosities = distance indicators.
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@ @ % rodshift
U n reso Ived : ‘ ) 5% VISIBLE MATTER

— Progenitor evolution channel(s): WD + what? .

MATTER

— Nuclear-reaction physics: deflagration, detonation?
68%
— Emerging diversity in observational properties — origin?

Hope:

— Binary physics, explosion physics, precise cosmology, etc. b | lwata+KM
2024, PRL




Thermonuclear
explosions (SNe la +)

* Too much diversity to e

LRI THEL L N Peak mag . .

* Indications for different b
progenitors/explosions

for different classes.
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* Main issue:
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“nearby”
objects

i
g~
3
=
=
N
1}
=

0 50 100 150 200 250 300 350
Days after Maximum Magnitude




JWST + ground based (incl. Subaru/FOCAS)

Subaru/rFOCAS

SNe la-CSM
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SN la at late phases (> 100 days) = subclasses < different channels

JWST + ground based (incl. Subaru/FOCAS)
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2 NS ine profile

““normal” SNe la ; |
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5 Day 480, Reference Day 480, Mipner = 0.033 (red) or 0.33 (blue), My; = 0.02
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Different roles of binary
evolution in SNe llb/lb and Ic
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in SN explosion
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Dusty torus

~‘backgroung
'(zero-point)

around the Uno, KM+ 2025
SMBH ~05 00 05 L0 15 2
Q [%]
Naive expectation: - 4500 5000 5500 6000 6500 7000

Rest Wavelength [A]

stellar orbit is random
= no correlation b/w “outflow” and torus (“red” in the above picture)



“nearby”
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“nearby
objects
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Bright SNe la are preferentially
associated with early “flux excess”
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MUSSES1604D at -2 days
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“nearby”
objects

8m survey
(+follow-up)

Magnitude

N

“distant/high-z”
objects
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17bmhk (z=0.340)

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 (PIl: Moriya)
(once per every half year).



(b) rest frame

. Moriya+ 19
Curtin+ 19
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3 SLSNe + 2 candidates

total SLSN rate (Gpc™ yr')
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@ z > ~2.
High-z star-formation rate, etc.
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GW-triggered NS-NS merger GW170817
- Heavy-element nucleosynthesis

M u Iti-messe nger - Origin of short GRBs, etc.

i LIGO - Virgo

300

* Characterizing the nature of J&
“muti-messengers”
(+ non-optical emitters).

counts/s (arb. scale)
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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).
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Skymap for S250328a with DECam and PFS pointings (arX1v:2508.00291)




Wavelength ‘ Continuum sensitivity‘z)
Resolving ‘

range (1) AB ma
‘ Throughput Dowrer [ g]

(5)
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Latest example

380 - 450 21.9 (@415nm)
Blue 450 - 550 18% ~2500 22.3 22.3 (@505nm)

550 - 650 21% 22.1 22.2 (@605nm)

- 630 - 750 27% 22.3 22.5 (@680nm)

CW 825032886 (B H-BR merger) L 750 - 850 26% ~3000 22.1 22.4 (@796nm)
DECam - PFS JOInt search ed Res. 850 - 970 23% 21.7 | 22.1 (@912nm)
3897 targets observed by PFS © i 710 - 775 25% 21.7 | 21.9 (@741nm)
. 775 - 825 24% ~5500 21.6 21.9 (@796nm)

Band: Limiting Magnitude myim, 825 - 885 22% 21.5 21.8 (@856nm)
2025-03-29 z:214, i:22.1, r:227 940 - 1050 21% 21.2 21.8 (@993nm)

o ZZIZ;QTELZ;ISB ’"N?fia o6 NIR 1050 - 1150 19% LI 21.1 | 21.5 (@1100nm)
2:210, i:21.2, r:213 1150 - 1260 21.2 (@1208nm)

2025-04-25 DECam (Blanco) z:21.6, ¢:22.1, r:223

5o, one hour exposure, 3 pixel binning

https://pfs.ipmu.jp/
Subaru/PFS
> 2000 targets within 1.25 deg? in one shot.

“Possible” candidates. But
none confident (yet to know
what a BH-BH merger looks

like in the optical). T o
: JI | i
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unique capability of

Subaru/PFS. L ol |
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PI'S spectra of possible candidate to S250328ae (black: observed; red: best-fit template)

=
>
@
I
o
x
2




Future perspectives

e X 1 4 34 X 2 5 %
2 ¥ — Wide Field Survey Telescope —

Classification &
follow-up

Characterization



Future perspectives
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Future perspectives
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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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