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The Seimei SN/Transient Prog.

Some numbers
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g o e # of galaxies el -SNe (a t:arﬁag (at:arﬁag Da,]s”rsm.fiie ;f;';ﬂ.osiond?ﬁ\pri\g? i
(Mpc) (Mpc3) (yr?) 15 mag) )| -13 mag)

10 4 x 103 40 0.4 15.0 17.0

30 1x 105 103 10 17.4 19.4 ~5/yr.

50 5x 105 5x103 50 18.5 20.5

70 1 x 106 1 x 10% 100 19.2 21.2 ~ 50/ yr.

100 4 x 108 4 x104 400 2(;0 22.0

200 3 x 107 3x10° 3,000 21.5 235

500 5x 108 5 x 106 50,000 23.5 25.5

There are ~ 50 SNe / yr

for which it can be observed
spectroscopically in the infant phase (~ 3-4 mag below the peak).
Telescope time and ToO flexibility can be practically more
Important than the depth (no need to go deeper than the survey).
One key project: SNe leaving double NS systems.



Core-collapse Supernovae (CCSNe)

v L€

White Dwarf g Neutron Star / Black Hole
. )

Mass Loss Supernova Explosior

“J

I Gravitational Collapse

M<0.08M,- - - - -0.46M,

: \
/""\

(BB 2
C+O O+Ne+Mg

= < Heavy Elements ] <




Neutron stars formed behind CCSNe
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NSs are formed at SNe (or SNe are triggered by NS formation).
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SN 1054=Crab

The best we know
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~Progenitor and SN?

Electron-capture SN?

CSM Composition

SN Nucleosynthesis

Historical light curve

(e.g., Tominaga+ 13)

o5
- ©
s N
3o
A
- S
S 5
g =
©
Q
@
E
a
=]
(5]

Figure of Supernova Remnant: Crab Nebula (Messier 1)

Copyright © 2007 National Astronomical Observatory of Japan. All rights reserved.
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Electron capture SNe

v L€

White Dwarf g Neutron Star / Black Hole
. )

Mass Loss Supernova Explosior

“J

] Gravitational Collapse

A
M< U.OBM@ ----- 0.45M@- o fee . UM@<lM
\ s —_—
/’I_?
H
“C+O ™

/ﬁe\

Heavy Elements ) o,




Mr/Ma

ALY

96909

Case 26

T T

H-rich envelope

He

Nomoto 1984

He-b.

YA
)66

599601

G e Gy

Theoretically
predicted since
1980’s

o

10°

1.365 1.37 1.375
M, [M]

Robust
SN explosion
mechanism

600 800



Electron capture SN

Case 26
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M.~ 810 M
Degenerate core
“Super-AGB star”

Huge mass loss

He/C/N-rich CSM

Low energy
Low ejecta mass

Low °®Ni production
High Ni/Fe, ...
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5l Very early discovery by K. Itagaki.
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Hiramatsu+, 2021,
Nature Astronomy

The “real-time” counterpart of the Crab.

Progenitor Explosion

Candidate Identification CSM  Chemical Composition Energy Light Curve Nucleosynthesis

SN 2018zd

SN 1054 (Crab)
[LRT
Low-Lum. II-P

[In-P

Thanks to very-early discovery and intensive follow-up
observations, for a (rare) very nearby and faint SN.



Il (but for lIn)
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2nd SN toward the formation
of compact binary NSs.

Prediction:

“Faint” and “Fast’” transients
(e.g., Tauris+ 13, 15; Moriya+ 17).



Note: low mass SNe O USSNe, not =

* A low-mas He/C+0O SN can arise from the
following configurations:

— A. a low-mass SN leaving short-period double NSs.
— B. a low-mass SN leaving long-period double NSs.

— C. a low-mass SN w/ a massive star companion.
* Genuine USSN (toward DCNS binary)= case A.

* |tis stillimportant to find low-mass SNe and
their nature in general:

— Includes USSNe anyway.
— The SN properties should be more like the same.
— Rate in the stellar evolution context.



Ultra-stripped envelope SNe (USSNe)

Fe CCSN
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SN 2019ehk
+16 days

IPTF14qgris a
variant of enigmatic
“Ca-rich transients”
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SN Ib 2004dk, +392*

Mm S || 200HE)8

My o~ I

I ,*_ 4._4“,1,4__-“\ - N
15 |

1.0x 10 AN ‘-*-..}__\M\//\

e SN llb 19934, +203
8.0 x 10718

1993J (IIb) +8

4.0 x 10717

- a q:
ot -
- L
) ol
o™
L E
= [&]
5]
o 2
= @
o e
@ c
(=]
8 3
+ -
5 2
= 3
= =
@
g
= =
k5| o©
@ 7]
o i

2.0x 10718
SN Ib 20t

4,000 5,000 6,000 7,000 8,000 9,000 10,000 4,000 5,000 6,000 7,000 8,000 9,000

Rest wavelength (4) Rest wavelengtr

SN Ib, but later strong [Ca Il], not [O 1].
Faint and rapid.

Absolute R-band magnitude

60 120 180 240 300 360

Time since the explosion (days)



Ca-rich transients = old populations?
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Kasliwal+ 12-
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Milisavljevic+
17
However...

A small fraction are found in young
environment.

If they are CCSNe, it has several
iImplications.
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One of the first results from Seimel
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Did SN 2019ehk leave NSs with close orbit?

e Optical observations would not discriminate the
following scenarios (genuine USSN = case A):

— A. a low-mass SN leaving short-period double NSs.
— B. a low-mass SN leaving long-period double NSs.

— C. alow-mass SN w/ a massive star companion.
o GO for radiO. Radio\/laximum radio luminosity in 8.46 GHz

.. within 300 days (f,;=0.1)

luminosity o L e
m Y NS merger within: |

®°e Hubble time | fos
o |

SN 2019ehk = either case B or C ,
(unfortunately not leading to the [N VEXIIER NV
NS merger in the future). I
Note: it is important to explore a vgleimit(JaéAobs‘bn-Galan+ 20) |l
census of “low-mass SNe”. T sinay

.  Separation
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Search for USSNe: Requirements

* High-cadence survey.
— They are rapid.

* Quick and intensive follow-up observations.
— They are faint.

* Multi-wavelength helps.

— The variant may look similar in the optical.



Search for USSNe with Seimei/Kanata
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Next OISTER should help

Systematic transient
survey & follow-ups.
New transient sky.

New instruments
becoming available.
Tomo-e, TriCCS, ...

e.g., TriCCS may help
establish the NS
population by the sub-sec
observations.

= SN-NS synergy.

Multi-wavelength

NIR, radio, ...

= SN full characterization.
ldentifying USSNe.



Summary

e Core-collapse SNe (CCSNe) from the lowest mass boundary.
— A single star: Electron-capture SNe.

* Akey in understanding stellar evolution and SN explosion mechanism.
* SN 2018zd as the strongest candidate.
— A “real-time” twin of the crab?

— In a binary system: Ultra-stripped SNe and calcium-rich transients.
* A possible pathway toward compact binary neutron star systems.

* SN 2019ehk as a new candidate; a companion is not a NS?
— The SN properties anyway shared with the USSNe.
— A new link to Ca-rich transients.

e Search for SNe leaving double NS systems.
— Doable and promising project for next OISTER.



