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New Time Domain Era

Survey DEHLh e Cadence
(mag) (deg?)
BlackGEM 21.5 10,000 2 weeks
DES 23.5 5,000 1 week
KMTNet >21 ~6,000 1 day
MOA Al ~1,000 1 day
TNTS 20.0 2,000 ?
PTSS 20.5 4,000 1 day
HSC 25 800 1 day
Tomo-e 18/19 7,000 2 hr/1 day
ZTF 21 23,000 3 days
21 2,000 1 day
21 6,000 2 hr
ASAS-SN 17 40,000 1 day
DLT40 20 600 gal 1 dat
M. Tanaka

Ongoing surveys
+ Rubin/LSST to come

Catch transients/SNe even
in the first day.

Discover rapidly-evolving
transients/SNe.

Find unprecedented
evolution (w/ monitoring).

# SNe = Supernovae



Rapid follow-up observations as a key

* The survey information is very limited
(only photometry, 1 or 2 bands in the optical).

 Need multi-bands, spec, multi-frequency, ...
= Need global collaborations.
e QOur effort/contribution:
— Model/interpretation.
— Communication w/ surveys: Tomo-e, ZTF, WFST, ...
— Optical/NIR.
* Seimei & Kanata telescopes as a “heavy user”.
e Subaru and Gemini telescopes through open-use slots.
* Regular collaborations w/ Finnish & Indian groups.
* Case-by-case collaborations w/ various groups.
— Radio & X-rays.
* ALMA as a Pl; VLA, ATCA, GMRT, JVN, SWIFT, etc. as a Co-I.



W -35+06 0 00 0. !

bd mass
GMOS _infantSNe v &4 1 candidates ~
- -91( |/7 X wt— 2021vbb , U ) NGC6931 20h33m41.3s|-11d22m08s | 3549 |0.011838
B Takashi Nagao mark: )
@ Gaston Folatelli keiichi.mae« e e — I

A o | think I will
e) Giuliano Pignata )
https:/www
hanin y
o https:/www | 2021vba 6 WISEAJ043833.65+601628.0 04h38m33.6s|+60d16m28s 22024 [0.073465

o Ji-an Jiang n1 G

o Kenta Taguchi .

i Wa
o Miho Kawabata
T Nakaoka keiichi.mae o NGC1961 05h42m04.65|+69d22m4d2s| 3934 [0.013122
— Or, we may 2021vaz ‘
y ’Tﬂsh43ml&05+69d25m515 4108 |0.013703

interface

D

Selection

(host galaxy, luminosity...)
,:\ TRANSIENT NAME SERVER % ’ iy

\~4&

i page 1/145444

) - , bl S e rV .F:t all Bogus

L . I | . o 1 transientld Ra, Dec SDSS DR15 PS1 gri 3- paramcand mark
E & s P . . ¢ (variableld) Date Ref color cnncand

5 2 project (event) (magnitude) Ref

- l (rawld)

» . .
< 8 ; i \ . &7 "l g 66283 202106aaacq 176.20479, ?
» I\ ! : W (68643235) 2021-06-02 6 ; 2
: 4 < All-Sky Survey
SN 2021vaz " 2 r . y > - 171) ‘ show - y i
7662830 202106aaacp 17622761, P R
2021-06-02 19.77695 L :
05:42:01.760 +69:22:36.10 SNII 0.013122 - q
85.507333 +69.376694 ] ‘ show v - 3

.
i _ ‘ 41 7662627 202106aaaco  155.36763 :
(49809413) 2021-06-02 36.45247 A
) [0 | [ sweno | [ oecas | ALSky Survey (SN) e
None None 2021-08-05 18:30:05.000 Y NGC 1961 |r‘nnSTARRS 1 ] l SkyMapper ‘ VizieR ] (34088035) A
! [ wse | [ oss [ ws | (Unfittered = 17.1) e

175 Clear-

7662820 202106aaacn 185.48311, 1.38208

ZTF, PS, ATLAS, WFST... s



Discovery certificate for objecﬁ

TNS Astronomical Transient Report No. 207398 [ 2024TNSTR1020...1T1]

Date Received (UTC): 2024-04-11 09:03:14
Sender: ATLAS (ATLAS_Bot1)
Reporting Group: ATLAS  Discovery Data Source: ATLAS

Keiichi Maeda <keiichi.maeda@kusastro.kyoto-u.ac.jp:
RE: infant SN II 2023zcu at 27 Mpc
: (S AWA, < i YO NEKI

J. Tonry, L. Denneau, H. Weiland, A. Lawrence, R. Siverd (IfA, University of
Nicholl, M. Fulton, M. McCollum, T. Moore, J. Weston, X. Sheng, P. Ramsde
(Oxford), A. Rest (STScl), T-W. Chen (NCU), C. Stubbs (Harvard), J. Somm

IAU Designation: SN 2024ggi

Discoverer internal name: ATLAS24fsk ot J ST 2024-04- 12 OO 50

Coordinates (J2000): RA = 11:18:22.091 (169.592046667) DEC =-32:50:15

Discovery date: 2024-04-11 03:22:35.616 (JD=2460411.64069) : s-ths shiect/2024gg] = AL MA

note/2024-103
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Stellar Evolution and Supernovae (SNe)

Vv L4

White Dwarf Neutron Star / Black Hole
; _

Mass Loss Supernova Explosior

C-SN
GRB

I Gravitational Collapse
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Il (but for SNe IIn?

lIb/Ib/lc
(Stripped Envelope
SNe, SESNe)
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Mass loss as a key process:
A probe to (challenge for) stellar evolution theory

Progenitor

lIP/L

l1b

Ib
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Mass loss [ Main issue: b
Progenitor evolution,
9 mapping stars < SNe y
Dense CSM 1N
in the vicinity
YSG o
J LBV?
CE?
BSG
Mass stripping sequence
WR Single star or binary?
Timing?
More CSM Mass-loss mechanisms?
(where?)  CSM —where and how much?
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Radio (and X) Unlque probe to the CSM

_Shock wave

1 stellar Interactlon (CSI)
0: Synchrotron

L= % » _ “No CSM, no radio”
Thermal: opt—I ‘X: Inverse Compton (low density)
| - Thermal (high density CSM)
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REesuLts For RADIO SUPERNOVAE

t(rg= 1) at 1.4 GHz
(days) M_gv

—1p—3/4

In line with
SN IIP = RSG, Ib/c = WR?

32
62

Chevalier+ 2006

ProrerTiEs oF Typre Ib/c SUPERNOVAE IN A SYNCHROTRON SELF-ABsOrpPTION MODEL
Chevalier+Fransson 2006 ’

I

: Fnu p D -l‘_:-f:,_;. R;_:- -"'lf;r_:-
Supernova (days) (GHz) (mly) (Mpc) (G) eg_1 4.0

9 . 1
t* (kms ")

TOB3N e 21 4.88 18 5.1 0.56 1.15
1990B .. 91 1.49 1.6 18.0 0.17 2.0

36 4.86 17 8.3 0.51 28
4.8 18 12.3 0.46 3.1

. 1.43 0.3 104 0.26
20031 i 4.9 24 96 0.38
2003Bg. i 3.46 40 19.5
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O |Ne|]  C-shell

SNe lIn: ?7?7?

SESNe (SNe llb/lb/c):
He/CO star (10°Mg, 1000 km s1)

SNe II:
RSG (108Mg, 10 km s?)

10 100
time toward the SN [yr]
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O |Ne|]  C-shell

SNe lIn: ?7?7?

SESNe (SNe llb/lb/c):
He/CO star (10°Mg, 1000 km s1)

t~ tobs X (VSN / VCSM)
~ 10-1000 t

SNe II:
RSG (108Mg, 10 km s?)

obs

10 100
time toward the SN [yr]
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Days since explosion
10" 107

Dptlcal detectlon SN Il (RSG) -~

r2 wind density profiles M =107%|

Mg /yr-(w/ v, =10 km/s ;;;;;;;;t

T
_—
=~ Dense

nearby== ._ :
CSMm ~_ 4

Early spectra
modeling

Radio non-détection. | v

l -
10 |
— ) 3(1( .

10 M@/yr Pops

Yaron+ 17
Possible underlying

|PTF13dqy SN2013fs extended wind
L — ]_() >cm =final = 30yrs forthe

r(cm) RSG W|nd (~ 10 km/S)

Dense CSM within 10>cm (Type Il SN = RSG progenitor)
Optical data probably biased toward dense CSM?
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Mdot-3confined ‘
= Mdot-4confined |{ 102
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Multi-band LC Derived mass-loss history

5 GHz
15 GHz 44 GHz C-shell
22 GHz 100 GHz -

Classical &
expectation
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mass-loss rate [Solar mass / yr]

1 10 100
time toward the SN [yr]

Sub-year timescale variability toward the SN.
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Binary evolution: Shaping the CSM for SESNe?

- Can make
- various timing

n
i

Binary interaction is probably a main
driver of the H-envelope for (normal)

SESNe (e.g., Fang, KM+ 2019, Nat. Ast.).
c.f. Fang, KM+ 2023, Nat Ast. for ! explosmn
mechanism” . W . T
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[IP=1IL=>1lb transition in the binary?

Controlled by the separation?

Binary can have a range of
‘ @ the initial orbital separation.



[IP=1IL=1lb transition in the binary?

Controlled by the separation?

Interaction ~ 10° yrs before the SN
=> He or C+0O star = |Ib/Ib/Ic




IP=>1IL=211b transition in the binary?

Controlled by the separation?

‘ @ No Interaction over the entire life of
the primary
=> H-rich giant = |IP



Controlled by the separation?

Ouchi+KM | “Detached
2017 [\ csm”

.l'r‘IJ

1.212x107 1.2125x10"
Age (yr)

lIL w/ detached CSM
Detached shell?
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SN IIb 2013df (He star + thin H env.): SN Ib 2014C (He star):

Relatively Very detached
Binary interaction (stable transfer?) Binary (unstable transfer, CE?)



CSM interaction dominates in all the wavelengths.
SNe IIL: progenitor

unknown.

f Unabsorbed (Model A)
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5.7 GHz light curve - SN 2014C
T T

Keeps looking at it : archlval + DDT

100 GHz
1364 days

SN IIL (~ SN [1b?) 3, —®e--
2018ivc \
.I' 0 \-. -

1
250 GHz
199 days

KM+, 2023b

The first example of the rebrightening in mm (to my knowledge).
The second example of the “SN |Ib” late-time interaction clearly
seen in the radio (as long as | am aware of).
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Further diversity: H-poor CSM interaction
SNe Ibn: SNe interacting with He-rich CSM

Pastor.e|I0+ 07

Pre-SN eruption (2 yrs ago).

He emission lines from the

SN-CSM interaction.

NO hydrogen. 4,000 5,000 E‘OO\i.ave[enqmr;ifo 8,000 9,000

Why different w/ canonical _ | .
- : : o # New entries: SNe Ibn 2018jmt and 2019c;j

SNe Ib" PI’OQGHI'[OI’ different” Wang, Pastorello, KM+ 2024, submitted




SN 2006jc-1
5=3 SN 2006jc-2
(D'=0.5-10) LSQ1i3ccw

. SN 2014av
ASASSN-15ed

SN 2010al

SN 2011hw

I_SQ1 2btw

A.=1000"
constant

15
KM+ 2022  1x10

Single massive star (lbn) vs. binary (Ib)?
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Normal Type Ic

P200 +19.3d
—— Keck +23.3d
P200 +24.2d
—— Keck +27.4d
—— SN 2017gr, Type lc
v Ol
v Cl
v Cl

6000 7000
rest wavelength [Ang]

SN “lcn” 2019nhgp

C+0O-rich dense CSM at the
vicinity of the exploding star.
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O-rich & detached CSM

1 1

Ic SN 19941, +2 d

Canonical SN Ic
— relatively narrow
emission lines of O and Mg

Scaled Fy (10718 erg s~lem2 A1)
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O-rich & detached CSM

Double-peaked LCs (very rare).
Broad lined-SN Ic (energetic Ic, a link to GRBS)
— relatively narrow (a few 1000km/s) emission lines of O and Mg.
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Summary

 Transient science rapidly expanding.

— Key = rapid follow-up + multi-wavelengths.
— Need global collaboration.

* One key science: Final evolution of stars
— Frontier in stellar physics
* Increasing samples do not look like “what we assumed”.
— Final activity (single or binary?).
— binary interaction (stable vs. unstable).
— At different phases.
— Various channels?
* Need: observations, emission models, evolution models.



