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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.



Topics (just a few among many)

 Power of multi-wavelength observation (example):
— (H-poor) CSM-Interacting supernovae (SNe Ibn/Icn).

* Quick introduction for multi-mode (examples):
— Luminous Fast-and-Blue Optical Transients (LFBOTSs).
— Tidal Disruption events.



Peak absolute mag.

|
=
]

Cow-like

(;_s Bi3) "‘.rn yead

Ho+ 2023
(ZTF)

1 5 7 10
Time above half-max (d)

Peak absolute magnitude

transients

Koala
S Camel
Cow 7 dbpf ¢
e

Xy 16asu

+¥
X KX
PR

Tshlkage+ 2024

(Subaru/HSC)

This work

1
10
Time above half max At (day)

foe 1
- Jiang, Yasbd.a KM+

2022‘(Subaru%*8




Mass loss as a key process:
A probe to (challenge for) stellar evolution theory

Progenitor Mass loss [ Main issue: )
g Progenitor evolution,
P/L \mapping stars <> SNe y
Dense CSM 1N
In the vicinity
llb LBV?
CE?
b Mass stripping sequence
I WR Single star or binary?
| Timing?
Decreasing More CSM Mass-loss mechanisms?

radius (where?)  CSM — where and how much?
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Delayed
— dense
(outer) CSM

|
|
SN 2004dj ’
Margutt1 KM+ 2023, SN 20043 F 3 ;
€,=0!1, e=0.01 SN 2012aw .
e €,=011, g5=0.1 | SN 2023ixf

0.10 . Days since explosion [day]
rg

Mass—Loss Rate (Mg yr™)
Spectral luminosity [erg s™! Hz™!]

Lookback time [years]
T T I — - 1 2 5 10 20 3040

—— Broken PL ]
© NuSTAR data E 3
© Chandra data
3 W E SMA (Berger+23)
Hiramatsu+23
3 3 VLA (thin, £, = £5 =0.01)
JVN {thin, £. = £5 = 0.01)

VLA (thick, £. =g =0.01)*
JVN (thick, £, = gg = 0.01)*
VLA (thin, eo=£g5=0.1)
JVN {thin, £. = gg=0.1)

e The case with optically thick and
£.= £ =01 Is almost the same value.
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- Days since explosion [day]m2 MatSUOka, KM+ 2024
Confined CSM Consistent w/ Confined CSM + dense outer CSM
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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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KM+ 2021

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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SNe lbn: SNe interacting with He-rich CSM

Pastor.e|I0+ 07

Pre-SN eruption (2 yrs ago).

He emission lines from the

SN-CSM interaction. aoup cements f

No hydrogen.

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

SNe Ib? Progenitor different?  \ang, Pastorello, KM+ 2024




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)?



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.




SN 2006jc (Ibn) SN 2010al (Ibn) SN 2019hgp (lcn) SN 2021yf]

It
m,‘,\‘r, | |

Within a few days after explosion |

, el
5,000 5,500

Ejecta composition ~ CSM composition SN Type SN Type[27] [ L ' At the light-curve maximum |

H H SN IIn SN 010
He He, (H) SN Ibn SN 1il
C/0O C/0O SN Icn SN 2i2
O/Ne/Mg O/Ne/Mg SN Idn SN 3i3
0/Si/S 0/Si/S SN Ien SN 4i4
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—— He envelope
—— Clayer
O core
-=-=- Upper Limit : Swift (0.3~10 keV)
—— Nustar (10~40 keV) 400 ks exp
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~10 days (depending on the CSM density)




2
72}
S

§=
=

=
>
s

P<

=
2

%

Taking into account the time-dependent ionization

Ionized CSM

\ at FS front )

L8

Recombined CSM
at FS front

Day

uminosity [erg/s]

—— He envelope
—— Clayer
O core
-=- Upper Limit : Swift (0.3~10 keV)
—— Nustar (10~40 keV) 400 ks exp

Additional “infant” component: ~ a few days: new probe
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LFBOTs (=2018cow-like)

* Very bright & very fast... origin not identified.
— BH formation? TDE by an IMBH?
 2018cow (prototype, nearest so far):
— Enigmatic X-ray and radio (especially mm).
— Central engine? (trans-) Relativistic outflow?

Compton x-ray

" e Margutti+
‘ omn:;:'.:‘ ““ l:’?h'amlml 2 O 1 9

i @XRT A XMM @NuSTAR OINTEGRAL

Uno & KM 2023 (optical LC model)



-——AT2018cow g ——AT2020mrfg [ AT2022tsd g () AT2022tsdi g AT2022tsdo
——AT2020xnd g smua SN1998bw Rc @ AT2022tsd r [» AT2022tsd w

— Black hole? (mass?)
— Magnetar?

* Finally, < minute-scale
1 variability reported in the
optical for one object.

(av) “ow

106

(v=100 GHz; ergs ‘Hz )
X-ray luminosity (erg s1)

L,

Ho+ 2023

960
Minutes after MJD 59932

apnyubew gy
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Summary

 Transient science rapidly expanding.
— key = rapid follow-up + multi-wavelengths/modes.
e X-ray, radio, polarization, short-time variability, ...

— Need global collaboration.

 Examples of key science
— Final evolution of stars:
* mass-loss history/mechanisms
— Enigmatic transients:
* LFBOTs
* TDEs

* +more and more



