RAXE L AIH - RN wRELA




Transient sky (optical/infrared)

L uminous

Supernova
(Explosion of stars)
1-10 Msun

Neutron
star merger
~0.01 Msun

Nova or eruption
< | Msun

0.01 0.1 1 10 100
Decay Time (days)

LSST Science Book (after Rau+09, Kasliwal+,Kulkarni+)



Multimessenger from transients

Asymmetric motion Inspiral + merger
d~ 10 kpc d ~ 200 Mpc




® Supernovae as high-E neutrino sources




Supernova with chocked jet as high-E neutrino source?

ellar envelope

GRB 980425/SN 1998bw

CSill

~20,000 km/s ! Ol call

shock

ernal shocks

Murase & loka 2013

AN & AEEE (for NS merger)
SN 1994|

~7,000 km/s

4000 5000 6000 7000 8000 9000
Wavelength (A)

Observed as “broad-line” SNe?

(~1 % of core-collapse SNe)
(c.f. Long GRBs ~0.1 % of core-collapse SNe)



Can we detect SNe as a counterpart of high-E neutrino?
BKS AEE

Triplet
Doublet
Singlet
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redshift of neutrino source Aartsen+17
Redshift 0.02 0.2 1.0

Lum distance 100 Mpc 1. Gpc. .. L.Gpc

SN brightness 17 mag 22 mag 26 mag
Telescope size 1m 4m 8m

tical i 1 . SR
optical masing) Detectable with existing telescopes!



RXEEH > BRAIRIE > HBERE > Fk

Magnitude...
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brighter 5 10 15 20 25 30 fainter

— mag

Required size (diameter) of telescopes

lmaging | eye 1m 2m 8m (30m)

AE hhf I3 T™MT

Spectroscopy Im 2m 8m (30m)




Can we search SNe in the localization area? B S AR
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Can we identify the counterpart?
(contamination of unrelated objects)

Subaru/HSC FC
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152.0 151.5 151.0 150.5 150.0 149.5 149.0 148.5 0.00
R.A. (deg) Yasuda+19

Doublet (z~0.2, 22 mag)

Feasible with current instruments AKE hRR
~1SNe / deg2 / 1 vist

ARS . BKSAEHE
Singlet (z ~ 1, 26 mag) - Better localization with IceCube-Gen2 (< 1 deg)
~50 SNe / deg? / 1 visit - Spectroscopy with 30m-class telescopes (e.g., TMT)



® Supernovae as high-E neutrino sources




Neutron star mergers

Dynamical ejection Post-merger ejection
v ve—l-n%p-I-e
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Inspiral

n-rich less n-rich
heavier elements lighter elements

Gravitational wave
Time

~ 10 msec ~ 1 sec



rapid neutron capture (r-process) t~ 1sec Nuclear physics

Proton Number, Z
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“Kilonova” t~ 1 day-month Atomic physics

GW+EM observation => Ejected material and composition




open s shell
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Kilonova as a probe of nucleosynthesis

Post-merger
ejecta
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less n-rich

AU

50 60 70
Atomic number

MT, Kato, Gaigalas,
More n-rich ==> “red” kilonova Kawaguchi 2020



NES AFEE
GW170817

Kawaguchi+2018, 2020

i Blue
4 (lighter)

Utsumi+ 2017, Tominaga+18
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Smoking gun: r-process nucleosynthesis by the NS merger




Element identification in kilonova spectra

Watson+19, Domoto+21

10000 15000
Wavelength (A)

20000

AT
25000

Atomic physics

Lack of atomic data

in infrared wavelengths (> 1 um)

- Systematic atomic calculation
(MT+2020, Banerjee+20)

- Lab spectroscopy

Plasma modeling
- non LTE model
(Hotokezaka+21)

Plasma physics



More events, larger variety HIF S AFEE
GW190425 Mtot ~ 3.4 Msun Abbott+2020

~10,000 deg?

— x < 0.89
x < 0.05
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No EM observations covering the entire area...
=> Better localization with KAGRA M A E




Diversity of neutron star merger

NS'NS Dynamical Ejecta Post-merger Ejecta

Mtot ,S Mmax,spin ~ 0~001M® | ' l | Long-IiVEd
Supermassive NS B ' | NS

@ | | NS => BH

- . (GW170817)

Mtot ,S Mthr
Hypermassive NS

Prompt
Mot 2, Miny collapse to BH

Prompt Collapse .
<o (GW190425?)
BH NS e ~0.001—0.1Mg ~ 0.1 Mg
- with Tidal disruption
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Kawaguchi, Shibata, MT 2020



Toward complete census of neutron star mergers

-18.0 | o1 |
N SMNS  Long-lived NS
-17.5 - (Accelerated ejecta)
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GW => Mass (initial condition!)
EM => physics and nucleosynthesis in NS merger




Summary

® Supernovae as high-E neutrino sources
® Doublet events (z ¥< 0.2): ideal test for SN scenario
® Singlet events:
® Better localization (< 1 deg) => IceCube-Gen?2

® Higher EM sensitivity => TMT

® Neutron star mergers as GW sources



