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(GW 170817) M 0 8 6 4 2 0 3 4 68 200 600 1000 2&%
t-t, (S) wavelength (nm)
O EM counterpart: SSS17a/AT2017gfo o
O report: Coulter+2017, GCN, 21529  ~
a Discovery w/ 1m Swope@Chile T s 1 s s L G145 s i
O galaxy-targeted survey Xray
0 711 hours after GW detection Gy p—

Swift, HST

O host galaxy: NGC 4993@740 Mpc
Optlcal ® PY
D GW. dL=40+ 8-14 MPC HCT TZAC, LSGTT17GmnS uth, NTT, GROND, SOAR. ESO-VLT, KMTNtESOVSTgVIRT SALTW_‘I\‘I ‘* I-I IHI' ” I n | I ‘ |

BOOTES-5, Zadko, iTelescope.Net, AAT Pi of the Sky AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA

IR o
REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAWOP& HST \ "
Radio =
ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW, MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg
LA W
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=
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Abbott+2017
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EM observations
(GW170817, J-GEM)

a optical+NIR photometry (Utsumi+2017)
0 IRSF/SIRIUS@South Africa
0 Subaru/MOIRCS@Hawaii
0 MOA-II/MOA-cam3@New Zealand
0 B&C/Tripol5@New Zealand

0 optical wide-field “survey” (Tominaga+2018)
0 Subaru/HSC®@Hawaii
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0O Red in optical

O red i-z color
0O AT2017gfo was blue
in the early phase.

O Rapid decline
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Optical/Near-Infrared light curves of kilonovae

GW170817 (observation)

16 :
Villar+2017
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a0 Is GW170817/55S17a/AT2017gfo “normal”?

a
a

MJD - 57982.529

viewing angle dependence?
ejecta mass, electron fraction,
abundance?

etc.

Model

Angular Dependence

'20 \ I I I I I I T T T TTT
19 | Kawaguchi+2020 > ]
K .
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t [day]

Fi1G. 7.— Angular dependence of the gzK-band light curves for
the fiducial model (HMNS_YH). The solid, dashed, densely dotted,
and sparsely dotted curves denote the light curves observed from
0° <0 < 20°, 35° <0 <41°, 55° <0 < 59°, and 86° < 6 < 90°,
respectively.
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EM counterpart for a Binary Black Hole?

O Graham+2020, PRL, 124, 25, 251102 0.0005
0 S190521g
O binary black hole (BBH) = 00004
0 distance: 3931 +/- 953 [Mpc] £ 1 0003
0 AGN@z=0.438 z
S190521g _(50 0.0002 -
: 0.00011
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: : & T ATeotzgio |
GW+optical /IR sciences .| f o IR
o Pin-down a counterpart g | | | i

O sub-arcsec angular resolution $107% | \ |
a Kilonova properties = | |
a light curve + spectroscopy g0 L
a “explosion” (e.g., supernovae) oo VA
. 210~ \ E
O ejecta mass o * L W |
x L o I
O electron fraction Ye g 0 odd .
. L . 1\ all |
O multi-components? polarization (Covmo+20107) é ‘ Y,z Wvﬁ
H ° “‘hnl“"1““1““1““1““
O Environment: host galaxy (Im+2017) 0 5000 10000 15000 20000 25000 300(
O morphology, stellar mass of 10! Msun Wavelength (A) Domoto+2022

O mean stellar age of 73 Gyr 0.06
O similar to sGRB hosts

a distance estimate of 37.7+/-8.7 [Mpc]
0 Hubble constant

O luminosity distance (GW)
==> redshift (spectroscopy)

Pan-STARRS

= GW170817

Empty catalog
mmmm K-band with GW170817
m=  K-band

Planck
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o
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I
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| Im+201¢/ Abbott+2023, ApJ, 949, 76 12




GW observing runs

Updated mm O1 o 02 == O3 04 == 05
2023-09-07
80 100 100-140 240-325
Ll G O Mic Mpc Mpc Mpc
30 40-50 150-260
R Mpc Mpc Mpc
Virgo . s
0.7 g 25-128
G Mpc Mpd Mpc Mpc Mpc
.3Em.-clas.s
L 1 ] ] I |
G2002127-v20 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

0 ~50 (100) deg2 at 04/05 BNS ranges can be surveyed w/ Subaru/HSC (Rubin/LSST)
(Tominaga+2018, Ohgami+2021, Andreoni+2022).

0 All the nearby gals can be observed w/ J-GEM ftels. for <500 deg? & <100 Mpc
(Sasada+2021).

0 O(1) deg2 localization ==> Subaru/PFS (1.25 deg?, 2400 fibers) spectroscopy for Rubin/
LSST transients or point sources in nearby galaxies(?) @5-detector era (Nissanke+2013)

AST 2023B Meeting (Z1 Session) Nagoya University 2023/09/21 13
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Optical properties of possible neutrino sources

IL.JSTRATICN

TDE, R & A

S (Z2102r)

blazar

intferacting supernova, Murase+2014




IceCube-170922A/TXS 0506+056: Fermi/LAT

A

6.6°

original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction 1C170922A
IC170922A 50% - area: 0.15 square degrees
IC170922A 90% - area: 0.97 square degrees

6.2°

5.8° -

TXS 0506+056

Declination (J2000)

Declination

5.4°

Fermi-LAT Counts/Pixel

5.0° S
PKS 0502+04

4.6°
78.4° 78.0° 77.6° 77.2° 76.8° 76.4°

Right Ascension

IceCube Collabora’rlon+2018

a0 Blazar Radio and Optical Survey (BROS)

TM+2021

6°30' fF i Tk T

00"

a flat-spectrum@radio: NVSS (1.4 GHz) + TGSS

(151 MHz)

0 88,211 sources at Dec.>-40 deg (largest blazar

candidate catalog)
O a new faint blazar population in early-type
galaxies?

a 7 BROS sources in 170922A region (TM+2021)
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IceCube-170922A : EM Counterpart Identification

Sep. 23, 2017 Sep. 24, 2017 subtraction g-band

(HONIR) (HONIR) (HONIR) (PS1)

Multimessenger observations ofa

flaring blazar coincident with
high-energy neutrino IceCube-170922A 2

The IceCube Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S.,
INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
VERITAS, and VLA/17B-403 teams*{
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i BROS j0514+0549 [k -
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“The FAVA light curve at energies above 800 MeV shows a [iEE _
flaring state recently.” (Y. Tanaka+2017, ATel, #10791, Posted KESMSEEEE EENSSEEEN
at 10:10 on 28 Sep. 2017 in UT) Kanata (1.5m) / HONIR (TM+2021)



IceCube-170922A : redshift determination (spectroscopy)

TXS 0506+056 0.1-0.3 hours
. I integration
. - 'Subaru(8.2m)/FOCAS
S/N~100
E | 1% (S/N=100)

TM+2017, ATel, #10890

0 [ o v )+ 10-hour integration
" ) L GTC(10m)/OSIRIS
i |14 S/N~500
E D e oo e o | 11% (s/N=100)

6000 | | | | 70‘OO | \ ] : | | | 9000

Paiano+2018 Waveld  drrrde !

8750 8800 8850 {IceCube Collaboration+2018
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VF, [erg cm~2 s71]

] g ViRcrlci z | : : | | |
CRVE RN | e | e
o 147 = : = ¥, ela™ b * 2} s IceCube-170922A
= | 4 ;sg £ ‘: 4 | TXS 0506+056@2=0.336
L e e i - -'0? . ..#\.{" Ko S — (TM+2021, blazar)
-------- S :{. i - -j—--*"---’---- ~------=--------—------| variability detected
i — : : 1 200 da}!ls i i w/ Kanata (1.5m)
uvwa2 (19.3 nm) U (346 nm) :
: UVM2 (225 nm) : g (464 nm) [ i ) . g Foe
n . uvwil (26.0 nm) r (658 nm) 3 s WML — eyl - Ty — = “ ;I‘
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1 o Hreoe A N1/ | : F 107
o ' o L ouis * te'ly, H i : S > 4 } : : 510
200 days IR A 200 day¥’ O

0 50 100 150 7200

IceCube-191001A: AT2019dsg@z=0.051 (TDE)
discovered w/ ZTF (1.2m) (Stein+2021)

0O Previous identifications

a lower-z than expectation (<z>~0.5-1)

O other origin?: supernovae

a suffering from many contaminations

0 "How can we overcome the difficulty
in identifying the counterparts?”
O better telescopes/instruments
O better neutrinos

IceCube-200530A: AT2019fdr@z=0.267 (TDE)
discovered w/ ZTF (1.2m) (Reusch+2022)

source # [deg-?] (z<1)

SNe | 7102-3 (710! if classified “interacting”)
Blazars | -0
""" ™ES | oa
""" AGNs | "t

contamination rate
19



Telescopes/Instruments: Wide-Field Deep Imaging

O How Wide?

0 "a few deg?” is wide enough. (Subaru/HSC, Rubin/LSST, other smaller tels)
0 unpredictable location ==> wide-field/all-sky monitoring is favorable.

O How Deep?

O 725 mag for z71 sources ==> 8m-class ftelescopes are necessary.
O Subaru/HSC (8.2m, 1.8 deg? FoV), Rubin/LSST (6.5m, 9.6 deg? FoV)

0 How to “identify”?

O Most of the targets at z™1 are too faint even for 8m-class telescopes.
0 30m-class telescopes are wanted.

Subaru
http://subarutelescope.org

Rubin/LSST
https://www.Isst.org

A

gx10" 2

rest—frame waovelength [&]

2500 3000 2500 4Q00
' SN Ia@z~1 |
_ Subaru/FOCAS, 6.3 hours |

| ‘ }"- | I‘ |
] I'/’ f’ |
| | | “ ".Jrl'?.\ ')"}"1 "
| MLk o
| ’[l 1T RN '

1.7 | |
fuil I

A l
8000 2000

5'01:)'; ) 7000 .
TM"‘ 2010 chservad—frame wavelength [R]
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https://www.lsst.org

Subaru/HSC Follow-Up for IceCube neutrino GOLD events = TDE search
0 How Wide? Led by S. S. Kimura

0 "a few deg?” is wide enough. (Subaru/HSC, Rubin/LSST, other smaller tels)
0 unpredictable location ==> wide-field/all-sky monitoring is favorable.
O How Deep? I1C230724A (70.5 deg radius localization) is inside HSC-SSP field.
O 725 mag for z71 sources ==> 8m-class ftelescopes are necessary.
0 Subaru/HSC (8.2m, 1.8 deg? FoV), Rubin/LSST (6.5m, 9.6 deq? FoV)

http://subarutelescope.org 187 0 (220.2)  mmee- Luminous la (z=0.6)
o 19-—-— Ibc(z=0.2)  ===== faint la (z=0.2)
'§ 20 TDE (z=0.5)
c
o211
o Cee——
£ 22
©
C
©
o]
L

I (z=0.2)  ====-~ Luminous la (z=0.6)
4-— "~ Ibc (z=0.2)  ===== faint la (z=0.2)
TDE (z=0.5)
- o 3] é '
. © : : r =
O Target: tidal disruption events (TDEs) = 2] e L
. : . | - T i
O 2 previous successes (discoveries by ZTF) > 1 |
a low contamination rate of unrelated TDEs 0
O We can claim the coincidence of the - . | I
60 -40 -20 O 20 40 60 80

neutrino event once a TDE is identified. Time since neutrino detection [day]

cl



Telescopes/Instruments: Wide-Field Deep Spectroscopy Y

Prime Focus Spectrograph (PFS) on 8.2m Subaru Telescope  §t
a 72,400 science fibers over 1.25 deg? FoV

O Most of possible origins can be spectroscopically observed.
O Spectroscopy for “transients”

original GCN Notice Fri 22 Sep 17 20:55:13 UT

(TDEs, iIntferacting SNe etc.) 6.6° refined best-fit direction IC170922A
from Rubin/LSST ' IC170922A 50% - area: 0.15 square degrees
a Operation starts from 2024. 101709227 907% - area. 9.97 square degrees
6.2° *'

5.8° , -
Dec 1 TXS 0506+056
source # [deg?] (z<1)
SNe | 71023 (710! if classified “interacting”) s
Blazars ~100-1 Subaru/PFS

-------------------------------------------------------------------------------------------- PKS 0502+04§

_____ L 3FHL
AGNSs ~103 3FGL IceCube Collaboration 2017

contamination rate 78.4° 78.0° 77.6° 77.2° 76.8° 76.4°

RA 22




‘ " ivlet” 7K & AT (Z103
Neutrinos: "Multiplet IH7K S A (2103a)

14
IceCube Collaboration 2017 z=0.1 —— Hypernovae at peak (-19 mag)
10— 6] —— TDEs at 150 days (-18 mag)
— 23 v detected —— SNe Ib/c at peak (-17 mag)
— 2 v detected
3 0.8H — 1 v detected % 181
: =
Y (@) 4
© 0.6 g 20
S z=0.023
- ©
» 822
E 0.4 z=0.06 §
2 o
g
0 0.2
26 1
(strongly depending oi neutrino spectral shape) YOShidG-l' 2022
00 l“l_‘.z = 1 1 = 1 L1l 111 28 . . ' r
10° 10 10 10 0.0 0.1 0.2 0.3 0.4 0.5
redshift of neutrino source Redshift
O Much better than “singlet” | # [dea] (z<1) tiplet
. : : source eq-2] (z«< multiple
O closer origin, better localization = 3 P
==> much lower contamination SNe | 1023 (710! if classified “interacting”) | ~10! (<1)
==> TDEs, m’rerac’rlr.lg SNe can be Blazars ~100-1 ~1
claimed as @ NEUITINO SOUICE oo
w/ high confidence. @~ | T DES ______________________________________________ <1 ______________________________________________________ < 1 ____________
0 Identified w/ smaller (T4m) telescopes | AGNs ~103 ~10!
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