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RESEARCH ARTICLE SUMMARY

NEUTRINO ASTROPHYSICS

Multimessenger observations of a

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

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™ T

The IceCube Collaboration et al.,
Science 361, 146 (2018) 13 July 2018



Briefing for press in the MEXT
XHEsieAS=R on Jul 20
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Possible Origin of high-energy (TeV) neutrinos

©U. Tokyo

,\_ ~\?; i ¢
blazar: AGNirelativistic jet

©ONASA

(peculiar) supernova

starburst galaxy
From Morokuma san’s slide



1.5m Kanata+HONIR

HONIR (Hiroshima Optical and Near-
InfraRed camera; Akitaya et al. 2014) !
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Casts related to the Kanata follow-up

Y. Tanaka Mori Utsumi MY

ltoh M. Kawabata Nakaoka K.S. Kawabata



IceCube-161210A

Alert: 2016-12-10 20:07(UT)
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2016-12-11 9:30-17:30 (UT)
J-band imaging




New Blazar Catalog (BROS)

o Blazar Radio and Optical Survey (BROS; Itoh et al. in prep.)
o ~50000 sources at Dec.>-40 deg
o BZCAT: ~4000 sources
o flat-spectrum@radio: NVSS (1.4 GHz) + TGSS (151 MHz)
o Pan-STARSS(PS1)@optical
o ~40% not detected in PS1 (r>23)

s] QSO+jet-daminated” . .

BL Lac region'... 1',."  E_[Iipti.cal gélaxy region




IceCube-170321A

BROS blazar catalog
Alert: 2017-03-21 07:32(UT)
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Follow-up observations of seven
candidates within the error circle

2RDELATIDDI B
V| RED HZE) % 15

' RA: -0.8 +1.3 deg

RS

IeCu be-170922A

region were performed with Kanata @

(2018)

ID:7-J051440 4L KX




TXS 0506+056 : ;&EENEYRETHA

Difference between
Sep 23 and Sep 24

residual
(Evidence this object faded)

Observed in R band using Kanata/HONIR

We found that TXS 0506 was much luminous on Sep 23 comparing to the
previous observations. We observed the slow decline part of the optical flux.

The brightening the gamma-ray emission is observed, and Tanaka+
reported this observational fact. (Tanaka, Y. T. et al. ATel #10791)

International electromagnetic observations were
promoted by this report



OISTER
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Optical and Infrared Telescopes of Synergetics
for Education and Research (OISTER)

Overalls

« Cooperation among Universities havm8 0 tlcal and near-
infrared small/intermeridate (0.4 — 2.0m) telescopes

« Seven positions %Postdoc ASS|stant prof.) were employed in
each University. (MY, on May, 2017)

« An associate prof. (H. Maehara Kyotoz was employed to
summarize the overall among Universities

« First period finished and second began in 2017 (for 5 years)

Scientific goals

 Flexible and immediate follow-ups of transients and variables
including the gravitational wave and neutrino events.

« Multi —band and —mode observations using the various
INStruments

« Participants have right to propose observations (External
researchers can join as Co-I)

« 6 ToOs were triggered in 2017-2018 (ongoing for 2 of 6)
 Flexible operation is applied to the current observations




Canceling the weather risk
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We can avoid the weather risk! (typically shows
~ 1 day delay between Hiroshima and Tokyo )



Flux
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TXS 0506+056: Multiwavelength light curves
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The IceCube Collaboration et al., Science 361, 146 (2018)



Optical and NIR light curves
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« We started the observations using Kanata/HONIR since 20
hours after the neutrino alert.

« We found that the luminosity is three times more luminous
tShanZtEe previous data, and the flux decreased by 15% on
ep 24.

- When the neutrino was emitted, thie [Bta¢ae shalultPbe more
luminous, indicating that this object is in the active phase.



Polarization
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Optical Spectroscopy: redshift determination

, 0.5-hour integration
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Optical Spectroscopy: redshift determination
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Spectral Energy Distribution
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Future prospect
>blazar (AGN) ?

Similar procedure through the Kanata/OISTER will unveil another
possible transient (2IEEMD K< 377) .

Basical properties can be unveiled through multi-mode and —band
observations

> (lIn/lbc) su pernova? -still strong candidate

Prompt exploring the new transient in the galaxies

using wide-field camera. Prompt follow-up
would be performed by spectrograph.

Wide-field
camera:Tomo-e Gozen
(Kiso, U of Tokyo)

[Seimei] 3.8m telescope
(Okayama, Kyoto U.)
Spectroscopy




Follow-up of transients
discovered by “Tomo-e Gozen”

Discovery

. Photometry
<™ (polarization)




Wide-field transient
survey w/ Tomo-e Gozen

From Sako-san’s slide

<————— 7TF (1.2m), 47 deg? (2016-)

Pan-STARRS (1.8m), 9 deg?

\
\ KWFC, 4.8 deg?

/ LSST (8.4m), 9.6 deg? (2023-)

Tomo-e Gozen
20 deg?in ¢ 9 deg
Mosaic CMOS sensors




Wide-field transient
survey w/ Tomo-e Gozen

All-sky survey (~10000 deg?) will be
performed @ <1 day cadence

-> \We can research all light curves of
BROS catalog blazars...



Limiting magnitude (no-filter)
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3.8m + KOOLS/IFU

KOOLS-IFU (PI:#a#K)
J 741 )\—53)as
PRFER ~20mag




Early-phase spectroscopy

Broad-lined "Type Ib’ SN 2016coi
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Summary
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