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THE ERA OF GW ASTRONOMY HAS ARRIVED AT 2015!
BH-BH merger, Nobel prize in 2017

Hanford, Washington (H1) Livingston, Louisiana (L1)
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Primary black hole mass 36 M,
Secondary black hole mass 29MIM
Final black hole mass 62jM®
Final black hole spin 0.67 00 GW 150914
Luminosity distance 410118 Mpc
Source redshift < 0092004 Abbott et al. 2016, PRL

But no EM signal (optical counterpart)
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EM sighature from
NS-NS merger

Jet—ISM Shock (A fterglow)
0pl:iml(honn—d:y:)

Ejecta-ISM Shock
® On-axis short GRB . S
® Off-axis radio
emission

- kilonova

- macronova
- mini SN Metzger & Berger 2012,
R Ap]), 746, 48
- Metger—nova
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Taken from presentation by M. Tanaka
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GW170817: NS-NS MERGER
MULTI-MESSENGER ASTRONOMY

2017-08-17 GW event marked the start of MMA using GW and EM signals
3700 (39@Korea, 45 countries, 900+ institutions, 80 facilities ), 59 page ApJL paper

2017-08-17 12:41:04 UTC
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J3=X: LIGO, NASA, TM2H/UC Santa Cruz and Carnegie Observatories/Ryan Foley,
Agti/et=d 2 A2/ Y4, NSF/Sonoma F & EH/A. Simonnet, NRAO




FACILITIES FOR EM FOLLOW-UP:

17+ TELESCOPES
Korea:
SAO 1.0m/0.6m, SOAO 0.6m,
Maidanak: BOAO 1.8m, DOAO 1.0m
1.5m Telescope US: LOAO 1-m

\|ZEMAIRIE| s o
X4 e p . ’p b . o )
2 L 8. LR £ -~ f
i e F st \".. * : 7 N Y %
Z 7 . &) o

L=

emini—N

e

KMTNet 1.6m  Australia: 0.43m LSGT
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FIRST KOREAN OBSERVATION

At 2017-8-18, about 21 hours after the GW detection, the GW EM
counterpart was detected by LSGT (0.43m telescope!)

2017-08-18 10:08:01(UT)

GW170817

/
.

NGC 4993

AE2Usn DISFFMALE
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KMTNET FOLLOW-UP OBSERVATION

Korea Microlensing Telescope Network: Three 1.6m telescopes at Southern
Hemisphere (exoplanet microlensing)

KMTNet SAO telescope started the observation at about 28 hours after the GW
detection

Observations continued till Sept. 9 (B,V,R,l)
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KMTNET IMAGE OF GW170817

017, Abbott et al. 2017

KMTNet=SAAO 08-18

KMTNet-SAAO 08-22
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SEVERAL KEY RESULTS

Binary neutron star merger = short GRB-like event? YES
EM counterpart = Kilonova? YES
- blue or red? Both

- Brightness? 17 mag in the beginning

Environment of NS merger? Massive elliptical galaxy

Im et al. 2017
Troja et al. 2017
Levan et al. 2017
Abbott et al. 2017
Lee MG et al. 2018
Lyman et al. 2018

Gold!



KILONOVA: BLUE OR RED?

DEPENDS ON HEAVY ELEMENT PRODUCTION +
MERGING TIMESCALE

Tidal dynamical
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OFF-AXIS JET OR COCOON?

Structured Off—axis Jet Cocoon




Radioactive decay models
Slowly rising curve
att < 1day

EARLY LIGHT CURVE -

GW2170817: unclear which model is
correct

Early optical sighal = Important test
of the kilonova emission
mechanism

Apparent magnnuae

n
o
L

Time since 1
10
M |

herger (rest-frame hours)
30
1

80

Kasliwal et
& Boosted f

=== \/illar et al. 017), Radioactive Decay

I. (2017), Shock Cooling
adioactive Decay

L
0.4
Time since

herger (rest-frame days)

Shock—-heated models
Steadily decaying curve

-22

at t < 1day

Time since mgrger (rest-frame hours)
10 30
Ll . 1

80

= \Waxman et 4. (2017), Radioactive Decay
= = Piro & Kollmdjer (2017), Shock Cooling

T
0.4
Time since n

erger (rest-frame days)

2019 K-GMT SCIENCE PROGRAM USERS MEETING

-22

-20

-18

-
(=]

14

-
N

Absolute magnitude




HOST GALAXY MYSTERY?

((((((

|._ GRB 1501018

Sy
| ﬂl"v'%r,/“ Wi

GW170817 host galaxy GRB 1501018 host
(Im et al. 2017, ApJL) (Troja et al. 2018, Nat.Com.)



SEVERAL KEY QUESTIONS

Binary neutron star merger = off-axis short GRB or cocoon ?
EM counterpart = Kilonova? YES?
- blue or red? Both?

- Brightness? 17 mag in the beginning?

Environment of NS merger? Massive elliptical galaxy?

Gold! = how much?

Acceleraied Bygoansion of the Universe
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LIGO-VIRGO Joint Run Planning Committee LIGO-G1801056

Working schedule for O3
(Public document G1801056-v4, based on G1800889-v7)

2018 2019
T T T T T T T
Sep ' Oct Nov Dec Jan Feb Mar Apr May Jun Jul : Aug >
| | | | I [l | |
: ‘ER13: from 8am PT Dec 14 ER14: up to four weeks, starting at the earliest March 1st, 2019
I

V I RG o Commissioning EFI3 Commissioning

H‘I Commissioning I EFI3 Commissioning

| | | | | |
o L1 Commissenns erifo conmisdois E_

to 6 am PT Dec 18 . 03 to follow

|ﬁ
2019 March

LIGO-VIRGO op_ératioh frdm

Detector operational,commissioning mode D:etecto;* not prloducing data
* (small fraction of observing mode time) | (downtime)

mode for a fraction of the time - 24/7 observing mode
during Engineering Runs (ERs), (Observing Run,

Detector in observing
possible GW alerts with human vetting Open Public Alerts in low-latency)

BNS sensitivity < ~100 Mpc
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EXPECTED EVENT RATES IN O3

BNS: 1-50 per year =»~7 per year

BBH: 10-100 per year = ~ 32 per year

NS-BH: About 1/10 of BNS

Localization area
~ 50 deg?
~ 50 host gal candidates for BNS merger
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LIGHT CURVE (IF RED)

At 100 Mpc,
r(AB) ~ 22.5 mag
i(AB) ~ 21.0 mag
Z(AB) ~ 19.5 mag
J(AB) ~ 20.5 mag

Limit for
1-m class telescopes
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GW FOLLOW-UP TEAM

SNU

KASI

BOAO/SOAOQ/LOAO
Hyun-Il Sung

Myungshin Im (Pl)

Changsu Choi - LSGT, McDonald telescopes

Joonho Kim - KMTNet, LSGT

Gu Lim - SAO 1m/0.6m, Maidanak

Sungyong Hwang - McDonald 0.25m

Sophia Kim - McDonald 0.8m, DOAO 1m

Gregory Paek - LOAO 1.0m, DOAO 1m, BOAO/SOAQ, SAO 1m
Seong-Kook Lee - Host galaxy KYSC: DOAO

KMTNet
Seung-Lee Kim
Chung-Uk Lee

Hyung Mok Lee
Sang-Hyun Ahn
(Lucas J. Uhm)

Yongmin Yoon - Host galaxy, transient photometry
| Paek, DH Kim, YJ Kim, M Hyun, Y Taak:
McDonald 2.1m, Gemini, UKIRT

Wonseok Kang
Taewoo Kim

Korean GW Group
(Myung ((beo@n Lee, Sung-Chul Yoon,....) (KGWG)

\
NG

Q> .
)\
Q/Q
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STRATEGY

Localization map Prioritized host galaxy
Distance probability candidate list
Galaxy mass proxy (~50)

A

KMTNet x 3 MAO 1.5 LSGT 0.4m SAO 1m McDonald 0.8m Gemini

& Gemini UKIRT
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GEMINI OBSERVATION (2019A)

GEMINI OBSERVATORY
observing time request summary
Semester: 2019A Observing Gemini Reference:
Mode: Queue + Rapid ToO
Instruments: NIRI, GMOS South, GMOS North, GNIRS, Flamingos2
Time Awarded: NaN Thesis: No

Band 3 Acceptable: No

Title: Optical/NIR Follow-up Observation of Gravitational Wave
Sources

Principal Investigator: Myungshin Im

PI institution: Seoul National University, Department of Physics and Astronomy 1,
Gwanak-ro, Gwanak-gu Seoul, 08826, Republic of Korea

PI status: PhD

PI phone/e-mail: +82-2-880-6585 / myungshin.im@gmail.com

Co-Investigators: Hyung Mok Lee: Korea Astronomy and Space Science Institute

(KASI), hmlee(@kasi.re.kr

21.7 hours awarded (N+S combined)
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4 INFRARED MEDIUM- DEEP SURVEY

Quasars and galaxy clug\ters at\hlgh redshift
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FAINT QUASARS AT Z ~ 6 HAVE LOW
EDDINGTON RATIOS (SLOWLY GROWING)
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Kim'Y, MI, et al. 2018, ApJ
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ScienceNews & &

= E 2 THE . Search Science News...
MAGATZINE OF THE SOCIETY FOR SCIENCE Subscribe now

—
- MENL GS TOR'S S VIAGAZIN
—

LATEST MOST VIEWED

Photons reveal a weird effect called

thequantumDigeonhole‘pia’ra‘dvc‘)x | Astronomers Ca n’t ﬁgu re out
why some black holes got so big

A new 2-D material uses light to

quickly and safely purify water SO fa St

NEWS ASTRONOMY

[hese behemoths defy expectations of how quickly black holes feed
BY LISA GROSSMAN

NEWS IN BRIEF
Greenland may have another
massive crater hiding under its ice

FEATURE
Robots are becoming classroom
tutors. But will they make the
grade?

Congo's Ebola outbreak is a testing
ground for new treatments

FEE

écience News, March 16, 2018
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SPECTROSCOPIC CONFIRMATION OF 11 NEW
FAINT QUASARS ATZ ~ 5
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Kim 'Y, MI, et al. 2019, ApJ

Gemini
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MASSIVE QUASARS (Z < 0.4) LIVE IN DENSE
ENVIRONMENT, BUT LESS SO THAN MASSIVE
GALAXIES

IOQ [ Mbulge/M@]
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f o
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log [ Mg, /Mg ]

Yoon Y, Ml et al. 2019, ApJ
MMT
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PAPERS PUBLISHED OR TO BE PUBLISHED SOON
WITH K-GMT SCIENCE PROGRAM

O A N S

Kim, Yongjung et al.

2 Kim, Jae-Woo et al.

3 Jeon, Yiseul et al.

4 Kim, Yongjung et al.

5 Lee, Seong-Kook et al.

[Talk]

6  Yoon, Yongmin et al.

7 Kim, Jae-Woo et al.

8 Kim, Dohyeong et al.
[Talk]

9 Kim, Yongjung et al.

2015
2016

2017

2018

2019

2019

2019

2018

2019

ApJL
ApJL
ApJS

Ap]

Submitted

Ap]

Draft soon

Ap]S

QSO at z=6

Supercluster at z=1

QSO at z=5.5

SMBH mass of z=6
QSO

Clusters/Sclusters
atz=1

Env. of massive

QSOs

Clusters at z=1

Red quasar spectral
atlas

Discovery of faint z
~ 5 quasars

UKIRT, Gemini
UKIRT, Magellan

UKIRT, Gemini, KPNO
4m, ..

UKIRT, Magellan,
Gemini

UKIRT, Magellan

SDSS, MMT

UKIRT, Gemini,
Magellan, JCMT

Gemini, IRTF

Gemini, Magellan,
McDonald 2.1m




PAPERS IN PREPARATION

s oo Jsoue —Jtopo raciies

10 Lee, Seong-Kook et al. 2018 In preparation  U-dropout UKIRT, Gemini
2019 galaxies
11 Hyun, Minhee et al. 2018 In preparation Superclusters UKIRT, Magellan,
[Talk] - also I. Paek’s 2019 atz=1 Gemini?
poster
12 Taak, Yoonchan et al. 2018 Draft Gravitational  Gemini,
[Poster] 2019 lens Magellan, HST
13 Im, Myungshin et al. 2018 In preparation IMS overview UKIRT, Gemini,
2019 Magellan, HET
14 Taak, Yoonchan et al. 2018 In preparation BH mass of UKIRT, Gemini,
2019 faintz~5 McDonald 2.1m,
quasars Magellan

Many more to come
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Gemini in the Era of Multi-Messenger Astronomy:
High Image Quality & Rapid Response
$26M Award from U.S. National Science Foundation

* New Multi-Conjugate Adaptive Optics at Gemini- North (GNAO),
with route to an adaptive secondary [synergy with JWST]

+ New Real-Time Computer for AO system at GemlnPSouth

* Operations software and data pipeline developmentyt)r rapid

follow-up Time Domain Astronomy (TDA) [synergy with LSST]

e Public outreach & education programs on the gen ;_’al themes
of Time-Domain & Multi-Messenger Astronomy

e All funds must be spent by 30 Sep 2024.

WSEMINIIN Gemini Time-Domain Advisory Group (Korea: Im)
Report to the board (2019 Nov), 2021A operation

Credit: John Blakeslee (AAS#233)



