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Korean/Uzbelactan Caronn

- Korean group together with
Uzbek astronomers (KU
Group) signed an MoU with

LIGO/Virgo for EM followup
observations in April 2014

KU group composed of SNU
and KASI actively participated
the observational campaigns
using several optical telescopes

It 1s now expanding to include
more people and telescopes,
including radio telescopes
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Facilities used for GW170817

- KMTNet
 Three telescopes at Chile
(CTIO), Australia (SAQO)
and South Africa (SAAQO)
- 1.6 m, 2x2 degree FOV
- BVRI Filters
- Mostly dedicated for the
microlensing survey, but
demonstrated its
capability in time-of-
opportunity observations.
- LSGT (O|afzf 3&g)
- 0.5 m, u,vrizfilters
- Located in Australia
+ Other i-Telescopes

KIW5 at Perugia



GWI1/0081/
Publications

EM counterpart discovery: Together with LVC+EM Followup partners

Early emission characteristics (optical/NIR, imaging/spectroscopy —
Constraints on models): Together with NASA X-ray group

Host galaxy: KU group
Late-time emission study

Cosmological application:

GW detection strategy
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NASA/Korean group, Nature 2017
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Featureless
spectra with rapid
turnover at <0.75
micron

Becomes redder
with time

Consistent with the
ejection of high
velocity, neutron
rich material during
a NS merge

Nature 2017
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AB magnitude

Spectral Energy Distribution of
the Optical/Infrared Counterpart
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- Broadband optical/
near-infrared data
well fitted to single
or two component
black bodly.

Nature article by NASA/Korean,.group o1



Properties of the Host Galaxy: NGC
4993

Im et al. 2017, ApJL

- High contrast images were constructed by stacking many images taken by KMTNet at B, V, R, and |
- Images taken by HST/ACS (F606W) and 2MASS (J, H, Ks) are publicly available
- 2-dimensional surface brightness fitting to bulge + disk

- Other models such as single Sersic or double Sersic also fits the surface brightness well.
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log (F,)

SED fitting

- Photometric data are available at many filter bands: GALEX NUV & FUV, u,g,r,i,z
(LSGT), B,V,R,l (KMTNet), F606W (HST), J, H, Ks (2MASS), W1, W2, W3, W4 (WISE)

- SED fitting provides the star formation history
- The age is not well constrained, but could be 3-6 Gyrs
- Age can be as old as 10 Gyr
» Origin of the NS binaries?
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Im et al. 2017, ApJL

KIWS5 at Perugia 9 February 14-16, 2019



Outlook for O3

LIGO-G1801056

LIGO-VIRGO Joint Run Planning Committee

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

Sep ' Oct 'Nov Dec 'Jan Feb ' Mar ' Apr May ' Jun ' Jul ' Aug >
ER13: from 8am PT Dec 14 ER14: up to four weeks, starting at the earliest March 1st, 2019
L to 6 am PT Dec 18 O3 to follow
I H1 Commissioning I ER13 Commissioning ER14 03: one calendar year long
O L1 Commissioning ER13 Commissioning ER14 03: one calendar year long
VIRG O Commissioning ER13 Commissioning ER14 03: one calendar year long

~70% observing mode

Detector operational,commissioning mode Detector not producing data
(small fraction of observing mode time) (downtime)

Detector in observing

mode for a fraction of the time 24/7 observing mode
during Engineering Runs (ERs), (Qbservmg Run,
possible GW alerts with human vetting Open Public Alerts in low-latency)

KIW5 at Perugia

https://www.ligo.org/scientists/GWEMalerts.ph
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http://www.ligo.org/scientists/GWEMalerts.php

What 1s expected in O3 + ER

 Event rate
 L.ocalization
e Alert content

GW170817

Credit: LIGO/Virgo/NASA/Leo Singer (Milky Way image: Axel Mellinger)

KIWS5 at Perugia February 14-16, 2019



Event rate (BNS)

Living Reviews in
Relativity (in
press)
Epoch | 2015-2016 2016-2017 |2018-2019 2020+ 2024+
Planned run duration 4 months 9 months 12 months (per year) (per year)
LIGO 40-60 60-75 75-90 105 105
Expected burst range/Mpc Virgo — 20-40 40-50 40-70 80
KAGRA — — — — 100
LIGO 40-80 80-120 120-170 190 190
Expected BNS range/Mpc Virgo — 20-65 65-85 65-115 125
KAGRA — — — — 140
LIGO 60-80 60-100 — — —
Achieved BNS range/Mpc Virgo — 25-30 — — —
Estimated BNS detections 0.05-1 02-4.5( 1-50 )4-80 11-180
o Acwnar BNS UeECHons U T e e — —
% within 5 deg® <1 1-5 1-4 3-7 23-30
90% CR 20 deg? <l 7-14 12-21 14-22 65-73
median/deg? 460-530 230-320 120-180 110-180 9-12
o 5 deg” 4-6 15-21 20-26 23-29 62-67
Searchedarea % within ) ;002 14-17 33-41 42-50 44-52 87-90
pOS’[-GW‘I 70817: Phys. Rev. '
Rens ~ 3.2 x 107 — 4 x 10 Mpc3yr! Lett H1B46110

2018 Amsterdam Townhall meeting Dent,
Pankow, et al.

KIW5 at Perugia February 14-16, 2019



Event rate (NSBH)
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TABLE IV: Compact binary coalescence rates per Mpc® per Myr.*
Source Bisw Rye Ruioh  Rmax

NS-NS (Mpc™ Myr™") 0.01 [1] 1 [1] 10 [1] 50 [16]
NS-BH (Mpc~ Myr—1) 6 x 10~* [18] 0.03 [18] 1 [18]

BH-BH (Mpc™> Myr~') | 1x10~% [14] 0.005 [14] 0.3 [14]

| Class. Quantum Grav. 27 '
ass(zo:g? 1l;?oo1rav 2018 Amsterdam Townhall meeting Dent,

Pankow, et al.

Very small!
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Event rate (BBH)

Binary Black Hole Rates
(post-GW170104)

Assumptions:
Pnet > 12

— Rppn Tobs: 1 yr with 50%

duty cycle

delvbl?n F %16

log-uniform: p(m1) ~ m™ (5 <my < 100 Mo)

...with O3 surveyed space-time volume:
VTeeH ~ 7 X 108 Mpc3yr

Bartos+, 2017, 0.

Belczynsidc 2014

b — - astrophysical aligne
Inayoshi+, 2016 0.2 \\ B aIppsEn: i
\
\ L
inj / 0.8
Al \ |
- o \
Rodriguez+, 20T . ) | 0.0 \ |
10°0 10 10 107 10°° \ 0.6~
R (Mpc—2 yr 1) \“ &
This rate distribution. .. ‘\ 0.4~
Regn ~ 1.2 x 108 — 2.1 x 10°® Mpc3yr! \\ '
...gives this distribution \\ .
of detected events. \ 0.2
median p(N) ~ 34 \\
o 0.0
10" 10* 102 10°
e N 2018 Amsterdam Townhall meeting Dent,

Pankow, et al.
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[_ocalization

* Position uncertainty ~30 deg?

* Or ~30 galaxies to target for GW170817-like
event

1 I 1 1 ]
D=0 250 500 750 1000
Mpc

GW170814 (Abbott et al. 2017, PRL, 119, 141101)
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Alert content: Localization

Localizations

» Gzip-compressed HEALPIx
iImages in FITS

» Sky probability sampled in
equal-area pixels

» (CBC only) Distance: location,
scale, and normalization of an
r"2 weighted Gaussian
conditional distance distribution

* New for O3;

« error ellipses for well-
localized events

multi-resolution HEALPIX
files for faster
manipulation

KIW5 at Perugia February 14-16, 2019



Example of GCN Circular

L LR L T LR EEE LRI T RN TR R T L B B L L L]

TITLE:  GCN CIRCULAR

NUMBER: 21505

SUBJECT: LIGO/Virgo G298048: Fermi GBM trigger 524666471/170817529: LI1GO/Virgo ldentification of a possible gravitational-wave counterpart
DATE: 17/08/17 13:21:42 GMT

FROM: Reed Clasey Essick at MIT <ressick@mit.edu>

The LIGO Scientific Collaboration and the Virgo Col laboration report:

The online CBC pipeline (gstlal) has made a preliminary
identification of a GW candidate associated with the time
of Fermi GBM trigger 524666471/170817529 at gps time 1187008884 .47
(Thu Aug 17 12:41:06 GMT 2017) with RA=186.62deg Dec=-48.84deg and an error radius of 17.45deg.

The candidate is consistent with a neutron star binary coalescence with
False Alarm Rate of ~1/10,000 years.

An offline analysis is ongoing. Any significant updates will be provided
by a new Circular.

KIW5 at Perugia February 14-16, 2019




Near-future plan for EM Group

* Papers from previous observations
* Facilities

* Human resources

* Analysis plan

* Scientific output (papers)



17+ telescopes

Korea:
Maidanak: 1.5m SAO 1.0m/0.6m, SOAQO 0.6m,
Telescope BOAO 1.8m, DOAO 1.0m
KVN Radio Telescopes US: LOAO 1-m

LR | e iy -
o AN HEMARIE]|
S 5 ' g‘ o~ | vy e m—— o [ Q, o
4 a7 ob oL iy @ o xR ot N
b R s - Sl s &
. i ol g o - -:" A 3
Seariid x 1 * 4 [wf 52! ?m /

Hawaii:
Gemini-N
UKIRT

.....

: ﬂk’* v

. VR OT Al

KMTNett- Australia: 043m LSGT US: M¢Donald 2.1-m,
Telescopes + iTelescope.Net (SSO) 0.8m, 0.25m
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Human resources

SNU group — GW alert, observation with SNU-facilities, data
analysis

KASI group — Observation with KASI facilities (KMTNet, LOAO,
SOAQO, BOAO, KMTNet, KVN)

Ewha group — Data analysis/Software development?
International partners: McDonald, Maidanak

* All groups will be involved in scientific analysis of the results

KIW5 at Perugia February 14-16, 2019



Analysis

e Alert system
GW alert 2> automatic observation
 Target generator

Input: GW localization map + galaxy catalog
Output: List of galaxy targets or tiling pattern of the
observation
* Image Processing

Basic reduction: bias/dark, flat-fielding + astrometry
* Photometry/spectral analysis
Fast photometry calibration and photometry of interesting
objects
* Transient identification

Identification of new transients in the image

KIW5 at Perugia February 14-16, 2019



Observing strategy

. Targeted observation of host galaxy candidates with ~10
narrow-field telescopes (e.g., LSGT)
*  Wide field imaging with a 0.25m telescope WIT 1n Texas

(FOV ~ 5.5 deg?)

N , _ &
Lee Sang Gak Telescope
(LSGT; °]’d4 & 73)

Wide-field Imaging Telescope (WIT)

KIWS5 at Perugia February 14-16, 2019



larget generator

- Input: GW localization map + galaxy catalog
- Output: List of galaxy targets or tiling pattern of the
observation

Currently, human-initiated search of galaxy database

Automation of the procedure is desired
* Improvement in the host galaxy candidate catalog
* New distance (e.g., FP-based distance)

1
// )
\% B // Arcavi et al. (2017)
i /f/
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Transient identification

 Image subtraction
e Careful subtraction is often difficult

* No automatic identification is done with our script = needs
improvement in this area

* Use of public archive images for subtraction or construction of the sky
map

2014.01.07 2014.02.11

(Gaussian convolution)

difference

SN 2014L
In M99
LOAO data

difference '
-]
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