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Korean/Uzbekistan Group
• 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 is now expanding to include 
more people and telescopes, 
including radio telescopes
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Facilities used for GW170817 
Followup Campaign

• KMTNet
• Three telescopes at Chile 

(CTIO), Australia (SAO) 
and South Africa (SAAO)

• 1.6 m, 2x2 degree FOV
• BVRI  Filters
• Mostly dedicated for the 

microlensing survey, but 
demonstrated its 
capability in time-of-
opportunity observations.

• LSGT (이상각 망원경)
• 0.5 m, u,v,r,i,z filters
• Located in Australia

• Other i-Telescopes
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GW170817 
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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Multi-wavelength light curves
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NASA/Korean group, Nature 2017

KMTNet Data
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Optical and NIR spectra
• T+3.5d, by 8m 

Gemini telescope
• 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
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Nature 2017

Gemini-S HST
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Spectral Energy Distribution of 
the Optical/Infrared Counterpart

Nature  article by NASA/Korean group

• Broadband optical/
near-infrared data 
well fitted to single 
or two component 
black body.
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Properties of the Host Galaxy: NGC 
4993

• High contrast images were constructed by stacking many images taken by KMTNet at B, V, R, and I

• 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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Im et al. 2017, ApJL
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SED fitting
• Photometric data are available at many filter bands: GALEX NUV & FUV, u,g,r,i,z 

(LSGT), B,V,R,I (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
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Outlook for O3

Mid-November

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

ER14: up to four weeks, starting at the earliest March 1st, 2019
O3 to follow 

ER13Commissioning O3: one calendar year long

2018
Sep Oct Nov Dec Jan Feb Mar Apr

2019
May

H1

L1

GEO

LIGO-VIRGO Joint Run Planning Committee
Working schedule for O3

(Public document G1801056-v4, based on G1800889-v7)

~70% observing mode

Detector in observing 
mode for a fraction of the time 

during Engineering Runs (ERs), 
possible GW alerts with human vetting

24/7 observing mode
(Observing Run,

Open Public Alerts in low-latency)

Detector operational,commissioning mode
(small fraction of observing mode time) 

Detector not producing data
(downtime)

L
I
G
O

Jun Jul Aug

ER14

ER13Commissioning O3: one calendar year longER14Commissioning

Commissioning

VIRGO ER13Commissioning O3: one calendar year longER14Commissioning

ER13: from 8am PT Dec 14 
 to 6 am PT Dec 18

LIGO-G1801056

http://www.ligo.org/scientists/GWEMalerts.php
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What is expected in O3 + ER
• Event rate 
• Localization 
• Alert content

GW170817
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Event rate (BNS)

2018 Amsterdam Townhall meeting Dent, 
Pankow, et al.
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Event rate (NSBH)

2018 Amsterdam Townhall meeting Dent, 
Pankow, et al.

Very small!
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Event rate (BBH)

2018 Amsterdam Townhall meeting Dent, 
Pankow, et al.
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Localization

• Position uncertainty ~30 deg2 

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

GW170814 (Abbott et al. 2017, PRL, 119, 141101)
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Alert content: Localization
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Example of GCN Circular
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Near-future plan for EM Group

• Papers from previous observations 

• Facilities 

• Human resources 

• Analysis plan 

• Scientific output (papers)
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Facilities for EM Follow-up: 
17+ telescopes

Australia: 0.43m LSGT 
+ iTelescope.Net  (SSO)

US: LOAO 1-m

Maidanak: 1.5m 
Telescope

Korea: 
SAO 1.0m/0.6m, SOAO 0.6m, 

BOAO 1.8m, DOAO 1.0m 
KVN Radio Telescopes

US: McDonald 2.1-m, 
0.8m, 0.25m

KMTNet 1.6m 
Telescopes

Hawaii: 
Gemini-N 
UKIRT

Gemini-S
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Human resources

• SNU group – GW alert, observation with SNU-facilities,  data 
analysis 

• KASI group – Observation with KASI facilities (KMTNet, LOAO, 
SOAO, BOAO, KMTNet, KVN) 

• Ewha group – Data analysis/Software development? 

• International partners: McDonald, Maidanak 

• All groups will be involved in scientific analysis of the results
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• Alert system 
GW alert à 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 

Analysis
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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 in Texas 
           (FOV ~ 5.5 deg2)

Lee Sang Gak Telescope 
(LSGT; 이상각 망원경) Wide-field Imaging Telescope (WIT)
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Target 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)

Arcavi et al. (2017)
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Transient identification
• Image subtraction 
• 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
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Summary

NGC 4993  at LSGT, Siding Spring Observatory 
Photo by Christian Sasse
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Summary

NGC 4993  at LSGT, Siding Spring Observatory 
Photo by Christian Sasse

• After many trials of followup observations during O1 and O2, 
Korean group has successfully obtained large amount of high 
quality photometric/imaging data with our facilities located in 
southern hemisphere for GW170817.
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• Our group is ready to actively take part in the EM followup 
campaign for O3 and beyond
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quality photometric/imaging data with our facilities located in 
southern hemisphere for GW170817.

• Our group is ready to actively take part in the EM followup 
campaign for O3 and beyond

• Available telescopes are located both norther and southern 
hemispheres at wide range of longitudes 
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Summary

NGC 4993  at LSGT, Siding Spring Observatory 
Photo by Christian Sasse

• After many trials of followup observations during O1 and O2, 
Korean group has successfully obtained large amount of high 
quality photometric/imaging data with our facilities located in 
southern hemisphere for GW170817.

• Our group is ready to actively take part in the EM followup 
campaign for O3 and beyond

• Available telescopes are located both norther and southern 
hemispheres at wide range of longitudes 

• Wavelength coverage also spans from near UV to mid-IR and 
radio


