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Abstract

The new era of multi-messenger astronomy (MMA) has arrived at 2017 with the detection of the
binary neutron star merger in both gravitational wave (GW) and electromagnetic radiation (EM). The
LIGO/Virgo O3 run now provides tens of GW events and the situation will get better in future as the GW
sensitivities improve and the number of available detectors increases. To identify and characterize GW
events in optical/IR and learn uncharted aspects of the universe through MMA, our group in Korea has
been performing optical/NIR observation of GW events using a worldwide network of 16 telescopes. Here,
we outline our network of facilities, GECKO, and present EM follow-up observation results of GW events
including GW170817 and LIGO/Virgo O3 events. Our facilities include several key telescopes/instruments
such as the Korea Microlensing Telescope Network (KMTNet) 1.6m telescopes, and the Gemini telescopes.
In particular, KMTNet provides a unique, round-the-clock coverage of the southern hemisphere sky with a
wide field-of-view, and has a potential to play important roles in rapid identification of EM counterparts.

Key words: Multi-messenger astronomy: optical observation — Multi-messenger astronomy: gravi-
tational waves — Compact objects

1. Introduction

The observational campaign of the binary neutron star
(BNS) merger event, GW170817, marked the beginning
of the multi-messenger astronomy (MMA) that uses the
combined information from gravitational wave (GW)
and electromagnetic radiation (EM) to study astrophys-
ical phenomena (Abbott et al., 2017a). The MMA study
with GW and EM allowed us to (i) understand the phys-
ical connection between short gamma-ray burst events
(sGRBs) and BNS merger (e.g., Abbott et al., 2017a),
(ii) discover the astrophysical phenomenon, kilonova,
that followed the GW detection as the origin of many
heavy elements in the universe (e.g., Troja et al., 2017;
Lyman et al., 2018), (iii) witness the first glimpse on the
environment of the GW-producing BNS merger (e.g., Im
et al., 2017; Levan et al., 2017; Lee et al., 2018), and (iv)
use the GW source to measure the expansion rate of the
universe (Abbott et al., 2017b).

While the strong potential of MMA was demonstrated
with a series of studies of GW170817, it marked just the
beginning of many exciting discoveries to follow. With
the new runs of GW observations, many EM-producing
GW events are expected to be discovered. In order
to capitalize on new GW source detection, our group
has established a network of telescope around the world,
named as the Gravitational-wave EM Counterpart Ko-
rean Observatory (GECKO), and has been performing

EM observation of GW sources since 2015. Here, we
introduce GECKO, and describe some of GECKO ob-
servations and future prospects.

2. GECKO Overview

Originally named “KU (Korea-Uzbekistan) Collabora-
tion” (Abbott et al., 2017a), our GW EM follow-up
team changed the collaboration name to GECKO in
order to reflect the addition of several key Korean fa-
cilities. Figure 1 shows the GECKO facilities on the
world map. Currently, as many as 16 telescopes are used
by GECKO. Among these, several facilities are capa-
ble of spectroscopy or medium-band observation (equiv-
alent to low resolution spectroscopy), such as the SNU
Astronomical Observatory (SAO) 1m telescope, the Lee
Sang Gak Telescope (LSGT; Im et al., 2015a), and SNU-
CAM (Im et al., 2010) on the Maidanak 1.5m telescope
(Ehgamberdiev, 2018). We have been successful in se-
curing Gemini time for GW EM counterpart TOO ob-
servations.

Most of the GECKO facilities have been already in
use for our other projects before the GW EM counter-
part follow-up campaign started. The notable projects
are the Intensive Monitoring Survey of Nearby Galax-
ies (IMSNG) which monitors 60 nearby galaxies with
high probability of hosting supernovae (SNe) to catch
the early light curve of SNe (Im et al., 2019, 2015b), and



Fig. 1. Telescopes participating in the GECKO collaboration. The facility names written in dark yellow are the facilities with spectroscopic

capabilities, and the facilities in light yellow are the ones equipped with medium-band filters.

the Infrared Medium-deep Survey (IMS; Im, M., et al.
in preparation) which aims to discover faint quasars and
galaxy clusters at high redshift. For more information
on the telescopes in GECKO, please refer to the IMSNG
project paper (Im et al., 2019). Since we have been us-
ing the facilities for the transient study in the past, the
software pipeline to search and study transients has been
available in advance to analyze the GECKO data.

3. GECKO Results

3.1. GW170817

The most notable GECKO result is the observation of
the optical counterpart of GW170817. Our group ob-
served the the optical counterpart starting from about
21 hrs after the GW detection, using the SNUCAM-
II camera (Choi & Im, 2017) of LSGT at the Siding
Spring Observatory. Although the primary mirror di-
ameter of the telescope is only 0.43m, LSGT was able
to detect the optical counterpart (Figure 2). Our ob-
servation was carried out using both broad-band filters
(g, r, i, and z) as well as 50nm width medium-bands of
m425,m475,m525,m575,m625,m675, and m725 where
the number after ”m” indicates the central wavelength of
the filter in nm (Choi & Im, 2017; Abbott et al., 2017a).

Shortly after the LSGT observation, we initiated the

Korea Microlensing Telescope Network (KMTNet; Kim
et al., 2016) follow-up observation of GW170817. These
GECKO observations continued for ∼10 days, and re-
sulted in obtaining BV RI multi-color light curve neces-
sary to identify the nature of the optical counterpart as
kilonova (Troja et al., 2017).

Fig. 2. LSGT 0.43m telescope (left) and the EM counterpart of

GW170817 caught by LSGT in false gri color (right). This figure

demonstrates that small telescopes can play an important role in

MMA.



As a part of GECKO, we also performed the opti-
cal imaging observations using 0.43m to 0.7m telescopes
(T17, T27, T30, T31) of iTelescope.Net. The observation
with the small telescopes, including LSGT, successfully
identified the optical counterpart during the first a few
nights, demonstrating the potential of using small tele-
scopes to study GW EM counterparts. We also studied
the property of the host galaxy NGC 4993 as a suitable
site for the BNS merger, finding the distance to NGC
4993 as ∼40 Mpc using the fundamental plane relation
(Im et al., 2017) and globular clusters (Lee et al., 2018).
We also found that the stellar mass of NGC 4993 is about
1010−11 M⊙, but the age is rather large > 3 Gyr, which
is a bit unusual as the BNS merger host galaxy (Im et
al., 2017; Mapelli et al., 2018)

3.2. GECKO observations in O3 run

Our efforts to identify the optical counterparts of GW
events continued during the LIGO/Virgo O3 run. Using
the GECKO facilities, we observed the credible regions
of eleven O3 GW events out of 51 events. Six of 11-
GECKO observed events are BNS or NS-BH events that
could produce EM emission. No EM counterpart has
been identified, but the follow-up observation provided
an opportunity to improve our search algorithm, the host
galaxy candidate catalog, and the software pipeline. In
particular, we now assign priorities to host galaxy can-
didates based on theoretical prediction of the BNS and
BBH merger host galaxies (Mapelli et al., 2018). Also,
the O3 run follow-up observation allowed us to test how
fast and how deep we can identify transients. Figure
3 shows the KMTNet images of transients identified by
GECKO, demonstrating that KMTNet can easily iden-
tify transients with R ≃ 22.5 mag, which is the expected
brightness of GW170817-like events at 150 Mpc one to
two days after a BNS merger.

Fig. 3. Example KMTNet R-band images of transients found during

the search for new sources in the credible region of GW 190425z.

The R-band magnitudes are indicated in the images.

4. Future prospects

In preparation for the LIGO/Virgo O4 run, we have se-
cured 540 hrs per year of the KMTNet time over the next
three years. KMTNet is made of three 1.6m telescopes
located at three continents in the southern hemisphere.

Furthermore, KMTNet provides a wide field of view of 4
deg2. Therefore, with KMTNet, covering 150 deg2 of the
southern sky to R = 22.5 mag is possible within several
hours. The three-sites observation provides unique ad-
vantages of being able to cover GW events at any time,
and following up the EM counterparts with a dense ca-
dence. With the GECKO’s unique locations and wide
and deep imaging capabilities, we could possibly con-
tribute the world effort of GW EM follow-up by provid-
ing the first EM counterparts for as much as 1/3 of the
total GW events.
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