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ABSTRACT

On August 17, 2017 a binary neutron star coalescence candidate (later designated GW170817) with merger time 12:41:04
UTC was observed through gravitational waves by the Advanced LIGO and Advanced Virgo detectors. The Fermi Gamma-ray
Burst Monitor independently detected a gamma-ray burst (GRB170817A) with a time-delay of ~ 1.7 s with respect to the merger
time. From the gravitational-wave signal, the source was initially localized to a sky region of 31 deg? at a luminosity distance
of 40f§ Mpc and with component masses consistent with neutron stars. The component masses were later measured to be in
the range 0.86 to 2.26 M. An extensive observing campaign was launched across the electromagnetic spectrum leading to the
discovery of a bright optical transient (SSS17a, now with the IAU identification of AT2017gfo) in NGC 4993 (at ~ 40 Mpc) less
than 11 hours after the merger by the One-Meter, Two Hemisphere (1IM2H) team using the 1-m Swope Telescope. The optical
transient was independently detected by multiple teams within an hour. Subsequent observations targeted the object and its
environment. Early ultraviolet observations revealed a blue transient that faded within 48 hours. Optical and infrared observations
showed a redward evolution over ~ 10 days. Following early non-detections, X-ray and radio emission were discovered at the
transient’s position ~9 and ~16 days, respectively, after the merger. Both the X-ray and radio emission likely arise from a
physical process that is distinct from the one that generates the UV/optical/near-infrared emission. No ultra-high-energy gamma
rays and no neutrino candidates consistent with the source were found in follow-up searches. These observations support the
hypothesis that GW170817 was produced by the merger of two neutron stars in NGC 4993 followed by a short gamma-ray burst
(GRB170817A) and a kilonova/macronova powered by the radioactive decay of r-process nuclei synthesized in the ejecta.



1. INTRODUCTION

Over 80 years ago Baade & Zwicky (1934) proposed the
idea of neutron stars, and soon after, Oppenheimer & Volkoff
(1939) carried out the first calculations of neutron-star mod-
els. Neutron stars entered the realm of observational astron-
omy in the 1960s, by providing a physical interpretation of
X-ray emission from Scorpius X-1 (Giacconi et al. 1962;
Shklovsky 1967) and of radio pulsars (Hewish et al. 1968;
Gold 1968, 1969).

The discovery of a radio pulsar in a double neutron-star
system by Hulse & Taylor (1975) led to a renewed interest in
binary stars and compact-object astrophysics, including the
development of a scenario for the formation of double neu-
tron stars and the first population studies (Flannery & van
den Heuvel 1975; Massevitch et al. 1976; Clark 1979; Clark
et al. 1979; Lipunov et al. 1987; Dewey & Cordes 1987;
for reviews see Kalogera et al. 2007; Postnov & Yungelson
2014). The Hulse-Taylor pulsar provided the first firm evi-
dence (Taylor & Weisberg 1982) for the existence of gravi-
tational waves (Einstein 1916, 1918), and sparked a renais-
sance of observational tests of general relativity (Damour &
Taylor 1991; Taylor et al. 1992; Damour & Taylor 1992; Wex
2014). Merging binary neutron stars were quickly recognized
to be promising sources of detectable gravitational waves,
making them a primary target for ground-based interferomet-
ric detectors (see Abadie et al. 2010, for an overview). This
motivated the development of accurate models for the two-
body, general-relativistic dynamics (Blanchet et al. 1995;
Buonanno & Damour 1999; Pretorius 2005; Campanelli et al.
2006; Baker et al. 2006; Blanchet 2014) that are critical for
detecting and interpreting gravitational waves (Abbott et al.
2016a,b, 2017a,b,c).

In the mid-1960s gamma-ray bursts (GRBs) were discov-
ered by the Vela satellites, and their cosmic origin was first
established by Klebesadel et al. (1973). GRBs are classi-
fied as long or short, based on their duration and spectral
hardness (Dezalay et al. 1992; Kouveliotou et al. 1993). Un-
covering the progenitors of GRBs has been one of the key
challenges in high-energy astrophysics ever since (Lee &
Ramirez-Ruiz 2007). It has long been suggested that short
GRBs might be related to neutron-star mergers (Paczynski
1986; Goodman 1986; Eichler et al. 1989; Narayan et al.
1992).

In 2005 the field of short gamma-ray burst (sGRB) stud-
ies experienced a breakthrough (for reviews see Nakar 2007;
Berger 2014) with the identification of the first host galax-
ies of sGRBs and multi-wavelength observation (from X-
ray to optical and radio) of their afterglows (Gehrels et al.
2005; Fox et al. 2005a; Villasenor et al. 2005; Hjorth et al.
2005a; Berger et al. 2005). These observations provided
strong hints that sGRBs might be associated with merg-
ers of neutron stars with other neutron stars or with black

holes. These hints included: (i) their association with both
elliptical and star forming galaxies (Barthelmy et al. 2005;
Prochaska et al. 2006; Berger et al. 2007; Ofek et al. 2007;
Troja et al. 2008; D’ Avanzo et al. 2009; Fong et al. 2013),
due to a very wide range of delay times, as predicted the-
oretically (Bagot et al. 1998; Fryer et al. 1999; Belczyn-
ski et al. 2002); (ii) a broad distribution of spatial offsets
from host-galaxy centers (Berger 2010; Fong & Berger 2013;
Tunnicliffe et al. 2014),which was predicted to arise from
supernova kicks (Narayan et al. 1992; Bloom et al. 1999);
and (iii) the absence of associated supernovae (Fox et al.
2005b; Hjorth et al. 2005b,c; Soderberg et al. 2006; Ko-
cevski et al. 2010; Berger et al. 2013a). Despite these strong
hints, proof that sGRBs were powered by neutron-star merg-
ers remained elusive, and interest intensified in following up
gravitational-wave detections electromagnetically (Metzger
& Berger 2012; Nissanke et al. 2013).

Evidence of beaming in some sGRBs was initially found
by Soderberg et al. (2006); Burrows et al. (2006) and con-
firmed by subsequent sSGRB discoveries (see compilation and
analysis by Fong et al. 2015 and also Troja et al. 2016).
Neutron-star binary mergers are also expected, however, to
produce isotropic electromagnetic signals, which include:
(i) early optical and infrared emission, a so-called kilo-
nova/macronova (hereafter kilonova) (Li & Paczynski 1998;
Kulkarni 2005; Rosswog 2005; Metzger et al. 2010; Roberts
et al. 2011; Kasen et al. 2013; Barnes & Kasen 2013; Tanaka
& Hotokezaka 2013; Grossman et al. 2014; Barnes et al.
2016; Tanaka 2016; Metzger 2017) due to radioactive de-
cay of rapid neutron-capture process (r-process) nuclei (Lat-
timer & Schramm 1974, 1976) synthesized in dynamical and
accretion-disk-wind ejecta during the merger; and (ii) de-
layed radio emission from the interaction of the merger ejecta
with the ambient medium (Nakar & Piran 2011; Piran et al.
2013; Hotokezaka & Piran 2015; Hotokezaka et al. 2016).
The late-time infrared excess associated with GRB130603B
was interpreted as the signature of r-process nucleosynthesis
(Berger et al. 2013b; Tanvir et al. 2013), and more candidates
were identified later (for a compilation see Jin et al. 2016).

Here we report on the global effort! that led to the first joint
detection of gravitational and electromagnetic radiation from
a single source. A ~ 100s-long gravitational-wave signal
(GW170817) was followed by a sGRB (GRB170817A) and
an optical transient (SSS17a/AT2017gfo) found in the host
galaxy NGC 4993. The source was detected across the elec-
tromagnetic spectrum — in the X-ray, ultraviolet, optical, in-
frared, and radio bands — over hours, days, and weeks. These

' This effort was established in the time between initial and advanced
LIGO-Virgo observations. Partners have followed up binary-black-hole de-
tections, starting with GW150914 Abbott et al. 2016, but have discovered
no firm electro-magnetic counterparts to those events.
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observations support the hypothesis that GW170817 was
produced by the merger of two neutron stars in NGC4993,
followed by a sGRB and a kilonova powered by the radioac-
tive decay of r-process nuclei synthesized in the ejecta.

2. A MULTI-MESSENGER TRANSIENT

On August 17, 2017 12:41:06 UTC the Fermi Gamma-
ray Burst Monitor (GBM) (Meegan et al. 2009) on-board
flight software triggered on, classified, and localized, a
GRB. A Gamma-ray Coordinates Network (GCN) No-
tice (Fermi-GBM 2017) was issued at 12:41:20 UTC an-
nouncing the detection of the GRB, which was later des-
ignated GRB170817A (von Kienlin et al. 2017). Approxi-
mately 6 minutes later, a gravitational-wave candidate (later
designated GW170817) was registered in low latency (Can-
non et al. 2012; Messick et al. 2017) based on a single-
detector analysis of the Laser Interferometer Gravitational-
wave Observatory (LIGO) Hanford data. The signal was
consistent with a BNS coalescence with merger time, .,
12:41:04 UTC, less than 2s before GRB170817A. Single-
detector gravitational-wave triggers had never been dissemi-
nated before in low-latency. Given the temporal coincidence
with the Fermi-GBM GRB, however, a GCN Circular was
issued at 13:21:42 UTC (The LIGO Scientific Collabora-
tion et al. 2017a) reporting that a highly significant candidate
event consistent with a BNS coalescence was associated with
the time of the GRB”. An extensive observing campaign was
launched across the electromagnetic spectrum in response to
the Fermi-GBM and LIGO-Virgo detections, and especially
the well-constrained, three-dimensional LIGO-Virgo local-
ization. A bright optical transient (SSS17a, now with the IAU
identification of AT2017gfo) was discovered in NGC 4993
(at ~ 40 Mpc) by the One-Meter, Two Hemisphere (1M2H)
team (August 18 01:05 UTC; Coulter et al. 2017a) less than
11 hr after the merger.

2.1. Gravitational Wave Observation

GW170817 was first detected online (Cannon et al. 2012;
Messick et al. 2017) as a single-detector trigger and dis-
seminated through a GCN Circular at 13:21:42 UTC (The
LIGO Scientific Collaboration et al. 2017a). A rapid re-
analysis (Nitz et al. 2017a,b) of data from LIGO-Hanford,
LIGO-Livingston and Virgo confirmed a highly significant,
coincident signal. These data were then combined to pro-
duce the first three-instrument sky map (Singer & Price 2016;
Singer et al. 2016) at 17:54:51 UTC (The LIGO Scientific
Collaboration et al. 2017b), placing the source nearby, at a
luminosity distance initially estimated to be 40f§ Mpc, in an
elongated region of ~ 31 deg? (90% credibility), centered

2 The trigger was recorded with LIGO-Virgo ID G298048, to which it is
referred throughout the GCN circulars.

around right ascension «(J2000.0) = 12h57™ and declina-
tion §(J2000.0) = —17°51’. Soon after, a coherent anal-
ysis (Veitch et al. 2015) of the data from the detector net-
work produced a sky map that was distributed at 23:54:40
UTC (The LIGO Scientific Collaboration et al. 2017c¢), con-
sistent with the initial one: a ~ 34 deg? sky region at
90% credibility centered around «(J2000.0) = 13h09™ and
0(J2000.0) = —25°37

The offline gravitational-wave analysis of the LIGO-
Hanford and LIGO-Livingston data identified GW170817
with a false-alarm-rate of less than one per 8.0 x 10* years (Ab-
bott et al. 2017¢). This analysis uses post-Newtonian wave-
form models (Blanchet et al. 1995, 2004, 2006; Bohé et al.
2013) to construct a matched-filter search (Sathyaprakash
& Dhurandhar 1991; Cutler et al. 1993; Allen et al. 2012)
for gravitational waves from the coalescence of compact-
object binary systems in the (detector frame) total mass
range 2 — 500 M. GW170817 lasted for ~ 100 seconds
in the detector sensitivity band. The signal reached Virgo
first, then LIGO-Livingston 22 ms later, and after 3 ms more,
it arrived at LIGO-Hanford. GW170817 was detected with
a combined signal-to-noise ratio across the three-instrument
network of 32.4. For comparison, GW150914 was observed
with a signal-to-noise ratio of 24 (Abbott et al. 2016a).

The properties of the source that generated GW170817
(see Abbott et al. 2017c for full details; here we report pa-
rameter ranges that span the 90% credible interval) were
derived by employing a coherent Bayesian analysis (Veitch
et al. 2015; Abbott et al. 2016) of the three-instrument data,
including marginalisation over calibration uncertainties and
assuming that the signal is described by waveform models of
a binary system of compact objects in quasi-circular orbits
(see Abbott et al. 2017c and references therein). The wave-
form models include the effects introduced by the objects’
intrinsic rotation (spin) and tides. The source is located in a
region of 28 deg? at a distance 40:’5154 Mpc, see Fig. 1, con-
sistent with the early estimates disseminated through GCN
Circulars (The LIGO Scientific Collaboration et al. 2017b,c).
The misalignment between the total angular momentum axis
and the line of sight is < 56°.

The (source-frame’®) masses of the primary and secondary
components, m1 and mo, respectively, are in the range m €
(1.36 — 2.26 ) M, and mo € (0.86 — 1.36) M. The chirp

3 Any mass parameter m(d°t) derived from the observed signal is mea-
sured in the detector frame. It is related to the mass parameter, m, in the
source-frame by m(det) = (1 + z)m, where z is the source’s redshift.
Here we always report source-frame mass parameters, assuming standard
cosmology (Ade et al. 2016) and correcting for the motion of the Solar Sys-
tem Barycenter with respect to the Cosmic Microwave Background (Fixsen
2009). From the gravitational-wave luminosity distance measurement, the
redshift is determined to be z = 0.0087:8:883. For full details see (Abbott
et al. 2016, 2017¢; The LIGO Scientific Collaboration et al. 2017d).
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mass®, M, is the mass parameter that, at the leading order,
drives the frequency evolution of gravitational radiation in
the inspiral phase. This dominates the portion of GW170817
in the instruments’ sensitivity band. As a consequence, it is
the best measured mass parameter, M = 1.18810-00% M.
The total mass is 2.82f8:3; Mg, and the mass ratio ms/m;
is bound to the range 0.4 — 1.0. These results are con-
sistent with a binary whose components are neutron stars.
White dwarfs are ruled out since the gravitational-wave sig-
nal sweeps through 200 Hz in the instruments’ sensitivity
band, implying an orbit of size ~ 100 km, which is smaller
than the typical radius of a white dwarf by an order of
magnitude (Shapiro & Teukolsky 1983). However, for this
event gravitational-wave data alone cannot rule out objects
more compact than neutron stars such as quark stars or black
holes (Abbott et al. 2017¢).

2.2. Prompt Gamma-Ray Burst Detection

The first announcement of GRB170817A came from the
GCN Notice (Fermi-GBM 2017) automatically-generated by
Fermi-GBM at 12:41:20 UTC, just 14 s after the detection
of the GRB at TO = 12:41:06 UTC. GRB170817A was later
detected by the International Gamma-Ray Astrophysics Lab-
oratory (INTEGRAL) spacecraft using the anti-coincidence
shield (von Kienlin et al. 2003) of the Spectrometer on-
board INTEGRAL (SPI), through an offline search initi-
ated by the LIGO-Virgo and Fermi-GBM reports. The fi-
nal Fermi-GBM localization constrained GRB170817A to a
region with highest probability at «(J2000.0) = 12h28™
and 6(J2000.0) = —30° and 90% probability region cov-
ering ~1100 deg? (Goldstein et al. 2017). The difference
between the binary merger and the GRB is TO — ¢, =
1.734 £ 0.054 s (LIGO Scientific and Virgo Collaboration
et al. 2017). Exploiting the difference in the arrival time
of the gamma-ray signals at Fermi-GBM and INTEGRAL
SPI-ACS (Svinkin et al. 2017) provides additional significant
constraints on the gamma-ray localization area (see Figure
1). The IPN localization capability will be especially impor-
tant in the case of future gravitational-wave events that might
be less-well localized by LIGO-Virgo.

Standard follow-up analyses (Paciesas et al. 2012; Gold-
stein et al. 2012; Gruber et al. 2014) of the Fermi-GBM
trigger determined the burst duration to be Tgy = 2.0 +
0.5 s, where Ty is defined as the interval over which 90%
of the burst fluence is accumulated in the energy range
of 50-300 keV. From the Fermi-GBM Ty, measurement,
GRB170817A was classified as a SGRB with 3:1 odds over
being a long GRB. The classification of GRB170817A as
a sGRB is further supported by incorporating the hardness

4 The binary’s chirp mass is defined as M = (m1m2)3/5/(m;1 +
1/5
ma)t/e.

ratio of the burst and comparing it to the Fermi-GBM cat-
alog (Goldstein et al. 2017). The SPI-ACS duration for
GRB170817A of 100ms is consistent with a sGRB classi-
fication within the instrument’s historic sample (Savchenko
et al. 2012).

The GRB had a peak photon flux measured on a 64 ms
timescale of 3.7 &= 0.9 photons s~ ¢m~2 and a fluence
over the Ty interval of (2.8 4 0.2) x 10~7 ergem™2 (10—
1000 keV) (Goldstein et al. 2017). GRB170817A is the
closest sGRB with measured redshift. By usual measures,
GRB170817A is sub-luminous, a tantalizing observational
result that is explored in LIGO Scientific and Virgo Collabo-
ration et al. (2017); Goldstein et al. (2017).

Detailed analysis of the Fermi-GBM data for GRB170817A
revealed two components to the burst: a main pulse en-
compassing the GRB trigger time from TO0 — 0.320 s to
T0+0.256 s followed by a weak tail starting at TO+0.832 s
and extending to TO + 1.984 s. The spectrum of the
main pulse of GRB170817A is best-fit with a Comp-
tonized function (a power-law with an exponential cutoff)
with a power-law photon index of —0.62 £ 0.40, peak en-
ergy Epeax = 185 + 62 keV, and time-averaged flux of
(3.1£0.7) x 1077 ergem™2s~!. The weak tail that follows
the main pulse, when analyzed independently, has a localiza-
tion consistent with both the main pulse and the gravitational-
wave position. The weak tail, at 34% the fluence of the main
pulse, extends the Ty beyond the main pulse and has a softer,
blackbody spectrum with k7" = 10.3 £ 1.5 keV (Goldstein
et al. 2017).

Using the Fermi-GBM spectral parameters of the main
peak and Ty, interval, the integrated fluence measured by
INTEGRAL SPI-ACS is (1.4 £ 0.4) x 1077 ergem™2 (75—
2000keV), compatible with the Fermi-GBM spectrum. Be-
cause SPI-ACS is most sensitive above 100 keV, it detects
only the highest-energy part of the main peak near the start
of the longer Fermi-GBM signal (The LIGO Scientific Col-
laboration et al. 2017e).

2.3. Discovery of Optical Counterpart and Host Galaxy

The announcements of the Fermi-GBM and LIGO-
Virgo detections, and especially the well-constrained, three-
dimensional LIGO-Virgo localization, triggered a broadband
observing campaign in search of electromagnetic counter-
parts. A large number of teams across the world were mo-
bilized using ground- and space-based telescopes that could
observe the region identified by the gravitational-wave detec-
tion. GW170817 was localized to the southern sky, setting
in the early evening for the northern hemisphere telescopes,
thus making it inaccessible to the majority of them. The
LIGO-Virgo localization region (The LIGO Scientific Col-
laboration et al. 2017b,c) became observable to telescopes in
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Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the
90% credible regions from LIGO (190 deg?, light green), the initial LIGO-Virgo localization (31 deg?, dark green), IPN triangulation from the
time delay between Fermi and INTEGRAL (light blue), and Fermi GBM (dark blue). The inset shows the location of the apparent host galaxy
NGC 4993 in the Swope optical discovery image at 10.9 hours after the merger (top right) and the DLT40 pre-discovery image from 20.5 days
prior to merger (bottom right). The reticle marks the position of the transient in both images.

Chile about 10 hours after the merger with an altitude above
the horizon of about 45 degrees.

The One-Meter, Two-Hemisphere (1M2H) team was the
first to discover and announce (Aug 18 01:05 UTC; Coul-
ter et al. 2017a) a bright optical transient in an ¢-band im-
age acquired on Aug 17 at 23:33 UTC (¢.+10.87 hr) with the
1 m Swope telescope at Las Campanas Observatory in Chile.
The team used an observing strategy (Gehrels et al. 2016)
that targeted known galaxies (from White et al. 2011) in the
three-dimensional LIGO-Virgo localization taking into ac-
count the galaxy stellar mass and star-formation rate (Coulter
et al. 2017). The transient, designated Swope Supernova Sur-
vey 2017a (SSS17a), was i = 17.057 + 0.018 mag’ (Aug 17
23:33 UTC, t.+10.87 hr) and did not match any known aster-
oids or supernovae. SSS17a (now with the IAU designation
AT2017gfo) was located at a(J2000.0) = 13"09™48°.085 +

5 All apparent magnitudes are AB and corrected for the Galactic extinc-
tion in the direction of SSS17a (E(B — V) = 0.109 mag; Schlafly &
Finkbeiner 2011).

0.018, §(J2000.0) = —23°22'53".343+0.218 at a projected
distance of 10.6” from the center of NGC 4993, an early-
type galaxy in the ESO 508 group at a distance of ~40 Mpc
(Tully-Fisher distance from Freedman et al. 2001), consistent
with the gravitational-wave luminosity distance (The LIGO
Scientific Collaboration et al. 2017b).

Five other teams took images of the transient within an
hour of the 1IM2H image (and before the SSS17a announce-
ment) using different observational strategies to search the
LIGO-Virgo sky localization region. They reported their dis-
covery of the same optical transient in a sequence of GCNs:
the Dark Energy Camera (01:15 UTC; Allam et al. 2017),
the Distance Less Than 40 Mpc survey (01:41 UTC; Yang
et al. 2017a), Las Cumbres Observatory (04:07 UTC; Ar-
cavi et al. 2017a), the Visible and Infrared Survey Tele-
scope for Astronomy (05:04 UTC; Tanvir et al. 2017a),
and MASTER (05:38 UTC; Lipunov et al. 2017a). Inde-
pendent searches were also carried out by the Rapid Eye
Mount (REM-GRAWITA, optical, 02:00 UTC; Melandri
et al. 2017a), Swift UVOT/XRT (utraviolet, 07:24 UTC;
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Figure 2. The timeline of the discovery of GW170817, GRB170817A, SSS17a/AT 2017gfo and the follow-up observations are shown by
messenger and wavelength relative to the time ¢. of the gravitational-wave event. Two types of information are shown for each band/messenger.
First, the shaded dashes represent the times when information was reported in a GCN Circular. The names of the relevant instruments, facilities
or observing teams are collected at the beginning of the row. Second, representative observations (see Table 1) in each band are shown as solid
circles with their areas approximately scaled by brightness; the solid lines indicate when the source was detectable by at least one telescope.
Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray and radio bands. They are
respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Sec. 2.1), the Fermi-
GBM and INTEGRAL/SPI-ACS light-curves matched in time resolution and phase (see Sec. 2.2), 1.5" x 1.5" postage stamps extracted from
the initial six observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at ¢.+1.2d McCully et al. 2017; Buckley et
al. 2017), ESO-NTT (at t.+1.4d, Smartt et al. 2017), the SOAR 4-m telescope (at t.+1.4d, Nicholl et al. 2017), and ESO-VLT-XShooter (at
te+2.4d, Smartt et al. 2017) as described in Sec. 2.3, the first X-ray and radio detections of the same source by Chandra (see Sec. 3.3) and
JVLA (see Sec. 3.4). In order to show representative spectral energy distributions, each spectrum is normalized to its maximum, and shifted
arbitrarily along the linear y-axis (no absolute scale). The high background in the SALT spectrum below 4500 A prevents the identification of
spectral features in this band (for details McCully et al. 2017).
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Evans et al. 2017), and Gemini-South (infrared, 08:00 UT;
Singer et al. 2017a).

The Distance Less Than 40Mpc survey (DLT40; L.
Tartaglia et al. 2017, in prep.) team independently
detected SSS17a/AT2017gfo, automatically designated
DLT17ck (Yang et al. 2017a) in an image taken on Aug
17 23:50 UTC while carrying out high-priority observations
of 51 galaxies (20 within in the LIGO-Virgo localization, and
31 within the wider Fermi-GBM localization region) (Valenti
et al. 2017, accepted). A confirmation image was taken on
Aug 18 00:41 UTC after the observing program had cycled
through all of the high-priority targets and found no other
transients. The updated magnitudes for these two epochs are
r=17.18£0.03 and 17.284+0.04 mag, respectively.

SSS17a/AT2017gfo was also observed by the Visible and
Infrared Survey Telescope for Astronomy (VISTA) in the
second of two 1.5 square-degree fields targeted. The fields
were chosen to be within the high-likelihood localization re-
gion of GW170817 and to contain a high density of potential
host galaxies (32 of the 54 entries in the list of Cook et al.
2017a). Observations began during evening twilight and
were repeated twice to give a short temporal baseline over
which to search for variability (or proper motion of any can-
didates). The magnitudes of the transient source in the ear-
liest images taken in the near-infrared, were measured to be
K, =18.63+0.05, J =17.88+£0.03and Y = 17.51£0.02
mag.

On Aug 17 23:59 UTC, the MASTER-OAFA robotic
telescope (Lipunov et al. 2010), covering the sky lo-
cation of GW170817, recorded an image that included
NGC4993. The auto-detection software identified MAS-
TER OT J130948.10-232253.3, the bright optical transient
with the unfiltered magnitude W = 17.5 + 0.2 mag, as part
of an automated search performed by the MASTER Global
Robotic Net (Lipunov et al. 2017; Lipunov et al. 2017a).

The Dark Energy Camera (DECam; Flaugher et al. 2015)
Survey team started observations of the GW170817 local-
ization region on Aug 17 23:13 UTC. DECam covered 95%
of the probability in the GW 170817 localization area with a
sensitivity sufficient to detect a source up to 100 times fainter
than the observed optical transient. The transient was ob-
served on 2017 August 18 at 00:05 UTC and independently
detected at 00:42 UTC (Allam et al. 2017). The measured
magnitudes of the transient source in the first images were
1 =17.30£0.02, 2 = 17.45 £ 0.03. A complete analysis of
DECam data is presented in Soares-Santos et al. (2017).

Las Cumbres Observatory (LCO Brown et al. 2013) sur-
veys started their observations of individual galaxies with
their global network of 1 m and 2 m telescopes upon receipt
of the initial Fermi-GBM localization. Approximately five
hours later, when the LIGO-Virgo localization map was is-
sued, the observations were switched to a prioritized list of

galaxies (from Dalya et al. 2016) ranked by distance and lu-
minosity (Arcavi et al. 2017a). In a 300-second w-band ex-
posure beginning on Aug 18 00:15 UTC, a new transient, cor-
responding to AT2017gfo/SSS17a/DLT17ck, was detected
near NGC 4993 (Arcavi et al. 2017a). The transient was de-
termined to have w = 17.4940.04 mag (Arcavi et al. 2017b).

These early photometric measurements, from the optical to
near-infrared, gave the first broadband spectral energy distri-
bution of AT2017gfo/SSS17a/DL17ck. They do not distin-
guish the transient from a young supernova, but they serve
as reference values for subsequent observations which reveal
the nature of the optical counterpart as described in section
3.1. Images from the six earliest observations are shown in
the inset of Figure 2.

3. BROADBAND FOLLOW-UP

While some of the first observations aimed to tile the error
region of the GW170817 and GRB170817A localization ar-
eas, including the use of galaxy targeting (Dalya et al. 2016;
White et al. 2011; Cook & Kasliwal 2017), most groups fo-
cused their effort on the optical transient reported by Coulter
et al. (2017) to define its nature and to rule out that it was
a chance coincidence of an unrelated transient. The multi-
wavelength evolution within the first 12 to 24 hrs, and the
subsequent discoveries of the X-ray and radio counterparts
proved key to scientific interpretation. This section summa-
rizes the plethora of key observations that occurred in differ-
ent wavebands, as well as searches for neutrino counterparts.

3.1. Ultraviolet, optical, and infrared

The quick discovery in the first few hours of Chilean dark-
ness, and possibility of fast evolution, prompted the need
for the ultraviolet-optical-infrared follow-up community to
have access to both space-based and longitudinally-separated
ground-based facilities. Over the next two weeks, a net-
work of ground-based telescopes, from 40 cm to 10 m, and
space-based observatories spanning the ultraviolet (UV), op-
tical (O) and near-infrared (IR) wavelengths followed up
GWI170817. These observations revealed an exceptional
electromagnetic counterpart through careful monitoring of its
spectral energy distribution. Here we first consider photo-
metric and then spectroscopic observations of the source.

Regarding photometric observations, at t.+11.6hr, the
Magellan-Clay and Magellan-Baade telescopes (Drout et al.
2017; Simon et al. 2017) initiated follow-up observations
of the transient discovered by the Swope Supernova Survey
from the optical (g-band) to NIR (Ks-band). At ¢.+12.7 hr
and t.+12.8 hr, the Rapid Eye Mount (REM)/ROS2 (Me-
landri et al. 2017b) detected the optical transient and the
Gemini-South FLAMINGO?2 instrument first detected near-
infrared Ks-band emission constraining the early optical to
infrared color (Singer et al. 2017a; Kasliwal et al. 2017) re-
spectively. At t.+15.3 hr, the Swift satellite (Gehrels 2004)
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detected bright, ultraviolet emission, further constraining
the effective temperature (Evans et al. 2017; Evans et al.
2017). The ultraviolet evolution continued to be monitored
with the Swift satellite (Evans et al. 2017) and the Hubble
space telescope (Adams et al. 2017; Kasliwal et al. 2017; P.
Cowperthwaite et al. 2017).

Over the course of the next two days, an extensive pho-
tometric campaign showed a rapid dimming of this initial
UV-blue emission, and an unusual brightening of the near-
infrared emission. After roughly a week, the redder optical
and near-infrared bands began to fade as well. Ground-
based facilities participating in this photometric monitor-
ing effort include (in alphabetic order): CTIO1.3m, DE-
Cam (Nicholl et al. 2017a; P. Cowperthwaite et al. 2017;
Nicholl et al. 2017), IRSFE, the Gemini-South FLAMINGO2
(Singer et al. 2017a; Troja et al. 2017a; Chornock et al.
2017a; Troja et al. 2017b; Singer et al. 2017b), Gemini-
South GMOS (Troja et al. 2017a), GROND (Wiseman et al.
2017; Chen et al. 2017), Hubble Space Telescope (HST
Levan et al. 2017a; Tanvir & Levan 2017; Troja et al. 2017,
Levan & Tanvir 2017; P. Cowperthwaite et al. 2017), iTe-
lescope.Net telescopes (Im et al. 2017a,b), the Korea Mi-
crolensing Telescope Network (KMTNet Im et al. 2017¢,d),
Las Cumbres Observatory (Arcavi et al. 2017b; Arcavi et al.
2017b,c), the Lee Sang Gak Telescope (LSGT)/SNUCAM-
II, the Magellan-Baade and Magellan-Clay 6.5-m telescopes
(Simon et al. 2017; Drout et al. 2017), the Nordic Optical
Telescope (Malesani et al. 2017a), Pan-STARRS1 (Cham-
bers et al. 2017a,b,c,d), REM/ROS2 and REM/REMIR
(Melandri et al. 2017a,c), SkyMapper (Wolf et al. 2017),
Subaru Hyper Suprime-Cam (Yoshida et al. 2017a,b,c,d;
Tominaga et al. 2017), ESO-VISTA (Tanvir et al. 2017a),
ESO-VST/OmegaCAM (Grado et al. 2017a,b), and ESO-
VLT/FORS2 (D’ Avanzo et al. 2017).

One of the key properties of the transient that alerted the
world-wide community to its unusual nature was the rapid lu-
minosity decline. In bluer optical bands (i.e., in the g-band)
the transient showed a fast decay between daily photomet-
ric measurements (Melandri et al. 2017¢; P. Cowperthwaite
et al. 2017). Pan-STARRS (Chambers et al. 2017c) reported
photometric measurements in the optical/infrared ¢zy-bands
with the same cadence, showing fading by 0.6 mag per day,
with reliable photometry from difference imaging using al-
ready existing sky images (Chambers et al. 2016; P. Cow-
perthwaite et al. 2017). Observations taken every 8 hours
by Las Cumbres Observatory showed an initial rise in the
w-band, followed by rapid fading in all optical bands (more
than 1 mag per day in the blue), and reddening with time
(Arcavi et al. 2017b). Accurate measurements from Sub-
aru (Tominaga et al. 2017), LSGT/SNUCAM-II and KMT-
Net (Im et al. 2017¢c), ESO-VLT/FORS2 (D’Avanzo et al.
2017), and DECam (Nicholl et al. 2017b; P. Cowperthwaite

et al. 2017) indicated a similar rate of fading. On the con-
trary, the near-infrared monitoring reports by GROND and
Gemini-South, showed that the source faded more slowly in
the infrared (Wiseman et al. 2017; Chornock et al. 2017a)
and even showed a late-time plateau in Ks-band (Singer et al.
2017b). This evolution was recognized by the community as
quite unprecedented for transients in the nearby (within 100
Mpc) Universe (e.g., Siebert et al. 2017).

Table 1 reports a summary of the imaging observations,
which include coverage of the entire gravitational-wave sky
localization and follow-up of SSS17a/AT 2017gfo . Figure 2
shows these observations in graphical form.

Concerning spectroscopic observations, immediately af-
ter discovery of SSS17a/AT2017gfo on the Swope 1 m tele-
scope, the same team obtained the first spectroscopic ob-
servations of the optical transient with the LDSS-3 spectro-
graph on the 6.5m Magellan-Clay telescope and the MagE
spectrograph on the 6.5m Magellan-Baade telescope at Las
Campanas Observatory. The spectra, just 30 minutes after
the first image showed a blue and featureless continuum be-
tween 4,000 AA and 10,000 AA, consistent with a power-
law (Drout et al. 2017; Shappee et al. 2017). The lack of
features and blue continuum during the first few hours im-
plied an unusual, but not unprecedented transient since such
characteristics are common in cataclysmic-variable stars and
young core-collapse supernovae (see e.g., Li et al. 2011b,a).

The next 24 hours of observation were critical in de-
creasing the likelihood of a chance coincidence between
SSS17a/AT 2017gfo, GW170817, and GRB170817A. The
SALT-RSS spectrograph in South Africa (Shara et al. 2017,
McCully et al. 2017; Buckley et al. 2017), the ePESSTO
with the EFOSC2 instrument in spectroscopic mode at the
ESO New Technology Telescope (NTT, in La Silla, Chile;
Lyman et al. 2017), the X-shooter spectrograph on the ESO
Very Large Telescope (Pian et al. 2017) in Paranal, the Good-
man Spectrograph on the 4m SOAR telescope (Nicholl et al.
2017c) obtained additional spectra. These groups reported a
rapid fall-off in the blue spectrum without any individual fea-
tures identifiable with line absorption common in supernova-
like transients (see e.g., Lyman et al. 2017). This ruled out a
young supernova of any type in NGC 4993, showing an ex-
ceptionally fast spectral evolution (Drout et al. 2017; Nicholl
et al. 2017). Figure 2 shows some representative early spec-
tra (SALT spectrum is from McCully et al. 2017; Buckley et
al. 2017, ESO spectra from Smartt et al. 2017 and SOAR
spectrum from (Nicholl et al. 2017)). These show rapid
cooling, and the lack of commonly observed ions from el-
ements abundant in supernova ejecta, indicating this object
was unprecedented in its optical and near-infrared. Com-
bined with the rapid fading, this was broadly indicative of
a possible kilonova (e.g., Kasen et al. 2017; Kasliwal et al.
2017; Smartt et al. 2017; McCully et al. 2017; Arcavi et al.
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2017b; P. Cowperthwaite et al. 2017; Nicholl et al. 2017).
This was confirmed by spectra taken at later times, such as
with the Gemini Multi-Object Spectrograph (GMOS; Troja
et al. 2017a; Troja et al. 2017; Kasliwal et al. 2017; McCully
et al. 2017), the LDSS-3 spectrograph on the 6.5m Magellan-
Clay telescope at Las Campanas Observatory (Drout et al.
2017; Shappee et al. 2017), the Las Cumbres Observatory
FLOYDS spectrograph at Faulkes Telescope South (McCully
et al. 2017; McCully et al. 2017) and the AAOmega spec-
trograph on the 3.9m Anglo-Australian Telescope (Andreoni
et al. 2017), which did not show any significant emission or
absorption lines over the red featureless continuum. The op-
tical and near-infrared spectra over these few days provided
convincing arguments that this transient was unlike any other
discovered in extensive optical wide-field surveys over the
last decade (see e.g., Siebert et al. 2017).

The evolution of the spectral energy distribution, rapid fad-
ing and emergence of broad spectral features indicated that
the source had physical properties similar to models of kilo-
novae (e.g., Metzger et al. 2010; Kasen et al. 2013; Barnes &
Kasen 2013; Tanaka & Hotokezaka 2013; Met ????; Gross-
man et al. 2014; Barnes et al. 2016; Tanaka 2016; Metzger
2017; Kasen et al. 2017). These show a very rapid shift of
the spectral energy distribution from the optical to the near-
infrared. The FLAMINGOS?2 near-infrared spectrograph at
Gemini-South (Chornock et al. 2017b; Kasliwal et al. 2017)
shows the emergence of very broad features in qualitative
agreement with kilonova models . The ESO-VLT/X-shooter
spectra, which simultaneously cover the wavelength range
3200-24800 A, were taken over 2 weeks with a close to daily
sampling (Pian et al. 2017; Smartt et al. 2017) and revealed
signatures of the radioactive decay of r-process nucleosyn-
thesis elements (Pian et al. 2017). Three epochs of infrared
grism spectroscopy with the Hubble Space Telescope (Levan
et al. 2017a; Tanvir & Levan 2017; Troja et al. 2017; Levan
& Tanvir 2017; P. Cowperthwaite et al. 2017)° identified fea-
tures consistent with the production of lanthanides within the
ejecta (Levan & Tanvir 2017; Tanvir & Levan 2017; Troja
et al. 2017).

The optical follow-up campaign also includes linear po-
larimetry measurements of SSS17a/AT2017gfo by ESO-
VLT/FORS?2, showing no evidence of an asymmetric geom-
etry of the emitting region and lanthanide-rich late kilonova
emission (Covino et al. 2017). In addition, the study of the
galaxy with the MUSE Integral Field Spectrograph on the
ESO-VLT (Levan et al. 2017b) provides simultaneous spec-
tra of the counterpart and the host galaxy, which show broad
absorption features in the transient spectrum, combined with

6 HST Program GO 14804 Levan, GO 14771 Tanvir & GO 14850 Troja

emission lines from the spiral arms of the host galaxy (Levan
& Tanvir 2017; Tanvir & Levan 2017).

Table 2 reports the spectroscopic observations, that have
led to the conclusion that the source broadly matches kilono-
vae theoretical predictions.

3.2. Gamma-rays

The fleet of ground- and space-based gamma-ray ob-
servatories provided broad temporal and spectral cover-
age of the source location. Observations spanned ~10 or-
ders of magnitude in energy and covered the position of
SSS17a/AT 2017gfo from a few hundred seconds before the
GRB170817A trigger time (TO) to days afterwards. Table
3 lists, in chronological order, the results reporting obser-
vation time, flux upper limits, and the energy range of the
observations, which are summarized here.

At the time of GRB170817A, three out of six spacecraft
of the Inter Planetary Network (Hurley et al. 2013) had a
favorable orientation to observe the LIGO-Virgo sky-map.
However, based on the Fermi-GBM (Goldstein et al. 2017)
and INTEGRAL analyses, GRB170817A was too weak to
be detected by Konus-Wind (Svinkin et al. 2017a). Using
the Earth Occultation technique (Wilson-Hodge et al. 2012),
Fermi-GBM placed limits on persistent emission for the 48-
hour period centered at the Fermi-GBM trigger time over
the 90% credible region of the GW170817 localization. Us-
ing the offline targeted search for transient signals (Black-
burn et al. 2015), Fermi-GBM also set constraining upper
limits on precursor and extended emission associated with
GRB170817A (Goldstein et al. 2017). INTEGRAL (Win-
kler et al. 2003) continued uninterrupted observations af-
ter GRB170817A for 10 hours. Using the PiCSIT (Labanti
et al. 2003) and SPI-ACS detectors, the presence of a steady
source ten times weaker than the prompt emission was ex-
cluded (Savchenko et al. 2017).

The High Energy telescope on-board Insight~-HXMT mon-
itored the entire GW 170817 sky map from T0—650 s to T0+
450 s but, due to the weak and soft nature of GRB170817A,
did not detect any significant excess at TO (Liao et al. 2017).
Upper limits from 0.2 — 5 MeV for GRB170817A and other
emission episodes are reported in Li et al. (2017).

The Calorimetric Electron Telescope (CALET) Gamma-
ray Burst Monitor (CGBM) found no significant excess
around TO. Upper limits may be affected due to the lo-
cation of SSS17a/AT 2017gfo being covered by the large
structure of the International Space Station at the time of
GRB170817A (Nakahira et al. 2017). AstroSat CZTI (Singh
et al. 2014; Bhalerao et al. 2017) reported upper limits for
the 100s interval centered on TO (Balasubramanian et al.
2017); the position of SSS17a/AT 2017gfo was occulted by
the Earth, however, at the time of the trigger.
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For the AstroRivelatore Gamma a Immagini Leggero (AG-
ILE) satellite (Tavani et al. 2009) the first exposure of the
GW170817 localization region by the Gamma Ray Imaging
Detector (GRID), which was occulted by the Earth at the time
of GRB170817A started at TO 4 935s. The GRID observed
the field before and after TO, typically with 150 s exposures.
No gamma-ray source was detected above 3o in the energy
range 30 MeV-30 GeV (Verrecchia et al. 2017).

At the time of the trigger, Fermi was entering the South At-
lantic Anomaly (SAA) and the Large Area Telescope (LAT)
was not collecting science data (Fermi-GBM uses different
SAA boundaries and was still observing). Fermi-LAT re-
sumed data taking at roughly TO + 1153 s, when 100%
of the low-latency GW170817 sky-map (The LIGO Scien-
tific Collaboration et al. 2017b) was in the field of view
for ~1000 s. No significant source of high-energy emis-
sion was detected. Additional searches over different time
scales were performed for the entire time span of LAT data,
and no significant excess was detected at the position of
SSS17a/AT 2017gfo (Kocevski et al. 2017).

The High Energy Stereoscopic System (H.E.S.S.) array of
imaging atmospheric Cherenkov telescopes observed from
August 17 18:00 UTC with three pointing positions. The
first, at TO 4 5.3 hr, covered SSS17a/AT 2017gfo. Ob-
servations repeated the following nights until the location
moved outside the visibility window, with the last pointing
performed on August 22 18:15 UTC. A preliminary analysis
with an energy threshold of ~500 GeV revealed no signifi-
cant gamma-ray emission (de Naurois et al. 2017), confirmed
by the final, offline analysis (see Abdalla, H. et al. (H.E.S.S.
Collaboration) (2017) for more results).

For the High-Altitude Water Cherenkov (HAWC) Obser-
vatory (Abeysekara et al. 2017) the LIGO-Virgo localiza-
tion region first became visible on August 17 between 19:57
and 23:25 UTC. SSS17a/AT 2017gfo was observed for 2.03
hours starting at 20:53 UTC. Upper limits from HAWC for
energies > 40 TeV assuming an E~2-5 spectrum are reported
in Martinez-Castellanos et al. (2017).

INTEGRAL (3 keV-8 MeV) carried out follow-up obser-
vations of the LIGO-Virgo localization region, centered on
the optical counterpart, starting 24 hours after the event and
spanning 4.7 days. Hard X-ray emission is mostly con-
strained by IBIS (Ubertini et al. 2003), while above 500 keV
SPI (Vedrenne et al. 2003) is more sensitive. Besides the
steady flux limits reported in Table 3, these observations ex-
clude delayed bursting activity at the level of giant magne-
tar flares. No gamma-ray lines from a kilonova or et/—
pair plasma annihilation were detected (see Savchenko et al.
2017).

3.3. Discovery of the X-ray counterpart

While the UV, optical, and IR observations mapped the
emission from the sub-relativistic ejecta, X-ray observations
probed a different physical regime. X-ray observations of
GRB afterglows are important to constrain the geometry of
the outflow, its energy output, and the orientation of the sys-
tem with respect to the observers’ line of sight.

The earliest limits at X-ray wavelengths were provided by
the Gas Slit Camera (GSC) of the Monitor of All-Sky X-ray
Image (MAXI; Matsuoka et al. 2009). Due to an unfavorable
sky position, the location of GW 170817 was not observed
by MAXI until August 17 17:21 UTC (T0 4 0.19d). No
X-ray emission was detected at this time to a limiting flux
of 8.6 x 107 ergem 257! (2-10keV; Sugita et al. 2017;
Sugita et al. in prep.). MAXI obtained three more scans
over the location with no detections before the more sensi-
tive pointed observations began.

In addition, the Super-AGILE detector (Feroci et al. 2007)
onboard the AGILE mission (Tavani et al. 2009) observed
the location of GW 170817 starting at August 18 01:16:34.84
UTC (T0 + 0.53 d). No X-ray source was detected at the lo-
cation of GW170817, with a 3¢ upper limit of 3.0 x 10~
ergcm 25! (18 — 60keV) (Verrecchia et al. 2017).

The first pointed X-ray observations of GW170817 were
obtained by the X-Ray Telescope (Burrows et al. 2005) on
the Swift satellite (Gehrels 2004) and the NUclear Spectro-
scopic Telescope ARray (NuSTAR; Harrison et al. 2013), be-
ginning at TO 4 0.62d and TO + 0.70d, respectively. No
X-ray emission was detected at the location of GW170817 to
limiting fluxes of 2.7 x 10713 ergem 2571 (0.3 — 10.0keV;
Evans et al. 2017; Evans et al. 2017) and 2.6 x 10714
ergcm 2571 (3.0 — 10.0keV; Evans et al. 2017; Evans et al.
2017). Swift continued to monitor the field, and after stacking
several epochs of observations, a weak X-ray source was de-
tected near the location of GW 170817 at a flux of 2.6 x 10~ 14
ergcm 2 s~ ! (Evans et al. 2017).

INTEGRAL (see Section 3.2) performed pointed follow-
up observations from one to about six days after the trigger.
The X-ray monitor JEM-X (Lund et al. 2003) constrained
the average X-ray luminosity at the location of the optical
transient tobe < 2x 10" ergcm™2s7! (3 — 10.0keV) and
< 7x1072ergem=2s7! (10 — 25keV; Savchenko et al.
2017).

Chandra obtained a series of observations of GW 170817
beginning at August 19 17:10 UTC (TO0 + 2.2d) and con-
tinuing until the emission from NGC4993 became unob-
servable because SSS17a/AT 2017gfo’s proximity to the
Sun (Margutti et al. 2017; Troja et al. 2017a; Fong et al.
2017; Troja et al. 2017b; Haggard et al. 2017b). Two
days post-trigger, Margutti et al. (2017) reported an X-ray
non-detection for SSS17a/AT 2017gfo in a ~25ks Chan-
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dra exposure’, along with the detection of an extended
X-ray source whose position was consistent with the host
NGC4993 (R. Margutti et al. 2017). Refined astrometry
from subsequent Swift observations confirmed that the pre-
viously reported candidate was indeed associated with the
host nucleus (Evans et al. 2017; Evans et al. 2017).

Nine days post-trigger, Troja et al. (2017a) reported the
discovery of the X-ray counterpart with Chandra. In a 50 ks
exposure observation they detected significant X-ray emis-
sion at the same position of the optical/IR counterpart (Troja
et al. 2017, top right panel in Figure 2)®. Fifteen days
post-trigger, two additional 50 ks Chandra observations were
made, which confirmed the continued presence of X-ray
emission. Based on the first of these two observations’,'’:
Fong et al. (2017) reported the detection of the X-ray coun-
terpart and the presence of an additional X-ray point source
in the near vicinity (R. Margutti et al. 2017), and Troja et al.
(2017b) reported a flux of 4.5 x 10715 ergcm™2 s~ ! for the
X-ray counterpart. One day later, Haggard et al. (2017b)
reported another deep observation showing continued dis-
tinct X-ray emission coincident with SSS17a/AT 2017gfo,
NGC4993, and the additional point source (Haggard et al.
2017b,a).!°

Neither Swift nor Chandra can currently observe GW 170817
because it is too close to the Sun (< 47° for Swift, < 46°
for Chandra). Hence, until early December 2017, NuSTAR
is the only sensitive X-ray observatory that can continue to
observe the location of GW170817.

All X-ray observations of GW170817 are summarized in
Table 4.

3.4. Discovery of the Radio Counterpart

Radio emission traces fast-moving ejecta from a neutron
star coalescence, providing information on the energetics of
the explosion, the geometry of the ejecta, as well as the en-
vironment of the merger. The spectral and temporal evolu-
tion of such emission, coupled with X-ray observations, are
likely to constrain several proposed models (see e.g., Nakar
& Piran 2011; Piran et al. 2013; Hotokezaka & Piran 2015;
Hotokezaka et al. 2016; Gottlieb et al. 2017).

Prior to detection of SSS17a/AT2017gfo, a blind radio sur-
vey of cataloged galaxies in the gravitational-wave local-
ization volume commenced with the Australian Telescope
Compact Array (ATCA, Wilson et al. 2011), and observed
the merger events location on August 18, 2017 at 01:46
UTC (Kaplan et al. 2017a). In addition, the Long Wave-

7 Chandra OBSID-18955, PI: Fong

8 Chandra OBSID-19294, PI:Troja

9 Chandra OBSID-20728, PI: Troja (Director’s Discretionary Time ob-
servation distributed also to Haggard, Fong, and Margutti)

10 Chandra OBSID-18988, PI: Haggard

length Array 1 (LWAI, Ellingson et al. 2013) followed up
the gravitational-wave localization 6.5hr after the time of
coalescence (Callister et al. 2017a). A preliminary analy-
sis suggested the possible presence of a variable radio source
(Callister et al. 2017b). Analysis of follow-up observations,
however, proved inconclusive. Further study of the LWA1
data is ongoing, including the exploration of flux density up-
per limits at 25 and 45 MHz.

The first reported radio observations of the optical tran-
sient SSS17a/AT 2017gfo’s location occurred on Aug 18 at
02:09:00 UTC (TO+13.5hr) with the Karl G. Jansky Very
Large Array (VLA) by Alexander et al. (2017a).!" Initially
attributed to the optical transient, this radio source was later
established to be an AGN in the nucleus of the host galaxy,
NGC 4993 (Alexander et al. 2017b; K. Alexander et al.
2017). Subsequent observations with several radio facilities
spanning a wide range of radio and millimeter frequencies
continued to detect the AGN, but did not reveal radio emis-
sion at the position of the transient (Bannister et al. 2017a;
Kaplan et al. 2017a; De et al. 2017a; Alexander et al. 2017c;
Corsi et al. 2017a,b; De et al. 2017b; Mooley et al. 2017a;
Lynch et al. 2017a; Corsi et al. 2017c¢; Lynch et al. 2017b,c;
Resmi et al. 2017).

The first radio counterpart detection consistent with the

HST position (refined by Gaia astrometry) of SSS17a/AT 2017gfo

(Adams et al. 2017) was obtained with the VLA on Septem-
ber 2 and 3, 2017 at two different frequencies (= 3 GHz
and ~ 6 GHz) via two independent observations: the Jansky
VLA mapping of Gravitational Wave bursts as Afterglows in
Radio JAGWAR) !> (Mooley et al. 2017b) and VLA/16A-
206'3 (Corsi et al. 2017d). Marginal evidence for radio
excess emission at the location of SSS17a/AT 2017gfo was
also confirmed in ATCA images taken on September 5 at
similar radio frequencies (= 7.25 GHz; Murphy et al. 2017).
Subsequent repeated detections spanning multiple frequen-
cies have confirmed an evolving transient (Hallinan et al.
2017,Hallinan, Corsi et al. 2017, Corsi et al., 2017, Moo-
ley et al. 2017). Independent observations carried out on
September 5, 2017 with the same frequency and exposure
time used by Corsi et al. (2017d) did not detect any emission
to a 5-0 limit'* (Alexander et al. 2017d), but this group also
subsequently detected the radio counterpart on September 25
2017 (Alexander et al. 2017¢; K. Alexander et al. 2017).
SSS17a/AT 2017gfo, as well as other parts of the ini-
tial gravitational-wave localization area, were and are also
being continuously monitored at a multitude of differ-
ent frequencies with the Atacama Large Millimeter Array

11 VLA/17A-218, PI: Fong

12 VLA/17A-374, PI: Mooley

13 VLA/16A-206, PI: Corsi

14 VLA/17A-231, PI: Alexander
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(ALMA; Wootten & Thompson 2009; Schulze et al. 2017;
Kim et al. 2017; K. Alexander et al. 2017; Williams et al.
2017a), the Australian Square Kilometre Array Pathfinder
(ASKAP; Johnston et al. 2007), ASKAP-Fast Radio Burst
(Bannister et al. 2017b; Bannister et al. 2017), ATCA,
Effelsberg-100m (Barr et al. 2013), the Giant Metrewave
Radio Telescope (GMRT; Swarup et al. 1991), the Low
Frequency Array (LOFAR; van Haarlem et al. 2013), the
Long Wavelength Array (LWA1), MeerKAT (Goedhart et al.
2017a), the Murchison Widefield Array (MWA; Tingay et al.
2013), Parkes-64 m (SUPERB, Bailes et al. 2017a, Keane
et al. 2017), Sardinia Radio Telescope (SRT; Prandoni et al.
2017), VLA, VLA Low Band Ionosphere and Transient Ex-
periment (VLITE; Clarke et al. 2016), and also using the
very long baseline interferometry (VLBI) technique with
e-MERLIN (Moldon et al. 2017a,b), the European VLBI
Network (Paragi et al. 2017a,b), and the Very Long Baseline
Array (VLBA; Deller et al. 2017a,b). The latter have the
potential to resolve (mildly) relativistic ejecta on a timescale
of months.

Table 5 summarizes the radio observations of GW170817.

3.5. Neutrinos

The detection of GW 170817 was rapidly followed up by
the IceCube (Aartsen et al. 2017) and ANTARES (Ageron
et al. 2011) neutrino observatories and the Pierre Auger Ob-
servatory (Aab et al. 2015a) to search for coincident, high-
energy (GeV-EeV) neutrinos emitted in the relativistic out-
flow produced by the BNS merger. The results from these ob-
servations, described briefly below, can be used to constrain
the properties of relativistic outflows driven by the merger
(Albert, A., et al. 2017, in prep.).

In a search for muon-neutrino track candidates (Aartsen
et al. 2016), and contained neutrino events of any flavor
(Aartsen et al. 2015), IceCube identified no neutrinos that
were directionally coincident with the final localization of
GW170817 at 90% credible level, within £500s of the
merger (Bartos et al. 2017a,b). Additionally, no MeV su-
pernova neutrino burst signal was detected coincident with
the merger. Following the identification via electromagnetic
observations of the host galaxy of the event, IceCube also
carried out an extended search in the direction of NGC 4993
for neutrinos within the 14-day period following the merger,
but found no significant neutrino emission (Albert, A., et al.
2017, in prep.).

A neutrino search for up-going high-energy muon neutri-
nos was carried out using the online ANTARES data stream

(Ageron et al. 2017a). No up-going neutrino candidates were
found over a . +500 s time window. The final localization of
GW170817 (The LIGO Scientific Collaboration et al. 2017c¢)
was above the ANTARES horizon at the time of the GW event.
A search for down-going muon neutrinos was thus performed
and no neutrinos were found over ¢. = 500 s (Ageron et al.
2017b). A search for neutrinos originating from below the
ANTARES horizon, over an extended period of 14 days after
the merger, was also performed, without yielding significant
detection (Albert, A., et al. 2017, in prep.).

The Pierre Auger Observatory carried out a search for ul-
tra high-energy (UHE) neutrinos above ~ 10'7eV using
its Surface Detector (Aab et al. 2015a). UHE neutrino-
induced extensive air showers produced either by interac-
tions of downward-going neutrinos in the atmosphere or by
decays of tau leptons originating from tau neutrino interac-
tions in the Earth’s crust can be efficiently identified above
the background of the more numerous ultra-high energy cos-
mic rays (Aab et al. 2015b). Remarkably, the position of the
transient in NGC 4993 was just between 0.3 and 3.2 degrees
below the horizon during ¢, & 500s. This region corresponds
to the most efficient geometry for Earth-skimming tau neu-
trino detection at 10'8 eV energies. No neutrino candidates
were found in £, + 500 s (Alvarez-Muniz et al. 2017) nor in
a 14-day period after it (Albert, A., et al. 2017, in prep.).

4. CONCLUSION

For the first time, gravitational and electromagnetic waves
from a single source have been observed. The gravitational
wave observation of a binary neutron star merger is the first
of its kind. The electromagnetic observations further support
the interpretation of the nature of the binary, and comprise
three components at different wavelengths: (i) a prompt,
sGRB which demonstrates that BNS mergers are the central
engine of at least a fraction of such bursts; (ii) an ultraviolet,
optical and infrared transient (kilonova), which allows for the
identification of the host galaxy and is associated with the af-
termath of the BNS merger; and (iii) delayed X-ray and radio
counterparts which provide information on the environment
of the binary. These observations, described in detail in the
companion articles cited above, offer a comprehensive, se-
quential description of the physical processes related to the
merger of a binary neutron star. The results of this campaign
demonstrate the importance of collaborative gravitational-
wave, electromagnetic and neutrino observations, and mark
a new era in multi-messenger, time-domain astronomy.
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APPENDIX
A. SUPPLEMENTARY INFORMATION

Table 1. A partial summary of photometric observations up to Sep 5 2017 UTC with at most 3 observations per filter per
telescope/group, i.e. the earliest, the peak, and the latest in each case. This is a subset of all the observations made in order to
give a sense of the substantial coverage of this event.

Telescope/Instrument UT date Band References
DFN/- 2017-08-17 12:41:04 visible  Hancock et al. (2017),
MASTER/- 2017-08-17 17:06:47 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

PioftheSky/PioftheSkyNorth

2017-08-17 21:46:28

visible wide band

Cwiek et al. (2017), Batsch et al. (2017), Zadrozny et al. (2017)

MASTER/- 2017-08-17 22:54:18 Visible ~ V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
Swope/DirectCCD 2017-08-17 23:33:17 i Coulter et al. (2017a), Coulter et al. (2017b), Coulter et al. (2017)
PROMPTS5(DLT40)/— 2017-08-17 23:49:00 r  Yangetal. (2017a), Valenti et al (submitted)
VISTA/VIRCAM 2017-08-17 23:55:00 K  Tanvir & Levan (2017)

MASTER/- 2017-08-17 23:59:54 Clear  Lipunov et al. (2017a), Lipunov et al. (2017)
Blanco/DECam/— 2017-08-18 00:04:24 i P. Cowperthwaite et al. (2017)
Blanco/DECam/— 2017-08-18 00:05:23 z  P. Cowperthwaite et al. (2017)
VISTA/VIRCAM 2017-08-18 00:07:00 J  Tanvir & Levan (2017)
Magellan-Clay/LDSS3-C 2017-08-18 00:08:13 g Simon et al. (2017), Drout et al. (2017)
Magellan-Baade/FourStar 2017-08-18 00:12:19 H Droutetal. (2017)

LasCumbres1-m/Sinistro 2017-08-18 00:15:50 w  Arcavi et al. (2017a), Arcavi et al. (2017b)
VISTA/VIRCAM 2017-08-18 00:17:00 Y  Tanvir & Levan (2017)

MASTER/- 2017-08-18 00:19:05 Clear  Lipunov et al. (2017a), Lipunov et al. (2017)
Magellan-Baade/FourStar 2017-08-18 00:25:51 J Drout et al. (2017)
Magellan-Baade/FourStar 2017-08-18 00:35:19 Ks  Droutetal. (2017)

PROMPTS5(DLT40)/— 2017-08-18 00:40:00 r  Yangetal. (2017a), Valenti et al (submitted)
REM/ROS2 2017-08-18 01:24:56 g Melandri et al. (2017a), Pian et al. (2017)
REM/ROS2 2017-08-18 01:24:56 i Melandri et al. (2017a), Pian et al. (2017)
REM/ROS2 2017-08-18 01:24:56 z  Melandri et al. (2017a), Pian et al. (2017)
REM/ROS2 2017-08-18 01:24:56 r  Melandri et al. (2017a), Pian et al. (2017)
Gemini-South/Flamingos-2 2017-08-18 01:30:00 Ks  Singer et al. (2017a), Kasliwal et al. (2017)

PioftheSky/PioftheSkyNorth

2017-08-18 03:01:39

visible wide band

Cwiek et al. (2017), Batsch et al. (2017),

Swift/lUVOT 2017-08-18 03:37:00 uvm2  Evans et al. (2017), Evans et al. (2017)
Swift/lUVOT 2017-08-18 03:50:00 uvwl  Evansetal. (2017), Evans et al. (2017)
Swift/lUVOT 2017-08-18 03:58:00 u Evansetal. (2017), Evans et al. (2017)
Swift/lUVOT 2017-08-18 04:02:00 uvw2  Evans et al. (2017), Evans et al. (2017)
Subaru/HyperSuprime-Cam 2017-08-18 05:31:00 z  Yoshida et al. (2017a), Yoshida et al. (2017b), Utsumi, Y., et al. (i
Pan-STARRS1/- 2017-08-18 05:33:00 y  Chambers et al. (2017a), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-18 05:34:00 z  Chambers et al. (2017a), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-18 05:35:00 i Chambers et al. (2017a), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-18 05:36:00 y  Chambers et al. (2017a), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-18 05:37:00 z  Chambers et al. (2017a), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-18 05:38:00 i Chambers et al. (2017a), Smartt et al. (2017)
LasCumbres1-m/Sinistro 2017-08-18 09:10:04 w  Arcavi et al. (2017b), Arcavi et al. (2017b)
SkyMapper/— 2017-08-18 09:14:00 i -

SkyMapper/— 2017-08-18 09:35:00 z -

LasCumbres1-m/Sinistro 2017-08-18 09:37:26 g Arcavietal. (2017b)

Table 1 continued
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Table 1 (continued)

Telescope/Instrument UT date Band References
SkyMapper/— 2017-08-18 09:39:00 ro -
SkyMapper/— 2017-08-18 09:41:00 g -
LasCumbres1-m/Sinistro 2017-08-18 09:43:11 r  Arcavietal. (2017b)
T17/- 2017-08-18 09:47:13 g Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
SkyMapper/— 2017-08-18 09:50:00 v -
T17/- 2017-08-18 09:56:46 r Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
SkyMapper/— 2017-08-18 10:01:00 i Wolfetal. (2017),
SkyMapper/— 2017-08-18 10:03:00 r  Wolfetal. (2017),
SkyMapper/— 2017-08-18 10:05:00 g Wolfetal. (2017),
T17/- 2017-08-18 10:06:18 i Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
SkyMapper/— 2017-08-18 10:07:00 v Wolfetal. (2017),
LSGT/SNUCAM-II 2017-08-18 10:08:01 m425 Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
SkyMapper/— 2017-08-18 10:09:00 u  Wolfetal. (2017),
LSGT/SNUCAM-II 2017-08-18 10:12:48 m475 Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
LSGT/SNUCAM-II 2017-08-18 10:15:16 m525  Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
T17/- 2017-08-18 10:15:49 z Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
LSGT/SNUCAM-II 2017-08-18 10:21:14 m575  Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
LSGT/SNUCAM-II 2017-08-18 10:22:33 m625 Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
AST3-2/wide-fieldcamera 2017-08-18 13:11:49 g Huetal. (2017),
Swift/lUVOT 2017-08-18 13:30:00 uvm2  Cenko et al. (2017), Evans et al. (2017)
Swift/lUVOT 2017-08-18 13:37:00 uvwl  Cenko et al. (2017), Evans et al. (2017)
Swift/lUVOT 2017-08-18 13:41:00 u  Cenko et al. (2017), Evans et al. (2017)
IRSF/SIRIUS 2017-08-18 16:34:00 Ks  Utsumi, Y., et al. (in press)
IRSF/SIRIUS 2017-08-18 16:34:00 H  Utsumi, Y., et al. (in press)
IRSF/SIRIUS 2017-08-18 16:48:00 J Utsumi, Y., et al. (in press)
KMTNet-SAAO/wide-fieldcamera 2017-08-18 17:00:36 B Imetal. (2017d), Im et al. (2017c¢), Troja et al. (2017)
KMTNet-SAAO/wide-fieldcamera 2017-08-18 17:02:55 V  Imetal. (2017d), Im et al. (2017c), Troja et al. (2017)
KMTNet-SAAO/wide-fieldcamera 2017-08-18 17:04:54 R Imetal. (2017d), Im et al. (2017c¢), Troja et al. (2017)
MASTER/- 2017-08-18 17:06:55 Clear  Lipunov et al. (2017b), Lipunov et al. (2017)
KMTNet-SAAO/wide-fieldcamera 2017-08-18 17:07:12 I Imetal. (2017d), Im et al. (2017c), Troja et al. (2017)
MASTER/- 2017-08-18 17:17:33 R V.M.Lipunov et al. (2017b), V.M.Lipunov et al. (2017a), Lipunov et al.

(2017)

MASTER/- 2017-08-18 17:34:02 B V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
1.5B/- 2017-08-18 18:12:00 r  Smartt et al. (2017)
MPG2.2m/GROND/— 2017-08-18 18:12:00 g Smartt et al. (2017)
NOT/NOTCam 2017-08-18 20:24:08 Ks  Malesani et al. (2017a), Tanvir & Levan (2017)
NOT/NOTCam 2017-08-18 20:37:46 J Malesani et al. (2017a), Tanvir & Levan (2017)

PioftheSky/PioftheSkyNorth
LasCumbres1-m/Sinistro
Blanco/DECam/—
Magellan-Clay/LDSS3-C
Blanco/DECam/—
Blanco/DECam/—
KMTNet-CTIO/wide-fieldcamera
Blanco/DECam/—
Blanco/DECam/—
KMTNet-CTIO/wide-fieldcamera
Blanco/DECam/—
Magellan-Clay/LDSS3-C
REM/ROS2

2017-08-18 21:44:44
2017-08-18 23:19:40
2017-08-18 23:25:56
2017-08-18 23:26:33
2017-08-18 23:26:55
2017-08-18 23:27:54
2017-08-18 23:28:35
2017-08-18 23:28:53
2017-08-18 23:29:52
2017-08-18 23:30:31
2017-08-18 23:30:50
2017-08-18 23:30:55
2017-08-18 23:31:02

visible wide band

-

= < 0

Cwiek et al. (2017), Batsch et al. (2017),

Arcavi et al. (2017b)

P. Cowperthwaite et al. (2017)

Drout et al. (2017)

P. Cowperthwaite et al. (2017)

P. Cowperthwaite et al. (2017)

Im et al. (2017d), Im et al. (2017¢), Troja et al. (2017)
P. Cowperthwaite et al. (2017)

P. Cowperthwaite et al. (2017)

Im et al. (2017d), Im et al. (2017¢), Troja et al. (2017)
P. Cowperthwaite et al. (2017)

Drout et al. (2017)

Melandri et al. (2017¢), Pian et al. (2017)

Table I continued
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Table 1 (continued)

Telescope/Instrument UT date Band References
Magellan-Clay/LDSS3-C 2017-08-18 23:32:02 r  Droutetal. (2017)
KMTNet-CTIO/wide-fieldcamera 2017-08-18 23:32:36 R Imetal. (2017d), Im et al. (2017c¢), Troja et al. (2017)
Magellan-Baade/FourStar 2017-08-18 23:32:58 J Droutet al. (2017)
KMTNet-CTIO/wide-fieldcamera 2017-08-18 23:34:48 I Imetal. (2017d), Im et al. (2017c), Troja et al. (2017)
Magellan-Clay/LDSS3-C 2017-08-18 23:35:20 B Droutetal. (2017)
VISTA/VIRCAM 2017-08-18 23:44:00 J  Tanvir & Levan (2017)
Magellan-Baade/FourStar 2017-08-18 23:45:49 H Droutet al. (2017)
PROMPTS5(DLT40)/— 2017-08-18 23:47:00 r  Yangetal. (2017b), Valenti et al (submitted)
VLT/FORS2 2017-08-18 23:47:02 Rspecial ~ Wiersema et al. (2017), Covino et al. (2017)
Swope/DirectCCD 2017-08-18 23:52:29 V  Kilpatrick et al. (2017), Coulter et al. (2017)
VISTA/VIRCAM 2017-08-18 23:53:00 Y  Tanvir & Levan (2017)
TOROS/T80S 2017-08-18 23:53:00 g Diazetal. (2017a), Diaz et al. (2017b), Diaz et al (in prepar
TOROS/T80S 2017-08-18 23:53:00 r Diazetal. (2017a), Diaz et al. (2017b), Diaz et al (in prepar
TOROS/T80S 2017-08-18 23:53:00 i Diazetal. (2017a), Diaz et al. (2017b), Diaz et al (in prepar
MPG2.2m/GROND/- 2017-08-18 23:56:00 i Smartt et al. (2017)
MPG2.2m/GROND/- 2017-08-18 23:56:00 z  Smartt et al. (2017)
MPG2.2m/GROND/- 2017-08-18 23:56:00 J  Smartt et al. (2017)
MPG2.2m/GROND/- 2017-08-18 23:56:00 r  Smartt et al. (2017)
MPG2.2m/GROND/- 2017-08-18 23:56:00 H  Smartt et al. (2017)
MPG2.2m/GROND/- 2017-08-18 23:56:00 Ks  Smartt et al. (2017)
Gemini-South/Flamingos-2 2017-08-19 00:00:19 H P Cowperthwaite et al. (2017)
Magellan-Baade/FourStar 2017-08-19 00:02:53 J1  Droutetal. (2017)
VLT/X-shooter 2017-08-19 00:08:58 r Pianetal. (2017), Pian et al. (2017)
VLT/X-shooter 2017-08-19 00:10:46 z  Pianetal. (2017), Pian et al. (2017)
VLT/X-shooter 2017-08-19 00:14:01 g Pianetal. (2017), Pian et al. (2017)
Swift/lUVOT 2017-08-19 00:41:00 u  Evansetal. (2017)
Swope/DirectCCD 2017-08-19 00:49:15 B Kilpatrick et al. (2017), Coulter et al. (2017)
Swope/DirectCCD 2017-08-19 01:08:00 r  Coulter et al. (2017)
NTT/- 2017-08-19 01:09:00 U  Smartt et al. (2017)
Swope/DirectCCD 2017-08-19 01:18:57 g Coulter et al. (2017)
BOOTES-5/JGT/— 2017-08-19 03:08:14 clear  Castro-Tirado et al. (2017), Zhang et al. (in preparation)
Pan-STARRS1/- 2017-08-19 05:42:00 y  Chambers et al. (2017b), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-19 05:44:00 z  Chambers et al. (2017b), Smartt et al. (2017)
Pan-STARRS1/- 2017-08-19 05:46:00 i Chambers et al. (2017b), Smartt et al. (2017)
MOA-II/MOA-cam3 2017-08-19 07:26:00 R Utsumi, Y., et al. (in press)
B&C61cm/Tripole5 2017-08-19 07:26:00 g Utsumi, Y., et al. (in press)
KMTNet-SSO/wide-fieldcamera 2017-08-19 08:32:48 B Imetal. (2017d), Im et al. (2017¢), Troja et al. (2017)
KMTNet-SSO/wide-fieldcamera 2017-08-19 08:34:43 V  Imetal. (2017d), Im et al. (2017c), Troja et al. (2017)
KMTNet-SSO/wide-fieldcamera 2017-08-19 08:36:39 R Imetal. (2017d), Im et al. (2017c¢), Troja et al. (2017)
KMTNet-SSO/wide-fieldcamera 2017-08-19 08:38:42 I Imetal. (2017d), Im et al. (2017c), Troja et al. (2017)
T27/- 2017-08-19 09:01:31 V  Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
T30/ 2017-08-19 09:02:27 V  Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
T27/- 2017-08-19 09:02:27 R Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
T31/- 2017-08-19 09:02:34 R Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
T27/- 2017-08-19 09:11:30 I Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara
Zadko/CCDimager 2017-08-19 10:57:00 r Coward et al. (2017a),
MASTER/- 2017-08-19 17:06:57 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
MASTER/- 2017-08-19 17:53:34 R V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
LasCumbres1-m/Sinistro 2017-08-19 18:01:26 V  Arcavietal. (2017b)

LasCumbres1-m/Sinistro

2017-08-19 18:01:26

Arcavi et al. (2017b)

Table 1 continued
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Table 1 (continued)

Telescope/Instrument UT date Band References
MASTER/~ 2017-08-19 18:04:32 B V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
1.5B/- 2017-08-19 18:16:00 r  Smartt et al. (2017)

REM/ROS2 2017-08-19 23:12:59 r  Melandri et al. (2017c¢), Pian et al. (2017)

REM/ROS2 2017-08-19 23:12:59 i Melandri et al. (2017¢), Pian et al. (2017)

REM/ROS2 2017-08-19 23:12:59 g Melandri et al. (2017¢), Pian et al. (2017)

MASTER/— 2017-08-19 23:13:20 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

Gemini-South/Flamingos-2 2017-08-19 23:13:34 H P. Cowperthwaite et al. (2017)

MPG2.2m/GROND/- 2017-08-19 23:15:00 r  Smartt et al. (2017)

MPG2.2m/GROND/- 2017-08-19 23:15:00 z  Smartt et al. (2017)

MPG2.2m/GROND/- 2017-08-19 23:15:00 H  Smartt et al. (2017)

MPG2.2m/GROND/— 2017-08-19 23:15:00 i Smartt et al. (2017)

MPG2.2m/GROND/- 2017-08-19 23:15:00 J  Smartt et al. (2017)

TOROS/EABA 2017-08-19 23:18:38 r Diazetal. (2017b), Diaz et al (in preparation)

Magellan-Baade/FourStar 2017-08-19 23:18:50 H Droutetal. (2017)

Etelman/VIRT/CCDimager 2017-08-19 23:19:00 R Gendre et al. (2017), Andreoni et al. (in prep)

Blanco/DECam/— 2017-08-19 23:23:29 Y P Cowperthwaite et al. (2017)

Blanco/DECam/— 2017-08-19 23:26:59 r  P. Cowperthwaite et al. (2017)

Blanco/DECam/— 2017-08-19 23:27:59 g P Cowperthwaite et al. (2017)

ChilescopeRC-1000/- 2017-08-19 23:30:33 clear  Pozanenko et al. (2017a), Pozanenko et al. (2017b), Pozanenko et al (in
p

Magellan-Baade/FourStar 2017-08-19 23:31:06 J1  Droutetal. (2017)

Blanco/DECam/— 2017-08-19 23:31:13 u P Cowperthwaite et al. (2017)

Magellan-Baade/FourStar 2017-08-19 23:41:59 Ks  Droutetal. (2017)

Magellan-Baade/IMACS 2017-08-20 00:13:32 r Droutetal. (2017)

Gemini-South/Flamingos-2 2017-08-20 00:19:00 Ks  Kasliwal et al. (2017)

LasCumbres1-m/Sinistro 2017-08-20 00:24:28 g Arcavi et al. (2017b)

Gemini-South/Flamingos-2 2017-08-20 00:27:00 J  Kasliwal et al. (2017)

NTT/- 2017-08-20 01:19:00 U Smartt et al. (2017)

Pan-STARRS1/— 2017-08-20 05:38:00 y  Chambers et al. (2017¢), Smartt et al. (2017)

Pan-STARRS1/- 2017-08-20 05:41:00 z  Chambers et al. (2017¢), Smartt et al. (2017)

Pan-STARRS1/- 2017-08-20 05:45:00 i Chambers et al. (2017¢), Smartt et al. (2017)

T31/- 2017-08-20 09:20:38 R Imetal. (2017a), Im et al. (2017b), Im et al. (in prepara

MASTER/- 2017-08-20 17:04:36 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

MASTER/- 2017-08-20 17:25:56 R V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

MASTER/- 2017-08-20 17:36:32 B V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

LasCumbres1-m/Sinistro 2017-08-20 17:39:50 i Arcavietal. (2017b)

LasCumbres1-m/Sinistro 2017-08-20 17:45:36 z  Arcavi et al. (2017b)

LasCumbres1-m/Sinistro 2017-08-20 17:49:55 V  Arcavietal. (2017b)

MPG2.2m/GROND/- 2017-08-20 23:15:00 g Smartt et al. (2017)

Magellan-Baade/FourStar 2017-08-20 23:20:42 J  Drout et al. (2017)

ChilescopeRC-1000/— 2017-08-20 23:21:09 clear  Pozanenko et al. (2017a)

VISTA/VIRCAM 2017-08-20 23:24:00 K Tanvir & Levan (2017)

Blanco/DECam/— 2017-08-20 23:37:06 u  P. Cowperthwaite et al. (2017)

Swope/DirectCCD 2017-08-20 23:44:36 V  Coulter et al. (2017)

Swope/DirectCCD 2017-08-20 23:53:00 B  Coulter et al. (2017)

MASTER/- 2017-08-21 00:26:31 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)

Gemini-South/Flamingos-2 2017-08-21 00:38:00 H Kasliwal et al. (2017); Troja et al. (2017)

Pan-STARRS1/- 2017-08-21 05:37:00 y  Chambers et al. (2017d), Smartt et al. (2017)

Pan-STARRS1/-
Pan-STARRS1/-

2017-08-21 05:39:00
2017-08-21 05:42:00

Chambers et al. (2017d), Smartt et al. (2017)
Chambers et al. (2017d), Smartt et al. (2017)

Table I continued



MMA — LIGO-P1700294-v4
Table 1 (continued)

Telescope/Instrument UT date Band References
AST3-2/wide-fieldcamera 2017-08-21 15:36:50 g -
MASTER/- 2017-08-21 17:08:14 Clear  V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
MASTER/- 2017-08-21 18:06:12 R V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
MASTER/- 2017-08-21 19:20:23 B V.M.Lipunov et al. (2017a), Lipunov et al. (2017)
duPont/RetroCam 2017-08-21 23:17:19 Y Droutetal. (2017)
Etelman/VIRT/CCDimager 2017-08-21 23:19:00 Clear  Gendre et al. (2017), Andreoni et al. (in prep)
MPG2.2m/GROND/- 2017-08-21 23:22:00 Ks  Smartt et al. (2017)
VLT/FORS2 2017-08-21 23:23:11 R D’Avanzo et al. (2017), Pian et al. (2017)
ChilescopeRC-1000/- 2017-08-21 23:32:09 clear  Pozanenko et al. (2017c)
duPont/RetroCam 2017-08-21 23:34:34 H Droutetal. (2017)
LasCumbres1-m/Sinistro 2017-08-21 23:48:28 w  Arcavi et al. (2017b)
Swope/DirectCCD 2017-08-21 23:54:57 r  Coulter et al. (2017)
duPont/RetroCam 2017-08-21 23:57:41 J  Drout et al. (2017)
Swope/DirectCCD 2017-08-22 00:06:17 g Coulter et al. (2017)
VLT/FORS2 2017-08-22 00:09:09 z  D’Avanzo et al. (2017), Pian et al. (2017)
VLT/FORS2 2017-08-22 00:18:49 I D’Avanzo etal. (2017), Pian et al. (2017)
Magellan-Clay/LDSS3-C 2017-08-22 00:27:40 g Droutetal. (2017)
VLT/FORS2 2017-08-22 00:28:18 B D’Avanzo et al. (2017), Pian et al. (2017)
VLT/FORS2 2017-08-22 00:38:20 V  D’Avanzo et al. (2017), Pian et al. (2017)
HST/WFC3/IR 2017-08-22 07:34:00 F110W  Tanvir & Levan (2017), Troja et al. (2017)
LasCumbres1-m/Sinistro 2017-08-22 08:35:31 r Arcavietal. (2017b)
HST/WEC3/IR 2017-08-22 10:45:00 F160W  Tanvir & Levan (2017), Troja et al. (2017)
HubbleSpaceTelescope/WFC3 2017-08-22 20:19:00 F336W  Adams et al. (2017), Kasliwal et al. (2017)
Etelman/VIRT/CCDimager 2017-08-22 23:19:00 Clear  Gendre et al. (2017), Andreoni et al. (in prep)
VLT/VIMOS 2017-08-22 23:30:00 z  Tanvir & Levan (2017)
duPont/RetroCam 2017-08-22 23:33:54 Y Droutetal. (2017)
VLT/VIMOS 2017-08-22 23:42:00 R Tanvir & Levan (2017)
VLT/VIMOS 2017-08-22 23:53:00 u Evansetal. (2017)
VLT/FORS2 2017-08-22 23:53:31 Rspecial ~ Covino et al. (2017)
VST/OmegaCam 2017-08-22 23:58:32 g Grado et al. (2017a), Pian et al. (2017)
VLT/X-shooter 2017-08-23 00:35:20 r  Pianetal. (2017)
VLT/X-shooter 2017-08-23 00:37:08 z  Pianetal. (2017)
VLT/X-shooter 2017-08-23 00:40:24 g Pianetal. (2017)
Zadko/CCDimager 2017-08-23 11:32:00 r  Coward et al. (2017a),
IRSF/SIRIUS 2017-08-23 17:22:00 Ks Kasliwal et al. (2017)
IRSF/SIRIUS 2017-08-23 17:22:00 J  Kasliwal et al. (2017)
IRSF/SIRIUS 2017-08-23 17:22:00 H Kasliwal et al. (2017)
VST/OmegaCam 2017-08-23 23:26:51 i Grado et al. (2017a), Pian et al. (2017)
VLT/VISIR 2017-08-23 23:35:00 8.6um  Kasliwal et al. (2017)
VST/OmegaCam 2017-08-23 23:42:49 r  Grado et al. (2017a), Pian et al. (2017)
CTIO1.3m/ANDICAM 2017-08-24 23:20:00 Ks  Kasliwal et al. (2017)
Swope/DirectCCD 2017-08-24 23:45:07 i Coulter et al. (2017)
ChilescopeRC-1000/— 2017-08-24 23:53:39 clear  Pozanenko et al. (2017b),
Blanco/DECam/— 2017-08-24 23:56:22 g P. Cowperthwaite et al. (2017)
Magellan-Clay/LDSS3-C 2017-08-25 00:43:27 B Droutet al. (2017)
HST/WFC3/UVIS 2017-08-25 13:55:00 F606W  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/UVIS 2017-08-25 15:28:00 F475W  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/UVIS 2017-08-25 15:36:00 F275W  Levan & Tanvir (2017), Tanvir & Levan (2017),
Magellan-Clay/LDSS3-C 2017-08-25 23:19:41 z  Drout et al. (2017)
Blanco/DECam/— 2017-08-25 23:56:05 r  P. Cowperthwaite et al. (2017)

Table 1 continued

17



18

Table 1 (continued)

Telescope/Instrument UT date Band References
VLT/FORS2 2017-08-26 00:13:40 z  Covino et al. (2017)
duPont/RetroCam 2017-08-26 00:14:28 J  Drout et al. (2017)
VLT/FORS2 2017-08-26 00:27:16 B  Pianetal. (2017)
IRSF/SIRIUS 2017-08-26 16:57:00 J  Kasliwal et al. (2017)
IRSF/SIRIUS 2017-08-26 16:57:00 Ks  Kasliwal et al. (2017)
IRSF/SIRIUS 2017-08-26 16:57:00 Kasliwal et al. (2017)
VISTA/VIRCAM 2017-08-26 23:38:00 Y  Tanvir & Levan (2017)
ApachePointObservatory/NICFPS 2017-08-27 02:15:00 Ks  Kasliwal et al. (2017)
Palomar200inch/WIRC 2017-08-27 02:49:00 Ks  Kasliwal et al. (2017)
HST/WFC3/IR 2017-08-27 06:45:56 F110W  P. Cowperthwaite et al. (2017)
HST/WEC3/IR 2017-08-27 07:06:57 F160W  P. Cowperthwaite et al. (2017)
HST/WEFC3/UVIS 2017-08-27 08:20:49 F336W  P. Cowperthwaite et al. (2017)
HST/ACS/WFC 2017-08-27 10:24:14 F475W  P. Cowperthwaite et al. (2017)
HST/ACS/WFC 2017-08-27 11:57:07 F625W  P. Cowperthwaite et al. (2017)
HST/ACS/WFC 2017-08-27 13:27:15 F775W  P. Cowperthwaite et al. (2017)
HST/ACS/WFC 2017-08-27 13:45:24 F850LP  P. Cowperthwaite et al. (2017)
Gemini-South/Flamingos-2 2017-08-27 23:16:00 J  Kasliwal et al. (2017)
CTIO1.3m/ANDICAM 2017-08-27 23:18:00 Ks Kasliwal et al. (2017)
Blanco/DECam/— 2017-08-27 23:23:33 Y P Cowperthwaite et al. (2017)
MPG2.2m/GROND/- 2017-08-27 23:24:00 J  Smartt et al. (2017)
Gemini-South/Flamingos-2 2017-08-27 23:28:10 K,  P.Cowperthwaite et al. (2017)
Gemini-South/Flamingos-2 2017-08-27 23:33:07 H P Cowperthwaite et al. (2017)
duPont/RetroCam 2017-08-27 23:36:25 H Droutetal. (2017)
Blanco/DECam/— 2017-08-27 23:40:57 z  P. Cowperthwaite et al. (2017)
Blanco/DECam/— 2017-08-28 00:00:01 i P. Cowperthwaite et al. (2017)
VLT/FORS2 2017-08-28 00:07:31 R Pianetal. (2017)
VLT/FORS2 2017-08-28 00:15:56 V  Pianetal. (2017)
MPG2.2m/GROND/- 2017-08-28 00:22:00 H  Smartt et al. (2017)
HST/WFC3/IR 2017-08-28 01:50:00 F110W  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/IR 2017-08-28 03:25:00 F160W  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/UVIS 2017-08-28 20:56:00 F275W  Levan & Tanvir (2017), Tanvir & Levan (2017),
HST/WEFC3/UVIS 2017-08-28 22:29:00 F475W  Tanvir & Levan (2017), Troja et al. (2017)
HST/WEC3/UVIS 2017-08-28 23:02:00 F814W  Tanvir & Levan (2017), Troja et al. (2017)
NTT/- 2017-08-28 23:03:00 H  Smartt et al. (2017)
HST/WFC3/UVIS 2017-08-28 23:08:00 F606W  Tanvir & Levan (2017), Troja et al. (2017)
MPG2.2m/GROND/- 2017-08-28 23:22:00 Ks  Smartt et al. (2017)
VISTA/VIRCAM 2017-08-28 23:33:00 J  Tanvir & Levan (2017)
Gemini-South/Flamingos-2 2017-08-28 23:36:01 K  P.Cowperthwaite et al. (2017)
VLT/FORS2 2017-08-29 00:00:13 I Pianetal. (2017)
HubbleSpaceTelescope/WFC3/UVIS  2017-08-29 00:36:00 F275W  Kasliwal et al. (2017)
HubbleSpaceTelescope/WFC3/UVIS ~ 2017-08-29 00:36:00 F225W  Kasliwal et al. (2017)
NTT/- 2017-08-29 22:56:00 Ks  Smartt et al. (2017)
VLT/VIMOS 2017-08-29 23:16:00 R Tanvir & Levan (2017)
SkyMapper/— 2017-08-30 09:26:00 u -
SkyMapper/— 2017-08-30 09:32:00 voo-
NTT/- 2017-08-30 23:03:00 Ks  Smartt et al. (2017)
VLT/FORS2 2017-08-31 23:34:46 z  Pianetal. (2017)
VISTA/VIRCAM 2017-08-31 23:42:00 K  Tanvir & Levan (2017)
Gemini-South/Flamingos-2 2017-08-31 23:50:00 H  Singer et al. (2017b), Kasliwal et al. (2017)

SkyMapper/—

2017-09-01 09:12:00

Table 1 continued
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Telescope/Instrument UT date Band References

SkyMapper/— 2017-09-01 09:14:00 z -

SkyMapper/— 2017-09-03 09:21:00 g -

SkyMapper/— 2017-09-03 09:23:00 ro -

NTT/- 2017-09-04 23:12:00 Ks  Smartt et al. (2017)

Gemini-South/Flamingos-2 2017-09-04 23:28:45 K,  P.Cowperthwaite et al. (2017)

VLT/VIMOS 2017-09-05 23:23:00 z  Tanvir & Levan (2017)

Gemini-South/Flamingos-2 2017-09-05 23:48:00 Ks  Kasliwal et al. (2017)

Magellan-Baade/FourStar 2017-09-06 23:24:28 Ks  Drout et al. (2017)

VLT/HAWKI 2017-09-07 23:11:00 K  Tanvir & Levan (2017)

VLT/HAWKI 2017-09-11 23:21:00 K  Tanvir & Levan (2017)
Table 2. Record of spectral observations.

Telescope/Instrument UT date Wavelengths (A) Resolution (R) References
Magellan-Clay/LDSS-3 2017-08-18 00:26:17 3780-10200 860  Drout et al. (2017), Shappee et al. (2017)
Magellan-Clay/LDSS-3 2017-08-18 00:40:09 3800-6200 1900  Shappee et al. (2017)
Magellan-Clay/LDSS-3 2017-08-18 00:52:09 6450-10000 1810  Shappee et al. (2017)
Magellan-Baade/MagE 2017-08-18 01:26:22 3650-10100 5800  Shappee et al. (2017)

ANU2.3/WiFeS 2017-08-18 09:24:00 3200-9800 B/R 3000 -

SALT/RSS 2017-08-18 17:07:00 3600-8000 300  Sharaetal. (2017),

NTT/EFOSC2Gr#11+16 2017-08-18 23:19:12 3330-9970 260/400  Smartt et al. (2017)

VLT/X-shooter 2017-08-18 23:22:25 3000-24800  4290/8150/5750  Pian et al. (2017), Pian et al. (2017)

SOAR/GHTS 2017-08-18 23:22:39 4000-8000 830  Nicholl et al. (2017)

Magellan-Clay/LDSS-3 2017-08-18 23:47:37 3820-9120 860  Shappee et al. (2017)

VLT/MUSE 2017-08-18 23:49:00 4650-9300 3000 Levan & Tanvir (2017), Tanvir & Levan (2017)
Magellan-Clay/MIKE 2017-08-19 00:18:11 3900-9400 30000  Shappee et al. (2017)

Magellan-Baade/MagE 2017-08-19 00:35:25 3800-10300 4100  Shappee et al. (2017)

Gemini-South/FLAMINGOS2 2017-08-19 00:42:27 9100-18000 500 R. Chornock et al. (2017)
LCOFaulkesTelescopeSouth/FLOYDS ~ 2017-08-19 08:36:22 5500-9250 700  GC21908, McCully et al. (2017)

ANU2.3/WiFeS 2017-08-19 09:26:12 3200-9800 B/R 3000 -

SALT/RSS 2017-08-19 16:58:00 3600-8000 300  Sharaetal. (2017),

SALT/RSS 2017-08-19 16:58:32 3600-8000 300  Shara et al. (2017), Shara et al. 2017, McCully et al. (2017)
NTT/EFOSC2Gr#11+16 2017-08-19 23:25:41 3330-9970 260/400  Smartt et al. (2017)

SOAR/GHTS 2017-08-19 23:28:32 4000-8000 830  Nicholl et al. (2017)

VLT/Xshooterfixed 2017-08-19 23:28:46 3700-22790  4290/3330/5450  Smuartt et al. (2017)

Gemini-South/FLAMINGOS2 2017-08-19 23:42:56 9100-18000 500 R. Chornock et al. (2017)

Magellan-Baade/IMACS 2017-08-20 00:26:28 4355-8750 1000 Shappee et al. (2017)

GeminiSouth/GMOS 2017-08-20 01:01:54 4000-9500 400  McCully et al. (2017), McCully et al. (2017)
Gemini-South/GMOS 2017-08-20 01:08:00 6000-9000 1900  Kasliwal et al. (2017)

ANU2.3/WiFeS 2017-08-20 09:21:33 3200-9800 B/R3000 -

NTT/EFOSC2Gr#11+16 2017-08-20 23:21:13 3330-9970 390/600  Smartt et al. (2017)

SOAR/GHTS 2017-08-20 23:23:17 5000-9000 830  Nicholl et al. (2017)

VLT/X-shooter 2017-08-20 23:25:28 3000-24800  4290/8150/5750  Pian et al. (2017)

Magellan-Clay/LDSS-3 2017-08-20 23:45:53 4450-10400 860  Shappee et al. (2017)

Gemini-South/GMOS 2017-08-21 00:15:00 3800-9200 1700  Troja et al. (2017a), Kasliwal et al. (2017), Troja et al. (2017)
GeminiSouth/GMOS 2017-08-21 00:16:09 4000-9500 400  Troja et al. (2017a), McCully et al. (2017), Troja et al. (2017)
VLT/FORS2 2017-08-21 00:43:12 3500-8600 800-1000  Pian et al. (2017)

ANU2.3/WiFeS 2017-08-21 09:13:00 3200-7060 B 3000R 7000 —

Table 2 continued
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Table 2 (continued)

Telescope/Instrument UT date Wavelengths (A) Resolution (R) References
NTT/SOFIBlueGrism 2017-08-21 23:11:37 9380-16460 550  Smartt et al. (2017)
SOAR/GHTS 2017-08-21 23:24:49 4000-8000 830  Nicholl et al. (2017)
VLT/Xshooterfixed 2017-08-21 23:25:38 3700-22790  4290/3330/5450  Smuartt et al. (2017)
VLT/FORS2 2017-08-21 23:31:12 3500-8600 800-1000  Pian et al. (2017)
Gemini-South/FLAMINGOS2 2017-08-21 23:40:09 9100-18000 500  R. Chornock et al. (2017)
Gemini-South/Flamingos-2 2017-08-22 00:21:00 12980-25070 600  Kasliwal et al. (2017)
Gemini-South/Flamingos-2 2017-08-22 00:47:00 9840-18020 600  Kasliwal et al. (2017)
Magellan-Clay/LDSS-3 2017-08-22 00:50:34 5010-10200 860  Shappee et al. (2017)
HST/WFC3/IR-G102 2017-08-22 09:07:00 8000-11150 210  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/IR-G141 2017-08-22 10:53:00 10750-17000 130 Tanvir & Levan (2017), Troja et al. (2017)
Magellan-Clay/LDSS-3 2017-08-22 23:34:00 5000-10200 860  Shappee et al. (2017)
HST/STIS 2017-08-23 02:51:54 1600-3200 700  Nicholl et al. (2017)
AAT/AAOmega+2DF 2017-08-24 08:55:00 3750-8900 1700  Andreoni et al. (2017),
HST/WFC3/IR-G102 2017-08-24 18:58:00 8000-11150 210  Tanvir & Levan (2017), Troja et al. (2017)
Magellan-Clay/LDSS-3 2017-08-24 23:33:51 6380-10500 1810  Shappee et al. (2017)
SOAR/GHTS 2017-08-24 23:34:31 5000-9000 830  Nicholl et al. (2017)
Gemini-South/FLAMINGOS2 2017-08-24 23:56:32 9100-18000 500 R. Chornock et al. (2017)
KeckI/LRIS 2017-08-25 05:45:00 2000-10300 1000  Kasliwal et al. (2017)
Magellan/Baade/IMACS 2017-08-25 23:37:59 4300-9300 1100 Nicholl et al. (2017)
Magellan-Clay/LDSS-3 2017-08-25 23:39:18 6380-10500 1810  Shappee et al. (2017)
Gemini-South/FLAMINGOS2 2017-08-26 00:21:24 9100-18000 500  R. Chornock et al. (2017)
HST/WFC3/IR-G141 2017-08-26 22:57:00 10750-17000 130 Tanvir & Levan (2017), Troja et al. (2017)
Magellan/Baade/IMACS 2017-08-26 23:20:54 4300-9300 1100 Nicholl et al. (2017)
Gemini-South/FLAMINGOS2 2017-08-27 00:12:20 9100-18000 500 R. Chornock et al. (2017)
Gemini-South/FLAMINGOS2 2017-08-28 00:16:28 9100-18000 500 R. Chornock et al. (2017)
HST/WFC3/IR-G102 2017-08-28 01:58:00 8000-11150 210  Tanvir & Levan (2017), Troja et al. (2017)
HST/WFC3/IR-G141 2017-08-28 03:33:00 10750-17000 130 Tanvir & Levan (2017), Troja et al. (2017)
Gemini-South/Flamingos-2 2017-08-29 00:23:00 12980-25070 600  Kasliwal et al. (2017)




MMA — LIGO-P1700294-v4 21

@ Assuming no shielding by the structures of ISS.

Table 3. Gamma-ray Monitoring and Evolution of GW 170817

Observatory UT date Time since GW trigger ~ 90% Flux upper limit (ergem ™ 2571 Energy band GCN/Reference
CALET CGBM Aug 17 12:41:04 UTC 0.0 1.3x10°7 @ 10-1000 keV Nakahira et al. (2017)
Konus-Wind Aug 17 12:41:04.446 UTC 0.0 3.0 x 10~ 7 [erg/cm?] 10 keV-10 MeV Svinkin et al. (2017a)
Insight-HXMT/HE Aug 17 12:34:24 UTC -400 s 3.7x 1077 0.2-5 MeV Lietal. (2017)
Insight-HXMT/HE Aug 17 12:41:04.446 UTC 0.0 3.7x 1077 0.2-5 MeV Lietal. (2017)
Insight-HXMT/HE Aug 17 12:41:06.30 UTC 1.85s 6.6 x 1077 0.2-5 MeV Lietal. (2017)
Insight-HXMT/HE Aug 17 12:46:04 UTC 300 s 1.5 x 1077 0.2-5 MeV Lietal. (2017)
AGILE-GRID Aug 17 12:56:41 UTC 0.011d 3.9x 107° 0.03-3 GeV Verrecchia et al. (2017)
Fermi-LAT Aug 17 13:00:14 UTC 0.013d 4.0 x 10710 0.1-1 GeV Kocevski et al. (2017)
HE.S.S. Aug 17 17:59 UTC 0.22d 3.9 x 10712 0.28-2.31 TeV  Abdalla, H. et al. (H.E.S.S. Collaboration) (2017)
HAWC Aug 17 20:53:14 — Aug 17 22:55:00 UTC 0.342d+0.425d 1.7 x 10719 4-100 TeV Martinez-Castellanos et al. (2017)
Fermi-GBM Aug 16 12:41:06 — Aug 18 12:41:06 UTC +1.0d (8.0 —9.9) x 1071 20-100 keV Goldstein et al. (2017)
NTEGRAL IBIS/ISGRI Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 2.0 x 1071 20-80 keV Savchenko et al. (2017)
INTEGRAL IBIS/ISGRI ~ Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 3.6 x 10711 80-300 keV Savchenko et al. (2017)
INTEGRAL IBIS/PICSIT ~ Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 0.9 x 10710 468-572 keV Savchenko et al. (2017)
INTEGRAL IBIS/PICSIT ~ Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 4.4 x 10710 572-1196 keV Savchenko et al. (2017)
INTEGRAL SPI Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 2.4 x 1071 300-500 keV Savchenko et al. (2017)
INTEGRAL SPI Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 7.0 x 1071 500-1000 keV Savchenko et al. (2017)
INTEGRAL SPI Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 1.5 x 107° 1000-2000 keV Savchenko et al. (2017)
INTEGRAL SPI Aug 18 12:45:10 — Aug 23 03:22:34 UTC 1-5.7d 2.9 x107° 2000-4000 keV Savchenko et al. (2017)
HES.S. Aug 18 17:55 UTC 1.22d 3.3 x 10712 0.27-3.27 TeV ~ Abdalla, H. et al. (H.E.S.S. Collaboration) (2017)
HES.S. Aug 19 17:56 UTC 222d 1.0 x 10712 0.31-2.88 TeV ~ Abdalla, H. et al. (H.E.S.S. Collaboration) (2017)

H.ES.S. Aug 21 + Aug 22 18:15 UTC 4.23d+5.23d 2.9 x 10712 0.50-5.96 TeV Abdalla, H. et al. (H.E.S.S. Collaboration) (2017)
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Table 4. X-ray Monitoring and Evolution of GW 170817

Observatory UT date (start) Time since GW trigger (days)  f (erg em™ 2571 L, (erg/s) Energy (keV) GCN/Reference
MAXI Aug 17 17:21:54 UTC 0.19 <8.6x107° <1.65x10%° 2-10 Sugita et al. (in prep.)
MAXI Aug 17 18:54:27 UTC 0.26 <7.7x1078 <1.47%10%6 2-10 Sugita et al. (in prep.)
MAXI Aug 18 00:44:59 UTC 0.50 <42x107° <8.0x10%4 2-10 Sugita et al. (in prep.)
Super-AGILE Aug 18 01:16:34 UTC 0.53 <3.0x107° < 5.4 x 10% 18-60 Verrecchia et al. (2017)
MAXI Aug 18 02:18:08 UTC 0.57 <2.2x107° <4.2x10* 2-10 Sugita et al. (in prep.)
Swift-XRT Aug 18 03:34:33 UTC 0.62 <274x 1071 < 5.25 x 10%° 0.3-10 Evans et al. (2017)
NuSTAR Aug 18 05:25 UTC 0.7 <2.62x 107 <5.01x10% 3-10 Evans et al. (2017)
Swift-XRT Aug 18 12:11:49 UTC 0.98 <2.62x 10712 <5.01 x 10% 0.3-10 Evans et al. (2017)
INTEGRAL JEM-X  Aug 18 12:45:10 UTC 1-5.7 <1.9x 1071 < 3.6 x 10*2 3-10 Savchenko et al. (2017)
INTEGRAL JEM-X  Aug 18 12:45:10 UTC 1-5.7 <7.0x 10712 < 1.3 x 10*? 10-25 Savchenko et al. (2017)
Swift-XRT Aug 18 13:29:43 UTC 1.03 <1.77x107* < 3.39 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 19 00:18:22 UTC 1.48 <1.31x 1071 <251 x 10%° 0.3-10 Evans et al. (2017)
Chandra Aug 19 17:10:09 UTC 2.20 non-detection 0.3-10 Margutti et al. (2017)
Swift-XRT Aug 19 13:24:05 UTC 2.03 <1.02x 107 < 1.95 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 19 18:30:52 UTC 224 <1.34 x 1071 < 2,57 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 20 03:24:44 UTC 2.61 <1.41x107' <269 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 20 08:28:05 UTC 2.82 < 3.87x 107 < 7.41x10% 0.3-10 Evans et al. (2017)
Swift-XRT Aug 21 01:43:44 UTC 3.54 <6.73x 107 < 1.29 x 10%° 0.3-10 Evans et al. (2017)
NuSTAR Aug 21 20:45:00 UTC 43 <2.08x 107 < 3.98 x 10%° 3-10 Evans et al. (2017)
Swift-XRT Aug 22 00:05:57 UTC 448 <6.28x 107 < 1.20 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 23 06:22:57 UTC 5.74 <6.89x 107 < 1.32x10% 0.3-10 Evans et al. (2017)
Swift-XRT Aug 23 23:59:57 UTC 6.47 <721 x107' < 1.38 x 10% 0.3-10 Evans et al. (2017)
Chandra Aug 26 10:33:50 UTC 8.9 Detection 0.5-8.0 Troja et al. (2017a); Troja et al. (2017)
Swift-XRT Aug 26 23:59:57 UTC 9.47 <867x 107 < 1.66 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 28 10:46:17 UTC 10.92 <1.41x107% <269 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 29 01:04:57 UTC 11.52 <6.00x 107 < 1.15 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 30 01:00:57 UTC 12.51 <547 x 107 < 1.05 x 10%° 0.3-10 Evans et al. (2017)
Swift-XRT Aug 31 02:27:52 UTC 13.57 < 3.87x 1071 < 7.41x10% 0.3-10 Evans et al. (2017)
Swift-XRT Sep 01 05:53:04 UTC 1472 <4.45x 107 <851 x 10%° 0.3-10 Evans et al. (2017)
Chandra Sep 01 15:22:22 UTC 15.1 .. .. Fong et al. (2017); R. Margutti et al. (2017)
Chandra Sep 01 15:22:22 UTC 15.1 4.5 x 1071? 9 x 10%8 0.5-8.0 Troja et al. (2017b); Troja et al. (2017)
Chandra Sep 02 15:22:22 UTC 15.1 3.5 x 10710 2.7 x 1038 0.3-10 Haggard et al. (2017b,a)
Chandra Sep 02 00:00:00 UTC 16.1 3.8 x 1071° 3.0 x 1038 0.3-10 Haggard et al. (2017b,a)
Swift-XRT Sep 02 08:40:56 UTC 15.83 <1.51 x 1071 < 2.88 x 10%° 0.3-10 Evans et al. (2017)
NuSTAR Sep 04 17:56 UTC 18.2 < 6.58x 1071 < 1.26 x 10%° 3-10 Evans et al. (2017)
NuSTAR Sep 05 14:51 UTC 19.1 <4.15x 107 < 7.94 x 10%° 3-10 Evans et al. (2017)
NuSTAR Sep 06 17:56 UTC 20.1 <330x107*  <6.31 x10%° 3-10 Evans et al. (2017)
NuSTAR Sep 21 11:10 UTC 34.9 <1.65x 107 <3.16 x 10*° 3-10 Evans et al. (2017)
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Telescope UT date Time since GW trigger (days)  Central frequency (GHz)  Bandwidth (GHz)  Flux (e Jy),3 o GCN/Reference
LWA1 Aug 17 13:09:51 UTC 0.02 0.02585 0.020 Callister et al. (2017a)
LWAI Aug 17 13:09:51 UTC 0.02 0.04545 0.020 Callister et al. (2017a)
LWAI Aug 17 19:15:00 UTC 0.27 0.02585 0.020 Callister et al. (2017a)
LWA1 Aug 17 19:15:00 UTC 0.27 0.04545 0.020 Callister et al. (2017a)
VLBA Aug 17 19:58:00 UTC 0.30 8.7 0.26 Deller et al. (2017a)
VLA Aug 18 02:18:00 UTC 0.57 10.0 - Alexander et al. (2017a,b)
ATCA Aug 18 01:00:00 UTC 1 8.5 2.049 < 120 Bannister et al. (2017¢)

Kaplan et al. (2017a)
Hallinan, Corsi et al. (2017)
ATCA Aug 18 01:00:00 UTC 1 10.5 2.049 < 150 Bannister et al. (2017¢)
Kaplan et al. (2017a)
Hallinan, Corsi et al. (2017)
ATCA Aug 18 01:00:00 UTC 1 16.7 2.049 < 130 Kaplan et al. (2017a)
Hallinan, Corsi et al. (2017)
ATCA Aug 18 01:00:00 UTC 1 21.2 2.049 < 140 Kaplan et al. (2017a)
Hallinan, Corsi et al. (2017)
VLITE Aug 18 22:23:31 UTC 1.44 0.3387 0.034 <34800 Hallinan, Corsi et al. (2017)
ASKAP Aug 18 04:05:35 UTC 0.67 1.34 0.19 Bannister et al. (2017d,b)
MWA Aug 18 07:07:50 UTC 1 0. 185 0.03 < 51000 Kaplan et al. (2017b)
ASKAP Aug 18 08:57:33 UTC 0.86 1.34 0.19 Bannister et al. (2017d,b)
VLA Aug 18 22:04:57 UTC 1 10.0 3.8 < 17.0 Alexander et al. (2017¢)
ALMA Aug 18 22:50:40 UTC 1.4 3385 7.5 - Schulze et al. (2017)
GMRT Aug 18 11:00:00 UTC 1 10.0 0.032 < 195 De et al. (2017a)
Hallinan, Corsi et al. (2017)
Parkes Aug 18 00:00:00 UTC 1.38 1.34 0.34 < 1.4 x 10° Bailes et al. (2017a)
Parkes Aug 18 00:00:00 UTC 1.46 1.34 0.34 < 1.4 x 10° Bailes et al. (2017a)
ASKAP Aug 19 02:08:00 UTC 1.58 1.34 0.19 Bannister et al. (2017d,b)
ASKAP Aug 19 05:34:33 UTC 2 1.345 - < 900 Dobie et al. (2017a)
VLA Aug 19 22:01:48 UTC 2 6.0 4 < 22 Corsi et al. (2017a)
VLA Aug 19 22:01:48 UTC 2 6.0 4 < 22 Corsi et al. (2017a)
VLITE Aug 19 22:29:29 UTC 2.44 0.3387 0.034 <28800 Hallinan, Corsi et al. (2017)
VLA Aug 19 22:30:10 UTC 2.42 15.0 6 < 22 Corsi et al. (2017¢)
Hallinan, Corsi et al. (2017)
VLA Aug 19 23:04:06 UTC 2.44 10.0 4 <17 Corsi et al. (2017b)
Hallinan, Corsi et al. (2017)
VLA Aug 19 23:33:30 UTC 2.46 6.0 - < 20 Corsi et al. (2017a)
Hallinan, Corsi et al. (2017)
ALMA Aug 19 22:31:43 UTC 2 97.5 - < 50 Williams et al. (2017a)
Parkes Aug 20 00:00:00 UTC 3.17 1.34 0.34 < 1.4 x 108 Bailes et al. (2017a)
Parkes Aug 20 00:00:00 UTC 3.21 1.34 0.34 < 1.4 x 108 Bailes et al. (2017a)
VLITE Aug 20 20.49:36 UTC 3.34 0.3387 0.034 <44700 Hallinan, Corsi et al. (2017)
VLA Aug 20 00:01:24 UTC 3 9.7 4 < 18 Corsi et al. (2017b)
GMRT Aug 20 08:00:00 UTC 3 0.4 0.2 < 780 De et al. (2017b)
GMRT Aug 20 08:00:00 UTC 3 1.2 0.4 < 98 De et al. (2017b)
VLA Aug 20 21:07:00 UTC 3 6.2 4 < 19 Corsi et al. (2017¢)
VLA/JAGWAR  Aug 20 22:20:00 UTC 3 3.0 - < 32 Mooley et al. (2017a)
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Table 5 (continued)

Telescope UT date Time since GW trigger (days)  Central frequency (GHz)  Bandwidth (GHz)  Flux (Jy),3 o GCN/Reference
ATCA Aug 20 23:31:03 UTC 3 8.5 2.049 < 20 Lynch et al. (2017a)
ATCA Aug 20 23:31:03 UTC 3 10.5 2.049 < 135 Lynch et al. (2017a)
ALMA Aug 20 22:40:16 UTC 3 338.5 75 - Schulze et al. (2017)
VLBA Aug 20 21:36:00 UTC 3 8.7 - < 48 Deller et al. (2017b)
ALMA Aug 21 20:58:51 UTC 4.3 3385 7.5 - Schulze et al. (2017)
VLA Aug 22 23:50:18 UTC 5.48 10.0 - K. Alexander et al. (2017)
e-MERLIN Aug 23 12:00:00 UTC 6 5.0 0.512 < 108 Moldon et al. (2017a)
e-MERLIN Aug 24 12:00:00 UTC 7 5.0 0.512 < 96 Moldon et al. (2017a)
LWA1 Aug 24 19:50:00 UTC 7 0.02585 0.016 Callister et al. (2017b)
LWA1 Aug 24 19:50:00 UTC 7 0.04545 0.016 Callister et al. (2017b)
e-MERLIN Aug 25 12:00:00 UTC 8 5.0 512 < 96 Moldon et al. (2017a)
VLITE Aug 25 20:38:22 UTC 8.37 0.3387 0.034 < 37500 Hallinan, Corsi et al. (2017)
GMRT Aug 25 09:30:00 UTC 79 1.39 0.032 < 130 Resmi et al. (2017)
VLA Aug 25 19:15:12 UTC 8.29 10.0 - K. Alexander et al. (2017)
ALMA Aug 25 22:35:17 UTC 8.4 338.5 7.5 - Schulze et al. (2017)
MeerKAT Aug 26 08:43:00 UTC 10 1.48 0.22 <70 Goedhart et al. (2017a)
ALMA Aug 26 22:49:25 UTC 9.43 97.5 - Williams et al. (2017a)
ALMA Aug 26 22:58:41 UTC 9.4 3385 7.5 - Schulze et al. (2017); Kim et al. (2017)
EVN Aug 26 12:15:00 UTC 9 5.0 0.256 <96 Paragi et al. (2017a)
e-MERLIN Aug 26 12:00:00 UTC 9 5.0 0.512 <114 Moldon et al. (2017a)
e-MERLIN Aug 27 12:00:00 UTC 10 5.0 0.512 < 90 Moldon et al. (2017a)
ATCA Aug 27 23:26:25 UTC 10 8.5 2. 049 < 54 Lynch et al. (2017b)
ATCA Aug 27 23:26:25 UTC 10 10.5 2.049 < 39 Lynch et al. (2017b)
e-MERLIN Aug 28 12:00:00 UTC 11 5.0 0.512 < 90 Moldon et al. (2017a)
VLITE Aug 30 23:10:28 UTC 13.45 0.3387 0.034 < 20400 Hallinan, Corsi et al. (2017)
LWA1 Aug 30 19:50:00 UTC 13 0.02585 0.016 Callister et al. (2017)
LWA1 Aug 30 19:50:00 UTC 13 0.04545 0.016 Callister et al. (2017)
VLA Aug 30 22:09:24 UTC 13.41 10.0 - K. Alexander et al. (2017)
e-MERLIN Aug 31 13:00:00 UTC 14 5.0 0.512 < 109 Moldon et al. (2017b)
VLITE Sep 120:44:59 UTC 15.37 0.3387 0.034 < 11400 Hallinan, Corsi et al. (2017)
ATCA Sep 1 12:00:00 UTC 15 16.7 - < 50 Troja et al. (2017¢)
ATCA Sep 1 12:00:00 UTC 15 21.2 - < 50 Troja et al. (2017c¢)
ATCA Sep 1 12:00:00 UTC 15 43.0 - < 90 Troja et al. (2017c¢)
ATCA Sep 1 12:00:00 UTC 15 45.0 - < 90 Troja et al. (2017¢)
e-MERLIN Sep 1 13:00:00 UTC 15 5.0 0.512 < 114 Moldon et al. (2017b)
ALMA Sep 120:22:05 UTC 15.33 97.5 - K. Alexander et al. (2017)
VLA/JAGWAR  Sep 2 00:00:00 UTC 16 3.0 Detection Mooley et al. (2017b)
e-MERLIN Sep 2 13:00:00 UTC 16 5.0 0.512 144 Moldon et al. (2017b)
VLITE Sep 2 18:51:34 UTC 16.36 0.3387 0.034 < 11700 Hallinan, Corsi et al. (2017)
e-MERLIN Sep 3 13:00:00 UTC 17 5.0 0.512 < 166 Moldon et al. (2017b)
VLA Sep 3 23:30:00 UTC 17 6.0 Detection Corsi et al. (2017d)
VLITE Sep 3 20:08:05 UTC 17.40 0.3387 0.034 < 6900 Hallinan, Corsi et al. (2017)
e-MERLIN Sep 4 13:00:00 UTC 18 5.0 0.512 < 147 Moldon et al. (2017b)
ATCA Sep 5 10:03:04 UTC 19 7.25 Detection Murphy et al. (2017)
e-MERLIN Sep 5 13:00:00 UTC 19 5.0 0.512 < 162 Moldon et al. (2017b)
VLA Sep 522:12:00 UTC 19.47 6.0 - Alexander et al. (2017d)
VLA Sep 523:26:06 UTC 19.43 10.0 - K. Alexander et al. (2017)
MeerKAT Sep 6 03:22:00 UTC 20 1.48 0.22 <75 Goedhart et al. (2017a)

Table 5 continued
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Table 5 (continued)

Telescope UT date Time since GW trigger (days)  Central frequency (GHz)  Bandwidth (GHz)  Flux (Jy),3 o GCN/Reference
VLITE Sep 7 19:09:43 UTC 21.36 0.3387 0.034 < 8100 Hallinan, Corsi et al. (2017)
SRT Sep 7 10:41:00 UTC 20.92 72 0.68 < 1200 Aresu et al. (2017)
ATCA Sep 8 12:00:00 UTC 22 17.0 - < 35 Wieringa et al. (2017)
ATCA Sep 8 12:00:00 UTC 22 21.0 - < 35 Wieringa et al. (2017)
SRT Sep 8 11:00:00 UTC 21.93 72 0.68 < 1500 Aresu et al. (2017)
VLITE Sep 8 19:05:35 UTC 22.37 0.3387 0.034 <6300 Hallinan, Corsi et al. (2017)
SRT Sep 9 10:37:00 UTC 22.92 7.2 0.68 < 1800 Aresu et al. (2017)
VLITE Sep 9 18:52:45 UTC 23.36 0.3387 0.034 <4800 Hallinan, Corsi et al. (2017)
GMRT Sep 9 11:30:00 UTC 23.0 1.39 0.032 - Resmi et al. (2017); Kim et al. (2017)
e-MERLIN Sep 10 13:00:00 UTC 24 5.0 0.512 < 126 Moldon et al. (2017b)
Effelsberg Sep 10 13:10 UTC 24 5 2 < 30000 Kramer et al. (2017)
Effelsberg Sep 10 13:35 UTC 24 32 2 < 90000 Kramer et al. (2017)
VLITE Sep 10 18:36:48 UTC 24.35 0.3387 0.034 <6600 Hallinan, Corsi et al. (2017)
e-MERLIN Sep 11 13:00:00 UTC 25 5.0 0.512 < 151 Moldon et al. (2017b)
e-MERLIN Sep 12 13:00:00 UTC 26 5.0 0.512 <113 Moldon et al. (2017b)
e-MERLIN Sep 14 13:00:00 UTC 28 5.0 0.512 < 147 Moldon et al. (2017b)
e-MERLIN Sep 15 13:00:00 UTC 29 5.0 0.512 < 106 Moldon et al. (2017b)
GMRT Sep 16 07:30:00 UTC 29.8 1.39 0.032 - Resmi et al. (2017); Kim et al. (2017)
e-MERLIN Sep 16 13:00:00 UTC 30 5.0 0.512 < 118 Moldon et al. (2017b)
ALMA Sep 16 20:36:21 UTC 30.34 97.5 - K. Alexander et al. (2017)
MeerKAT Sep 17 07:16:00 UTC 31 1.48 0.22 <60 Goedhart et al. (2017a)
e-MERLIN Sep 17 13:00:00 UTC 31 5.0 0.512 <111 Moldon et al. (2017b)
e-MERLIN Sep 18 13:00:00 UTC 32 5.0 0.512 111 Moldon et al. (2017b)
SRT Sep 19 11:38:00 UTC 32.96 7.2 0.68 < 1200 Aresu et al. (2017)
EVN Sep 20 10:00:00 UTC 34 5.0 0.256 < 84 Paragi et al. (2017b)
e-MERLIN Sep 21 13:00:00 UTC 35 5.0 0.512 <132 Moldon et al. (2017b)
e-MERLIN Sep 22 13:00:00 UTC 36 5.0 0.512 <121 Paragi et al. (2017b)
VLA Sep 25 16:51:45 UTC 39.2 6.0 GHz Detection Alexander et al. 2017e

Table 6. Gamma-ray Coordinates Network (GCN) Notices and Circulars related to GW 170817 until Oct 1 2017 UTC

Telescope

UT date At (days)

Obs. wavelength

References

Fermi/GBM

LIGO-Virgo/—

Fermi/GBM

INTEGRAL/SPI-ACS

IceCube/—

LIGO-Virgo/—
LIGO-Virgo/—

IceCube/—

LIGO-Virgo/—

Astrosat/CZTI

IPN/-
/-

Insight- HXMT/HE

2017-08-17 12:41:20
2017-08-17 13:21:42

2017-08-17 13:47:37
2017-08-17 13:57:47
2017-08-17 14:05:11
2017-08-17 14:09:25
2017-08-17 14:38:46

2017-08-17 14:54:58
2017-08-17 17:54:51

2017-08-17 18:16:42
2017-08-17 18:35:12
2017-08-17 18:55:12
2017-08-17 19:35:28

0.0
0.03

0.05
0.05
0.06
0.06
0.08

0.09
0.22

0.23
0.25
0.26
0.29

gamma-ray

gw

gamma-ray
gamma-ray
neutrino
gw

w

neutrino

gw

gamma-ray

gamma-ray

gamma-ray

GCN Notice 524666471, Fermi-GBM (2017)
GCN 21505, The LIGO Scientific Collaboration et al.

(2017a)

GCN 21506, Connaughton et al. (2017)
GCN 21507, Savchenko et al. (2017a)

GCN 21508, Bartos et al. (2017a)

GCN 21509, The LIGO Scientific Collaboration et al. (2017f)
GCN 21510, The LIGO Scientific Collaboration et al.

(2017g)

GCN 21511, Bartos et al. (2017c¢)

GCN 21513, The LIGO Scientific Collaboration et al.

(2017b)

GCN 21514, Balasubramanian et al. (2017)

GCN 21515, Svinkin et al. (2017b)

GCN 21516, Délya et al. (2017)
GCN 21518, Liao et al. (2017)
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Table 6 (continued)

Telescope UT date At (days) Obs. wavelength References
—/— 2017-08-17 20:00:07 0.3 GCN 21519, Cook et al. (2017a)
Fermi/GBM 2017-08-17 20:00:07 0.3 gamma-ray ~ GCN 21520, von Kienlin et al. (2017)
—/- 2017-08-17 20:12:41 0.31 GCN 21521, Cook et al. (2017b)
ANTARES/- 2017-08-17 20:35:31 0.33 neutrino  GCN 21522, Ageron et al. (2017a)
Swift/BAT 2017-08-17 21:34:36 0.37 gamma-ray ~ GCN 21524, Barthelmy et al. (2017)
AGILE/MCAL 2017-08-17 22:01:26 0.39 gamma-ray ~ GCN 21525, Pilia et al. (2017)
AGILE/GRID 2017-08-17 22:22:43 0.4 gamma-ray  GCN 21526, Piano et al. (2017)
LIGO-Virgo/— 2017-08-17 23:54:40 0.47 gw  GCN21527, The LIGO Scientific Collaboration et al.

(2017¢)

Fermi/GBM 2017-08-18 00:36:12 0.5 gamma-ray  GCN 21528, Goldstein et al. (2017)
Swope/— 2017-08-18 01:05:23 0.52 optical  GCN 21529, Coulter et al. (2017a)
DECam/— 2017-08-18 01:15:01 0.52 optical  GCN 21530, Allam et al. (2017)
DLT40/- 2017-08-18 01:41:13 0.54 optical  GCN 21531, Yang et al. (2017a)
REM-ROS2/- 2017-08-18 02:00:40 0.56 optical, IR GCN 21532, Melandri et al. (2017a)
ASAS-SN/- 2017-08-18 02:06:30 0.56 optical  GCN 21533, Cowperthwaite et al. (2017b)
Fermi/LAT 2017-08-18 02:09:53 0.56 gamma-ray  GCN 21534, Kocevski et al. (2017)
—/— 2017-08-18 02:48:50 0.59 GCN 21535, Cook et al. (2017¢)
HST/- 2017-08-18 03:01:20 0.6 optical  GCN 21536, Foley et al. (2017a)
ATCA/- 2017-08-18 04:04:00 0.64 radio GCN 21537, Bannister et al. (2017¢)
LasCumbres/— 2017-08-18 04:06:31 0.64 optical GCN 21538, Arcavi et al. (2017a)
DLT40/- 2017-08-18 04:11:35 0.65 optical GCN 21539, Yang et al. (2017¢)
DECam/- 2017-08-18 04:44:32 0.67 optical  GCN 21541, Nicholl et al. (2017a)
SkyMapper/— 2017-08-18 04:46:27 0.67 optical  GCN 21542, Moller et al. (2017)
LasCumbres/— 2017-08-18 04:54:23 0.68 optical GCN 21543, Arcavi et al. (2017d)
VISTA/VIRCAM 2017-08-18 05:03:48 0.68 optical, IR GCN 21544, Tanvir et al. (2017a)
VLA/~ 2017-08-18 05:07:58 0.69 radio  GCN 21545, Alexander et al. (2017a)
MASTER/- 2017-08-18 05:37:59 0.71 optical ~ GCN 21546, Lipunov et al. (2017a)
Magellan/— 2017-08-18 05:46:33 0.71 optical GCN 21547, Drout et al. (2017)
VLA/- 2017-08-18 06:56:44 0.76 radio  GCN 21548, Alexander et al. (2017b)
Subaru/HSC 2017-08-18 07:07:07 0.77 optical  GCN 21549, Yoshida et al. (2017a)
Swift/UVOT,XRT 2017-08-18 07:24:04 0.78 x-ray, uv ~ GCN 21550, Evans et al. (2017)
Magellan/LDSS-3 2017-08-18 07:54:23 0.8 optical GCN 21551, Simon et al. (2017)
Gemini-South/Flamingos-2 2017-08-18 08:00:58 0.81 IR GCN 21552, Singer et al. (2017a)
Pan-STARRS/— 2017-08-18 08:37:20 0.83 optical  GCN 21553, Chambers et al. (2017a)
HCT/HFOSC 2017-08-18 09:54:21 0.88 optical  GCN 21554, Pavana et al. (2017)
MAXI/GSC/- 2017-08-18 10:43:45 0.92 x-ray  GCN 21555, Sugita et al. (2017)
REM-ROS2/- 2017-08-18 10:54:42 0.93 optical  GCN 21556, Melandri et al. (2017b)
—/- 2017-08-18 12:15:23 0.98 GCN 21557, Foley et al. (2017b)
TZAC/TAROT-Reunion 2017-08-18 13:04:25 1.02 optical  GCN 21558, Klotz et al. (2017)
ATCA/- 2017-08-18 13:27:25 1.03 radio  GCN 21559, Bannister et al. (2017a)
SkyMapper/— 2017-08-18 13:54:11 1.05 optical  GCN 21560, Wolf et al. (2017)
Subaru/HSC 2017-08-18 14:27:26 1.07 optical GCN 21561, Yoshida et al. (2017b)
ASKAP/- 2017-08-18 14:36:00 1.08 radio  GCN 21562, Bannister et al. (2017d)
LSGT,T17/SNUCAM-II 2017-08-18 14:45:33 1.09 optical GCN 21563, Im et al. (2017a)
AGILE/GRID 2017-08-18 15:22:43 1.11 gamma-ray  GCN 21564, Bulgarelli et al. (2017)
LasCumbres/— 2017-08-18 15:58:41 1.14 optical  GCN 21565, Arcavi et al. (2017b)
LSGT,T17/SNUCAM-II 2017-08-18 17:15:43 1.19 optical GCN 21566, Im et al. (2017b)
Swope/— 2017-08-18 17:19:22 1.19 optical GCN 21567, Coulter et al. (2017b)
IceCube/- 2017-08-18 17:27:25 1.2 neutrino  GCN 21568, Bartos et al. (2017b)
Gemini-South/— 2017-08-18 17:44:26 1.21 optical, IR GCN 21569, Singer et al. (2017¢)
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Table 6 (continued)

Telescope UT date At (days) Obs. wavelength References
MASTER/— 2017-08-18 18:06:51 1.23 optical  GCN 21570, Lipunov et al. (2017b)
VLA/- 2017-08-18 18:16:30 1.23 radio GCN 21571, Williams et al. (2017b)
Swift/UVOT,XRT 2017-08-18 18:32:37 1.24 x-ray,uv  GCN 21572, Cenko et al. (2017)
ATCA/- 2017-08-18 20:19:00 1.32 radio GCN 21574, Kaplan et al. (2017a)
2MASS,Spitzer/— 2017-08-18 20:23:05 1.32 IR GCN 21575, Eikenberry et al. (2017)
VISTA/VIRCam 2017-08-18 21:16:32 1.36 IR GCN 21576, Tanvir et al. (2017b)
—/— 2017-08-18 23:00:31 1.43 GCN 21577, Malesani et al. (2017b)
—/— 2017-08-18 23:11:30 1.44 GCN 21578, Cowperthwaite et al. (2017a)
PROMPTS5/— 2017-08-19 00:18:04 1.48 optical GCN 21579, Yang et al. (2017b)
DECam/— 2017-08-19 00:22:23 1.49 optical  GCN 21580, Nicholl et al. (2017b)
LasCumbres/— 2017-08-19 01:26:07 1.53 optical  GCN 21581, Arcavi et al. (2017¢)
NTT/- 2017-08-19 01:46:26 1.55 optical, IR GCN 21582, Lyman et al. (2017)
Swope/— 2017-08-19 01:54:36 1.55 optical GCN 21583, Kilpatrick et al. (2017)
GROND/- 2017-08-19 01:58:14 1.55 optical, IR GCN 21584, Wiseman et al. (2017)
SOAR/GoodmanSpectrograph 2017-08-19 03:10:19 1.6 IR, optical ~ GCN 21585, Nicholl et al. (2017¢)
Subaru/HSC 2017-08-19 06:52:33 1.76 optical  GCN 21586, Yoshida et al. (2017¢c)
MASTER/- 2017-08-19 08:10:30 1.81 optical  GCN 21587, V.M.Lipunov et al. (2017b)
VLBA/- 2017-08-19 09:36:26 1.87 radio  GCN 21588, Deller et al. (2017a)
VLA/~ 2017-08-19 09:51:33 1.88 radio  GCN 21589, Alexander et al. (2017¢)
Pan-STARRS/- 2017-08-19 10:14:53 1.9 optical  GCN 21590, Chambers et al. (2017b)
NOT/NOTCam 2017-08-19 12:00:05 1.97 IR GCN21591, Malesani et al. (2017a)
ESO-VLT/X-shooter 2017-08-19 12:16:37 1.98 IR, optical ~GCN 21592, Pian et al. (2017)
ESO-VLT/FORS2 2017-08-19 14:13:15 2.06 optical GCN 21594, Wiersema et al. (2017)
Subaru/HSC 2017-08-19 14:46:41 2.09 optical  GCN 21595, Tominaga et al. (2017)
REM-ROS2/- 2017-08-19 16:38:19 2.16 optical  GCN 21596, Melandri et al. (2017c¢)
KMTNet/wide-fieldcamera 2017-08-19 16:55:08 2.18 optical GCN 21597, Im et al. (2017d)
ESO-VST/OmegaCam 2017-08-19 17:37:19 221 optical  GCN 21598, Grado et al. (2017¢)
LaSilla-QUEST/- 2017-08-19 18:04:05 222 optical  GCN 21599, Rabinowitz et al. (2017)
GMRT/- 2017-08-19 21:18:21 2.36 radio GCN 21603, De et al. (2017a)
PROMPTS5/— 2017-08-19 23:31:25 2.45 optical ~ GCN 21606, Valenti et al. (2017)
GROND/- 2017-08-20 04:49:21 2.67 optical, IR GCN 21608, Chen et al. (2017)
VIRT/- 2017-08-20 05:27:49 2.7 optical  GCN 21609, Gendre et al. (2017)
SALT/- 2017-08-20 06:14:37 2.73 optical GCN 21610, Shara et al. (2017)
Swift/XRT 2017-08-20 08:42:40 2.83 x-ray GCN21612, Evans et al. (2017)
VLA/~ 2017-08-20 09:17:57 2.86 radio GCN 21613, Corsi et al. (2017b)
VLA/- 2017-08-20 10:26:01 291 radio GCN 21614, Corsi et al. (2017a)
Pan-STARRS/- 2017-08-20 13:59:50 3.05 optical GCN 21617, Chambers et al. (2017c)
ChilescopeRC-1000/— 2017-08-20 14:24:47 3.07 optical GCN 21618, Pozanenko et al. (2017d)
TOROS/- 2017-08-20 14:48:49 3.09 optical GCN 21619, Diaz et al. (2017a)
TOROS/- 2017-08-20 15:03:42 3.1 optical GCN 21620, Diaz et al. (2017c¢)
—/- 2017-08-20 15:40:35 3.12 GCN 21621, V.M.Lipunov (2017)
Kanata/HONIR 2017-08-20 16:37:38 3.16 IR GCN 21623, Nakaoka et al. (2017)
BOOTES-5/- 2017-08-20 21:59:59 3.39 optical  GCN 21624, Castro-Tirado et al. (2017)
ASKAP/- 2017-08-21 00:58:33 3.51 radio  GCN 21625, Dobie et al. (2017b)
NuSTAR/- 2017-08-21 04:33:27 3.66 x-ray  GCN 21626, Harrison et al. (2017)
Zadko/— 2017-08-21 05:57:23 3.72 optical GCN 21627, Coward et al. (2017b)
ATCA/- 2017-08-21 07:45:30 3.79 radio  GCN 21628, Lynch et al. (2017¢)
ATCA/- 2017-08-21 09:02:12 3.85 radio GCN 21629, Lynch et al. (2017d)
ANTARES/- 2017-08-21 15:08:00 4.1 neutrino  GCN 21631, Ageron et al. (2017b)
KMTNet,iTelescope. NET/— 2017-08-21 15:49:41 4.13 optical GCN 21632, Im et al. (2017¢)

Table 6 continued
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Table 6 (continued)

Telescope UT date At (days) Obs. wavelength References
Pan-STARRS/— 2017-08-21 16:03:52 4.14 optical  GCN 21633, Chambers et al. (2017d)
TOROS/CASLEO 2017-08-21 16:05:22 4.14 optical GCN 21634, Diaz et al. (2017d)
ChilescopeRC-1000/— 2017-08-21 16:11:53 4.15 optical  GCN 21635, Pozanenko et al. (2017a)
VLA/- 2017-08-21 18:40:08 425 radio  GCN 21636, Corsi et al. (2017¢)
MWA/- 2017-08-22 00:59:36 4.51 radio GCN 21637, Kaplan et al. (2017¢c)
Gemini-South/Flamingos-2 2017-08-22 05:20:11 4.69 IR GCN21638, Chornock et al. (2017b)
ASKAP/- 2017-08-22 07:23:04 4.78 radio  GCN 21639, Dobie et al. (2017a)
CALET/CGBM 2017-08-22 09:36:51 4.87 gamma-ray  GCN 21641, Nakahira et al. (2017)
ChilescopeRC-1000/— 2017-08-22 15:23:04 5.11 optical  GCN 21644, Pozanenko et al. (2017¢)
6dFGS/- 2017-08-22 16:55:17 5.18 optical GCN 21645, Sadler et al. (2017)
Chandra/CXO 2017-08-22 18:06:23 5.23 x-ray  GCN 21648, Margutti et al. (2017)
VLA/JAGWAR 2017-08-22 19:13:38 5.27 radio  GCN 21650, Mooley et al. (2017a)
ESO-VLT/FORS2 2017-08-23 07:52:38 5.8 optical GCN 21653, D’Avanzo et al. (2017)
VLA/~ 2017-08-23 18:25:07 6.24 radio  GCN 21664, Corsi et al. (2017¢)
HST/Pan-STARRS1/- 2017-08-24 01:39:20 6.54 optical  GCN 21669, Yu et al. (2017)
ATCA/- 2017-08-24 04:30:05 6.66 radio GCN 21670, Lynch et al. (2017a)
ASKAP/- 2017-08-24 06:10:24 6.73 radio GCN 21671, Bannister et al. (2017b)
INTEGRAL/SPLIBIS,JEM-X,OMC  2017-08-24 09:03:02 6.85  gamma-ray, x-ray, optical ~ GCN 21672, Savchenko et al. (2017b)
H.E.S.S./- 2017-08-24 10:35:02 6.91 gamma-ray GCN 21674, de Naurois et al. (2017)
LOFAR/ILT 2017-08-24 13:35:06 7.04 radio  GCN 21676, Broderick et al. (2017)
AAT/AAO 2017-08-24 15:31:25 7.12 optical  GCN 21677, Andreoni et al. (2017)
LWA/LWAI1 2017-08-24 16:08:17 7.14 radio GCN 21680, Callister et al. (2017a)
ESO-VLT/MUSElIntegralFieldUnit 2017-08-24 19:28:30 7.28 optical GCN 21681, Levan et al. (2017b)
Gemini-South/Flamingos-2,GMOS 2017-08-24 19:31:19 7.28 optical, IR GCN 21682, Troja et al. (2017a)
HAWC/- 2017-08-24 19:35:19 7.29 gamma-ray  GCN 21683, Martinez-Castellanos et al. (2017)
Gemini-South/Flamingos-2 2017-08-25 04:04:17 7.64 IR GCN 21684, Chornock et al. (2017a)
Subaru/HSC 2017-08-25 07:38:17 7.79 optical  GCN 21685, Yoshida et al. (2017d)
Auger/SurfaceDetector 2017-08-25 08:13:23 7.81 neutrino  GCN 21686, Alvarez-Muniz et al. (2017)
MASTER/MASTER-II 2017-08-25 08:48:24 7.84 optical GCN 21687, V.M.Lipunov et al. (2017a)
ESO-VST/OmegaCAM 2017-08-25 22:15:33 8.4 optical GCN 21703, Grado et al. (2017a)
GMRT/- 2017-08-26 01:23:58 8.53 radio GCN 21708, De et al. (2017b)
ATCA/- 2017-08-29 03:49:22 11.63 radio  GCN 21740, Lynch et al. (2017b)
Zadko/— 2017-08-29 08:29:39 11.83 optical  GCN 21744, Coward et al. (2017a)
Konus-Wind/— 2017-08-29 10:55:08 11.93 gamma-ray  GCN 21746, Svinkin et al. (2017a)
ALMA/- 2017-08-29 12:37:56 12.0 radio  GCN 21747, Schulze et al. (2017)
ALMA/- 2017-08-29 14:55:15 12.09 radio  GCN 21750, Williams et al. (2017a)
OVRO/- 2017-08-30 03:23:28 12.61 radio  GCN 21760, Pearson et al. (2017)
EVN/VLBI 2017-08-30 09:48:26 12.88 radio  GCN 21763, Paragi et al. (2017a)
Chandra/CXO 2017-08-30 12:07:12 12.98 xray GCN21765, Troja et al. (2017a)
GMRT/- 2017-08-30 16:06:24 13.14 radio GCN 21768, Resmi et al. (2017)
Gemini-South/— 2017-08-31 18:28:50 14.24 IR GCN21778, Troja et al. (2017b)
Gemini-South/Flamingos-2 2017-08-31 18:32:01 14.24 IR GCN21779, Singer et al. (2017b)
HST/- 2017-08-31 20:33:24 14.33 optical, IR GCN 21781, Levan et al. (2017a)
PioftheSky/PioftheSkyNorth 2017-09-01 21:54:25 15.38 optical  GCN 21783, Cwiek et al. (2017)
AGILE/GRID 2017-09-02 16:54:59 16.18 gamma-ray ~ GCN 21785, Verrecchia et al. (2017)
Chandra/CXO 2017-09-02 16:57:54 16.18 xray GCN 21786, Fong et al. (2017)
Chandra/CXO 2017-09-02 17:06:21 16.18 xray GCN21787, Troja et al. (2017b)
Chandra/CXO 2017-09-03 20:24:16 17.32 xray GCN21798, Haggard et al. (2017b)
ATCA/- 2017-09-04 02:26:14 17.57 radio  GCN 21803, Troja et al. (2017c)
e-MERLIN/- 2017-09-04 07:48:43 17.8 radio  GCN 21804, Moldon et al. (2017a)

Table 6 continued
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Table 6 (continued)

Telescope UT date At (days) Obs. wavelength References
VLA/- 2017-09-04 22:14:55 18.4 radio GCN 21814, Mooley et al. (2017b)
VLA/- 2017-09-04 22:14:59 18.4 radio GCN 21815, Corsi et al. (2017d)
HST/HST,Gaia 2017-09-05 00:30:09 18.49 optical, IR, uv  GCN 21816, Adams et al. (2017)
ESO-VST/OMEGACam 2017-09-06 15:07:27 20.1 optical GCN 21833, Grado et al. (2017b)
ATCA/- 2017-09-07 02:31:55 20.58 radio  GCN 21842, Murphy et al. (2017)
LWA/LWA1 2017-09-08 02:47:01 21.59 radio  GCN 21848, Callister et al. (2017b)
VLBA/- 2017-09-08 11:16:27 21.94 radio  GCN 21850, Deller et al. (2017b)
VLA/~ 2017-09-08 13:23:16 22.03 radio GCN 21851, Alexander et al. (2017d)
ATCA/- 2017-09-14 05:25:42 27.7 radio  GCN 21882, Wieringa et al. (2017)
AST3-2/— 2017-09-15 03:45:21 28.63 optical GCN 21883, Hu et al. (2017)
ATLAS/- 2017-09-15 11:24:15 28.95 optical  GCN 21886, Tonry et al. (2017)
DanishTel/— 2017-09-15 16:40:07 29.17 optical  GCN 21889, Cano et al. (2017)
MeerKAT/— 2017-09-15 20:16:29 29.32 radio  GCN 21891, Goedhart et al. (2017b)
DFN/- 2017-09-18 13:45:29 32.04 optical  GCN 21894, Hancock et al. (2017)
T80S,EABA/— 2017-09-18 16:22:27 32.15 optical GCN 21895, Diaz et al. (2017b)
VLBA/- 2017-09-19 07:51:22 32.8 radio GCN 21897, Deller et al. (2017c)
ChilescopeRC-1000/— 2017-09-19 18:09:03 33.23 optical ~ GCN 21898, Pozanenko et al. (2017b)
Parkes/— 2017-09-21 02:38:29 34.58 radio  GCN 21899, Bailes et al. (2017a)
ATCA/- 2017-09-21 06:42:36 3475 radio  GCN 21900, Ricci et al. (2017)
LasCumbres/FLOYDS,Gemini 2017-09-22 03:24:44 35.61 optical  GCN 21908, McCully et al. (2017)
SRT/- 2017-09-22 19:06:44 36.27 radio GCN21914, Aresu et al. (2017)
Effelsberg/— 2017-09-23 20:34:41 37.33 radio  GCN 21920, Kramer et al. (2017)
MWA/- 2017-09-25 22:30:34 39.41 radio  GCN 21927, Kaplan et al. (2017b)
Parkes/— 2017-09-26 02:00:59 39.56 radio  GCN 21928, Bailes et al. (2017b)
VLA/- 2017-09-26 05:14:16 39.69 radio  GCN 21929, Hallinan et al. (2017)
PioftheSky/PioftheSkyNorth 2017-09-26 21:17:49 40.36 optical GCN 21931, Batsch et al. (2017)
MeerKAT/— 2017-09-27 13:19:14 41.03 radio  GCN 21933, Goedhart et al. (2017a)
VLA/- 2017-09-27 19:03:46 41.27 radio  GCN 21935, Alexander et al. (2017¢)
EVN/- 2017-09-28 10:35:27 41.91 radio  GCN 21939, Paragi et al. (2017b)
e-MERLIN/- 2017-09-28 11:12:37 41.94 radio  GCN 21940, Moldon et al. (2017b)
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(INTEGRAL)

M. G. AARTSEN,'®? M. ACKERMANN, %% J. ADAMS,'® J. A. AGUILAR,'® M. AHLERS,'%® M. AHRENS,'®” 1. AL SAMARATL,'®®
D. ALTMANN,'® K. ANDEEN, ' T. ANDERSON,'®' I. ANSSEAU,'® G. ANTON,'®® C. ARGUELLES,'??> J. AUFFENBERG,'*?
S. AXANL'?? H. BAGHERPOUR,'®* X. BAL'%* J. P. BARRON,'*’ S. W. BARWICK,'”® V. BAUM, "’ R. BAY,'*® J. J. BEATTY, %200
J. BECKER TJus,?®' S. BENZVL?"? D. BERLEY,??® E. BERNARDINL'® D. Z. BEsson,?** G. BINDER,?* 1% D. BinpIG,?%°
E. BLAUFUSS,?® S. BLOT,'®® C. BouM,'¥” M. BORNER,?’ F. B0s,”°! D. Bosg,?*® S. BOSER,'”” O. BOTNER,?” E. BOURBEAU, %
J. BOURBEAU,?!'’ F. BRADASCIO,'®? J. BRAUN,?'? L. BRAYEUR,?'' M. BRENZKE,'?* H.-P. BRETZ,'®* S. BRON, 88
J. BROSTEAN-KAISER,'®* A. BURGMAN,?® T. CARVER,'®® J. CASEY,?'" M. CASIER,?'" E. CHEUNG,?** D. CHIRKIN,
A. CHRISTOV,'®® K. CLARK,?'? L. CLASSEN,?'? S. COENDERS,?!* G. H. COLLIN,'*? J. M. CONRAD,'?> D. F. COWEN,'?!:21
R. CROSS,?? M. DAY,?'? J. P. A. M. DE ANDRE,?'® C. DE CLERCQ,?!! J. J. DELAUNAY, ! H. DEMBINSKL?!” S. DE RIDDER,>'®
P. DEsIATL 2! K. D. DE VRIES,?!! G. DE WASSEIGE,?!' M. DE WITH,?' T. DEYOUNG,?'® J. C. Dfaz-VELEZ,?'° V. DI LORENZO, '’
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H. DuiMovic,?®® J. P. DumMm,'®” M. DUNKMAN, ! E. DVORAK,'** B. EBERHARDT,'®’ T. EHRHARDT,'®’ B. EICHMANN,>"!
P. ELLER,"! P. A. EVENSON,?'7 S. FAHEY,?!'" A. R. FAZELY,?*° J. FELDE,** K. FiLimoNoOV,'*® C. FINLEY, ' S. FL1s,'®’
A. FRANCKOWIAK,'® E. FRIEDMAN,?*® T. FucHs,?"” T. K. GAISSER,?!” J. GALLAGHER,??! L. GERHARDT,?® K. GHORBANTI,>!’
W. GIANG,'?’ T. GLAUCH,'®® T. GLUSENKAMP,'® A. GoLDSCHMIDT,?® J. G. GONZALEZ,”'” D. GRANT,'® Z. GrIFFITH,?"’
C. HAACK,'" A. HALLGREN,?” F. HALZEN,?'° K. HANSON,?' D. HEBECKER,?'” D. HEEREMAN, '®* K. HELBING,?"°
R. HELLAUER,?*® S. HICKFORD,?% J. HIGNIGHT,>'® G. C. HiLL,'®? K. D. HOFFMAN,?** R. HOFFMANN, 2% B. HOKANSON-FASIG,?!?

K. HOSHINA,2'* 222 E. HUANG, ! M. HUBER,?'* K. HULTQVIST,'®” M. HUNNEFELD,?"’ S. IN,2%® A. ISHIHARA,??® E. JacoBl,'®?

G. S. JAPARIDZE,?* M. JEONG,?”® K. JERO,?'" B. J. P. JONES,?® P. KALACZYNSKI,'** W. KANG,??® A. KaPpPES,?!® T. KARG,'®?

A. KARLE,>'®219 A KEIVANL,'®!' J. L. KELLEY,?'” A. KHEIRANDISH,?'? J. K1m,2%® M. K1m,??* T. KINTSCHER,'®? J. KIRYLUK,??*

T. KITTLER,'® S. R. KLEIN,?* %% G. KOHNEN,??” R. KOIRALA,?'” H. KoLANOSKL?!"® L. KOPKE,'” C. KOPPER,'?> S. KOPPER,???
J. P. KOSCHINSKY,'”> D. J. KOSKINEN, '*® M. KowaLsk1,2'* 83 K. KRINGS,?'* M. KrROLL,?*! G. KRUCKL,"” J. KUNNEN,?!!

S. KUNWAR,'®3 N. KURAHASHI,??® T. KUWABARA,??* A. KYRIACOU,'®> M. LABARE,?!'® J. L. LANFRANCHI, ! M. J. LARSON, '8¢
F. LAUBER,?%® M. LESIAK-BZDAK,*?®* M. LEUERMANN,'?* Q. R. L1u,2'° L. Lu,?*® J. LUONEMANN,?'! W. Luszczak,?'’ J. MADSEN,>*°
G. MAGGL*!" K. B. M. MAHN,?'® S. MANCINA,?'® R. MARUYAMA,?*! K. MASE,??® R. MAUNU,?” F. MCNALLY,?!” K. MEAGHER,'®

M. MEDICI, '* M. MEIER,?*” T. MENNE,?” G. MERINO,?'® T. MEURES,'®> S. MIARECKI,?*> '?® J. MICALLEF,?'®* G. MOMENTE, '’

T. MONTARULL'®® R. W. MOORE,'>> M. MoULAL %> R. NAHNHAUER, '®* P. NAKARMIL,??® U. NAUMANN,?°® G. NEER,?'®
H. NIEDERHAUSEN,??® S. C. NowIckKl,'” D. R. NYGREN,?” A. OBERTACKE POLLMANN,?*® A. OLIVAS,?** A. O’MURCHADHA,'®
T. PALCZEWSKL, 2?18 H. PANDYA,?!” D. V. PANKOVA,'®' P. PEIFFER,'®’ J. A. PEPPER,??® C. PEREZ DE LOS HEROS,?"’
D. PIELOTH,?”” E. PINAT,'® P. B. PRICE,'*® G. T. PRZYBYLSKL,>? C. RaAB,'® L. RADEL,'”®> M. RAMEEZ,'%® K. RAWLINS,??
I. C. REA,>'* R. REIMANN,'?? B. RELETHFORD,??*’ M. RELICH,?*’ E. RESCONI,>'* W. RHODE,?”” M. RICHMAN,?*’ S. ROBERTSON, '#?
M. RONGEN,'?? C. RoTT,?*® T. RUHE,?"” D. RYyckBOsCH,?'® D. RYSEWYK,?'® T. SALZER,'®> S. E. SANCHEZ HERRERA, '’

A. SANDROCK,? J. SANDROOS,'”7 M. SANTANDER,??® S. SARKAR,'3*23 S SARKAR,'?> K. SATALECKA,'®* P. SCHLUNDER,?"’

T. SCHMIDT,?®® A. SCHNEIDER,?!’ S. SCHOENEN,'>* S. SCHONEBERG,?®' L. SCHUMACHER,'”® D. SECKEL,?!” S. SEUNARINE,>°

J. SOEDINGREKS0,2” D. SOLDIN,?” M. SONG,?*® G. M. SpiczaK,?*® C. SPIERING,'®? J. STACHURSKA,'®* M. STAMATIKOS,'*?

T. STANEV,?!” A. STASIK,'® J. STETTNER,'®® A. STEUER,'®’ T. STEZELBERGER,?? R. G. STOKSTAD,?® A. STOSSL,??

N. L. STROTJOHANN, ' T. STUTTARD, '®® G. W. SULLIVAN,?’> M. SUTHERLAND,'® 1. TABOADA,>** J. TATAR,?*> '8 F. TENHOLT,?"!
S. TER-ANTONYAN,??® A. TERLIUK,'®?® G. TES16,"' S. TiLav,?'” P. A. TOALE,?*® M. N. ToBIN,?!? S. Toscano,?!! D. Tos1,?!?
M. TSELENGIDOU,'® C. F. TUNG,?** A. TUurRCATL ' C. F. TURLEY, "' B. TY,?'" E. UNGER,?” M. USNER,'??

J. VANDENBROUCKE,?'® W. VAN DRIESSCHE,?'® N. vAN EUNDHOVEN,?!' S. VANHEULE,?'® J. VAN SANTEN,'®? M. VEHRING,'"?

E. VOGEL,'”® M. VRAEGHE,?'® C. WaLCK,'®” A. WALLACE,'®? M. WALLRAFF,'>> F. D. WANDLER,'>> N. WANDKOWSKY,>'?

A. WAzA,'”* C. WEAVER,'?> M. J. WEIss,'®! C. WENDT,?'? J. WERTHEBACH,?"” S. WESTERHOFF,?'° B. J. WHELAN,'®? K. WIEBE, "’
C. H. WIEBUSCH,'?® L. WILLE,?'” D. R. WILLIAMS,??® L. WiLLs,?* M. WoLF,2!° J. Woop,?!° T. R. WooD,'”® E. WOOLSEY, '’
K. WOSCHNAGG,'”® D. L. XUu,?"" X. W. Xu,2?’ Y. XU,??° J. P. YANEZ,'”®> G. YODH,'?® S. YOsHIDA,?>> T. YuaN,?!” aND M. ZoLL'®’

(ICECUBE COLLABORATION)

A. BALASUBRAMANIAN,?*>23% § MATE,**® V. BHALERAO,?*® D. BHATTACHARYA,'? A. VIBHUTE,"’ G. C. DEWANGAN, '’
A.R.RA0,%7 AND S. V. VADAWALE?*®
(ASTROSAT CADMIUM ZINC TELLURIDE IMAGER TEAM)

D. S. SVINKIN,?* K. HURLEY,**® R. L. APTEKAR,?*’ D. D. FREDERIKS,>*® S. V. GOLENETSKII,>*° A. V. KozLovA,>**
A. L. LYSENKO,?° PH. P. OLEYNIK,>*® A. E. TSVETKOVA,>*® M. V. ULANOV,?*® AND T. CLINE**!

(IPN COLLABORATION)

T. P. L1,#%3228 g L. X10NG,*? S. N. ZHANG,>**?¥ E. J. LU, L. M. SONG,2*? X. L. CA0,**? Z. CHANG,?*? G. CHEN,**?

L. CHEN,”* T. X. CHEN,**? Y. CHEN,?*? Y. B. CHEN,®? Y. P. CHEN,?*? W. CuL,***% W. W. Cu1,>*? J. K. DENG,*? Y. W. DONG,**?
Y. Y. Du,**? M. X. Fu,*? G. H. GA0,**>?" H. GA0,***2¥ M. GA0,**> M. Y. GE,”*? Y. D. GU,>*? J. GUAN,?*? C. C. Guo, >4
D. W. HAN,?*? W. Hu,?*? Y. HUANG,>*? J. HUO,**? S. M. J1A,2*? L. H. JIANG,*? W. C. JIANG,2*? J. JIN,*? Y. J. JIN,*? B. L1,>#?

C.K.LL’* G. L, M. S. L, W.L1,>* X. L,*** X. B. LL,”? X. E. L1,>*? Y. G. L1, Z. J. L1,>*>?** 7. W. L1,**? X. H. L1ANG,**
J.Y. L1a0,> C. Z. L1U,>**? G. Q. L1u,3* H. W. L1u,>? S. Z. L1v,>*? X. J. L1y, Y. L1, Y. N. L1v,*? B. Lu,**? X. F. Lu,**?
T. LU0,**? X. MA,**? B. MENG,?*? Y. NANG,>28 J. Y. NIE,**? G. Ou,**? J. L. QU,?*? N. SAL,>** 2% L. SUN,?*? Y. TAN,2#?

L. TA0,*?> W. H. TA0,”*? Y. L. Tu0,*>?* G. F. WANG,?*? H. Y. WANG,?*? J. WANG,?*?> W. S. WANG,**? Y. S. WANG,>*?
X.Y. WEN,”*? B. B. Wu,”? M. Wu,?? G. C. X140,%*2¥ H. Xu,2*? Y. P. XU,2*? L. L. YAN,>2% J. W. YANG,?*? S. YANG,?*?
Y. J. YANG,**? A. M. ZHANG,?* C. L. ZHANG,?*? C. M. ZHANG,**? F. ZHANG,**? H. M. ZHANG,**? J. ZHANG,**? Q. ZHANG,**?

S. ZHANG,**? T. ZHANG,?*? W. ZHANG,?*>?3 W. C. ZHANG,’** W. Z. ZHANG,”** Y. ZHANG,”* Y. ZHANG,?**?# Y. F. ZHANG,**?

Y. J. ZHANG,*** Z. ZHANG,*? Z. L. ZHANG,**> H. S. ZHA0,”** J. L. ZHA0,**? X_ F. ZHAO,***?** S. J. ZHENG,**? Y. ZHU,**?
Y. X. ZHU,**? AND C. L. Zou?*?
(THE INSIGHT-HXMT COLLABORATION)

A. ALBERT,** M. ANDRE,?** M. ANGHINOLFI,**""*® J_J. AUBERT,** T. AVGITAS,?*" B. BARET,>" J. BARRIOS-MART{,?!

S. BASA,? B. BELHORMA,?? V. BERTIN,?* S. BIAGI,?* R. BORMUTH,'*?% S. BOURRET,*’ M. C. BouwHuUIS,'* H. BRANZAS,?®
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R. BRUUN,'*2%7 J. BRUNNER,?* J. BUSTO,?*> A. CAPONE,>*® 2 L. CARAMETE,>® J. CARR,?** S. CELLL,2% 259260
R. CHERKAOUI EL MOURSLI,?®" T. CHIARUSL?®?> M. CIRCELLA,?% J. A. B. COELHO,%? A. COLEIRO,%’>?’! R. CONIGLIONE,
H. COSTANTINI,>* P. COYLE,”* A. CREUSOT,”" A. F. Diaz,?** A. DEscHAMPS,”® G. DE Bonis,?”’ C. DISTEFANO,>**
I. D1 PALMA, %2 A DoM1,?*7:2% C. DoNzAUD,?%2%7 D. DornNIC,?* D. DROUHIN,?® T. EBERL,'® I. EL BOJADDAINI,?%®
N. EL KHAYATL?®! D. ELSASSER,?® A. ENZENHOFER,**° A. ETTAHIRL?®' F. Fass1,?®!' 1. FELIS,”*® L. A. Fusco,%%>?7% p. Gay,?’!:2%0
V. GIORDANO,?”? H. GLOTIN,?’>2™ T. GREGOIRE,>° R. GRACIA RU1Z,>° K. GRAF,'® S. HALLMANN,'® H. vAN HAREN,>"?
A.J. HEUBOER,' Y. HELLO,?® J. J. HERNANDEZ-REY,?! J. HOssL,'®® J. HOFESTADT,'® C. HUGON,?*7-2%¢ G. ILLUMINATI, !
C. W. JAMES,'®® M. DE JONG,'*?%> M. JONGEN,'* M. KADLER,?* O. KALEKIN,'?® U. Karz,'® D. KIESSLING, %’
A. KOUCHNER,>%?* M. KRETER,?® I. KREYKENBOHM,?’® V. KULIKOVSKIY,>*>?’7 C. LACHAUD,?>*’ R. LAHMANN, '%
D. LEFEVRE,?’® E. LEONORA,>’>2?" M. LoTZzE,>' S. Loucaros,?8% 2% M. MARCELIN,?*?> A. MARGIOTTA,26%270
A. MARINELLI, 3282 T A MARTINEZ-MORA,>*® R. MELE, %28 K. MELIs,'*2% T. MICHAEL,'* P. M1GL10Z71,%%® A. Moussa,*®®
S. NAvVAS,?® E. NEZRI,?? M. ORGANOKOV,?% G. E. PAVALAS,?® C. PELLEGRINO,*%?7" C. PERRINA,?% 2% P, PIATTELLI,>*
V. PopPA,?® T. PRADIER,?®® L. QUINN,?* C. RACCA,”* G. RICCOBENE,?* A. SANCHEZ-LOSA,%?%* M. SALDANA,**® 1. SALVADORI,?¥’
D. F. E. SAMTLEBEN,'*2°> M. SANGUINETI,?*”-2° P. SAPIENZA,?>* C. SIEGER,'®® M. SPURI0,%°>?7° TH. STOLARCZYK,?*"
M. TATUTI,?>*7-2%0 Y. TAYALATL?®! A. TROVATO,?* D. TURPIN,?* C. TONNIS,>! B. VALLAGE,?**%° V. VAN ELEWYCK, > 274
F. VERSARL>?7% D. VIvoL0,2%3 28 A Vizzoca, 2% J. WiLMs,?’% J. D. ZORNOZA,?' AND J. ZURIGA?!

(ANTARES COLLABORATION)
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S. D. BARTHELMY,?*” A. P. BEARDMORE,**® A. A. BREEVELD,?*" D. N. BURROWS,>*’ S. B. CENKO,?*?! G. CusumaNO,?*?
A.D’A1,>°> M. DE PASQUALE,”> S. W. K. EMERY,?® P. A. Evans,?®® P. GiomMmL,>** C. GRONWALL,>%2% J. A. KENNEA,??
H. A. KRiMM,?*®?7 N. P. M. KUIN,?® A. LIEN,?%2% F. E. MARSHALL,?®” A. MELANDRL,>" J. A. NoUSEK,*° S. R. OATES,>"!
J. P. OSBORNE,?® C. PAaGANI,?® K. L. PAGE,?®® D. M. PALMER,**> M. PERRL,>**?** M. H. SIEGEL,**° B. SBARUFATTL,?*"

G. TAGLIAFERRL>? AND A. TOHUVAVOHU?% 304

(THE SWIFT COLLABORATION)

M. TAVANI,3%306:397 B VERRECCHIA,*® 3% A. BULGARELLL,?'® Y. EVANGELISTA,>® L. Pacciant,’® M. FErocr,??
C. PiTToRL %3 A. GruLiany,?'' E. DEL MONTE,*® 1. DONNARUMMA,>'? A. ARGAN,*® A. TroIs,*'? A. Urst,’?
M. CARDILLO,**” G. P1aNO,** F. LONGO,*'* F. LUCARELLI,**®3% P. MUNAR-ADROVER,*"> F. FUSCHINO,*'® C. LABANTL>!?
M. MARISALDI,>'® G. MINERVINL>® V. FIORETTI,*'® N. PARMIGGIANL>'? F. GIaNOTTL?!® M. TRIFOGLIO,*!* G. D1 PERSIO,>*
L. A. ANTONELLL>'?> G. BARBIELLINL>'* P. CARAVEO,!' P. W. CATTANEO,*'” E. C0sTA,** S. COLAFRANCESCO,’!® F. D’ AMIco,>!?
A. FERRARL>" A. MORSELLL>?" F. PAOLETTL>?' A. PELLIZZONL>"? P. PicozzA,’*® A. RappoLDL>! P. SOFFITTA,** AND
S. VERCELLONE???

(AGILE TEAM)
R.J. FOLEY,’” D. A. COULTER,*?® C. D. KILPATRICK,*?* M. R. DROUT,*** A. L. PIrO,*** B. J. SHAPPEE,***3?> M. R. SIEBERT,*>?
J. S

IMON,*?* N. ULLOA,>?® D. KASEN,>?”328 B. F. MADORE,*** A. MURGUIA-BERTHIER,*?® Y.-C. PaN,*?® J. X. PROCHASKA,>?

J.
D.

E. RAMIREZ-RUIZ,3%3% A. REST, " 33! AND C. ROJAS-BRAVO???
(THE 1M2H TEAM)

E. BERGER,'®> M. SOARES-SANTOS,**>333 J. ANNIS,>*? K. D. ALEXANDER,'%® S. ALLAM,**? E. BALBINOT,*** P. BLANCHARD,'®
D. BROUT,** R. E. BUTLER,>** 33 R. CHORNOCK,*” E. R. Co0K,*** 33 P. COWPERTHWAITE,'®® H. T. DIEHL,*?
A. DRLICA-WAGNER,*** M. R. DROUT,**° F. DURRET,**! T. EFTEKHARL,'® D. A. FINLEY,>*® W. FONG,**? J. A. FRIEMAN,**
C. L. FRYER,*? J. GARCIA-BELLIDO,*** R. A. GRUENDL,**> W. HARTLEY,**® 37 K. HERNER,>** R. KESSLER,**® H. LIN,**
P. A. A. LoPES,*® A. C. C. LOURENCO,** R. MARGUTTI,** J. L. MARSHALL,**® T. MATHESON,*! G. E. MEDINA,*?
B. D. METZGER,>? R. R. MUR0Z,%? J. MUIR,** M. NICHOLL,'®® P. NUGENT,*> A. PALMESE,**® F. PAZ-CHINCHON,3*>3%
E. QUATAERT,*® M. SAK0,*> M. SAUSEDA,**® D. J. SCHLEGEL,*”’ D. ScoLNIc,*® L. F. SEcc0,’* N. SmITH,**®
F. SOBREIRA,>? 30 V. A. VILLAR,'® A. K. V1vas,’! W. WESTER,>®> P. K. G. WILLIAMS,'® B. YANNY,>*? A. ZENTENO,>"!
Y. ZHANG,*®® T. M. C. ABBOTT,>®' M. BANERJ1,*®>3% K. BECHTOL,** A. BENOIT-LEVY,3%4346:365 E BERTIN,?**3%° D. BROOKS,?*®
E. BUCKLEY-GEER,*®* D. L. BURKE,***3%7 D. CAP0Zz71,%°® A. CARNERO ROSELL,**" 3% M. CARRASCO KIND,?%3%
F. J. CASTANDER,>”' M. CROCCE,”! C. E. CUNHA,**® C. B. D’ANDREA,>*® L. N. DA C0sTA,***3%° C. Dav1s,**® D. L. DEPoY,>"?
S. DESAL>?? J. P. DIETRICH,>’*37° T. F. EIFLER,’®3”7 E. FERNANDEZ,’”® B. FLAUGHER,>*® P. FOSALBA,>”' E. GAZTANAGA,>"!
D. W. GERDES,*”” % T, GIANNANTON10,*%%363:381 D A GOLDSTEIN,**?>3% D. GRUEN, %% 3¢ J. GsCHWEND, %3¢
G. GUTIERREZ,>*® K. HONSCHEID,***3% D. J. JAMES,*® T. JELTEMA,**® M. W. G. JOHNSON,**> M. D. JOHNSON,** S. KENT,333348
E. KRAUSE,**® R. KRON,*3%3*® K. KUEHN,*®” O. LAHAV,**® M. LIMA,*%%3% M. A. G. Ma1a,%0%3%° M. MaRCH,*® P. MARTINI, 83380
R. G. MCMAHON,*%%3%3 F. MENANTEAU,>%3% C. J. MILLER,>*3%° R. MIQUEL,***3"® J. J. MoHR,>*37>-3°! R. C. NicHOL,*%®
R.L. C. OGANDO,%*3% A A.PLAZAS,”” A. K. ROMER,**> A. ROODMAN,*%*3¢7 E. S. RYKOFF,>*%3%7 E. SANCHEZ,>"?

V. SCARPINE,*** R. SCHINDLER,*®” M. SCHUBNELL,** 1. SEVILLA-NOARBE,**> E. SHELDON,*** M. SMITH,**> R. C. SMITH,>®"
A. STEBBINS,>*® E. SUCHYTA,**® M. E. C. SWANSON,>* G. TARLE,*®* R. C. THOMAS,*> M. A. TROXEL,**>*** D. L. TUCKER,**?
V. VIKRAM,>*7 A. R. WALKER,*®' R. H. WECHSLER,>*%*3%¢:367 J 'WELLER,> #3138 J L. CARLIN,?° M. S. S. GILL,>’ T. S. L1,*%

J. MARRINER,*** AND E. NEILSEN?*?



(THE DARK ENERGY CAMERA GW-EM COLLABORATION AND THE DES COLLABORATION)

J. B. HAISLIP,>” V. V. KOUPRIANOV,>® D. E. REICHART,>” D. J. SAND,*?® L. TARTAGLIA,**%%! S VALENTL,*’! AND
s YANG401,402,403
(THE DLT40 COLLABORATION)

S. BENETTL*** E. BROCATO,*? S. CAMPANA,**® E. CAPPELLARO,** S. COVINO,**® P. D’ AvANZ0,*% V. D’EL1A,*0%407
F. GETMAN,**® G. GHIRLANDA,**® G. GHISELLINL**® L. LIMATOLA,**® L. NICASTRO,*” E. PALAZZIL,**’ E. PIAN,*®°
S. PIRANOMONTE,*?> A. POSSENTI,*'? A. RossL,*”® 0. S. SALAFIA,*'®4% L. TOMASELLA,*** L. AMATL*® L. A. ANTONELLL*®
M. G. BERNARDINL 4% E BURANO,*'? M. CAPACCIOLL**® 413 P. CASELLA,*> M. DADINA,**® G. DE CESARE,*” A. D1 PaoLA,*®
G. GIUFFRIDA,** A. GIUNTA,*® G. L. ISRAEL,**> M. L1s1,*” E. MAIORANO,**® M. MAPELLL****'* N. MASETTI,**% 413
A. PESCALLL*'%4% 1, PULONE,**> R. SALVATERRA,*'” P. SCHIPANL,**® M. SPERA,*** A. STAMERRA,'***18 L. STELLA,*?
V. TESTA,*® M. TURATTO,** D. VERGANL*” G. ARESU,>!® M. BACHETTL " F. BUFFA,*'*> M. BURGAY,*"® M. BurTu,*"?
T. CARIA,*"® E. CARRETTL>"? V. CasasoLa,*!” P. CASTANGIA,>!® G. CARBONL>!? S. Casu,?'® R. Concu,*'® A. CoronGIU,*!3
G. L. DEIANA,’"? E. EGRON,*!® A. FarA,*"® F. GAUDIOMONTE,*"® V. Gusa1,*'® A. Lapu,*"® S. Loru,*"® S. LEURINL "3
L. MARONGIU,*"® A. MELIS,*"® G. MELIS,*'® CARLO MIGONI,*'®> SABRINA MILIA,*'> ALESSANDRO NAVARRINL>!'® A. OrRLATI,*"?
P. ORTU,>"3 S. PALMAS,*'® A. PELL1ZZONI,?"? D. PERRODIN,>!® M. PiLIA,*"® T. P1sanu,’ S. Popp1,*'? A. PossenTL>!
S. RIGHINL*?® A. SaBA,*"® G. SERRA,*"® M. SERRAU,*!® M. STAGNL*?® G. Surcis,*'® V. Vacca,’”? G. P. Varaiu,*"?
L. K. HUNT,*? Z. P. IIN,**! S. KLOSE,**?> C. KOUVELIOTOU,**>%** P. A. MAZZALL**> 4% P, M@LLER,**” L. NAvA,*%% 428 T PIrRAN,**°
J. SELSING,*?® S. D. VERGANI, %% K. WIERSEMA,*! K. Toma, >3 A. B. HigGINs,*!' C. G. MUNDELL,**
S. DI SEREGO ALIGHIERL*'® D. G6TZ,* W. Ga0,*% A. GomBoc,*’ L. KAPER,**® S. KoBaYasHL** D. Kopac,**? J. Mao,
R. L. C. STARLING,*' I. STEELE,**? AND A. J. VAN DER HORST**> 424

(GRAWITA: GRAVITATIONAL WAVE INAF TEAM)

441

F. ACERO,** W. B. ATW00D,** L. BALDINI,**® G. BARBIELLINIL,**">**% D. BASTIERI,***** B. BERENJI,*’! E. BIsSALDL,¥> %3

R. D. BLANDFORD,** E. D. BLoOM,** R. BONINO,¥>%¢ E. BoTTACINI,*** J. BREGEON,*’ S. BUSON,>® R. A. CAMERON,**
R. CaPUTO,*® P. A. CARAVEO,'®® E. CAvAZZUTIL,*® A. CHEKHTMAN,*®® C. C. CHEUNG,*®! J. CHIANG,** S. CIPRINT,*0% 463
J. COHEN-TANUGL*®7 L. R. COMINSKY,*** D. COSTANTIN,*° A. Cu0C0,*0> % F. D’ AMMANDO,*%% 47 F. pE PALMA,*3 468
S. W. DIGEL,** N. D1 LALLA,*% M. DI MAURO,** L. D1 VENERE,*>*3 R. DUB01s,** S. J. FEGAN,**® W. B. FOCKE,**
470 471 189 452,453 453 462,463 452,453

A. FRANCKOWIAK,*? Y. Fukazawa,*’! S. FUNK,'®® P. Fusco, F. GARGANO,*? D. GASPARRINI, F. GIORDANO,
M. GIROLETTL**® T. GLANZMAN,** D. GREEN,*’?>°° M.-H. GRONDIN,*”* L. GUILLEMOT,*’*4” A. K. HARDING,’® D. HORAN,*®°
G. JOHANNESSON,*® 477 T KAMAE,*’® S. KENSEL*"! M. KuUss,*”® G. La MURA,*° L. LATRONICO,*> M. LEMOINE-GOUMARD,*”?
F. LONGO,*7**8 F. LopPaRCO,"?*3 M. N. LOVELLETTE,*®! P. LUBRANO,*® J. D. MAGILL,*’?> S. MALDERA,*> A. MANFREDA,**¢

M. N. MAzZIOTTA,*? J. E. MCENERY,’”*7> M. MEYER,** P. F. MICHELSON,** N. MIRABAL,’® M. E. MONZANL,**

A. MORSELLL* I. V. MOSKALENKO,** M. NEGRO,¥> %% E. Nuss,*’” R. OJHA,’° N. OMODEL** M. ORIENTL**® E. ORLANDO,***
M. PALATIELLO,**"*7 V. S. PALIYA,*®' D. PANEQUE,**? M. PESCE-ROLLINS,*”® F. PIRON,*’ T. A. PORTER,** G. PRINCIPE, '’
S. RAINO, #2453 R, RANDO,**% %% M. RAzZANO,*? S. RAZZAQUE,*®* A. REIMER,*¥*** 0. REIMER,*¥*** T. REPOSEUR,*"?

454 445,485,486 > 479 487 479 479 488
L. S. ROCHESTER, ™" P. M. SAZ PARKINSON, C. SGRO,"” E. J. SISKIND, " F. SPADA,””” G. SPANDRE,”"” D. J. SUSON,
M. TAKAHASHL*? Y. TANAKA,*° J. G. THAYER,"* J. B. THAYER,** D. J. THOMPsON,° L. TIBALDO,*%*°! D. F. TORRES,**> %%
E. TORRESL,** E. TROJA,’®*”2 T. M. VENTERS,® G. VIANELLO,** AND G. ZAHARIJAS*7: 448,495

(THE FERMI LARGE AREA TELESCOPE COLLABORATION)

J. ALLISON,*®#7 K. W. BANNISTER,*® D. DOBIE,*% %4 D. L. KapPLAN,’® E. LENC,*%% C. LyNcH,*%***° T. MURPHY,*®*%°
AND E. M. SADLER*® %%
(ATCA: AUSTRALIA TELESCOPE COMPACT ARRAY)

A. HOTAN,’®! C. W. JAMES,’*? S. OSLOWSKI,>® W. RAJA,**® R. M. SHANNON,**® %02 AND M. WHITING*®
(ASKAP: AUSTRALIAN SKA PATHFINDER)

I. ARCAVL>*3% D A. HOWELL,>**>% C. McCuLLY,’* % G. HOSSEINZADEH, **°% D. HIRAMATSU,’**% D. PozNANSKI, %
J. BARNES,” M. ZALTZMAN,’*® S. VASYLYEV,’**% AND D. MA0Z>%
(LAS CUMBRES OBSERVATORY GROUP)

J. COOKE,SO&SOQ’SIO M BAILES,SOS,SOQ C WOLF,SH’SIO’SOQ A T DELLER,508’509’510 C LIDMAN’512,510 L WANG’513,514,515
B. GENDRE,’'® I. ANDREON],>?8:309:312.510 g - AckEY,’!” T. A. PRITCHARD,”® M. S. BESSELL,”!' S.-W. CHANG,>'!-31°
A. MOLLER,”'">1 C. A. ONKEN,*'""31O R, A. ScaLzo,’!310318 R RIDDEN-HARPER,’"' R. G. SHARP,”'""*! B. E. TUCKER,”!"">!?
T. J. FARRELL,”'? E. ELMER,”'® S. JOHNSTON,?*%!10 V. VENKATRAMAN KRISHNAN,’*®31% E. F. KEANE,*?">1° J. A. GREEN,’?’
A. JAMESON,SO&SlO L HU,514,515 B MA’522,515 T SUN,514,515 X WU’514,515 X WANG,523 Z SHANG,522,524,515 Y HU,522’515
M. C. B. ASHLEY,’® X. YUAN,>?%°15 X L1,°2%315 C. Ta0,%?® Z. ZHU,”® H. ZHANG,>?® N. B. SUNTZEFF,’"? J. ZHOU,>*® J. YANG,>'*
B. ORANGE,”?® D. MORRIS,’'® A. CUCCHIARA,’'® T. GIBLIN,>*® A. KLOTZ,>*' J. STAFF,’'® P. THIERRY,**? B. P. ScHMIDT,>33 310
N. R. TANVIR,* A. J. LEVAN,**! Z. CANO,’* C. COPPERWHEAT,’*® A. DE UGARTE-POSTIGO,>* 3% P. Evans,>*
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C. GONZALEZ-FERNANDEZ,”?” J. GREINER,>*® J. HIORTH,*** M. IRWIN,>*” T. KRUHLER,”*® J. LyMAN,**! 1. MANDEL,>*°
B. MILVANG-JENSEN,*?’ P. O’BRIEN,>** E. RoL,’*® S. ROSETTI,’* S. Rosswo0G,>*! A. ROWLINSON,>?3% D. T. H. STEEGHS,*"!
C. C. THONE,>® K. ULACZYK,>*! D. WATSON,*? S. H. BRUUN,*? R. CUTTER,*®' R. FIGUERA JAIMES,>** Y. 1. Fuyrr,*> 346
A. S. FRUCHTER,*’ B. GOMPERTZ,>®' P. JAKOBSSON,>*® G. HODOSAN,’>® U. G. JGRGENSEN,’*> T. KANGAS,>*” D. A. KANN,>®
M. RABUS,*%% S L. SCHRGDER,**® E. R. STANWAY,*! AND R. A. M. J. WUERS*?

(THE VINROUGE COLLABORATION)

V. M. LipuNov,>?32 E. S. GORBOVSKOY,>? V. G. KORNILOV,>*"32 N. V. TYURINA,>>? P. V. BALANUTSA,>>? A. S. KUZNETSOV,>>?
D. M. VLASENKO,*> 132 R. C. PODESTA,>>® C. LoPEZ,”* F. PODESTA,’> H. O. LEVATO,’* C. SAFFE,”>* C. C. MALLAMACI,,”>
N. M. BUDNEV,>° O. A. GRESS,”%>2 D. A. KUVSHINOV,”*"%2 1. A. GORBUNOV,”* 32 V. V. VLADIMIROV,>>?

D. S. ZIMNUKHOV,>"%2 A V. GaABOVICH,”’ V. V. YURKOV,”’ YU. P. SERGIENKO,>’ R. REBOLO,’>® M. SERRA-RICART,>*®
A. G. TLATOV,%° AND YU. V. ISHMUHAMETOVA>%®

(MASTER COLLABORATION)

F. ABE,’® K. A0K1,>®" W. AOKI,’®?> Y. ASAKURA,* > S. BAAR,’®® S. BARWAY,”** I. A. BoND,’*® M. Do1,’*° F. FINET, !
T. FuiiyosH1,>®' H. FURUSAWA,’®? S. HONDA,>®® R. ITOH,>®” N. KANDA,’®® K. S. KAWABATA,’*® M. KAWABATA,>? J. H. Kim,>®!
S. KoSHIDA,”®' D. KuroDA,”’!' C.-H. LEE,*®! W. L1U,>**°7> K. MATSUBAYASHI,”’' S. MIYAZAKL>"> K. MORIHANA,>"*
T. MOROKUMA,*® K. MOTOHARA,®® K. L. MURATA,*®” H. NAGAL>®? H. NAGASHIMA,>’® T. NAGAYAMA,>”> T. NAKAOKA,>"°
F. NAKATA,’®" R. OHSAWA,>*® T. OHSHIMA,>® K. OHTA,>’® H. OKITA,>®' T. SA1TO,>® Y. SAITO,’%” S. SAKO,%°%577 Y. SEKIGUCHL,”"®
T. SumI,>”® A. TANTSU,>®' J. TAKAHASHL ® M. TAKAYAMA,’®® Y. TAMURA,>’* I. TANAKA,’®' M. TANAKA,>®> M. TANAKA,>®?
T. TERAL’®! N. TOMINAGA,” %8 P, J. TRISTRAM,®! M. UEMURA,’® Y. UTsuML,’* M. S. YAMAGUCHL % N. YasuDa,>*°
M. YOSHIDA,’®" AND T. ZENKO®7¢

(J-GEM)

S. M. ADAMS,’®? J. R. ALLISON,**%7 G. C. ANUPAMA,”®® J. BALLY,’® J. BARNES,*® S. BARWAY,®® E. BELLM,’®’

N. BLAGORODNOVA,*®? C. CANNELLA,’®> P. CHANDRA,’®® D. CHATTERJEE,”® T. E. CLARKE,”* B. E. CoBB,>' D. 0. Cook,’%?
C. COPPERWHEAT,*?? K. DE,*®> S. W. K. EMERY,>*> P. A. EVANs,”®? U. FEINDT,”** K. FOSTER,”®? O. D. Fox,”®> D. A. FrRAIL,”®
C. FREMLING,’®? C. FROHMAIER,®”>® J. A. GARCIA,**? S. GHOSH,*® S. GiaciNTUCCI,>®® A. GOOBAR,*** O. GOTTLIEB,”’

B. W. GREFENSTETTE, ®? G. HALLINAN,>*? F. HARRISON,’®> M. HEIDA,>®* G. HELOU,*® A. Y. Q. H0,>*?* A. HORESH,®"!

K. HOTOKEZAKA,%? W.-H. 1p,°*® R. ITOH,*** BOB JACOBS,® J. E. JENCSON,’®? D. KASEN,%> %% M. M. KASLIWAL,>®?

N. E. Kassiv,”® H. Kim,%7 B. S. KIRAN,’®® N.P.M. KUIN,>*> S.R. KULKARNL,>®* T. KUPFER,’*? R. M. LAU,*? K. MADSEN,**?
P. A. MAZZALL*?> %08 A A MILLER,**> %% H Mivasaka,’®> K. MOOLEY,®'! S. T. MYERS,>*® E. NAKAR,*® C.-C. NGEow,*®
P. NUGENT,?®3% E. O. OFEK,°'? N. PALLIYAGURU,’'> M. PAVANA,’®® D. A. PERLEY,®'* W. M. PETERS,*” S. PIKE,’®? T. PIRAN,®"!
H. QL*° R. M. QuUIMBY,®!>%16 J. RANA,!® S. RosswoG,%!” F. Rusu,®'® E. M. SADLER,*% %! A. VAN SISTINE,*® J. SOLLERMAN,®’
Y. XU’ L. YAN,?#2900 Y, YATSU,%%* P.-C. YU,%® C. ZHANG,®® AND W. ZHAO®!®

(GROWTH, JAGWAR, CALTECH-NRAO, TTU-NRAO AND NUSTAR COLLABORATIONS)

K. C. CHAMBERS,*? M. E. HUBER,**® A. S. B. SCHULTZ,**° J. BULGER,**° H. FLEWELLING,**° E. A. MAGNIER,**° T. B. LOowWE,®*°
R. J. WAINSCOAT,®*® C. WATERS,**° AND M. WILLMAN®?’

(PAN-STARRS)

K. EBISAWA,®?! C. HANYU,%?? S. HARITA,®? T. HASHIMOTO,%%* K. HIDAKA,%?? T. HORL %> M. ISHIKAWA,®?® N. ISOBE,®?!
W. IWAKIRL,®?” H. KAWAL®?® N. KAwAL,%*%?7 T. KAWAMURO,%? T. KAwASE,**? Y. KITAOKA,%** K. MAKISHIMA,®?’
M. MATSUOKA,%?” T. MIHARA,®?” T. MORITA,%* K. MORITA,%** S. NAKAHIRA,®?” M. NAKAJIMA,®? Y. NAKAMURA,®?®
H. NEGORO,%? S. ODA,%® A. SAKAMAKL®® R. SASAKL®?® M. SERINO,®?* M. SHIDATSU,®?” R. SHIMOMUKAL?' Y. SUGAWARA,°?!
S. SUGITA,%?® M. SuGIZAK1L,%?” Y. TACHIBANA,®?® Y. TAKAO,%?7 A. TANIMOTO,°* H. TomIDA,*?! Y. TsuBoL°?® H. TsUNEMI,®!
Y. UEDA,®? S. UENO,®?' S. YAMADA,®?® K. YAMAOKA,%*?> M. YAMAUCHL % F. YATABE,%”” T. YONEYAMA,®! AND T. YOsH11??

(THE MAXI TEAM)
D. M. COWARD,**® H. CRrIsP,’*> D. MACPHERSON,®** I. ANDREONI,*** R. LAUGIER,*® K. NOYSENA,®%636 A KrLoTZ,%3¢
B. GENDRE,**> %7 P. THIERRY,®*® AND D. TURPIN®*?
(TZAC CONSORTIUM)
M. IM,*¥ C. CHOL®* J. KiM,%*° Y. YOON,**? G. Lim,** S.-K. LEE,*** C.-U. LEE,%" S.-L. K1M,*** S.-W. K0, J. JoE,%4
M.-K. KwoN,*? P.-J. Kim,**? S.-K. Lim,**® AND J.-S. CHOI1®*
(KU COLLABORATION)

J. P. U. FYNBO,’® D. MALESANL>? AND D. XU®!
(NORDIC OPTICAL TELESCOPE)

S.J. SMARTT,**? A. JERKSTRAND,*?® E. KANKARE,®? S. A. S1M,%*> M. FRASER,'%® C. INSERRA,*** K. MAGUIRE,**
G. LELOUDAS,*** M. MAGEE,** L. J. SHINGLES,*? K. W. SMITH,**? D. R. YOUNG,**? R. KOTAK,**?> A. GAL-YaM,®**
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J. D. LYMAN,*” D. S. HOMAN,%*® C. AGL10ZZ70,%7-%® J. P. ANDERSON,**° C. R. ANGUS,** C. ASHALL,®'* C. BARBARINO,

F. E. BAUER,% ! 64862 M BERTON,®* %% M. T. BOTTICELLA,*> M. BULLA,%® G. CANNIZZARO,%7 R. CARTIER,**® A. CIKOTA,

P. CLARK,**? A. DE CIA,%® M. DELLA VALLE,%>%° M. DENNEFELD,®® L. DESSART,®®! G. DIMITRIADIS,**® N. ELIAS-R0SA,%?
R. E. FIRTH,**® A. FLORS,%®%%° C. FROHMAIER,’®® L. GALBANY,*** S. GONZALEZ-GAITAN,°® M. GRoMADZK1,%%°

C. P. GUTIERREZ,**® A. HAMANOWICZ,%%%%¢ T HARMANEN,®®” K. E. HEINTZ,’*®3%° M.-S. HERNANDEZ,°*® S. T. HODGKIN,*®

I. M. Hook,*° L. 12z0.,°”" P. A. JAMES,®'* P. G. JONKER,*”"®® W. E. KERZENDORF,*® Z. KOSTRZEWA-RUTKOWSKA,®7: 66

M. KROMER,®’>%73 H. KUNCARAYAKTL®*%7 A LAWRENCE,**® I. MANULIS,’** S. MATTILA,%7 O. MCBRIEN,**? A. MULLER,®”?
J. NorDIN,?’® D. O’NEILL,**? F. ONORL®7 J. T. PALMERIO,®”” A. PASTORELLO,°’® F. PATAT,®*® G. PIGNATA,%*7-048

P. PODSIADLOWSKL®" A. RazzA,%* %% T. REYNOLDS,*®’ R. RoY,*? A. J. RUITER,*®!" 3% %82 KA. RYBICKL,®®® L. SALMON,'®®

M. L. Pumo,%%678:68¢ g J PRENTICE,®'* I. R. SEITENZAHL,*®" 3 M. SMITH,** J. SOLLERMAN,*® M. SULLIVAN,**
H. SZEGEDL’® F. TADDIA,*° S. TAUBENBERGER,%®*?® G. TERRERAN,**> %78 B. vAN SOELEN,®®* J. V0s,%%® N. A. WALTON,
D. E. WRIGHT,*® £.. WYRZYKOWSKI,®®® AND O. YARON®***

(EPESSTO)

669

T.-W. CHEN,® T. KRUHLER,®” P. SCHADY,®®” P. WISEMAN,%®” J. GREINER,%®” A. RAU,*®” T. SCHWEYER,®®” S. KLOSE,*®® AND
A. NICUESA GUELBENZU®®

(GROND)

N. T. PALLIYAGURU®’
(TEXAS TECH UNIVERSITY)

M. M. SHARA,%*3%2 T. WiLL1AMS,®! P. VAISANEN,*! %2 S. B. POTTER,*' E. ROMERO COLMENERO,*!""%*2 S, CRAWFORD,**"" %

D. A. H. BUCKLEY,®! AND J. Ma0**!
(SALT GROUP)

M. C. Diaz,* L. M. MACR1,%** D. GARC{A LAMBAS,*” C. MENDES DE OLIVEIRA,*® J. L. NILO CASTELLON,%7-%® T, RIBEIRO,®’
B. SANCHEZ,%” W. SCHOENELL,***7% L. R. ABRAMO,”' S. AKRrRAS,7? J. S. ALCANIZ,”*? R. ARTOLA,*>> M. BEROI1Z,%?
S. BoNoL1,’% J. CABRAL,*’ R. CaMucc10,%? M. CAsTILLO,**? V. CHABUSHYAN,”* P. COELHO,*’° C. CoLAZ0,%
M. V. COoSTA-DUARTE,®® H. CUEVAS LARENAS,*® D. L. DEP0Y,** M. DOMINGUEZ ROMERO,*” D. DuLTZIN,’®
D. FERNANDEZ,”% J. GARCIA,*® C. GIRARDINL®*” D. R. GONCALVES,””” T. S. GONCALVES,”” S. GUROVICH,®*’
Y. JIMENEZ-TEJA,7?? A. KaNAAN,”” M. LARES,%” R. LOPES DE OLIVEIRA,%** 7% O. L6PEZ-CRUZ,7* J. L. MARSHALL,%*
R. MELIA,*> A. MOLINO,*® N. PADILLA,”% T. PERUELA,%>7% V. M. PLacco,”'*7!! C. QUINONES,*> A. RAMIREZ RIVERA,*®
V. RENZL®% L. Riguccing,’” E. Rios-LopEz,’* H. RODRIGUEZ,%>> L. SAMPEDRO,*® M. SCHNEITER,®”> L. SODRE,®*®
M. STARCK,®” S. TORRES-FLORES,®® M. TORNATORE,®>> AND A. ZADROZNY®??

(TOROS: TRANSIENT ROBOTIC OBSERVATORY OF THE SOUTH COLLABORATION)

A.J. CASTRO-TIRADO,”'>713 J_ C. TELLO,”? Y.-D. HU,”"? B.-B. ZHANG,”'> R. CUNNIFFE,”'?> A. CASTELLON,’'* D. HIRIART,”"
M. D. CABALLERO-GARCIA,”"® M. JELINEK,”'” P. KUBANEK,”'® C. PEREZ DEL PULGAR,”"* I. H. PARK,”"® S. JEONG,”"?
J. M. CASTRO CERON,”® S. B. PANDEY,”?! P. C. Yock,’?*> R. QUEREL,”*® Y. FAN,”** AND C. WANG'**

(THE BOOTES COLLABORATION)

A BEARDSLEY,”® 1. S. BROWN,’” B. CROSSE,’*> D. EMRICH,’"> T. FRANZEN,"? B. M. GAENSLER,”?® L. HORSLEY,’*
M. JOHNSTON-HOLLITT,”?” D. KENNEY,>*> M. F. MORALES,”*® D. PALLOT,”* M. SokoLOowsK1,%°>#%% 730 K. STEELE,’*?
S.J. TINGAY, ?2%° C. M. TROTT,”*>**° M. WALKER,**> R. WAYTH, *>**° A. WILLIAMS,>*> AND C. WU?’

(MWA: MURCHISON WIDEFIELD ARRAY)

A. YOSHIDA,?! T. SAKAMOTO,”®' Y. KAWAKUBO,”*! K. YAMAOKA, ?? I. TAKAHASHI,>® Y. Asa0kA,”* S. O0zawa,”* S. Tori,”*
Y. SHIMIZU,”*> T. TAMURA,”>® W. ISHIZAKL ">® M. L. CHERRY,? S. RICCIARINI,”>’ A. V. PENACCHIONL,*® AND
P. S. MARROCCHESI *#

(THE CALET COLLABORATION)

A. S. POZANENKO,?* 740741 A A VoLNOVA,”*® E. D. MAZAEVA,>® P. YU. MINAEV,”*® M. A. KRUGOV,”** AND
A. S. MOSKVITIN'®?

(IKI-GW FOLLOW-UP COLLABORATION)

H. ABDALLA,”** A. ABRAMOWSKI,”*> F. AHARONIAN,”#® 747748 B AT BENKHALIL,’*® E.O. ANGUNER,”* M. ARAKAWA, "

M. ARRIETA,”' P. AUBERT,””> M. BACKES,””> A. BALZER,>* M. BARNARD,’* Y. BECHERINI,”* J. BECKER TJUS,”’® D. BERGE,””’
S. BERNHARD,® K. BERNLOHR, *® R. BLACKWELL,”° M. BOTTCHER,”** C. Boi1ssoN,”! J. BOLMONT,’®® S. BONNEFOY,'®3
P. BORDAS,”*® J. BREGEON, ! F. BRUN,’®? P. BRUN,’%® M. BRYAN,”** M. BUCHELE,"® T. BULIK,”®* M. CAPASSO,’® S. CAROFF,*®
A. CAROSL*? S. CASANOVA,”** 746 M. CERRUTI,’® N. CHAKRABORTY,”*® R. C. G. CHAVES, ®! A. CHEN,’® J. CHEVALIER,"*?
S. COLAFRANCESCO,7%® B. CONDON,’%? J. CONRAD,’®’ 1. D. DAvIDS,”*? J. DECOCK,’®* C. DEIL,”*® J. DEVIN,’®! P. DEWILT,””°
L. DIRSON,’*> A. DJANNATI-ATAT,’%® A. DoNATH,’*® L. O’C. DRURY,”" K. DUTSON,’® J. DYKs,””® T. EDWARDS, *®
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K. EGBERTS,””! G. EMERY,’® J.-P. ERNENWEIN, ’?> S. ESCHBACH,'?® C. FARNIER,*” 7% S. FEGAN,*® M.V. FERNANDES,’®
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