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Abstract

On 2017 August 17 a binary neutron star coalescence can{lmtaetedesignated GW17081with merger time

12:41:04 UTC was observed through\wgtational waves by the Advanced L@Gand Advanced Virgo detectors. The

Fermi Gamma-ray Burst Monitor independently detected a gamma-ray(G&Bt 170817A with a time delay of

_1.7 swith respect to the merger time. From the gravitatiar@ale signal, the source was initially localized to a sky

region of 31 degat a luminosity distance @0 § Mpc and with component masses dstesit with neutron stars. The
component masses were later measured to be in the range 0.86 td 2.26 extensive observing campaign was
launched across the electromagnetic spectrummtpéalithe discovery of a bright optical transig®®5S17a, now with

the AU identi cation of AT 2017gfpin NGC 4993(at _40 Mpg) less than 11 hours after the merger by the One-
Meter, Two HemispherélM2H) team using the 1 m Swope Telescope. Thécal transient was independently
detected by multiple teams within an hoS8ubsequent observations targetes dhject 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 transien$ 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/thticAf 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 bu@RB 170817A and a kilonovAmacronova powered by the
radioactive decay afprocess nuclei synthesized in the ejecta.

Key words:gravitational waves- stars: neutron

1. Introduction Heuvel1975 Massevitch et all976 Clark 1979 Clark et al.
1979 Dewey & Corded 987 Lipunov et al.1987 for reviews
see Kalogera et aR007 Postnov & Yungelsor2014). The
Hulse-Taylor pulsar provided thest rm evidencgTaylor &
eisberg1982 of the existence of gravitational wavg&sn-
tein1916 1918 and sparked a renaissance of observational
tests of general relativitfpamour & Taylor 1991, 1992
Taylor et al.1992 Wex 2014. Merging binary neutron stars

The discovery of a radio pulsar in a double neutron star (BNS9 were quickly recognized to be promising sources of

system by Hulse & Taylof1975 led to a renewed interest in detectable gravitatjonal waves, making them a pri.mary target
binary stars and compact-object astrophysics, including thefor ground-based !nterferqmetrlq detect(sse Abadie et al.
development of a scenario for the formation of double neutron2910 for an overview. This motivated the development of
stars and the rst population studiegFlannery & van den accurate models for the two-body, general-relativistic dy_namlcs
(Blanchet et al1995 Buonanno & Damoud999 Pretorius

2005 Baker et al.2006 Campanelli et al2006 Blanchet

Original content from this work may be used under the terms 5014 that are critical for detecting and interpreting gravita-

of the Creative Commons Attribution 3.0 licendeny further .
distribution of this work must maintain attribution to the aut)and the title tional WaveS(Abett etal2016¢ 2016d 20166 20173 2017¢

of the work, journal citation and DOI. 20179.

Over 80 years ago Baade & Zwicki©39) proposed the idea
of neutron stars, and soon after, Oppenheimer & Vol d&89
carried out the rst calculations of neutron star models. Neutron
stars entered the realm of observational astronomy in the 1960s b
providing a physical interpretation of X-ray emission from
ScorpiusX-1 (Giacconi et al.1962 Shklovsky 1967) and of
radio pulsargGold 1968 Hewish et al1968 Gold 1969.
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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% cregifbdenregion
LIGO (190 ded; light green, the initial LIGO-Virgo localizatio31 ded; dark greeh IPN triangulation from the time delay betwegrmiandINTEGRAL(light

blue), andFermiGBM (dark blug. The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 10.9 hr after the
merger(top righ and the DLT40 pre-discovery image from 20.5 days prior to mébgttom righj. The reticle marks the position of the transient in both images.

In the mid-1960s, gamma-ray bur§&RBg were discovered by subsequent sGRB discoveri¢gsee the compilation and
by the Vela satellites, and their cosmic origin west established  analysis by Fong et @2015and also Troja et a2016. Neutron
by Klebesadel et a{1973. GRBs are classed adong or short star binary mergers are also expected, however, to produce
based on their duration and spectral hard(i@szalay et al1992 isotropic electromagnetic signals, which incl{esarly optical
Kouveliotou et al.1993. Uncovering the progenitors of GRBs and infrared emission, a so-called kilonawacronovghereafter
has been one of the key challenges in high-energy astrophysickilonova; Li & Paczyski 1998 Kulkarni 2005 Rosswog2005
ever sincdLee & Ramirez-Ruiz2007. It has long been  Metzger et al201Q Roberts et al2011;, Barnes & Kaser2013
suggested that short GRBs might be related to neutron staKasen et al2013 Tanaka & Hotokezakd013 Grossman et al.
mergers(Goodman1986 Paczynskil986 Eichler et al.1989 2014 Barnes et al2016 Tanaka2016 Metzger2017 due to
Narayan et al1992. radioactive decay of rapid neutron-capture pro¢egsocess

In 2005, the eld of short gamma-ray bur&&GRB studies nuclei(Lattimer & Schramm 1974 197§ synthesized in
experienced a breakthrouffbr reviews see Nak&007 Berger dynamical and accretion-disk-wind ejecta during the merger;
2014 with the identi cation of the rst host galaxies of SGRBs and(ii) delayed radio emission from the interaction of the merger
and multi-wavelength observatidqfrom X-ray to optical and  ejecta with the ambient mediuiNakar & Pirar2011; Piran et al.
radig of their afterglows(Berger et al2005 Fox et al.2005 2013 Hotokezaka & Pirar2015 Hotokezaka et ak016. The
Gehrels et al2005 Hjorth et al.2005h Villasenor et al2005. late-time infrared excess associated with GRB 130603B was
These observations provided strong hints that sGRBs might benterpreted as the signaturergbrocess nucleosynthegBerger
associated with mergers of neutron stars with other neutron starst al. 2013h Tanvir et al.2013, and more candidates were
or with black holes. These hints includégltheir association with  identi ed later(for a compilation see Jin et &016.
both elliptical and star-forming galaxigBarthelmy et al2005 Here, we report on the global efft#tthat led to the rst joint
Prochaska et a200§ Berger et al2007, Ofek et al.2007 Troja detection of gravitational and electromagnetic radiation from a
et al.2008 D’ Avanzo et al2009 Fong et al2013, dueto avery  single source. An 100s long gravitational-wave signal
wide range of delay times, as predicted theoreti¢Blygot et al. (GW170817 was followed by an sGRBGRB 170817A and
1998 Fryer et al.1999 Belczynski et al.2002); (ii) a broad an optical transienfSSS17AAT 2017gfg found in the host
distribution of spatial offsets from host-galaxy cen@Besger galaxy NGC4993. The source was detected across the
201Q Fong & Berger2013 Tunnicliffe et al.2014, which was electromagnetic spectrumin the X-ray, ultraviolet, optical,
predicted to arise from supernova ki¢k&rayan et al1992 infrared, and radio bandsover hours, days, and weeks. These
Bloom et al. 1999; and (i) the absence of associated observations support the hypothesis that GW170817 was
supernovaéFox et al. 2005 Hjorth et al. 2005¢ 2005a produced by the merger of two neutron stars in NGC4993,
Soderberg et al2006 Kocevski et al.201Q Berger et al. followed by an sGRB and a kilonova powered by the radioactive
20133. Despite these strong hints, proof that sGRBs were decay ofr-process nuclei synthesized in the ejecta.
powered by neutron star mergers remained elusive, and interest
intensi ed in following up gravitational-wave detections electro- °°° A follow-up program established during initial LIGO-Virgo observations

; i (Abadie et al2012 was greatly expanded in preparation for Advanced LIGO-
magnetlcalMMEtder & Berge2012 Nissanke et aI2013. Virgo observations. Partners have followed up binary black hole detections,

Evidence of beaming in s@sGRBs was initially found by starting with GW150914Abbott et al.20163, but have discovered nam
Soderberg et a[200§ and Burrows et a200§ and conrmed electromagnetic counterparts to those events.




The Astrophysical Journal Letters,  848:L12(59pp, 2017 October 20 Abbott et al.

2. A Multi-messenger Transient then LIGO-Livingston 22 ms later, and after 3 ms more, it arrived
On 2017 August 17 12:41:06 UTC thermiGamma-ray Burst at LIGO-Hanford. GW170817 was detected with a combined

. : : signal-to-noise ratio across the three-instrument network of 32.4.
Monitor (GBM; Meegan et al2009 onboard ight software . X ! e
triggered on, classéd, and localized a GRB. A Gamma-ray For comparison, GW150914 was observed with a signal-to-noise

. : ; ratio of 24(Abbott et al.20164.
Coordinates NetworKGCN) Notice (Fermi-GBM 2017 was : 0857
issued at 12:41:20 UTC announcing the detection of the GRB The properties of the source that generated GW17

which was later designated GRB 17081Fan Kienlin et al 'Abbott et al.2017cfor full details; here, we report parameter
. 0 M )

2017. Approximately 6 minutes later, a gravitational-wave Lﬁgﬁsirﬁhatasggﬂeﬁgﬁt gé) feg{:glb;ia:%?sﬁreetdZrllvze(()jlf?y
candidate(later designated GW17081Was registered in low ploying y . | .
latency(Cannon et al2012 Messick et al.2017) based on a Abbqtt et agl. 20164 of'the. three-lnstrqment data, mclqdlng
single-detector analysis of the keadnterferometer Gravitational- marginalization over calibration uncertainties and assuming that
wave Observatorfl IGO) Hanford data. The signal was consistent the signal |s.desc_r|bed by. waveform models of a binary system of
with a BNS coalescence with merger tige12:41:04 UTC, less compact objects in quaS|-C|rcuIar orffsee Ab.bOtt et al017¢

than 2's before GRB170817A. A GCN Notice was issued ar 2d réferences thergihe waveform models include the effects
13:08:16 UTC. Single—detecto.r ayitational-wave triggers had introduced by the objectintrinsic rotation(spin) and tides. The

. . ; . is located in a region of 28 @ey a distance 040 &
never been disseminated before in low latency. Given the tempor ource 1s 1c . . ; 14
coincidence with thEermi:GBM GRB, however, a GCN Circular a‘\/lpc, see Figuré, consistent with the early estimates disseminated

; 91 - - through GCN Circular_IGO Scienti ¢ Collaboration & Virgo
was issued at 13:21:42 UTCIGO Scienti ¢ Collaboration & : T
Virgo Collaboration et aR0173 reporting that a highly signcant Cogflggritllgp rﬁt)ﬁlgeonltZ?n 22;?53%2'[?%932?%2;9”%” the
candidate event consistent with a BNS coalescence was associatsd 9 - . 9 '
with the time of the GRE®. An extensive observing campaign Yggh;)eo(r?:rl:trscen;fraan dO)anaSI’SeeSSp(e)(ittngl)Emn;raery i?]ndths:c?;:;ery
was launched across the electromagnetic spectrum in response 10 Tk ' A ' ;
the FermiGBM and LIGG-Virgo detections, and especially the M %{1.36.2.26 M. and m, %{0.86.1.36M.. The chirp

61 o, .
subsecent welconsaahree crmensiona iGONGo oca. © TS % = e mass parameter o he eadng orer
lization. A bright optical transierSSS17a, now with the 1AU q y 9

identi cation of AT 2017gfwas discovered in NGC 499@t inspiral phase. This dominates the portion of GW170817 in the

40 Mpo) by the 1M2H teanfAugust 18 01:05 UTC; Coulter instruments sensitivity band. As a consequence, it is the best

et al.20173 less than 11 hr after the merger. measured mass parameteély 1188555 M:. The total

mass i2.82 33M., and the mass ratim,/ m is bound to the

range 0.41.0. These results are consistent with a binary whose

components are neutron stars. White dwarfs are ruled out since
GW170817 was rst detected onlinéCannon et al.2012 the gravitational-wave signal sweeps through 200 Hz in the

Messick et al2017 as a single-detectoigger and disseminated instruments sensitivity band, implying an orbit of size

through a GCN Notice at 13:08:16 UTC and a GCN Circular at 100 km, which is smaller than the typical radius of a white

13:21:42 UTQLIGO Scienti ¢ Collaboration & Virgo Collabora-  dwarf by an order of magnitudShapiro & Teukolskyl983.

tion et al.20173. A rapid re-analysifNitz et al.2017a 20171 of However, for this event gravitational-wave datane cannot

data from LIGO-Hanford, LIGO-Livingston, and Virgo comed rule out objects more compact than neutron stars such as quark

a highly signicant, coincident signal. These data were then stars or black holegAbbott et al.20179).

combined to produce thest three-instrument skym#pinger &

Price2016 Singer et al2016 at 17:54:51 UTQLIGO Scienti c

Collaboration & Virgo Collaboration et aR017B, placing 2.2. Prompt Gamma-Ray Burst Detection

the source nearby, at a luminosity distaimigally estimated to The rst announcement of GRB 170817A came from the

be 40 8, Mpc in an elongated region ok31 ded (90% : - -
iy GCN Notice(Fermi-GBM 2017 automatically generated by

credibility), centered around R.ARJ2000.9 1257 and  permiGRM at 12:41:20 UTC, just 14 s after the detection of
decl. §J2000.0 17151 Soon after, a coherent analysis yhe GRB at To= 12:41:06 UTC. GRB 170817A was detected
(Veitch et al 2019 of the data from the detector network produced y the |nternational Gamma-Ray Astrophysics Laboratory
a skymap that was distributed at 23:54:40 UTIGO Scienti ¢ (INTEGRAI) spacecraft using the Anti-Coincidence Shield
Collaboration & Virgo Collaboration et &0179, consistent with (von Kienlin et al. 2003 of the spectrometer on board
the initial one: a 34 ded sky region at 90% credibility centered INTEGRAL (SP), through an ofine search initiated by the
around B(J2000.9 ~ 13 09 and £J2000.9 25187 LIGO-Virgo and FermiGBM reports. The nal FermiGBM

The of ine gravitational-wave analysis of the LIGO-Hanford |scalization constrained GRB 170817A to a region with highest
and LIGO-Livingston data idengéd GW170817 with a false- probability at BJ2000.0 1% 28 and EJ2000.0 30
alarm rate of less than one per 8.0.0° (Abbott et al.20179. and 90% probability region covering1100 ded (Goldstein

This analysis uses post-Newtonian waveform md@sichet gt 51.20174. The difference between the binary merger and the
et al. 1995 2004 2006 Bohé et al2013 to construct a matched-

lter searct{Sathyaprakash & Dhu_rar!dhaggl Cutler et al. 960 Any mass parameten®® derived from the observed signal is measured in
1993 Allen et al. 2012 for gravitational waves from the the detector frame. Itis related to the mass parammetar the source frame by
coalescence of compact-object binary systems in(dbtector ~ m% (1 2 m wherez is the source redshift. Here, we always report

source-frame mass parameters, assuming standard cosiffudegst al.2016
frame total mass range. 500M.. GW170817 lasted for 100's and correcting for the motion of the solar Ssystem barycenter with respect to

in the detector sensitivity band. The signal reached Virgo the cosmic microwave backgrou(fixsen2009. From the gravitational-wave
Iuminosityootgizstance measurement, the redshift is determined to be

959 The trigger was recorded with LIGO-Virgo ID G298048, by which it is - 0.008 g;905 For full details see Abbott et 420160 20176 20174

referred throughout the GCN Circulars. The binarys chirp mass is deed as% (M my)%/5/(m m)t/5,

2.1. Gravitational-wave Observation




The Astrophysical Journal Letters,  848:L12(59pp, 2017 October 20 Abbott et al.

500
400

N300

Fermi/GBM (RN SALT
(days) ESO-NTT
1.2 SOAR

ESO-VLT

N
o
o

INTEGRAL/SPI-ACS

iy
o
o

normalized F,

frequency (
counts/s (arb. scale)

24 ............

-10 -8 -6 -4 -2 0 2 4 400 600 1000 2000
t-t; (s) wavelength (nm)

)]
o

4
o
o

GW

LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

X-ray

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

uv

Swift, HST

Optical

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-STARRS1,

HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILESCOPE, TOROS,
BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA

IR

REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAR, NOT, ESO-VLT, Kanata Telescope, HST

Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LWA, ALMA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg

-100 -50 0 50 102 107 10° 10!
t-1. (s) t-t. (days)

1M2H Swope DLT40 VISTA Chandra

10.86h i//11.08h h|[11.24h YJK; ad X-ray
MASTER DECam Las Cumbres J VLA

11.31h W|[11.40h iz)|11.57h w |16.4d Radio

Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSHATa2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the timé. of the gravitational-wave event. Two types of information are shown for eachrbassenger. 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 begiomin§ecdind,
representative observatiofsee Tabld) 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. Magioin insets give a picture of thest 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{s&n§e&tctinr?. 1), the
Fermi-GBM andINTEGRAL SPI-ACS lightcurves matched in time resolution and pksese Sectior.2), 1’5 x 1/5 postage stamps extracted from the initial six
observations of SSS1/7AT 2017gfo and four early spectra taken with the SAlTt. + 1.2 days; Buckley et aR017 McCully et al.20178H, ESO-NTT (at

tc + 1.4 days; Smartt et &2017), the SOAR 4 m telescofatt; + 1.4 days; Nicholl et aR017d, and ESO-VLT-XShootgatt; + 2.4 days; Smartt et &2017) as
described in SectioR.3, and the rst X-ray and radio detections of the same sourc€Hlgndra(see Sectior.3) and JVLA (see Sectior3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along-thediineaabsolute scaleThe high
background in the SALT spectrum belod500A prevents the identtation of spectral features in this baffior details McCully et al20178).
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GRB is TO t. 1.734 0.05& (Abbott et al. 20179. telescopes, thus making it inaccessible to the majority of
Exploiting the difference in the arrival time of the gamma-ray them. The LIGO-Virgo localization regigihlIGO Scienti c
signals aFermiGBM andINTEGRALSPI-ACS(Svinkin et al. Collaboration & Virgo Collaboration et ak017h 20179
20179 provides additional signtant constraints on the became observable to telesespn Chile about 10 hr after the
gamma-ray localization arésee Figurel). The IPN localiza- merger with an altitude above the horizon of abolit 45
tion capability will be especially important in the case of future  The One-Meter, Two-HemispheM2H) team was therst to
gravitational-wave events that might be less well-localized bydiscover and announ¢dugust 18 01:05 UTC; Coulter et al.
LIGO-Virgo. 20173 a bright optical transient in aiband image acquired
Standard follow-up analyséSoldstein et al2012 Paciesas  on August 17 at 23:33 UT@. + 10.87 hj with the 1 m Swope
et al. 2012 Gruber et al.2014 of the FermiGBM trigger telescope at Las Campanas Observatory in Chile. The team used an
determined the burst duration to iy 2.0 0.5s, where observing strateg{Gehrels et al.201§ that targeted known
Too is de ned as the interval over which 90% of the burst galaxiegfrom White et al2011k) in the three-dimensional LIGO-
uence is accumulated in the energy range ef380keV. Virgo localization taking into account the galaxy stellar mass and
From theFermiGBM Tyq measurement, GRB 170817A was star formation ratéCoulter et al2017. The transient, designated
classi ed as an sGRB with 3:1 odds over being a long GRB. Swope Supernova Survey 201{@SS173 wasi  17.057 0
The classication of GRB170817A as an sGRB is further 0.018 mag®® (August 17 23:33 UTCt. + 10.87 hy and did not
supported by incorporating the hardness ratio of the burst andnatch any known asteroid or supernova. SS$ida with the
comparing it to theFermiGBM catalog (Goldstein et al.  |AU designation AT 2017gfowas located atB(J2000.0=
20173. The SPI-ACS duration for GRB 170817A of 100 ms is 13"09m4&.0850 0.08, EJ2000.0 23122 53. 343 0.818
consistent with an sGRB classation within the instrumerg at a projected distance of /i®from the center of NGC 4993, an
historic samplgSavchenko et ak012). early-type galaxy in the ESO 508 group at a distange4&Mpc
The GRB had a peak phqtorux measured on a 6#s  (Tully—Fisher distance from Freedman e28l01), consistent with
timescale of 3.% 0.9 photons'$'cm>?and a uence overthe  the gravitational-wave luminosity distand&IGO Scientic
Too interval of (2.8+ 0.2 x 10°7 ergcn??(10-1000keV;  Collaboration & Virgo Collaboration et &2017H.
(Goldstein et al20179. GRB 170817A is the closest SGRB  Five other teams took images of the transient within an
with measured redshift. By usual measures, GRB 170817A iShour of the 1M2H imagéand before the SSS17a announce-
sub-luminous, a tantalizing observational result that is exploredmen) using different observational strategies to search the
in Abbott et al.(20179 and Goldstein et a(20173. LIGO-Virgo sky localization region. They reported their
Detailed analysis of theerm-GBM data for GRB170817A  discovery of the same optical transient in a sequence of
revealed two components to tr_]e burst: a main pulse encomgCNs: the Dark Energy Came(@l:15 UTC; Allam et al.
passing the GRB trigger time fromTO 0.320s to 2017, the Distance Less Than 40 Mpc sury@:41 UTC;
TO 0.256s followed by a weak tail starting at vyang et al.20173, Las Cumbres ObservatotiCO; 04:07
TO 0.832sand extending tof0  1.984s The spectrum  yTC; Arcavi et al.20173, the Visible and Infrared Survey
of the main pulse of GRB170817A is best with a  Telescope for AstronomVISTA; 05:04 UTC; Tanvir et al.
Comptor)lzed function(a power law with an exponential 20173, and MASTER(05:38 UTC; Lipunov et al20179.
cutoff) with a power-law photon |nde>§ @&0.62+ 0.40, peak Independent searches were also carried out by the Rapid Eye
energy Epeak 185 &keVoand time-averagedux of  \ount (REM-GRAWITA, optical, 02:00 UTC; Melandri
(31 0.7 107 ergent?s”h The weak tail that follows et al. 20173, Swift UVOT/ XRT (utraviolet, 07:24 UTC:

the main pulse, when analyzed independently, has a localizagyans et al20174, and Gemini-Soutffinfrared, 08:00 UT;
tion consistent with both the main pulse and the grawtatlonal—singer et al20173.

wave position. The weak tail, at 34% theence of the main The Distance Less Than 40Mpc survépLT40; L.

pulse, extends th&y beyond the main pulse and has a softer, Tartaglia et al. 2017, in preparatjoteam independently
blackbody spectrum witkkT ~ 10.3  1.5keV ¢Goldstein  detected SSS17AT 2017gfo, automatically designated
etal.20173. _ DLT17ck(Yang et al.20173 in an image taken on August
Using theFermiGBM spectral parameters of the main peak 17 23:50 UTC while carrying out high-priority observations of
andTg interval, the integrateduence measured BNTEGRAL - 51 galaxies(20 within the LIGO-Virgo localization and 31
SPI-ACS is(1.4 0.4 107 erggnt?(75-2000 keVj, com-  wiithin the widerFermi-GBM localization region; Valenti et al.
patible with the~ermiGBM spectrum. Because SPI-ACS is most 2017, acceptddA con rmation image was taken on August 18
sensitive above 10keV, it detects only the highest-energy part of (o:41 UTC after the observing program had cycled through all
the main peak near the start of the londeermiGBM of the high-priority targets and found no other transients. The
signal(Abbott et al.2017). updated magnitudes for these two epochs arel7.18+ 0.03
and 17.28 0.04 mag, respectively.
2.3. Discovery of the Optical Counterpart and Host Galaxy =~ SSS178AT 2017gféo was also observed by the VISTA in the
The announcements of termiGBM and LIGO-Virgo second of two 1.5 dég elds targeted. Theelds were chosen

. X : . to be within the high-likelihood localization region of
detections, and especially theelvconstrained, three-dimen- GW170817 and to cogljﬁtain a high density of potegr]nial host

sg)nal _LIGO-Virgo challzatlohn, ftrlgl;getred a tz[foadbantd galaxies(32 of the 54 entries in the list of Cook et 20173.
observing campaign in search of electromagnetic counters,qqations began during evening twilight and were repeated
parts. A large number of teams across the world were

mobilized using ground- and space-based telescopes that¥VIC€ to give a short temporal baseline over which to search for

could observe the region idengid by the gravitational-wave gs ; o

. . All apparent magnitudes are AB and corrected for the Galactic extinction
detgctlon. GW170817 was lalized to the SOUthem SKY, in the direction of SSS17(E(B V) 0.109 mag; Schlay & Finkbei-
setting in the early eveningorff the northern hemisphere ner2011).
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variability (or proper motion of any candidajesThe 3.1. Ultraviolet, Optical, and Infrared
magnitudes of the transient source in the earliest images taken
in the near-infrared were measured tokge 18.63 0.05
J 17.88 0.03andYo 1751 0.@mag. o

On August 17 23:59 UTC, the MASTER-OAFA robotic
telescopdLipunov et al.2010, covering the sky location of
GW170817, recorded an image that included NGC 4993. The
autodetection software identid MASTER OT J130948.10-
232253.3, the bright optical transient with the ltared
magnitudeW 17.5 02mag,0as part of an automated
search performed by the MASTER Global Robotic Net
(Lipunov et al.20173 20179. distribution. Here, we rst consider photometric and then

The Dark Energy Camer(DECam; Flaugher et al019 spectroscopic observations of the source.
Survey team started observations of the GW170817 localization " Regarding photometric observations, tat- 11.6 hr, the
region on August 17 23:13 UTC. DECam covered 95% of the \jagellanClay andMagellanBaade telescope@®rout et al.
probability in the GW170817 localization area with a sensitivity 20173 Simon et al.2017) initiated follow-up observations of
suf cient to detect a source up to 100 times fainter than thethe transient discovered by the Swope Supernova Survey from
observed optical transient. The transient was observed on 201ghe optical(g band to NIR (Ks band. At t.+ 12.7 hr and
August 18 at 00:05 UTC and independently detected at 00:42_ + 12.8 hr, the Rapid Eye MouREM)/ ROS2 (Melandri
UTC (Allam et al. 2017. The measured magnitudes of the et al. 20178 detected the optical transient and the Gemini-

The quick discovery in the rst few hours of Chilean
a%lrkness, and the possibility of fast evolution, prompted the
need for the ultravioleppticaHnfrared follow-up community

to have access to both space-based and longitudinally separated
ground-based facilities. Over the next two weeks, a network of
ground-based telescopes, from 40 cm to 10 m, and space-based
observatories spanning the ultravio(etv), optical (O), and
near-infraredIR) wavelengths followed up GW170817. These
observations revealed an exceptional electromagnetic counter-
part through careful monitoring of its spectral energy

transient source in therst images were¢  17.30 0.02,  Qouth FLAMINGO?2 instrumentrst detected near-infrared Ks-
z 1745 0.QG. A camplete analysis of DECam data is band emission constraining the early optical to infrared color
presented in Soares-Santos e{Z)17). (Kasliwal et al.2017 Singer et al.20173, respectively. At

Las Cumbres ObservatoflyCO; Brown et al2013 surveys  t. + 15.3 hr, theSwift satellite(Gehrels2004 detected bright,
started their observations of individual galaxies with their ultraviolet emission, further constraining the effective temper-
global network of 1 and 2m telescopes upon receipt of theature (Evans et al2017a 20178. The ultraviolet evolution
initial FermiGBM localization. Approximately ve hours continued to be monitored with tl8wift satellite(Evans et al.
later, when the LIGO-Virgo localization map was issued, the 20170 and theHubble Space TelescoelST, Adams et al.
observations were switched to a prioritized list of galaxies 2017 Cowperthwaite et aR017h Kasliwal et al.2017).

(from Dalya et al.2016 ranked by distance and luminosity Over the course of the next two days, an extensive
(Arcavi et al. 2017, in preparatiprin a 300 sv-band exposure  photometric campaign showed a rapid dimming of this initial
beginning on August 18 00:15 UTC, a new transient, UV-blue emission and an unusual brightening of the near-
corresponding to AT 2017gf6€SS17ADLT17ck, was detected infrared emission. After roughly a week, the redder optical and
near NGC 4993Arcavi et al. 20179. The transient was near-infrared bands began to fade as well. Ground- and space-
determined to havew 17.49 0.04nag (Arcavi et al. based facilities participating in this photometric monitoring
20178. effort include (in alphabetic ordgr CTIO1.3m, DECam

These early photometric measurements, from the optical to/Cowperthwaite et al2017h Nicholl et al. 2017a 20179,
near-infrared, gave therst broadband spectral energy IRSF, the Gemini-South FLAMINGOZgSinger et al.2017q
distribution of AT 2017gfbSSS17ADL17ck. They do not 2017k Chornock et al.2017h Troja et al.2017h 20179,
distinguish the transient from a young supernova, but theyGemini-South GMOSTroja et al.2017f), GROND (Chen
serve as reference values for subsequent observations th&t al. 2017 Wiseman et al2017, HST (Cowperthwaite et al.
reveal the nature of the optical counterpart as described irr017h Levan & Tanvir2017 Levan et al.2017a Tanvir &

Section3.1 Images from the six earliest observations are Levan2017 Troja et al.20173, iTelescope.Net telescop@s
shown in the inset of Figur2, et al. 2017a 20170, the Korea Microlensing Telescope

Network (KMTNet; Im et al. 2017¢ 20179, LCO (Arcavi
et al. 2017 2017¢ 2017¢, the Lee Sang Gak Telescope
3. Broadband Follow-up (LSGT)/ SNUCAM-II, the MagellanBaade an_dMageIIan
) ) ) ) Clay 6.5m telescopeg¢Drout et al. 2017a Simon et al.
While some of the rst observations aimed to tile the error 2017, the Nordic Optical Telescop@®lalesani et al20173,
region of the GW170817 and GRB170817A localization pan-STARRSIChambers et aR017a 2017k 2017¢ 20179,
areas, including the use of galaxy targetiWghite et al. ~ REM/ROS2 and REMREMIR (Melandri et al. 20173
20113 Dalya et al.2016 D. Cook & M. Kasliwal 2017, in 20179, SkyMapper (Wolf et al. 2017, Subaru Hyper
preparation; S. R. Kulkarni et al. 2017, in prepargtiomost  Suprime-Cam(Yoshida et al.2017a 2017h 2017¢ 2017d
groups focused their effort on the optical transient reported byTominaga et al2017, ESO-VISTA (Tanvir et al. 20173,
Coulter et al(2017) to de ne its nature and to rule out that it ESO-VST OmegaCAM (Grado et al.2017a 2017H, and
was a chance coincidence of anelated transient. The multi-  ESO-VLT FORS2(D’ Avanzo et al2017).
wavelength evolution within the rst 1224 hr, and the One of the key properties of the transient that alerted the
subsequent discoveries of the X-ray and radio counterpartsworldwide community to its unusual nature was the rapid
proved key to scientc interpretation. This section sum- luminosity decline. In bluer optical ban@<., in theg band,
marizes the plethora of keybservations that occurred in the transient showed a fast decay between daily photometric
different wavebands, as well as searches for neutrinomeasurement§Cowperthwaite et al2017h Melandri et al.
counterparts. 20179. Pan-STARRS (Chambers et al.20179 reported
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photometric measurements in the opticdtared izy bands Kasen et al2017 Kasliwal et al.2017 Nicholl et al.2017d
with the same cadence, showing fading by 0.6 mag per daySmartt et al2017). This was conrmed by spectra taken at later
with reliable photometry from difference imaging using already times, such as with the Gemini Multi-Object Spectrograph
existing sky imagegChambers et al2016§ Cowperthwaite (GMOS; Kasliwal et al2017 McCully et al. 2017h Troja
et al.2017h. Observations taken every 8 hr by LCO showed an et al. 20173 20178, the LDSS-3 spectrograph on the 6.5m
initial rise in thew band, followed by rapid fading in all optical MagellanClay telescope at Las Campanas Observdgyut
bands(more than 1 mag per day in the biuend reddening et al. 2017 Shappee et al2017), the LCO FLOYDS
with time (Arcavi et al.2017¢. Accurate measurements from Spectrograph at Faulkes Telescope So{McCully et al.
Subaru (Tominaga et al.2017), LSGT SNUCAM-II and 2017a 20178, and the AAOmega spectrograph on the 3.9m
KMTNet (Im et al. 20179, ESO-VLT FORS2 (D’ Avanzo Anglo-Australian Telescop@ndreoni et al2017, which did
et al.2017), and DECan{Cowperthwaite et a017h Nicholl not show any signicant emission or absorption lines over the
et al.20171) indicated a similar rate of fading. On the contrary, red featureless continuum. The optical and near-infrared spectra
the near-infrared monitoring reports by GROND and Gemini- over these few days provided convincing arguments that this
South showed that the source faded more slowly in the infraredfansient was unlike any other discovered in extensive optical
(Chornock et al2017h Wiseman et a017 and even showed ~ Wide- eld surveys over the past decafiee, e.g., Siebert
a late-time plateau in the Ks ba(@inger et al2017). This et al.2017. S S
evoluton was recognized by the community as quite The evolution of the spectral energy dlstrlbutyon_, rapid fading,
unprecedented for transients in the nealighin 100 Mpg and emergence _of broad s_pectr_al'features |nd|cated' that the
universe(e.g., Siebert et a017. source had physical properties similar to models of kilonovae
Table 1 reports a summary of the imaging observations, (€-9., Metzger et ak01Q Kasen et al2013 Barnes & Kasen
which include coverage of the entire gravitational-wave sky 2013 Tanaka & Hotokezak®013 Grossman et al2014

localization and follow-up of SSSL7AT 2017gfo. Figure2 Metzger & Fernande2014 Barnes et al2016 Tanaka201§
shows these observations in graphical form. Kasen et al2017% Metzger2017. These show a very rapid shift

Concerning spectroscopic observations, immediately after?f the spectral energy distribution from the optical to the near-

; frared. The FLAMINGOS?2 near-infrared spectrograph at
discovery of SSS17AT 2017gfo on the Swope 1 m telescope, 'Nirarec .
the same team obtained thest spectroscopic observations of Ghemlm—Shouth(Chornock eft aI.201J G Pfjasfhwal et al.ZOl?}l_ .
the optical transient with the LDSS-3 spectrograph on the 6.5 menows t ? el_”'r[}:argﬁnce 0 ve&yl ro‘l?h ?Eastuore\;l&?l{nhqu'? ltative
MagellanClay telescope and the MagE spectrograph on theddreement wi fionova models. 1he -vishooter

6.5m MagellanBaade telescope at Las Campanas Observa.SPectra, which simultaneously cover the wavelength range

; : . 3200-24800A, were taken over 2 weeks with a close to daily
tory. The spectra, just 30 minutes after th&t image, showed a ; o
blu)(/a and fzaturekjass continuum between 40(?0 and 18000 Sampling(Pian et al.2017a Smartt et al2017 and revealed
consistent with a power lagDrout et al.20173 Shappee et al. signatures .Of the radioactive decay girocess nqcleosynthgss
2017. The lack of features and blue continuum during thes elements(Pian et al.2017g. Three epochs of infrared grism
few hours implied an unusual, but not unprecedented transien p?;g\?i?%%%%vﬁg ;Tj;ggﬂge{g’\ﬁtz Eé\?:r?zlglt)TL'l?r\cl)?g
S|tnce su(cj;h characterlsUcT,I are common In cataclysfnla?lel et al.20173°*identi ed features consistent with the production
;glriaagoﬁgung core-collapse superndeee, e.g., Li et al. of lanthanides within the ejecfiagevan & Tanvir2017 Tanvir &
' . o . Levan2017 Troja et al.20173.
The next 24 hr of observation were critical in decreasing the 4 optical follow-up campaigrisa includes linear polarimetry

likelihood of a chance coincidence between SS517a
measurements of SSS1AT 2017gfo by ESO-VLTFORS?2,
AT 2017gfo, GW170817, and GRB170817A. The SALT- qhquing no evidence of an asymmetric geometry of the emitting

RSS spectrograph in South Afrig@Buckley et al. 2017, reqi A : i ;

: gion and lanthanide-rich late kilonova emisgiGovino et al.
McCully et al.2017h Shara et al2017, ePESSTO with the 55719 |y addition, the study of the galaxy with the MUSE Integral
EFOSC2 instrument in spectroscopic mode at the ESO Newgjgq Spectrograph on the ESO-V{[Tevan et al20171) provides

Technology TelescopNTT, in La Silla, Chile; Lyman et al.  gimyltaneous spectra of the counterpart and the host galaxy, which
2017), the X-shooter spectrograph on the ESO Very Large ghow proad absorption features in the transient spectrum,

Telescope(Pian et al.20170 in Paranal, and the Goodman  compined with emission lines from the spiral arms of the host
obtained additional spectra. These groups reported a rapid fall Tapje2 reports the spectroscopic observations that have led

off in the blue spectrum without any individual features tg the conclusion that the source broadly matches kilonovae
identi able with line absorption common in supernova-like theoretical predictions.

transientgsee, e.g., Lyman et &017. This ruled out a young
supernova of any type in NGC 4993, showing an exceptionally

fast spectral evolutiofDrout et al.2017 Nicholl et al.20174. 3.2. Gamma-Rays
Figure 2 shows some representative early spe¢BALT The eet of ground- and space-based gamma-ray observa-
spectrum is from Buckley et &2017 McCully et al. 2017k tories provided broad temporal and spectral coverage of

ESO spectra from Smartt et @017 SOAR spectrum from  the source location. Observations spannetD orders of

Nicholl et al.2017d. These show rapid cooling, and the lack of magnitude in energy and covered the position of S§S17a
commonly observed ions from elements abundant in supernovaAT 2017gfo from a few hundred seconds before the
ejecta, indicating this object was unprecedented in its opticalGRB 170817A trigger timgT0) to days afterward. Tablad

and near-infrared emission. Combined with the rapid fading,lists, in chronological order, the results reporting observation
this was broadly indicative of a possible kilondeag., Arcavi
et al.2017¢ Cowperthwaite et a017h McCully et al.2017h 963 HSTProgram GO 14804 Levan, GO 14771 Tanvir, and GO 14850 Troja.
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Table 1

Abbott et al.

the Peak, and the Latest in Each Case

Telescopélnstrument UT Date Band References

DFN/ - 2017 Aug 17 12:41:04  visible Hancock et @017,

MASTER/ — 2017 Aug 17 17:06:47  Clear Lipunov et §017a 2017H

PioftheSky PioftheSkyNorth 2017 Aug 17 21:46:28  visible wide band  Cwiek €R8l17); Batsch et al(2017); Zadrozny et al(2017)
MASTER/ — 2017 Aug 17 22:54:18  Visible Lipunov et 2017h 20173

Swopé DirectCCD 2017 Aug 17 23:33:17 | Coulter et 10173 2017h 2017

PROMPTZDLT40)/ - 2017 Aug 17 23:49:00 r Yang et §20173, Valenti et al.(submittedl

VISTA/ VIRCAM 2017 Aug 17 23:55:00 K Tanvir & Leva(2017)

MASTER/ - 2017 Aug 17 23:59:54  Clear Lipunov et §017d 20173

Blancd DECani — 2017 Aug 18 00:04:24 i Cowperthwaite et @0178; Soares-Santos et §2017)
Blancd DECami — 2017 Aug 18 00:05:23 z Cowperthwaite et(@0178; Soares-Santos et §2017)
VISTA/ VIRCAM 2017 Aug 18 00:07:00 J Tanvir & Leva2017)

MagellanClay LDSS3-C 2017 Aug 18 00:08:13 g Simon et @017); Drout et al.(2017H
MagellanBaadé FourStar 2017 Aug 18 00:12:19 H Drout et @017H

LasCumbres1-hSinistro 2017 Aug 18 00:15:50 w Arcavi et §2017a 2017¢

VISTA/ VIRCAM 2017 Aug 18 00:17:00 Y Tanvir & Leva(R017)

MASTER/ — 2017 Aug 18 00:19:05  Clear Lipunov et §017d 20173

MagellanBaadé FourStar 2017 Aug 18 00:25:51  J Drout et(@017H

MagellanBaadé FourStar 2017 Aug 18 00:35:19 Ks Drout et(@0179

PROMPTZDLT40)/ — 2017 Aug 18 00:40:00 r Yang et 20173, Valenti et al.(submitted

REM/ ROS2 2017 Aug 18 01:24:56 ¢ Melandri et @0173; Pian et al(20173

REM/ ROS2 2017 Aug 18 01:24:56 i Melandri et €20173; Pian et al(20173

REM/ ROS2 2017 Aug 18 01:24:56  z Melandri et @0173; Pian et al(20173

REM/ ROS2 2017 Aug 18 01:24:56 r Melandri et €l0173; Pian et al(20173
Gemini-SouthFlamingos-2 2017 Aug 18 01:30:00 Ks Singer et(20173; Kasliwal et al.(2017)

PioftheSky PioftheSkyNorth 2017 Aug 18 03:01:39  visible wide band  Cwiek &8ll7); Batsch et al(2017),

Swiff UVOT 2017 Aug 18 03:37:00 uvm2 Evans et @017a 2017H

Swift UVOT 2017 Aug 18 03:50:00 uvwl Evans et 10173 2017H

Swiff UVOT 2017 Aug 18 03:58:00 u Evans et 20173 2017H

Swiff UVOT 2017 Aug 18 04:02:00  uvw2 Evans et @017a 2017H
SubardiHyperSuprime-Cam 2017 Aug 18 05:31:00 z Yoshida ef28l17a 20178, Y. Utsumi et al.(2017, in preparatign
Pan-STARRSAGPC1 2017 Aug 18 05:33:00 vy Chambers ef(2D173; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 18 05:34:00 z Chambers e(2017g; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 18 05:35:00 i Chambers et(2017g; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 18 05:36:00 vy Chambers et(20179; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 18 05:37:00 z Chambers e(2017g; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 18 05:38:00 i Chambers et(20179; Smartt et al(2017)
LasCumbres1-fSinistro 2017 Aug 18 09:10:04 w Arcavi et 0170 20179

SkyMappef— 2017 Aug 18 09:14:00 i L

SkyMappef— 2017 Aug 18 09:35:00 z L
LasCumbres1-hSinistro 2017 Aug 18 09:37:26 g Arcavi et £2017¢

SkyMappef— 2017 Aug 18 09:39:00 r L

SkyMappef— 2017 Aug 18 09:41:00 ¢ L
LasCumbres1-hSinistro 2017 Aug 18 09:43:11  r Arcavi et §2017¢

T17/ - 2017 Aug 18 09:47:13 ¢ Im et g017a 20178, Im et al.(2017, in preparation
SkyMappef— 2017 Aug 18 09:50:00 v L

T17/ - 2017 Aug 18 09:56:46 r Im et 20174 20171, Im et al.(2017, in preparation
SkyMappef— 2017 Aug 18 10:01:00 i Wolf et a(2017),

SkyMappef— 2017 Aug 18 10:03:00 r Wolf et af2017),

SkyMappef— 2017 Aug 18 10:05:00 ¢ Wolf et &2017),

T17/ - 2017 Aug 18 10:06:18 i Im et a{20173 2017H, Im et al.(2017, in preparation
SkyMappef— 2017 Aug 18 10:07:00 v Wolf et a{2017),

LSGT/ SNUCAM-II 2017 Aug 18 10:08:01 m425 Im et 420173 20178, Im et al.(2017, in preparation
SkyMappet— 2017 Aug 18 10:09:00 u Wolf et &2017),

LSGT/ SNUCAM-II 2017 Aug 18 10:12:48 m475 Im et 20173 20171, Im et al.(2017, in preparation
LSGT/ SNUCAM-II 2017 Aug 18 10:15:16 mb525 Im et §20173 20178, Im et al.(2017, in preparation
T17/ - 2017 Aug 18 10:15:49 2z Im et g2017a 20178, Im et al.(2017, in preparatign
LSGT/ SNUCAM-II 2017 Aug 18 10:21:14 m575 Im et 420173 20178, Im et al.(2017, in preparation
LSGT/ SNUCAM-II 2017 Aug 18 10:22:33 m625 Im et 20173 20171, Im et al.(2017, in preparation
AST3-2 wide- eldcamera 2017 Aug 18 13:11:49 ¢ Hu et(aD17),

Swiff UVOT 2017 Aug 18 13:30:00 uvm2 Cenko et @017; Evans et al(2017H

Swiff UVOT 2017 Aug 18 13:37:00 uvwl Cenko et §017); Evans et al(20178
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Telescopélnstrument

UT Date

Band

References

Swiff UVOT

IRSH SIRIUS

IRSHF SIRIUS

IRSH SIRIUS

KMTNet-SAAQ/ wide- eldcamera
KMTNet-SAAQ/ wide- eldcamera
KMTNet-SAAQ/ wide- eldcamera
MASTER/ -

KMTNet-SAACQ/ wide- eldcamera
MASTER/ -

MASTER/ -

1.5 m Boydeh—

MPG2.2 mi GROND
NOT/NOTCam

NOT/ NOTCam

PioftheSky PioftheSkyNorth
LasCumbres1-hSinistro

Blancd DECani —

MagellanClay LDSS3-C

Blancd DECanmi —

Blancd DECani —
KMTNet-CTIO/ wide- eldcamera
Blancd DECani —

Blancd DECami —
KMTNet-CTIO wide- eldcamera
Blancd DECani —

MagellanClay LDSS3-C

REM/ ROS2

MagellanClay LDSS3-C
KMTNet-CTIO wide- eldcamera
MagellanBaadé FourStar
KMTNet-CTIO/ wide- eldcamera
MagellanClay LDSS3-C

VISTA/ VIRCAM
MagellanBaadé FourStar
PROMPTZDLT40)/ —
VLT/FORS2

Swopé DirectCCD

VISTA/ VIRCAM

TOROS T80S

TOROS T80S

TOROS T80S

MPG2.2 mi GROND

MPG2.2 mi GROND

MPG2.2 mi GROND

MPG2.2 mi GROND

MPG2.2 mi GROND

MPG2.2 mMi GROND
Gemini-SouthFlamingos-2
MagellanBaadé FourStar

VLT/ X-shooter

VLT/ X-shooter

VLT/ X-shooter

Swiff UVOT

Swopé DirectCCD

Swopé DirectCCD

NTT/ -

Swopé DirectCCD
BOOTES-3JGT -
Pan-STARRSIGPC1
Pan-STARRSIAGPC1

2017 Aug 18 13:41:00
2017 Aug 18 16:34:00
2017 Aug 18 16:34:00
2017 Aug 18 16:48:00
2017 Aug 18 17:00:36
2017 Aug 18 17:02:55
2017 Aug 18 17:04:54
2017 Aug 18 17:06:55
2017 Aug 18 17:07:12
2017 Aug 18 17:17:33
2017 Aug 18 17:34:02
2017 Aug 18 18:12:00
2017 Aug 18 18:12:00
2017 Aug 18 20:24:08
2017 Aug 18 20:37:46
2017 Aug 18 21:44:44
2017 Aug 18 23:19:40
2017 Aug 18 23:25:56
2017 Aug 18 23:26:33
2017 Aug 18 23:26:55
2017 Aug 18 23:27:54
2017 Aug 18 23:28:35
2017 Aug 18 23:28:53
2017 Aug 18 23:29:52
2017 Aug 18 23:30:31
2017 Aug 18 23:30:50
2017 Aug 18 23:30:55
2017 Aug 18 23:31:02
2017 Aug 18 23:32:02
2017 Aug 18 23:32:36
2017 Aug 18 23:32:58
2017 Aug 18 23:34:48
2017 Aug 18 23:35:20
2017 Aug 18 23:44:00
2017 Aug 18 23:45:49
2017 Aug 18 23:47:00
2017 Aug 18 23:47:02
2017 Aug 18 23:52:29
2017 Aug 18 23:53:00
2017 Aug 18 23:53:00
2017 Aug 18 23:53:00
2017 Aug 18 23:53:00
2017 Aug 18 23:56:00
2017 Aug 18 23:56:00
2017 Aug 18 23:56:00
2017 Aug 18 23:56:00
2017 Aug 18 23:56:00
2017 Aug 18 23:56:00
2017 Aug 19 00:00:19
2017 Aug 19 00:02:53
2017 Aug 19 00:08:58
2017 Aug 19 00:10:46
2017 Aug 19 00:14:01
2017 Aug 19 00:41:00
2017 Aug 19 00:49:15
2017 Aug 19 01:08:00
2017 Aug 19 01:09:00
2017 Aug 19 01:18:57
2017 Aug 19 03:08:14
2017 Aug 19 05:42:00
2017 Aug 19 05:44:00

u
Ks

I v )

]

Ks

J

visible wide band

Rspecial

— "(_nN_'—"‘(Q'<
Q@ N ‘.3151 <

N< 2 C = gt

Cenko et §017; Evans et al(20178

Utsumi et @017, in press
Utsumi et 017, in press
Utsumi et @017, in press

Im et(@017d 20179; Troja et al.(20173
Im et@017d 20179; Troja et al.(20173
Im et(@017d 20179; Troja et al.(20173

Lipunov et §017¢ 20173

Im et@017d 20179; Troja et al.(20173
Lipunov et g2017¢ 2017h 20173

Lipunov et gr017h 20173
Smartt et §2017)
Smartt et @017

Malesani et(2D173; Tanvir & Levan(2017)
Malesani et(2017g; Tanvir & Levan(2017)
Cwiek ef28l17); Batsch et al(2017),

Arcavi et §2017¢

Cowperthwaite et @017h; Soares-Santos et §2017)

Drout et @0178

Cowperthwaite et(@0171); Soares-Santos et §2017)
Cowperthwaite et @0171; Soares-Santos et §2017)
Im et(@017d 20179; Troja et al.(20173
Cowperthwaite et @017h; Soares-Santos et 2017
Cowperthwaite et (@0171; Soares-Santos et §2017)
Im et@017d 20179; Troja et al.(20173
Cowperthwaite et (@0171; Soares-Santos et §2017)

Drout et £2017H

Melandri et @0179; Pian et al(20173

Drout et 20170

Im et(@017d 20179; Troja et al.(20173

Drout et(@017H

Im et@017d 20179; Troja et al.(20173

Drout et €2017h
Tanvir & Leva(2017)
Drout et @017h

Yang et dR0170), Valenti et al.(submittedl
Wiersema gRAll7); Covino et al.(2017)
Kilpatrick et §2017); Coulter et al(2017)

Tanvir & Leva(2017)

Diaz et €2017a 20171, Diaz et al.(2017, in preparation
Diaz et §017a 20171, Diaz et al.(2017, in preparatign
Diaz et §017a 20171, Diaz et al.(2017, in preparation

Smartt et €017
Smartt et @017
Smartt et@017)
Smartt et @017
Smartt et @017
Smartt et @017
Cowperthwaite et20117H
Drout et(2D17h
Pian et@017a 20173
Pian et(@017h 2017H
Pian et(@017 2017
Evans et €017H

Kilpatrick et §017); Coulter et al(2017)

Coulter et @017
Smartt et §017)
Coulter et @017

Castro-Tirado et(2017), Zhang et al(2017, in preparation

Chambers et(2017; Smartt et al(2017)
Chambers e(20178; Smartt et al(2017)
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(Continued
Telescopélnstrument UT Date Band References
Pan-STARRSIGPC1 2017 Aug 19 05:46:00 i Chambers et(20178; Smartt et al(2017)
MOA-1I/ MOA-cam3 2017 Aug 19 07:26:00 R Utsumi et @017, in press
B&C61cm Tripole5 2017 Aug 19 07:26:00 ¢ Utsumi et @017, in press
KMTNet-SSO wide- eldcamera 2017 Aug 19 08:32:48 B Im et(@017d 20179; Troja et al.(20173
KMTNet-SSO wide- eldcamera 2017 Aug 19 08:34:43 V Im et@017d 20179; Troja et al.(20173
KMTNet-SSA wide- eldcamera 2017 Aug 19 08:36:39 R Im et(@017d 20179; Troja et al.(20173
KMTNet-SSO wide- eldcamera 2017 Aug 19 08:38:42 | Im et @017d 20179; Troja et al.(20173
T27/ - 2017 Aug 19 09:01:31  V Im et a{2017a 20178, Im et al.(2017, in preparatign
T30/ - 2017 Aug 19 09:02:27 V Im et a{20173 2017H, Im et al.(2017, in preparation
T27/ - 2017 Aug 19 09:02:27 R Im et g017a 20178, Im et al.(2017, in preparation
T3V - 2017 Aug 19 09:02:34 R Im et a20173 2017H, Im et al.(2017, in preparation
T27/ - 2017 Aug 19 09:11:30 | Im et af2017a 20178, Im et al.(2017, in preparatign
Zadkd CCDimager 2017 Aug 19 10:57:00 r Coward et(aD173,
MASTER/ — 2017 Aug 19 17:06:57  Clear Lipunov et §017h 20173
MASTER/ - 2017 Aug 19 17:53:34 R Lipunov et §2017h 20173
LasCumbres1-hSinistro 2017 Aug 19 18:01:26 V Arcavi et 20179
LasCumbres1-ASinistro 2017 Aug 19 18:01:26 z Arcavi et £2017¢
MASTER/ — 2017 Aug 19 18:04:32 B Lipunov et gr017h 20173
1.5 m Boydeh- 2017 Aug 19 18:16:00 r Smartt et §2017)
REM/ ROS2 2017 Aug 19 23:12:59 r Melandri et @0179; Pian et al(2017)
REM/ ROS2 2017 Aug 19 23:12:59 i Melandri et £0179; Pian et al(2017)
REM/ ROS2 2017 Aug 19 23:12:59 ¢ Melandri et @0179; Pian et al(2017)
MASTER/ — 2017 Aug 19 23:13:20  Clear Lipunov et §017h 20173
Gemini-SouthFlamingos-2 2017 Aug 19 23:13:34 H Cowperthwaite ef2817H
MPG2.2 M GROND 2017 Aug 19 23:15:.00 r Smartt et @017
MPG2.2 M GROND 2017 Aug 19 23:15:00 z Smartt et @017
MPG2.2 mi GROND 2017 Aug 19 23:15:.00 H Smartt et @017
MPG2.2 M GROND 2017 Aug 19 23:15:00 i Smartt et 2017
MPG2.2 m GROND 2017 Aug 19 23:15:00 J Smartt et (@017
TOROS EABA 2017 Aug 19 23:18:38 r Diaz et gr017H, Diaz et al.(2017, in preparation
MagellanBaadé FourStar 2017 Aug 19 23:18:50 H Drout et @017H
Etelman VIRT/ CCDimager 2017 Aug 19 23:19:00 R Gendre ef2017), Andreoni et al(2017, in preparatign
Blancd DECami — 2017 Aug 19 23:23:29 Y Cowperthwaite et @017h; Soares-Santos et §2017)
Blancd DECani — 2017 Aug 19 23:26:59 r Cowperthwaite et @017h; Soares-Santos et 2017
Blancd DECamni — 2017 Aug 19 23:27:59 g Cowperthwaite et (@017h; Soares-Santos et #2017
ChilescopeRC-1006- 2017 Aug 19 23:30:33  clear Pozanenko ef(2017a 20178, Pozanenko et a{2017, in preparation
MagellanBaadé FourStar 2017 Aug 19 23:31:06 J1 Drout et(2D17h
Blancd DECami — 2017 Aug 19 23:31:13 u Cowperthwaite et @017h; Soares-Santos et §017)
MagellanBaadé FourStar 2017 Aug 19 23:41:59 Ks Drout et(@0179
MagellanBaadé IMACS 2017 Aug 20 00:13:32 r Drout et g2017H
Gemini-SouthFlamingos-2 2017 Aug 20 00:19:00 Ks Kasliwal et(@b1?)
LasCumbres1-hSinistro 2017 Aug 20 00:24:28 g Arcavi et 2017¢
Gemini-SouthFlamingos-2 2017 Aug 20 00:27:00 J Kasliwal et(2017)
NTT/ - 2017 Aug 20 01:19:00 U Smartt et §017)
Pan-STARRSAGPC1 2017 Aug 20 05:38:00 vy Chambers ef(2D179; Smartt et al(2017)
Pan-STARRSIAGPC1 2017 Aug 20 05:41:00 z Chambers e(20179; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 20 05:45:00 i Chambers et(20179; Smartt et al(2017)
T3V - 2017 Aug 20 09:20:38 R Im et gR017a 20178, Im et al.(2017, in preparation
MASTER/ - 2017 Aug 20 17:04:36  Clear Lipunov et §017h 20173
MASTER/ — 2017 Aug 20 17:25:56 R Lipunov et 42017h 20173
MASTER/ — 2017 Aug 20 17:36:32 B Lipunov et gR017h 20173
LasCumbres1-hSinistro 2017 Aug 20 17:39:50 i Arcavi et 20179
LasCumbres1-hSinistro 2017 Aug 20 17:45:36  z Arcavi et £2017¢
LasCumbres1-hSinistro 2017 Aug 20 17:49:55 V Arcavi et §2017¢
MPG2.2 M GROND 2017 Aug 20 23:15:00 g Smartt et @017
MagellanBaadé FourStar 2017 Aug 20 23:20:42 J Drout et(@017H
ChilescopeRC-1006- 2017 Aug 20 23:21:09  clear Pozanenko ef{20173
VISTA/ VIRCAM 2017 Aug 20 23:24:00 K Tanvir & Leva(R017)
Blancd DECani — 2017 Aug 20 23:37:06 u Cowperthwaite et @017h; Soares-Santos et #2017
Swopé DirectCCD 2017 Aug 20 23:44:36 V Coulter et 1017
Swopé DirectCCD 2017 Aug 20 23:53:00 B Coulter et @017

10
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(Continued
Telescopélnstrument UT Date Band References
MASTER/ — 2017 Aug 21 00:26:31  Clear Lipunov et §017h 20173
Gemini-SouthFlamingos-2 2017 Aug 21 00:38:00 H Kasliwal et(@017; Troja et al.(20173
Pan-STARRSAGPC1 2017 Aug 21 05:37:00 vy Chambers et(20179; Smartt et al(2017)
Pan-STARRSAGPC1 2017 Aug 21 05:39:00 z Chambers e(20179; Smartt et al(2017)
Pan-STARRSIAGPC1 2017 Aug 21 05:42:00 i Chambers et(20179; Smartt et al(2017)
AST3-2 wide- eldcamera 2017 Aug 21 15:36:50 g L
MASTER/ - 2017 Aug 21 17:08:14  Clear Lipunov et £017h 20173
MASTER/ — 2017 Aug 21 18:06:12 R Lipunov et g2017h 20173
MASTER/ — 2017 Aug 21 19:20:23 B Lipunov et gr017h 20173
duPont RetroCam 2017 Aug 21 23:17:19 Y Drout et @017H
Etelmar VIRT/ CCDimager 2017 Aug 21 23:19:00 Clear Gendre ef28117); Andreoni et al(2017, in preparation
MPG2.2 mf GROND 2017 Aug 21 23:22:00 Ks Smartt et @017
VLT/FORS2 2017 Aug 21 23:23:11 R 'Bvanzo et al(2017; Pian et al(2017)
ChilescopeRC-1006- 2017 Aug 21 23:32:09  clear Pozanenko ef{20179
duPont RetroCam 2017 Aug 21 23:34:34 H Drout et @0179
LasCumbres1-hSinistro 2017 Aug 21 23:48:28 w Arcavi et §2017¢
Swopé DirectCCD 2017 Aug 21 23:54:57 r Coulter et @017
duPont RetroCam 2017 Aug 21 23:57:41 ] Drout et(2D17h
Swopé DirectCCD 2017 Aug 22 00:06:17 g Coulter et @017
VLT/FORS2 2017 Aug 22 00:09:09 z 'Bvanzo et al(2017; Pian et al(2017)
VLT/FORS2 2017 Aug 22 00:18:49 | 'Bvanzo et al(2017; Pian et al(2017)
MagellanClay LDSS3-C 2017 Aug 22 00:27:40 ¢ Drout et @017H
VLT/FORS2 2017 Aug 22 00:28:18 B 'Bvanzo et al(2017; Pian et al(2017)
VLT/FORS2 2017 Aug 22 00:38:20 V 'Bvanzo et al.(2017; Pian et al(2017)
HSTWFCZ3 IR 2017 Aug 22 07:34:00 F110W Tanvir & Levg017); Troja et al.(20173
LasCumbres1-hSinistro 2017 Aug 22 08:35:31  r Arcavi et §2017¢
HSTWFC3 IR 2017 Aug 22 10:45:00 F160W Tanvir & LevgR017); Troja et al.(20173
HubbleSpaceTelescap&’FC3 2017 Aug 22 20:19:00 F336W Adams et(@D17); Kasliwal et al.(2017)
Etelman VIRT/ CCDimager 2017 Aug 22 23:19:00 Clear Gendre ef24117); Andreoni et al(2017, in preparation
VLT/VIMOS 2017 Aug 22 23:30:00 z Tanvir & Levg017)
duPont RetroCam 2017 Aug 22 23:33:54 Y Drout et @017H
VLT/VIMOS 2017 Aug 22 23:42:00 Tanvir & Leva@017)
VLT/VIMOS 2017 Aug 22 23:53:00 u Evans et €2017H
VLT/FORS2 2017 Aug 22 23:53:31  Rspecial Covino e(2017)
VST/ OmegaCam 2017 Aug 22 23:58:32 g Grado e{20173g; Pian et al(2017)
VLT/ X-shooter 2017 Aug 23 00:35:20 r Pian et@017
VLT/ X-shooter 2017 Aug 23 00:37:08 z Pian et(@n17
VLT/ X-shooter 2017 Aug 23 00:40:24 ¢ Pian et(@017
Zadkd CCDimager 2017 Aug 23 11:32:00 r Coward et(aD173,
IRSKF SIRIUS 2017 Aug 23 17:22:00 Ks Kasliwal et €017
IRSH SIRIUS 2017 Aug 23 17:22:00 J Kasliwal et 2017
IRSH SIRIUS 2017 Aug 23 17:22:00 H Kasliwal et §017)
VST/ OmegaCam 2017 Aug 23 23:26:51 i Grado ef(2017g; Pian et al(2017)
VLT/VISIR 2017 Aug 23 23:35:00 8.6um Kasliwal et €017
VST/ OmegaCam 2017 Aug 23 23:42:49 r Grado e{20173; Pian et al(2017)
CTI01.3 i ANDICAM 2017 Aug 24 23:20:00 Ks Kasliwal et g2017)
Swopé DirectCCD 2017 Aug 24 23:45:07 i Coulter et @017
ChilescopeRC-1006- 2017 Aug 24 23:53:39  clear Pozanenko et(2017h,
Blancd DECani — 2017 Aug 24 23:56:22 ¢ Cowperthwaite et(@0171); Soares-Santos et §2017)
MagellanClay LDSS3-C 2017 Aug 25 00:43:27 B Drout et €017h
HSTWFC3 UVIS 2017 Aug 25 13:55:00 F606W Tanvir & LevgR017); Troja et al.(20173
HST WFC3 UVIS 2017 Aug 25 15:28:00 F475W Tanvir & Lev&R017); Troja et al.(20173
HST WFC3 UVIS 2017 Aug 25 15:36:00 F275W Levan & Tany#017); Tanvir & Levan(2017,
MagellanClay LDSS3-C 2017 Aug 25 23:19:41 z Drout et @0170
Blancd DECani — 2017 Aug 25 23:56:05 r Cowperthwaite et @017h; Soares-Santos et 2017
VLT/FORS2 2017 Aug 26 00:13:40 z Covino et @017
duPont RetroCam 2017 Aug 26 00:14:28 J Drout et(aD17h
VLT/FORS2 2017 Aug 26 00:27:16 B Pian et @017
IRSH SIRIUS 2017 Aug 26 16:57:00 J Kasliwal et €2017)
IRSH SIRIUS 2017 Aug 26 16:57:00 Ks Kasliwal et 2017
IRSF SIRIUS 2017 Aug 26 16:57:00 H Kasliwal et 017

11
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(Continued

Telescopélnstrument

UT Date Band

References

VISTA/ VIRCAM
ApachePointObservatdidICFPS
Palomar200incgHVIRC
HSTWFC3 IR
HSTWFC3 IR

HST WFC3 UVIS

HST ACY WFC

HST ACY WFC

HST ACY WFC

HST ACY WFC
Gemini-SouthFlamingos-2
CTIO1.3 i ANDICAM
Blancd DECani —

MPG2.2 M GROND
Gemini-SouthFlamingos-2
Gemini-SouthFlamingos-2
duPont RetroCam

Blancd DECani —

Blancd DECami —
VLT/FORS2
VLT/FORS2

MPG2.2 mf GROND
HSTWFC3 IR
HSTWFC3Z IR

HST WFC3 UVIS

HST WFC3 UVIS

HST WFC3 UVIS

NTT/ -

HSTWFC3 UVIS
MPG2.2 mf GROND
VISTA/ VIRCAM
Gemini-SouthFlamingos-2
VLT/FORS2
HubbleSpaceTelescop&/FC3 UVIS
HubbleSpaceTelescap&FC3 UVIS
NTT/ -

VLT/VIMOS

SkyMappef—
SkyMappef—

NTT/ -

VLT/FORS2

VISTA/ VIRCAM
Gemini-SouthFlamingos-2
SkyMappef—
SkyMappef—
SkyMappef—
SkyMappet—

NTT/ -
Gemini-SouthFlamingos-2
VLT/VIMOS
Gemini-SouthFlamingos-2
MagellanBaadé FourStar
VLT/HAWKI

VLT/HAWKI

2017 Aug 26 23:38:00 Y

2017 Aug 27 02:15:00 Ks
2017 Aug 27 02:49:00 Ks
2017 Aug 27 06:45:56  F110W
2017 Aug 27 07:06:57  F160W
2017 Aug 27 08:20:49  F336W
2017 Aug 27 10:24:14  F475W
2017 Aug 27 11:57:07 F625W
2017 Aug 27 13:27:15  F775W
2017 Aug 27 13:45:24  F850LP
2017 Aug 27 23:16:00 J
2017 Aug 27 23:18:00 Ks
2017 Aug 27 23:23:33 Y

2017 Aug 27 23:24:00 J

2017 Aug 27 23:28:10 Kq

2017 Aug 27 23:33:07 H
2017 Aug 27 23:36:25 H
2017 Aug 27 23:40:57 z
2017 Aug 28 00:00:01 i

2017 Aug 28 00:07:31 R

2017 Aug 28 00:15:56 V

2017 Aug 28 00:22:00 H
2017 Aug 28 01:50:00 F110W
2017 Aug 28 03:25:00 F160W
2017 Aug 28 20:56:00 F275W
2017 Aug 28 22:29:00 F475W
2017 Aug 28 23:02:00 F814W
2017 Aug 28 23:03:.00 H
2017 Aug 28 23:08:00 F606W
2017 Aug 28 23:22:.00 Ks
2017 Aug 28 23:33:00 J

2017 Aug 28 23:36:01 K,

2017 Aug 29 00:00:23 |
2017 Aug 29 00:36:00 F275W
2017 Aug 29 00:36:00 F225W
2017 Aug 29 22:56:00 Ks
2017 Aug 29 23:16:00
2017 Aug 30 09:26:00 u
2017 Aug 30 09:32:00 v
2017 Aug 30 23:03:00 Ks
2017 Aug 31 23:34:46  z
2017 Aug 31 23:42:.00 K

2017 Aug 31 23:50:00 H
2017 Sep 01 09:12:00
2017 Sep 01 09:14:00
2017 Sep 03 09:21:00
2017 Sep 03 09:23:00
2017 Sep 04 23:12:00 Ks

2017 Sep 04 23:28:45K,
2017 Sep 05 23:23:00 z

2017 Sep 05 23:48:00 Ks

2017 Sep 06 23:24:28 Ks
2017 Sep 07 23:11:00 K
2017 Sep 11 23:21:00 K

- N —

Tanvir & Leva(2017)
Kasliwal et @017
Kasliwal et #2017
Cowperthwaite et(2017h
Cowperthwaite et(20171
Cowperthwaite et(2017h
Cowperthwaite ef{(20179
Cowperthwaite ef{20170
Cowperthwaite e{2017h
Cowperthwaite e{2017h
Kasliwal et(aD17)
Kasliwal et g017)
Cowperthwaite et @017h; Soares-Santos et §2017)
Smartt et@017)
Cowperthwaite et al2017h
Cowperthwaite e20117H
Drout et @0179
Cowperthwaite et(@017h; Soares-Santos et #2017
Cowperthwaite et @0178; Soares-Santos et §2017)
Pian et(@0173
Pian et @0173
Smartt et @017
Tanvir & Levg017); Troja et al.(20173
Tanvir & LevgR017); Troja et al.(20173
Levan & Tany#&017); Tanvir & Levan(2017,
Tanvir & LevdR017); Troja et al.(20173
Tanvir & LevgR017); Troja et al.(20173
Smartt et §017)
Tanvir & LevgR017); Troja et al.(20173
Smartt et @017
Tanvir & Leva2017)
Cowperthwaite et al20178
Pian et @0173
Kasliwal et €017
Kasliwal et €017
Smartt et §2017)
Tanvir & Leva@017)

Smartt et §017)
Pian et(@0173
Tanvir & Leva(2017)
Singer et(20171); Kasliwal et al.(2017)
L

L
L
L
Smartt et @017
Cowperthwaite et al2017h
Tanvir & Lev§P017)
Kasliwal e(2017)
Drout et(20178

Tanvir & Leva2017)
Tanvir & Levai2017)

Note. This is a subset of all the observations made in order to give a sense of the substantial coverage of this event.

time, ux upper limits, and the energy range of the favorable orientation to observe the LIGO-Virgo skymap.
observations, which are summarized here. However, based on theermiGBM (Goldstein et al2017h

At the time of GRB 170817A, three out of six spacecraft of and INTEGRALanalyses, GRB 170817A was too weak to be
the Inter Planetary Netwolldurley et al. 2013 had a detected by Konu®Vind (Svinkin et al.20173. Using the

12
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Table 2

Record of Spectroscopic Observations
Telescopélnstrument UT Date Wavelength&) Resolution(R) References
MagellanClay LDSS-3 2017 Aug 18 00:26:17 37800200 860 Drout et a[2017); Shappee et a(2017)
MagellanClay LDSS-3 2017 Aug 18 00:40:09 3866200 1900 Shappee et 017
MagellanClay LDSS-3 2017 Aug 18 00:52:09 64500000 1810 Shappee et €017
MagellanBaadé MagE 2017 Aug 18 01:26:22 36500100 5800 Shappee et €017
ANU2.3/ WiFeS 2017 Aug 18 09:24:00 3268800 B R 3000 L
SALT/RSS 2017 Aug 18 17:07:00 3668000 300 Shara et 2017,
NTT/ EFOSC2G# 11+ 16 2017 Aug 18 23:19:12 3330970 260400 Smartt et al2017)
VLT/ X-shooter 2017 Aug 18 23:22:25 30a81800 42908150 5750 Pian et al(2017h 20178
SOAR GHTS 2017 Aug 18 23:22:39 4008000 830 Nicholl et al(20179
MagellanClay LDSS-3 2017 Aug 18 23:47:37 3829120 860 Shappee et 017
VLT/MUSE 2017 Aug 18 23:49:00 4659300 3000 Levan & Tanvi(2017; Tanvir & Levan(2017)
MagellanClay MIKE 2017 Aug 19 00:18:11 396400 30000 Shappee et 017
MagellanBaadé MagE 2017 Aug 19 00:35:25 380600300 4100 Shappee et £017)
Gemini-SouthFLAMINGOS2 2017 Aug 19 00:42:27 91608000 500 Chornock et 20173
LCOFaulkesTelescopeSoUELOYDS 2017 Aug 19 08:36:22 5569250 700 GC21908, McCully et g2017H
ANU2.3/ WiFeS 2017 Aug 19 09:26:12 3268800 B R 3000 L
SALT/RSS 2017 Aug 19 16:58:00 3668000 300 Shara et a2017)
SALT/RSS 2017 Aug 19 16:58:32 3668000 300 Shara et g2017; Shara et al. 2017, McCully et §2017H
NTT/ EFOSC2G# 11+ 16 2017 Aug 19 23:25:41 3330970 260400 Smartt et al2017)
SOAR GHTS 2017 Aug 19 23:28:32 4068000 830 Nicholl et al(20179
VLT/ Xshooter xed 2017 Aug 19 23:28:46 376P2790 42903330 5450 Smartt et al2017)
Gemini-SouthFLAMINGOS2 2017 Aug 19 23:42:56 91608000 500 Chornock et 20173
MagellanBaadé IMACS 2017 Aug 20 00:26:28 4358750 1000 Shappee et 017
GeminiSouthGMOS 2017 Aug 20 01:01:54 4008500 400 McCully et al(20173 20178
Gemini-SouthGMOS 2017 Aug 20 01:08:00 6008000 1900 Kasliwal et a(2017)
ANU2.3/ WiFeS 2017 Aug 20 09:21:33 3268800 B R 3000 L
NTT/ EFOSC2G# 11+ 16 2017 Aug 20 23:21:13 3330970 390600 Smartt et al(2017)
SOAR GHTS 2017 Aug 20 23:23:17 5008000 830 Nicholl et al(20179
VLT/ X-shooter 2017 Aug 20 23:25:28 30a81800 42908150 5750 Pian et al(20173
MagellanClay LDSS-3 2017 Aug 20 23:45:53 44500400 860 Shappee et &017)
Gemini-SouthGMOS 2017 Aug 21 00:15:00 3809200 1700 Troja et a(20178; Kasliwal et al.(2017); Troja et al.(20173
GeminiSouthGMOS 2017 Aug 21 00:16:09 4009500 400 Troja et al2017H; McCully et al.(20171; Troja et al.(20173
VLT/FORS2 2017 Aug 21 00:43:12 358500 8061000 Pian et al(20173
ANU2.3/ WiFeS 2017 Aug 21 09:13:00 3261060 B 3000 R 7000 L
NTT/ SOFIBlueGrism 2017 Aug 21 23:11:37 9386460 550 Smartt et 82017
SOAR GHTS 2017 Aug 21 23:24:49 4008000 830 Nicholl et al(20179
VLT/ Xshooter xed 2017 Aug 21 23:25:38 376P2790 42903330 5450 Smartt et al2017)
VLT/FORS2 2017 Aug 21 23:31:12 3581500 8061000 Pian et al(20173
Gemini-SouthFLAMINGOS2 2017 Aug 21 23:40:09 91608000 500 Chornock et 20173
Gemini-SouthFlamingos-2 2017 Aug 22 00:21:00 12988070 600 Kasliwal et a(2017)
Gemini-SouthFlamingos-2 2017 Aug 22 00:47:00 9843020 600 Kasliwal et a(2017)
MagellanClay LDSS-3 2017 Aug 22 00:50:34 50400200 860 Shappee et &017)
HST WFC3 IR-G102 2017 Aug 22 09:07:00 80601150 210 Tanvir & Levaif2017); Troja et al.(20173
HST WFC3 IR-G141 2017 Aug 22 10:53:00 107507000 130 Tanvir & Levaif2017; Troja et al.(20173
MagellanClay LDSS-3 2017 Aug 22 23:34:00 50000200 860 Shappee et 017
HST STIS 2017 Aug 23 02:51:54 1668200 700 Nicholl et al(20179
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Table 2

(Continued
Telescopélnstrument UT Date Wavelengths) Resolution(R) References
AAT/ AAOmega2DF 2017 Aug 24 08:55:00 375900 1700 Andreoni et a{2017),
HST WFC3 IR-G102 2017 Aug 24 18:58:00 80001150 210 Tanvir & Levarf2017); Troja et al.(20173
MagellanClay LDSS-3 2017 Aug 24 23:33:51 63800500 1810 Shappee et €017
SOAR GHTS 2017 Aug 24 23:34:31 5068000 830 Nicholl et al(20179
Gemini-SouthFLAMINGOS2 2017 Aug 24 23:56:32 910608000 500 Chornock et a20173
Keckl/ LRIS 2017 Aug 25 05:45:00 20600300 1000 Kasliwal et a(2017)
Magellar Baadé IMACS 2017 Aug 25 23:37:59 4369300 1100 Nicholl et al20179
MagellanClay LDSS-3 2017 Aug 25 23:39:18 63800500 1810 Shappee et £017)
Gemini-SouthFLAMINGOS2 2017 Aug 26 00:21:24 91608000 500 Chornock et 20173
HST WFC3 IR-G141 2017 Aug 26 22:57:00 107507000 130 Tanvir & Levaif2017); Troja et al.(20173
Magellari Baadé IMACS 2017 Aug 26 23:20:54 43060300 1100 Nicholl et al(20179
Gemini-SouthFLAMINGOS2 2017 Aug 27 00:12:20 910608000 500 Chornock et a20173
Gemini-SouthFLAMINGOS2 2017 Aug 28 00:16:28 91608000 500 Chornock et 20173
HST WFC3 IR-G102 2017 Aug 28 01:58:00 80001150 210 Tanvir & Levarf2017); Troja et al.(20173
HST WFC3 IR-G141 2017 Aug 28 03:33:00 107507000 130 Tanvir & Levaif2017); Troja et al.(20173
Gemini-SouthFlamingos-2 2017 Aug 29 00:23:00 12988070 600 Kasliwal et a(2017)
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Table 3

Gamma-Ray Monitoring and Evolution of GW170817

90% Flux Upper Limit
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Observatory UT Date Time since GW Trigger (erg cnv? ssl) Energy Band GCHNReference

InsightHXMT/ HE Aug 17 12:34:24 UTC $400 s 37ql07 0.2-5 MeV Li et al. (2019

CALET CGBM Aug 17 12:41:04 UTC 0.0 13 q107 10-1000 keV Nakahira et a(2017)

KonusWind Aug 17 12:41:04.446 UTC 0.0 3.0 q 10 7 [erg cn?z] 10 keV-10 MeV Svinkin et al.(20173

Insight HXMT/ HE Aug 17 12:41:04.446 UTC 0.0 379107 0.2-5 MeV Li et al. (20179

InsightHXMT/ HE Aug 17 12:41:06.30 UTC 185s 6.6 q107 0.2-5 MeV Li et al. (20179

Insight HXMT/ HE Aug 17 12:46:04 UTC 300 s 15q107 0.2-5 MeV Li et al. (20179

AGILE-GRID Aug 17 12:56:41 UTC 0.011 days 39q10° 0.03-3 GeV V. Verrecchia et a(2017, in preparation

FermiLAT Aug 17 13:00:14 UTC 0.013 days 40 q101° 0.1-1 GeV Kocevski et al(2017)

H.E.S.S. Aug 17 17:59 UTC 0.22 days 39 q10%? 0.28-2.31 TeV H. Abdalla et alH.E.S.S. Collaboratign(2017, in preparatign
HAWC Aug 17 20:53:14-Aug 17 22:55:00 UTC 0.342 dayss 0.425 days 17 q 1010 4-100 TeV Martinez-Castellanos et €017

FermiGBM Aug 16 12:41:06-Aug 18 12:41:06 UTC +1.0 days (8.0..9.9)q 1010 20-100 keV Goldstein et a(20173

NTEGRAL IBIS ISGRI Aug 1812:45:16—Aug 2303:22:34 UTC 15.7 days 20 g10% 20-80 keV Savchenko et a(2017)

INTEGRALIBIS/ ISGRI Aug 1812:45:16—Aug 2303:22:34 UTC 15.7 days 36 q10 80-300 keV Savchenko et a(2017)

INTEGRALIBIS/ PICSIT Aug 1812:45:16—Aug 2303:22:34 UTC 15.7 days 0.9 q 1010 468-572keV Savchenko et a(2017)

INTEGRALIBIS/ PICsIT Aug 1812:45:16—Aug 2303:22:34 UTC 15.7 days 44 q101° 572-1196keV Savchenko et a(2017)

INTEGRALSPI Aug 1812:45:10—Aug 2303:22:34 UTC 15.7 days 24 q1010 300-500 keV Savchenko et a(2017)

INTEGRALSPI Aug 1812:45:10—Aug 2303:22:34 UTC 15.7 days 7.0q 1010 500-1000keV Savchenko et a(2017)

INTEGRALSPI Aug 1812:45:16—Aug 2303:22:34 UTC 15.7 days 15q10° 1006-2000keV Savchenko et a(2017)

INTEGRALSPI Aug 1812:45:10—Aug 2303:22:34 UTC 15.7 days 29 q10° 2000-4000keV Savchenko et a(2017)

H.E.S.S. Aug 18 17:55 UTC 1.22 days 33qgl0®? 0.27-3.27 TeV H. Abdalla et al(H.E.S.S. Collaboratign2017, in preparation
H.E.S.S. Aug 19 17:56 UTC 2.22 days 1.0 q 10 12 0.31-2.88 TeV H. Abdalla et alH.E.S.S. Collaboratign(2017, in preparatign
H.E.S.S. Aug 2% Aug 22 18:15 UTC 4.23 days 5.23 days 29 q10*%? 0.50-5.96 TeV H. Abdalla et alH.E.S.S. Collaboratign(2017, in preparation
Note.

@ Assuming no shielding by the structures of ISS.
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Earth Occultation technigy&Vilson-Hodge et aR012, Fermi region rst became visible on August 17 between 19:57 and
GBM placed limits on persistent emission for the 48 hr period 23:25 UTC. SSS174AT 2017gfo was observed for 2.03 hr
centered at thEermiGBM trigger time over the 90% credible starting at 20:53 UTC. Upper limits from HAWC for energies
region of the GW170817 localization. Using theiné targeted 40TeV assuming ai 2* spectrum are reported in Martinez-
search for transient signgBlackburn et al2015, FermiGBM Castellanos et a(2017).

also set constraining upper limits on precursor and extended INTEGRAL(3 keV-8 MeV) carried out follow-up observa-
emission associated with GRB 170817¢&oldstein et al.  tions of the LIGO-Virgo localization region, centered on the
20171. INTEGRAL (Winkler et al. 2003 continued unin- optical counterpart, starting 24 hr after the event and spanning
terrupted observations after GRB 170817A for 10 hr. Using the4.7 days. Hard X-ray emission is mostly constrained by IBIS
PiCSIT (Labanti et al.2003 and SPI-ACS detectors, the (Ubertini et al.2003, while above 500keV SP{Vedrenne
presence of a steady source 10 times weaker than the promgt al. 2003 is more sensitive. Besides the steadx limits

emission was excludg@avchenko et aR017). reported in Table3, these observations exclude delayed
The High Energy telescope on boaldsightHXMT bursting activity at the IeveI_ of giant magnetaares. No
monitored the entire GW170817 skymap fraid 650 sto gamma-ray lines from a kilonova ce / pair plasma

TO 450s but, due to the weak and soft nature of annihilation were detectgdee Savchenko et &017).
GRB 170817A, did not detect any sigonant excess at

TO (LiaO et al. 2017) Upper I|m|tS from 025 I\/IeV fOI’ ) ) 33 Discovery Of the X_Ray Counterpart
GRB 170817A and other emission episodes are reported in Li . . .
et al. (2017). While the UV, optical, and IR observations mapped the

The Calorimetric Electron Telescof@ALET) Gamma-ray emission from the sub-relativistic ejecta, X-ray observations
Burst Monitor(CGBM) found no signi cant excess around To.  Probed a different physical regime. X-ray observations of GRB
Upper limits may be affected due to the location of SSB17a afterglows are important to constrain the geometry of the
AT 2017gfo being covered by the large structure of the OUt OW, its energy output, and the orientation of the system
International Space Station at the time of GRB 170817A With respect to the observeie of sight. :
(Nakahira et al.2017. AstroSatCZTI (Singh et al.2014 The earliest limits at X-ray wavelengths were provided by
Bhalerao et aR017) reported upper limits for the 100 s interval The Gai/liy(tl_clv?r?ereﬁisqt()flztgg Mo[r)ntortof A"'Sl]fy X'r%)ll
centered on T@Balasubramanian et &017); the position of mage(. ARl MValsuoka et a 9. Due to an unfavorable
SSS17hAT 2017gfo was occulted by the Earth, however, at sky position, the location of GW170817 was not observed by
the time of the trigger ’ ’ MAXI until August 17 17:21 UTETO  0.19dayg. No X-ray

For the AstroRivelatore Gamma a Immagini Leggero grglzs?(r)l gwgrsg gﬁ'%%ggeld(zitlgtgv-mgig}?a %t“ggg% gf
(AGILE) satellite(Tavani et al.2009 the rst exposure of - : \ v N
the GW170817 localization region by the Gamma Ray Imaging SUQ'tahZC:N’ n prepﬁratl))dri\AAX] obtat;n?d th%ee more scans
Detector(GRID), which was occulted by the Earth at the time over the location with no detections before the more sensitive

pointed observations began.
of GRB 170817A, started &0 935 The GRID observed In addition, the SupeAGILE detector(Feroci et al2007) on

the eld before and after TO, typically witlh 150 s exposures. No board theAGILE mission (Tavani et al.2009 observed the
gamma-ray source was detected alib¥én the energy range location of GW170817 starting at August 18 01:16:34.84 UTC

30 MeV-30 GeV (V. Verrecchia et al. 2017, in preparation ) :
At the time of the triggerFermi was entering the South go GvsllfodSaly? ' Nv3it>li raay s; ulrjcpep\évras”dn?ittecéidséétgellgcga tion

Atlantic Anomaly(SAA) and the Large Area TelescofiéAT) ergcnt2sSt (1860keV; V. Verrecchia et al. 2017, in
was not collecting science dafeermiGBM uses different preparatiop o ' ’

SAA boqndanes and was still observingermiLAT resumed The rst pointed X-ray observations of GW170817 were
data taking at roughlyO 1153 s when 100% of the low-  gptained by the X-Ray Telescofurrows et al2005 on the
latency GW170817 skymahlGO Scienti ¢ Collaboration & - gyift satellite (Gehrels2004 and theNUclear Spectroscopic
Virgo Collaboration et al2017h) was in the eld of view for Telescope ARrafNuSTARHarrison et al2013, beginning at
_1000 s No signi cant source of high-energy emission was 19 0. days andTO  0.70days, respectively. No X-ray
detected. Additional searches over different timescales weremijssion was detected at the location of GW170817 to limiting

performed for the entire time span of LAT data, and no yxesof2.7 q 10 12 ergcn?2s°*(0.3-10.0 keV; Evans et al.
signi cant excess was detected at the position of S3S17a20173 20178 and2.6 q 10 14 erg cn$2531(3.0—10.0 keV:

AT 2017gfo(Kocevski et al2017. Evans et al.2017a 2017H. Swift continued to monitor the

~ The High Energy Stereoscopic Syst¢rE.S.S) array of eld, and after stacking several epochs of observations, a weak
imaging atmospheric Cherenkov telescopes observed fromk-ray source was detected near the location of GW170817 at a
August 17 18:00 UTC with three pointing positions. Thist, ux of 2.6 g 10 14 ergcnt?s>! (Evans et al20179.

at TO 5.3 hr, covered SSS1TAT 2017gfo. Observations INTEGRAL (see Sectior8.2) performed pointed follow-up

repeated the following nights until the location moved outside observations from one to about six days after the trigger. The
the visibility window, with the last pointing performed on X-ray monitor JEM-X (Lund et al. 2003 constrained the
August 22 18:15 UTC. A preliminary analysis with an energy average X-ray luminosity at the location of the optical transient
threshold of _500 GeV revealed no signcant gamma-ray  to be 2 q 10 Uergen??s°! (3-10.0keVy and 7 q 10 12

S

emission (de Naurois et al2017, con rmed by the nal, erg cnt?s>! (10-25 keV; Savchenko et a2017).
of ine analysigsee H. Abdalla et a[H.E.S.S. Collaboratign Chandra obtained a series of observations of GW170817
2017, in preparation, for more resjlts beginning at August 19 17:10 UTQIO 22day9 and

For the High-Altitude Water Cherenk@ddAWC) Observa- continuing until the emission from NGC 4993 became
tory (Abeysekara et al2017 the LIGO-Virgo localization  unobservable because of SSSIWR2017gfds proximity to

16
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the Sun(Fong et al2017 Haggard et al2017h Margutti et al.
20173 Troja et al.2017¢ 20179. Two days post-trigger,
Margutti et al.(20173 reported an X-ray non-detection for
SSS17AAT 2017gfo in a; 25 ks Chandraexposur€®* along

Abbott et al.

The rst reported radio observations of the optical transient
SSS178AT 2017gfds location occurred on August 18 at
02:09:00 UTC(TO+13.5h) with the Karl G.Jansky Very
Large Array(VLA) by Alexander et al(20179.°°® Initially

with the detection of an extended X-ray source whose positionattributed to the optical transient, this radio source was later

was consistent with the host NGC 49@&argutti et al.2017h.
Re ned astrometry from subsequedwift observations con-

established to be an AGN in the nucleus of the host galaxy,
NGC 4993(Alexander et al.2017¢ 20179. Subsequent

rmed that the previously reported candidate was indeedobservations with several radio facilities spanning a wide

associated with the host nucleiisrans et al2017a 2017h.

Nine days post-trigger, Troja et gR0179 reported the
discovery of the X-ray counterpart wihandra In a 50 ks
exposure observation, they detected sigamnt X-ray emission
at the same position of the opticlk counterpart(Troja
et al.2017a top right panel in Figur@)°®®. Fifteen days post-
trigger, two additional 50 k€handraobservations were made,
which conrmed the continued presence of X-ray emission.
Based on therst of these two observatioti§°®”: Fong et al.
(2017 reported the detection of the X-ray counterpart and the
presence of an additional X-ray point source in the near vicinity
(Margutti et al.20178, and Troja et al(2017¢ reported a ux
of 4.5x 10°*® ergcnt?s>tfor the X-ray counterpart. One
day later, Haggard et al(20178 reported another deep
observation showing continued distinct X-ray emission coin-
cident with SSS17aAT 2017gfo, NGC 4993, and the addi-
tional point sourc¢Haggard et al2017g 2017h.*°

NeitherSwiftnor Chandracan currently observe GW170817
because it is too close to the Sun7 nfor Swift 46 nfor
Chandrg. Hence, until early 2017 Decemb®&uSTARSs the

range of radio and millimeter frequencies continued to detect
the AGN, but did not reveal radio emission at the position of
the transien{Alexander et al2017f Bannister et al2017h
Corsi et al.2017a 2017h 2017¢ De et al.2017a 2017h
Kaplan et al2017g Lynch et al.201732017h 2017¢ Mooley

et al.2017a Resmi et al2017).

The rst radio counterpart detection consistent withHISa
position (re ned by Gaia astrometry of SSS176AT 2017gfo
(Adams et al.2017) was obtained with the VLA on 2017
September 2 and 3 at two different frequené¢e3 GHz and
X6 GH2) via two independent observations: the Jansky VLA
mapping of Gravitational Wave bursts as Afterglows in Radio
(JAGWAR®® Mooley et al. 2017 and VLA 16A-206"°
(Corsi et al20179. Marginal evidence for radio excess emission
at the location of SSS1/7AT 2017gfo was also commed in
ATCA images taken on September 5 at similar radio frequencies
(x7.25 GHz Murphy et al. 2017. Subsequent repeated
detections spanning multiple frequencies have rkoaed an
evolving transien{Hallinan et al.2017a 2017h Corsi et al.
2017d Mooley et al.2017h. Independent observations carried

only sensitive X-ray observatory that can continue to observeout on 2017 September 5 with the same frequency and exposure

the location of GW170817.
All X-ray observations of GW170817 are summarized in
Table4.

3.4. Discovery of the Radio Counterpart

Radio emission traces fast-moving ejecta from a neutron sta
coalescence, providing information on the energetics of the

as the
|

explosion, the geometry of the ejecta, as well
environment of the merger. The spectral and temporal
evolution of such emission, coupled with X-ray observations,
are likely to constrain several proposed mo¢sde, e.g., Nakar

& Piran 2011 Piran et al.2013 Hotokezaka & Pirar2015
Hotokezaka et aR016G Gottlieb et al.2017).

Prior to detection of SSS1/AT 2017gfo, a blind radio
survey of cataloged galaxies in the gravitational-wave
localization volume commenced with the Australia Telescope
Compact ArrayATCA,; Wilson et al.2011), and observed the
merger eventslocation on 2017 August 18 at 01:46 UTC
(Kaplan et al20173. In addition, the Long Wavelength Array 1
(LWAL; Ellingson et al.2013 followed up the gravitational-
wave localization with observationstat 6.5 hr, then on 2017
August 23 and 3(Callister et al2017a Callister et al2017h
using four beamgone centered on NGC 4993, one off-center,
and two off NGC 4998 These observations set Bpper limits

for the appearance of a radio source in the beam centered o

NGC 4993, about 8 hours after the GW event, 00 Jy at
25 MHz and 100 Jy at 45 MHz.

964 ChandraOBSID-18955, PI: Fong.

965 ChandraOBSID-19294, PI: Troja.

966 Chandra OBSID-20728, PI: Troja (Directofs Discretionary Time
observation distributed also to Haggard, Fong, and Maygultti

967 ChandraOBSID-18988, PI: Haggard.

17

time used by Corsi et §2017d did not detect any emission to a
5 limit?"* (Alexander et al.20173, but this group also
subsequently detected the radio counterpart on 2017 September
25 (Alexander et al2017h 20179.

SSS178AT 2017gfo, as well as other parts of the initial
gravitational-wave localization area, were and are also being
fontinuously monitored at a multitude of different frequencies
with the Atacama Large Millimetesubmillimeter Array
(ALMA; Wootten & Thompson2009 Schulze et al2017
Kim et al. 2017, in preparation; Alexander et aD17¢
Williams et al.20173, the Australian Square Kilometre Array
Path nder(ASKAP; Johnston et ak007), ASKAP-Fast Radio
Burst(Bannister et aR0173 20179, ATCA, Effelsberg-100 m
(Barr et al. 2013, the Giant Metrewave Radio Telescope
(GMRT; Swarup et al.1991), the Low-Frequency Array
(LOFAR; van Haarlem et al2013, the Long Wavelength
Array (LWAL), MeerKAT (Goedhart et al.20173, the
Murchison Wideeld Array (MWA; Tingay et al. 2013,
Parkes-64 niSUPERB; Bailes et aR017a Keane et al. 2007
Sardinia Radio Telescod&RT; Prandoni et ak017), VLA,
VLA Low Band lonosphere and Transient Experiment
(VLITE; Clarke & Kassim2016, and also using the very
long baseline interferometry(VLBI) technique with
e-MERLIN (Moldon et al.2017a 20178, the European VLBI
Network (Paragi et al.2017a 2017h, and the Very Long
Easeline Array(VLBA,; Deller et al.20173 20178. The latter

ave the potential to resolVenildly) relativistic ejecta on a
timescale of months.

Table5 summarizes the radio observations of GW170817.

968 LA/ 17A-218, PI: Fong.

969 yLA/ 17A-374, PI: Mooley.
970 LA/ 16A-206, PI: Corsi.

971 LA/ 17A-231, PI: Alexander.
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Table 4

X-Ray Monitoring and Evolution of GW170817
Observatory UT DatéStar) Time since GW triggefday3 fe (ergcnt?s°t) Ly (erg $Y Energy(keV) GCN Reference
MAXI Aug 17 17:21:54 UTC 0.19 8.6 q10° 1.65 q 10° 2-10 S. Sugita et a(2017, in preparatign
MAXI Aug 17 18:54:27 UTC 0.26 7.7q108 1.47 q 10 2-10 S. Sugita et al2017, in preparation
MAXI Aug 18 00:44:59 UTC 0.50 42 q910° 8.0 q 10" 2-10 S. Sugita et a[2017, in preparation
SuperAGILE Aug 18 01:16:34 UTC 0.53 3.0q 10° 5.4 q 10" 18-60 V. Verrecchia et al2017, in preparation
MAXI Aug 18 02:18:08 UTC 0.57 22 q10° 4.2 q 10" 2-10 S. Sugita et a(2017, in preparatign
SWiftXRT Aug 18 03:34:33 UTC 0.62 274 q 1018 5.25 q 10° 0.3-10 Evans et al(20179
NuSTAR Aug 18 05:25 UTC 0.7 2.62q 101 5.01 q 16° 3-10 Evans et al(20179
SwiftXRT Aug 18 12:11:49 UTC 0.98 262 q 1012 5.01 q 10* 0.3-10 Evans et al(2017h
INTEGRALJEM-X Aug 1812:45:10 UTC 15.7 1.9 q101 3.6 q 10 3-10 Savchenko et a(2017)
INTEGRALJEM-X Aug 1812:45:10 UTC 15.7 7.0q 10% 1.3 q 107 10-25 Savchenko et a(2017)
SWiftXRT Aug 18 13:29:43 UTC 1.03 1.77 q 1018 3.39 q 10° 0.3-10 Evans et al(20179
SwiftXRT Aug 19 00:18:22 UTC 1.48 1.31q 1018 2.51 q 10° 0.3-10 Evans et al(2017h
Chandra Aug 19 17:10:09 UTC 2.20 non-detection K 0.3-10 Margutti et al(20173
SwiftXRT Aug 19 13:24:05 UTC 2.03 1.02q 1013 1.95 q 10° 0.3-10 Evans et al(20178
SwiftXRT Aug 19 18:30:52 UTC 2.24 1.34q 1018 2.57 q 10° 0.3-10 Evans et al(20179
SwiftXRT Aug 20 03:24:44 UTC 2.61 1.41q 1018 2.69 q 10° 0.3-10 Evans et al(20179
SwiftXRT Aug 20 08:28:05 UTC 2.82 3.87q 10 7.41 q 16° 0.3-10 Evans et al(2017H
SWifeXRT Aug 21 01:43:44 UTC 3.54 6.73q 10U 1.29 q 10° 0.3-10 Evans et al20171)
NuSTAR Aug 21 20:45:00 UTC 4.3 2.08q 10 3.98 q 16° 3-10 Evans et al(20178
SwiftXRT Aug 22 00:05:57 UTC 4.48 6.28 q 10 1.20 q 10° 0.3-10 Evans et al(20178
SwiftXRT Aug 23 06:22:57 UTC 5.74 6.89 g 10 1.32 q 10° 0.3-10 Evans et al(2017H
SwiftXRT Aug 23 23:59:57 UTC 6.47 7219 10% 1.38 q 10° 0.3-10 Evans et al(2017h
Chandra Aug 26 10:33:50 UTC 8.9 Detection K 0.58.0 Troja et al(2017¢ 20173
SwiftXRT Aug 26 23:59:57 UTC 9.47 8.67 q 10 1.66 q 10%° 0.3-10 Evans et al20178
SwiftXRT Aug 28 10:46:17 UTC 10.92 1.41q 1018 2.69 q 10° 0.3-10 Evans et al20178
SWiftXRT Aug 29 01:04:57 UTC 11.52 6.00 g 101 1.15 q 10° 0.3-10 Evans et al(20179
SwiftXRT Aug 30 01:00:57 UTC 12.51 547 q 10 1.05 q 10° 0.3-10 Evans et al(2017h
SwiftXRT Aug 31 02:27:52 UTC 13.57 387910 7.41 q 16° 0.3-10 Evans et al2017h
SwiftXRT Sep 01 05:53:04 UTC 14.72 4.45q 10 8.51 q 1G6° 0.3-10 Evans et al20178
Chandra Sep 01 15:22:22 UTC 151 K K Fong et al(2017); Margultti et al.(20179
Chandra Sep 01 15:22:22 UTC 15.1 45 q 1015 9 q10%8 0.58.0 Troja et al(2017¢ 20173
Chandra Sep 02 15:22:22 UTC 15.1 359101 2.7 q 108 0.3-10 Haggard et ak2017h 20173
Chandra Sep 02 00:00:00 UTC 16.1 38 q101s 3.0 q 10® 0.3-10 Haggard et al2017h 20173
SwiftXRT Sep 02 08:40:56 UTC 15.83 151 q 1018 2.88 q 10° 0.3-10 Evans et al(20178
NuSTAR Sep 04 17:56 UTC 18.2 6.58 q 10 1.26 q 10° 3-10 Evans et al(20178
NuSTAR Sep 05 14:51 UTC 19.1 4.15q 10 7.94 q 16° 3-10 Evans et al(20179
NuSTAR Sep 06 17:56 UTC 20.1 3.30qg 10 6.31 q 16° 3-10 Evans et al(2017h
NuSTAR Sep 21 11:10 UTC 34.9 1.65q 10% 3.16 g 16° 3-10 Evans et al(20178
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Table 5
Radio Monitoring and Evolution of GW170817
Telescope UT Date Time since GW Triggday9 Central Frequenc{GH2) Bandwidth(GH2) Flux ( Jy), 3 GCN Reference
LWA1 Aug 17 13:09:51 UTC 0.02 0.02585 0.020 L Callister et al(20173
LWA1 Aug 17 13:09:51 UTC 0.02 0.04545 0.020 L Callister et al(20173
LWA1 Aug 17 19:15:00 UTC 0.27 0.02585 0.020 <2x 10° Callister et al(20173
LWA1 Aug 17 19:15:00 UTC 0.27 0.04545 0.020 <1x 10° Callister et al(20179
VLBA Aug 17 19:58:00 UTC 0.30 8.7 0.26 Deller et &0173
VLA Aug 18 02:18:00 UTC 0.57 10.0 L Alexander et al(2017d 2017¢
ATCA Aug 18 01:00:00 UTC 1 8.5 2.049 120 Bannister et al(20179
Kaplan et al(20173
Hallinan et al.(20173
ATCA Aug 18 01:00:00 UTC 1 10.5 2.049 150 Bannister et al(20179
Kaplan et al(20173
Hallinan et al.(20173
ATCA Aug 18 01:00:00 UTC 1 16.7 2.049 130 Kaplan et al(20173
Hallinan et al.(20173
ATCA Aug 18 01:00:00 UTC 1 21.2 2.049 140 Kaplan et al(20173
Hallinan et al.(20173
VLITE Aug 18 22:23:31 UTC 1.44 0.3387 0.034 < 34800 Hallinan et al20173
ASKAP Aug 18 04:05:35 UTC 0.67 1.34 0.19 Bannister e(2017¢ 20179
MWA Aug 18 07:07:50 UTC 1 0. 185 0.03 <51 000 Kaplan et a2017b
ASKAP Aug 18 08:57:33 UTC 0.86 1.34 0.19 Bannister e(2017¢ 20179
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 14 338.5 7.5 L Schulze et al(2017)
GMRT Aug 18 11:00:00 UTC 1 10.0 0.032 195 De et al.(20173
Hallinan et al.(20173
Parkes Aug 18 00:00:00 UTC 1.38 1.34 0.34 1.4 q 16 Bailes et al(20173
Parkes Aug 18 00:00:00 UTC 1.46 1.34 0.34 1.4 q 10 Bailes et al(20173
ASKAP Aug 19 02:08:00 UTC 1.58 1.34 0.19 Bannister e(2017¢
ASKAP Aug 19 05:34:33 UTC 2 1.345 L 900 Dobie et al.(20173
VLA Aug 19 22:01:48 UTC 2 6.0 4 22 Corsi et al.(20173
VLA Aug 19 22:01:48 UTC 2 6.0 4 22 Corsi et al.(20173
VLITE Aug 19 22:29:29 UTC 2.44 0.3387 0.034 <28800 Hallinan et al20173
VLA Aug 19 22:30:10 UTC 2.42 15.0 6 22 Corsi et al.(2017¢
Hallinan et al.(20173
VLA Aug 19 23:04:06 UTC 2.44 10.0 4 17 Corsi et al.(2017hH
Hallinan et al.(20173
VLA Aug 19 23:33:30 UTC 2.46 6.0 L 20 Corsi et al.(20173
Hallinan et al.(20173
ALMA Aug 19 22:31:43 UTC 2 97.5 L 50 Williams et al.(20173
Parkes Aug 20 00:00:00 UTC 3.17 1.34 0.34 1.4 q 16 Bailes et al(20173
Parkes Aug 20 00:00:00 UTC 3.21 1.34 0.34 1.4 q 16 Bailes et al(20173
VLITE Aug 20 20.49:36 UTC 3.34 0.3387 0.034 <44700 Hallinan et al20173
VLA Aug 20 00:01:24 UTC 3 9.7 4 18 Corsi et al.(2017h
GMRT Aug 20 08:00:00 UTC 3 0.4 0.2 780 De et al.(2017h
GMRT Aug 20 08:00:00 UTC 3 1.2 0.4 98 De et al.(2017h
VLA Aug 20 21:07:00 UTC 3 6.2 4 19 Corsi et al.(20179
VLA/JAGWAR  Aug 20 22:20:00 UTC 3 3.0 L 32 Mooley et al.(20173
ATCA Aug 20 23:31:03 UTC 3 8.5 2.049 20 Lynch et al.(20173
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Table 5

(Continued
Telescope UT Date Time since GW Trigdgeay9 Central Frequenc{GHz) Bandwidth(GH2) Flux ( Jy), 3 GCN Reference
ATCA Aug 20 23:31:03 UTC 3 10.5 2.049 135 Lynch et al.(20173
ALMA Aug 20 22:40:16 UTC 3 338.5 7.5 L Schulze et al(2017)
VLBA Aug 20 21:36:00 UTC 3 8.7 L 48 Deller et al.(2017H
ALMA Aug 21 20:58:51 UTC 4.3 338.5 7.5 L Schulze et al(2017)
VLA Aug 22 23:50:18 UTC 5.48 10.0 L Alexander et al(20179
e-MERLIN Aug 23 12:00:00 UTC 6 5.0 0.512 108 Moldon et al.(20173
e-MERLIN Aug 24 12:00:00 UTC 7 5.0 0.512 96 Moldon et al.(20173
LWA1 Aug 24 19:50:00 UTC 7 0.02585 0.016 Callister et(aD17h
LWA1 Aug 24 19:50:00 UTC 7 0.04545 0.016 Callister et(aD17h
e-MERLIN Aug 25 12:00:00 UTC 8 5.0 512 96 Moldon et al.(20173
VLITE Aug 25 20:38:22 UTC 8.37 0.3387 0.034 < 37500 Hallinan et al(20173
GMRT Aug 25 09:30:00 UTC 7.9 1.39 0.032 130 Resmi et al(2017)
VLA Aug 25 19:15:12 UTC 8.29 10.0 L Alexander et al(20179
ALMA Aug 25 22:35:17 UTC 8.4 338.5 7.5 L Schulze et al(2017)
MeerKAT Aug 26 08:43:00 UTC 10 1.48 0.22 <70 Goedhart et a(20173
ALMA Aug 26 22:49:25 UTC 9.43 97.5 L Williams et al.(20173
ALMA Aug 26 22:58:41 UTC 9.4 338.5 7.5 L Schulze et al(2017; S. Kim et al.(2017, in preparation
EVN Aug 26 12:15:00 UTC 9 5.0 0.256 <96 Paragi et al(20173
e-MERLIN Aug 26 12:00:00 UTC 9 5.0 0.512 114 Moldon et al.(20173
e-MERLIN Aug 27 12:00:00 UTC 10 5.0 0.512 90 Moldon et al.(20173
ATCA Aug 27 23:26:25 UTC 10 8.5 2. 049 54 Lynch et al.(20178
ATCA Aug 27 23:26:25 UTC 10 10.5 2.049 39 Lynch et al.(20178
e-MERLIN Aug 28 12:00:00 UTC 11 5.0 0.512 90 Moldon et al.(20173
VLITE Aug 30 23:10:28 UTC 13.45 0.3387 0.034 <20400 Hallinan et al(20173
LWA1 Aug 30 19:50:00 UTC 13 0.02585 0.016 Callister et(2017)
LWA1 Aug 30 19:50:00 UTC 13 0.04545 0.016 Callister et(2017)
VLA Aug 30 22:09:24 UTC 13.41 10.0 L Alexander et al(20179
e-MERLIN Aug 31 13:00:00 UTC 14 5.0 0.512 <109 Moldon et al(2017hH
VLITE Sep 1 20:44:59 UTC 15.37 0.3387 0.034 <11400 Hallinan et al(20173
ATCA Sep 1 12:00:00 UTC 15 16.7 L 50 Troja et al.(20179)
ATCA Sep 1 12:00:00 UTC 15 21.2 L 50 Troja et al.(2017
ATCA Sep 1 12:00:00 UTC 15 43.0 L 90 Troja et al.(2017)
ATCA Sep 1 12:00:00 UTC 15 45.0 L 90 Troja et al.(20179
e-MERLIN Sep 1 13:00:00 UTC 15 5.0 0.512 <114 Moldon et al(2017h
ALMA Sep 120:22:05 UTC 15.33 97.5 L Alexander et al(20179
VLA/JAGWAR Sep 2 00:00:00 UTC 16 3.0 Detection Mooley ef20171); Hallinan et al.(20173
e-MERLIN Sep 2 13:00:00 UTC 16 5.0 0.512 <144 Moldon et al(2017h
VLITE Sep 2 18:51:34 UTC 16.36 0.3387 0.034 <11700 Hallinan et al(20173
e-MERLIN Sep 3 13:00:00 UTC 17 5.0 0.512 <166 Moldon et al(2017h
VLA Sep 3 23:30:00 UTC 17 6.0 Detection Corsi et(@0179; Hallinan et al(20173
VLITE Sep 3 20:08:05 UTC 17.40 0.3387 0.034 <6900 Hallinan et al(20173
e-MERLIN Sep 4 13:00:00 UTC 18 5.0 0.512 <147 Moldon et al(2017H
ATCA Sep 5 10:03:04 UTC 19 7.25 Detection Murphy et(2017)
e-MERLIN Sep 5 13:00:00 UTC 19 5.0 0.512 <162 Moldon et al(2017h
VLA Sep 5 22:12:00 UTC 19.47 6.0 L Alexander et al(20173
VLA Sep 5 23:26:06 UTC 19.43 10.0 L Alexander et al(20179
MeerKAT Sep 6 03:22:00 UTC 20 1.48 0.22 <75 Goedhart et a(20173
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Table 5

(Continued
Telescope UT Date Time since GW Triggday9 Central Frequenc{GHz) Bandwidth(GH2) Flux ( Jy), 3 GCN Reference
VLITE Sep 7 19:09:43 UTC 21.36 0.3387 0.034 <8100 Hallinan et al(20173
SRT Sep 7 10:41:00 UTC 20.92 7.2 0.68 1200 Aresu et al(2017)
ATCA Sep 8 12:00:00 UTC 22 17.0 L 35 Wieringa et al(2017)
ATCA Sep 8 12:00:00 UTC 22 21.0 L 35 Wieringa et al(2017)
SRT Sep 8 11:00:00 UTC 21.93 7.2 0.68 1500 Aresu et al(2017)
VLITE Sep 8 19:05:35 UTC 22.37 0.3387 0.034 <6300 Hallinan et al(20173
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 et al(20173
GMRT Sep 9 11:30:00 UTC 23.0 1.39 0.032 L Resmi et al(2017), S. Kim et al.(2017, in preparation
e-MERLIN Sep 10 13:00:00 UTC 24 5.0 0.512 <126 Moldon et al(2017hH
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 et al(20173
e-MERLIN Sep 11 13:00:00 UTC 25 5.0 0.512 <151 Moldon et al(2017hH
e-MERLIN Sep 12 13:00:00 UTC 26 5.0 0.512 <113 Moldon et al(2017H
e-MERLIN Sep 14 13:00:00 UTC 28 5.0 0.512 <147 Moldon et al2017b
e-MERLIN Sep 15 13:00:00 UTC 29 5.0 0.512 <106 Moldon et al2017b
GMRT Sep 16 07:30:00 UTC 29.8 1.39 0.032 L Resmi et al(2017); S. Kim et al.(2017, in preparatign
e-MERLIN Sep 16 13:00:00 UTC 30 5.0 0.512 <118 Moldon et al2017b
ALMA Sep 16 20:36:21 UTC 30.34 97.5 L Alexander et al(20179
MeerKAT Sep 17 07:16:00 UTC 31 1.48 0.22 <60 Goedhart et a20173
e-MERLIN Sep 17 13:00:00 UTC 31 5.0 0.512 <111 Moldon et al(2017h
e-MERLIN Sep 18 13:00:00 UTC 32 5.0 0.512 111 Moldon e(2017H
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(2017h
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 al20178
VLA Sep 25 16:51:45 UTC 39.2 6.0 GHz Detection Alexander e28l17H
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Table 6

Gamma-ray Coordinates Netwdi®CN) Notices and Circulars related to GW170817 until 2017 October 1 UTC
Telescope UT Date % (days9 Obs. Wavelength References
Fermi GBM 2017 Aug 17 12:41:20 0.0 gamma-ray GCN Notice 524666471, Fermi-@BIW)
LIGO-Virgo/ — 2017 Aug 17 13:21:42 0.03 gw GCN 21505, LIGO ScientCollaboration & Virgo Collaboration et 20173
Fermi GBM 2017 Aug 17 13:47:37 0.05 gamma-ray GCN 21506, Connaughton (€0al)
INTEGRALSPI-ACS 2017 Aug 17 13:57:47 0.05 gamma-ray GCN 21507, Savchenko(20813
IceCubé— 2017 Aug 17 14:05:11 0.06 neutrino GCN 21508, Bartos gRal 73
LIGO-Virgo/ — 2017 Aug 17 14:09:25 0.06 gw GCN 21509, LIGO ScientCollaboration & Virgo Collaboration et g20179
LIGO-Virgo/ — 2017 Aug 17 14:38:46 0.08 gw GCN 21510, LIGO ScientCollaboration & Virgo Collaboration et §2017¢
IceCubé— 2017 Aug 17 14:54:58 0.09 neutrino GCN 21511, Bartos gRal79
LIGO-Virgo/ — 2017 Aug 17 17:54:51 0.22 gw GCN 21513, LIGO ScientCollaboration & Virgo Collaboration et 20170
AstrosatCZTI 2017 Aug 17 18:16:42 0.23 gamma-ray GCN 21514, Balasubramanian(2@1).
IPN/ — 2017 Aug 17 18:35:12 0.25 gamma-ray GCN 21515, Svinkin €RalL7h
— - 2017 Aug 17 18:55:12 0.26 GCN 21516, Dalya et(2016
Insight-HXMT/ HE 2017 Aug 17 19:35:28 0.29 gamma-ray GCN 21518, Liao €palL?)
— - 2017 Aug 17 20:00:07 0.3 GCN 21519, Cook et(aD173
Fermi GBM 2017 Aug 17 20:00:07 0.3 gamma-ray GCN 21520, von Kienlin gRall7)
— - 2017 Aug 17 20:12:41 0.31 GCN 21521, Cook et(aD17h
ANTARES — 2017 Aug 17 20:35:31 0.33 neutrino GCN 21522, Ageron el 73
Swift BAT 2017 Aug 17 21:34:36 0.37 gamma-ray GCN 21524, Barthelmy €2@L7)
AGILE/ MCAL 2017 Aug 17 22:01:26 0.39 gamma-ray GCN 21525, Pilia etail?)
AGILE/ GRID 2017 Aug 17 22:22:43 0.4 gamma-ray GCN 21526, Piano €2@i.7)
LIGO-Virgo/ — 2017 Aug 17 23:54:40 0.47 gw GCN 21527, LIGO ScientCollaboration & Virgo Collaboration et 20179
Fermi GBM 2017 Aug 18 00:36:12 0.5 gamma-ray GCN 21528, Goldstein €2@il.7H
Swopé — 2017 Aug 18 01:05:23 0.52 optical GCN 21529, Coulter e(241179
DECani — 2017 Aug 18 01:15:01 0.52 optical GCN 21530, Allam et(2017)
DLT40/— 2017 Aug 18 01:41:13 0.54 optical GCN 21531, Yang ef{20173
REM-ROS2- 2017 Aug 18 02:00:40 0.56 optical, IR GCN 21532, Melandri ef241173
ASAS-SN — 2017 Aug 18 02:06:30 0.56 optical GCN 21533, Cowperthwaite ¢2@l73
Fermi LAT 2017 Aug 18 02:09:53 0.56 gamma-ray GCN 21534, Kocevski €2al?)
— - 2017 Aug 18 02:48:50 0.59 GCN 21535, Cook et(a0179
HST - 2017 Aug 18 03:01:20 0.6 optical GCN 21536, Foley e(20173
ATCA/ - 2017 Aug 18 04:04:00 0.64 radio GCN 21537, Bannister gRatL79
LasCumbres- 2017 Aug 18 04:06:31 0.64 optical GCN 21538, Arcavi e{20173
DLT40/ - 2017 Aug 18 04:11:35 0.65 optical GCN 21539, Yang e{20179
DECami— 2017 Aug 18 04:44:32 0.67 optical GCN 21541, Nicholl e{20173
SkyMappet— 2017 Aug 18 04:46:27 0.67 optical GCN 21542, Moller et(2017)
LasCumbrels- 2017 Aug 18 04:54:23 0.68 optical GCN 21543, Arcavi ef(20179
VISTA/ VIRCAM 2017 Aug 18 05:03:48 0.68 optical, IR GCN 21544, Tanvir e{(20173
VLA/- 2017 Aug 18 05:07:58 0.69 radio GCN 21545, Alexander et28ll79
MASTER/ — 2017 Aug 18 05:37:59 0.71 optical GCN 21546, Lipunov e{20179
Magellan — 2017 Aug 18 05:46:33 0.71 optical GCN 21547, Drout e(2017)
VLA/- 2017 Aug 18 06:56:44 0.76 radio GCN 21548, Alexander et2all 79
SubardHSC 2017 Aug 18 07:07:07 0.77 optical GCN 21549, Yoshida €R@lL73
Swiff UVOT, XRT 2017 Aug 18 07:24:04 0.78 X-ray, uv GCN 21550, Evans €ratl7g
Magellari LDSS-3 2017 Aug 18 07:54:23 0.8 optical GCN 21551, Simon €R8all7)
Gemini-SouthFlamingos-2 2017 Aug 18 08:00:58 0.81 IR GCN 21552, Singer ¢2@179
Pan-STARRS- 2017 Aug 18 08:37:20 0.83 optical GCN 21553, Chambers ¢2@L73
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Table 6

(Continued
Telescope UT Date % (day9 Obs. Wavelength References
HCT/HFOSC 2017 Aug 18 09:54:21 0.88 optical GCN 21554, Pavana €7
MAXV GSQ - 2017 Aug 18 10:43:45 0.92 X-ray GCN 21555, Sugita et24117)
REM-ROS2- 2017 Aug 18 10:54:42 0.93 optical GCN 21556, Melandri ef2017h
- - 2017 Aug 18 12:15:23 0.98 GCN 21557, Foley et(a017h
TZAC/ TAROT-Reunion 2017 Aug 18 13:04:25 1.02 optical GCN 21558, Klotz €Pall7)
ATCA/ - 2017 Aug 18 13:27:25 1.03 radio GCN 21559, Bannister gratL7h
SkyMappef— 2017 Aug 18 13:54:11 1.05 optical GCN 21560, Wolf et(a017)
SubaruHSC 2017 Aug 18 14:27:26 1.07 optical GCN 21561, Yoshida €2@alL7h
ASKAP/ — 2017 Aug 18 14:36:00 1.08 radio GCN 21562, Bannister €Rall7¢
LSGT,T17 SNUCAM-II 2017 Aug 18 14:45:33 1.09 optical GCN 21563, Im et(20173
AGILE/ GRID 2017 Aug 18 15:22:43 111 gamma-ray GCN 21564, Bulgarelli ¢2@1.7)
LasCumbrels- 2017 Aug 18 15:58:41 1.14 optical GCN 21565, Arcavi e(2017H
LSGT,T17 SNUCAM-II 2017 Aug 18 17:15:43 1.19 optical GCN 21566, Im et(2017H
Swopé — 2017 Aug 18 17:19:22 1.19 optical GCN 21567, Coulter e(241178
IceCubé— 2017 Aug 18 17:27:25 1.2 neutrino GCN 21568, Bartos ef2all 7h
Gemini-South— 2017 Aug 18 17:44:26 1.21 optical, IR GCN 21569, Singer ef2ai179
MASTER/ - 2017 Aug 18 18:06:51 1.23 optical GCN 21570, Lipunov e(20179
VLA/ - 2017 Aug 18 18:16:30 1.23 radio GCN 21571, Williams e{(2017h
Swiff UVOT, XRT 2017 Aug 18 18:32:37 1.24 X-ray, uv GCN 21572, Cenko e8l17)
ATCA/ - 2017 Aug 18 20:19:00 1.32 radio GCN 21574, Kaplan e{2173
2MASS, Spitzefr— 2017 Aug 18 20:23:05 1.32 IR GCN 21575, Eikenberry e{2017)
VISTA/VIRCam 2017 Aug 18 21:16:32 1.36 IR GCN 21576, Tanvir e(20179
- - 2017 Aug 18 23:00:31 1.43 GCN 21577, Malesani et2017h
- - 2017 Aug 18 23:11:30 1.44 GCN 21578, Cowperthwaite e28l179
PROMPT3— 2017 Aug 19 00:18:04 1.48 optical GCN 21579, Yang e{2017h
DECani — 2017 Aug 19 00:22:23 1.49 optical GCN 21580, Nicholl et(2017h
LasCumbrels- 2017 Aug 19 01:26:07 1.53 optical GCN 21581, Arcavi e{20179
NTT/ - 2017 Aug 19 01:46:26 1.55 optical, IR GCN 21582, Lyman ef2417)
Swopé — 2017 Aug 19 01:54:36 1.55 optical GCN 21583, Kilpatrick et(2017)
GROND - 2017 Aug 19 01:58:14 1.55 optical, IR GCN 21584, Wiseman €R8ll7)
SOAR GoodmanSpectrograph 2017 Aug 19 03:10:19 1.6 IR, optical GCN 21585, Nichol(20Hr9
SubaruHSC 2017 Aug 19 06:52:33 1.76 optical GCN 21586, Yoshida €p@lL79
MASTER/ — 2017 Aug 19 08:10:30 1.81 optical GCN 21587, Lipunov e(20179
VLBA/ - 2017 Aug 19 09:36:26 1.87 radio GCN 21588, Deller e(20173
VLA/- 2017 Aug 19 09:51:33 1.88 radio GCN 21589, Alexander et28l171)
Pan-STARRS- 2017 Aug 19 10:14:53 1.9 optical GCN 21590, Chambers ¢2@L7h
NOT/NOTCam 2017 Aug 19 12:00:05 1.97 IR GCN 21591, Malesani €2al73
ESO-VLT X-shooter 2017 Aug 19 12:16:37 1.98 IR, optical GCN 21592, Pian €2@L7H
ESO-VLT/ FORS2 2017 Aug 19 14:13:15 2.06 optical GCN 21594, Wiersema @047
SubardHSC 2017 Aug 19 14:46:41 2.09 optical GCN 21595, Tominaga €2@17)
REM-ROS2- 2017 Aug 19 16:38:19 2.16 optical GCN 21596, Melandri e{20179
KMTNet/ wide- eldcamera 2017 Aug 19 16:55:08 2.18 optical GCN 21597, Im €2@179
ESO-VST OmegaCam 2017 Aug 19 17:37:19 2.21 optical GCN 21598, Grado (@04al79
LaSilla-QUEST- 2017 Aug 19 18:04:05 2.22 optical GCN 21599, Rabinowitz et28l17)
GMRT/ - 2017 Aug 19 21:18:21 2.36 radio GCN 21603, De e(20173
PROMPT3 - 2017 Aug 19 23:31:25 2.45 optical GCN 21606, Valenti e(2017)
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Table 6

(Continued
Telescope UT Date % (day9 Obs. Wavelength References
GROND - 2017 Aug 20 04:49:21 2.67 optical, IR GCN 21608, Chen ef28l17)
VIRT/ - 2017 Aug 20 05:27:49 2.7 optical GCN 21609, Gendre e2all?)
SALT/ - 2017 Aug 20 06:14:37 2.73 optical GCN 21610, Shara €ratl?)
Swift XRT 2017 Aug 20 08:42:40 2.83 X-ray GCN 21612, Evans ef28l179
VLA/- 2017 Aug 20 09:17:57 2.86 radio GCN 21613, Corsi et2017h
VLA/- 2017 Aug 20 10:26:01 2.91 radio GCN 21614, Corsi et20173
Pan-STARRS- 2017 Aug 20 13:59:50 3.05 optical GCN 21617, Chambers ¢2@L79
ChilescopeRC-1006- 2017 Aug 20 14:24:47 3.07 optical GCN 21618, Pozanenko €2@179
TOROS - 2017 Aug 20 14:48:49 3.09 optical GCN 21619, Diaz e(20173
TOROS - 2017 Aug 20 15:03:42 31 optical GCN 21620, Diaz ei(20179
- - 2017 Aug 20 15:40:35 3.12 L GCN 21621, Lipunoy20179)
Kanatda HONIR 2017 Aug 20 16:37:38 3.16 IR GCN 21623, Nakaoka ef24l17)
BOOTES-3— 2017 Aug 20 21:59:59 3.39 optical GCN 21624, Castro-Tirado €2@1.7)
ASKAP/ — 2017 Aug 21 00:58:33 3.51 radio GCN 21625, Dobie e{2017h
NUuSTAR- 2017 Aug 21 04:33:27 3.66 X-ray GCN 21626, Harrison ef24l17)
Zadkd — 2017 Aug 21 05:57:23 3.72 optical GCN 21627, Coward e24117h
ATCA/ - 2017 Aug 21 07:45:30 3.79 radio GCN 21628, Lynch e(20179
ATCA/ - 2017 Aug 21 09:02:12 3.85 radio GCN 21629, Lynch e(20179
ANTARES - 2017 Aug 21 15:08:00 4.1 neutrino GCN 21631, Ageron et28l17h
KMTNet,iTelescope.NE/F 2017 Aug 21 15:49:41 4.13 optical GCN 21632, Im et(20179
Pan-STARRS- 2017 Aug 21 16:03:52 4.14 optical GCN 21633, Chambers €2@L79
TOROS CASLEO 2017 Aug 21 16:05:22 4.14 optical GCN 21634, Diaz ef28l179
ChilescopeRC-1006- 2017 Aug 21 16:11:53 4.15 optical GCN 21635, Pozanenko €2@L79
VLA/ - 2017 Aug 21 18:40:08 4.25 radio GCN 21636, Corsi e{2017¢
MWA/ - 2017 Aug 22 00:59:36 451 radio GCN 21637, Kaplan ef24179
Gemini-SouthFlamingos-2 2017 Aug 22 05:20:11 4.69 IR GCN 21638, Chornock €é2@L79
ASKAP/ — 2017 Aug 22 07:23:04 4.78 radio GCN 21639, Dobie e{20173
CALET/CGBM 2017 Aug 22 09:36:51 4.87 gamma-ray GCN 21641, Nakahira €7
ChilescopeRC-1006 2017 Aug 22 15:23:04 5.11 optical GCN 21644, Pozanenko €2@L79
6dFGS— 2017 Aug 22 16:55:17 5.18 optical GCN 21645, Sadler e28l17)
Chandrd CXO 2017 Aug 22 18:06:23 5.23 x-ray GCN 21648, Margutti e(2017h
VLA/JAGWAR 2017 Aug 22 19:13:38 5.27 radio GCN 21650, Mooley et24173
ESO-VLT/ FORS2 2017 Aug 23 07:52:38 5.8 optical GCN 21653Aanzo et al(2017)
VLA/ - 2017 Aug 23 18:25:07 6.24 radio GCN 21664, Corsi e{20179
HST Pan-STARRSIGPC1 2017 Aug 24 01:39:20 6.54 optical GCN 21669, Yu et24117)
ATCA/ - 2017 Aug 24 04:30:05 6.66 radio GCN 21670, Lynch e(20173
ASKAP/ — 2017 Aug 24 06:10:24 6.73 radio GCN 21671, Bannister gRalL79
INTEGRAL SPI,IBIS,JEM-X,0MC 2017 Aug 24 09:03:02 6.85 gamma-ray, x-ray, optical GCN 21672, Savchenk@@t &)
H.E.S.9— 2017 Aug 24 10:35:02 6.91 gamma-ray GCN 21674, de Naurois @07
LOFAR/ILT 2017 Aug 24 13:35:06 7.04 radio GCN 21676, Broderick e{2017)
AAT/AAO 2017 Aug 24 15:31:25 7.12 optical GCN 21677, Andreoni ef2417)
LWA/LWA1 2017 Aug 24 16:08:17 7.14 radio GCN 21680, Callister ef21173
ESO-VLT MUSEIntegralFieldUnit 2017 Aug 24 19:28:30 7.28 optical GCN 21681, Levan @Ql7h
Gemini-SouthFlamingos-2,GMOS 2017 Aug 24 19:31:19 7.28 optical, IR GCN 21682, Troja @047
HAWC/ - 2017 Aug 24 19:35:19 7.29 gamma-ray GCN 21683, Martinez-Castellanoq 22150
Gemini-SouthFlamingos-2 2017 Aug 25 04:04:17 7.64 IR GCN 21684, Chornock €é2@L7H
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Table 6

(Continued
Telescope UT Date % (day9 Obs. Wavelength References
SubaruHSC 2017 Aug 25 07:38:17 7.79 optical GCN 21685, Yoshida €2@lL79
Auger SurfaceDetector 2017 Aug 25 08:13:23 7.81 neutrino GCN 21686, Alvarez-Muniz(20®l)
MASTER MASTER-II 2017 Aug 25 08:48:24 7.84 optical GCN 21687, Lipunov e{2017hH
ESO-VST OmegaCAM 2017 Aug 25 22:15:33 8.4 optical GCN 21703, Grado €2@1L73
GMRT/ - 2017 Aug 26 01:23:58 8.53 radio GCN 21708, De e(2017h
ATCA/ - 2017 Aug 29 03:49:22 11.63 radio GCN 21740, Lynch e{2017H
Zadkd - 2017 Aug 29 08:29:39 11.83 optical GCN 21744, Coward e2ail73
Konus-Wind — 2017 Aug 29 10:55:08 11.93 gamma-ray GCN 21746, Svinkin €pal7g
ALMA/ - 2017 Aug 29 12:37:56 12.0 radio GCN 21747, Schulze gran?)
ALMA/ - 2017 Aug 29 14:55:15 12.09 radio GCN 21750, Williams e{20173
OVRO - 2017 Aug 30 03:23:28 12.61 radio GCN 21760, Pearson €2@L7)
EVN/VLBI 2017 Aug 30 09:48:26 12.88 radio GCN 21763, Paragi ef21173
Chandrd CXO 2017 Aug 30 12:07:12 12.98 X ray GCN 21765, Troja e(20179
GMRT/ - 2017 Aug 30 16:06:24 13.14 radio GCN 21768, Resmi et28117)
Gemini-South— 2017 Aug 31 18:28:50 14.24 IR GCN 21778, Troja et(20179
Gemini-SouthFlamingos-2 2017 Aug 31 18:32:01 14.24 IR GCN 21779, Singer €2@L7H
HST - 2017 Aug 31 20:33:24 14.33 optical, IR GCN 21781, Levan ef2all73
PioftheSky PioftheSkyNorth 2017 Sep 01 21:54:25 15.38 optical GCN 21783, Cwiek @04al)
AGILE/ GRID 2017 Sep 02 16:54:59 16.18 gamma-ray GCN 21785, Verrecchia(20 A1)
Chandrd CXO 2017 Sep 02 16:57:54 16.18 X ray GCN 21786, Fong €®all7)
Chandrd CXO 2017 Sep 02 17:06:21 16.18 X ray GCN 21787, Troja e2all7¢9
Chandrd CXO 2017 Sep 03 20:24:16 17.32 X ray GCN 21798, Haggard €2@170
ATCA/ - 2017 Sep 04 02:26:14 17.57 radio GCN 21803, Troja gratL7)
e-MERLIN - 2017 Sep 04 07:48:43 17.8 radio GCN 21804, Moldon e28il73
VLA/ - 2017 Sep 04 22:14:55 18.4 radio GCN 21814, Mooley ef2ai17h
VLA/ - 2017 Sep 04 22:14:59 18.4 radio GCN 21815, Corsi gran7g
HST HST,Gaia 2017 Sep 05 00:30:09 18.49 optical, IR, uv GCN 21816, Adams €2Gil.)
ESO-VST OMEGACam 2017 Sep 06 15:07:27 20.1 optical GCN 21833, Grado @Ml7h
ATCA/ - 2017 Sep 07 02:31:55 20.58 radio GCN 21842, Murphy €ratl7)
LWA/LWA1 2017 Sep 08 02:47:01 21.59 radio GCN 21848, Callister €2al7h
VLBA/- 2017 Sep 08 11:16:27 21.94 radio GCN 21850, Deller gratL7h
VLA/ - 2017 Sep 08 13:23:16 22.03 radio GCN 21851, Alexander €2@l73
ATCA/ - 2017 Sep 14 05:25:42 27.7 radio GCN 21882, Wieringa €RalL7)
AST3-2 - 2017 Sep 15 03:45:21 28.63 optical GCN 21883, Hu et2all?)
ATLAS/ - 2017 Sep 15 11:24:15 28.95 optical GCN 21886, Tonry gall?)
DanishTel— 2017 Sep 15 16:40:07 29.17 optical GCN 21889, Cano ¢2@l?)
MeerKAT/ — 2017 Sep 15 20:16:29 29.32 radio GCN 21891, Goedhart €Gl7H
DFN/ - 2017 Sep 18 13:45:29 32.04 optical GCN 21894, Hancock ¢2@1l7)
T80S,EABA — 2017 Sep 18 16:22:27 32.15 optical GCN 21895, Diaz €ratL7h
VLBA/ - 2017 Sep 19 07:51:22 32.8 radio GCN 21897, Deller ef2all79
ChilescopeRC-1006- 2017 Sep 19 18:09:03 33.23 optical GCN 21898, Pozanenko @04l7h
Parkes— 2017 Sep 21 02:38:29 34.58 radio GCN 21899, Bailes €p@al73
ATCA/ - 2017 Sep 21 06:42:36 34.75 radio GCN 21900, Ricci e2ai17)
LasCumbred=LOYDS,Gemini 2017 Sep 22 03:24:44 35.61 optical GCN 21908, McCully €2@1.79
SRT - 2017 Sep 22 19:06:44 36.27 radio GCN 21914, Aresu €pal?)
Effelsberg— 2017 Sep 23 20:34:41 37.33 radio GCN 21920, Kramer €R@al7)
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Table 6

(Continued
Telescope UT Date % (day9 Obs. Wavelength References
MWA/ - 2017 Sep 25 22:30:34 39.41 radio GCN 21927, Kaplan €2@al7h
Parkes— 2017 Sep 26 02:00:59 39.56 radio GCN 21928, Bailes ¢pal7h
VLA/ - 2017 Sep 26 05:14:16 39.69 radio GCN 21929, Hallinan gpaL7h
PioftheSky PioftheSkyNorth 2017 Sep 26 21:17:49 40.36 optical GCN 21931, Batsch(20an
MeerkKAT/ — 2017 Sep 27 13:19:14 41.03 radio GCN 21933, Goedhart €Gl73
VLA/- 2017 Sep 27 19:03:46 41.27 radio GCN 21935, Alexander ¢2@17H
EVN/— 2017 Sep 28 10:35:27 41.91 radio GCN 21939, Paragi ¢2@L7H
e-MERLIN — 2017 Sep 28 11:12:37 41.94 radio GCN 21940, Moldon eal7h
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3.5. Neutrinos merger; and(iii) delayed X-ray and radio counterparts that

The detection of GW170817 was rapidly followed up by the provide i.nformation.on the envjrpnment of the. binary. The§e
lceCube(Aartsen et al2017) and ANTARES (Ageron et al observations, described in detail in the companion articles cited
2011 neutrino observatories and the Pierre Auger Observatoryabov.e’ offer a comprehensive, sequential descr.|pt|on of the
(Aab et al 20153 to search for coincident, high-ener(gyeV- physical processes related to the merger of a bmary.neutron
EeV) neutrinos emitted in the relativistic oow produced by St szgg collects all gf .thel Gamrlna—rjty ng&g;noagtﬁ
the BNS merger. The results from these observations, describe etWOL (GCN) notlt():es an C|rcuhars re ?te ftoh. ,
brie y below, can be used to constrain the properties of t'rough 2017 October 1 UTC. The results of this campaign

relativistic out ows driven by the merg¢A. Albert et al. 2017, demonstrate the importance of . coIIaborativ_e gravitational-
in preparatioh wave, elgctromagnetm, and neutrino ob§ervat|ons and mark a
In a search for muemeutrino track candidat¢8artsen et al. ~ N€W era in multi-messenger, time-domain astronomy.
2016, and contained neutrino events of amyor(Aartsen et al. ,
2015, IceCube identied no neutrinos that were directionally — (M2H) We thank JMclver for alerting us to the LVC
coincident with the nal localization of GW170817 at 90% Circular. We thank Mulchaey(Carnegie Opservatones dlre()_)tor
credible level, withint 500 s of the mergeBartos et al2017a L. Infante (Las Campanas Observatory diregtand the entire
20178. Additionally, no MeV supernova neutrino burst signal Las Campanas staff for thelr extreme Qedlcat|9n, professionalism,
was detected coincident with the merger. Following the and excitement, all of which wereitcal in the discovery of the
identi cation via electromagnetic observations of the host galaxy st gravitational-wave optical eoterpart and its host galaxy as
of the event, IceCube also carried out an extended search in th&ell as the observations used in this study. We thafikdmpson
direction of NGC 4993 for neutrinos within the 14 day period and the Carnegie Observatdfime Allocation Committee for
following the merger, but found no sigeiant neutrino emission ~ approving the Swope Supernova Survey and scheduling our
(A. Albert et al. 2017, in preparatipn program. We thank the University of Copenhagen, DARK

A neutrino search for upgoing high-energy muon neutrinos wasCosmology Centre, and the Niels Bohr International Academy for
carried out using the onlineNXARES data streanfAgeron et al. ~ hosting D.A.C., RJ.F,, AM.B.,, ER., and M.Rdring the
20173. No upgoing neutrino candidates were found over a discovery of GW17081%5SS17a. R.J.F., AM.B., and Eere
t. 0 500 stime window. The nal localization of GW170817 participating in the Kavli Sumer Program in Astrophysics,
(LIGO Scientic Collaboration & Virgo Collaboration et al. “Astrophysics with gravitational wave detectidonghis program
20179 was above the WTARES horizon at the time of the GW  was supported by the the Kavli Foundation, Danish National
event. A search for downgoing muon neutrinos was thusResearch Foundation, the Niels Bohr International Academy, and
performed, and no neutrinos were found ayes00 s(Ageron the DARK Cosmology Centre. The UCSC group is supported in
et al. 2017h. A search for neutrinos originating from below the part by NSF grant AST1518052, the Gordon & Betty Moore
ANTARES horizon, over an extended period of 14 days after the Foundation, the Heising-Simons Foundation, generous donations
merger, was also perforchewithout yielding signicant detection ~ from many individuals through a UCSC Giving Day grant, and
(A. Albert et al. 2017, in preparatipn from fellowships from the Alfred FSloan FoundatiorfR.J.F),

The Pierre Auger Observatory carried out a search for ultra-the David and Lucile &kard FoundatiofR.J.F.and E.R) and
high-energy(UHE) neutrinos above 10! eV using its Surface  the Niels Bohr Professorship from the DNEER). AMB ack-
Detector(Aab et al.20153. UHE neutrino-induced extensive nowledges support from a WEXUS-CONACYT Doctoral
air showers produced either by interactions of downward-goingFellowship. Support for this work was provided by NASA
neutrinos in the atmosphere or by decays of tau leptonsthrough Hubble Fellowship grants HSTF51348.001(B.J.S)
originating from tau neutrino interactions in the Eartbrust and HSFHF-51373.001 (M.R.D) awarded by the Space
can be efciently identi ed above the background of the more Telescope Science Institute, whistoperated by the Association

numerous ultra-high-energy cosmic réfab et al.2015).  of Universities for Research in Astronomy, Inc., for NASA, under
Remarkably, the position of the transient in NGC 4993 was just contract NAS526555. This paper includes data gathered with the
between 83 and 32 below the horizon during o 500 s This 1 meter Swope and 6.5 meter Magellan Telescopes located at Las

region corresponds to the most efnt geometry for Earth-  campanas Observatory, Chile.

skimming tau neutrino detection at @V energies. No (AGILE) The AGILE Team thanks the ASI management, the
neutrino candidates were foundtino 500 s (Alvarez-Muniz technical staff at the ASI Malindi ground station, the technical
et al. 2017) nor in the 14 day period after (A. Albert et al.  gypport team at the ASI Space Science Data Center, and the
2017, in preparatign Fucino AGILE Mission Operation Center. AGILE is an ASI
space mission developed with programmatic support by INAF
) and INFN. We acknowledge partial support through the ASI
4. Conclusion grant No. 1028 12/ 2. We also thank INAF, Italian Institute of
For the rst time, gravitational and electromagnetic waves Astrophysics, and ASl, Italian Space Agency.
from a single source have been observed. The gravitational- (ANTARE$ The ANTARES Collaboration acknowledges
wave observation of a binary neutron star merger is tsieof the nancial support of: Centre National de la Recherche
its kind. The electromagnetic observations further support theScienti que(CNRS, Commissariat dénergie atomique et aux
interpretation of the nature of the binary, and comprise threeénergies alternativ§€EA), Commission EuropéenieEDER
components at different wavelengtiiy:a prompt sGRB that fund and Marie Curie ProgrgmInstitut Universitaire de
demonstrates that BNS mergers are the progenitor of at least Brance(lUF), IdEx program and UnivEarthS Labex program at
fraction of such burstgji) an ultraviolet, optical, and infrared Sorbonne Paris Cit§ANR-10-LABX-0023 and ANR-11-
transient(kilonova), which allows for the identication of the IDEX-0005-03, Labex OCEVU(ANR-11-LABX-0060Q and
host galaxy and is associated with the aftermath of the BNSthe A'MIDEX project (ANR-11-IDEX-0001-02, Région
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Ile-de-FrancgDIM-ACAV), Région Alsace(contrat CPER Wissenschaft und Forschung des Landes Nordrhein-Westfalen;
Région Provence-Alpes-CotéAdur, Département du Var and  Ministerium fiir Wissenschaft, Forschung und Kunst des Landes
Ville de La Seyne-sur-Mer, France; Bundesministerium fir Baden-Wirttemberg; Italylstituto Nazionale di Fisica Nucleare
Bildung und Forschun¢BMBF), Germany; Istituto Nazionale (INFN); Istituto Nazionale di Astrasica (INAF); Ministero
di Fisica Nuclear€INFN), Italy; Nederlandse organisatie voor dell'Istruzione, delUniversita e della Ricerca(MIUR);
Wetenschappelijk Onderzo@dWO), the Netherlands; Council CETEMPS Center of Excellenchlinistero degli Affari Esteri
of the President of the Russian Federation for young scientist§MAE); Mexico—Consejo Nacional de Ciencia y Tecnologia
and leading scientt schools supporting grants, Russia; National (CONACYT) No. 167733; Universidad Nacional Autbnoma de
Authority for Scientic ResearclfANCS), Romania; Ministerio México (UNAM); PAPIIT DGAPA-UNAM; The Netherlands
de Economia y Competitivida(MINECO): Plan Estatal de  Ministerie van Onderwijs, Cultuur en Wetenschap; Nederlandse
Investigacion (refs. FPA2015-65150-C3-1-P, -2-P and -3-P; Organisatie voor Wetedsappelik Onderzoek (NWO);
MINECO/ FEDER), Severo Ochoa Centre of Excellence and Stichting voor Fundamenteel Onderzoek der Matéfi@M);
MultiDark Consolider(MINECO), and Prometeo and Grisolia Poland—National Centre for Research and Development, grant
programs(Generalitat ValenciapaSpain; Ministry of Higher Nos.ERA-NET-ASPERAO0Y 11 andERA-NET-ASPERA02
Education, Scientc Research and Professional Training, 11; National Science Centre, grant N2813 08 M/STY
Morocco. We also acknowledge the technical support of Ifremer,00322, 201808 M/ ST9 00728, and HARMONIA 5-2013
AIM and Foselev Marine for the sea operation and the CC-10/M/ST9Y 00062, UMO-201622/ M/ ST9 00198; Portugat-
IN2P3 for the computing facilities. Portuguese national funds and FEDER funds within Programa
(AST3 The AST3 project is supported by the National Basic Operacional Factores de Conipatade through Fundacéo para
Research Progran{973 Program of China (Grant Nos. a Ciéncia e a Tecnologi@COMPETH; Romania—Romanian
2013CB834901, 2013CB834900, 2013CB834908nd the Authority for Scientic Research ANCS; CNDI-UEFISCDI
Chinese Polar Environment Comprehensive Investigation &partnership projects grant N@&Y 2012 and 1942012 and PN
Assessment Prograrfgrant No. CHINARE2016-02-03-05 16 42 01 02; SloveniaSlovenian Research Agency; Spain
The construction of the AST3 telescopes has received funding€omunidad de Madrid; Fondo Europeo de Desarrollo Regional
from Tsinghua University, Nanjing University, Beijing Normal (FEDER funds; Ministerio de Economia y Competitividad;
University, University of New South Wales, and Texas A&M Xunta de Galicia; European Comnity 7th Framework Program
University, the Australian Antarctic Division, and the National grant No.FP7-PEOPLE-2012-IEF-328826; USMepartment
Collaborative Research Infrastructure StratéiyCRIS) of of Energy, Contract No)E-AC02-07CH11359, DE-FRO02-
Australia. It has also received funding from Chinese Academy04ER41300, DE-FG02-99ER107, and DE-SC0011689;
of Sciences through the Center for Astronomical Mega-ScienceNational Science Foundation, grant [9d50696; The Grainger
and National Astronomical Observatory of Ch{hAOC). Foundation; Marie Curie-IRSEEPLANET; European Particle
(Auged) The successful installation, commissioning, and Physics Latin American Netwgr European Union 7th Frame-
operation of the Pierre Auger Observatory would not have beenwvork Program, grant Nd?IRSES-2009-GA-246806; European
possible without the strong commitment and effort from the Unions Horizon 2020 research and innovation prograrfgreent
technical and administrativeaff in Malargiie. We are very  No. 646623; and UNESCO.
grateful to the following agencies and organizations f@ncial (Australian Radip T.M. acknowledges the support of the
support: Argentina-Comision Nacional de Energia Atdémica; Australian Research Council through grant FT150100099. S.O.
Agencia Nacional de Promocién Ciemth y Tecnolégica  acknowledges the Australian Research Council grant Laureate
(ANPCyT); Consejo Nacional de Investigaciones Ciara§ y Fellowship FL15010014. D.L.K. and |.S.B. are additionally
Técnicas(CONICET); Gobierno de la Provincia de Mendoza; supported by NSF grant AST-141242. P.A.B. and the DFN
Municipalidad de Malargile; NDM Holdings and Valle Las team acknowledge the Australian Research Council for support
Lefias; in gratitude for their continuing cooperation over land under their Australian Laureate Fellowship scheme. The
access; Australiathe Australian Research Council; Brazil Australia Telescope Compact Array is part of the Australia
Conselho Nacional de Desenvolvimento Ciertiie Tecnoldégico  Telescope National Facility, which is funded by the Australian
(CNPQ; Financiadora de Estudos e Projefe®NEP); Fundacéo Government for operation as a National Facility managed by
de Amparo a Pesquisa do Estado de Rio de JaftehBERY); CSIRO. This scientic work makes use of the Murchison
S8o Paulo Research FoundatipfAPESH grant Nos2010 Radio-astronomy Observatory, operated by CSIRO. We
07359-6 and 199®5404-3; Ministério da Ciéncia, Tecnologia, acknowledge the Wajarri Yamatji people as the traditional
Inovacbes e Comunicac6€BICTIC); Czech Republie-grant owners of the Observatory site. Support for the operation of the
Nos.MSMT CR LG15014, LO1305, LM2015038 and MWA is provided by the Australian Governme(iiCRIS),
CZ.02.1.010.00 0.0/ 16_0130001402; FranceCentre de Cal- under a contract to Curtin University administered by
cul IN2P3 CNRS; Centre National de la Recherche Scigog Astronomy Australia Limited. We acknowledge the Pawsey
(CNRS; Conseil Régional lle-de-France; Département PhysiqueSupercomputing Centre, which is supported by the Western
Nucléaire et Corpusculairf®NC-IN2P3CNRS; Département  Australian and Australian Governments. The Australian SKA
Sciences deWnivers(SDU-INSU CNRS; Institut Lagrange de  Path nder is part of the Australia Telescope National Facility,
Paris (ILP) grant No.LABEX ANR-10-LABX-63 within the which is managed by CSIRO. Operation of ASKAP is funded

Investissements Avenir Programme Grant NANR-11-IDEX- by the Australian Government with support from the National
0004-02; Germany-Bundesministerium fir Bildung und For- Collaborative Research Infrastructure Strategy. ASKAP
schung (BMBF); Deutsche Forschungsgemeinschéit~G); uses the resources of the Pawsey Supercomputing Centre.

Finanzministerium Baden-Wirttemberg; Helmholtz Alliance Establishment of ASKAP, the Murchison Radio-astronomy
for Astroparticle Physics (HAP); Helmholtz-Gemeinschaft Observatory and the Pawsey Supercomputing Centre are
Deutscher Forschungszent(etGF); Ministerium fir Innovation, initiatives of the Australian Government, with support from
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the Government of Western Australia and the Science andadio astronomy institutes. Scienti results from data
Industry Endowment Fund. Parts of this research werepresented in this publication are derived from the following
conducted by the Australian Research Council Centre ofEVN project code: RP029. e-MERLIN is a National Facility
Excellence for All-sky Astrophysics in 3MASTRO 3D operated by the University of Manchester at Jodrell Bank
through project number CE170100013. Observatory on behalf of STFC. The collaboration between

(Berger Time-Domain GroQpThe Berger Time-Domain  LIGO/ Virgo and EVN e-MERLIN is part of a project that has
Group at Harvard is supported in part by the NSF through received funding from the European Unions Horizon 2020
grants AST-1411763 and AST-1714498, and by NASA research and innovation programme under grant agreement No.
through grants NNX15AE50G and NNX16AC22G. 653477.

(Boote3 A.J.C.T. acknowledges support from the Spanish (ePESSTP We acknowledge ESO programs 199.D-0143
Ministry Project AYA 2015-71718-R(including FEDER  and 099.D-0376. PS1 and ATLAS are supported by NASA
fund9 and Junta de Andalucia Proyecto de Excelencia TIC- grants NNX08AR22G, NNX12AR65G, NNX14AM74G, and
2839. L.H.P. acknowledges the support of the National NNX12AR55G. We acknowledge the Leibniz-Prize to Prof. G.
Research FoundatiofNRF-2015R1A2A1A01006870 S.J. Hasinger(DFG grant HA 185028-1), EU/ FP7-ERC grants
acknowledges the support of Korea Basic Science Researchg1222 615929, 647208, 725161, STFC grantsP9D0312
Program ~ (NRF2014R1A6A3A03057484 and  NRF- 1 and ERF STM005348 1, ST P0004951. Marie Sklo-
2015R1D1A4A01020961 The BOOTES-BJGT observations  gowska-Curie grant No 702538. Polish NCN grant OPUS
were carried out at Observatorio Astronémico Nacional in Sanzg15 17/ B/ ST9 03167, Knut and Alice Wallenberg Founda-
Pedro Martir(OAN-SPM, Méxicg, operated by Instituto de tjon, PRIN-INAF 2014. David and Ellen Lee Prize Postdoctoral
Astronomia, UNAM and with support from Consejo Nacional pejigwship at the California Institute of Technology. Alexander
de Ciencia y TecnologiéViéxico) through the Labor_atonos von Humboldt Sofja Kovalevskaja Award. Royal Society
Nacionales Progran{Mexico), Instituto de Astrofisica de  ggjence Foundation Ireland Vilho, Yrjo and Kalle Vaisala

Andalucia(IAA-CSIC, Spain and Sungkyunkwan University o ndation. FONDECYT grant number 3160504. US NSF
(SKKU, South Korep We also thank the staff of OAN-SPM oot AST.1311862. Swedish Research Council and the

for their support in carrying out the observations. Swedish S ;
. pace Board. The Quantum Universe I-Core program,
(CAASTR()) Parts of this .research were conducted by the the ISF, BSF, and Kimmel award. IRC grant GOIRGL7
Australian Research Council Centre of Excellence for All-sky 1525 Australian Research Council CAASTRO CE110001020

Astrophysics (CAASTRO), through project number : . :
CE110001020. The national facility capability for SkyMapper iinr;ga%ir\?;tglr:;rilt6|%1102000()208§ We acknowledge Millennium Science

has been funded through ARC LIEF grant LE130100104 from S

the Australian Research Council, awarded to the University of a c&i%m:ac?lae,\?\l ABSEfur:(/jfri trﬁbi”hacr(])?}t r\;\éL[SNT\I'M%ﬂZgé

Sydney, the Australian National University, Swinburne Uni- M.S.B R?—| PJ CA l\/? S Pg RDP. MS. and P V

versity of Technology, the University of Queensland, the = o 5 o @ o = o o o T S

University of Western Australia, the University of Melbourne, gratefully acknowledge NASA _fundlng from cooperative
agreement NNM11AAQ1A. E.B. is supported by an appoint-

Curtin University of Technology, Monash University, and the
: : . ment to the NASA Postdoctoral Program at the Goddard Space
Australian Astronomical Observatory. SkyMapper is owned Flight Center, administered by Universities Space Research

and operated by The Australian National Universifyesearch Association under contract with NASA. D.K., CA.W.H., C.M.

School of Astronomy and Astrophysics. X
(CALET) The CALET team gratefully acknowledges support H., and J.R. gratefully acknowledge NASA funding through

from NASA, ASI, JAXA, and MEXT KAKENHI grant the Fermi-GBM project. Support for the German contribution
numbers JP,17H06362, JP26220708, and JP17H02901. to GBM was provided by the Bundesministerium fiir Bildung
(ChandraMcGill) This work was supported in part by und ForschundBMBF) via the Deutsches Zentrum fir Luft
Chandra Award Number GO7-18033X, issued by the Chandraind Raumfahr(DLR) under contract number 50 QV 0301. A.
X-ray Observatory Center, which is operated by the Smithso-V-K. was supported by the Bundesministeriums fiir Wirtschaft
nian Astrophysical Observatory for and on behalf of the Und Technologi¢BMWi) through DLR grant 50 OG 1101. S.
National Aeronautics Space AdministratigNASA) under M.B. acknowledges support from Science Foundation Ireland
contract NAS8-03060. D.H., M.N., and J.J.R. acknowledge under grant 12P/1288. _
support from a Natural Sciences and Engineering Research (Fermi-LAT) The FermiLAT Collaboration acknowledges
Council of Canad¢NSERQ Discovery Grant and a Fonds de Support for LAT development, operation, and data analysis
recherche du Québedature et TechnologieSFRQNT) from NASA and DOE(United States CEA/ Irfu and IN2P3
Nouveaux Chercheurs Grant. P.A.E. acknowledges UKSACNRS (Francg, ASI and INFN (ltaly), MEXT, KEK, and
support. J.A.K. acknowledges the support of NASA grant JAXA (Japa), and the K.AWallenberg Foundation, the
NAS5-00136. D.H. also acknowledges support from the Swedish Research Council and the National Space Board
Canadian Institute for Advanced Resea(CHFAR). (Swedei. Science analysis support in the operations phase
(CZTVAstroSaY CZTI is built by a TIFR-led consortium of  from INAF (Italy) and CNES (Francg is also gratefully
institutes across India, including VSSC, ISAC, IUCAA, SAC, acknowledged. This work performed in part under DOE
and PRL. The Indian Space Research Organisation fundedContract DE-AC02-76SF00515.

managed, and facilitated the project. (FRBSG S.L.L. is supported by NSF grant PHY-
(DLT40 D.J.S. acknowledges support for the DLT40 1607291(LIU). Construction of the LWA has been supported
program from NSF grant AST-1517649. by the Of ce of Naval Research under Contract NO0014-07-C-

(EuroVLB) The European VLBI Network is a joint facility =~ 0147. Support for operations and continuing development of
of independent European, African, Asian, and North Americanthe LWA1 is provided by the National Science Foundation
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under grants AST-1139963 and AST-1139974 of the Uni- A.A.M. is funded by the Large Synoptic Survey Telescope
versity Radio Observatory program. Corporation in support of the Data Science Fellowship
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