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ABSTRACT

This Supplement provides supporting material forAbbott et al.(2016a). We briefly summarize past electro-
magnetic (EM) follow-up efforts as well as the organizationand policy of the current EM follow-up program.
We compare the four probability sky maps produced for the gravitational-wave transient GW150914, and pro-
vide additional details of the EM follow-up observations that were performed in the different bands.

Keywords: gravitational waves; methods: observational

1. PAST AND PRESENT FOLLOW-UP PROGRAM

The first gravitational-wave (GW)-triggered electromag-
netic (EM) observations were carried out during the
2009–2010 science run of the initial LIGO and Virgo detec-
tors (Abadie et al. 2012b), featuring real-time searches for un-
modeled GW bursts and compact binary coalescences (CBCs;
Abadie et al. 2012b,a). GW candidates were identified—
typically within 30 minutes—and their inferred sky locations
were used to plan follow-up observations with over a dozen
optical and radio telescopes on the ground plus theSwift satel-
lite (Gehrels et al. 2004). Tiles were assigned to individual fa-
cilities to target known galaxies that were consistent withthe
GW localizations and that were within the 50 Mpc nominal
binary neutron star (BNS) detectability horizon. Eight GW
candidates were followed up. Though none of the GW can-
didates were significant enough to constitute detections and
the EM candidates found were judged to be merely serendipi-
tous sources (Evans et al. 2012; Aasi et al. 2014), the program
demonstrated the feasibility of searching in real time for GW
transients, triggering follow-up, and analyzing GW and EM
observations jointly.

The present program of follow-up of gravitational-wave
candidates involves a large number of facilities and observer
teams. Instead of centrally planning the assignment of tiles
to facilities, we have set up a common EM bulletin board
for facilities and observers to announce, coordinate, and vi-

lsc-spokesperson@ligo.org
virgo-spokesperson@ego-gw.eu

sualize the footprints and wavelength coverage of their ob-
servations. The new program builds on the Gamma-ray Co-
ordinates Network (GCN)1 system that has long been estab-
lished for broadband follow-up of gamma-ray bursts (GRBs).
We distribute times and sky positions of event candidates via
machine-readable GCN Notices, and participating facilities
communicate the results of observations via short bulletins,
GCN Circulars. A key difference is that GRB Notices and
Circulars are instantly public, whereas GW alert Notices and
follow-up Circulars currently are restricted to participating
groups until the event candidate in question has been pub-
lished. After four high-confidence GW events have been pub-
lished, further high-confidence GW event candidates will be
promptly released to the public.

2. COMPARISON OF GRAVITATIONAL-WAVE SKY
MAPS

In the main Letter (Abbott et al. 2016a), we introduced
four GW sky maps produced with different methods: cWB
(Klimenko et al. 2016), LIB (Lynch et al. 2015), BAYESTAR
(Singer & Price 2016), and LALInference (Veitch et al.
2015). cWB and LIB treat the GW signal as an unmod-
eled burst; BAYESTAR and LALInference assume that the
source is a CBC. The LALInference sky map should be re-
garded as the authoritative one for this event. Table1 shows
that the areas of the 10%, 50%, and 90% confidence regions
vary between the algorithms. For this event, cWB produces

1 http://gcn.gsfc.nasa.gov
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Table 1. Description of Sky Maps

Areaa Comparisonb

10% 50% 90% θHL
c cWB LIB BSTR LALInf

cWB 10 100 310 43
+2

−2 — 190 180 230
LIB 30 210 750 45

+6
−5 0.55 — 220 300

BSTR 10 90 400 45
+2

−2 0.64 0.56 — 360
LALInf 20 150 630 46

+3

−3 0.60 0.57 0.90 —
aArea of credible level (deg2). Note that the LALInference area is consistent

with but not equal to the number reported inAbbott et al.(2016b) due to
minor differences in sampling and interpolation.

bFidelity (below diagonal) and the intersection in deg2 of the 90% confi-
dence regions (above diagonal).

cMean and 10% and 90% percentiles of polar angle in degrees.

smaller confidence regions than the other algorithms. While
cWB produces reasonably accurate maps for typical binary
black hole (BBH) signals, it can systematically misestimate
the sizes of large confidence regions (Essick et al. 2015). The
other algorithms are self-consistent even in this regime. Only
the LALInference results account for calibration uncertainty
(systematic errors in the conversion of the photocurrent into
the GW strain signal). Because systematic errors in the cal-
ibration phase affect the measured arrival times at the detec-
tors, the main effect is to broaden the position uncertaintyrel-
ative to the other sky maps.

Table1 also shows the intersections of the 90% confidence
regions as well as the fidelityF (p, q) =

∫ √
pq dΩ ∈ [0, 1]

between the two mapsp andq. All these measures show that
the sky maps are similar but not identical. Typically, this level
of quantitative disagreement is distinguishable by eye andhas
been observed in large simulation campaigns (Singer et al.
2014; Berry et al. 2015; Essick et al. 2015) for approximately
10%–20% of the simulated signals. This even includes the
bi-modality of LIB’s θHL distribution (see the inset of Fig. 2
of the main paper), which is associated with a degeneracy be-
tween sky location and the handedness of the binary orbit pro-
jected on the plane of the sky. Similar features were noted for
BNS systems as well (Singer et al. 2014).

3. GAMMA-RAY AND X-RAY OBSERVATIONS

TheFermi Gamma-ray Burst Monitor (GBM;Meegan et al.
2009), INTEGRAL (Winkler et al. 2003), and the Inter-
Planetary Network (IPN;Hurley et al. 2010) searched for
prompt high-energy emission temporally coincident with
the GW event. Although no GRB in coincidence with
GW150914 was reported, an offline analysis of theFermi
GBM (8 keV–40MeV) data revealed a weak transient with
a duration of∼ 1 s (Connaughton et al. 2016). A similar
analysis was performed for the instruments on boardINTE-
GRAL (Winkler et al. 2003), particularly the spectrometer’s
anticoincidence shield (SPI–ACS,von Kienlin et al. 2003,

75 keV–1 MeV)2. No significant signals were detected, set-
ting upper limits on the hard X-ray fluence at the time
of the event (Savchenko et al. 2016). Data from the six-
spacecraft, all-sky, full-time monitor IPN, (Odyssey–HEND,
Wind–Konus,RHESSI, INTEGRAL–SPI-ACS, and theSwift–
BAT3) revealed no bursts around the time of GW150914 apart
from the weak GBM signal (K. Hurley et al. 2016, in prepa-
ration).

TheFermi Large Area Telescope (LAT), MAXI, andSwift
searched for high-energy afterglow emission. The LIGO lo-
calization first entered theFermi LAT field of view (FOV) at
4200s after the GW trigger and was subsequently observed in
its entirety over the next 3 hr and every 3 hr thereafter at GeV
energies (Ackermann et al. 2016). The entire region was also
imaged in the 2–20 keV X-ray band by the MAXI Gas Slit
Camera (Matsuoka et al. 2009) aboard the International Space
Station from 86 to 77 minutes before the GW trigger and was
re-observed during each subsequent∼ 92 minute orbit (N.
Kawai et al. 2016, in preparation). TheSwift X-ray Telescope
(XRT; Burrows et al. 2005) followed up the GW event start-
ing 2.25 days after the GW event, and covered five tiles con-
taining eight nearby galaxies for a total∼0.3 deg2 area in the
0.3–10keV energy range. A 37 point tiled observation of the
Large Magellanic Cloud was executed a day later. TheSwift
UV/Optical Telescope (UVOT) provided simultaneous ultra-
violet and optical observations, giving a broadband coverage
of 80% of theSwift XRT FOV. Details of these observations
are given inEvans et al.(2016).

4. OPTICAL AND NEAR-IR OBSERVATIONS

The optical and near-infrared observations fell into
roughly two stages. During the first week, wide FOV
(1–10deg2) telescopes tiled large areas to identify tran-
sient candidates, and then larger but narrower FOV
telescopes obtained classification spectroscopy and fur-
ther photometry. The wide FOV instruments included
DECam on the CTIO Blanco telescope (Flaugher et al.
2015; Dark Energy Survey Collaboration et al. 2016), the
Kiso Wide Field Camera (KWFC, J-GEM;Sako et al. 2012),
La Silla QUEST (Baltay et al. 2007), the Global MASTER
Robotic Net (Lipunov et al. 2010), the Palomar 48 inch
Oschin telescope (P48) as part of the intermediate Palomar
Transient Factory (iPTF;Law et al. 2009), Pan-STARRS1
(Kaiser et al. 2010), SkyMapper (Keller et al. 2007), TAROT-
La Silla (Boër et al. 1999, node of the TAROT-Zadko-
Algerian National Observatory-C2PU collaboration), and the
VLT Survey Telescope (VST@ESO;Capaccioli & Schipani
2011, GRAvitational Wave Inaf TeAm, Brocato et al. 2016, in
preparation)4 in the optical band, and the Visible and Infrared

2 INTEGRAL’s coded-mask imager (IBIS,Ubertini et al. 2003,
20–200 keV) was pointed far outside the GW localization region.

3 TheSwift Burst Alert Telescope did not intersect the GW localizationat
the time of the trigger

4 ESO proposal ID:095.D-0195,095.D-0079
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Survey Telescope (VISTA@ESO;Emerson et al. 2006)5 in
the near infrared. They represent different classes of instru-
ments ranging in diameter from 0.25 to 4 m and reaching ap-
parent magnitudes from 18 to 22.5. About one-third of these
facilities followed a galaxy-targeted observational strategy,
while the others tiled portions of the GW sky maps covering
70–590deg2. A narrow (arcminute) FOV facility, the 1.5 m
EABA telescope in Bosque Alegre operated by the TOROS
collaboration (M. Diaz et al. 2016, in preparation), also par-
ticipated in the optical coverage of the GW sky maps.Swift
UVOT observed simultaneously with XRT, giving a broad-
band coverage of 80% of theSwift XRT FOV.

A few tens of transient candidates identified by the wide-
field telescopes were followed on the 10 m Keck II telescope
(DEIMOS; Faber et al. 2003), the 2 m Liverpool Telescope
(LT; Steele et al. 2004), the Palomar 200 inch Hale telescope
(P200;Bracher 1998), the 3.6 m ESO New Technology Tele-
scope (within the Public ESO Spectroscopic Survey of Tran-
sient Objects, PESSTO;Smartt et al. 2015), and the Univer-
sity of Hawaii 2.2 m telescope (SuperNovae Integral Field
Spectrograph, SNIFS). The follow-up observations of the can-
didate counterparts are summarized in Table 3 of the main pa-
per.

An archival search for bright optical transients was con-
ducted in the CASANDRA-3 all-sky camera database of
BOOTES-3 (Castro-Tirado et al. 2012) and the all-sky survey
of the Pi of the Sky telescope (Mankiewicz et al. 2014), both
covering the entire southern sky map. The BOOTES-3 im-
ages are the only observations simultaneous to GW150914
available to search for prompt/early optical emission. They
reached a limiting magnitude of 5 due to poor weather condi-
tions (GCN19022). The Pi of the Sky telescope images were
taken 12 days after GW150914 and searched for transients
brighter thanR < 11.5mag (GCN19034).

5. RADIO OBSERVATIONS

The radio telescopes involved in the EM follow-up pro-
gram have the capability to observe a wide range of fre-
quencies with different levels of sensitivity, and a range of
FOVs covering both the northern and southern skies (Ta-
bles 2 and 3 of the main paper). The Low Frequency Ar-
ray (LOFAR; van Haarlem et al. 2013) and the Murchison
Widefield Array (MWA; Tingay et al. 2013) are phased ar-
ray dipole antennas sensitive to meter wavelengths with large
FOVs (≈50 deg2 with uniform sensitivity for the LOFAR ob-
servations carried out as part of this follow-up program; and
up to 1200 deg2 for MWA). The Australian Square Kilometer
Array Pathfinder (ASKAP;Schinckel et al. 2012) is an inter-
ferometric array composed of 36 12 m diameter dish anten-
nas. The Karl G. Jansky Very Large Array (VLA;Perley et al.
2009) is a 27 antenna array, with dishes of 25 m diame-
ter. Both ASKAP and VLA are sensitive from centimeter to

5 ESO proposal ID:095.D-0771

decimeter wavelengths.
MWA started observing3 days after the GW trigger with a

30 MHz bandwidth around a central frequency of 118 MHz
and reached an rms noise level of about 40 mJy beam−1

in a synthesized beam of about3′. The ASKAP observa-
tions used the five-element Boolardy Engineering Test Array
(BETA; Hotan et al. 2014), which has an FOV of≈25 deg2

and FWHM synthesized beam of1′ − 3′. These observations
were performed with a 300 MHz bandwidth around a cen-
tral frequency of 863.5 MHz, from≈7 to≈14 days after the
GW trigger, reaching rms sensitivities of1 − 3mJy beam−1.
LOFAR conducted three observations from≈7 days to≈3
months following the GW trigger, reaching a rms sensitiv-
ity of ≈2.5 mJy beam−1 at 145 MHz, with a bandwidth of
11.9 MHz and a spatial resolution of≈50′′. ASKAP, LOFAR,
and MWA all performed tiled observations aimed at covering
a large area of the GW region.

The VLA performed follow-up observations of GW150914
from≈1 to≈4 months after the GW trigger6, and targeted se-
lected candidate optical counterparts detected by iPTF. VLA
observations were carried out in the most compact array con-
figuration (D configuration) at a central frequency of≈6 GHz
(primary beam FWHP of≈9′, and synthesized beam FWHP
of ≈12′′). The rms sensitivity of these VLA observations was
≈8–10µJy beam−1.

Software: Astropy (Robitaille et al. 2013), HEALPix
(Górski et al. 2005)
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6 VLA/15A-339, PI: A. Corsi
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G. A. PRODI89,90, L. PROKHOROV49, O. PUNCKEN8, M. PUNTURO33, P. PUPPO28, M. PÜRRER29, H. QI16, J. QIN51,
V. QUETSCHKE85, E. A. QUINTERO1, R. QUITZOW-JAMES59, F. J. RAAB 37, D. S. RABELING20, H. RADKINS37,

P. RAFFAI54, S. RAJA48, M. RAKHMANOV 85, P. RAPAGNANI79,28, V. RAYMOND 29, M. RAZZANO18,19, V. RE25, J. READ22,
C. M. REED37, T. REGIMBAU53, L. REI47, S. REID50, D. H. REITZE1,5, H. REW119, S. D. REYES35, F. RICCI79,28,

K. RILES98, N. A. ROBERTSON1,36, R. ROBIE36, F. ROBINET23, A. ROCCHI13, L. ROLLAND 7, J. G. ROLLINS1,
V. J. ROMA59, R. ROMANO3,4, G. ROMANOV119, J. H. ROMIE6, D. ROSIŃSKA127,44, S. ROWAN36, A. RÜDIGER8,

P. RUGGI34, K. RYAN 37, S. SACHDEV1, T. SADECKI37, L. SADEGHIAN16, L. SALCONI34, M. SALEEM100, F. SALEMI 8,
A. SAMAJDAR122, L. SAMMUT 84,113, E. J. SANCHEZ1, V. SANDBERG37, B. SANDEEN82, J. R. SANDERS98,35,

B. SASSOLAS66, B. S. SATHYAPRAKASH91, P. R. SAULSON35, O. SAUTER98, R. L. SAVAGE37, A. SAWADSKY 17,
P. SCHALE59, R. SCHILLING †8, J. SCHMIDT8, P. SCHMIDT1,76, R. SCHNABEL27, R. M. S. SCHOFIELD59,

A. SCHÖNBECK27, E. SCHREIBER8, D. SCHUETTE8,17, B. F. SCHUTZ91,29, J. SCOTT36, S. M. SCOTT20, D. SELLERS6,
D. SENTENAC34, V. SEQUINO25,13, A. SERGEEV107, G. SERNA22, Y. SETYAWATI 52,9, A. SEVIGNY37, D. A. SHADDOCK20,

S. SHAH52,9, M. S. SHAHRIAR82, M. SHALTEV 8, Z. SHAO1, B. SHAPIRO41, P. SHAWHAN 63, A. SHEPERD16,
D. H. SHOEMAKER10, D. M. SHOEMAKER64, K. SIELLEZ53,64, X. SIEMENS16, D. SIGG37, A. D. SILVA 11, D. SIMAKOV 8,

A. SINGER1, A. SINGH29,8, R. SINGH2, A. SINGHAL 12, A. M. SINTES67, B. J. J. SLAGMOLEN20, J. R. SMITH 22,
N. D. SMITH 1, R. J. E. SMITH 1, E. J. SON125, B. SORAZU36, F. SORRENTINO47, T. SOURADEEP14, A. K. SRIVASTAVA 95,

A. STALEY 40, M. STEINKE8, J. STEINLECHNER36, S. STEINLECHNER36, D. STEINMEYER8,17, B. C. STEPHENS16,
R. STONE85, K. A. STRAIN36, N. STRANIERO66, G. STRATTA57,58, N. A. STRAUSS78, S. STRIGIN49, R. STURANI120,
A. L. STUVER6, T. Z. SUMMERSCALES128, L. SUN84, P. J. SUTTON91, B. L. SWINKELS34, M. J. SZCZEPAŃCZYK97,

M. TACCA30, D. TALUKDER59, D. B. TANNER5, M. TÁPAI96, S. P. TARABRIN8, A. TARACCHINI29, R. TAYLOR1,
T. THEEG8, M. P. THIRUGNANASAMBANDAM 1, E. G. THOMAS45, M. THOMAS6, P. THOMAS37, K. A. THORNE6,

K. S. THORNE76, E. THRANE113, S. TIWARI 12, V. TIWARI 91, K. V. TOKMAKOV 106, C. TOMLINSON86, M. TONELLI18,19,
C. V. TORRES‡85, C. I. TORRIE1, D. TÖYRÄ45, F. TRAVASSO32,33, G. TRAYLOR6, D. TRIFIRÒ21, M. C. TRINGALI 89,90,
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L. TROZZO129,19, M. TSE10, M. TURCONI53, D. TUYENBAYEV 85, D. UGOLINI130, C. S. UNNIKRISHNAN99,
A. L. URBAN16, S. A. USMAN35, H. VAHLBRUCH17, G. VAJENTE1, G. VALDES85, N. VAN BAKEL 9, M. VAN BEUZEKOM9,

J. F. J.VAN DEN BRAND62,9, C. VAN DEN BROECK9, D. C. VANDER-HYDE35,22, L. VAN DER SCHAAF9,
J. V. VAN HEIJNINGEN9, A. A. VAN VEGGEL36, M. VARDARO42,43, S. VASS1, M. VASÚTH38, R. VAULIN 10, A. VECCHIO45,

G. VEDOVATO43, J. VEITCH45, P. J. VEITCH103, K. VENKATESWARA131, D. VERKINDT7, F. VETRANO57,58,
A. V ICERÉ57,58, S. VINCIGUERRA45, D. J. VINE50, J.-Y. VINET53, S. VITALE 10, T. VO35, H. VOCCA32,33, C. VORVICK37,

D. VOSS5, W. D. VOUSDEN45, S. P. VYATCHANIN 49, A. R. WADE20, L. E. WADE132, M. WADE132, M. WALKER2,
L. WALLACE 1, S. WALSH16,8,29, G. WANG12, H. WANG45, M. WANG45, X. WANG70, Y. WANG51, R. L. WARD20,

J. WARNER37, M. WAS7, B. WEAVER37, L.-W. WEI53, M. WEINERT8, A. J. WEINSTEIN1, R. WEISS10, T. WELBORN6,
L. WEN51, P. WESSELS8, T. WESTPHAL8, K. WETTE8, J. T. WHELAN112,8, D. J. WHITE86, B. F. WHITING5,

R. D. WILLIAMS 1, A. R. WILLIAMSON 91, J. L. WILLIS 133, B. WILLKE 17,8, M. H. WIMMER8,17, W. WINKLER8,
C. C. WIPF1, H. WITTEL8,17, G. WOAN36, J. WORDEN37, J. L. WRIGHT36, G. WU6, J. YABLON82, W. YAM 10,
H. YAMAMOTO 1, C. C. YANCEY63, M. J. YAP20, H. YU10, M. YVERT7, A. ZADROŻNY110, L. ZANGRANDO43,

M. ZANOLIN 97, J.-P. ZENDRI43, M. ZEVIN82, F. ZHANG10, L. ZHANG1, M. ZHANG119, Y. ZHANG112, C. ZHAO51,
M. ZHOU82, Z. ZHOU82, X. J. ZHU51, M. E. ZUCKER1,10, S. E. ZURAW102, J. ZWEIZIG1

(THE LIGO SCIENTIFIC COLLABORATION AND THE V IRGO COLLABORATION)

J. ALLISON134,135, K. BANNISTER134,135, M. E. BELL134,135, S. CHATTERJEE136, A. P. CHIPPENDALE134,
P. G. EDWARDS134, L. HARVEY-SMITH 134, IAN HEYWOOD134,137, A. HOTAN138, B. INDERMUEHLE134, J. MARVIL 134,
D. MCCONNELL134, T. MURPHY139,135, A. POPPING140,135, J. REYNOLDS134, R. J. SAULT 84,134, M. A. VORONKOV134,

M. T. WHITING134

(THE AUSTRALIAN SQUARE K ILOMETER ARRAY PATHFINDER (ASKAP) COLLABORATION)

A. J. CASTRO-TIRADO141,142, R. CUNNIFFE141, M. JELÍNEK143, J. C. TELLO141, S. R. OATES141, Y.-D. HU141,
P. KUBÁNEK144, S. GUZIY 145, A. CASTELLÓN146, A. GARCÍA -CEREZO142, V. F. MUÑOZ142, C. ṔEREZ DEL PULGAR142,

S. CASTILLO-CARRIÓN147, J. M. CASTRO CERÓN148, R. HUDEC143,149, M. D. CABALLERO-GARCÍA 150, P. ṔATA 149,
S. VITEK149, J. A. ADAME151, S. KONIG151, F. RENDÓN141,151, T. DE J. MATEO SANGUINO152,

R. FERNÁNDEZ-MUÑOZ153, P. C. YOCK154, N. RATTENBURY154, W. H. ALLEN155, R. QUEREL156, S. JEONG141,157,
I. H. PARK157, J. BAI 158, CH. CUI159, Y. FAN158, CH. WANG158, D. HIRIART160, W. H. LEE161, A. CLARET141,

R. SÁNCHEZ-RAM ÍREZ141, S. B. PANDEY162, T. MEDIAVILLA 163, L. SABAU -GRAZIATI 164

(THE BOOTES COLLABORATION)

T. M. C. ABBOTT165, F. B. ABDALLA 166,137, S. ALLAM 167, J. ANNIS167, R. ARMSTRONG168, A. BENOIT-L ÉVY169,166,170,
E. BERGER171, R. A. BERNSTEIN172, E. BERTIN169,170, D. BROUT173, E. BUCKLEY-GEER167, D. L. BURKE174,175,

D. CAPOZZI176, J. CARRETERO177,178, F. J. CASTANDER177, R. CHORNOCK179, P. S. COWPERTHWAITE171, M. CROCCE177,
C. E. CUNHA174, C. B. D’ANDREA176,26, L. N. DA COSTA180,181, S. DESAI182,183, H. T. DIEHL167, J. P. DIETRICH182,183,

Z. DOCTOR184, A. DRLICA-WAGNER167, M. R. DROUT171, T. F. EIFLER173,185, J. ESTRADA167, A. E. EVRARD98,
E. FERNANDEZ178, D. A. FINLEY 167, B. FLAUGHER167, R. J. FOLEY186,187, W.-F. FONG188, P. FOSALBA177, D. B. FOX189,

J. FRIEMAN167,184, C. L. FRYER190, E. GAZTANAGA 177, D. W. GERDES191, D. A. GOLDSTEIN192,193, D. GRUEN174,175,
R. A. GRUENDL186,194, G. GUTIERREZ167, K. HERNER167, K. HONSCHEID195,196, D. J. JAMES165, M. D. JOHNSON194,

M. W. G. JOHNSON194, I. KARLINER187, D. KASEN197,193, S. KENT167, R. KESSLER184, A. G. KIM 193, M. C. KIND186,194,
K. K UEHN198, N. KUROPATKIN167, O. LAHAV 166, T. S. LI199, M. L IMA 200,180, H. LIN167, M. A. G. MAIA 180,181,
R. MARGUTTI201, J. MARRINER167, P. MARTINI 195,202, T. MATHESON203, P. MELCHIOR168, B. D. METZGER204,

C. J. MILLER205,191, R. MIQUEL206,178, E. NEILSEN167, R. C. NICHOL176, B. NORD167, P. NUGENT193, R. OGANDO180,181,
D. PETRAVICK194, A. A. PLAZAS185, E. QUATAERT207, N. ROE193, A. K. ROMER208, A. ROODMAN174,175,

A. C. ROSELL180,181, E. S. RYKOFF174,175, M. SAKO173, E. SANCHEZ209, V. SCARPINE167, R. SCHINDLER175,
M. SCHUBNELL191, D. SCOLNIC184, I. SEVILLA -NOARBE209,186, E. SHELDON210, N. SMITH 188, R. C. SMITH 165,

M. SOARES-SANTOS167, F. SOBREIRA180, A. STEBBINS167, E. SUCHYTA173, M. E. C. SWANSON194, G. TARLE191,
J. THALER187, D. THOMAS176, R. C. THOMAS193, D. L. TUCKER167, V. V IKRAM 211, A. R. WALKER165,

R. H. WECHSLER41,174,175, W. WESTER167, B. YANNY 167, Y. ZHANG98, J. ZUNTZ212

(THE DARK ENERGY SURVEY AND THE DARK ENERGY CAMERA GW-EM COLLABORATIONS)

V. CONNAUGHTON213, E. BURNS214, A. GOLDSTEIN215,216, M. S. BRIGGS217, B.-B. ZHANG218,219, C. M. HUI216,
P. JENKE218, C. A. WILSON-HODGE216, P. N. BHAT218, E. BISSALDI220, W. CLEVELAND 213, G. FITZPATRICK218,
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M. M. GILES221, M. H. GIBBY 221, J. GREINER222, A. VON K IENLIN 222, R. M. KIPPEN223, S. MCBREEN224,
B. MAILYAN 218, C. A. MEEGAN218, W. S. PACIESAS213, R. D. PREECE217, O. ROBERTS224, L. SPARKE225,

M. STANBRO214, K. TOELGE222, P. VERES218, H.-F. YU222,226, L. BLACKBURN171

(THE Fermi GBM COLLABORATION)

M. ACKERMANN227, M. AJELLO228, A. ALBERT229, B. ANDERSON230,231, W. B. ATWOOD232, M. AXELSSON233,234,
L. BALDINI 235,229, G. BARBIELLINI 236,237, D. BASTIERI238,239, R. BELLAZZINI 240, E. BISSALDI241, R. D. BLANDFORD229,

E. D. BLOOM229, R. BONINO242,243, E. BOTTACINI229, T. J. BRANDT244, P. BRUEL245, S. BUSON244,246,247,
G. A. CALIANDRO 229,248, R. A. CAMERON229, M. CARAGIULO249,241, P. A. CARAVEO250, E. CAVAZZUTI 251,
E. CHARLES229, A. CHEKHTMAN 252, J. CHIANG229, G. CHIARO239, S. CIPRINI251,253, J. COHEN-TANUGI254,

L. R. COMINSKY255, F. COSTANZA241, A. CUOCO242,243, F. D’AMMANDO 256,257, F. DE PALMA 241,258, R. DESIANTE259,242,
S. W. DIGEL229, N. DI LALLA 240, M. DI MAURO229, L. DI VENERE249,241, A. DOMÍNGUEZ228, P. S. DRELL229,

R. DUBOIS229, C. FAVUZZI 249,241, E. C. FERRARA244, A. FRANCKOWIAK 229, Y. FUKAZAWA 260, S. FUNK261,
P. FUSCO249,241, F. GARGANO241, D. GASPARRINI251,253, N. GIGLIETTO249,241, P. GIOMMI 251, F. GIORDANO249,241,

M. GIROLETTI256, T. GLANZMAN 229, G. GODFREY229, G. A. GOMEZ-VARGAS262,13, D. GREEN263,244, I. A. GRENIER264,
J. E. GROVE265, S. GUIRIEC244,266, D. HADASCH267, A. K. HARDING244, E. HAYS244, J.W. HEWITT268, A. B. HILL 269,229,

D. HORAN245, T. JOGLER229, G. JÓHANNESSON270, A. S. JOHNSON229, S. KENSEI260, D. KOCEVSKI244, M. KUSS240,
G. LA MURA239,267, S. LARSSON233,231, L. LATRONICO242, J. LI271, L. L I233,231, F. LONGO236,237, F. LOPARCO249,241,

M. N. LOVELLETTE265, P. LUBRANO253, J. MAGILL 263, S. MALDERA242, A. MANFREDA240, M. MARELLI 250,
M. M AYER227, M. N. MAZZIOTTA 241, J. E. MCENERY244,263,272, M. MEYER230,231, P. F. MICHELSON229,

N. M IRABAL 244,266, T. MIZUNO273, A. A. M OISEEV247,263, M. E. MONZANI229, E. MORETTI274, A. MORSELLI13,
I. V. M OSKALENKO229, M. NEGRO242,243, E. NUSS254, T. OHSUGI273, N. OMODEI229, M. ORIENTI256, E. ORLANDO229,

J. F. ORMES275, D. PANEQUE274,229, J. S. PERKINS244, M. PESCE-ROLLINS240,229, F. PIRON254, G. PIVATO 240,
T. A. PORTER229, J. L. RACUSIN244, S. RAIN Ò249,241, R. RANDO238,239, S. RAZZAQUE276, A. REIMER267,229,

O. REIMER267,229, D. SALVETTI 250, P. M. SAZ PARKINSON232,277,278, C. SGRÒ240, D. SIMONE241, E. J. SISKIND279,
F. SPADA240, G. SPANDRE240, P. SPINELLI249,241, D. J. SUSON280, H. TAJIMA 281,229, J. B. THAYER229,

D. J. THOMPSON244, L. TIBALDO 282, D. F. TORRES271,283, E. TROJA244,263, Y. UCHIYAMA 284, T. M. VENTERS244,
G. VIANELLO 229, K. S. WOOD265, M. WOOD229, S. ZHU263, S. ZIMMER230,231

(THE Fermi LAT COLLABORATION)

E. BROCATO285, E. CAPPELLARO286, S. COVINO287, A. GRADO288, L. NICASTRO289, E. PALAZZI 289, E. PIAN 289,290,
L. A MATI 289, L. A. A NTONELLI285,291, M. CAPACCIOLI292, P. D’AVANZO287, V. D’ELIA 285,291, F. GETMAN288,
G. GIUFFRIDA285,291, G. IANNICOLA 285, L. L IMATOLA 288, M. L ISI285, S. MARINONI285,291, P. MARRESE285,286,

A. M ELANDRI287, S. PIRANOMONTE285, A. POSSENTI293, L. PULONE285, A. ROSSI289, A. STAMERRA290,294,
L. STELLA 285, V. TESTA285, L. TOMASELLA286, S. YANG286

(THE GRAVITATIONAL WAVE INAF TEAM (GRAWITA))

A. BAZZANO295, E. BOZZO296, S. BRANDT297, T. J.-L. COURVOISIER296, C. FERRIGNO296, L. HANLON298,
E. KUULKERS299, P. LAURENT300, S. MEREGHETTI301, J. P. ROQUES302, V. SAVCHENKO303, P. UBERTINI295

(THE INTEGRAL COLLABORATION)

M. M. K ASLIWAL 304, L. P. SINGER39,215, Y. CAO304, G. DUGGAN304, S. R. KULKARNI 304, V. BHALERAO14,
A. A. M ILLER185,304,305, T. BARLOW304, E. BELLM 304, I. MANULIS306, J. RANA 14, R. LAHER307, F. MASCI307,

J. SURACE307, U. REBBAPRAGADA185, D. COOK304, A. VAN SISTINE16, B. SESAR308, D. PERLEY309, R. FERRETI310,
T. PRINCE304, R. KENDRICK311, A. HORESH306

(THE INTERMEDIATE PALOMAR TRANSIENT FACTORY (IPTF) COLLABORATION)

K. HURLEY312, S. V. GOLENETSKII313, R. L. APTEKAR313, D. D. FREDERIKS313, D. S. SVINKIN 313, A. RAU222,
A. VON K IENLIN 222, X. ZHANG222, D. M. SMITH 232, T. CLINE39,314, H. KRIMM 247,315

(THE INTERPLANETARY NETWORK)

F. ABE316, M. DOI317, K. FUJISAWA318, K. S. KAWABATA 319, T. MOROKUMA317, K. MOTOHARA317, M. TANAKA 320,
K. OHTA321, K. YANAGISAWA 322, M. YOSHIDA319

(THE J-GEM COLLABORATION)
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C. BALTAY 323, D. RABINOWITZ 323, N. ELLMAN 323, S. ROSTAMI323

(THE LA SILLA –QUEST SURVEY)

D. F. BERSIER324, M. F. BODE324, C. A. COLLINS324, C. M. COPPERWHEAT324, M. J. DARNLEY324,
D. K. GALLOWAY 325,326, A. GOMBOC327,328, S. KOBAYASHI324, P. MAZZALI 324, C. G. MUNDELL329, A. S. PIASCIK324,

DON POLLACCO330, I. A. STEELE324, K. ULACZYK 330

(THE L IVERPOOL TELESCOPECOLLABORATION)

J.W. BRODERICK331, R.P. FENDER332, P.G. JONKER333,52, A. ROWLINSON331,334,135, B.W. STAPPERS212,
R.A.M.J. WIJERS334

(THE LOW FREQUENCYARRAY (LOFAR) COLLABORATION)

V. L IPUNOV335, E. GORBOVSKOY335, N. TYURINA 335, V. KORNILOV335, P. BALANUTSA 335, A. KUZNETSOV335,
D. BUCKLEY336, R. REBOLO337, M. SERRA-RICART337, G. ISRAELIAN337, N. M. BUDNEV338, O. GRESS338,

K. I VANOV 338, V. POLESHUK338, A. TLATOV 339, V. YURKOV340

(THE MASTER COLLABORATION)

N. KAWAI 341, M. SERINO342, H. NEGORO343, S. NAKAHIRA 344, T. MIHARA 342, H. TOMIDA 345, S. UENO345,
H. TSUNEMI346, M. MATSUOKA342

(THE MAXI C OLLABORATION)

S. CROFT347,348, L. FENG349, T. M. O. FRANZEN350, B. M. GAENSLER351,139,135, M. JOHNSTON-HOLLITT 352,
D. L. KAPLAN16, M. F. MORALES131, S. J. TINGAY 350,135,353, R. B. WAYTH 350,135, A. WILLIAMS 350

(THE MURCHISON WIDE-FIELD ARRAY (MWA) COLLABORATION)

S. J. SMARTT354, K. C. CHAMBERS355, K. W. SMITH 354, M. E. HUBER355, D. R. YOUNG354, D. E. WRIGHT354,
A. SCHULTZ355, L. DENNEAU355, H. FLEWELLING355, E. A. MAGNIER355, N. PRIMAK 355, A. REST356, A. SHERSTYUK355,

B. STALDER355, C. W. STUBBS357, J. TONRY355, C. WATERS355, M. WILLMAN 355

(THE PAN-STARRS COLLABORATION)

F. OLIVARES E.358,359, H. CAMPBELL360, R. KOTAK354, J. SOLLERMAN310, M. SMITH 26, M. DENNEFELD361,
J. P. ANDERSON362, M. T. BOTTICELLA288, T.-W. CHEN222, M. D. VALLE 288, N. ELIAS-ROSA286, M. FRASER360,

C. INSERRA354, E. KANKARE354, T. KUPFER304, J. HARMANEN363, L. GALBANY 358,364, L. LE GUILLOU 365,366,
J. D. LYMAN 330, K. MAGUIRE354, A. M ITRA366, M. NICHOLL171, A. RAZZA 358,364, G. TERRERAN286,354,

S. VALENTI 367,368, A. GAL -YAM 369

(THE PESSTO COLLABORATION)

A. ĆWIEK110, M. ĆWIOK370, L. MANKIEWICZ 371, R. OPIELA371, M. ZAREMBA370, A. F. ŻARNECKI370

(THE PI OF THE SKY COLLABORATION)

C. A. ONKEN20,135, R. A. SCALZO20,135, B. P. SCHMIDT20,135, C. WOLF20,135, F. YUAN20,135

(THE SKY MAPPERCOLLABORATION)

P. A. EVANS372, J. A. KENNEA72, D. N. BURROWS72, S. CAMPANA 287, S. B. CENKO39,373, P. GIOMMI 291,
F. E. MARSHALL39, J. NOUSEK72, P. O’BRIEN372, J. P. OSBORNE372, D. PALMER374, M. PERRI291,285, M. SIEGEL72,

G. TAGLIAFERRI287

(THE Swift COLLABORATION)

A. K LOTZ375, D. TURPIN375, R. LAUGIER53

(THE TAROT, ZADKO , ALGERIAN NATIONAL OBSERVATORY, AND C2PU COLLABORATION)

M. BEROIZ85,376, T. PEÑUELA85,183, L. M. M ACRI377, R. J. OELKERS377, D. G. LAMBAS378, R. VRECH378, J. CABRAL 378,
C. COLAZO378, M. DOMINGUEZ378, B. SANCHEZ378, S. GUROVICH378, M. LARES378, J. L. MARSHALL377,

D. L. DEPOY377, N. PADILLA 379, N. A. PEREYRA85, M. BENACQUISTA85

(THE TOROS COLLABORATION)
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N. R. TANVIR 372, K. WIERSEMA372, A. J. LEVAN330, D. STEEGHS330, J. HJORTH309, J. P. U. FYNBO309, D. MALESANI309,
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54MTA Eötvös University, “Lendulet” Astrophysics Research Group, Budapest 1117, Hungary
55Institut de Physique de Rennes, CNRS, Université de Rennes1, F-35042 Rennes, France
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61Astronomical Observatory Warsaw University, 00-478 Warsaw, Poland
62VU University Amsterdam, 1081 HV Amsterdam, The Netherlands

63University of Maryland, College Park, MD 20742, USA
64Center for Relativistic Astrophysics and School of Physics, Georgia Institute of Technology, Atlanta, GA 30332, USA
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128Andrews University, Berrien Springs, MI 49104, USA
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16

207Department of Astronomy & Theoretical Astrophysics Center, University of California, Berkeley, CA 94720-3411, USA
208Department of Physics and Astronomy, Pevensey Building, University of Sussex, Brighton, BN1 9QH, UK
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237Dipartimento di Fisica, Università di Trieste, I-34127 Trieste, Italy

238Istituto Nazionale di Fisica Nucleare, Sezione di Padova, I-35131 Padova, Italy
239Dipartimento di Fisica e Astronomia “G. Galilei”, Università di Padova, I-35131 Padova, Italy
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364Departamento de Astronomia, Universidad de Chile, Camino El Observatorio 1515, Las Condes, Santiago, Chile

365Sorbonne Universités, UPMC Univ. Paris 06, UMR 7585, LPNHE, F-75005, Paris, France
366CNRS, UMR 7585, Laboratoire de Physique Nucleaire et des Hautes Energies, 4 place Jussieu, F-75005 Paris, France

367Las Cumbres Observatory Global Telescope Network, 6740 Cortona Dr., Suite 102, Goleta, CA 93117, USA
368Department of Physics, University of California Santa Barbara, Santa Barbara, CA 93106, USA

369Benoziyo Center for Astrophysics, Weizmann Institute of Science, 76100 Rehovot, Israel
370Faculty of Physics, University of Warsaw, 02-093 Warszawa,Poland

371Center for Theoretical Physics of the Polish Academy of Sciences, 02-668 Warszawa, Poland
372Department of Physics and Astronomy, University of Leicester, Leicester, LE1 7RH, UK

373Joint Space-Science Institute, University of Maryland, College Park, MD 20742, USA
374Los Alamos National Laboratory, B244, Los Alamos, NM, 87545, USA

375L’Institut de Recherche en Astrophysique et Planétologie, CNRS UMR 5277/UPS, 14 avenue Edouard Belin, F-31400 Toulouse, France
376University of Texas at San Antonio, San Antonio, TX, USA

377Mitchell Institute for Fundamental Physics and Astronomy,Department of Physics and Astronomy, Texas A&M University,4242 TAMU, College Station,

TX 77843, USA
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