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Joseph Weber

Joseph Weber (pictured), a physicist at the University of Maryland in
College Park, believed that gravitational waves were real. In 1969, he
announced that he had found them with a detector of his own invention: an
aluminium cylinder, about 2 metres long and 1 metre in diameter, that ‘rang’
when it was struck by such a wave?. His result was never replicated, and
was eventually rejected by nearly everyone except Weber himself.
Nonetheless, his work drew many other researchers into the gravitational
wave field.
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4‘% The Nobel Prize in Physics 1993
2 Russell A. Hulse, Joseph H. Taylor Jr.

Share this: I EIE 25

The Nobel Prize in Physics
1993

Russell A. Hulse Joseph H. Taylor Jr.
Prize share: 1/2 Prize share: 1/2

"for the discovery of a new type of pulsar, a
discovery that has opened up new
possibilities for the study of gravitation”
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LIGO (L—H—FHHENRXNI)

Laser Interferemeter Gravitational-Wave Observatory (19925 FH#&:%)

https://mediaassets.caltech.edu/gwav
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PRL 116, 061102 (2016)

PHYSICAL REVIEW LETTERS

week ending
12 FEBRUARY 2016

Source
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FIG. 3. Simplified diagram of an Advanced LIGO detector (not to scale). A gravitational wave propagating orthogonally to the
detector plane and linearly polarized parallel to the 4-km optical cavities will have the effect of lengthening one 4-km arm and shortening
the other during one half-cycle of the wave; these length changes are reversed during the other half-cycle. The output photodetector
records these differential cavity length variations. While a detector’s directional response is maximal for this case, it is still significant for
most other angles of incidence or polarizations (gravitational waves propagate freely through the Earth). Inset (a): Location and
orientation of the LIGO detectors at Hanford, WA (H1) and Livingston, LA (L1). Inset (b): The instrument noise for each detector near
the time of the signal detection; this is an amplitude spectral density, expressed in terms of equivalent gravitational-wave strain
amplitude. The sensitivity is limited by photon shot noise at frequencies above 150 Hz, and by a superposition of other noise sources at
lower frequencies [47). Narrow-band features include calibration lines (33-38, 330, and 1080 Hz), vibrational modes of suspension
fibers (500 Hz and harmonics), and 60 Hz electric power grid harmonics.
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LIGO (L—H—FHHENRXNI)

Laser Interferemeter Gravitational-Wave Observatory  (19925F FH#&E?)
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KAGRA (KE{ERENEEIRIR)

Kamioka Gravitational wave detector, (Large-scale Cryogenic Gravitational wave Telescope)
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What can we learn from gravitational waveform?
(Suppose NS+NS ->BH)

WAVEFORM

lllllllllll'

 INSPIRAL —b> ALESEﬂ—b BLACKHOLE

HN H W@ \/\/» FORMATION
:’: UNV\N 1 W' m |
T 10.m Feq |

DEPENDENCE ON e, FOR 1t=90°:
hka\MZ\Z! A ~_N h,
Ve time " 50 0 50

h ’M ANVANA //\I\VAI\ h,
U U o~ mlins (T 1000I r'ot.l )
.. Post Newtonian Numerical BH. Perturbation

llllll

il e o

e Approx. Relativity
DEPENDENCE ON &, FOR @=0: ISCO freq => EoS of NS,

B waveform => Formation of BH or NS,

* BH mass

"chirps" df/dt => chirp mass, Mc = (M1 M2)*5/ (Mi+M2)V/5 T G e e
amplitude up => Mc, distance T
amplitude h+/hx => inclination
waveform => eccentricity

moduration => spin, ... statistics => cosmological parameters
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The waveform explained
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» Lawrence M. Krauss
"\

Rumor of a gravitational wave detection at
LIGO detector. Amazing if true. Will post details
If it survives.

na International weekly journal of science

Home | News & Comment | Research | Careers & Jobs | Cument issue | Archive | Audio & Video | For £

Has giant LIGO experiment seen

P gravitational waves”?

An improbable rumour has started that the observatory has already made a

| discovery — but even if true, the signal could be a drill.

o Lawrence M. Krauss
Davide Castelvecchi ("3 ¢

o I

30 September 2015

My earlier rumor about LIGO has been
confirmed by independent sources. Stay tuned!

On 25 September, a sensational rumour appeared on Twitter: Lawrence Krauss, a cosmologist, G raVItatlon al WaveS may have been
reported hearing that the world’s largest gravitational-wave observatory had seen a signal, barely a d | Scovered I EXC|t| n g

week after its official re-opening.
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“We had detected gravitational waves.
We did it. ” (David Reitze)

https://www.youtube.com/watch?v=aEPIwEJmZyE
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PREFACE - IMPORTANT!

NOTE: This is an EXAMPLE of the data products that the LIGO Scientific Collaboration and Virgo
Collaboration might release for their first gravitational wave transient detections. This particular event was
not a real detection; it was a "blind injection”. For more detail and background, see the GW100916 news
release.

This page, and all the documents and information linked therein, are intended for release to interested
scientific colleagues. We welcome your comments on what is useful to have on a page such as this. Please
send your feedback to datainfo@ligo.org.

INFORMATION ABOUT GW100916

This page has been prepared by the LIGO Scientific Collaboration (LSC) and the Virgo Collaboration to inform
the broader community about an interesting event observed in the gravitational-wave detectors, and to make
the data around that time available for others to analyze.

SUMMARY OF OBSERVATION

Data from the gravitational-wave detector network is analyzed in several ways. This page concemns an event Note: This event was a "blind injection”, i.e. a
identified by multiple analysis pipelines which search for gravitational wave events at all times in the available simulated signal inserted into the data streams of the
gravitational-wave data. The event time is 968654557.955 GPS == Sep 16, 2010 06:42:22.955 UTC, and thus detectors. This page is provided as an example of how a
it has been assigned the name "GW100916". At that time, the 4-km LIGO Hanford and LIGO Livingston real gravitational wave event may be presented in the
detectors, the 3-km Virgo detector, and the GEO 600-m detector were all collecting data in "science mode" as future.

part of the LIGO-GEO S6 and Virgo VSR3 science runs. Analysis revealed a highly significant event consistent

with the coalescence (inspiral and merger) of two black holes or a black hole and a neutron star.

GW100916 “Big Dog”
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Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott ef al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 1072'_ It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater
than 5.16. The source lies at a luminosity distance of 41075 Mpc corresponding to a redshift z = 0.097] 5.
In the source frame, the initial black hole masses are 363 M, and 297 M ., and the final black hole mass is
6214 M, with 3.0*03 M, ¢? radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102 Hanford, Washington (H1) Livingston, Louisiana (L1)
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FIG. 1. The gravitational-wave event GW 150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC, For visualization, all time series are filiered



B.P AMor' B AN T.D. Abbon,’ MR Abesathy,' F. Acemese.™ K. Ackley.” C. Aduen." T. Aduers.” P Addenso.”
RX Adviari,' V.B. Adya" C. Affeld" M. Agshon.’ K. Agatserra’ N. Agparwal, ™ O.D. Aguiee,'’ L Abello, ™"
AN P AR B AR A Ao TP A Ain "5 B Anderson. W. G Anderson. " K. Asi.' M.A A
M C Amyn' C.C Arcenemn,” 18 Aseede™ N Amund ™ K.O. A ™ 5. Ascessi ™ G, Adwon™ M. AR
S M. Amcn’ P Ascee,™ P Asfesets” C Aabert.' S Babak ™ P Bacoe™ M K M. Bader” P T. Baker”

F. Badsccind, ™" (. Ballasdin ™ & W. Balimer,” ) C. Barayoga,' § E Barchy,™ B. C. Barish,' D. Basker,” F. Barvee, "
B. Barr ™ L. Bassoui.™ M. Basseghia ™ D. B ™ ). Batlen,”’ M A Banee,”’ [ Baton.™ R. Bassiei ™ A Buos, "
1.C Busch” C Bause V. Bavigadda ™ M. Bazesn " “ B. Bebalke, ™ M. Bejgee” C. Belerymbi™ A S. B ™
C.1Bell™ B K Berpee' ). " O Bemgruen' C. P L Bary,"” D. Boascti ™' A Bertolind” ). Betrwioser*
S. Bhagwat” R. Bhasdee L A Bilenio,” O. Bilisgsley.' ). Binch* R Birsey,” 0. Binbolte.' S. Biscan, ™ A Bishe, """
M Bitowi ™ C. Biwer,” M A Bisossd™ J. K. Blackbern' C.D. Blaie ™ D.O. Blaie™ R M. Blaic”' §. Bloemes, ™
a-.a.'num.'ung"a-rm"c.n_'xm’nm“cm"nm'un—a.'
B.A Boom” I Bork,' V. Boschi™ ™ §. Bose ™' Y. Boeffunuin ™ A. Boes,™ €. Beaduchin,™ P X Bradty,
V.B. Beagiosky,” M. Banched,” ™ LE Bew™ 1. Braet™ A Brillt” M. Briskeuen" V. Beinscn.™ P. Brockil
A F. Brocks, DA Brown,” D.D. Brown" N. M. Boown,” C. C. Bacharun* A. Beikema” 7. Belic, ™ H. ) Beoben*'”
A. Beceazeo, ™ D. Budkadic,” C. Buy, ™ R. L Syer,” M. Cabers,” L. Cadorati™® G. Cagnoli, " C. Cabitane.’
1. Caldertia Bowtlho, ¥ T, Caliaser,” I Callond, ™ 1. B Camsp.™ K. C. Canncn,™ 1 Ca0,” €. D, Capasne,” I Capocana, ™
F. Catbognasi ™ 8. Caride,” J. Casaseeva Dime,” C. Cmentin,™ "' & Candill™ M. Covaghih” F. Cavalicr,”

R Coalics, ™ G. Celta,” C. B. Copeda,' L. Corboni Haiadi," ™ O. Cometasi,™ ™ £ Cosarisl™ "' R. Chalabosty,’
T Chalermmonguak,' $.), Chambertin™ M. Chan™ $. (320" P Charton,™ £ Crasande-Moia,™ IL Y. Chen,”
Y. Cven™ C. Cwng.” A Chlacartal,” A, Chismmo,™ 1.5, 0h0.” M. 30, 1.1, Chow™ N Chrisenen,™ Q. O
$. Chua™ S Cheng" G Claal” F Q™ LA Clark™ F. Clova,” K Coceia ™' P.F. Cobados,™ A. Colla ™™
€. G. Colietse,™ L. Cominaky," M. Cosstancio Jr,"" A Coote,™™ 1. Cost,” D. Cook,” T.%. Cosbit,” N. Corniah, "
A Conl™ $. Coness,™ C. A Costa'' M. W. Coughlin™ $. 1. Coughtn,™ 1.9, Coslen,” $. T. Countryman,™
P Coovares,' £ K Cowan™ D.M. Coward" M. J. Cowart," D.C. Coyse,' R Coyne.™ K. Craig™ 1. D. E. Covighton,"*
7.0, Creighaon.” 1, Crige,” $. G, Crowder.™ A M. Crine, " A. * L. Cossingham,™ I Cuoco,™ T Dal Canton*
$. L. Danitidia,™ $. I Assonio,"” K. Dusamase,"* N.$. Durmun*’ C. It Da Siva Cossa’ V. Dattlo™ | Duve,
WP Davebora M. Daviee” G. 8 m‘;:.m‘uw“sm“nm‘am‘um‘
un.t—;"‘s.wn."umm"tn-g"t.o-.'un-m"v.n-‘.mq'l.tu-‘
R Do Rowa ™ R, DeSalvo.” $. Dbwranchar,” M C. DGz L. X More,' M. D8 Giovaned, ™™ A, DN Liewn* "
5. D5 Pace,™ ™ 1L DY Palea ™ AL DX Virgine, " G. * V. Doligue.’ F. Dosowsn.” K. L. Docley.”’ S. Dorsan**
R Dosghes.™ T. P Downes.'" M. Drnge." ™™ R W. P. Drever,’ 1. C. Driggen.” Z Do M. Deowt” 5. E Dwyer”
T B ™ M. C Bdwands,™ A 1ffier’ 11, Bggernaca,' P Iewan,' 1, lichbols,' 5. 8 J W, Lagebs™
RC Bk, T Bosel' M. Bvass”” T.M. Bvans." & Evesntr,” M. Facsomovich, ™ V. Fatone.™ ' 10 paic™
S Faitene” X Fan” Q Faog™ 5 Farioon” B, Faer” WM. Fa M. Fevaa™ M. P H Fehomasn,
M M. Fejee.™ D. Feldboun.’ | Ferraste," " E C. Ferreina,"' F. Ferini ™ F. Fidocwro," " LS. Fisn™ L Fioel, ™
D, Foreoch.™ R. P Fidec™ R Flaminio ™ M. Pescher™ 1. Foeg.™ 1.0, Fourier,”” S Paeco.” 5. Frsca, ™
F Fconl,” M. Frede," Z Frel.™ A Frese.” R Free.™ V. Fres ™ TT Fracke.” P Frinshel.” V. V. Frodow” P. Fula*
M. Fyffe' H A G. Gaddeed.” ). R. Guir."” L. Guewrwinoes, "™ 5.0, Geoskar,” F G A Gune.™ G. Gae, ™™

L 116 061502 PHYSICAL REVIEW LETTEKRS 13 S s
Mo, N Iy of Tochnology. Combrudgn. X WU LS
e v Pevgwinms Expaciain. (1227000 She Jowd dox Campon. e Pavie, Bruch

O Sanne Swnie Dasns. 1ATN00 L'Aguiie, Bty
TININ. Sechons @ Moma Tor Verguss, 10013 Rowa, By
St nd Asmapbpuns, Pane 410000, Snde
- o Conos v TN of Sownins, Yo Dunnn of Pandamansd B, Bangelony S50012. Nt
- v M AN, LA
2 " Doy Cavoman
“Univornt & Pus S 36027 Pa, haly
"IN Seione & Pow. DT P by
Flhralion Sl Un wiralean Capiad Fasstory OO0 Amtrabie
"I O o« o ST U
FiCaiornis Jasw Usiversity Pullovam, Fallorson, Culifornia WAL L3N
T, Sud € [} Porte Sackay, Ovua. Framee
FOnrmnn Masmancel Inssrn. Ohmmal. Inia 800000
FOnbrrit & Rows Tor VYorgus, ) SV1D Rum, Bty
: R DIw —~
TININ. S 8 B, 1O R, Doy
T ABw L St Mis Pianch S for Grovamonphon. [V (4675 Poardan Gotm.

S B ke ) o Pama
Sovbome Parss O, F-T5305 Pasis Cudes 13, Framew
‘uq-n-tu-;.—-u—-mrw

Usiversitd & Povagin 190000 Pavegia, Doy
VBN Sesonw & Porapen. 146013 Pevagia, haly
" RO, P D) Caminn, o, Sy
FSpnn Oy, Syns, New Yook (1€ L34

v oty Nmagen, F0. Ben SN, 4300 GL Npmapon. Nevevionts
SR, Lniernit Cive & A, CNXL, Observase Cle & Apwe, €3 NI Nuvw onden

i

PHYSICAL REVIEW LETTERS

13 R-\ﬁ.‘ = b‘.

PRI 116 061102 (3006)
N Gebeeb ™ G Gomne, "’ B. Gendre.” E. Genin ™ A Gennsl, ™ | Goorge.™ L. Gerpely.™ ¥ Garmain.” Abbinwg Ghosd,”
Axhiuman Ghoh,” 5. Golt, ™ 1. A Glakme, ™ K. D. Glandisa* A Glasoss,” K. GRL™' A Glactke,™ ). R. Gleasce,’
E Coete,™ X Ooete.” L Conden™ O. Gonrlier.” ) M. Gonrsder Caston," ™" A Gopebumue ™ N A. Gordon ™
M. L Gosndotsky, ™ 5. B Gossan,' M. Gosselin, ™ & Gosaty,' C. Gonet,™ P B Gt M. Grwnsss,” A Goant ™ S Grws, ™
€ Oy 0. Gooon”™ A.C. Oreen.” K15 Oreenbalgh™ P. Gooet ™ H. Orote' 8. Crusewadd ™ O M. Ouit,™™
X, Gua™ A Gupea* M K. Gupaa” K B Gestvea, B K. Gusafion,” R Gustafion,™ 1.1 Macker™ B R 1™
ED Hall' G Hamesond ™ M. Hasey,™ M. M. Maske" 1. Hasks,” € Hassa ™ M. D Hassen ™ 1 Hamson*

T Hardwich” 1. Haoms,"™ O M Huey,™ LW, Barry™ ML Bt ™ MUT. Harvmss” CJ Haster.” K Haughion ™
1 Meady™ 3 Meotaer,' A Heidmane,™ M. C. Neinte,** G. Helsael' W Hetmana,™ P 1elio,” G. Momening,
M. Hendry ™ LS. Heng, ™ 1. Henndg, ™ A W. Heproeatall' M. Houn,* 7S 4™ D Hoak. ™ KA. Hodge.' D Hofmun ™
SE Heli™ K Hol' D E Hole.”™ P Hophins,™ D 1 Hoskon"™ 1 Howgh™ B A Howson™ B Howel ™
YoM He ™S Hesog, " E A Moo, ¥ D Moot ™ 5 Hoghey.” . Hosa™ S H. Hutner, ™ T. Huys Dink * A Idewy.”
NIt DR Iagwm” RBean " HUN B ™ 100 e ML G 1 T Bogel ™ BLR. Tper” K T
M. B Jacobeon,' T Jaogmia ™ M Jang,”" K. Jasi P Je ¥ 12 Foeza ™ W.W. '
N K. Jobenon McDusiel ' D1 Jooes™ R Josen™ R 1.0 Jooker” L o K Harn™ C. V. Kalaghugl ™~
V. Kalopern.” S Knhasann” G Kang.”" 1B Kanaer,' 5. Kkl ™ M. Kapraack," ™™ 1. K o
W Katrman' §. Kafer,'” T Kaue" K. Kawabe,” 1. Kawarce,' " ¥ Kéfttian” M. S Kebl™ D Keaet*™ D. 8. Keliey,”
WoKels' K Kewsoty™ D.O. Y18 Key A Khalidovdh" F Y KhBE" L Khan " S K0me™ 2 K0nn ™
E A Kusse,™ N, Ktuncheo,” C. Kim" 1 Kim,'™ K. Kim,"" Nam-Gyw 0m.” Namjes Kim* Y. M Kim '™
EJ King.™ P King." D L Kinrel" ) 8 Kinel, ™ L. Kieybolte,” S Kimenko.” S M Koehlesbeck." K. Kobeyama,”
5 Kalex' V. Kandmabon' A Kosson," $. Koranda, ™ M. Korcbka,” W.Z Korh,' | Kowsbka,™ D 0. Kouak,'
V. Keingel' B Krihoan* A Krolah, "7 C. Koueger,” G Kucha' P Komae ™ R Kommae ™ L Koo A Kutysia, ¥
P Kwoe" B D Lackey.” M. Landey,” ) Lange, ™ B Lante, ™ P D Lasky""* A Laziwrind." C. L™ P Lowsd ™ ™
suuy.'l.au,-.“cu Loe, " LK Loe MM Loe'" K. Loe™ A Lence," M. Loceand ™™
1K Leceg' N Lerox™ N. Lotendee,” Y. Levin,™ B M. Levise” TO.F Li" A Libson,™ 1.8 Lisenberg '™
NA. Lackonie,™ 1 AL Lowberd,™ LT London"™ J.E Losd™ M Losenriss, "' V. Lociome."”
M Lommnd’ O. Loserde,™ 1. D. Lowgh"” C.O. Lowsta™ O Lovelace.™ B Lock. ™ A P Lusdgren.’ ). Luo™
RoLpsch™ ¥ MO T MaDonadd ™ B Machonschali.' M Mactnsis,” DM Mackad,” F. Magate Sandoval
M Magee,™ M Mage ‘M 1L Mak SRRV MO Man " L Mandet, ' V. Mandic ™
V. Masgnno, ™ O, L Massel ™ M. Masse,™ M. Mustossnd. ™ F. Maschesoni,' ™" F Madon.” S Micka™ Z Mida™
A5 Markosyen, B Mason," F Marsell, ™ L Mameliol,” | W Mara, ™ R M Martn,” D, V. Mamymon' 1N Many,’
K Mucn,™ A Musscrot” 7.1, Massinger,” M. Masso-Seid ™ ¥ Masichad ™ L Matone,™ N Mavabvale *

N, Marsmder™ O Muzsolo” & MeCantyy.” D E MoClellnd. ™ 5. MeCormick.* 5. C MoOwiee,'™ G Malsnyre.'
1 Metver' D). McMass ™ § T McWilkams, ™ D. Meacher. " 0. D. Meadorn ™" 1. Madam" A Melaton ™
G Mendell" D Mendoos Gundarn' R A Mower™ B MosBh,™ M Mersougui,’ 5. Meshhon' C. Messenger, ™
© Mosdck,” P M. Meyen,™ It Merzand ™™ 1t Mo € Michel™ M. MidSeson,” 1L 1L Mikhasion,™ L. Milaso "'
1 Miller,” M Millhouwse,” Y. Mineshov,” | Ming. ™ § Misbekari, "' € Mishen "' §. Misn " V. P Misrofusor,”
G Minsebmwier.” R Miteman,” A Moggl ™ M. Mobun ™ S R P Modapurn,” M Moot B.C. Moo
€1 Moore, ™ D. Mo, G. Mosmo,”’ $ R Moeria,*’ K. Mowai,' B Moen, C. M. . €. L Musller,”
O. Muclier” A W. Muie ™ Arvsava Mukberiee,” D Mukberioe,” §. Mukbegee,” N. Mulund, ™ A Mellevey."
1. Manch, ™ D, 1. Maghy, ™ P.G. Marmy, ™ A Mytida," L Narfocchia, ™" L. Natiochionl, ™ I K. Nayak, "™ V. Necala,”
K. Noduove,"™ O Nelomarn, " M. Nerl " A Newsoert.™ O Newton.™ T T Npwyen. ™ A B. Nichen." 5. Nissasie, ™"
A N F Necen, ™ D, * M N, Nommendia,' 1K Nemal,” 1 Obetiag.” 1L Ocheser,™ 1. 0Dl ™
E Oclee 0 M Ogin™ 1.1 00" S 1 08, ¥ Otme.™ M. Oliver™ . Oppermann,* Richard |, Omaen* 8. Oty
R OShmghoony. ™ CD 00" D ) Onwwar™ RS Onens.” H Overmier' B.) Owen.” A Pi."™ S A ™
1R Palamon,™ O Palstion,™ C. Pab 'uu&r.”um"v.m"cm-.‘um—g‘:c.m‘
F Paoketi, ™ A Pl ™ ML A Papa™ ™ B Parin ™ W, Parter” D Pscuod, ™ A Pasqualeni. ™ R Passaguics, ™™
D. Passaclio,”™ B Parice®l"" ™" Z Parick, ™ B L. Peartatonc,™ M. Podroa,' R Podennd™ L. Pekowsiy,” A Pele*
S Pesa ™ A Pesecs' B P Pleifier ™™ M. Pheln. ™ O. Piociend, ™™ M. Fichot” M. Pickenpack” P Pergioves, "™

06110012

PRL 116 061302 (016) PHYSICAL EKEVIEW LETTEKRS um
Space Fight Comove. Goownbol, Narvland 20TV, G334
“Canadian Iasoe for Asapiyeicn, Unevarsiy of Torommn, Torvase, Ouservo MS3 SME. Conade
L Tainghes Uniorty. Buping 15008, Ohins
Taonas Tk Unnerniy, Latbock. Tanms 79008, US4
e [ Park, Poneyounie 1NN03. L3N

H
i
{
:

|
!
:
é;
i
i!
L

J
i
=%
£
f
i

[
i
5
§
i
if
;
i

r
!
f‘
f
|
i

5
f
q

|
l
!
i
!

|
i
i
b
‘E

{
'E
fs
I
%é
£
{

ERL 106, 061103 G0IE)

PRL 116 061102 0046) PHYSICAL REVIEW LETTERS . -
V. Pero"’ O Pl ™ L Ploard™ LM Pl M Piin ™ 1 H Puekd' R Puggioni " 7 Pupolisie.™ A Pos”
1. Powell™ 1. Prasad." V. Prodol™ 3. 5. Premachands,'™ T. “Lum‘n"-“um“'
S Privieenn™ R Pia G A Predil™ ™ L. Proidonon.” O Puncion.’ M. Pussenn”" P M Pooe ™ 0 QL
1 Qe V Quonchie 1L A Quintem,' R Quitsow-Jumen,™ 1.1, Rash "' D. 5. Rabelng,™ 1. Raciiss,” P mattn ™
S Kaje™ M. Rubberanov,” C. R Ramet” P R LY Reymend ™ M. K Y Re T ) Rewd
CM Rt T T L RAT S Rl DO Reke, Y M Rew ' 5. D, Ry F R K R ™
NOA Robermon' ™ R Robie,™ F Robinet ™ A Roochi.” L. Rolesd” 1.0 Rolles,' V. ). Roma.™ 1. D, Roessen,”’
R Romaso."* G, Romenon, ™ 118 Romie," D. Rostaka,'" 5. Rowsn,™ A Ritigec’ P. * K mys”
$. Sachdex,' T. Sadecis,”’ L. "L Sakoos ™ M. Saleem ™ P Salems A Samujder ' L Sammret '
L. M. Sampeca,” I ). Sanches, v.s-n,"ls-n"ous-;'x.l:-u;‘“l Saunolan
B S Safvyapeskad ™ PR Sacbice,” O, St ™ 1L Savage.” A Sewadeky. " P Schule,™ R Schilling ' ) Schemir '
P S ™ R Soheabel.” KM 5. Schofiebd.™ A Sieberk.” B Schveder’ D Schwene '’ B F S
5 Scon™ £ M. Scoe™ D. Selien.” A S Seagepaa™ D. & * ¥ Soquino,™ " A Serpeev,"™ G. Serma "
Y. Seryweati " A Sevigwy,” DA Shaddock.” T Shafr” 5. S M5 Shadviar” M. Shadues,' Z Shan'
B Supio,* P Shavhan ¥ A Shepend " D. M. Shoemaker, ™ D. M. Shocmaker ™ K. Sielies, ™™ X. Sicmena ™ D. Sigg.”
AD S D Sumahon A Singer L P Singee™ A Singh ™ K Singh’ A Singhal © A M. Simen™
520 Shgmolen™ 1 W Srih ¥ M I Senih ' N D S B2 E Semth ' B2 Son ™ B Sorurs ™ P Sorrestinn
T Soumsdorp.” A K. Schwastrn” A "M Siciske." |, Swidechocr,™ 5. Sicindocheer.™ D Sicinmeyer.
B.C. Swphons,” 5 P Ssvenon."’ R Sione,”’ KA. Sowin ™ N Stankenn”’ G Sonma "M X A Stnen " §. Surigha
R Sorwed, ™ A L Swever” T 2 Summmencslen,'™ L S P ). Sumon™ B L. Swinkeh™ M J. Secoepatoeyh.”
M Taoea,™ D. Tadskder™ DN Tamner,” M. Tipel,™ $.P. Tanbeia' A Tamcchiad ™ & Tplor, T Theeg'
MP 'E O Thomes " M. Thomm." P Thomm,” K A Thome" K. 8. Thoese,™ £ Thewe,™*
S Thwwd,” V. Troarl™ K V. Totmakon,™ C. Tomlionon ™ M. Tonel, ™™ C. V. Tomes"" C.1 Toerie,' D Togm
F Trevasso, "™ O. Trayboe* D. Trifhd™ M C Trimgali ™™ L Troeso, ™™ M. Toe."” M. Tucenl” D. .
D Ugoliod, ™ C S Unsiridhoen™ A L Utan™ 5. A Usnen” I Vs, G. Vigowse," G Vakden,
M. Valtiser, ™ N vas Bakel,” M. vas Bowsbom,” 1. ¥ 1. vaa den Beand, ™ * €. Vi Des Bisoock,” 0. C. Vandier-Hyde, ™
L. ven dor Schaat” . V. van P AN e Vegpr ™ M. Ve Y S Vi M Vi M R Vsl "
A Vecchio,” G. Vedovamo,” 1 Vel ™ 1 1 Veisch ™ K. Venkasoowaes, "' D Verkind” . Vetroo, "M A Vicert, "™
S Viscigeemn” D) Viee™ 1Y Vieed” S, Vinde " T Vo H Voorn ™7 C. Vo™ D, Vs W D Vousden.”
S.P Vysschanin, ™ A R Wade, ™ L 1L Wade, ™ M. Wade, ™ £ 2 Walkdwan, " M. Wadker,' L Wallace,' 5. Wk
G Wang " H Wine " M. Wine. " X Wine. ™ Y. Wange. " H Wik ™ R L Wied ™ . Wismer,” M. Wi B Wewver”
LW Wl M. Weinem' A1 Welnsin,' & Wei,” T, Belbom' L. Wen"' P Welleh' T Wespbal' K. Wore,"
LT Wischen, "8 E Whicomb,' D) White ™ B.F. Whitiag" K Wiesser,' C Williescn, "' P! A. Willorms,' L. Wiliaem."
RO Willaes,' A R Willamson™ 1.0 Wile '™ 0 Wille ™" M 1L Wimmer* " L Wisketmass," W, Wiskier!
CCWipl,' A O Wiserman ™ H. WimeL"'" 0. Woun,™ | Wosden,” J L Wight ™ 0. W' ) Yablon™ | Yakuabia*
WYin, " Yaememon,' C.C Yosorr" ML V0™ WM. Yoo A Zadeoam, ' L. M, Zansiia™
1P Zendd Y M. Zevin " F. Dvng.” L Diaeg.' M. Dveg. ™ Y. Deg. ™ C. Do M. Dhen ¥ 2 23 ¥ X ). D™
M B Zucher,' ™ 5. Zeoww,™ and 1, Dwelsig'
(RIGO Schenedic Coll wd Virgo Collab
’ Calornias Iy of Technologs, Pasadons, California 9124, USA

t—,-h-ma-”u--nuw
Unbrrrit & Salvvme, Flaciann, ) SOM Sulaven, Ny

A L busnat. Mix Ponct oo e, D JS0ET M G

h—
PHYSICAL REVIEW LETTERS "'ﬁﬂ
st Gl bassinte of Asiomany. Univarsity of Diabima Guivn, 85305 Pokomas Giiws, Poland
S Andrews University, Servien Springe. Mickigen #9004, USA
Pliwversnt & Siona, J2I100 Sena, Maly
*Trinity Usiversiry. San Ansonto, Texas 78212, USA
Mew of Waskingiom Soile Waskinghon W65 L34




Generic transient search

Number of events
e e e e
<9
& w

S
=) W
T

=}

20 30
20 30 o > 4.60
mmm Search Result (C3)
— Search Background (C3) 1
#9¢ Search Result (C2+C3) Y

011

— Search Background (C2+C3) T

GW150914

/

i i
299
~

FIG. 4. Search results from the generic transient search (left) and the binary coalescence search (right). These histograms show the
number of candidate events (orange markers) and the mean number of background events (black lines) in the search class where
GW150914 was found as a function of the search detection statistic and with a bin width of 0.2. The scales on the top give the
significance of an event in Gaussian standard deviations based on the corresponding noise background. The significance of GW150914
is greater than 5.1¢ and 4.6¢ for the binary coalescence and the generic transient searches, respectively. Left: Along with the primary
search (C3) we also show the results (blue markers) and background (green curve) for an alternative search that treats events
independently of their frequency evolution (C2 + C3). The classes C2 and C3 are defined in the text. Right: The tail in the black-line
background of the binary coalescence search is due to random coincidences of GW150914 in one detector with noise in the other
detector. (This type of event is practically absent in the generic transient search background because they do not pass the time-frequency
consistency requirements used in that search.) The purple curve is the background excluding those coincidences, which is used to assess

10 12 14 16 18
Detection statistic n.

the significance of the second strongest event.

20 °

>32

Number of events

e
3 ]
~J

-8L A . . )
10 8 10 12 14 16 18 20

Binary coalescence search

20 30 400l10

>5.10

20 30

495 .10

>5.10

3
s g
3
3

mmm Search Result
- Search Background

—— Background excluding GW150914

I

GW150914

Detection statistic o,

22 24



Strain (10?%) Strain (10?)

Strain (10%")

1.0
0.5
0.0
-0.5
-1.0

1.0
0.5
0.0
-0.5
-1.0

1.0
0.5
0.0
-0.5
-1.0

_LIGO Hanford Data Predicted

| LIGO Livingston Data Predicted

| |

—

-LIGO Livingston Data
|

_LIGO Hanford Data (shifted)

A

AL ;\" \ l Y.
MR Ay VY| {0

—

e

0.30

| |
0.35 0.40
Time (sec)

!
0.45

Operational

Under Construction

Planned

itational Wave Observatories




‘LIGIO LIGO Document P1500227-v6
0eC

Home Recent Changes Topics

Localization and broadband follow-up of the gravitational-wave transient GW150914

A Abstract: .
Dm;mzzm This article is under preparation by the LIGO Scientific Other Versions:
Docu t type: - Collaboration, the Virgo collaboration, and partner observing
P - Publicat '3 facilities. The full version will be posted on or after February 15, 2016, It will describe the rapid
detection and position reconstruction of the gravitational-wave signal and the broadband follow-up
—r—— campaign by 21 teams of observers, spanning radio, opical, near-infrared, X-ray, and gamma-ray
2 : wavelengths with ground- and space-based facilibes.
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This article is under preparation by the LIGO Scientific Collaboration, the Virgo collaboration,
and partner observing facilities. The full version will be posted on or after February 15, 2016. It 6 O O S q u a re d e g re eS
will describe the rapid detection and position reconstruction of the gravitational-wave signal and

the broadband follow-up campaign by 21 teams of observers, spanning radio, optical, near-
infrared, X-ray, and gamma-ray wavelengths with ground- and space-based facilities.
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|24 Selected for a Viewpoint in Physics week ending
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

>

Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 102!, It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a

false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater
than 5.16. The source lies at a luminosity distance of 410*$) Mpc corresponding to a redshift z = 0.0970;.
In the source frame, the initial black hole masses are 36*_”45M o and 29ij o, and the final black hole mass is

6214 M, with 3.0703 M, c? radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102

PRLT116 (2016) 061102
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FIG. 1. The gravitational-wave event GW 150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35-350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9707 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35-350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15). Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
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FIG. 2. Top: Estimated gravitational-wave strain amplitude
from GW150914 projected onto HI. This shows the full
bandwidth of the waveforms, without the filtering used for Fig. 1.
The inset images show numerical relativity models of the black
hole horizons as the black holes coalesce. Bottom: The Keplerian
effective black hole separation in units of Schwarzschild radii
(Rg = 2GM/c?) and the effective relative velocity given by the
post-Newtonian parameter v/c = (GMxf/c*)'/3, where f is the
gravitational-wave frequency calculated with numerical relativity
and M is the total mass (value from Table I).
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FIG. 3. Simplified diagram of an Advanced LIGO detector (not to scale). A gravitational wave propagating orthogonally to the
detector plane and linearly polarized parallel to the 4-km optical cavities will have the effect of lengthening one 4-km arm and shortening
the other during one half-cycle of the wave; these length changes are reversed during the other half-cycle. The output photodetector
records these differential cavity length variations. While a detector’s directional response is maximal for this case, it is still significant for
most other angles of incidence or polarizations (gravitational waves propagate freely through the Earth). Inser (a): Location and
orientation of the LIGO detectors at Hanford, WA (H1) and Livingston, LA (L1). Inset (b): The instrument noise for each detector near
the time of the signal detection; this is an amplitude spectral density, expressed in terms of equivalent gravitational-wave strain
amplitude. The sensitivity is limited by photon shot noise at frequencies above 150 Hz, and by a superposition of other noise sources at
lower frequencies [47]. Narrow-band features include calibration lines (33-38, 330, and 1080 Hz), vibrational modes of suspension
fibers (500 Hz and harmonics), and 60 Hz electric power grid harmonics.



Event Time (UTC)  FAR (yr 1) F M (Mg) m; (Mg) my (Mg) Xeff Dy (Mpc)

14 September <2x10-7
GW150914 2015 <5x%x10°° 2812 3613 29+4 —0.061017 4101160
09:50.45 (>5.10) 2 4 4 0.18 180
12 October
0.02
LVTI151012 2015 0.44 15+! 23+18 13+ 0.0193 11007300
09:54:43 (2-10)

TABLE 1. Parameters of the two most significant events. The false alarm rate (FAR) and false alarm probability (%) given here were
determined by the PyCBC pipeline; the GstLAL results are consistent with this. The source-frame chirp mass .#, component masses m; 2,
effective spin Xefr, and luminosity distance Dy, are determined using a parameter estimation method that assumes the presence of a coherent
compact binary coalescence signal starting at 20 Hz in the data [90]. The results are computed by averaging the posteriors for two model
waveforms. Quoted uncertainties include both the 90% credible interval and an estimate for the 90% range of systematic error determined
from the variance between waveform models. Further parameter estimates of GW150914 are presented in Ref. [18].
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P.A. Evans +, arXiv:1602.03868 (submitted to MNRAS Lett.)
Swift follow-up of the Gravitational Wave source GW150914

faam MR E, - I

P.A. Evans +, MNRAS 455(2016) 1522 [arXiv:1506.01624]
Optimisation of the Swift X-ray follow-up of Advanced LIGO
and Virgo gravitational wave triggers in 2015--16

Swift -« :}6& » B
Catching Gamm ay EEE3c on the Fly i ' . Rg

About Swift Quicklook Data Results Operations

\ [ ]
. | | T%??b\ 5 rSwnc’c ]
Gamma-ray bursts (GRBs) are the most powerful explosions the Universe has seen since
the Big Bang. They occur approximately once per day and are brief, but intense, flashes of

W
gamma radiation. They come from all different directions of the sky and last from a few (* I:I % J \/ / \ )( )
milliseconds to a few hundred seconds. So far scientists do not know what causes them. Do
they signal the birth of a black hole in a massive stellar explosion? Are they the product of
the collision of two neutron stars? Or is it some other exotic phenomenon that causes these
bursts?

With Swift, a NASA mission with international participation, scientists have a tool dedicated 48
to answerina these questions and solvinga the agaamma-rav burst mvstery. Its three


https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%9E%E3%83%84%E3%83%90%E3%83%A1

2015 September 14 at 09:50:45 UT
‘Coherent WaveBurst’ (cWB) pipeline for ALIGO triggered

2015 September 16 at 06:39 UT

This event was announced to the EM follow-up partners

"he 90% confidence errore region in the initially-released
skymap ‘LIB skymap’ covered 750 square degrees (this was later
reduced to 600 square degrees in the ‘LALInterence’ skymap)

Z DFEX TIE

M XRT and UV/Optical telescope (UVOT; Roming et al. 2005)

M Burst Alert Telescope (BAT; Barthelmy et al. 2005) data for any sign of
hard X-ray emission at the time of the trigger.

D7 A0—Tv7 - U—FICDWTIEFID@RXICE EH B FRE
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detection and position reconstruction of the gravitational-wave signal and the broadband follow-up
—r—— campaign by 21 teams of observers, spanning radio, opical, near-infrared, X-ray, and gamma-ray
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This article is under preparation by the LIGO Scientific Collaboration, the Virgo collaboration,
and partner observing facilities. The full version will be posted on or after February 15, 2016. It

will describe the rapid detection and position reconstruction of the gravitational-wave signal and 7 5 O Sq u a re d e g re e S

the broadband follow-up campaign by 21 teams of observers, spanning radio, optical, near-
infrared, X-ray, and gamma-ray wavelengths with ground- and space-based facilities.
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—r—— campaign by 21 teams of observers, spanning radio, opical, near-infrared, X-ray, and gamma-ray
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This article is under preparation by the LIGO Scientific Collaboration, the Virgo collaboration,
and partner observing facilities. The full version will be posted on or after February 15, 2016. It 6 O O S q u a re d e g re eS
will describe the rapid detection and position reconstruction of the gravitational-wave signal and

the broadband follow-up campaign by 21 teams of observers, spanning radio, optical, near-
infrared, X-ray, and gamma-ray wavelengths with ground- and space-based facilities.
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LIB_skymap
by LVC team

on 2015 Sep 15

luminosity-weighted

GWGC map

Figure 1. The ‘LIB_skymap’ GW localisation map produced by the LVC team on 2015 September 15 (top), convolved with our
luminosity-weighted GWGC map (bottom). Coordinates are equatorial, J2000. The yellow and cyan circles show the regions of the sky
which Swift could not observe due to the presence of the sun and moon respectively, calculated at the time of the first Swift observations.
The small, pale lilac ellipse marks the LMC. The large purple region approximates the BAT field of view at the time of the GW trigger.

P.A. Evans +, arXiv:1602.03868
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Table 1. Swift observations of the error region of GW150914

GW group 2015 September 16 at 06:39 UT

Pointing direction Start time® Exposure
(J2000) (UTC) (s)
09: 13™29.65%, —~60°43'37.4"”  Sep 16 at 15:19:27 777
08"16™30.77%, —-67°38'06.7" Sep 16 at 16:54:41 987
07"28’"42-38’,—66%’)9’43.1" Sep 16 at 18:28:32 970 \l SeD ] 6 at -l 5: .I 9 UT
08"03m23.72%, —-67°37'17.2"”  Sep 16 at 20:05:37 970 -1 —
08"57™17.34%, —65°26'34.1”  Sep 16 at 21:42:15 985
LMC Observations
06"55™30.59%, —~68°18’44.3"”  Sep 17 at 18:26:54 20
06"59™13.43%, -68°18/29.7"  Sep 17 at 18:28:03 42
06"57™21.25%, —68°36'12.8”  Sep 17 at 18:29:12 20
06"53M42.84%, —68°36'04.4” Sep 17 at 18:30:21 22
06"51™53.97%, —68°18'16.7” Sep 17 at 18:31:29 32
06"53m45.48%, —68°00'43.4” Sep 17 at 18:32:38 22
06"57™25.10°, —68°01'02.6”  Sep 17 at 18:33:46 25
07"01™1.84%, —68°01'05.6"”  Sep 17 at 18:34:54 35
07"02™52.89%, —68°18’56.6"” Sep 17 at 18:36:02 72
07%01™0.50%, —68°36’16.1”  Sep 17 at 18:37:09 82
06"59™11.14%, —-68°53'42.6” Sep 17 at 18:38:17 37
06"55™32.45%, —~68°53'32.4"”  Sep 17 at 18:39:25 25
06"51™54.75%, —~68°53'32.0”  Sep 17 at 18:40:33 65
06"50™5.28%, —~68°35'51.8”  Sep 17 at 18:41:40 52
06"48™15.62%, ~68°18'20.6"” Sep 17 at 18:42:47 65
06"50™6.94%, ~68°00'54.0”  Sep 17 at 18:43:53 60
06"51™56.98%, —~67°43'22.9” Sep 17 at 18:44:59 67
06"55™34.08%, —-67°43'36.1”  Sep 17 at 18:46:04 72
06"59™13.52%, —67°43/33.4"” Sep 17 at 18:47:10 55
07"02™51.97%, —-67°43'41.4"”  Sep 17 at 18:48:15 62
07"04™42.41%, —68°01’15.1”  Sep 17 at 18:49:21 75
07"06™30.83%, —68°18'50.4” Sep 17 at 18:50:27 70
07"04™41.09%, —68°36'37.2" Sep 17 at 18:51:32 60
07"02m50.35%, —68°53'43.9”  Sep 17 at 18:52:38 60
07"01™1.00%, -69°11’19.8”  Sep 17 at 18:53:43 62
06"57m21.83%, —69°11'05.0” Sep 17 at 18:54:49 67
06"53™43.60%, —~69°11°06.9”  Sep 17 at 18:55:55 42
06"50™4.65%, ~69°11'01.6”  Sep 17 at 20:02:45 20
06"48™14.61%, ~68°53'22.8"”  Sep 17 at 20:03:54 32
06"46™25.66°, —68°35'44.9”  Sep 17 at 20:05:02 20
06"44™35.32%, —68°18/21.1”  Sep 17 at 20:06:11 25
06" 46™27.88%, —68°00°48.6"”  Sep 17 at 20:07:19 35
oshh4sm17.47*, ~67°43/23.8”  Sep 17 at 20:08:27 60
06"50™7.30%, —67°25'50.9”  Sep 17 at 20:09:34 70
06"53™44.837, —67°26/05.6”  Sep 17 at 20:10:41 7 Sep '| 7 at 20 'I 2 UT
06"57™24.51%, —67°26'04.1”  Sep 17 at 20:11:48 67 )
07"01™2.66%, —67°26'08.1”  Sep 17 at 20:12:54 ——57F——

Figure 1. The ‘LIB_skymap’ GW localisation map produced by the LVC team on 2015 September 15 (top), convolved with our
luminosity-weighted GWGC map (bottom). Coordinates are equatorial, J2000. The yellow and cyan circles show the regions of the sky
which Swift could not observe due to the presence of the sun and moon respectively, calculated at the time of the first Swift observations.
The small, pale lilac ellipse marks the LMC. The large purple region approximates the BAT field of view at the time of the GW trigger.

4 All observations were in 2015.

P.A. Evans +, arXiv:1602.03868 =3




\I/

:I:IJLii : %49 (._ \(Ij‘ 7LL_
Rank 1: Good GW counterpart candidate. RWGWMIGIREXRE H 5y O7 OIRAICER

Sources which lie within 200 kpc of a GWGC galaxy, and are either uncatalogued and brighter
than the 3-0 catalogue limit, or catalogued but brighter than their catalogued flux. In both cases,
‘brighter than’ means that the measured and historical values (or upper limits) disagree at the
5-0 level. For uncatalogued sources, the comparison is to the RASS, or to 1ISXPS or the XMM
catalogues, if an upper limit from those catalogues is available and deeper than the RASS limit.

Rank 2: Possible counterpart. GWXIGIREREDRIEEIEH D

The criteria for this are similar to those above, except that ‘brighter’ is determined at the 3-0
level, and there is no requirement for the source to be near a known galaxy.

Rank 3: Undistinguished source. $JEETZEY

Sources which are uncatalogued, but are fainter than existing catalogue limits, or consistent
with those limits at the 3-0 level. i.e. sources which cannot be distinguished from field sources.

Rank 4: Not a counterpart. ¥R RE TIEEL

Sources which are catalogued, and which have fluxes consistent with (at the 3-o level) or fainter
than their catalogued values.

P.A. Evans +, arXiv:1602.03868
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Gravitational Wave Galaxy Catalogue (GWGC)

 Quantum Grav. 28 (2011) 085016 D J White er al
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Figure 1. Scatter plot showing the distribution of galaxies in the GWGC on the sky (top), and the
distribution in ~ 2° bins (middle) and 6° bins (bottom). The choice of bin size represents the best
and median localization of error circles on the sky, obtainable with the LIGO/Virgo network of
detectors (Fairhurst 2009). This highlights the importance of using an available list of galaxies, as
we must choose the best fields within a LIGO/Virgo error circle to observe.

A list of galaxies for gravitational wave searches
Darren J White, E J Daw and V S Dhillon
CQG 28 (2011) 085016

BIFEDANY AT ZHmE

Tully Nearby Galaxy Catalog
Catalog of Neighboring Galaxies
V8k catalogue

HyperLEDA

5300018 D3R
150D Milky Way ERIRER
100MpcUAD B D
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A list of galaxies for gravitational wave searches

Table 1. Completeness of the GWGC, based on fig. 5 of - -
White Diw & Dhillen] (2011). Darren J White, E J Daw and V S Dhillon
CQG 28 (2011) 085016
Distance = Completeness ,
(Mpc) (%) Q00 (<[> & AlA vizier.u-strasbg.fr ¢
<40 100
50 70
gg gg Catalog Selection Page
O © ¥ ¥ SimpicTargei] List O Targets Fast Xt
80 60 —r |
90 58 Target Name (resolved by Sesame) or Position: Target dimension:
Save in CDSportal (Goar )| | Cazooo ) [2 | (arcmin 3)
100 55 Keywords laack] (® Radius O Box size
>100 0 = GWGC
T T I Gravitational Wave Galaxy Catalogue (White+ 2011) s
¥ VII267 _ Simil
¢ The GWGC only includes galaxies within 100 Mpc, hence the e LVI26T/gwge -“mﬂ Wave Galaxy Catalogue (53312 rows)
sudden cut-off. ;
= Query by Constraints §) applied on Columns (Output Order: (*) + () -)
P.A. Evans +, ,,..,_ Show Sort Column_ Constraint Explain (U¢D)
| HTML Table 0O o recm[ ] Record number assigned by the VizieR team. ¢
MNRAS 455(2016) 1522 O Al s e —
v o a ti m A
[a[xlw] 5Q6 Q] 624] 8&?:&0 O  roc| l clusters) (meta.id:meta.main)
0 Distance (x.y) O Namc[ l(chu) Common name of galaxy or globular (meta.id)
= O RAJ2000| |deg  Right ascension (2000, decimal hours) (pos.c
8::5&”0 O DEJ2000 | |deg  Declination (J2000) (pos.cq.dec:meta.main)
Odefaur | 9 T (7 [-9,10] Morphological type code (Note 1)
O Sot by Distance @ O [ ] (meta.code:sre.morph.type)
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http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=GWGC

ﬁE% 3D %’J - = 75‘\ Rank 4: Not a counterpart. YRR T L

Table 2. Sources detected by Swift follow-up of GW150914 P,A. Evans +, _arXiV: .I 602.03868

RA Dec Error Flux Magnitude Catalogued name
(J2000) (J2000) 90% conf. 0.3-10 keV, erg cm~2 s~! AB mag
09h 14m 06.54s -60°32" 07.7” 4.8" (1.9 4+ 0.5) x 1012 N/A XMMSL1 J091406.5-603212
0%9h 13m 30.24s -60°47" 18.1” 6.1” (5.3 +2.0) x 10—13 15.44+0.02¢ ESO 126-2 = 1RXS J091330.1-604707
08h 17m 60.62s -67°44 03.9” 4.7" (8.94+2.4) x 10713 17.53+0.05 1RXS J081731.6-674414

¢ Magnitude of the core. The galaxy as a whole (removing foreground stars) has a u magnitude of 14.1510.02.
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