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|2d Selected for a Viewpoint in Physics
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

week ending

5’4
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)
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GW150914

- HAKED2016F2R 12HKRHA. BERNLGRERND T AU NOEKRHEFLIGO K

DENlce 7TV IR—ILEENS DEIREDODEZEERICHRIILIEEDZ &
:FACTSHEET

GW15091

BACKGROUND IMAGES: TI SFREQUENCY TRACE (TOP) AND TIMESSERIES
(BOTTOM) IN THE TWO LIGO DETECTORS; SIMULATION OF BLACK HOLE
HORIZONS (MIDDLE-TOP), BEST FIT WAVEFORM (MIDDLE-BOTTOM)

first direct detection of gravitational waves (GW) and first direct observation

of a black hole binary

observed by LIGO L1, H1Y duration from 30 Hz ~ 200 ms
source type black hole (BH) binary | ¥ cycles from 30 Hz ~10
date 14 Sept 2015 peak GW strain 1x10
time 09:50:45 UTC '-”* displacoment of 20.002 fm
likely distance 0.78 to 1.9 Gy interferometers arms
230 to 570 Mpc frequency/wavelength 150 Hz, 2000 km
rodshift 0.054 to 0.136 ".:“" G’: ‘;’;‘b ok
onahioncles ratio - e o David Reitze (Professor Of Ph
| peak GW luminosity 3.6 x10* org s’
false alarm prob. < 1in S million radiated GW energy 2.5-3.5 Mo
false alarm rate <1in 200,000y [ o ingdown freq. - 250 Hz
Source Masses Mo remnant damping time ~4ms
total mass &Oto70 remnant size, area 180 km, 3.5 x 10° km?
primery BH 320 41 consistent with passes all tests
secondary BH 2510 33 general relativity? performed
remnant BH 58 to 67 | graviton mass bound <1.2x10% eV
mass ratio 06t
coalescence rate of 3.4
primary BH spin <07 binary black holes 2 to 400 Gpc'yr
secondary BH spin <09 - .
online trigger latency ~ 3 min
remnant BH spin 0.57 to 0.72 # offiine analysis pipelines 5
signal arrival time arrived in L1 7 ms 50 million (20,000
dela before H1 | CPU ho d Mgt T
ey 0 CPU hours consumed o - run for 100 days)
likely sky position  Southern Hemisphere |
papers on Feb 11, 2016 13
likely orientation face-on/off | ~1000. 80 institutions
resolved to ~600 sq. deg. ¥ researchers .

in 15 countries

Detector noise introduces errors in measurement, Parameter ranges correspond to 90% credble bounds
Acronyms: L1=<LIGO Uvingston, H1<LIGO Hanford; Gly=gigas lightysar«9.46 x 10" km; Mpcamegs

parsec=3.2 million lightyesr, Gpc=10" Mpc, im=fomtometer=10"" m, Mo=1 solar mams=2 x 10% kg
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arXiv LIGO # title

1602.03837 P150914  Observation of Gravitational Waves from a Binary Black PRL [1]
Hole Merger

1602.03838 P1500237 GW150914: The Advanced LIGO Detectors in the Era of [2]
First Discoveries

1602.03839 P1500269 GW150914: First results from the search for binary black [3]
hole coalescence with Advanced LIGO

1602.03840 P1500218 Properties of the binary black hole merger GW150914 4]

1602.03841 P1500213 Tests of general relativity with GW150914 5

1602.03842 P1500217 The Rate of Binary Black Hole Mergers Inferred from Ad- (6]
vanced LIGO Observations Surrounding GW150914

1602.03843 P1500229 Observing gravitational-wave transient GW150914 with (7]
minimal assumptions

1602.03844 P1500238 Characterization of transient noise in Advanced LIGO rele- (8]
vant to gravitational wave signal GW150914

1602.03845 P1500248 Calibration of the Advanced LIGO detectors for the discov- [9]
ery of the binary black-hole merger GW150914

1602.03846 P1500262 Astrophysical Implications of the Binary Black-Hole Merger ApJL [10]
GW150914

1602.03847 P1500222 GW150914: Implications for the stochastic gravitational [11
wave background from binary black holes

1602.03868 Swift follow-up of the Gravitational Wave source GW150914 [12

1602.05411 P1500271 High-energy Neutrino follow-up search of Gravitational [13
Wave Event GW150914 with ANTARES and IceCube

1602.03920 Fermi GBM Observations of LIGO Gravitational Wave [14]

event GW150914
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arXiv LIGO # title
1602.03837 P150914  Observation of Gravitational Waves from a Binary Black PRL [1] =y

Hole Merger F
1602.03838 P1500237 G'W150-914: ’I.‘he Advanced LIGO Detectors in the Era of [2] aLIGO D

First Discoveries
1602.03839 P1500269 GW150914: First results from the search for binary black [3] 170 S |

hole coalescence with Advanced LIGO w
1602.03840 P1500218 Properties of the binary black hole merger GW150914 4 /N X —YHETEmX
1602.03841 P1500213 Tests of general relativity with GW150914 5] __ AL AR SR D AR S
1602.03842 P1500217 The Rate of Binary Black Hole Mergers Inferred from Ad- [6] o

vanced LIGO Observations Surrounding GW150914 BBHL =k G)¢EIE
1602.03843 P1500229 Observing gravitational-wave transient GW150914 with [7] s

minimal assumptions A
1602.03844 P1500238 Characterization of transient noise in Advanced LIGO rele- (8] St/

vant to gravitational wave signal GW150914 allGO®D /A Ztl%&&
1602.03845 P1500248 Calibration of the Advanced LIGO detectors for the discov- [9] == 7‘ —=

ery of the binary black-hole merger GW150914
1602.03846 P1500262 Astrophysical Implications of the Binary Black-Hole Merger ApJL [10] , . -

CW150914 AXEANDA VT K
1602.03847 P1500222 GW150914: Implications for the stochastic gravitational [11] Y .

a ~

wave background from binary black holes BBHZ 5 O) ’?‘ jj /EZ
1602.03868 _ Swi: follow-up of the Gr:,\;:tational Wav; so;lrc((;-': GWISOQIL: (12] BBHD S O HIEET
1602.05411 1500271 High-energy Neutrino follow-up search of Gravitationa 3 ek

\ —— I I8 AT

Wave Event GW150914 with ANTARES and IceCube %H MoD=2 U/ RE

1602.03920 Fermi GBM Observations of LIGO Gravitational Wave [14] BBHA 5 DYLiRZE2

event GW150914
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|2d Selected for a Viewpoint in Physics

week ending

PRL 119, 161101 (2017) PHYSICAL REVIEW LETTERS 20 OCTOBER 2017

dog
S

GW170817: Observation of Gravitational Waves from a Binary Neutron Star Inspiral

B. P. Abbott et al.”
(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 26 September 2017; revised manuscript received 2 October 2017; published 16 October 2017)
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. GW170817: Observation of Gravitational WBVCS from a Binary

Neutron Star Inspiral: hitps xiv.ora/abs/1710.05832

. Multi-messenger Observations of a Binary Neutron Star

Merger: Mtps.//arxiv.org/abs/1710,05833

. Gravitational Waves and Gamma-rays from a Binary Neutron

Star Merger: GW170817 and GRB
170817A: hitps://arxiv.org/abs/1710,.05834

. A gravitational-wave standard siren measurement of the

Hubble constant: Mtps://arxiv.ora/abs/1710,05835

. Estimating the Contribution of Dynamical Ejecta in the

Kilonova Associated with
GW170817: hitps.//arxiv.ora/abs/1710.05836

. GW170817: Implications for the Stochastic Gravitational-Wave

Background from Compact Binary

Coalescences: hitps;//arxiv.org/abs/1710, 05837
On the Progenitor of Binary Neutron Star Merger
GW170817: hatps://arxiv.org/abs/1710.05838

. Search for Migh-energy Neutrinos from Binary Neutron Star

Merger GW170817 with ANTARES, IceCube, and the Plerre
Auger Observatory: hitps://arxiv.ora/abs/1710,05839

. Fermi-LAT observations of the LIGO/Virgo event

GW170817: hitps.//arxiv.ora/abs/1710.05450

An Ordinary Short Gamma-Ray Burst with Extraordinary
Implications: Fermi-GBM Detection of GRS
170817A: hitps.//arxiv,org/abs/1710,05446

A2, Nionovs from post-merger epects o3 an optical and neer-
infrared counterpart of
GWI70817: Mt J/arsiv ora/atn/1710 05859

43, MASTER cptical detecuon of the first LIGO/VIrgs newtron stars
marging GWI70817: ttos:/lancheor/abs/i 70005461

44, A peodbar low-leminosity short gamma-cay burst from &
doubie "eutron star merger
progentor: s //ecxiy eealabn/1 710 058651

45. AGILE Otservations of the Gravimational Wave Source GW
170817 Congtraining Gamma-Ray Emiccion from 3 NSNS
Coslescence: Dtpa. /farxiv.or/alal/ 1700 03440
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IKAGRA — 1

operation 0
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- - - l
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. (*) The configuration
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decided referring the
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