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PRL 116, 061102 (2016) PHYSICAL REVIEW TERS 12 FEBRUARY 2016

((_g"l

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 > 10~2!_ 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 | event per 203 000 years, equivalent to a significance greater
than 5.16. The source lies at a luminosity distance of 4107]5% Mpc corresponding to a redshift z = 0.09700.
In the source frame, the initial black hole masses are 3(::_'?.-'11'_.;-: and 2[):’11 M, and the final black hole mass is
fﬂj M, with 3.{3:3 : M _«;-:(.‘1 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.

DOL: 10.1103/PhysRevLlett 116.061102
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Figure 1: /s dependence of tree level total cross sections
T
/w3y of e7e™ — wwh. Solid, dashed lines and dot

marker corresponds to o, ¢’ and &), respectively.
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L INTRODUCTION

In 1916, the year after the final formulation of the field
equations of general relatvity, Albert Einstein predicted
the existence of gravitational waves. He found that oy
the linearized weak-field equations had wave solutions: I rﬁk J x I\
transverse waves of spatial sigain that travel at the speed of
light, generated by time . of Ihe mass quadrupole
moment of the source ein_understood that
gravitational-wave amplie e
small; moreover, until the Chapel Hill conference™

1957 there was significant debate about the physical
reality of gravitational waves [3].

Einstein, Sitzungsber. K. Preuss. Akad. Wiss. 1, 688
16).
A. Einstein, Sitzungsber. K. Preuss. Akad. Wiss. 1, 154
(1918).

[3]1 P R. Saulson, Gen. Relativ. Gravit. 43, 3289 (2011).
K K [4] K. Schwarzschild, Sitzungsber. K. Preuss. Akad. Wiss. 1,

189 (1916).
51 Ty Finkelstein. Phve Rev 1100 965 (1958
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[11] J. Fujimoto, Y. Shimizu, K. Kato, and T. Kaneko. Numerical approach to two loop three
point functions with masses. Int. J. Mod. Phys., C6:525-530, 1995,

[12] Y. Kurihara and T. Kaneko. Numerical contour integration for loop integrals. Comput. Phys.
Commun., 174:530-539, 2006.
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