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VIEWPOINT

The First Sounds of Merging Black
Holes
Gravitational waves emitted by the merger of two black holes have been detected, setting the

course for a new era of observational astrophysics.

by Emanuele Berti⇤,†

F
or decades, scientists have hoped they could “ lis-
ten in” on violent astrophysical events by detecting
their emission of gravitational waves. The waves,
which can be described as oscillating distortions in

the geometry of spacetime, were first predicted to exist by
Einstein in 1916, but they have never been observed di-
rectly. Now, in an extraordinary paper, scientists report that
they have detected the waves at the Laser Interferometer
Gravitational-wave Observatory (LIGO) [1]. From an analy-
sis of the signal, researchers from LIGO in the US, and their
collaborators from theVirgo interferometer in Italy, infer that
the gravitational waves were produced by the inspiral and
merger of two black holes (Fig. 1), each with a mass that is
more than 25 times greater than that of our Sun. Their find-
ing provides the first observational evidence that black hole
binary systems can form and merge in the Universe.

Gravitational waves are produced by moving masses, and
like electromagnetic waves, they travel at the speed of light.
As they travel, thewavessquash and stretch spacetime in the
plane perpendicular to their direction of propagation (see
inset, Video 1). Detecting them, however, is exceptionally
hard because they induce very small distortions: even the
strongest gravitational waves from astrophysical events are
only expected to produce relative length variations of order

10− 21.

“ Advanced” LIGO, as the recently upgraded version of
the experiment is called, consists of two detectors, one in
Hanford, Washington, and one in Livingston, Louisiana.
Each detector is a Michelson interferometer, consisting of
two 4-km-long optical cavities, or “ arms,” that are arranged
in an L shape. The interferometer is designed so that, in
the absence of gravitational waves, laser beams traveling in
the two arms arrive at a photodetector exactly 180◦ out of
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Figure 1: Numerical simulations of the gravitational waves emitted
by the inspiral and merger of two black holes. The colored
contours around each black hole represent the amplitude of the
gravitational radiation; the blue lines represent the orbits of the
black holes and the green arrows represent their spins. (C.
Henze/NASA Ames Research Center)

phase, yielding no signal. A gravitational wave propagat-
ing perpendicular to the detector plane disrupts this perfect
destructive interference. During its first half-cycle, the wave
will lengthen one arm and shorten the other; during its sec-
ond half-cycle, these changes are reversed (see Video 1).
These length variations alter the phase difference between
the laser beams, allowing optical power—a signal—to reach
the photodetector. With two such interferometers, LIGO can
rule out spurious signals (from, say, a local seismic wave)
that appear in one detector but not in the other.

LIGO’s sensitiv ity is exceptional: it can detect length dif-
ferences between the arms that are smaller than the size
of an atomic nucleus. The biggest challenge for LIGO is
detector noise, primarily from seismic waves, thermal mo-
tion, and photon shot noise. These disturbances can easily
mask the small signal expected from gravitational waves.
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