Gravitational Waves All Around Us
Nora Bailey

Gravitational waves, first detected in 2015, open a whole new window to observe the universe.
Current gravitational waves detectors detect individual events, but pulsar timing arrays are
expected to detect a background in gravitational waves, made up of the combination of many
different events, at nanohertz frequencies. At these extremely low frequencies—eleven orders
of magnitude slower than the first detected gravitational wave signal, GW150914—the largest
contribution is expected to be from merging supermassive black holes with masses between a
hundred million to a billion times that of the Sun. Theoretical predictions of this gravitational
wave background are hindered by a lack of observational data points. Detecting these binaries
is very difficult due to their small separations and great distances, which makes their relative
size on the sky difficult to resolve.

A team of astronomers led by Andy D. Goulding (Princeton University) have detected a likely
supermassive black hole binary that provides a key initial constraint to the expected amplitude
and shape of the gravitational wave background. Located in the remains of two galaxies that
have merged together, SDSS J1010+1413, this binary is separated by only 430 parsecs and
each black hole is at least four hundred million times the mass of the Sun.

The binary is located at a distance where the time it takes a signal to reach us is approximately
the same as the time it is expected to take for the black holes to merge together, about two
billion years. This means that SDSS J1010+1413 is the type of object that is expected to
contribute heavily to the gravitational wave background. Similar objects should be merging at
the present day, emitting gravitational waves in the process, and the combination of all these
waves is what will be detected as the gravitational wave background. This detection allows
scientists to put a constraint on the number of mergers that are expected.

The team considers three different scenarios. In their pessimistic scenario, they assume that
this object is the only such one in the volume observed by the Sloan Digital Sky Survey. Given
the total volume of the universe that is expected to contribute to the background signal, there
would be about 300 mergers. In their optimistic scenario, they assume that all the similar
currently detected active galactic nuclei are in fact supermassive black hole binaries, which
would predict over a million mergers. In their realistic scenario, they take into account that
masses of black hole binaries are not all equally likely, which has a similar number to the
optimistic case but with a different set of masses.

The range of predictions from their scenarios has implications on what can be learned when the
gravitational wave background is eventually detected. If the background is much less than the
predicted limits, then it is likely that supermassive black holes don’t merge as fast as they are
expected to, confirming what is called the “final-parsec problem,” where the black holes get
closer together but stall before actually merging. Future detections of small-separation



supermassive black hole pairs will provide even more empirical insight to the background of
gravitational waves.
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Caption: When black holes merge together, they emit gravitational waves. An artist’s rendering
of two black holes before merging. [LIGO/Caltech/MIT/Sonoma State (Aurore Simonnet)]
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Caption: Images of SDSS J1010+1413 taken with 4 different filters reveal the separation
between the supermassive black holes (bottom row). A wider view (middle row) shows the
complex environment of their surroundings. [Goulding et al. 2019]
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Caption: A simulation shows the final merger of two supermassive black holes.
[NASA/GSFC/Scott Wiessinger]



