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The Moon as a
Gravitational-Wave Detector
Thanks to a new analysis technique, precisionmeasurements of the
Earth-Moon distance should improve estimates of the size of the
gravitational-wave background.

ByMark Buchanan

T he barrage of all gravitational waves that continuously
hit Earth in the microhertz frequency range—roughly
one oscillation every few weeks—might be detected by

measuring their subtle effects on the Earth-Moon system. By
exploiting this decades-old idea, researchers have now shown
that the latest laser ranging data could be used to place a
significantly smaller upper limit on the possible strength of
these waves, compared with previous estimates [1, 2]. The
technique promises a powerful new way to probe gravitational
waves by using natural orbital systems as sensitive detectors.

Gravitational waves can provide information about some of the
most violent events in the Universe, from black hole mergers to

Precise measurements of the Earth-Moon distance can allow
researchers to estimate the maximum possible amplitude of the
steady background “hum” of gravitational waves. (This time-lapse
series of photos was taken by a satellite a million miles from Earth.)
Credit: NASA

the big bang, yet current detectors have a blind spot between
two distinct frequency bands. The LIGO-Virgo-KAGRA
collaboration—based on laser interferometers located in the
US, Europe, and Japan—can detect waves with frequencies in
the range from 1 to 1000 Hz. Another detection scheme uses
periodic signals from pulsars to detect nanohertz (nHz)
gravitational waves, corresponding to one oscillation every few
years. So there is a big gap for waves in the microhertz (µHz)
regime, which could be generated, for example, by
supermassive black hole binary pairs in the late stages of
orbiting each other before merging.

“We’re aiming to fill this gap,” says Alexander Jenkins of
University College London. “The idea is to measure how [the
waves] influence the orbits of binary systems, including the
Earth-Moon system.” Jenkins says that many researchers have
helped to develop this idea since the 1970s. In the simplest
case, a continuous gravitational wave with the same frequency
as the orbital motion could, say, nudge the objects a bit closer
together in each cycle. Through this resonance phenomenon,
the orbit would change over time in a way that reflects the
wave’s properties.

In 2013, Lam Hui of Columbia University and colleagues showed
that gravitational waves in the µHz frequency range could have
a potentially measurable effect on binary systems [3]. They
demonstrated theoretically that a continuous background from
a large number of such waves coming from all directions should
cause the period and other orbital parameters to undergo a
randomwalk and thus to change gradually over time. The rate
of change would reflect the strength of the prevailing waves.
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Never a calmmoment. If two gravitationally bound objects are
continuously buffeted by gravitational waves from throughout the
Universe, their mutual orbit will gradually change over time.
Credit: D. Blas and A. C. Jenkins

Using data from a binary pulsar—an orbiting pair of pulsar stars,
which emit periodic signals—Hui and colleagues obtained an
upper bound on the possible strength of gravitational waves in
the µHz gap. Now, Jenkins and Diego Blas of the Autonomous
University of Barcelona, Spain, have taken this work further,
showing that the accuracy of current data on the Earth-Moon
system should allow researchers to derive an upper bound that
is much smaller than that derived by Hui and his colleagues.

Jenkins and Blas build on earlier work to develop a
mathematical formalism, as well as numerical methods, to
follow the random evolution of the orbital motion of any binary
system subject to a background of gravitational waves [1].
These mathematical techniques allowed them tomake amore
precise link between orbital changes and the nature of the
gravitational waves driving them. “Our formalism gives a much
more complete and rigorous way to calculate all of the effects
that a gravitational-wave background would have on a given
binary system,” Jenkins says.

In a companion paper, the researchers use these methods to

propose a pathway to lowering the bound on the strength of the
gravitational-wave background in the current “blind spot” [2].
This can be done, they argue, by using laser ranging
measurements of the Moon to determine precise changes in the
Earth-Moon orbit and then comparing these with the
predictions of the theory. The results, according to their
estimates, should improve researchers’ knowledge of the
possible amplitude of these waves by more than 100 times.

“This is an exciting and novel way of seeing gravitational
waves,” says black hole physicist Vitor Cardoso of the Instituto
Superior Técnico, Lisbon, Portugal. “The idea is simple, but it
requires difficult calculations to implement and show that it
works.” Moreover, this alternative approach to detection could
reveal unexpected gravitational-wave sources, he says. Wemay
find “that the Universe is full of mysterious gravitational-wave
content.”

Regarding next steps, Jenkins believes that more theoretical
work is needed. For example, “it’s not just individual binary
systems—we also need to see how entire galaxies respond to
gravitational waves,” he says.

Mark Buchanan is a freelance science writer who splits his time
between Abergavenny, UK, and Notre Dame de Courson, France.
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