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Constraining the nanohertz gravitational wave background using gamma-rays

After large galaxies merge, their central supermassive black holes are expected to form binary systems
whose orbital motion generates gravitational waves. The superposition of gravitational waves from many
such mergers across cosmic time generates a gravitational wave background (GWB) at nanohertz
frequencies. Searches for this background utilize pulsar timing arrays (PTAs), which perform long-term
monitoring of millisecond pulsars (MSPs) at radio wavelengths.

Radio PTAs may have recently detected an exciting and long-awaited hint of low-frequency gravitational
waves . However, the candidate signal could have other origins, including residual effects from
propagation through the ionized interstellar medium (IISM). The candidate also lacks the hallmark
qguadrupolar pattern | 7|, indicative of a GWB.

Gamma-ray observations of MSPs offer a complementary approach. They are immune to the effects of the
lISM and the solar wind. The long (~12 years), uninterrupted observations of more than 100 MSPs with the
Fermi Large Area Telescope (LAT) make it a PTA with unique capabilities. Using results from 35 bright
gamma-ray pulsars, we place a 95% credible limit on the GWB characteristic strain (A,,,) of 1x10"*at 1 yr,
within a factor of a few of the candidate GWB signal.

A gamma-ray pulsar timing array (artistically depicted on the right), not envisioned before the launch of
Fermi, represents a powerful new capability in gravitational wave astrophysics.

A novel and independent methodology
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insights into the efficacy of radio noise models for modelling the effects of the [ISM — crucial in the detection of the GWB signal.
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