Axion phenomenology in magnetized neutron stars

Filippo Anzuini®®¢, José A. Pons?, Antonio Gomez-Bafion, Paul. D. Lasky®?, Federico Bianchini®®9 and

Andrew Melatos®"
4 School of Physics and Astronomy, Monash University, Clayton, Victoria 3800, Australia
b 0zGrav: The ARC Centre of Excellence for Gravitational Wave Discovery, Clayton, Victoria 3800,
Australia
¢ School of Physics, The University of Melbourne, Parkville, Victoria 3010, Australia
d Departament de Fisica Aplicada, Universitat d'Alacant, 03690 Alicante, Spain
¢ Kavli Institute for Particle Astrophysics and Cosmology, Stanford University, 452 Lomita Mall, Stanford,
CA, 94305, USA

fSLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, CA, 94025, USA

9 Department of Physics, Stanford University, 382 Via Pueblo Mall, Stanford, CA, 94305, USA
h Australian Research Council Centre of Excellence for Gravitational Wave Discovery (OzGrav), University

of Melbourne,Parkville, Victoria 3010, Australia

Axions are pseudo-Goldstone bosons that provide a solution to the strong CP problem [1], and are prominent
candidates for dark matter. In neutron stars, it has been shown recently [2] that the potential of the QCD axion
acquires finite density corrections that shift the axion field expectation value, which can be large compared to
the vanishing expectation value in vacuo. Such a shift leaves an imprint on typical neutron star observables
such as the redshifted thermal luminosity, which can be used to constrain the axion parameter space.

In this talk we focus on the coupling of axions with photons, which modifies Maxwell's equations and alters
the neutron star magnetic field. By performing state-of-the-art magneto-thermal simulations, we calculate the
axion-induced perturbations to the neutron star’ magnetic field, and show that they grow on relatively short
time-scales. At the same time, intense electric currents form, leading to enhanced ohmic dissipation, which
increases the stars’ observable thermal luminosity. The activation of such mechanisms depends on the axion
decay constant and the axion mass, two long-sought parameters at the center of several experimental and
theoretical investigations. Both parameters can be constrained by comparing our simulations to observations
of thermally-emitting neutron stars. The latter do not exhibit uncontrolled growth of the magnetic field that
causes enhanced ohmic dissipation, allowing us to place bounds on axion parameters.

Our results open a new astrophysical avenue to constrain axions, extending significantly the parameter range

that can be probed with direct axion searches.
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