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Laima Radžiūtė, Pavel Rynkun, Smaranika Banerjee and Nanae Domoto

Multi-messenger science with Athena and Future Multi-messenger
Observatories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Luigi Piro

https://doi.org/10.1017/S1743921323000558 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921323000558


vi Contents

Physics in Ultra-Strong Magnetic Fields . . . . . . . . . . . . . . . . . . . . . . . 149

Alice K. Harding

Magnetic Field Evolution in the Crust of Neutron Stars: Crust Failure and
Plastic Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

Konstantinos N. Gourgouliatos

The non-trivial magnetic configuration in neutron stars . . . . . . . . . . . . . . 173

Daniele Viganò
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Preface

This special volume includes contributions from the IAUS 363 Symposium, Neutron
Star Astrophysics at the Crossroads: Magnetars and the Multimessenger Revolution. It
was intended to hold the symposium in Italy in June 2020, at the end of the third
LIGO and Virgo observing run. Unfortunately, due to the Covid-19 global pandemic, the
symposium was postponed to December 2021 and conducted virtually.

The main goal of this symposium was to address the astrophysical implications of grav-
itational wave and electromagnetic observations of neutron stars. At its core are offerings
on the state of the art understanding of mergers of binary neutron stars producing short
gamma-ray bursts, and the most extremely magnetic varieties of neutron stars, magne-
tars. The papers discuss the status, perspectives and challenges in the blossoming era
of multi-messenger astronomy, which is accelerating the path towards a more complete
physical picture of neutron stars. The book encapsulates both observations and model-
ing, addressing extreme transient events including kilonovae, afterglows, magnetar giant
flares, and fast radio bursts. By exploring the intersection of studies of isolated neutron
stars and binary system synthesis and merging, the ensemble of papers sets the scene for
interpreting exciting results pertaining to powerful X-ray, gamma-ray, and gravitational
wave transients to be acquired in the next decade and beyond.

The symposium was organized around a morning plenary session followed by two
parallel sessions in the afternoon. This format was selected to encourage synergy and
cross-fertilization among different communities and, at the same time, to identify and
address the most pressing open questions within each field of research. Plenary sessions
gave a broad and interdisciplinary overview of neutron stars, their gravitational waves
and electromagnetic emission. There were five plenary sessions with the following themes
and articles from each are included in these proceedings:

1) Neutron star population and environment
2) Neutron stars and magnetars as sources of gravitational waves
3) Neutron star and magnetar emission processes
4) Neutron star and gamma-ray burst connection
5) Neutron star astrophysics with future observatories

Parallel sessions instead provided a deeper insight into specific questions on the physics
of magnetar on one side, and neutron stars as sources of gravitational waves, gamma-ray
bursts, and kilonovae on the other. The symposium’s program included the follow-
ing parallel sessions: neutron stars through gravitational wave observations: modeling,
search and implications for fundamental physics and astrophysics; neutron star pop-
ulation synthesis and links among diverse neutron star classes; binary neutron star
mergers, kilonovae and gamma-ray bursts; magnetars: from their formation to present
multiwavelength observations; binary neutron star population and environment through
gravitational wave observations and host galaxy studies; magnetars in binary sys-
tems; neutron star physics and cosmology with the new generation multi-messenger
instruments; neutron star magnetic fields and magnetar magnetospheres.

We wish to extend our gratitude to our organizing institutions and sponsors for
supporting the symposium.

Eleonora Troja and Matthew G. Baring
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