Transactions IAU, Volume XXXIA
Reports on Astronomy 2018-2021
Maria Teresa Lago, ed.

COMMISSION D1

© 2021 International Astronomical Union
DOI: 00.0000/X000000000000000X

GRAVITATIONAL WAVE ASTROPHYSICS
GRAVITATIONAL WAVE ASTROPHYSICS

PRESIDENT
VICE-PRESIDENT
ORGANIZING COMMITTEE

Marica Branchesi
Robin Stebbins
Martin A. Hendry, Richard Manchester,
Eleonora Troja, David Shoemaker,
Marta Volonteri

TRIENNIAL REPORT 2018–2021

1. Activities of IAU Commission D1 during 2018-2021
by Marica Branchesi (President)
The IAU Commission D1 Gravitational-Wave Astrophysics was instituted in August 2015
with the goal to 1) integrate gravitational-wave observations into mainstream astronomy,
2) expand the knowledge and science impact of gravitational-wave astrophysics within
the IAU community, 3) foster communication among diverse communities by providing
a forum to bring together gravitational-wave physicists and astronomers, observers and
theorists, to share their expertise and to plan gravitational-wave and electromagnetic
observations, joint analysis and interpretation.
Commission D1 represents gravitational-wave searches over 12 orders of magnitude in
frequency: going from nanoHertz of the International Pulsar Timing Array (IPTA) to
low frequencies between 100 µHz and 0.1 Hz of the LISA space-based detector, and high
frequencies from 10 Hz to kHz of ground-based detectors such as the LIGO, Virgo, and
KAGRA Observatories. It currently includes 210 members.
IAU Commission D1 is complementary to the Gravitational Wave International Committee, GWIC. The effective communication and cross-representation between IAU Commission D1 and GWIC is extremely valuable. M. Branchesi is member of GWIC as a
representative of IAU Commission D1, and D. Shoemaker is the Executive Secretary of
GWIC serving on the Commission D1 Organizing Committee.

2. Developments within the past triennium
On 2015 September 14, the first observation of gravitational-waves by the Advanced
Laser Interferometer Gravitational-wave Observatory (LIGO) detectors opened a new
exploration of the Universe. Many gravitational-wave discoveries, including the first detection of gravitational-waves from the coalescence of a neutron star binary and the
spectacular observation of its broadband electromagnetic emission, on the 17th of August 2017, followed the first one. The gravitational-wave observations make it possible to
access the properties of space-time in the extreme regime, to probe the nature of compact objects and the rich physics of the most energetic transient phenomena in the sky.
Gravitational-wave astronomy has been having an impressive impact on many research
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fields, from fundamental physics and astrophysics to nuclear physics and cosmology.
About the third observation run of the LIGO and Virgo detectors, which concluded on
April 2020, it is worth highlighting the exceptional discovery of GW190521, the highest
mass binary black-hole system known so far, whose merger gave origin to a black-hole
of 142 M . This is the first conclusive evidence of the existence of intermediate-mass
BHs. A fourth interferometer KAGRA, located in Japan, entered the observing mode
in April 2020. LIGO, Virgo and KAGRA are currently under upgrading and will start
observations with a deeper sensitivity after June 2022.
A lot of efforts have been intensified to develop a network of future ground-based
gravitational-wave observatories. The Einstein Telescope and Cosmic Explorer are the
third-generation ground-based concepts developed in Europe and USA, respectively. The
proposal to include ET in the European Strategy Forum on Research Infrastructures (ESFRI) roadmap has been submitted in September 2020. This new generation of detectors
will make it possible to explore the Universe along its cosmic history back to the cosmological dark ages through gravitational-waves.
The LISA mission proposal was selected by ESA in response to a call for missions to
implement the scientific theme, “The Gravitational Universe” three years ago, making
LISA the third large mission planned for the ESA’s Cosmic Vision Programme. LISA is
expected to observe a wide variety of gravitational wave sources in the millihertz band.
These include the mergers of massive black hole (MBH) binaries, the extreme-massratio inspirals of stellar-mass black holes into MBHs, double compact object binaries
with hour-long orbital periods in the Milky Way, and stochastic gravitational wave backgrounds produced in the early Universe. The LISA Consortium, which is an international
collaboration of scientists and engineers, has now more than 1300 members, and is holding
regular full-collaboration meetings at a rate of about two per year.
The Pulsar Timing Array (PTA) experiments, sensitive to gravitational-waves at nanohertz
frequencies, provide complementary observations to the earth-based and space-borne detectors. They are expected to make the first detection from the cosmological background
of gravitational-waves emitted by supermassive black-hole binaries within the next years.
Recently, the North American Nanohertz Observatory for Gravitational Waves (NANOGrav)
found a low-frequency signal that may be attributable to gravitational waves.
Innovative electromagnetic observatories (such as the Vera Rubin Observatory, Athena,
the mission concept THESEUS, CTA, SKA) are currently developing science cases related
to multi-messenger astronomy, and in particular for synergy with the ground-based and
space-borne gravitational-wave detectors. This is particularly timely to drive specific
instrument technical development and operations.
Within this context, the commission D1 worked to support and participate in the
organization of meetings and initiatives related to gravitational-wave astrophysics, to
strengthen the collaboration and coordination with GWIC, to increase the memberships
of the commission, to increase the participation of gravitational-wave related theses in the
IAU PhD Prize to recognize Excellence in Astrophysics, and to communicate announcements related to gravitational-wave astrophysics through the DIV D monthly bulletin.
In the following we report some specific activities:
• The Commission D1 organizing committee supported and participated in the proposal and organization of the IAU Symposium 363, “Neutron Star Astrophysics at the
Crossroads: Magnetars and the Multimessenger Revolution”, which was expected to be
held at the Gran Sasso Science Institute, L’Aquila, Italy, June 22nd-26th, 2020. Due to
the COVID-19 outbreak the symposium will be held remotely in 2021. The symposium
seeks to provide an interdisciplinary forum, bringing together astrophysicists, computational and nuclear physicists, and gravitational-wave researchers to discuss new findings
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in neutron-star astrophysics, and lay down the open questions to be solved in the first
decade of gravitational-wave observations. It will present the status, perspectives and
challenges for the multi-messenger astronomy, and it will explore the many facets of
neutron stars, from theory to their most extreme observational manifestations, such as
magnetar giant flares, gamma-ray bursts, kilonovae and supernovae. It will include discussions about next-generation facilities for multi-messenger astronomy and their associated
science cases;
• M.Branchesi, as representative of the D1 commission, participated in the annual
GWIC meetings and reported the IAU initiatives related to gravitational-wave astrophysics. During the one-day meetings there were reports from representatives of the
current gravitational-wave experiments, LIGO, Virgo, KAGRA, GEO 600, OzGrav,the
EPTA, PPTA, NANOGrav, and future experiments such as LIGO-India, LISA, the Einstein Telescope and Cosmic Explorer, and from the representatives of the Theory Community and the IUPAP Affiliate Commission AC2. These meetings devoted much time to
discussion about how to increase the collaboration and coordination among gravitationalwave and astrophysical communities for present and future detectors. It was underlined
the importance of providing reliable roadmaps for each project and observing plan to
the astrophysical community. M.Branchesi has recently participated in the writing of the
GWIC roadmap (in press in Nature Reviews Physics). The GWIC is currently focusing
particular attention on the work of the GWIC subcommittees in charge to examine the
path for developing a network of third generation of ground-based gravitational-wave
observatories, and to develop the science case for them to drive their designs and operations.
• Through the IAU Div D Bulletin, the commission circulated announcements of conferences, and initiatives related to gravitational-wave astrophysics.
• During the IAU General Assembly, held in Vienna, August 20-31, 2018 a significant
part was reserved to gravitational-wave astrophysics. An invited discourse “The new
exploration of the Universe through gravitational-wave observations” was given by M.
Branchesi on August 22; a panel discussion was organized during the “IAU Focus Meeting FM13: Global Coordination of International Astrophysics and Heliophysics Activities
from Space and Ground” on August 23 about “Gravitational Waves and Transient Science”. During the IAU Division D meeting, three talks were given to describe the main
results of the LIGO and Virgo observations and the multi-messenger observations of
GW170817 on August 24. An exhibit on gravitational-wave astronomy was jointly organised by the Education and Public Outreach (EPO) groups of the LIGO Scientific
collaboration, the Virgo collaboration, LISA and PTA communities.
2.1. Conclusion
The field of gravitational-wave astrophysics has seen an enormous increase of interest
by astronomical communities following the epochal discoveries made by the LIGO and
Virgo interferometers. These discoveries have impacted our knowledge of stellar evolution, relativistic astrophysics, Universe nucleosynthesis, nuclear physics, and cosmology.
Gravitational-wave astronomy is a new field, still in its infancy, which is expected to
bring breakthrough discoveries in the next decades. The transient sky will be explored
by new electromagnetic observatories and surveys, which will probe different time scales
with better sensitivity than ever before. Multi-messenger astronomy has only just entered
its golden age and will require planning of global networks of gravitational-wave, electromagnetic and neutrino observatories, which will allow us to observe new sources, to
increase the rate of detections, and to explore the cosmic evolution of the gravitationalwave sources. The enormous potential of gravitational-wave astrophysics from ground
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and space over the coming decades requires to further intensify the work of the IAU D1
commission in this highly active and emerging area of astrophysics. It will be crucial in
the next years to promote an increased participation in the science of the gravitationalwave astronomy over its entire frequency spectrum, and to stimulate discussions about
joint science cases to drive projects for new EM observatories and their operation, observational strategies, data analysis, and theory development for data interpretation.

