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1. Introduction

The first direct detection of gravitational waves (GW) emitted from a pair of merging black holes located
1.3 billion light years from Earth in September 2015 has been heralded as one of most significant scientific
breakthroughs in physics and astronomy of the 21st century. Coming nearly 100 years after Albert Einstein
predicted their existence, the first observations of directly detectable GW signal are ushering in a completely
new way to observe and study the most violent and energetic astrophysical events in the Universe.

The opening of the GW window on the Universe has highlighted in dramatic fashion the tremendous
scientific potential of this new field. The discoveries by LIGO and Virgo since the first detection have revealed
stunning new insights into the nature of black holes and neutron stars.

Motivated by these initial breakthroughs and recognizing that to fully exploit the new field will require
new observatories that may take 15 – 20 years from conception until operations,the Gravitational Wave
International Committee (GWIC)1 convened a subcommittee2 in 2016 to examine the path to build and
operate a network of future ground-based observatories, capable of extending the observational GW horizon
well beyond that currently attainable with the current generation of detectors.

The primary aims of the Third Generation (3G) Subcommittee were to identify and frame the major
issues and challenges in developing a coherent vision for future worldwide network of GW observatories and,
from that, produce a resource for the ground-based GW community that can assist in planning and executing
a strategy to realize the vision. Over the period from November 2016 through March 2019, members of
the subcommittee drew in researchers from the GW and broader research communities to collect input and
produce reports in five major areas as described below. Each report was subsequently reviewed independently
and anonymously by a panel comprised of funding agency officers, discipline experts and generalist scientists
appointed by the Gravitational Wave Agency Correspondents (GWAC).3 The final reports were approved for
release by the GWIC membership in September 2020.

1.1 The GWIC 3G Subcommittee Reports

The five reports commissioned by GWIC lay out an ambitious set of science targets achievable by future
ground-based detectors, identify the requisite research end development in detector development and large-
scale computing needed to reach those targets, examine the synergies and complementarity with other
scientific disciplines, and assess possible governance models to manage and operate a unified global network

1The Gravitational Wave International Committee was formed in 1997 to facilitate international collaboration and cooperation
in the construction, operation and use of the major gravitational wave detection facilities world-wide. It is associated with the
International Union of Pure and Applied Physics as its Working Group WG.11. Through this association, GWIC is connected
with the International Society on General Relativity and Gravitation (IUPAP’s Affiliated Commission AC.2), its Commission C19
(Astrophysics), and another Working Group, the AstroParticle Physics International Committee (APPIC).

2The members of the GWIC 3G Subcommittee are provided in Section 1.3.
3The Gravitational Wave Agencies Correspondents was formed in 2015 to provide a direct channel of communication between

funding agencies to coordinate the use of existing and explore new funding opportunities for the gravitational wave science
community.

https://gwic.ligo.org/index.html
https://gwic.ligo.org/index.html
https://gwic.ligo.org/3Gsubcomm/
https://www.nsf.gov/mps/phy/gwac.jsp
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of future observatories:

1. The Next Generation Global Gravitational Wave Observatory Science Book (59 pages) presents
a comprehensive survey of scientific frontiers accessible and the fundamental questions addressable
by the future observatories, exploring the fields of high energy astrophysics, cosmology, gravitational
physics, nuclear physics, and high energy physics. The report highlights a large number of key science
targets available to future observatories possessing ten times the sensitivities attainable with today’s
LIGO, Virgo, and KAGRA observatories.

2. Research and Development for the Next Generation of Ground-Based Gravitational-Wave Detec-
tors (77 pages) examines in detail the wide range of nearer- and longer-term detector R&D programs
needed for next generation GW detectors commensurate with the key science targets presented in the
Science Book, including considerations of site selection and large-scale vacuum infrastructure. The
report makes a series of detailed recommendations on the needed advances in detector technology and
the timescales needed to achieve those advances. It also identifies areas where larger-scale globally
coordinated R&D efforts will be critical to ensuring success while minimizing costs.

3. Future Ground-based Gravitational-Wave Observatories: Synergies with Other Scientific Com-
munities (11 pages) identifies a broad set of scientific constituencies beyond the ground-based GW
community having common scientific interests where GW data have significant impact and makes a
series of recommendations for facilitating strong linkages with those relevant scientific communities. It
also presents communication and outreach plans to help engage with those communities and motivate
them in support of 3G GW science.

4. Gravitational-Wave Data Analysis: Computing Challenges in the 3G Era (23 pages) lays out
the many computational challenges – required computing/storage/networking resources, anticipated
algorithm and software needs, and commensurate person power – imposed by the orders of magnitude
greater GW event rates enabled by these new GW observatories. Key to meeting these challenges will
be establishing synergistic collaborations with the high energy physics and astronomy communities as
well as with industrial partners to develop shared solutions.

5. An Exploration of Possible Governance Models for the Future Global Gravitational-Wave
Observatory Network (13 pages) evaluates a variety of possible governance models by carrying out a
comprehensive survey of existing organizational structures of large-scale scientific laboratories and
collaborations to propose a sustainable, centralized governance model for the overall management of
the construction and operations of the planned 3G observatories.

1.2 Intended Audiences and Impacts
These reports, somewhat technical in nature, are primarily intended for members of the GW community
to serve as a basis for planning and executing successful proposals to construct and operate future 3G
observatories. These reports are of particular relevance to two future ground-based observatory efforts – the
Einstein Telescope (ET) in Europe and the Cosmic Explorer (CE) in the US. ET and CE are in different stages
of planning toward project approval at present, however both projects have had close interactions with the
GWIC 3G Subcommittee during the course of the development of these reports and acknowledge benefiting
from the material presented in them.

The reports may also serve to familiarize and educate other individuals and groups, including researchers
from other disciplines as well as funding agencies, on specific themes and topics of overlapping interest with
the GW community.

Each report was written, to the extent possible, to be self-contained and stand-alone, however when
read collectively they will provide a broader and more complete perspective on the scientific opportunities
afforded by 3G observatories and the steps needed to realize their operation in the 2030s.
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Harald Lueck, AEI, Hannover, Germany
David McClelland, Australian National University, Australia
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David Shoemaker, MIT, USA (Secretary)
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Vicky Kalogera, Northwestern University, USA (Co-chair)
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Matt Evans, MIT, USA
Martin Fejer, Stanford University, USA
Andreas Freise, University of Birmingham, UK
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Paul Fulda, University of Florida, USA
Eric Genin, Virgo, Italy
Gabriela González, Louisiana State University, USA
Jan Harms, Università degli Studi di Urbino, Italy
Stefan Hild, University of Glasgow, UK
Giovanni Losurdo, INFN Pisa, Italy
Ian Martin, University of Glasgow, UK
Anil Prabhakar, IIT Madras, India
Stuart Reid, University of Strathclyde, UK
Fulvio Ricci, Università La Sapienza, and INFN Roma, Italy
Norna Robertson, Caltech, USA
Jo van den Brand, Nikhef, Netherlands
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Mike Zucker, MIT, USA

Synergies with Scientific Communities Subcommittee
Michele Punturo, INFN Perugia, Italy (Co-chair)
David Reitze, Caltech, USA (Co-chair)
David Shoemaker, MIT, USA

Governance Models Subcommittee
Stavros Katsanevas, Astro Particle and Cosmology Laboratory, France (Co-chair)
Gary Sanders, Caltech, USA (Co-chair)
Beverly Berger, Stanford University, USA
Gabriela González, Louisiana State University, USA
James Hough, University of Glasgow, UK
Ajit K. Kembhavi, Inter-University Centre for Astronomy and Astrophysics, India
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