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Expanding the Reach of Gravitational Wave
Astronomy to the Edge of the Universe

GWIC
April 2021



Main Scientific Objectives
J Fundamental Physics and tests of GR

o Nature of Gravity and Compact Objects
o Black Holes and the nature of Dark Matter

L Astrophysics of compact objects

o Black Hole Binaries
o Neutron Stars and Supernovae
o Multi-messenger Astrophysics

1 Cosmology and Cosmography

o Stochastic Backgrounds
o Cosmological parameters



Probing Gravity at all scales
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Figure 8. Probing gravity at all scales: illustration of the reach in spacetime curvature versus
potential energy targeted by different kinds of observations. M and L are the characteristic mass
and length involved in the system or process being observed. The genuinely strong-field dynamics of
spacetime manifests itself in the top right of the diagram. The label EHT refers to the Event Horizon
Telescope. From ref. [86].



Tests Gravity & Compact Objects
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Structure



This is the stuff
that makes up
everything we
can see and touch
— all the dust,
asteroids, comets,
planets, stars,
galaxies and you
and me

Visible matter

JapeW A|qISIA

The dark side of matter
doesn’t interact with light,
so it is invisible. We can
detect how its gravity
affects visible matter. Itis a
bit like visible matter’s
invisible friend - helping to
hold the galaxies and
clusters of galaxies together

While dark matter
holds stuff together,
dark energy is pushing
everything apart. It is
causing the Universe’s
expansion to speed up.
The more space
expands, the more
dark energy there is

Dark energy
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rimordial Black Holes = DM
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Gravitational Collapse
aravity wins
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PBH are ~ spinless
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Black Holes and Neutron Stars
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Model prediction: mass spectrum

JGB Clesse (2020)
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Main Scientific Objectives

J Fundamental Physics and tests of GR

o Nature of Gravity and Compact Objects
o Black Holes and the nature of Dark Matter

L Astrophysics of compact objects

o Black Hole Binaries
o Neutron Stars and Supernovae

o Multi-messenger Astrophysics

1 Cosmology and Cosmography

o Stochastic Backgrounds
o Cosmological parameters



Tracking Star Formation &
Multiple BBH Populations

< Distinguish star formation models up to z~10
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Binary Neutron Stars Mergers
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Figure 4. Gravitational wave signal from a NS-NS merger at a distance 100 Mpc, as it sweeps across

the detector-accessible requency range. Figure rrom |37 (adapted rrom an original figure by J. Read,

based on data from [38]).



Neutron Stars and QCD phases
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Figure 3. Left: Conjectured interior structure of a neutron star. Right: Matter encountered in

neutron stars and binary mergers explores a large part of the QCD phase diagram in regimes that are

inaccessible to terrestrial collider experiments.
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Main Scientific Objectives

J Fundamental Physics and tests of GR

o Nature of Gravity and Compact Objects
o Black Holes and the nature of Dark Matter

L Astrophysics of compact objects

o Black Hole Binaries
o Neutron Stars and Supernovae
o Multi-messenger Astrophysics

1 Cosmology and Cosmography

o Cosmological parameters
o Stochastic Backgrounds




Universe Expansion
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GW = Standard Sirens
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Probability Distribution

GW = Dark Sirens
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GW = Dark Sirens
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H, tension: Future prospects
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Size of catalog

Expected BBH, BNS, NSBH

107
10°
105
10
10°
10?

10

1

03 Design A+ A++ Voyager CE
|We are here! (O4)
™ Einstein -
\ Telescope.

2035

2040



2
0

Stochastic GW Background

10°® | w
: Credit: Vuk Mandic Indirect Limits
10°7 |
107 ;ﬁlsar gto g
rings
Limit A
10721 ET
Stiff
10-14 B y _
Slow-Roll Inflatitn
10-16 1 l 1 |
= 4§ 10 [k 107

Frequency (Hz)




Stochastic GW Background
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Mapping the SGWB

O4 improved resolution will allow to have a better mapping of the
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Conclusions

Second Generation GW interferometers
are still an essential step towards the future.

The Science Case is very clear:

* Fundamental Physics
= Astrophysics
= Cosmology

How big is our community?
Do we have the momentum?



