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Main Scientific Objectives

q Astrophysics of compact objects

q Fundamental Physics and tests of GR

q Cosmology and Cosmography

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

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

o Stochastic Backgrounds
o Cosmological parameters
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Tests Gravity & Compact Objects



Universe Components



Primordial Black Holes = DM



Gravitational Collapse
Gravity wins

Radiation wins



Primordial plasma
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PBH mass spectrum
Carr, Clesse, JGB, Kühnel (2019)



PBH are ~ spinless

Stellar BH

Primordial
BH
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Mass



Black Holes and Neutron Stars
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Astrophysical BH Mass Gap

Astrophysical BH Mass Gap

M < Chandrasekhar mass



Microlensing

| Lukasz Wyrzykowski | Warsaw
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OGLE
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LVC

O1+O2

O3
OGLE

GWTC2

GWTC1

Model prediction: mass spectrum
JGB, Clesse (2020)

O4



Primary and secondary masses
GWTC-3 (2021)



Main Scientific Objectives
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q Cosmology and Cosmography
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Tracking Star Formation & 
Multiple BBH Populations

² Distinguish star formation models up to z~10 

² Reconstruct history of multiple BBH channels incl. Pop III mergers
Vitale et al 2019 ApJL 886 L1ET Design Study (2011)

Ng et al 2021 ApJL 913 L5



Binary Neutron Stars Mergers



Neutron Stars and QCD phases



GW170817

Multimessenger Astronomy



Kilonova
GRB





cgw = cem
(1.7 s  in  144 Myrs)
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Universe Expansion

NGC4993
z = 0.009727

Hubble Law
H0 dL = z
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GW = Dark Sirens
Soares-Santos, Palmese, JGB et al. (2019)
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H0 tension: Future prospects
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Stochastic GW Background

ET
PBH



Stochastic GW Background



O4



Conclusions
• Second Generation GW interferometers 

are still an essential step towards the future.

• The Science Case is very clear:

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

§ Fundamental Physics
§ Astrophysics
§ Cosmology


