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• Founded by Pierre Binétruy at the end of 2016 with IN2P3 funding  

• Scientific context:  

-  First direct detections of GW from BBH collisions by LIGO/ Virgo  

-  Flight of LISA Pathfinder and preparation of the LISA mission  

-  Birth of a new science, need to form and structure the French community  

• Activities started in 2017  

• Chiara Caprini, director -> end 2021  

• New edition, 2022->2026. Director: Danièle Steer, Directeur-adjoint:  Filippo Vernizzi

 

History of the GdR 



Main role of the GdR 

• Provide a common environment for the french scientific community with interest in GW physics:  
astrophysicists, theorists, experimentalists, data analysts... 

• Organise meetings, in the form of “assemblées générales” and “rencontres thématiques”  
    • present latest progress and discoveries in the field.  
    • where community can meet and exchange,  
    • where young researchers are encouraged to present their work

• Promote new collaborations and projects (the GdR is organised in 8 Working Groups)

• The budget is devoted exclusively to meetings organisation, no research financing  



– Directors : Danièle Steer + Filippo Vernizzi

– Comité de Pilotage (10): directeurs + responsables principaux des 8 groupes de travail 

– Conseil scientifique (21): comité de pilotage + membres externes 
 (représentants des différents programmes nationaux concernés, et pour s'ouvrir à des sujets scientifiques non 
représentés au conseil de pilotage, p.ex atom interferometry)

– 8 groupes de travail

      Formes d’Onde : Luc Blanchet  
Population des sources : Irina Dvorkin 
Prédiction et suivi des signaux multi-messagers : Sylvain Chaty  
Cosmologie : Nicola Tamanini  
Etoiles a neutrons, supernovae, et synthèse des éléments lourds : Jerome Novak  
Méthodes et analyse de données : Eric Chassande-Mottin 
Tests de la relativité générale et théorie alternatives : Karim Noui  
Développement des détecteurs : Joseph Martino 

Structure of the GdR, 2022-2026 

– ~310 membres



 Waveforms  
coordinators : Luc Blanchet, Guillaume Faye, Eric Gourgoulhon, Alexandre Le Tiec 

     - MBHB, stellar origin BHB, NSB et WDB  
- Numerical relativity (BHB, relativistic hydrodynamics...)  
- Analytical methods (PN, EoB, Phenom, effective field theories...)  

Sources populations 
coordinators : Irina Dvorkin, Gilles Theureau, Marta Volonteri, Astrid Lamberts  
-  Binaries origin and formation (MBHB, stellar origin BHB, IMBHB...)  
-  Stochastic foregrounds from binaries  
-  Complementarity ground/space: multi-wavelength GW observations  

GdR working groups 

Prediction and follow-up of multi-messenger signals  
coordinators : Sylvain Chaty, Olivier Godet, Tito del Canton  
- Multi-wavelength follow-up of GW emitting events  
- Observational prediction and interpretation of the detections  
- Counterparts: NSB, MBHB, stellar origin BH-NS binaries... 



Cosmology 
coordinators : Nicola Tamanini, Tania Regimbau, Giulia Cusin  
- early universe signals (stochastic backgrounds)  
- cosmological parameters (standard sirens) 
- angular correlation, large scale structure 
- Weak and strong lensing  
- Cosmic- (super-) strings  
- Primordial BHs 

Neutron stars, supernovae and nucleosynthesis 
coordinators : Anthea Fantina, Jérôme Novak  
- Internal structure and equation of state of NS 
- Heavy elements synthesis 
- supernovae 

Tests of GR and of modified gravity theories  
coordinators : Karim Noui, Luc Blanchet  
-  tests of the inspiral, waveforms in GR and in alternative theories  
-  physics of the horizon, tests of the no-hair theorem  
-  tests of GW propagation and polarisations  
-  cosmological modified gravity theories  



Data Analysis 
coordinators : Eric Chassande-Mottin, Sylvain Marsat, Antoine Petiteau, Viola Sordini  
- Data quality and noise analysis  
- parameter estimation 
- Bayesian methods 
- Un-modelled sources  
- Non-gaussianity, non-stationarity 
- Foreground subtraction 
- De-noising, machine learning 

Detectors development 
coordinators : Joseph Martino, Eleonora Capocasa, Walid Chaibi  
- LIGO/Virgo and LISA  
- Development of ET France from the instrumental point of view and in light of the scientific 
context 
- Atom interferometry: ground and space  



Science of the GdR  

Fundamental physics 
 

• GW from binaries: waveforms (order 4.5PN), propagation...  
• Tests of General Relativity and of modified gravity theories: strong field, propagation modes, exotic 
objects...  
• cosmology: standard sirens and measurement of cosmological parameters,  
                   stochastic GW background + its anisotropies  
➔ connection with CMB physics, dark matter, populations of stellar/supermassive BH

     • physics beyond the standard model of particle physics: symmetry breaking, string theory...  
➔ connection with particle physics 

We model a GW-EM source emitting in FLRW 
Universe
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The idea: the model

S. Mastrogiovanni - Virgo week - 27/04/2020
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FIG. 11. Posterior distribution on H
0

using the 6 GWTC-
1 events with SNR > 12 and the GLADE and DES galaxy
catalogs. The plot compares the results obtained in [1] with
the new results of this paper (see discussion in Sec. VII).

region of interest for H
0

but may not for other values.

In a second step we apply the analysis of [1] using
the GLADE and DES galaxy catalogs using the new
set of population parameters. Fig. 11 shows the re-
sults for both approaches. We obtain the credible in-
terval H

0

= 68+13

�7

kmMpc�1 s�1 to be compared to

H
0

= 68+16

�8

kmMpc�1 s�1 reported in [1]. The width
of the former is about 15% narrower; the H

0

estimate is
thus more informative in the tension region. In Fig. 11
the posterior tails appear considerably reduced with the
new choice of population parameters; this is not surpris-
ing, as the population parameters are chosen to maximize
the likelihood in the central H

0

-tension region.

The analysis with galaxy catalogs entails the joint
marginalization over both the cosmological and popu-
lation parameters. If it is impossible to marginalize
because of computational limitations as explained in
App. C, the population analysis presented above allows
to quantify the potential impact of a specific choice of
population.

This case study shows population assumptions matter
as they impact on the final measurement accuracy. In
the absence of a strong prior belief for the population
model, this advocates for analysis schemes that consider
population and cosmological parameters jointly and not
separately. This suggests to perform joint source popu-
lation and cosmological inference together with the use
of galaxy catalogs. Combining the two analyses is not
obvious and likely leads to challenging computational is-
sues. If this turns out to be intractable, a comprehensive
evaluation of the systematics induced by population as-
sumptions are required to deduce robust conclusions from
analyses that treat source population and cosmology sep-
arately.

VIII. IMPACT OF THE POPULATION
PARAMETERS ON H

0

WHEN AN EM
COUNTERPART IS OBSERVED

We end this paper by considering a di↵erent situation:
namely we now suppose that an EM counterpart is de-

tected in association with each GW event in the popula-

tion. We assume this will give an independent redshift
measurement z

obs

for each event, as for GW170817, and
in this section we consider the impact of this additional
data on the estimation of H

0

. We will show (modulo
some caveats, see later) that when an EM counterpart is
observed, the choice of population parameters does not
impact the H

0

estimation.
In this case, the hierarchical posterior in Eq. (9) is

modified to account for the additional data, leading to
(we drop the subscript i):

p(⇤|x, z
obs

) / p(⇤) p(x, z
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R
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pop
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,

(12)

where we have separated the source redshift z from the
other binary parameters, writing ✓ = {z, ✓̄}. The term
p(z

obs

|z, ✓̄) is the likelihood of measuring a redshift z
obs

given the true source redshift z and other binary param-
eters ✓̄. Finally the selection e↵ects connected to EM ob-
servations are taken into account through p

det,EM

(✓,⇤).
Eq. (12) can be simplified under the following assump-

tions (i) the redshift measurement is very accurate and
independent of the binary parameters, i.e. p(z

obs

|z, ✓̄) ⇡
�(z

obs

� z); (ii) measurement of the luminosity distance
dL and detector frame masses are mutually independent,
i.e. p(x|dL,m1,d,m2,d) / p(x|dL)p(x|m1,d,m2,d). Then
Eq. (12) simplifies to (see Appendix D)
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), (13)

where I is defined in Eq. (D4) and

p(D |⇤) =
Z

p
det,GW

(✓,⇤)p
det,EM

(✓,⇤) p
pop

(✓|⇤)d✓.
(14)

It is important to notice that the two last terms depend
individually on either the population or cosmological pa-
rameters.
Fixing the population parameters ⇤m to incorrect val-

ues thus results in a biased evaluation of the last line of
Eq. (13). This term enters in the inference of ⇤c simply
as a normalization constant and thus does not lead to



                            Astronomy and astrophysics 
 

• Massive BBH: population, origin, binary formation, connection with structure formation, counterparts... 
• Stellar origin BBH: population, origin, binary formation... 
• Neutron stars: population, equation of state, counterparts of mergers (gamma-ray bursts, kilonovae...)  

➔ connection with astrophysics, astroparticle physics, nuclear physics, cosmology
• Counterparts and multi-messenger: electromagnetic: optical, X/ gamma-ray, radio...  

➔ connection with science of astronomical observatories; neutrinos observatories 
➔ connection with astrophysics and fundamental physics 

Science of the GdR 

4 Paschalidis, Bright, Ruiz, & Gold

Fig. 1.— Rest-mass density in the equatorial plane for the �+� model. A persistent minidisk quickly forms around the �1 = +0.75 black
hole, but no disk forms around the �2 = �0.75 black hole. The Hill spheres (black dashed circles) and the ISCO radii (white circles) are
shown around each black hole (assuming each BH was in isolation). For the �1 = +0.75 black hole the Hill sphere is significantly larger
than the ISCO, but for the �1 = �0.75 they are more comparable in size.

Fig. 2.— Comparison of the rest-mass density in the equatorial plane for ��� (left panel), and �++ (right panel), taken following
completion of five orbits in both cases. Persistent minidisks are seen only in the �++ case as the Hill sphere (black dashed circles) is
significantly larger than ISCO radius (white circles).

streams onto � < 0 black holes, as opposed to orbiting
and forming minidisks around � > 0 black holes. In the
bottom right panel we show the total rest-mass accretion
rate normalized by the time-averaged total accretion rate
of the �00 case for cases �00, �++ and ���, with the
horizontal lines indicating the time-averaged accretion
rate for each case. As expected the time-averaged rest-
mass accretion rate in the ��� is larger than that in
the �00 case, which in turn is larger than in the �++
case. The �00, �++, and ��� cases reinforce our findings

from the �+� model. The accretion rates exhibit clear
periodicities, which will be the focus of a future paper of
ours.
All these findings are consistent with the expectation

that the location of the ISCO has a significant impact
on the systems ability to maintain mass within the Hill
spheres and form minidisks toward the late stages of the
inspiral.

3.3. Jet Luminosities and Temperatures

[SMBH: relativistic MHD simulations: 2102.06712]

13

Figure 1. Graphical representations of the various mass distributions described in Section 3.1. Multi Spin, a model of both
mass and spin, is similar to the mass distribution of Power Law + Peak, with a sharp lower mass cutoff rather than the
smooth low mass turn-on.

two components: an isotropic component designed
to model dynamically assembled binaries, and a
second component in which the spins are preferen-
tially aligned with the orbital angular momentum,
as expected for isolated field binaries.4 For this lat-
ter component, the spin tilt angles are distributed
as a truncated Gaussian peaking when the black
hole spin is aligned to the orbital angular momen-
tum. We use this model in concert with the mass
models described above.

• Gaussian (5 parameters; Appendix D.2). While
the Default spin model is physically inspired, this
model, based on that of Miller et al. (2020), al-
lows us to fit the distribution of phenomenological
spin parameters �e↵ (“the effective inspiral spin
parameter,” Eq. 5) and �p (“the precession spin pa-
rameter,” Eq. 6), assuming that their distribution
is jointly described as a bivariate Gaussian. The
ensemble properties of �e↵ and �p allow us to con-
clude that the BBHs in GWTC-2 exhibit general
relativistic spin-induced precession of the orbital
plane (�p > 0), and that some systems have compo-
nent spins misaligned by more than 90

� (�e↵ < 0)
relative to their orbital angular momentum.

• Multi Spin (12 spin parameters, 10 mass pa-
rameters; Appendix D.3). This model allows for
multiple subpopulations of BBH systems with dis-
tinct mass and spin distributions. Specifically, this
model assumes a Truncated power-law mass dis-
tribution with the additional presence of a 2-D

4 Throughout the paper, spin tilt is measured at a reference
frequency of 20Hz for all events except GW190521, for which
the spin tilt is measured at 11Hz (see discussion in Abbott et al.
2020d). We verified that for GW190521, the difference between
the spin measurements at 20Hz and 11Hz are smaller than the
systematic uncertainty between the waveform models.

Gaussian subpopulation in m1 and m2, truncated
such that m1 � m2. While similar to the Power
Law + Peak mass model, there is no smooth turn
on and the mass ratio distribution is allowed to
differ between each subpopulation. Most impor-
tantly, the two subpopulations have independently
parameterized Default spin distributions. We use
this model to test whether the BBH spin distri-
bution varies as a function of mass as expected if
higher-mass systems are the products of hierarchi-
cal mergers.

3.3. Redshift evolution

• Non-Evolving (0 parameters). Our default
model posits that the merger rate is uniform in
comoving volume.

• Power-law Evolution (1 parameter; Ap-
pendix E). Following Fishbach et al. (2018), the
merger rate density is described by a power-law in
(1 + z) where z is redshift. Given the finite range
of Advanced LIGO and Virgo to BBH mergers, we
only expect to constrain the redshift evolution at
redshifts z . 1 (Abbott et al. 2013). The farthest
event in our analysis is likely GW190706_222641,
at redshift z = 0.79

+0.31
�0.28.

4. METHOD
We adopt a hierarchical Bayesian approach, marginal-

izing over the properties of individual events to measure
parameters of the population models described above;
see, e.g., (Thrane & Talbot 2019; Mandel et al. 2019; Vi-
tale 2020). Given data {di} from Ndet gravitational-wave
detections, the likelihood of the data given population
parameters ⇤ is (Loredo 2004; Mandel et al. 2019; Thrane
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GdR Ondes Gravitationnelles v2

• Crucial to continue having an environment in which the French community interested in GW science  
can exchange.  
 
Multiple important aspects to discuss: e.g.  
 
 • multi-messager astronomy (SVOM, ATHENA…)  
 • preparation of Einstein Telescope, instrument design, preparation of data analysis, role of french 
      community.  
 • synergies LISA – Einstein Telescope (multi-wave length physics, common experimental aspects…)  
 • interpretation of future LIGO/Virgo/KAGRA O4 et O5, (multiple events at cosmological     
distances.)  
 • LISA scientific objectives (will influence the final design of LISA, and GW astronomy from space  
        until mid-century!),  
 • Low frequency GWs (PTA europe, Nancy Radio Telescope)  
 • Virgo post-O5

• Require interdisciplinary links, between experimentalists, theorists, experts on data analysis etc, to 
exploit and interpret the new data from LVK and PTA



activities 2022 



activities in 2018-2021 

Première assemblée générale :  Paris, 18-19 octobre 2018, 98 participants  
 https://indico.in2p3.fr/e/GdROG 

 Building the GdR community, creating contacts between theorists and experimentalists, meeting, discussing, 
presenting the last advancements in the field 

Deuxième assemblée générale : Lyon, 10-11 octobre 2019, 76 participants 
 https://indico.in2p3.fr/e/GdRAssembleeLyon 

Building the GdR community, ... + provide an event in which young researchers can present their work 

Troisième assemblée générale : on line, 14-15 octobre 2020 140 participants 
 https://indico.in2p3.fr/event/20835/ 

“Gravitational waves: a new messenger to explore the universe” 1 march - 9 april 2021 
Six-weeks thematic programme at the Centre Emile Borel de l’Institut Henri Poincaré  

Organisation: Chiara Caprini, E. Chassande-Mottin, G. Faye, F.  Vernizzi, M. Volonteri 
Structure of the thematic programme 
• Theoretical aspects of gravitational-wave science (March 1-12) 
• Astrophysics and cosmology (March 15-26) 
• Gravitational-wave detectors and data analysis (March 29-April 9) 

Quatrième assemblée générale : on line, 30 mars -1 avril 2020, 272 participants 
https://indico.math.cnrs.fr/event/5766/overview 

Cinquième assemblée générale : Annecy, 11 -12 October 2021, 81 participants 
https://indico.in2p3.fr/event/24548/



Working Groups meetings 
• Développement des détecteurs : Paris, juin 2018 ; Paris, juin 2019 ; en ligne avril 2021 
• Analyse des données :  

       - joint meeting with working group "Méthodes d'Analyse des Données" du GdR ISIS de l’INS  
         (Information, Signal, Image, Vision), Paris oct 2018  
       - “Gravitational wave open-data workshop”, Paris avril 2019  
       - en ligne, nov 2020 

•Etoiles à neutrons :  
       - Paris, mai 2019 

       - joint meeting with working group "Astrophysique nucléaire" du GdR RESANET (physique  
          nucléaire), Paris sep 2018 ;  
       - en ligne, juin 2020 

activities in 2018-2021 

• Cosmologie : Paris, nov 2019 ; on line, jan 2021  
• Tests de la relativité générale et théories alternatives : Gif-sur-Yvette, jan 2019  
• Formes d’ondes : Meudon, mai 2019 

• joint meeting: Tests de la relativité générale et théories alternatives + formes d’ondes : Paris, fév 2020 
• joint meeting:, Population des sources et prédiction et suivi des signaux multi-messager : mars 2021 
• organisation of 2 “ateliers” at the “journées de la Société Française d’Astronomie et Astrophysique”, 

2018 et 2019 



• The GdR allowed a new community to form, federate and strengthen  

• The GdR meetings and assemblies allowed dozens of students and postdocs to present their work 
to the national community  

• GdR provided support to the Einstein Telescope project, and more generally the GdR spoken — 
though a unique voice — for the importance of GW physics at the level of the Instituts of the CNRS.  

• GdR managed to maintain a regular activity during the pandemic  

• The 1st version of the GdR received a very positive outcome and evaluation by IN2P3   

• The connection with the astrophysics community needs to be reinforced, in particular concerning 
multi-messenger aspects but also at the level of sources populations  

First GDR: Support to the community / News / Highlights 


