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INTRODUCTION

  Intriguing properties of BHs : larger masses 
than in X-ray binaries, low effective spins, 
binaries populating the low or pair instability  
mass gaps, low mass ratios (e.g. GW190521, 
GW190814) 

 Alternative explanation: primordial origin of 
BHs (PBHs) 

 PBHs could have any mass (above 1011 kg), 
and the thermal history of the universe 
naturally produces a strong peak at the solar-
mass scale (QCD transition)

 The Poisson fluctuations (linked to the discrete 
nature of PBHs) must have seeded PBH clusters 
at high redshift (boost/suppress merging rates and 
essential to evade microlensing limits) 
 PBHs with wide mass distributions could 

explain other puzzling observations (e.g. critical 
size of UFDGs, existence of SMBHs at high 
redshifts, etc.) 

 Searching for other signatures of wide-mass 
models is important to distinguish the primordial 
or stellar origin of BHs



In this presentation, we will talk about…

• THE GWB FROM BLACK HOLE MERGERS 
• BROAD PBH MASS FUNCTIONS 
• PBH MERGING RATES
• FINAL RESULTS AND DETECTABILITY
• CONCLUSION
• PERSPECTIVES



• A GWB is produced by a population of binaries (of BHs) experiencing merging: 

• In words, the GW energy spectrum is a superposition of redshifted GW radiation coming from 
merging BH binaries over the whole cosmic history 

• In equation, the characteristic strain today is: 

THE GWB FROM BLACK HOLE MERGERS 

: GW energy density

: critical density today

: merging rate (per unit   
of logarithmic mass)

: Hubble rate

: chirp mass

(obtained in the Newtonian limit, with the approximation of circular orbits)



BROAD PBH MASS FUNCTIONS 

• A primordial origin for some of the observed BH mergers implies an extended mass function 
• PBHs would then have formed at different times in the early Universe 
• The thermal history induces a reduction in the EoS of the Universe, which modifies the value 

of the critical overdensity threshold for PBH formation 
• Spectrum of  the root-mean-square amplitude of the Gaussian inhomogeneities from which the 

PBHs have formed: 

• Fraction of the Universe that collapses to form PBHs of mass m at formation :  

: small-scale scalar spectral index

: spectrum amplitude

: critical overdensity threshold         
leading to PBH formation



Variation of the threshold with the Horizon 
mass (obtained through simulations of 
PBHs in numerical relativity and lattice 
QCD)

Broad PBH mass function

: Hubble mass at matter-radiation equality



 PBH MERGING RATES

There are 2 binary formation channels: capture in dense clusters or in the early Universe 
Early PBH binaries:                                                PBH binaries in clusters:

460

Effects that lead to binary disruption 
and rate suppression: 
1. Close PBH falling into binary 
2. Binary absorption in early cluster 
3. Surrounding matter fluctuations

• The formula comes from the calculation of 
the 2-body binary capture 

• Rclust is a scaling factor that depends on the 
PBH clustering properties and velocity 
distribution (~ 460, based on GW190425) 

• If most PBH are regrouped in clusters, 
microlensing limits on their abundance can be 
evaded

In both cases, one obtains the LIGO/Virgo merging rates at the QCD peak

2.5 x 10-3 



Binaries in clusters:

Early binaries:

Zoom on the interval 5-500 Hz 

Ground-basedLISAPTA’s

FINAL RESULTS AND DETECTABILITY   



ΩGWh2 as a function of the 
masses m1 and m2 of the PBHs: f =100 Hz

f =10−3 Hz

f =10−8 Hz

PBHs binaries in clusters  Early PBHs binaries

• At LIGO frequencies : contribution 
of subsolar and solar-mass binaries 

•  At LISA and PTA frequencies : 
contribution of solar and 
intermediate-mass binaries 

In general,  binaries with very low 
mass ratios contribute importantly 
to the GWB



CONCLUSION

For binaries in clusters: the GW amplitude is greatly enhanced for frequencies below 10 Hz 
than in previous estimations 

 The boosted GWB comes from binaries with low mass ratios 
 It will be probed by future ground and space-based facilities (e.g. A+, ET, LISA) 
 It will allow us to distinguish it from the astrophysical background because of the                   

     specific frequency dependence 
 The GWB at nanohertz frequency can coincide with a signal from NANOGrav

For early binaries: it is also possible to have a wide-mass function that can explain the GW 
events and just pass the most recent LIGO/Virgo limits (could be detected in O4) 

 The GWB typically dominates the one from PBH clusters and astrophysical binaries 
 The complexity of the phenomena may require a better characterisation of the merging rates



PERSPECTIVES

 Ongoing collaboration with Mairi Sakellariadou, Alex Jenkins and Federico de Lillo on 
project “Popcorns in the sky: Primordial vs. astrophysical black holes and neutron 
stars”, which aims to characterise continuous and popcorn backgrounds (cf. Kevin 
Turbang’s talk) 

 Participation to the stochastic group of LIGO/Virgo on population characterisation with 
the GWB 

 Contribution to a review on PBH in the LISA cosmology working group



Thank you for your attention!


