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Motivation

Astrophysical BHs

They form from the gravitational 
collapse of a star, with mass bigger 

than the Chandrasekhar mass,

M > O(1)M�

Primordial BHs

They form in the early universe from 
the collapse of large inhomogeneities 
and are not evaporated until today,

M > 10�18M�

Merger rate

Spin

Mass



Motivation
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PBHs on cosmological scales are a cold and collisionless fluid: 
they may represent a fraction of the Dark Matter in the universe

Carr et al. (2020)



Formation
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To get an enhancement: Ultra Slow-roll (USR)

Biagetti, De Luca, Franciolini, Kehagias, Riotto PLB [2105.07810]

Enhancement of the curvature perturbation 
on small scales during inflation

Perturbations transferred to radiation fluid 
during reheating. They may collapse into  
PBHs at horizon re-entry if large enough
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Formation
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> �cPBHs are originated from peaks of the density contrast: 

Surrounding perturbations do not have time to spin up 
 the collapsing peak due to small timescales of collapse

<latexit sha1_base64="sPa60ZWVA3K7OkMeL1jzromciQ8=">AAACEnicbVA9SwNBEN3z2/gVtRRkMQhW4U4ULUWbNEIEYwK5cMxtRl3c21t258RwpPMn+CtstbITW/+Ahf/FS0yh0Vc93pth5r3YKOnI9z+8icmp6ZnZufnSwuLS8kp5de3CpZkV2BCpSm0rBodKamyQJIUtYxGSWGEzvjkZ+M1btE6m+px6BjsJXGl5KQVQIUXlzdMoJLyjPCSpe7x+XOvzEIyx6R0/jWpRueJX/SH4XxKMSIWNUI/Kn2E3FVmCmoQC59qBb6iTgyUpFPZLYebQgLiBK2wXVEOCrpMPc/T5duaAUm7Qcqn4UMSfGzkkzvWSuJhMgK7duDcQ//PaGV0ednKpTUaoxeAQSYXDQ05YWRSEvCstEsHgc+RScwEWiNBKDkIUYlY0Vir6CMbT/yUXu9Vgv+qf7VWOjkfNzLENtsV2WMAO2BGrsTprMMHu2SN7Ys/eg/fivXpv36MT3mhnnf2C9/4FU++daQ==</latexit>

MPBH ⇡ MH

De Luca, Desjacques, Franciolini, Malhotra,  Riotto JCAP [1903.01779]

PBHs are born spinless



Assemble in binaries

Probability of 2-body systems 
 to decouple from the Hubble flow before matter-

radiation equality, form a binary and merge

Raidal et al. (2019)

Suppression factorPBH abundance Mass function

Initial spatial Poisson distribution

Time evolution



Accretion
Baryonic material from the surrounding IGM is accreted by the PBH binary

Bondi-Hoyle mass accretion rate

De Luca, Franciolini, Pani, Riotto JCAP [2005.05641]

Epochs of efficient accretion:
M & O(10)M�
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z . 30at

Presence of additional DM halo 
if PBHs are not the full DM         

Decrease of accretion efficiency 
around structure formation

Impact on PBH masses, spins and merger rate



Clustering
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2 kpc/h

After matter-radiation equality they may form clusters for large abundance

De Luca, Desjacques, Franciolini, Riotto JCAP [2009.04731]

Early-time merger rate suppressed by binary interactions in clusters

Inman,  Ali-Haimoud (2019)



GWTC-2 & GWTC-3
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FIG. 8. Marginal posterior distributions on primary mass m1, secondary mass m2, mass ratio q, e↵ective spin �e↵ , and
the luminosity distance dL for all candidate events in O3a. The vertical extent of each colored region is proportional to
one-dimensional marginal posterior distribution at a given parameter value for the corresponding event.

Highlights:
Events in the mass gap

Spinning events
Some features start to appear



Comparison with LVKC (GWTC-2)

PBHs “alone” are not able to  
reproduce all the features

Wong, Franciolini, De Luca, Baibhav, Berti, Pani, Riotto JCAP [2011.01865]

Confront between PBH and ABH models (CE, SMT, GC, NSC, by Zevin et al.)

Franciolini, Baibhav, De Luca, Ng, Wong, Berti Pani, Riotto, Vitale PRD [2105.03349]
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Extend the analysis with more ABH channels, uncertainties…

Constraint on the PBH abundance:
<latexit sha1_base64="yTJbHPef9HKjR6CEbqvcHfbpy70=">AAACF3icbVC7TsNAEDyHVwivACXNiQiJhsjmISij0KQMEnlIsYnOl0045Xy27taIyMoH8Al8BS1UdIiWkoJ/wTEpIGGq0cysdnf8SAqDtv1p5RYWl5ZX8quFtfWNza3i9k7ThLHm0OChDHXbZwakUNBAgRLakQYW+BJa/vBy4rfuQBsRqmscReAFbKBEX3CGqdQtlvpdF+EeExeFGtF6tTamrgRjjAioY98kRyfjNGWX7Qx0njhTUiJT1LvFL7cX8jgAhVwyYzqOHaGXMI2CSxgX3NhAxPiQDaCTUsUCMF6SPTOmB7FhGNIINBWSZiL8nkhYYMwo8NNkwPDWzHoT8T+vE2P/wkuEimIExSeLUEjIFhmuRdoS0J7QgMgmlwMVinKmGSJoQRnnqRintRXSPpzZ7+dJ87jsnJXtq9NSpTptJk/2yD45JA45JxVSI3XSIJw8kCfyTF6sR+vVerPef6I5azqzS/7A+vgG14efPQ==</latexit>

fPBH . 10�3

<latexit sha1_base64="4tDTDaHUq94zDzEXrBl7O7CNciU=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsqAyENKrGh92YRTzg/drSNFVv6AFio6RMv/UPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW4yvzNFbWQYPNAsQteHcSBHUgCl0n0/GVRrdt3OwZeJU5AaK9AcVL/6w1DEPgYkFBjTc+yI3AQ0SaFwXunHBiMQExhjL6UB+GjcJE865yexAQp5hJpLxXMRf28k4Bsz87100gd6NIteJv7n9WIaXbmJDKKYMBDZIZIK80NGaJlWgHwoNRJBlhy5DLgADUSoJQchUjFOO6mkfTiL3y+T9lnduajbd+e1xnXRTJkdsWN2yhx2yRrsljVZiwk2Yk/smb1YU+vVerPef0ZLVrFzyP7A+vgGQUaR7g==</latexit>

{ Role of PBHs depends on considered ABH models

PBHs may fill the astrophysical mass gap



Future GW experiments
3G detectors (ET/CE) and LISA have larger horizon redshifts
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SMBHsSubsolar objects

Large redshift

They may help in distinguishing PBHs from ABHs



Merging at high redshift
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De Luca, Franciolini, Pani, Riotto JCAP [2102.03809]

GWs observation at high redshift with ET/CE may help in distinguish PBH from ABH
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Ndet

PBH
(z > 30) = 1315+305

�168/yr

High redshift observations at ET 
in PBH/ABH mixed scenario:
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Extreme mass-ratio inspirals

PBH

SMBH/IMBH

Detection of subsolar compact objects may point to PBH discovery

LISA ET

Detection of subsolar masses up to O(500 Mpc) at LISA and O(Gpc) at ET
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Barsanti, De Luca, Maselli, Pani PRL [2109.02170]

Exclude super-solar mass at more than 5-sigma confidence level 



Conclusions

Future GW experiments like LISA or ET/CE may help 
 in discovering PBHs and shed light on their properties 

PBHs are competitive with ABH models and may contribute to 
the present GW data detected by the LVKC

PBHs are fascinating early-universe compact objects  
and provide a candidate for the dark matter

They may be produced within different formation scenarios,  
and evolve during the cosmological history



THANK YOU !


