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PrimBHoles:  Pythonic PBH toolkit 
Abundances: mass functions, PBH-DM, non-Gaussianities 

Inflation models: Ultra-slow-roll, curvaton, hybrid models.  

Thermal history: Phase transitions, formation threshold. 

Merger rates: clustering, event rates 

GWs: Binaries, SGWB, IGWs. 

Others: Constraints, Exotic PBH formation channels. 



Inflation + LCDM cosmology  ... and Primordial Black Holes!   
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CMB

PBHs !?

DM = PBHs !?

D.S. Gorbunov and V. A. Rubakov’s book

Planck 2018



PBH Dark Matter  -  PBH formation channel
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Dark matter =  Primordial BHs  (?!) 

 

Several formation channels:

 
> Collapse of curvature pert. from inflation  


                       
> Phase transitions, bubble nucleation


> Grav. collapse of cosmic strings, 
domain walls, oscillons, boson stars… 


> Inflationary vacuum bubbles


> … 

> No new physics (BSM) besides gravity


> Distinguishable obs. from Astro-BHs


> Testable near future!  
       (LVK, LISA, Taiji, TianQin, PTAs)


> even if not all DM, their existence 
will tell us about early Cosmology!  
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✓ Python code to compute PBH signatures 


✓ Based on LISA PBH living review  arXiv: 2310.1985 


✓ Modular structure :


✓ Public, Documented


✓ Easy to install, modify and use.

Model  
(Power-spectrum)

Abundances 
(PBH/DM, fpbh)

Binaries

Merger rates 
(early/late 
binaries) 

GWB 
(SIGW,early/
late binaries, 

close 
encounters) 

Constraints 
(abundances, 

GWs) 

https://arxiv.org/abs/2310.19857


PBH formation: collapse of curvature perturbation
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Hubble radius

Curvature perturbation re-entry: 

PBH!

Super-Hubble 
scales

After  
Hubble-crossing

Universe 
decelerated expansion



Inflationary - PBH cosmology
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PBH forms after Hubble reentry of (rare) 
high-amplitude curvature perturbations: 

PBH CMB

(~ -60 efolds)

Quantum perturbations

seed CMB/LSS and PBHs

S.R



Inflationary - PBH cosmology
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PBH CMB

(~ -60 efolds)

Quantum perturbations

seed CMB/LSS and PBHs

Green and Kavanagh arXiv:2007.10722



Inflationary - PBH cosmology
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PBH CMB

(~ -60 efolds)

Quantum perturbations

seed CMB/LSS and PBHs



E. Bagui, S. Clesse,  J. Garcia-Bellido,  C. Joana,   V. d. Luca,  G. Franciolini,  I. Musco,  R.K. Jain,  T. Papanikolaou,  
A. Reccanelli,  S. Renaoux-Petel,  A. Riotto,  E.R. Morales,  M. Scalisi,  O. Sergijenko,  C. Unal,  V. Vennin.  D. Wands

PrimBHoles  —  Power-spectrum
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Abundances: PBH mass function
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Abundances using Press-Shechter for Gaussian PDF inflation model :

where the variance is given by 

the PBH/DM ratio then is 

where 

hot/cold spots 
+ GWs

PBHs

 



Collapse Threshold :  Thermal History

12Cristian Joana (ITP)  —  Porto U. June 2024

Fluctuation in the equation of state,  reduce the fluid pressure       enhancement of PBHs! 

…tabulated input from Numerical Relativity. 



Collapse Threshold :  Non-Gaussianities
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Shape of the curvature Prob. Distr. Func. (and Non-Gaussianities) modify the critical threshold 

…analytical prescription fitted from Numerical Relativity. 
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PrimBHoles  —  Abundances
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Binary formation, merger rates
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Suppression factors

(enviromental,…)



Binary formation, merger rates
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+

Initial spatial Clustering

late binaries

‣    Binaries from 3-body interactions

‣    Binaries from Hyperbolic encounters
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PrimBHoles  —  Merger rates, GWs
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PrimBHoles  —  Merger rates, GWs
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Numerical Relativity  (Misner-Sharp)
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Initial Conditions 

Escriva et. al.  2202.01028

GWB
from Poisson fluctuations

Primordial curvature fluctuations Fluct. Model

External codes or file

PBH theory

GW observable

Overdensity threshold, 
Thermal history

PBH initial abundance,
fPBH and mass dist(z),

Threshold model,    
Modified thermal history          

PBH formation model

Merger Rate for early binaires 
(formed before recombination)

Merger Rate for late binaires   
(firmed in clusters)

+ rate of hyperbolic encounters

GWB
from 2nd order pert.

Rate distribution 
(as a function of 
masses, redshift)

GWB
from early binaries

GW x LSS 
angular power 

spectrum 

GWB
from late-time 

binaries

GWB
from close PBH 

encounters

Newton force from asteroid-
mass PBHs in solar system

Rate distribution 
(as a function of 
masses, redshift)

Continuous
GWs

Constraints on PBH 
abundance

How PrimBHoles works ?
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PrimBHoles summary
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Abundances constraints  / Model signatures
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evaporation

lensing

CMB

GWs 
(LKV)

Nucleosynthesis

QCD crossover

reheating

PBH = all DM 

(monochromatic)

EW transition 

PBH models 

LISA PBH review arXiv: 2310.1985 

https://arxiv.org/abs/2310.19857
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… more under development  

✤ Abundances: 


✤ Rates/ GWB: 

✤ First Release (v1) …  around October 2024 ! 

➡ (Non-) Gaussianities   (based on peak-theory)

➡ Mass functions and accretion

➡ PBHs from reheating

➡ Models:  curvaton, ultra-slowroll, linear Starobinsky…

➡ Rates close encounters

➡ GWB from Quantum diffusion, PBH mergers, 

➡ Continuous GWs from PBH inspirals
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Back-up 



PBH formation: thresholds 
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Non-Gaussianities: expansion in fNL , gNL …  
 

Critical amplitudes (thresholds) require 
Numerical Relativity simulations.   


• Solve GR : non-linear grav. collapse.


• Dependence on: 
 
  
 
 
 

• There are two type of gravitational  
collapse: Type I, and Type II. 

- medium & equation of state (i.e. fluid pressure)


- profile shape of the perturbation 
(incl. deviations from non-gaussian statistics） 

- NR 
- semi-

analytical 
(“q approach”) 

- analytical  
(i.e. C=2/5)

[Escrivà et al 2022]



PBH formation 
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