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M87 supermassive Black Hole (Event Horizon Telescope) 





Could there be another way to form BHs? 
 

High density environment… 



Could there be another way to form BHs? 
 

High density environment… 
 

EARLY UNIVERSE! 



Highly overdense 
regions in the 

primordial Universe 
can directly undergo 

gravitational collapse 
to form BHs. 

PBHs dimentions of 
the order of the 

particle horizon at 
formation time. 

PBHs would not grow 
significantly after 

fomation. 



COULD PBHs BE THE DARK 
MATTER WE ARE LOOKING FOR? 

 MACHOS constraints 
 
 
 
 Rise of WIMP model 

“PBHs as DM” hypotesis lost interest, until… 



GW150914 (1602.03837) 

BHs merger 
detected 

through GWs! 

Less constrained mass window to have PBHs composing significant fraction of DM: 



Predicted merger rate in the “PBHs as DM” scenario: 
 

IN AGREEMENT WITH LIGO VALUE! 

REVIVED INTEREST  
TOWARDS PBHs! 



What’s the situation today? 

Murgia, GS, Viel, Raccanelli (2019) 



Updated results from Afshordi et al. (2003), improving constraints by 2 orders of magnitude. 

DM made of PBHs 

Poisson noise due to  
DM discretization 

Matter power 
spectrum is affected 
(isocurvature modes) PBHs number density 



Effect of PBHs on linear matter  
power spectrum 

Afshordi+ (2003) 

Lyman-a forest Flux Power 
Spectrum is affected   

Murgia, GS, Viel, Raccanelli (2019) 

 Lyman-a forest: 
 series of absorption lines  

in the spectra of 
distant galaxies 

and quasars arising from 
Lyman-a electron 

transition of  
neutral hydrogen. 



High-resolution, high-redshift  
Lyman-a forest data 

(MIKE/HIRES).  

Hydrodynamic simulations. 

Adding data motivated Gaussian prior on reionization z: 

UPPER LIMIT ON PBHs MASS. 
 
 
 
 

ALLOWED PARAMETER SPACE: 

MCMC 



CONCLUSIONS 

 PBHs studies can provide insights into several aspects in Physics, whether they 
constitute all the DM or not. 
 

 
 
 
 PBHs constraints are still far from conclusive.  
 

 
 
 
  Lyman-alpha constraints can rule out upper part of masses in the LIGO range. 
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