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Common sense vs unexpected

IR UV

Unexpected IR contribution

: Power spectrum : Mass function
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(typical shape of the density contrast)

Consider a “Broad” spectrum between an IR and an UV scale



Compaction function statistics

Excess mass over the area radius:

Shibata-Sasaki ‘99

gravitational collapse into a PBH is triggeredwhen



Compaction function statistics

Horizon

Compaction function on super-horizon scale (statistics on the initial conditions!):

Take a comoving volume and the random field 



Compaction function statistics

Horizon

BBKS 86
Germani, Sheth 2020, 2023
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Compaction function statistics

BBKS 86
Germani, Sheth 2020, 2023

Horizon

Look for:Take a comoving volume and the random field 

Compaction function on super-horizon scale (statistics on the initial conditions!):
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Abundance

with

Number density of peak per 
comoving volume BBKS ‘86

Multivariate Gaussian on the 
conditions 2. 3.
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Abundance

with

Threshold

Escrivà,Germani, Sheth, 2020

We use an analytic fit to numerical 
simulations with Type I initial 
conditions

peak as a function 
of 

1. Peaks of the over-density

2. Max. of C

3. Max. of C over threshold
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Broad spectrum 
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1. For IR scales, PDF favors peaked  
profiles of the compaction function 
whenever 

           



Broad spectrum 

UV
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has maximum around the IR 
scale independent on       !

2.



All that leads to an unexpected bimodal mass function!

Formula and analytical approximation in
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From Narrow to Broad
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contribution to the PBH mass function from heavy black holes associated 

with the IR scale.
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Conclusions and outlook

A broad enhancement in the primordial perturbations leads to a significant 

contribution to the PBH mass function from heavy black holes associated 

with the IR scale.

● This may significantly impact on 

overproduction constraints for GWs

●  It can reduce the effective size of the 

asteroid mass window.

● The statistics is dominated by fluctuations 

which are at the boundary between Type I 

and Type II. 

Dedicated studies needed to clarify the 

contribution of the Type II perturbations.

Type I fluctuation

Type II fluctuation



Back up slides



Explicit formula mass function
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Narrow spectrum
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