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Abundance of PBHs: The role of Non-Gaussianities (NG).
An exact formalism for the computation of PBHs mass fraction abundance (or, equivalently their mass distribution) 
in the presence of local non gaussianity (NG) in the curvature perturbation field ζ by including:

                NON-LINEARITIES (NL)       

PRIMORDIAL NG IN ζ=F(ζG)
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T. Harada, C. M. Yoo, T. 
Nakama and Y. Koga,.– 
arXiv:1503.03934 



By integrating δ over the radial coordinate r we get the compaction function C

In the presence of NG C1 takes the form

From the two-dimensional joint PDF of ζG and CG, called PG

                 

       

Threshold statistics on the Compaction: Mathematical formulation
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Later on confirmed 
also by
A.Gow et al
arXiv:2211.08348



Application to the curvaton model (1)
Failure of the perturbative approach (Narrow)
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Application to the curvaton model (1)
Failure of the perturbative approach (Broad)
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For a broad Power spectrum the power-series 
expansion is simply wrong (the series does 
not converge for whatever N) and one is 
forced to use the full result NG.



Application to the curvaton model (2)
Breaking of MH -Independence
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We need another observable: The induced Gravitational waves

rdec=0.5
rdec=0.1NL



Application to the curvaton model (3)
Need for another observable
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Axion-like Curvaton model
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A complex scalar field with an angular component 𝜗 dubbed curvaton.
We assume the following potential, and so the EoM:

So we get an enhancement of δ𝜗

In order to make the perturbations δϑk phenomenologically
relevant, we suppose decay into photons after inflation. 

We find for the first time in a particle model a Broad spectrum!

M. Kawasaki, N. Kitajima, and T. T. Yanagida – arXiv:1207.2550 
K. Ando, K. Inomata, M. Kawasaki, K. Mukaida, and T. T. Yanagida, –arXiv:1711.08956
K. Inomata, M. Kawasaki, K. Mukaida, and T. T. Yanagida,-- arXiv:2011.01270



Phenomenological consequences: SIGWs
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Impact of QCD phase transition as:
K. T. Abe, Y. Tada and I Ueda, – arXiv:2010.06193



A Myriad of GWs experiment and data are coming



Take home message

❏ Fundamental to take into account both kind of NGs 
computing the abundance of PBHs.

❏ Quadratic approximation leads to wrong phenomenologically 
results.
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Backup Slides
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Failure of perturbative approach
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Breaking of scale invariance

16



SIGW
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In a pure RD universe with cg fixed


