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Outline
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Introduction
- Primordial Black Holes

- Reheating

PBH reheating

- Gravitationnal waves from inflation

- Inflaton scattering

- Scalar induced gravitationnal waves

- PBH evaporation



Memory burden evaporation
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Memory burden effect:

G. Dvali, arXiv:1810.02336 [hep-th]

Gia Dvali et al JCAP03(2019)010

A. Alexandre et al Phys. Rev. D 110, 036004

Gia Dvali et al Phys. Rev. D 110, 056029

V. Thoss et al Monthly Notices of the Royal 

Astronomical Society

Hawking evaporation Memory burden evaporation



Memory burden evaporation

5Md Riajul Haque et al JCAP07(2024)002

We will take a benchmark point

HE



Reheating after inflation

Kallosh, Linde 

arXiv:1306.5220v3 [hep-th]
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Garcia, Amin arXiv:1806.01865v2 [hep-ph] 



PBH domination/reheating
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Haque, Kpatcha et al arXiv:2305.10518

Inflaton domination radiation dominationPBH domination





Primodial gravitationnal waves
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Inflation predicts above the horizon:

B. Barman et al, JHEP 12 (2022) 072

Horizon reentry modulation:

Radiation domination

Stiff equation of state domination



Primodial gravitationnal waves
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Radiation domination

PBH domination

Inflaton domination

Memory burden evaporation makes it easier to have PBH 

domination!





GW from inflaton scattering
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Choi, Ke, Olive arXiv:2402.04310 [hep-ph]

This source is only sensitive to the redshift induced by 

PBH domination!





Scalar induced gravitationnal waves
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We allow the metric to fluctuate:

At second order scalar fluctuations can source GW :

PBH will intrinsically generate scalar fluctuations:

Theodoros Papanikolaou et al JCAP03(2021)053

MBE modify the frequency of the 

GW peak!



Scalar induced gravitationnal waves
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G. Domenech, J. Tränkle, Phys. Rev. D 111, 063528

Shyam Balaji et al JCAP11(2024)026

Theodoros Papanikolaou et al JCAP03(2021)053





Hawking evaporation
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Memory burden slows down Hawking evaporation!

First evaporation step

Second evaporation step

The main evaporation of a burdened PBH is comparable to 

regular evaporation up to a different frequency





Thank you !
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