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Why Primordial Black Holes (PBH) ?

- A novel and promising candidate for cold dark matter
- Inflation can generate PBH abundantly

- Non-baryonic, non-relativistic and nearly collision-
less

- No new physics required !

+ LIGO detection of GWs from supermassive black
holes — seeds from PBHs
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PBH as DM — Current constraints
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PBH formation from inflation — in a nutshell
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PBH formation from inflation — in a nutshell

PBH formation from collapse of overdense fluctuations
during radiation domination

Fig. credit: Front. Astron. Space Sci., 2021
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PBH formation from inflation — in a nutshell

Large amplitudes
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PBH formation from inflation

- Single field inflation with polynomial inflection point models
- Inflation with running spectral index — but running is small !
- Preheating after inflation

- Hybrid inflation

- Inflating/axionlike curvaton

- Particle production during inflation

- Critical Higgs inflation, string inflation, thermal inflation....

Rajeev Kumar Jain PPC2023 @ IBS Daejeon PBH from inflation: DM and GW



Inflation — inflection point models
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An inflection point scenario

ax? + bxr* + ex®

V(Qj) — VO (1 4 d$2)2 . L = ¢/”U
xr > 1: V(CIZ’) ~ % 2 3_x10—1oi.l - i """""" f
r<1:V(z)~Va

—~

S 15x107 10}

Quadratic for both large “0
& small field values 107

J

[TNO.O5] _12...._11....2....»;....5

N. Bhaumik & RKJ, JCAP 01, 037 (2020)

Rajeev Kumar Jain PPC2023 @ IBS Daejeon PBH from inflation: DM and GW



Slow roll, ultra slow roll and all that...
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Slow roll, ultra slow roll and all that...
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Primordial power spectra
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PBH mass fraction: Press-Schechter formalism
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PBH mass fraction
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Effects of reheating
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(future) constraints on small scales
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PBH observational imprints:
Induced secondary GW:s



Induced secondary GW:s

Tensor modes sourced by scalar perturbations
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The ‘three’ peaks

An interesting and useful relation between the ‘three’ peaks
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Induced secondary GWs
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Induced secondary GWs — effects of reheating
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PBH observational imprints:
early domination and evaporation



Ultralight PBHs — Hawking evaporation

Non-spinning PBH
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Ultralight PBHs — early matter dominated epoch
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Doubly peaked GWs — with and without PBH spin
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Extra relativistic dof from PBH evaporation
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Heavy dark matter from PBH evaporation
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Future GWs detector sensitivities
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Conclusions

« PBHs are novel candidates for the cold DM in the universe — an
important probe of small scale dynamics during inflation

» Inflation can produce significant abundance of PBHs — inflection
point models are very useful — model dependent results

« Interesting observational implications — induced GWs on scales
probed by LISA, DECIGO or BBO

A testable prediction with LISA — non-observation of such GWs
at LISA may rule out PBHs as DM

« Evaporation can lead to dark radiation and dark matter —

constraints from future observations.
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