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High scaleLow scale

Occurs at low temperatures

Requires some degree 

of (unexplained) degeneracy

Within the reach of experiments

Occurs at very 
high temperatures

Theoretically appealing

Far beyond the reach of direct 
detection

Leptogenesis is difficult to constrain at all scales

New gauge singlets,
HNLs/RHNs
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Leptogenesis at low scales

Fine tuning?

Total active-sterile 
neutrino mixing



How do PBHs affect leptogenesis?

Production of RHNs

Cosmological evolution

Entropy injection
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Cosmological evolution

PBHs redshift
like matter

Large populations 
dominate the 
energy budget

Increased Hubble 
rate  close to 
evaporation
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Sphaleron freeze-out

Black line is 
sphaleron rate

Crossing of black line 
with horizontal line shows

freeze-out temperature

PBHs result in a 
hotter (earlier) freeze-

out temperature

Relevant for low-scale 
models
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Entropy Injection Mutual 
exclusion!
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Hope on the Gravitational Wave horizon?

Bhaumik, Jain, Lewicki
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Interpretation
Detection? (GW observations)

Information in the PBH space 
is translated into HNL 

searches

Detection?
(HNL search)

Information in leptogenesis 
parameter space 

is translated into PBH 
constraints
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PBH Hot-spots formation
Deposited energy diffuses 

by random-walk
Local temperature 

diverges 

Hawking radiation deposits 
energy at particular r
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Can Hawking Radiation escape Hot-spots?

Rate of production 
of X by PBHIntegrate over 

lifetime of Hot-Spot
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Can Hawking Radiation escape Hot-Spots
DM in this region is largely absorbed by the hot-
spot and should not contribute to relic density

Almost all DM in this 
region escapes and 
contributes



Outlook

Where are PBHs incompatible with alternative mechanisms of 
baryogenesis (type-2 seesaw, GUT baryogenesis)

Does the standard treatment of entropy injection need modification in 
the presence of hot-spots?

How do hot-spots cool after PBH evaporation?

Is Hawking radiation ever able to equilibriate across the entire universe?
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Type-1 Seesaw Mechanism – Neutrino Mass

Provides mechanism of
neutrino mass generation

SM is extended by at least two gauge 
singlet Right Handed Neutrinos (RHNs)

EWSB

Fits neutrino mass 
splitting and mixing data

free parameter



Type-1 Seesaw Mechanism - Leptogenesis



Type-1 Seesaw Mechanism - Leptogenesis



Type-1 Seesaw Mechanism - Leptogenesis



Type-1 Seesaw Mechanism - Leptogenesis

CP Violation



Type-1 Seesaw Mechanism - Leptogenesis

CP Violation

Production

                   Decay



Type-1 Seesaw Mechanism - Leptogenesis

Can generate the
Baryon asymmetry!

Production

                   Decay

CP Violation

Sphalerons
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Leptogenesis – High Scale Models

Davidson-Ibarra limit

Far out of the reach of direct detection

Dynamics at very high scales

Fewer relevant degrees of freedom

Mass hierarchy can be arbitrary
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