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Form from the collapse of large primordial 
fluctuations as they re-enter the Hubble radius

Primordial black holes
Carr, Hawking 1974



Roles in cosmology

• Could constitute part or all of dark matter 

• Could provide seeds for supermassive black holes in galactic nuclei 

• Could provide seeds for cosmological structures 

• Could provide progenitors for the LIGO/VIRGO events
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• How can those large primordial fluctuations can be seeded? 

• Under what conditions do PBHs form? (How to compute their 
abundance?) 

• How do they evolve? 

• How can they be constrained? 
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When do PBHs form?
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e.g. Musco and Miller 2012
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Harada, Yoo, Nakama, Koga 
2013 & 2015

• Press-Schecter

• Excursion set

• Peak theory

Further refinements: Critical scaling

Compaction function

mPBH = KmH(� � �c)
0.37 Choptuik 1993,  

e.g. Niemeyer & Jedamzik 1998

C(r) = 2
m(r, t)� m̄(r, t)

R(r, t)
Musco 2019



How do PBHs evolve?

• Clustering


• Merging


• Accretion


• Hawking evaporation 



adapted from Tada and Yokoyama (1904.10298)

for a recent review of constraints, see e.g. Carr, Kohri, Sendouda, Yokoyama (2002.12778)
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How can PBHs be constrained/detected?



Thank you for your attention!

One possible connection to dark energy:


