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*Image of snake from Abrams & Primack 2012

PBHs are the only dark matter candidate known to exit in Nature!



Large density perturbations (inflation)

Pressure reduction
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Cosmic string loops

http://www.damtp.cam.ac.uk/research/gr/public/cs_top.html

Bubble collisions

http://www.damtp.cam.ac.uk/research/gr/public/cs_phase.html

Quark confinement

Scalar-field fragmentation, ...

Primordial Black Holes Formation Mechanisms

[Dvali, FK, Zantedeschi 2021]



Positive Indications for Primordial Black Hole

[Carr, Clesse, García-Bellido, Hawkins, FK 2023]



Road Trip



Road Trip: First Stop

Quantum Quiddity



Memory-Burden Effect

Black hole evaporation leaves the semiclassical regime 
at latest at half-mass, possibly much earlier.

[Dvali 2018; Dvali, Eisemann, Michel, Zell 2020]
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Memory-Burden Effect

This opens up a large mass range for ultra-light PBHs as 
(quasi-)remnants!

Evaporation rate  becomes entropy suppressedΓ ≡ dM/dt

Γ ⟶
1
Sk

Γ , k ≥ 1, k ∈ ℕ
[Dvali, Eisemann, Michel, Zell 2020]

Black hole evaporation leaves the semiclassical regime 
at latest at half-mass, possibly much earlier.

Entropy  is huge:  S S ∼ 1030 ( M
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[Dvali 2018; Dvali, Eisemann, Michel, Zell 2020]



[Dvali, Valbuena-Bermúdez, 
[Zantedeschi 2024]
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Memory-Burden Effect

(see also [Alexandre, Dvali, Koutsangelas 2024; 
(Thoss, Burkert, Kohri 2024] and many more.)



There are arguments for the memory-burden effect 
setting in already at

or

k = 1, tburden = M/2

This was for:

tburden = M/ S tburden = M/S

What happens in this case?

Memory-Burden Effect
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[figure by M. Zantedeschi]



Memory-Burden Effect

Most works have utilised a sudden transition from the 
semiclassical to the memory burden phase.

dM
dt

semiclassical

dM
dt

memory burden
M/Minitialq



Memory-Burden Effect —Smooth TransitionMemory-Burden Effect

Most works have utilised a sudden transition from the 
semiclassical to the memory burden phase.

What happens if the transition is smooth?

[Dvali, Zantedeschi, Zell 2025]

[Montefalcone, Hooper, Freese, 
[Kelso, FK, Sandick 2025]

dM
dt

semiclassical

dM
dt

memory burden

δ

M/Minitialq



Memory-Burden Effect —Smooth Transition
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[Montefalcone, Hooper, 
[Freese, Kelso, FK, 
[Sandick 2025][see also work by Dvali, Zantedeschi and Zell 2025]

k = 1, tburden = M/2



Memory-Burden Effect —As The First Phase

[Visinelli & Zantedeschi 2025]

Light black holes — if sufficiently abundant — merge frequently.

They would then 
reenter a second 
semiclassical 
phase.

Intense Hawking 
radiation could 
explain observed 
ultra-high-energy 
events, such as the 
KM3Net neutrino 
event at .P ≈ 102 eV



Correlation Characteristics

Road Trip: Second Stop



Correlated Random Fields

Power spectra at PBH scales essentially unknown.

Quantum diffusion seems to lead to exponential tailsQuantum diffusion seems to lead to exponential tails.

We have performed the currently largest (one in ) 
simulation of spatially-correlated exponential random 
fields with power spectra of the form 

1013

P(k) ∝ kn

Gauß

exponential

n = 0 n = − 1 n = − 2 n = − 3



Correlated Random Fields

n = 0 n = − 1 n = − 2 n = − 3

exponential

Gauß



Correlated Random Fields

PBH formation is not instant but takes potentially several e-folds.

N

Hubble 
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Correlated Random Fields

PBH formation is not instant but takes potentially several e-folds.

N
i f



Correlated Random Fields

PBH formation is not instant but takes potentially several e-folds.

no correlation



Correlated Random Fields

PBH formation is not instant but takes potentially several e-folds.

moderate correlation



Correlated Random Fields

PBH formation is not instant but takes potentially several e-folds.

strong correlation



Central Limit Theorem —A Recapitulation

As often as Gauß distributions occur, as little they are questioned.

Going back to the Central Limit Theorem:

Take random variables              iid, with mean    and variance

Define the sample average
<latexit sha1_base64="q8qminAA9fFehrysYJMU9BwubBA="></latexit>
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Questions: What happens for extrema, like maxima?
                   Is this still Gaußian?
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  ,    and    are the shape-, location- and scale parameters.

Extreme-Value Distributions

Define the sample maxima
<latexit sha1_base64="aBW+YuuZzH2m4lupYA0Be51+m3k="></latexit>
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where         is a non-degenerate CDF, then this function 
necessarily belongs to one of the following (GEV) classes

<latexit sha1_base64="6YApa/9Iia/pP11XicqlF6lDyUQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lE1IOHgpceK9gPSEPZbDbt0s1u2J0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeWEquAHX/XbW1jc2t7ZLO+Xdvf2Dw8rRcceoTFPWpkoo3QuJYYJL1gYOgvVSzUgSCtYNx/czv/vEtOFKPsIkZUFChpLHnBKwkt+s4X7EBBB8MahU3bo7B14lXkGqqEBrUPnqR4pmCZNABTHG99wUgpxo4FSwabmfGZYSOiZD5lsqScJMkM9PnuJzq0Q4VtqWBDxXf0/kJDFmkoS2MyEwMsveTPzP8zOIb4OcyzQDJuliUZwJDArP/scR14yCmFhCqOb2VkxHRBMKNqWyDcFbfnmVdC7r3nXdfbiqNu6KOEroFJ2hGvLQDWqgJmqhNqJIoWf0it4ccF6cd+dj0brmFDMn6A+czx+dRJAm</latexit>

H(�)

<latexit sha1_base64="VU8NWWL+6wunkv7Lt9RgeY2jQQ8="></latexit>

H
s
↵,�(�) = exp

8
>><

>>:

�
h
1 + s

⇣
��↵
�

⌘i�1/s
(s 6= 0)

� exp
h
�
⇣

��↵
�

⌘i
(s = 0)

The choices         ,         and         , correspond to the Gumbel, 
Fréchet, and Weibull distributions, respectively.
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[Fischer, Tippett 1928]
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Correlated Random Fields

Block-maxima PDF obtained by sampling  blocks1010

P(k) ∝ kn

[Choi, Creswell, FK, Schwarz 2025]
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Correlated Random Fields

PDF within each block

[Choi, Creswell, FK, Schwarz 2025]

P(k) ∝ kn



Correlated Random Fields

PBH mass distribution (see work by Escrivà & Yoo 2024)

P(k) ∝ kn -
-
-

[Choi, Creswell, FK, Schwarz 2025]



Correlated Random Fields —Non-Sphericitie
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[0, 1] ∋ Σ3/Σ2 ≡

≡ Σ3/Σ1 ∈ [0, 1]

[Choi, Creswell, 
[FK, Schwarz 2025]



Galaxy Genesi

Road Trip: Third Stop



Galaxy Genesi



Galaxy Genesi

Stellar densities in PBH-seeded galaxies at z ∼ 9

[Zhang, Boyuan Liu, Bromm, 
[Jeon, Boylan-Kolchin, FK 2025]



Galaxy Genesi

Stellar mass assembly histories for PBH-seeded galaxies

[Zhang, Boyuan Liu, Bromm, 
[Jeon, Boylan-Kolchin, FK 2025]



Galaxy Genesi

Stellar mass assembly histories for PBH-seeded galaxies

[Zhang (private communication) 2025]



Galaxy Genesi

Co-evolution of the PBH and its host system

[Zhang, Boyuan Liu, Bromm, 
[Jeon, Boylan-Kolchin, FK 2025]



One Last Thing...



Black Holes
                               &
              Cosmology

2025

000

University of Iceland 
5th to 9th of  August 2025

Confirmed Invited Speakers include

Earl Bellinger
Alessandra Buonanno
Andreas Burkert
Matt Caplan
Bernard Carr
Sébastien Clesse
Gia Dvali
Alexander Dolgov
Netta Engelhardt
Katherine Freese

Enrique Gaztanaga
Sarah Geller
Marat Gilfanov
Ruth Gregory
Günther Hasinger
Michael Hawkins
Dan Hooper
David Kaiser
Sasha Kashlinsky
William Kinney

Alexander Kusenko
Julien Lavalle
Guido Müller
Priyamvada Natarajan
Don Page
Lisa Randall 

Mairi Sakellariadou
Ravi Sheth
Herman Verlinde
Hai-Bo Yu

Organisers: Florian Kühnel, Lárus Thorlacius, David Kaiser,
                         Valentina Giangreco M. Puletti                       

Lorem ipsum

Reykjavík



Black Holes
                               &
              Cosmology

2025

000

University of Iceland 
5th to 9th of  August 2025

Confirmed Invited Speakers include

Earl Bellinger
Alessandra Buonanno
Andreas Burkert
Matt Caplan
Bernard Carr
Sébastien Clesse
Gia Dvali
Alexander Dolgov
Netta Engelhardt
Katherine Freese

Enrique Gaztanaga
Sarah Geller
Marat Gilfanov
Ruth Gregory
Günther Hasinger
Michael Hawkins
Dan Hooper
David Kaiser
Sasha Kashlinsky
William Kinney

Alexander Kusenko
Julien Lavalle
Guido Müller
Priyamvada Natarajan
Don Page
Lisa Randall 

Mairi Sakellariadou
Ravi Sheth
Herman Verlinde
Hai-Bo Yu

Organisers: Florian Kühnel, Lárus Thorlacius, David Kaiser,
                         Valentina Giangreco M. Puletti                       

Lorem ipsum

Reykjavík



Black Holes & Cosmology 2025

Credit to Will Kinney



&Cosmology '26
Black Hole

Carmen de la Victoria, Grenada





Cheers!



No OGLE Limits in The Milky Way!


