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Primordial Black Holes as Dark Matter candidates

The nature of Dark Matter is one of the open questions in cosmology

DM only interacts gravitationally

Black Holes seem a natural candidate
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Primordial Black Holes as Dark Matter candidates
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Primordial Black Holes as Dark Matter candidates
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Primordial Black Holes as Dark Matter candidates

Black Holes allowed as DM candidates ~ asteroid mass

M, ~ (107" =107") M,

Cannot be of astrophysics origin!
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Primordial Black Holes as Dark Matter candidates

Black Holes allowed as DM candidates ~ asteroid mass

M, ~ (107" =107") M,

Primordial origin!
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Mechanism for PBH formation

Primordial Black Holes formed in the very early Universe

Different mechanisms for the PBH formation

(Primordial density perturbations, first-order transitions, topological defects, ...)
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Mechanism for PBH formation

Primordial Black Holes formed in the very early Universe

Different mechanisms for the PBH formation

Primordial density perturbations
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Setup for PBH formation

Expanding flat Universe
ds? = — dt* + az(t)élj dx'dx’

dx
b
E N
e

Physical distance: dl = a(t)dx
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Setup for PBH formation

Consider a scalar perturbation...

“newtonian potential” 4\

ds* = — dt” + a*(1); dx'dx’ ds* = — dt* + a*(1) >V §;; dx'dx’
{(1, X)
 —
Physical distance: dl = a(t)dx Physical distance: dI = a(t) e~ dx
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Setup for PBH formation

Consider a scalar perturbation...

... during inflation
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Setup for PBH formation

... during inflation

log (Iength)

Horizon exit Ry(7)

/

Inflation Radiation

log (a(r))
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Setup for PBH formation
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Collapse of rare fluctuations during the radiation epoch
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Setup for PBH formation

A Generalitat
LY de Catalunya

Initial conditions for the collapse are given at SH scales
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Setup for PBH formation

Initial conditions for the collapse are given at SH scales

{1, %) ~ {(x)

Rare and large fluctuations

—_—
C(x) = ¢(r)
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Setup for PBH formation

Density perturbations instead of curvature ones

P _ _ 3 scony2 o0
Pb 3
Or...
O
three-dimensional curvature Pb
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Setup for PBH formation

- Horizon reentry Only sufficiently large perturbations collapse

\ Ry (1)
/ Exists critical value for PBH formation

log (Iength)

Inflation Radiation

log (a(t))
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Our work: Trichotomy of PBH initial conditions

Consider an isolated spherically symmetric perturbation

Pressure GGradients

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

At super-horizon scales a local patch ~ FRW

Constant three-dimensional curvature

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Spacetime becomes inhomogeneous as we move away from the center

Constant three-dimensional curvature

FRW core

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

External shell triggers the collapse

Constant three-dimensional curvature

FRW core

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Core geometry

Closed, Flat or Open

FRW core

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Spacetime geometries

Closed Flat Open

positive curvature Zzero curvature negative curvature
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https://commons.wikimedia.org/wiki/File:Comparison_of_geometries.svg

Our work: Trichotomy of PBH initial conditions

How is the density perturbation distribution?
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Our work: Trichotomy of PBH initial conditions
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Our work: Trichotomy of PBH initial conditions

Closed FRW Universe: Type-C

Positive curvature — Earlier collapse

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Flat FRW Universe: Type-F

Zero curvature

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Open FRW Universe: Type-O

Negative curvature — Harder collapse

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Trichotomy

Type-0O > Type-F > Type-C

Expanding FRW background
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Our work: Trichotomy of PBH initial conditions

Collapse triggered by the shell...
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Our work: Trichotomy of PBH initial conditions

Collapse triggered by the shell...

...but affected by the core!
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Our work: Trichotomy of PBH initial conditions

Collapse triggered by the shell...

...but affected by the core!

Which role do they play in the collapse?

Institut de Ciéncies del Cosmos 9 EXCELENCIA
UNIVERSITAT pE BARCELONA M

:* * *1 Cofinangat per
* la Unié Europea g0

MmN G i
() ¢e Catatunya WM - 02/02/2026

ICCUB



Our work: Trichotomy of PBH initial conditions
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Which role do they play in the collapse?
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Our work: Trichotomy of PBH initial conditions

Which role do they play in the collapse?
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Our work: Trichotomy of PBH initial conditions

Try to quantify when each of them dominates
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Our work: Trichotomy of PBH initial conditions

Example: Type-C
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Conclusions

 Revealed the core behaviour of perturbations — Trichotomy

 New perturbation classification: Type-C, Type-F and Type-O

» |dentify the physical roles of the shell and the core in PBH formation
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Thank you for your attention!
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Profiles
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Thresholds
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