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Current PBH Constraints
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% These constraints are not just nails in a coffin!
(Carr)

% All constraints have caveats and might change.

% Each constraint is a potential signature.

% PBHs are important even if fogy < 1.
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Garcia-Bellido, Hawkins
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% OGLE detected a particular population of microlensing events:

% 0.1 - 0.3 days light-curve timescale - origin unknown!
Could be free-floating planets... or PBHSs!
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HST image of lensed quasar HE1104-1805

The signature of primordial
black holes in the dark matter
halos of galaxies

M. R. S. Hawkins

Institute for Astronomy (IfA), University of Edinburgh, Royal
Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK
e-mail: mrsh@roe.ac.uk

ABSTRACT

Aims. The aim of this paper is to investigate the claim that stars in the
lensing galaxy of a gravitationally lensed quasar system can always
account for the observed microlensing of the individual quasar images.
[...]

Results. Taken together,
Errors resulting
from the surface brightness measurement, the mass-to-light ratio, and
the contribution of the dark matter halo do not significantly affect this
result.
Conclusions.

either in the dark matter halos
of the lensing galaxies, or more generally distributed along the lines of
sight to the quasars.



% A supernova population of so-called calcium-rich gap transients
has been shown to clearly not to follow the stellar distribution
but rather a would-be compact dark matter one.
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Sulsulor Block Holos - (Tle Sm@ Gun!

% Recent reanalysis of LIGO data updated merger rates and
low mass ratios:

Date  FAR [yr—]im;[Mg] mo [M@]; spin-1-z spin-2-z H SNR L SNR V SNR Network SNR
2017-04-01 0.41 : 4.90 0.78 § —0.05 —0.05 6.32 5.94 — 8.67

2017-03-08 1.21 i —004 —0.04 6.32 5.74 - 8.54
2020-03-08 0.20 P 0.57 0.02 6.31 6.28 - 3.90
2019-11-30 1.37 0.10 —0.06  6.57 5.31 0.81 10.25
2020-02-03 1.56 0.49 0.10 6.74 6.10 - 9.10

[Phukon et al. 2021, Abbott et al. 2022]

% Five strong subsolar candidates with SNR > 8 and a FAR < 2 yr™"

% Possibly the first confirmed detection of a subsolar mass PBH
with the next 24 months!
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More PBH Hints / [leces o Ewkéwe

W Correlations in CIR/CXR source-subtracted backgrounds

% High-redshift galaxies (up to z ~ 13)

W OGLE/Gaia microlensing events in the lower mass gap (also LVK)
%w LVK asymmetric mergers

%w HSC/Subaru pixel-lensing event in asteroidal mass range

% Minimum size of ultrafaint dwarf galaxies

x ..
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% Small PBH + Neutron
Star = O(1) M, black
hole.

~ Double Neutron Stars

X Yields a characteristic
mass distribution of
black holes.

Millisecond Pulsars % This can explain all r-
process elements In

e o= > s the Universe, including

Transmuted black hole mass [M)] _ gOId :
[Takhistov, Fuller,

Kusenko 2017]
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w

Likelihood

N

% Small PBH + Neutron
Star = O(1) M, black
hole.

Double Neutron Stars

X Yields a characteristic
mass distribution of
black holes.

Millisecond Pulsars % This can explain all r-
process elements In

5 T > the Universe, including

Transmuted black hole mass [M)] _ gOId :
[Takhistov, Fuller,

Kusenko 2017] ) )
(... of which a single

neutron star could
generate up to 10 Earth
masses ~ 10°° GBP).
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% Changes in the relativistic degrees of freedom:
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%M//Z{Mfﬂy 5 Z%é Cliiverse — %émw State

% Changes in the equation-of-state parameter w = p/p:
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PWM [arer me — pM e PBH

% Consider an essentially featureless power spectrum:
P(k') N kns—l + %asln(k/k*)
as suggested by Planck, albeit on large non-PBH scales...

% Connection to small PBH scales for instance by critical Higgs inflation.

[Garcia-Bellido, Ruiz-Morales 2017]
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PBAH Mass Function
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LPBH Mass Function
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Quantum Afe&é

w Black Holes can be understood as saturons, ie. configuration of
maximum entropy compatible with unitarity (ct. work by Dvali).

% Black holes evaporation leaves the semi-classical regime at
latest at half-mass, possibly much earlier (see Thoss'talk).

% This results in inevitable deviations from thermality and
entropy-suppressed evaporation rate, opening up a large
mass range for ultra-light PBHs as (quasi) remnants!
(see Thoss'talk).



Quantum A%eosz

w Furthermore, we showed that (near-)extremally-spinning black
holes admit vortex structure (Dvali, Ktihnel, Zantedeschi)

(see talk by Zantedeschi).

% PBHs from confinement (Dvali, Kiihnel, Zantedeschi) could
provide ideal prerequisites for vortex formation due to highly
spinning light PBHSs.

% |f these PBHSs provide the dark matter, their vorticity might
explain primordial magnetic fields.

% Besides, vorticity provides a topological meaning to the
stability of extremal black holes.



Black Holos as a Link between Micre m//%mw %M
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*Image of snake from Abrams & Primack 2012
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jets producing
> TeV collisions
+parton showers

~10 000 km
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jets producing
> TeV collisions
+parton showers

% PBH collapse during the QCD transition accelerates particles
over several orders of magnitude above their rest mass.

% Interactions in the surrounding high-density plasma lead to
electro-weak sphaleron processes.

% This locally yields an ©(1) baryon asymmetry.

% The fraction of PBHs 10~ in turn explains the observed
baryon asymmetry of the Universe!






/Wmf Lisues

% The standard approach of PBH formation has two main issues:

w In order to have a given percentage of PBH dark matter
requires exponential fine-tuning.

% PBH formation happens in the strong-coupling regime.



% We propose a novel PBH formation mechanism which is
W assumption-minimal,
% free of exponential fine-tuning,

% avoids strong coupling,
w works with standard QCD*,

% compatible with observations.



CW Formation /Mw@ad/m
% 1. Ingredient: de Sitter fluctuations produce quarks during inflation.

Inflation
— dilution

q < > q

% Focus on a simple pair case.

% Distance grows as d « e’e.

W Quarks quickly move out of causal contact.



CW [ ormation /l/[é@%/%
% 2. Ingredient: Confinement at energy scale A, M /A, > 1

String

< >
Horizon size ry; < d

% Flux tubes form connecting quark/anti-quark pairs.

% The system cannot collapse as long as d > ry.

2
— (My/A, )

% String breaking into quarks pair, P, .| e ,

unne

suppressed as long as Mq/AC > 1.

Ny



CW Lormation /V1 @oéwf/m

% 3. Ingredient: Black hole formation upon horizon entry

Horizon size = ct = d

% Acceleration of the quarks a = AZ/m, quickly leads to their
ultra-relativistic motion.

% The energy stored in the string is E ~ AZr~ M,, R,> A"

% PBHs from inflationary overdensities are heavier by a factor ~ AZ.
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Dark /Wﬂi‘%m CW

w Present-day dark matter distribution vs monochromatic constraints:
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fﬁ/%m Subsolor PBH,

% During inflation, the string undergoes a Brownian motion, induced by
de Sitter quantum fluctuations, leading to deviation from straightness:

q
/ —1
533 ~ Ne Hi 5XI /
- I1.><10—34
I . . % Thisleads to potentially
significant spin:
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