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What is dark matter? Maybe PBHs (“maybe”....)
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MOT'VGT'O“ A lot of literature on the topic

Currently, we have a very important connexion between

Gravitational waves <—> Primordial Black Holes

Q@ Induced GWs-> can be a direct probe of the existence of primordial scalar curvature

fluctuations, in particular at much smaller scales than the cosmic microwave background
(CMB) scale.

A But also, it can be an indirect probe of the existence of primordial black holes (scenario of PBH
formation from the collapse of super-horizon curvature fluctuations).

+ give a quantification of the quantity of dark matter from PBHs
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A. Escriva, E. Bagui, S. Clesse. ArXiv:2209.06196

Motivation X

In general, we focus on the radiation-dominated era, assuming a
radiation-perfect fluid w="5
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Motivation

Basically,

We want to obtain an observational signature (which could
be tested with future space-based GW interferometers)
from a hypothetical crossover beyond SM and make the

corresponding connection with the PBH scenario.

_]_%: D.Z'B/ electroweak QCD LEt’S COﬂSIder
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The model

@ Consider a hypothetical softening beyond SM with the following crossover
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Gravitational collapse of super-horizon adiabatic curvature fluctuations

Sufficiently large fluctuations generated during inflation (very rare events) will
collapse during the radiation epoch after they reenter the cosmological horizon.

(at super-horizon scales) ds? = — d¢? + a2(t)e?(™ [d'r2 + 72 (dé?2 + sin?(9) dq52)]

(v =pjo > 1) ((r)=pg(r) ¢=
Large peaks —— approximately spherically symmetric (BBKS paper. Astrophys.J. 304 (1986) 15-61)

op

p > pe  Collapse of the fluctuations

p < te  Dispersion of the fluctuations Pressure gradients

We need relativistic numerical simulations to
determine the threshold value (most important
guantity for estimating the PBH abundance)

We use A. Escriva. ArXiv:1907.13065
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PBH threshold and abundance estimation
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Let's consider peak theory
to statistically estimate the

PBH abundance
C.M Yoo, T. Harada, S. Hirano, K. Kohri. Arxiv:2008.02425

“Typical profile” of the curvature

fluctuation for flat spectrum
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Mass function highly peaked at the mass

PBH mClSS funCTlon scale of the crossover
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Computation of the induced GWs Tew code wsing “Jubia” language

QCD case-> K. T. Abe, Y. Tada, I. Ueda. ArXiv:2010.06193

The numerical computation is actually quite hard... Barden equation
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Gravitational Wave signature
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Solving the degeneracy

Our results show that the GW signal can be used to resolve the existing degeneracy of sharply
peaked mass function caused by peaked power spectrums and broad ones in the presence of
softening crossovers.
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Conclusions and messages to take home:

e Crossovers softenings beyond SM are usually not considered, but they can have
important implications!

e We provide a potential observational signature for detecting a crossover beyond SM in
future space based GW interferometers

e Such scenario can allow PBHs to be the dark matter, with a mass function specifically
peaked at the mass scale of the minimum of the crossover.

e We solve the degeneracy of peaked mass functions caused by peaked power spectrums
and broad ones in the presence of crossover softenings.
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Extra slides 1
ds® = —A(r,t)? dt* + B(r,t)* dr® + R(r,t)* (d6* + sin*(0) d¢?)
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Extra slides 2
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Extra slides 3

a*(tu)p(ta)m® = pu(to),
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Extra slides 4
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