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Constraining primordial black holes (PBHSs)
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Constraining primordial black holes (PBHSs)
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Constraining primordial black holes (PBHSs)
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Limits from PBH evaporation
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- PBH can emit charged cosmic rays and photons

via Hawking radiation => Almost-black (grey) body
emission

Page & Hawking ApJ’76; Carr & MacGibbon Phys. Rep.’98

Sufficient emission from Mpgn > 1014 g to set limits
on their evaporation products today

Unconstrained mass range ~1017 — 1022 g, the so-
called asteroid mass gap where fpay can be 1



PBH evaporation observables

1. Cosmic-ray electron-positron fluxes

2. 511 keV electron-positron annihilation line

3. Continuum X- and gamma-ray emission
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Cosmic-ray electron/positron flux

Cirelli & Boudaud PRL'19
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https://arxiv.org/abs/1807.03075

511 keV annihilation line &b

bri1q ~ 10_3ph/cm2/s Electron-positron annihilation occurs at rest
(Integral/SPI)

Siegert, FC+ MNRAS’21
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https://arxiv.org/abs/1906.09994
https://arxiv.org/abs/1906.07740
https://arxiv.org/abs/1906.09994
https://arxiv.org/pdf/2109.03691.pdf

Continuum gamma-ray emission

Data coverage and PBH photon spectra

Lucchetta+ JCAP’22
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/08/013

Continuum gamma-ray emission

Cosmic backgrounds

Iguaz+ PRD'21
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Total isotropic diffuse emission vs cosmic X-ray background



https://arxiv.org/abs/2104.03145

Continuum gamma-ray emission

Cosmic backgrounds

Iguaz+ PRD'21
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https://arxiv.org/abs/2104.03145

850-1813 keV

Continuum gamma-ray emission

How do we measure the Milky Way diffuse emission?
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Continuum gamma-ray emission Siegert, FC+ A&A’22

Residual emission after bkg-only model fit
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Instrumental CR-induced background dominates by far the SPI detected counts

Residuals from bkg-only fit reveal the presence of correlated large-scale emission,
around the Galactic plane
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https://arxiv.org/abs/2202.04574

Mev GaIaCtic diffuse emiSSion Berteaud, FC+ PRD’22

Astrophysical contributions

Modelled spatial templates (30 keV — 8 MeV)

* Inverse Compton scattering of electrons off the
interstellar radiation field eZg +7 — et 4+ Ymev

* Unresolved sources (<100 keV)
e Nuclear lines
e Positronium annihilation line+continuum
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https://arxiv.org/abs/2209.06299

Mev GaIaCtic diffuse emiSSion Berteaud, FC+ PRD’22

Is there evidence for an additional PBH component?

Modelled spatial templates (30 keV — 8 MeV)

* Inverse Compton scattering of electrons off the * PBH evaporation?
interstellar radiation field egg +v — ¥ + ymev dd., foen d2N,

* Unresolved sources (<100 keV) 1FE (1,b) = 47 Mppy dEAL J; ds p(r(s,1,b))
* Nuclear lines O
 Positronium annihilation line+continuum
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https://arxiv.org/abs/2209.06299

Mev GaIaCtic diffuse tOtaI Spectrum Berteaud, FC+ PRD’22
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https://arxiv.org/abs/2209.06299

Flux upper limits on PBH distribution =~ ===~

NFW spectrum with systematics |£|<47.5°, |b|<47.5°

NFW Systematics

1031 . .
| Flux upper limits b NEW flux w/ sys

=
o
N

(-
o
[

[
o
o

Fe x E? [keV2phcm™2s tkeV™1]

-
o
A

102 | | 103 104
Energy [keV]

No signal detected
=> Upper limits on PBH evaporating flux
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https://arxiv.org/abs/2209.06299

Limits on PBH DM fraction

Multi-component spectral fit

Modelled spectral components to extracted SPI
data

* Inverse Compton power-law

* Unresolved sources power-law with cutoft
* Nuclear lines

* Positronium annihilation line + continuum
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https://arxiv.org/abs/2209.06299

Limits on PBH DM fraction

Multi-component spectral fit

Modelled spectral components to extracted SPI

data

* Inverse Compton power-law

* Unresolved sources power-law with cutoft
* Nuclear lines

* Positronium annihilation line + continuum
 PBH evaporating signal
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=> Upper limits on PBH DM fraction

https://zenodo.org/record/6505275
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https://arxiv.org/abs/2209.06299

Future: MeV Galactic diffuse emission

Covering the MeV sensitivity gap

o1 Coogan+ JCAP21
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https://arxiv.org/pdf/2104.06168.pdf
https://arxiv.org/abs/2203.06894

Future: MeV Galactic diffuse emission
Prospects on PBH
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Future instruments will allow a more precise measurement of the isotropic gamma-ray and X-ray
backgrounds => Improved constraints in the 1017-1018 g mass window
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https://arxiv.org/abs/2210.09310
https://arxiv.org/abs/2102.06714

Conclusions & Outlook

v PBHs of different masses can be constrained by high-energy astrophysics

v Low-mass PBH evaporation leverages on diverse observables, from cosmic rays to
high-energy photons

v One can still do quite a bit with current probes, e.g. Integral/SPI Galactic diffuse
emission measurement

v But to cut further into the asteroid mass gap we really need a new dedicated, large
FoV, telescope in hard X rays
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Limits on feebly interacting particles

Axion-like particles Sterile neutrinos
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TAKE AWAY: Re-analysis of INTEGRAL data provides the strongest

constraints on particle DM ~100 keV



https://arxiv.org/abs/2209.06299

Limits on accreting PBH
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- 10-100 solar mass PBH can accrete interstellar gas and produce

observable X-ray and radio emission today
Gaggero, FC+ PRL’17; Inoue & Kusenko JCAP’17; Lu+ ApJL’21

» Same mechanism can also modify the recombination history of the
Universe => constraints set by anisotropies and spectrum of the

CMB Carr MNRAS 1981; Ricotti+ ApJ’08; Poulin, FC+ PRD*17

» Significant theoretical uncertainties: e.g. accretion rate and the
lonizing effects of the radiation; impact of more realistic/complex

mass functions Manshanden+ JCAP’19

= Future radio facilities (SKA, ngVLA) have the potential to either
set very strong constraints on PBH abundance or to detect a

population of PBHs at the GC
Weltman+ PASA’20
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