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Thermal WIMP ⇒ PBH constraint
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Figure 3. Constraints on the allowed PBH DM fraction f for a variety of e↵ects associated with PBHs of
mass MBH in units of the solar mass M�. Here, a monochromatic PBH mass spectrum has been employed.
The red dashed and green dot-dashed curves are our results, corresponding to m� = 100GeV (red, dotted)
and m� = 1TeV (green, dot-dashed), respectively. For both cases, h�vi = 3⇥10�26 cm3/s has been used. Also
shown are constraints from extra-Galactic �-rays from evaporation (EG) [64], femtolensing of �-ray bursts (F)
[65], neutron-star capture (NS) [66], microlensing with the Subaru/HSC Andromeda observation (HSC) [67],
Kepler microlensing of stars (K) [15], EROS-2 [68] and OGLE-III [69] microlensing of stars (ML), survival
of a star cluster in Eridanus II (E) [70], accretion e↵ects (WMAP and FIRAS) [71], and disruption of wide
binaries (WB) [72].

WIMPs. In this case, we fix the PBH parameters to some representative benchmark values, namely
MBH = 10�12

M�, MBH = 10�5
M�, MBH = 10�2

M�, and MBH = 10M�.

In Fig. 4, we display density plots for the PBH fraction f as a function of m� and h�vi for
the four above-mentioned values of MBH. The colored regions of these plots represent f with the
color scale indicating the value of log

10
f . White regions show areas in which the value of f > 1

and are therefore excluded. The hatched regions mark the areas of the WIMP parameter space that
are excluded by the search of gamma rays from DM annihilation in dwarf satellite galaxies coming
from the combined analysis of the Fermi and MAGIC telescopes [73] for the bb̄ channel. This bound
assumes that WIMPs account for the total DM of the Universe and is therefore only valid for f ⌧ 1,
otherwise it should be properly rescaled for the considered value of f . We show it to illustrate the
interplay between the WIMP indirect-detection bounds and f . Figure 4 provides the maximal value
of f for each WIMP parameter pair m� and h�vi.
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• Einstein Telescope detects z≥40, MPBH = 10 M☉ merger

- Astrophysical BHs form and merge at lower redshifts

p(fPBH|NPBH): depends on∫ dz (merger rate) × (sensitivity)
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1. Detection scenarios
• Square Kilometer Array detects radio emission from gas 

accretion by 100 M☉ galactic PBHs

- Requires complex, multiwavelength population analysis

arXiv:1812.07967

Compute p(fPBH|NPBH) with Monte Carlo simulation
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2. Detection → abundance
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Figure 5. The profile of a halo around a PBH in physical coor-
dinates. The four inner most profiles were fit with a power-law
profile: – = 2.28, and C = 2.5 ◊ 1012.

Figure 6. The physical density profile of the halo for the
boosted power spectrum, with spectral index ns ≠1 = 2. The
parameters of the fit are – = 2.35, and C = 3.9 ◊ 1012.

assumes that the decaying species accounts for all of
dark matter. Conversely, if one knew the decay rate,
one would obtain a constraint on the abundance of the
decaying species. Using the above analogy we can there-
fore obtain a bound on the PBH fraction fPBH for any
given PBH mass once we assume a complete model for
the gamma-ray luminosity of these objects

fPBH = �DM MPBH

�PBH m‰
. (18)

For �DM we use (consistent with [10]) constraints from
[30]. Their Fig. (3.f) shows that the life time of dark
matter particles is greater than ·DM = �≠1

DM
& 1028

s,
at least in the range of the dark matter particles masses
to which the experiment is sensitive: 10GeV < m‰ <

104GeV.

Figure 7. The density profiles of Boucenna et al. [10], labelled
BKOV, Eroshenko [9], our analytic estimate (12), our simula-
tion result taking the best fit paramaters from Fig. 5 and the
maximum density contrast today. Note that the simulation
is for a 30M§ black hole whilst the other three profiles are
derived for a 10M§ black hole.

The WIMP annihilation signal is obtained as

�PBH = È‡vÍ
m2

‰

4fi

ˆ Œ

0

fl(r)2
r

2
dr , (19)

where È‡vÍ is the annihilation cross-section and spherical
symmetry of the density profile has been assumed. For a
halo with a density profile

fl(r) = Min(flmax, flmax(r/rcut)≠–) , (20)

and assuming – > 3/2, the WIMP annihilation signal
can be integrated into

�PBH = 4fi È‡vÍ fl
2

max
r

3

cut

m2
‰

3
1
3 + 1

2– ≠ 3

4
, (21)

where the first and the second terms in brackets are con-
tributions from the constant-density central region and
the falling profile, respectively. In the particular case of
– = 9/4, this simplifies to

�PBH = 4fi È‡vÍ fl
2

max
r

3

cut

m2
‰

. (22)

In the above expression, a third of the contribution comes
from the central region. Assuming a Heaviside density
profile with the density dropping to zero at rcut, as was
done for example in [10], therefore underestimates the
annihilation rate by a factor of 3. For profiles that are
less steep than – = 9/4 the contribution from the second
term is even greater.

Equipped with these ingredients we can finally obtain
the upper bound on the fraction of the dark matter in
PBHs. For three di�erent choices of the dark matter
mass we find the constraint to be:

m‰ 10 GeV 100 GeV 1 TeV
fPBH . 10≠9 2 ◊ 10≠9 4 ◊ 10≠9

DM halo around 30 M⊙ PBH

3. Ann. rate around PBH
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Monte Carlo procedure
1. Generate point sources
2. Assess detectability 

(depends on ann. rate)
3. Limit: require Np.s. < 19

Number of 3FGL unassociated 
sources compatible with 

DM annihilation
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ϕex(E) ∼ (DM ann .
rate ) ⋅ ∫

∞

0
dz (PBH number

density ) ⋅ (Spectrum at
source PBH) ⋅ (Attenuation

factor )

Constraint: diffuse γ rays from extragalactic PBH halos

Limit: for each bin, require �ϕex ≲ ϕex
Fermi + 3 Δϕex

Fermi

Robust constraint with few assumptions
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Thank you!


