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ABSTRACT

Context. Surprisingly high masses of the black holes inferred from the Laser Interferometer Gravitational-Wave Observatory (LIGO)
and Virgo gravitational wave measurements have lead to speculations that the observed mergers might be due to O(10) M, primordial
black holes (PBHs). Furthermore, it has been suggested that the whole amount of dark matter (DM) might be in that exotic form.
Aims. We investigate constraints on the PBH DM using NuSTAR Galactic center (GC) X-ray data.

Methods. We used a robust Monte Carlo approach in conjunction with a radiatively inefficient PBH accretion model with commonly
accepted model parameters. Compared to previous studies we allowed for multiple forms of DM density profiles. Most importantly,
our study includes treatment of the gas turbulence, which significantly modifies the relative velocity between PBHs and gas.
Results. We show that inclusion of the effects of gas turbulence and the uncertainties related to the DM density profile reduces
significantly the gas accretion onto PBHs compared to the claimed values in previous papers. It is highly improbable to obtain
accreting PBHs brighter than the NuSTAR point source limit using observationally determined gas velocities.

Conclusions. One can safely conclude that GC X-ray observations cannot rule out O(10) M, PBH DM.

Key words. cosmology: theory — dark matter — black hole physics

1. Introduction

The first direct detection of gravitational waves by LIGO'
collaboration and several subsequent detections by LIGO and
Virgo?, have revolutionized observational astronomy by open-
ing a new window into the cosmos. Thus far five binary black
hole (BH) and a single binary neutron star mergers have been
observed (Abbott et al. 2016a,b, 2017a,b,c). Although the mea-
surements have been fully consistent with general relativity,
and thus have severely constrained modified gravity models, the
large inferred BH masses have been somewhat surprising?.

This has initiated vigorous speculations that the observed
mergers might be between O(10) M, primordial BHs
(PBHs; Hawking 1971; Carr & Hawking 1974; Carr 1975;
Meszaros 1975; Chapline 1975) and, furthermore, that the
whole dark matter (DM) might be in the form of PBHs
in that mass range (Kashlinsky 2016; Birdetal. 2016;
Clesse & Garcia-Bellido 2016; Sasaki et al. 2016; for a review
see, e.g. Sasakietal. 2018). However, several recent works
have shown that this interpretation is strongly constrained.
In the case of DM in the form of O(10) M, PBHs, the
increased two-body interaction rate has potentially significant
impact on dynamics of the stellar systems (Brandt 2016;
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3 Considering the complexity of star formation and binary stellar
evolution, and the fact that this is the first time we are able to probe
BH-BH systems directly, one should not immediately draw too strong
conclusions; see, e.g. Belczynski et al. (2016), Fishbach & Holz (2017),
Dvorkin et al. (2018), Lamberts et al. (2018).

Article published by EDP Sciences

Koushiappas & Loeb 2017). Also the gravitational lensing gets
modified (Mediavilla et al. 2017; Diego et al. 2017; Oguri et al.
2018; Zumalacarregui & Seljak 2018). The present constraints
on PBH abundances from various lensing experiments and
dynamical observations are re-derived in Carretal. (2017)
for various non-monochromatic PBH mass functions. Those
constraints must be supplemented with bounds arising from non-
observation of the gravitational wave background (Raidal et al.
2017) and from the measured LIGO rate (Ali-Haimoud et al.
2017; Ali-Haimoud 2018).

Thus the accumulated experimental data collectively con-
strain the fraction of PBH DM, fpgy, to be below unity,
barring scenarios in which the radiation induced by PBH is
strongly modified (Raidal et al. 2018) or the results of lensing
experiments are misinterpreted (Garcia-Bellido & Clesse 2018;
Clesse & Garcia-Bellido 2017; Garcia-Bellido et al. 2017).

The aim of this work is to revisit the constraints on
PBH abundance arising from the photon flux created by
accreting PBHs in our Galaxy. Our approach, based on the
Galactic measurements, is complementary to those previously
adopted in the literature to constrain the PBH abundance from
the cosmic microwave background observations (Ricotti et al.
2008; Horowitz 2016; Ali-Haimoud & Kamionkowski 2017,
Poulinetal. 2017) and from recent global 21 cm measure-
ments (Hektor et al. 2018). The authors of Gaggero et al. (2017)
have claimed very strong constraints on O(10) M, PBH DM using
X-ray and radio observations of the Galactic center (GC). In
this paper we reconsider the GC X-ray constraints on O(10) M,
PBH DM taking into account physical effects that were over-
looked in the latter work. Compared to Gaggero et al. (2017)

A139, page 1 of 7


https://doi.org/10.1051/0004-6361/201833483
https://www.aanda.org
http://www.ligo.org
http://www.virgo-gw.eu
http://www.edpsciences.org

A&A 618, A139 (2018)

we include in our analysis turbulent gas motions inside molec-
ular clouds and also allow for uncertainties in the DM den-
sity profile of our Galactic halo. We show that inclusion of
those ingredients, in particular the measured velocities of the
gas motion, strongly suppress the PBH accretion and remove the
previously claimed strong bounds arising from the NuSTAR GC
X-ray data.

Bounds on PBHs based on accretion arguments using X-ray
data have also been found in Inoue & Kusenko (2017). There the
authors use the extragalactic luminosity function of X-ray bina-
ries as determined by Mineo et al. (2012) and demand that the
accreting PBH population should not overshine this astrophysi-
cal component.

The paper is structured as follows. In Sect. 2 we briefly
sketch our physical assumptions and calculation method, our
main results are presented in Sect. 3, and the discussion and sum-
mary are in Sect. 4.

2. Model details and parameter assumptions

Black holes are only visible in electromagnetic (EM) radiation if
they accrete a sufficient amount of baryonic material. The only
EM-visible stellar mass BHs we know are in binary systems,
where the companion star can provide sufficient mass transfer.
However, owing to the relative diluteness of O(10) My PBH
DM and thus rather negligible two-body scattering with stars in
Milky Way (MW) size galaxies, it is usually not an option for
PBHs to get incorporated into binary systems with ordinary star
as a companion. Thus PBHs have to accrete matter directly from
the interstellar medium (ISM).

In this case it is relevant to apply the Bondi accretion
model (Bondi 1952) as a useful starting point. However, the
Bondi mass accretion rate Mg has to be reduced by a factor A
to be consistent with the non-observation of significant popula-
tion of isolated neutron stars*. The present upper bound on A is
~1073-1072 (Perna et al. 2003). To obtain model for the emitted
EM radiation, the description of the mass accretion rate has to
be augmented with a description of the radiative efficiency. As
common in cases with low mass accretion rate and small opac-
ity, we assume an advection dominated accretion flow (ADAF)
model (Narayan & Yi 1994). The radiative efficiency 1 (bolo-
metric luminosity Ly, = nMc?) is often approximated as

p= 0L i S M 1)
1 if riv > My,

where i1 is the mass accretion rate in units of Eddington rate,

ie m = M/MEdd, and 7ingrie =~ 0.01 (e.g. Narayan & McClintock

2008). Taking M = AMp and assuming the above radiative effi-

ciency we write the accreting PBH luminosity as’

L~88x 1029efgf/12 Mgu 3( nH )2( Ueff
) 10My) \1cm=3/ \10kms™!

)_6, @

* We note that in the context of the accretion flow described by the
ADAF model, it is natural to try to use a population of isolated neutron
stars to gain access to the possible values for the A parameter. In partic-
ular, neutron stars are almost as compact as BHs. These stars have, for
their limited range of masses, radii that are only a factor of ~3 larger
than those of the would-be BHs with similar masses (i.e. comparable
to the size of the last stable orbit of the nonrotating BH). Compared to
BHs, however they have a surface that lights up, and thus provides a
direct way to probe the inflow of advected material.

> We have assumed that we are always in a regime where the mass
accretion rate is below 1% of the Eddington’s and thus radiative effi-
ciency is given by the first line of Eq. (1).
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where Mgy is a BH mass, f is a fraction of energy going to a
selected energy band, ny is the hydrogen number density, and
vesr 18 the fotal relative velocity of a BH with respect to the gas.
This can be modeled to contain various components: (i) motion
of the BHs, (ii) thermal motion of the gas, and (iii) turbulent
motion of the gas. We also denote a dangerous divergence due to
L o v=%, which needs careful treatment in any realistic physical
system.

The highest chance of observing a bright PBH is toward a
dense molecular region of the GC, or the so-called central molec-
ular zone (CMZ), where conditions for both the high number
density of PBHs and a dense surrounding medium are satis-
fied. Because of the measured coldness of the dense medium,
we can safely neglect thermal motions of the gas to estimate
vet in Eq. (2). However, turbulent gas motions in CMZ are far
from negligible. For example, the 1D velocity dispersions of
2.6-53kms™! with the median value of 9.8kms~! have been
inferred in Henshaw et al. (2016). Under these assumptions v
in Eq. (2) can be approximated as ver ~ (vgy + v5,)'"/%. The
BH velocity vgy is assumed to follow the Maxwell-Boltzmann
(MB) distribution, where the MB scale parameter (1D velocity
dispersion) is obtained by solving spherically symmetrized Jeans
equation (e.g. Binney & Tremaine 1987) with two components:
the baryonic bulge and the DM halo.

We assume an isotropic velocity distribution, i.e. o, = 0y =
o4. The PBH velocity dispersion is obtained by solving
GM (<x)
o2 = f mepn () Lot <Y g, )
NpBH ( )

where the tracer density is that of the PBHS, npgy (o< ppm), but
the mass inside radius r should contain all the assumed compo-
nents, My (<r) = Mpm(<r) + Myyge(<r).

To be more precise, a subdominant contribution from the
baryonic disk should also be included. For simplicity, we neglect
it in our study, which makes our values for vgy somewhat under-
estimated and thus more conservative. The density profile of
the DM halo is allowed to have two analytic forms: Navarro-
Frenk-White (NFW; Navarro et al. 1997) and Einasto (Einasto
1965). For the GC gas distribution we use an analytic fitting form
from Ferriere et al. (2007). There the analytic spatial model for
the mean gas densities is provided, but ISM is supposed to have
a broad hierarchy of densities. In the case where vy = 0, it
turns out that the Bondi accretion in conjunction with the low
velocity tail of the MB distribution has a particular scaling prop-
erty: the number of bright accreting PBHs above a fixed lumi-
nosity is independent of the hierarchy®. However, if vy > 0

6 Assuming independence of the velocity and gas density distributions
(fms(v) and f(ny), respectively) and that the PBH luminosity follows
a deterministic relation given by Eq. (2), we can write the joint proba-
bility density function as F (L, ny, v) = fas (v) f(nu)S(L—knv~0), where
k is a constant factor and ¢ is the Dirac delta function. By integrating
over ny we obtain the joint luminosity and velocity distribution ¥ (L, v)
from which the luminosity probability function can be obtained as as
fL) = [F(Lv)dv= [ fup®)f©* VL/) dv. To a good approximation
fus(v) is given as fyg(v) = V2/m - v> /0, since even for the very dense
molecular cloud cores with ny ~ 10° cm™ the threshold velocity below
which the luminosity exceeds the NuSTAR limit is v ~ 35kms™!, i.e.
comfortably smaller than the 1D velocity dispersion shown in Fig. 3. As
such, it is easy to see that f(L) indeed does not depend on gas density

distribution, f(L) = \/5 [V f@ VLK) dv = 55
of bright objects in volume AV follows as N = npggAV f(>Lnystar), 1-€.
indeed independent of the gas number density distribution function.

2¢_The number
L
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Fig. 1. Approximate spatial mask of the NuSTAR GC survey shown in
Galactic coordinates (I, b).

this scaling property gets broken and for more reliable treat-
ment there should be a model for the small-scale gas density
distribution. We performed our model calculations for two sep-
arate cases where the small-scale gas density distribution is
assumed, first to follow a uniform distribution within a resolu-
tion element with the mean density given by the analytic model
of Ferriere et al. (2007), and second has a power-law probabil-
ity distribution function f(ny) o n;lﬁ with a mean given by the
model of Ferriere et al. (2007). We take 8 = 2.8, which is the
value typical for the giant molecular clouds, e.g. Berkhuijsen
(1999), Agol & Kamionkowski (2002).

3. Main results

It is well known that because of the low level of contaminat-
ing backgrounds and absorption, a search for accreting compact
objects is especially efficient in the X-ray band of the EM spec-
trum. As such we compare our PBH DM model predictions with
the NuSTAR’ GC survey, which has lead to a detection of ~70
X-ray point sources. The NuSTAR GC survey has point source
limits 4 x 10* and 8 x 10% ergs™' in the 3-10keV and
10-40keV bands, respectively (Hongetal. 2016). Alterna-
tively, it would be possible to use Chandra observations of the
GC (Muno et al. 2009), which has approximately an order of
magnitude higher sensitivity in softer X-ray band 0.5-8 keV.
However, in softer bands, the number of X-ray sources is steeply
rising (mostly due to cataclysmic variables), and thus it is sig-
nificantly easier to hide a subdominant accreting PBH popula-
tion. Thus in the following we present our results based on the
NuSTAR observations.

Figure 1 shows an approximate mask we used for the
NuSTAR GC survey derived from the results presented
in Hong et al. 2016). In Fig. 2 we show the ADAF model spec-
tra (Mg = 10 M,,) for different values of the specific accretion

7 www.nustar.caltech.edu
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Fig. 2. Spectra from ADAF model for various values of the specific
accretion rate ri1 = M/ Mgqq (Yuan & Narayan 2014). The parameters f
denote the fractions of energy going to the soft and hard NuSTAR bands
shown with the gray-shaded regions.

rate 71 = M/ Mgyq taken from Yuan & Narayan (2014; see Fig. 1
therein). The fractions of energy going to the soft and hard NusS-
TAR bands (see the gray shaded regions) are also shown for each
of the model curves. We note that the ADAF model depends
on various input parameters such as (i) viscosity parameter, (ii)
magnetization parameter, (iii) electron heating parameter, and
(iv) wind parameter, which in this particular case have values
a=01,=9,0 =05, and s = 0.4, respectively. In case a
jet with a nonthermal population of electrons appears or if the
hot flow itself contains a nonthermal component, the prominent
inverse Compton bumps of Fig. 2 get significantly smoothed out.
For example, such a nonthermal electron component is required
for the ADAF model to provide a satisfactory fit to the available
SgrA* data (Yuan et al. 2003).

Figure 3 shows the PBH DM velocity dispersions derived
from spherically symmetric Jeans equation. The three solid
lines show the Galactic model consisting only of (i) NFW DM
halo, (ii)) NFW DM halo + baryonic bulge, and (iii) Einasto DM
halo + baryonic bulge. The profile parameters relevant for the
Galactic DM halo are taken from Cirelli et al. (2011). For the
baryonic bulge an analytic density distribution from McMillan
(2011) is assumed, while for simplicity spherically symmetric
approximation is taken by replacing the scale radius ry with

the following geometric mean ,3/r(2) X gry ; the Galactic bulge

has an approximate aspect ratio of ¢ =~ 1/2. The value ry
is also replaced similarly. For comparison, the triangles and
squares in Fig. 3 denote the DM velocity dispersions taken
from Ferrer & Hunter (2013), in which more detailed modeling
is performed. Compared to Ferrer & Hunter (2013) we assumed
spherical symmetry and completely ignored contribution from
the baryonic disk, which can be seen to lead to ~25% underes-
timation of the DM velocity dispersion, i.e. a factor of ~3 over-
estimation of the accreting PBH luminosity. Also, replacement
of NFW with the Einasto halo leads to a factor of ~1.5 increase
in the velocity dispersion in the very central region. However, at
extremities of the CMZ the effect is far less pronounced, but it
is important to keep in mind that, according to Eq. (2), velocity
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Fig. 3. Velocity dispersion of the PBH DM. The solid curves show our
estimate from the Jeans equation. Three cases are shown: the Galaxy
consisting only of (i) NFW DM halo, (ii) NFW DM halo + baryonic
bulge, and (iii) Einasto DM halo + baryonic bulge. The triangles and
squares denote the DM velocity dispersions taken from Ferrer & Hunter
(2013). Neglecting the baryonic disk leads to a ~25% underestimation
of the DM velocity dispersion, i.e. a factor of ~3 overestimation of the
accreting PBH luminosity. Replacing NFW with the Einasto density
profile leads to a factor of ~1.5 increase in the velocity dispersion in
the very central parts. The light gray shaded region shows an approxi-
mate extent of the CMZ.

rises as L o v™°; the approximate size of the CMZ is shown as a
light gray shaded region.

Even though the velocity dispersions for the NFW and
Einasto profiles shown in Fig. 3 at r ~ 0.1 kpc differ only by
~10%, it turns out that the more central regions, where the veloc-
ity dispersions and the DM density profiles differ more strongly,
are responsible for very large differences we obtain between the
NFW and Einasto cases (see Figs. 4 and 5).

Now we have all the ingredients available to proceed with our
main calculations. We ran several Monte Carlo simulations, each
containing 1000 independent realizations, the results of which are
shown in Figs. 4 and 5. We assume that all the DM is in the form
of PBHs. To speed up our computations we implemented a grid-
based Monte Carlo by dividing the line-of-sight cone, which cov-
ers the full NuSTAR GC survey footprint into small cubic cells of
size AV = 2 x 2 x 2pc®. We looped over the cells and calcu-
late the number of PBHs in each of these by drawing numbers
from the Poisson distribution with mean N = AV X ppm/MppH,
where ppy is the assumed DM density and Mpgy the PBH mass.
For each object drawn this way we generated their 3D velocity
components by drawing numbers from the Gaussian with zero
mean and dispersion taken from Eq. (3). By using a finer grid
we confirm that the above cell size is sufficient for obtaining
converging results.

In case the small-scale gas density distribution is taken to be a
power law, f(ny) o nl_f , we draw the relevant number density as

follows: ny = n(1—u)"/"P) where nf} = ﬁ%?(nH). The value u is
arandom variable following the standard uniform distribution, i.e.
u ~ U(0, 1), {(ng) is the mean gas density taken from Ferriere et al.
(2007); the power-law index is assumed to be 8 = 2.8.

The results of our Monte Carlo calculations for the model
with uniform gas density within the resolution element are

shown in Fig. 4 in which the left- and right-hand panels corre-
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spond to the NFW and Einasto profiles, respectively. The red
histograms represent the model with only the bulge and DM
halo. The blue histograms correspond to the case in which the
MB 1D velocity dispersion was increased by 25% to correct
for the missing disk contribution (see Fig. 3). To facilitate a
comparison with the results of Gaggero et al. (2017) the anal-
ogous green and yellow histograms assume instead a fixed spec-
tral factor of f = 0.3. From top to bottom the effective veloc-
ity for turbulent gas motions is allowed to vary in the range
0-8kms~! with 2kms~! step size. In these calculations, PBH
mass of 30 M, is assumed. The numbers of bright objects should
be compared with the NuSTAR point source count of ~70. Only
in the case of NFW halo plus negligible turbulent gas motions,
is it possible to obtain (depending on a particular model) at most
~10-30 PBHs above the NuSTAR point source limit. More real-
istically, stochastic treatment for turbulent gas motions should
also be included, i.e. the resulting effective distribution should
be calculated as a weighted average over the distributions shown
in Fig. 4. In case turbulent gas motions are modeled with MB dis-
tribution with a realistic dispersion of 10 km s~!, the total weight
for the distributions of Fig. 4 (velocity range 0—8 kms™') is only
~14%. As a result, in this case PBHs brighter than the NuSTAR
limit are only rarely obtained, and it is safe to conclude, contrary
to the claims made in Gaggero et al. (2017), that the GC X-ray
observations cannot rule out O(10) M, PBH DM.

The analogous results for the model with a power-law gas
density distribution are shown in Fig. 5. In order to ease compar-
ison we kept the axes scales identical to those used in Fig. 4. As
expected, the results in case of small vy, are practically the same
as obtained for the model with a constant small-scale gas den-
sity. For v 2 Skms™! the results start to differ more visibly,
namely, we obtain somewhat larger number of bright objects.
However, this increase is very moderate, and thus our previous
conclusions remain unchanged.

The above modeling has completely ignored possible two-
body relaxation effects due to the granularity of the DM distri-
bution. According to Koushiappas & Loeb (2017), in the case of
dwarf galaxies these effects are not negligible. However, it turns
out that the relevant relaxation time for the MW size halo inside
the central region comparable to the size of the CMZ is signifi-
cantly larger than the Hubble time. Thus, the two-body scatter-
ing effects can be safely neglected. The relaxation only becomes
noticeable in the very central (few tens of parsecs) region. In this
region PBHs, which are significantly more massive than typi-
cal stars, would start to migrate to the center. The corresponding
density profile would steepen by trying to approach the isother-
mal p o r~2. However this does not increase the chances of
obtaining bright PBHs, since the central subsystem would heat
up and the v~° scaling of Eq. (2) would dominate above the rise
from the steepening of the density profile.

4. Discussion and summary

In this paper we investigated how well the Galactic X-ray mea-
surements are able to constrain O(10 M) PBH DM. The prob-
ability of seeing bright accreting PBHs is highest for the GC,
where the conditions for large PBH number density and high
gas density, are simultaneously met. As such, we used the GC
data from the NuSTAR X-ray telescope in our analysis.

A similar study has previously been performed
by Gaggeroetal. (2017). Compared to this work, rather
than having a single fixed form for the DM density profile,
we investigate how much the results change by allowing a
reasonable level of profile variability. The other, arguably the
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Fig. 4. Distributions for the number of bright PBHs above the NuSTAR point source detection limit for different levels of turbulence in the CMZ
(0-5kms") and for different DM profiles (NFW, Einasto). Each distribution is derived from 1000 independent Monte Carlo realizations. The
orange histograms represent the model with only a bulge and DM halo. The green histograms correspond to the case in which the MB 1D velocity
dispersion has been increased by 25% to correct for the missing Galactic disk contribution (see Fig. 3). The uniform gas distribution within

resolution element is assumed.

most important difference, is that our model includes treatment
for the ISM gas turbulence. In addition, our treatment for the
spectral factor f of Eq. (2) is more complete: we calculate
f self-consistently using the ADAF spectral templates taken
from Yuan & Narayan (2014), whereas Gaggero et al. (2017)
assume a fixed value f = 0.3.

In Gaggero et al. (2017) O(10 M) PBH DM is claimed to
be ruled out by up to 400 using the GC X-ray data, i.e. this
would correspond to around ~1500 X-ray visible PBHs. In
comparison, only in our most optimistic case with negligible gas
turbulence and the NFW density profile, we obtain on average

~10—15 X-ray visible PBHs above the NuSTAR point source limit.
For almost all the other cases in which a reasonable level of gas
turbulence is allowed, hardly any bright PBHs are found. Thus
the extraordinary strong claims made in Gaggero et al. (2017) are
artifacts of the unphysical v™° singularity in the PBH luminosity
estimation arising from their assumption that the accreted gas is
standing still. We demonstrate that the inclusion of measured gas
velocities removes this singularity, and as a result refutes their
claims regarding strong bounds on the PBH abundance.

We also note that the use of the experimental upper bound
for the accretion efficiency parameter of Eq. (2), i.e. 1 ~ 1072,
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Fig. 5. Analog of Fig. 4 for the model with a small-scale, power-law gas density distribution.

as done in Gaggero et al. (2017) in order to rule out PBH DM,
does not sound correct. For this purpose actually a lower bound
is needed. The latter cannot be reliably estimated since the accre-
tion physics in a highly turbulent and magnetized ISM has very
large uncertainties.

In this paper we opted to use a specific ADAF accretion
model taken from Yuan & Narayan (2014) to model the energy
distribution of the emitted radiation. To compare our results
directly with the results presented in Gaggero et al. (2017) we
also used a simple model in which 30% of the emitted radiation
is assumed to fall into NuSTAR X-ray energy band. We stress
that beyond ADAFs, where most of the energy gained by the
accreting gas is simply carried beyond the BH event horizon,
there are many other possible models for the accretion from
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the relatively dilute ISM. Such models include adiabatic inflow-
outflow solution (ADIOS) and convection-dominated accre-
tion flow (CDAF) type solutions (Blandford & Begelman 1999;
Quataert & Gruzinov 2000), which are inefficient because most
of the accreting mass is simply driven out, and thus the mass
actually gained by the BH is much smaller than the large-scale
mass accretion scale as estimated by Mg. Also depending on a
particular model, the resulting energy distributions for the emit-
ted radiation can vary substantially. It is not the topic of this
paper to study all these possibilities. The main message we
would like to convey is that under these very large model uncer-
tainties, together with the absence of the relevant phenomenol-
ogy for the isolated stellar-mass BHs accreting from the ISM, it
is impossible to convincingly rule out a possible existence of the
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O(10) M, PBH DM by accretion arguments alone. In general we
agree that under the specific assumptions made in Gaggero et al.
(2017) it is possible to obtain a measurable population of X-ray
sources above the NuSTAR sensitivity limit; however the above
result is very different when allowing for different DM profiles
and taking the significant level of turbulence of the gas in the
CMZ into account. To conclude, it is fair to say that with the
current state of knowledge about the isolated stellar-mass BHs
accreting from the ISM, the present GC X-ray observations can-
not rule out O(10) M, PBH DM.
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