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Primordial Black Holes

Do Primordial Black Holes constitute (a fraction of) the DM?
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 PBHs: constraints and detection
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Detecting Isolated BHs in the Milky Way 

• Detection: BH expected to accrete gas 
(if within a molecular cloud) and emit 
non-thermal radiation 

• Identification: multi-wavelength study:    
X-ray + Radio  “fundamental plane” 

• Central molecular zone: dense gas + 
large number of BHs         ideal target
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Astrophysical background

• Large number of ABHs in CMZ ( ) 

• Assess background              this work  

• No A-IBH detected so far       interesting per-se

∼ 104 − 105

arXiv:2012.10421

Goal: estimating the number of detectable ABHs 
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Modelling accretion
arXiv:1211.0542,   
arXiv:2003.05625 

6 K. Sugimura and M. Ricotti
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Figure 3. The snapshots of the steady-state flow in the run with
n1 = 10

5
cm

�3, MBH = 10
2 M�, T1 = 10

4
K, and v1/c1 = 2. The

bottom panel is a zoom-in view of the top panel where the entire
HII bubble is displayed. In each panel, we show the xy-slice of
the density (upper) and the temperature (lower), together with
the velocity streamlines. The outer and inner white contours cor-
respond to the surfaces of the neutral fraction xHI = 0.9 and 0.1,
respectively. The gas is moving from the right side to the left, with
the BH located at the center of the sink region (white circle).

we see that a stable, dense shell forms between the D-type
I-front and the preceding shock, alike a bow shock around
a blunt body (see, e.g., Yalinewich & Sari 2016; Keshet &
Naor 2016, for recent studies).

Let us investigate the structure of the flow in detail. In
the HII region, the gas is heated to the equilibrium tem-
perature TII ⇡ 4 – 5 ⇥ 10

4
K, determined by the balance of

the photo-ionization heating and the Ly↵ and free-free cool-
ing. The shock is isothermal due to the e�cient Ly↵ cool-
ing in the neutral gas, and the density jump in the shell
is (v1/c1)2 ⇡ 4 of the ambient value. As considered in the
analytical model in Sec. 2, the gas motion is approximately
plane-parallel except for inside the shell, where the tangen-
tially diverging motion has a significant e↵ect on the stream-
lines. The shell is rather thick (�Rshell/RIF ⇠ 0.1) and stable.
The size of the I-front, RIF ⇠ 2 ⇥ 10

4
au, agrees with the

analytic Strömgren radius in Eq. (13). In general, the flow
structure is consistent with previous 2D simulations in PR13
and agrees with the analytical model.

To understand the properties of the shell and its stabil-
ity, we investigate the dependence of the shell thickness on
the BH velocity, by performing runs with various BH veloc-
ities v1/c1 = 1.5 – 3 for n1 = 10

5
cm

�3 and MBH = 10
2

M�.
We observe stable D-type flows for the velocity range men-
tioned above, but the shell becomes unstable or disappears
(the I-front becomes R-type) for velocities v1/c1 > 3, as we
will see in the next section.

Figure 4 summarizes the main results found in this pa-
per with regard to the stability of the I-front. The points in
the figure show the ratio of the shell thickness to the size
of the I-front, �Rshell/RIF, as a function of v1/c1 for a large
set of simulations, as shown in the legend. We see that the
ratio becomes smaller, i.e., the shell becomes thinner, with
increasing v1/c1. The filled symbols refer to simulations in
which the shell is stable, while open symbols refer to simu-
lations with unstable shells.

The solid lines in the figure show �Rshell/RIF from the
analytical model described by Eq. (24) in Sec. 2.2, for sev-
eral values of TII, together with the arrows indicating the
values of vR, at which the thickness becomes zero accord-
ing to the model. For the moment, we focus on the curve
for TII = 6 ⇥ 10

4
K because the temperature inside the

HII region has approximately this value in the runs with
n1 = 10

5
cm

�3 and MBH = 10
2

M� (see Figure 3). With
the numerical factor set to ↵ = 0.5, the analytical curve
for TII = 4⇥10

4
K shows good agreement with the simulation

results for n1 = 10
5

cm
�3 and MBH = 10

2
M�. The agree-

ment is good also for all the other simulations in the figure,
justifying the validity of our analytical model, as well as the
choice of ↵ = 0.5. The analytical model predicts that the
thickness approaches zero as v1 approaches vR. In the runs
with n1 = 10

5
cm

�3 and MBH = 10
2

M�, however, the shell
becomes unstable before the velocity reaches vR, as indicated
by the open symbols.

We also investigate the dependence of shell thick-
ness on n1 and MBH, in addition to the dependence
on v1. We performed runs with various v1, assuming
(n1, MBH) = (10

4
cm

�3, 10
2

M�), (10
3

cm
�3, 10

2
M�), and

(10
3

cm
�3, 10

3
M�), and plot �Rshell/RIF of the stable D-type

flows in Figure 4. We see that �Rshell/RIF becomes smaller
when decreasing n1 or MBH. It appears that �Rshell/RIF is
proportional to the parameter combination MBH n1.

According to our model, the shell thickness depends on
parameters other than v1 only because of changes of the
sound speed inside the HII region, cII. We will show below
that cII depends on MBH n1, and that this dependence can
be attributed to changes in the temperature profile inside
the ionized region. In Fig. 5, we plot the upstream tem-
perature profiles along the axis of BH motion in the runs
with v1/c1 = 2 and di↵erent n1 and MBH. We normal-
ize the radius by the size of the I-front to directly compare
the temperature profiles. We see in Fig. 5 that the steep-
ness of the temperature rise inside the HII region has signif-
icant di↵erences among the runs. For the run with BH mass
MBH = 10

2
M� and n1 = 10

5
cm

�3, the temperature rapidly
reaches the almost constant value 5 – 6 ⇥ 10

4
K inside the

HII region, while the rise in temperature becomes slower
as n1 decreases. Therefore, in the lower-density case with

MNRAS 000, 1–13 (2020)

• Based on state-of-the-art 
hydrodynamical simulations 
including radiative feedback 

• The region surrounding the BH 
is ionized 

• At low velocities a bow shock 
forms ahead of the BH -> the 
flux is deflected -> accretion 
rate is suppressed

• Simple textbook model for 
accretion onto a moving compact 
object 

• Ruled out by observations 

• suppression factor (not physically 
motivated)  

• Does not take into account 
radiative feedback

λ ∼ 10−2 − 10−3

Previous works: 
Bondi-Hoyle-

Lyttleton model 

This work: Park-Ricotti 
model 
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Park-Ricotti vs B-H-L accretion
• Bondi: accurate at large 

BH speed 

• Very large deviations at low 
speeds   

• PR: peak accretion at  
 km/s 

• High gas densities 
necessary

vBH = 2cionized
s ∼ O(10)
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Searching for isolated ABHs in the CMZ

• Uniform spatial distribution 

• Velocity distribution: MB distribution  (progenitor stars,   + natal kicks  )      

• Density of clouds   

• Luminosity (RIAF)          

μ ≈ 130 km/s μ ∼ 50 − 100 km/s

P(n) ∝ n−β

Number of sources detectable in the
X-ray band 

Radio band 

L = η ·M, η = 0.1
·M

·Mcrit
L ∝ ·M2
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X-ray: number of detectable sources

• Order of 10 
sources above 
NuSTAR threshold 

• Largest 
uncertainties: 
number of BHs in 
the region, 
distribution in 
clouds

arXiv:1605.03882
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Radio: number of detectable sources

• VLA: no visible 
sources 
predicted 

• SKA (prospect): 
could unveil a 
very large 
population of 
BHs
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Preliminary: PBH Bounds 

• Monochromatic 
mass function 

• Uniform gas 
distribution

Threshold effect



Francesca Scarcella (IFT UAM/CSIC)  MultiDark - 27th Jan 2020 

Conclusions & Outlook
• Significant number of Astrophysical X-ray sources predicted 

• Could some isolated ABHs be present in NuSTAR catalog? 

• Science case for SKA

• Study dependence of bound on parameters, mass function, phase 
space distribution, gas distribution  (threshold effect) 

• Differentiate ABH and PBH populations (luminosity function?)



Thank you!


