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The Motivation

LIGO Detects Gravitational 
Waves from Black Holes

PRL 116, 061102 (2016)

Did LIGO detect DM??

PRL 116, 201301 (2016)



Primordial Black Holes as Dark Matter

Constraints on PBH Mass

PRD 95, 043534 (2017)



Primordial Black Holes as Dark Matter

Dynamics
- PBHs 

disrupt 
existing 
wide 
binaries

- PBHs affect 
dynamics 
of stars in 
dwarfs

Microlensing
- PBHs microlense light 

from start in MW, 
LMC, SMC...

Cosmology
- PBHs in early universe heat up 

environment via accretion + 
radiation, changing the CMB

Constraints on PBH Mass



Primordial Black Holes as Dark Matter

Constraints on PBH Mass

PRD 95, 043534 (2017)

LIGO BHs: ∼30 M
☉



Primordial Black Holes in the Milky Way

If PBHs are DM:
- MW halo contains 

1011 30 M
☉

 PBHs
- 109 in the bulge

Can this many objects 
hide in the Milky Way?



The physics of accreting black holes

What we know about 
astrophysical black holes:
- They accrete gas, launch 

jets, and radiate X-ray and 
radio emission

Fundamental Plane 
for BHs with jets:
- Mass of BH
- Radio Luminosity
- X-ray Luminosity

MNRAS 419:267 (2012)



The physics of accreting black holes

- Assume that primordial black holes will accrete 
gas and radiate emission

- Use FP to predict the radio and X-ray emission 
from PBHs + compare with observations

MNRAS 419:267 (2012)



PBHs in the Milky Way: the plan

Mass , velocity, gas 
distributions

Calculate accretion rate

Convert accretion rate 
to L

X-ray

Convert L
x-ray

 to L
radio

 
with FP

Compare L
x-ray

 and L
radio 

with observations
Flow chart inspired by Fig 1 

in  MNRAS 430:3 (2013)



PBHs in the Milky Way: the plan

Mass , velocity, gas 
distributions

Calculate accretion rate

Convert accretion rate 
to L

X-ray

Convert L
x-ray

 to L
radio

 
with FP

Compare L
x-ray

 and L
radio 

with observations

NFW | Maxwell-Boltzmann 
distribution | 3D bulge model

Assume inefficient accretion:

- L
Bolometric

 ∝ Ṁ2, Ṁ = ᶝṀ
Bondi

- Ṁ ∝ v-3 → small velocities 
drive constraints

Assume spectrum with index=0.6 

to convert L
Bolometric

 to L
X-ray

Chandra, NuSTAR, VLA, SKA

Assume flat radio spectrum



PBHs in the Milky Way: Observations

Chandra (0.5-8 keV)
L > 4e32 erg/s :
- 500 (likely Galactic) 

sources detected 

- All 500 are 

candidate PBHs

- 2500±50 PBHs 

detectable in ROI

→ f
DM

= 1 excluded at 

40σ ApJSS 181:110 (2009)



PBHs in the Milky Way: Observations

ApJ 825:132 (2016)

NuSTAR (10-40 keV)
L > 8e32 erg/s:
- 70 sources detected

- 30 candidate PBHs

- 160±12 PBHs 

detectable in ROI

→ f
DM

= 1 excluded at 

10σ



PBHs in the Milky Way: Observations

ApJSS 174:481 (2008)

VLA (1.4 GHz)
flux > 1 mJy:
- 170 detected sources

- 0 candidate PBHs 

(from FP + Chandra)

- 40±6 PBHs 

detectable in ROI

→ f
DM

= 1 excluded at 

6σ



PBHs in the Milky Way: Constraints

PRL 118, 241101 (2017)



PBHs in the Milky Way: Radio Results

PRL 118, 241101 (2017)

40±6 PBHs detectable with VLA



PBHs in the Milky Way: Radio Results

PRL 118, 241101 (2017)

40±6 PBHs detectable with VLA

Size ∝ velocity
All velocities < 10 km/s



PBHs in the Milky Way: SKA predictions

Assuming PBHs 
are 1% of DM (!)



PBHs in the Milky Way: SKA predictions

Assuming PBHs 
are 1% of DM (!)

SKA will detect (or rule out) this population!



Searching for PBHs in Radio + X-ray

Can we hide a population of 
PBHs in the Milky Way? NO



Searching for PBHs in Radio + X-ray

Can we hide a population of 
PBHs in the Milky Way? NO

Constraints complement 
previous bounds, totally 

different method

SKA will detect (or rule out) this population!



Primordial Black Holes in the Milky Way

Back up slides



Primordial Black Holes in the Milky Way

Inefficient Accretion

Ṁ = λṀ
bondi

 = 4ᶢλ(GM
bh

)2ρ(v
bh

2+c
s
2)-3/2

L = ηṀ, η = 0.1Ṁ/Ṁ
crit

 for Ṁ<Ṁ
crit

;  Ṁ
crit

 = 0.01Ṁ
edd

→ L ∝ Ṁ2

We choose: λ = 0.02 → Ṁ ∼ Sgr A*



Primordial Black Holes in the Milky Way

Velocity Distribution

Gas model in the bulge: 
Ferrière+2007, A&A, 467:611

Mass model in the bulge:
McMillan 2017, MNRAS, 465:76

Assume: 
● Isotropic orbits 

○ checked against Aquarius simulation
● v(R) = v

circ
(R) 

○ checked against phase-space calculation; valid for v<40km/s



PBHs in the Milky Way: SKA predictions

Assuming PBHs 
are 1% of DM (!)


