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• Motivation 
— LIGO g-wave events → primordial BHs? 
— Fermi LAT → Galactic Centre Excess?

• Constraints on PBHs
• Energy spectrum and morphology of the signal of Galactic 

PBH
• Summing up problems, troubles and uncertainties
• Always look on the bright side of life — PBH can explain 

GCE
• Takeaway messages
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• WIMP
• axion
• sterile neutrino
• …zilla

Why not primordial BHs?



Primordial Black Holes
as Dark Matter:  

motivation & constraints
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Motivation

• Theoretically motivated by models of inflation 
For example, Kannike, Marzola, Raidal & Veermäe [1705.06225]  

• BHs radiates due to ‘eating’ of gas/plasma 
— many constraints!
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• LIGO boosted the experimental motivation (so far)
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Carr, Raidal, Tenkanen, Vaskonen & Veermäe [1705.05567]
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Carr, Raidal, Tenkanen, Vaskonen & Veermäe [1705.05567]



Galactic Centre (𝜸-ray) Excess
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Galactic Centre Excess  9

Hooper & Goodenough [1010.2752]  
 

~500 papers
 

a paper from the Fermi collaboration,  
Ackermann et al [1704.03910]  

Distributed in energy, maximum around 1-5 GeV

Extended morphology, central symmetric (?),

NB! The GCE signal is only few % of the total



GCE: energy spectrum  10

Hektor, Hütsi & Raidal [appearing soon]



GCE: energy spectrum  11

Ackermann et al [1704.03910]



GCE: morphology  12

Ackermann et al [1704.03910]



GCE: morphology  13

Ajello et al [1705.00009]



Does BH radiate 𝜸-rays?
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Radiation of BH  15

• BH radiates due to the dissipation of accretion (gas/plasma)
• PBHs are typically isolated and ‘starving’ (Ltot≪LEdd)  
→ ADAF,  Ltot < 0.01 LEdd

• The bolometric luminosity of BH
LB ∝ (ngas v-3)𝜶,  1<𝜶<2



Radiation spectrum of ADAF  16

Narayan, Mahadevan & Quataert [astro-ph/9803141]



Radiation spectrum of ADAF  17

Narayan, Mahadevan & Quataert [astro-ph/9803141]



Let’s put this to the picture…  18

Hektor, Hütsi & Raidal [appearing soon]



Let’s put this to the picture…  19

Hektor, Hütsi & Raidal [appearing soon]



Let’s put this to the picture…  20

Narayan, Mahadevan & Quataert [astro-ph/9803141]



The morphology
& total luminosity
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Radiation of BH  22



Summing up problems, troubles 
and uncertainties 
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Distribution of BHs:
NWF? Stellar clusters?

Distribution of gas:
H2 only? all?

analytic model? numeric data?

Relative dispersion of BHs and gas
NB! Very sensitive!

Total potential + solve Jeans equations?
observational data + DM simulations?



Summing up problems, troubles 
and uncertainties 
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Distribution of BHs:
NWF? Stellar clusters?

Distribution of gas:
H2 only? all?

analytic model? numeric data?

Relative dispersion of BHs and gas
NB! Very sensitive!

(Total) potential + solve Jeans equations?
observational data + DM simulations?



Distribution of H2  25

Pohl et al [0712.4264]



Morphology of the signal  26

• Calculations — Monte Carlo (with some analytical 
tests):  
— due to j∝v-3𝞪, the MC samples vary strongly 

— some bright sources can appear above the 
NuSTAR point source constraint

• The distribution of molecular gas (Pohl et al 
[0712.4264]) has north/south (b>0/b<0) asymmetry

• ‘Technicalities’: H2 is measured by CO lines, what is 
the relation factor XCO between CO and H2? Many 
different models



Morphology of the signal  27



• PHS can provide all DM in the dark corners of some 
models

• The energy spectrum of PBH fits GCE
• The morphology of the PHB signal has many 

uncertainties: distribution of gas and PBHs, velocity 
dispersion

• Fitting the PHB signal against GCE:  
— (too) bright central region (b<1 deg)  
— asymmetry between the north and south (b>0 / b<0)  

• Future: finish a preprint, try different H2 datasets, 
looking for better models of velocity dispersion etc

 28Takeaway messages



Thank you!


