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CIB x CXB fluctuations indicate high-z BH population

Significant cosmic 
background fluctuations 
have been found both in 
the NIR and in X-rays.

The strong CIB/CXB cross-
correlation signal indicates 
a substantial contribution 
of Black Holes to the signal.

There is no correlation with 
fluctuations in the deepest 
HST images, therefore the 
signal likely comes from 

redshifts z>13. 

Large angular scale also 
points to high-z origin.
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Need massive seed Black Holes early in the Universe !
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In 2017 JCMT astronomers have discovered two 
massive clouds with sizes of ~1pc and very 
broad velocity widths >40 km/s. They interpret 
this as massive compact objects (≫10 M⦿) 
plunging with velocities of ~100 km/s into a 
molecular cloud.

HCN−0.009−0.044

HCN−0.085−0.094

A total of 5 Intermediate-Mass Black Holes (104-

5 M⦿) have been identified in the Central 
Molecular Zone from high angular resolution 

ALMA and radio data.

Takekawa et al., 2017, 2019, 2020

“Stray Black Holes” in the Galactic Center

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjo443lgurWAhUCRhQKHRP8DgIQjRwIBw&url=http://www.eaobservatory.org/jcmt/2017/07/stray-black-holes-discovered-in-the-galactic-centre/&psig=AOvVaw2RLNe3CJcTJKXLtJ0dicnj&ust=1507861187061573


OGLE/GAIA events

… the plot thickens!



OGLE/GAIA Microlensing events

OGLE has detected ~60 long-
duration microlensing events. 
~20 of these have GAIA parallax 
distances of a few kpc, which 
break the mass–distance 
degeneracy of microlensing and 
allow the determination of 
masses in the few solar mass 
range, which imply that they are 
probably black holes, since stars 
at those distances would be 
visible by OGLE. 

Their masses overlap the stellar 
BH mass gap, and are 
consistent with the predicted 
peak around 2 M⦿ in the PBH 
mass distribution. 

Wyrzykowski L, Mandel I., 2019; García-Bellido 2019



Hubble finds Clumping of Dark Matter

Uniform single mass 

Dark Matter 

Clustered wide mass 

distribution Dark Matter

Meneghetti et al, 2020, Science



Early Universe Phase Transitions

EW transition 100 GeV

QCD transition 100 MeV

Sphaleron transitions are 
processes violating the lepton 
and baryon number 
conservation and are invoked 

for baryogenesis. They are 
expected to happen at the EW 
scale.

Quarks freeze out to form 
hadrons (baryons, pions) at 
the QCD transition. This 
reduces the sound speed and 

allows gravitational collapse.

PBH collapse locally re-heats hot spots to the EW scale



PBH Mass Spectrum

Chandrasekhar Mass

Supermassive BH

Planetary mass BH

García-Bellido 2019

Different peaks 

correspond to different 
baryons created at the 

QCD phase transition 

and e+e- annihilation 
and the corresponding 

reduction in the sound 
velocity.

LIGO

Protons & 
neutrons

pions

e+e-

Z,W bosons

However, the original PBH 

mass spectra were 
somewhat in conflict with 

important observational 

constraints in the LIGO 
and SMBH mass range. 



PBH mass spectrum assumed for this work

IMBH & 
SMBH in GC

García-Bellido et al. are working on a 
new version of their PBH mass 
spectrum, which assumes a rolling 
index of the primordial power 

spectrum and thus has a steeper 
decline at large PBH masses. This is 
now fully consistent with all 
observational constraints.

This is, what we use to estimate the 
PBH contribution to the extragalactic 
backgrounds.



Primordial Black Hole Dark Matter Scheme

Cappelluti, Hasinger & Natarayan, ApJ 2021



PBH add small DM haloes and early star formation

Dark Matter Halo Growth Star Formation History

Pop III
z~35Pop II

z~15



Residual X-ray Background
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NIR counts and X-ray flux from early BH and stars

Significant steepening of NIR source counts predicted in JWST Deep Fields!



eROSITA X-ray Luminosity function at z>6 
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Einstein Telescope, LISA and PTA BH Merger Reach

(Kaiser & McWilliams 2021)



Standard Dark MatterPrimordial Black Holes

First stars

Black Holes everywhere!



Thank you 
very much!


