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IB x CXB fluctuations indicate high-z BH popglation @“ @Sa
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UNlVERSE 13.8 billion years ago ; ‘ "\/ R o

with seeds of future galaxies Significant cosmic

«+ _ background fluctuations
have been found both in
the NIR and in X-rays.

- The strong CIB/CXB cross-

correlation signal indicates

COSMIC DARK AGES - a substantial contribution
380,000 to 400 million years of Black Holes to the signal.
after the Big Bang S

There is no correlation with
fluctuations in the deepest
B HST images, therefore the
. - signal likely comes from
-~ redshifts z>13.

et : - Large angular scale also
- - points to high-z origin.

- 400 million yearsafter the Big Bang il T
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2= 6.54 How to produce the first proto-quasars
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ULAS J1342+0928

(Banados et al., 2018)

Black Hole 0

0.01 0.1 1 10 Archibald et al., 2001

t / Gyr
Need massive seed Black Holes early in the Universe!

z=6.54
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“Stray Black Holes” in the Galactic Cente

In 2017 JCMT astronofers have discovered two
massive clouds with sizes cﬂ?'r'v'lpc and very,_

broad velocity widths >40 kmé/s. They i
this a3 massive comp%ct objéctf(» 10 Mg)
ptunging with velocities of ~100

molecular cloud.
Q Q.
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A total of 5 Intermediate-Mass Black Holes (104 %5

nterpret

] Z [pc]
S IntOba o -0.15 +
L 0.1 F
-0.05 |-
0
| 0.05

> Mg) have been identified in the Central

Molecular Zone from high angular resolution

ALMA and radio data.

Takekawa et al., 2017, 2019, 2020
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Masses In the Stellar Graveyard dcesa

1200 k Holes LIGO-Virgo-KAGRA MNeutron M Newlron Stars
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Wyrzykowski L, Mandel I., 2019; Garcia-Bellido 2019

_ OGLE/GAIA Microlensing events d:esa

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 Mg in the PBH
mass distribution.
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‘uﬁ%lel finds Clumping of Dark Matter Q‘ esa
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- . Uniform single mass
Dark Matter
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Clustered wide mass
distribution Dark Matter
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Early Universe Phase Transitions interaction

strong
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{ electromagnetic Sphaleron transitions are
. L alackiowaak processes violating the lepton
g'g and baryon number
ang weak | conservation and are invoked
gravity for baryogenesis. They are
expected to happen at the EW
T 2 19
Kl 10*° GeV .°§' scale.
o
10%- 2 2 & Quarks freeze out to form
Q > 8 hadrons (baryons, pions) at
£ § the QCD transition. This
5 © reduces the sound speed and
) o e
10%°1 102 GeV =z S allows gravitational collapse.
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PBH Mass Spectrum
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Different peaks
correspond to different
baryons created at the
QCD phase transition
and e*e- annihilation
and the corresponding
reduction in the sound
velocity.
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Garcia-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.
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Primordial Black Hole Dark Matter Scheme “\Q\gesa

»~ PBH Bondi-Accretion e PBH + PBH-QSO
% POPII * POPIIl C: Central S: Satellite & IGM

T,> 4x104 K

[ ] .f @
2x103 K >T,;> 4x10* K

Cappelluti, Hasinger & Natarayan, ApJ 2021
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PBH add small DM haloes and early star formation \\
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Dark Matter Halo Growth Star Formation History

Tvir > 40000 K Pop 111

T, > 10000 K ] Pop I Z~35

Tw',-> 5000 K . ZN15 =
— Tuir=>2000K )

10°

SFR (M Mpc—3 yr1)
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field limit
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Significant steepening of NIR source counts predicted in JWST Deep Fields!
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eROSITA X-ray ILuminosity function at z>6 i\&\&iesa
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EVOLUTION OF
THE UNIVERSE Formation of

Bitamdadca DBlidc M Bidkes Early (9 billion years)
galaxies e
First stars appear /__/l,f =
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Black Holes everywhere! Today
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———— Thankyou
very much!
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