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Abstract:

Recent years have seen remarkable progress in the exploration of black holes in the ea
hundreds of accreting black holes within the first few billion years after the Big Bang
appear to be simple extrapolations of the local population of active galactic nuclei (
different and intriguing properties. In this talk, I will discuss how these features are
growth of black holes, while at the same time opening new puzzles with potential implica
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The James Webb Space Telescope: huge leap in sensitivity...
happened very rarely in the history of science
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Equivalent to instantaneously
1= upgrading Galileo’s telescope
to modern large telescopes
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Cosmic Noon

Cosmic
Dawn

Reionization era

First galaxies form

Galaxies evolve
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JWST has revealed that the early Universe is
much more exciting and puzzling than what we thought

Early galaxies: too luminous too early
Quenched galaxies: too passive too early, too many stars too early
Chemical enrichment: too rich too early, too poor too late, too whacky

Black holes: too massive too early, too naked, too weird, ...
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The new black holes discovery space opened by JWST
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JWST’s discovery of several
intermediate/low luminosity
Active Galactic Nuclei (AGN)
in the early Universe
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Ubler et al. 2023, 2024, Maiolino et al. 2023, 2024, Scholtz et al. 2023, Kocevsky et al. 2023,2024, Harikane et al 2023,
Kokorev et al. 2023, Furtak et al. 2023, Greene et al. 2023, Taylor et al. 2024,...
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Accreting BHs mostly via the detection of broad Balmer lines (type 1 AGN)
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but also high excitation narrow
forbidden lines (type 2 AGN)
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Note: possible alternative non-AGN interpretations of broad lines: Kokubo+2024, Baggen+24, Guia+24, Maiolino+25, Chisholm+26
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Black Holes discovered
by JWST at z>4

Eddington limit

Previously discovered
Black Holes in quasars

IOg L/ LEdd

Joudzbalis et al. 2024

(modulo adequate measurement
of the BH masses)
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A large population!
~ 10% - 1% of galaxies at z~4-6 host an AGN (with L,;,>10% — 10% erg/s)
Well above the extrapolation of luminous quasars and X-ray selected AGN
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Potentially relevant for reionization

Madau+24

Grazian+24 ~20-100%
Dayal+24 ~20%
Asthana+24

Jiang+25 <30%
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Age of the Universe [Myr]
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Kokorev+23, 20 15 1312 11 10 9 8 7 6

Maiolino+24, Bogdan+23, Redshift

Larson+23, Tripodi+25, Taylor+25
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Age of the Universe [Myr]
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Bennet+24, Trinca+24, Zhang+24, Koudmani+23, ... [and many others]
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At z>4 large population of “over-massive” Black Holes...
...nearly as massive as their host galaxies
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Newmani2s  Turtier Early galaxies formed faster than originally thought...
ogdan+ Jones+25
hairiuli ot ... black holes formed even faster!
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Over-massive black holes explained by various models/simulations invoking a combination of
super-Eddington accretion, heavy/intermediate BH seeds, ...
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At least part of the offset on the Mg,-Mstar relatlon

likely emerges from selection effects

(i.e. overmassive BHs in accretion easier to detect)
Yet, even if only a tail, g
it is still means that X
the Universe manages to create 9
such monsters in tiny galaxies B

- Additionally, bias effects does not explain other features...
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Most early black holes seem closer to the local Mg,-6 and Mg,-My,, relations
=> these relations are more fundamental and universal
(Note: in the bias scenario Mg, should be offset by the same orders of magnitude in these diagrams)

10 A

O
1

Juodzbalis+25
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Ubler23
7 Maiolino+24
Juodzbalis+24
Newman+25
6

16 1.8 20 22 24 26 9 10 11 12
IOg O+ [km S_l] log Mgyn [Mo]
Combined with the Mg,-M,, offset, this means that:

- Baryons already in place (=> high gas fractions) but prevented from forming stars?
- Dark Matter dominated?... McClymont+25
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The Doppler broadening
the broad lines traces
the motions of clouds
near the black holes
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Direct, dynamical black hole mass measurement at z=7

Directly measured Black Hole mass consistent with standard virial relations

Furtak+24 (HB) 4 ~ -
Ji+25 (HB) { p Virial relations &
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Juodzbalis+25

Pirsa: 26040074 Page 20/44



Direct, dynamical black hole & galaxy mass measurement at z=7

The Keplerian rotation curve leaves little room for any galaxy around the black hole...
... black hole more massive than its host galaxy (if there is a galaxy at all around it...)
... a nearly “naked” black hole
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Extremely low metallicity at z=7
Consistent with little star formation around the BH

Fa [107%0 erg s™1 em™2]
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Heavy seeds (Direct Collapse BHs or Primordial BHs)
seem to be the most likely scenario in this case
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More extremely metal poor accreting black holes (more heavy seeds?)
though minor population (but maybe selection effects)
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X-ray weakness
The vast majority of the AGN newly discovered by JWST are X-ray undetected!
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Also Radio weakness

Mazzolari+25
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Possible explanations

Low-z or High-L
or X-ray selected
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JWST-identified at high-z

Intrinsic X-ray weakness

High obscuration (high/super-Edd accretion rate?)
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X-ray detection at very high energies in (narrow line) type 2 AGN stack at z>4

-> evidence for extreme absorption

N, > 2 x 1024 cm3 (Compton thick)
Type 2 (Narrow Line AGN) stack

1-4 keV rest 4-7.25 keV rest 10-30 keV rest 109,
y B . S0 -
3 i 1010 ]
10-30 ké\f"""'--f . é
Comastri+25 Ny =5 x 102 cm—2
P— NH =2 % 1024 Cl'l"l_2
- & — NH = 1025 (’:11‘1_2
Broad line AGN (type 1) remain undetected, ®  This work, stacked detection
: - This work, upper limits
even with larges samples... 101 - - -
just the opposite of what seen locally! Energy [keV]
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Spectral Energy Distribution properties of the new broad line AGN
population found by JWST

10%-30% are “Little Red Dots”:
blue UV slope & red optical slope |
often with prominent Balmer break
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Prominent Balmer breaks in LRDs at high-z... 5
if ascribed to evolved stellar populations,

exceedingly large stellar masses (cosmology breaklng)%
and extreme stellar densities?
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Discovery of Ha and/or Hf3 in absorption in Little Red Dots
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Yet Ho and HP3 absorption must also come with a Balmer Break (simple quantum physics)

Ful1071% erg s=! cm=! pm=!]

\ 3 ;
densityn;; —— 10° cm3

— 107 em® — 10" cm

1 HB absorption

%3
% 1

Ha absorption

n=2 A
Collisional
or radiative

excitation
= ——
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Lya emission

%(trapped)

Observed Balmer break in LRDs
possibly due to absorption of dense (BLR-like)
gas around AGN

3

Flux density F; (arbitrary unit)

2000 [ 30|00 I 4000 I 5000
Rest-frame wavelength IA]
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