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JWST’ UNIQUE FEATURES

GHZ2: 'prototypical’ example
- First galaxy detected at z>11

- Unexpectedly bright

- Spectrum fuII of bright UV lines

Castellano, AF+24, 25
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THE JWST LUMINOSITY FUNCTION(S)

At z~10, there Is a considerable consistency among various determinations
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THE JWST LUMINOSITY FUNCTION(S)

At z~10, there is a considerable consistency am
Above most of the pre-dJWST m
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We had hit the limit of the
HST capabilities..
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THE JWST LUMINOSITY FUNCTION(S)

At z=12 - 14, there are still significant differences among different measurements
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+ Statistical error and systematics increase with z

4+ Small-sample errors dominate at z>13

Number/mag/Mpc”’
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4+ Bright & faint sides poorly constrained, especially at z>12




4+ We have not reached a solid statistical census at z>10:
we need larger/deeper surveys
(community-wide efforts will come sooner or later).



Finkelstein+24

THE “EXCESS” OF Zz>10 GALAXIES

Pre-JWST theoretical models were under-predicting UVLF at z>10.

They assumed physical mechanism to remain “constant” at z>10
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EXCESS OF BRIGHT GALAXIES?
...EXCESS OF POSSIBLE INTERPRETATIONS...

€ Stellar evolution: high L/M, low Z, binaries?, IMF? —> more
luminous

€ Increased efficiency of star formation rate (€)—> more massive

& Bursty Star formation /Lack of feedback / Overcooling —> more
luminous

& AGN —> more luminous

€ Non standard cosmology —> more abundant/massive

« Ferrara+22, Ziparo+23, Fiore+23, Mason+23, Shen+23, Harikane+23, Qin+23, Dekel+23, Dekel+24, Ferrara+24, Renzini 2
Harikane+23, Haslbauer+22, Finkelstein+23, Yung+23, Padmanabhan & Loeb 23, Melia 23



For instance...

Dekel+23 increases the efficiency errs

EXPLAINING THE LF EVOLUTION

As redshift increases, theoretical models need to include progressive
changes to the physics of galaxy formation.

Cueto+24, Mauerhofer+25 evolving IMF

Somerville+25 increases density modulated SF + evolving
dust content + burstiness

Ferrara+23,24,25 includes an Attenuation-Free Model
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While this multi-faceted picture may seem unsatisfying from an
Occam’s Razor perspective,



WE NEED ADDITIONAL DISCRIMINATING TESTS..

The evolution of the SSFR(z)

SED analysis on ASTRODEEP catalog (Merlin+24).

Non-parametric SFH including recent burst
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4+ We need a combined effort combining observations and
theory In a self-consistent manner to reveal physical
processes ongoing In early galaxies



DIVERSITY AMONG Z>10 GALAXIES
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DIVERSITY AMONG Z>10 GALAXIES

Size and emission properties are correlated.

Strong emitters are very compact: <100pc

Weak emitters are on the evolutionary line of disks

Adapted from Roberts-Borsani et al. (2025b)
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Simulations by Yajima+22,23 predict sizes oscillating between the two regimes..

Also Naidu et al. (2025), Ono et al. (2025), D’Eugenio+24...



DIVERSITY INSIDE Z>10 GALAXIES

Strong lensing helps resolving star clusters

Cosmic Gems arc z=9.6

Observed > GravityFM GravityFM GravityFM
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Flux density (1071? erg/s/cm?/4)

Castellano+, 2025
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Conclusion#3

4+ Are we seeing different “snapshots” of a common
evolutionary path or are there intrinsically different
tracks?

+ Can we explain the diversity within a single self-
consistent theoretical model?



WHAT ABOUT REIONIZATION?

The photon production rate:
(N of galaxies) x (UV Emission) x (Escape Fraction)
UVL D1500 X Eion X fesc:

Must win over recombination in a clumpy (C) IGM

UVLD x &on X fesc and C are all difficult to
measure, and often degenerate

JWST has found 1) many galaxies and a 2)

large ionising power and 3) escape fraction!
A With AGNs on top!
e D (0501 Easy to explain reionisation... but still

Lya DW (LBG) -
Clustering (LAE)

e aan | unclear which sources really dominated it.

Lya EW (LBG) —
A GP (QS0)

D Lya+LyB (QS0)
CMB -

XHI
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JWST HAS IDENTIFIED A NUMBER OF FAINT AGN IN Z>8 GALAXIES

The dual nature of GHZ9: coexisting AGN and star formation activity in a remote X-ray source at z=10.145

vvvvvvvvvvvvvvvvvvvvvvv

2
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N-CDM COSMOLOGY IS CHALLENGED

What would be the impact of non A-CDM cosmologies?

They change the DM Halo distribution and help forming
z~12 galaxies without invoking extreme baryonic process

“Phantom” models:

Early Dark Energy |
Fast expansion N egatlve G +
before recombination qulntessencg
o = — (DESI compliant)
= [ o - Myy
2~ £ o
I ap — -1.19
= 4l A*. —— -0.92
AT — -0.65
= e -().38
& —— 011
= onp —— 0.8
= —_ M.=10"Mg ™ . 0.43
S [ opciodM, ——— 0.7 ACDM
= Fee Mo=10"Mg
T M=107 Mg ., ‘
’7lllil.léll.él.’llul()ll.|121l.hll4.\l.lf)

Shen+24 : Menci+24



Looking forward...

We need a synergic, multi-disciplinary approach

. | ’
» .

Reionization

T — ——

First stars & Galaxies Feedback
High z AGN

Primordial Black Holes

Cosmology

B — T




Looking forward...

+JWST will keep leading the revolution for a decade:
4+ No similar facility even at the horizon
4+ The pressure is extremely high (15:1)
4+ Community-wide efforts will come sooner or later.
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Looking forward...

+JWST will keep leading the revolution for a decade:
+ No similar facility even at the horizon
4+ The pressure is extremely high (15:1)
4+ Community-wide efforts will come sooner or later.
+ ALMA will complement JWST (looking ahead to ALMAA40...)

4+ Euclid will explore the bright side of the galaxy population



Courtesy of P. Oesch
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Looking forward...

+JWST will keep leading the revolution for a decade:

4+ No similar facility even at the horizon

4+ The pressure is extremely high (15:1)

4+ Community-wide efforts will come sooner or later.
+ALMA will complement JWST (looking ahead to ALMA40...)
4+ Euclid will explore the bright side of the galaxy population
+ MOONS@VLT will add useful data (lya clustering at z~7)

4+ SKA(1) will provide new hints on reionisation timescale and nature of sources (21-
cm power spectrum)

4+ In the long term, GW experiments will provide new data on BH merging

4+ The BIG elephant in the room...



Extremely
Large
Telescope

James Webb



Flux density (10 '° erg/sicm?/4)
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THE QUESTIONS ON THE GROUND

Internal Dynamics will be hardly measured with JWST —> no 3D shape, Mass.

GHZ1 z~10 GHZ2 z~12
Two of the brightest galaxies ever detected z>10

u
ELT
JWST
= HARMONI

Is it a rotating disk at z=10777 Composite AGN???

28



Looking forward...

+JWST will keep leading the revolution for a decade:

4+ No similar facility even at the horizon

4+ The pressure is extremely high (15:1)

4+ Community-wide efforts will come sooner or later.

+ ALMA will complement JWST (ALMA40 would be terrific!)
4+ Euclid will explore the bright side of the galaxy population
+ MOONS@VLT will add useful data (lya clustering at z~7)

+ SKA(1) will provide new hints on reionisation timescale and nature of sources (21-
cm power spectrum)

4+ In the long term, GW experiments will provide new data on BH merging

4+ The BIG elephant in the room...ELT IS COMING and will represent a ground-
breaking opportunity



Summary of (my personal) Open Issues

Observations

4+ Measure the evolution of the UVLF with high statistical
accuracy, as d¢/dz is small.

4+ We need wider/deeper surveys to beat statistical and
cosmic variance.

4+ Increase completeness by expanding the spec.
validation to lower-quality candidates at all z.

4 Cross-validate the “technicalities” in the LF
computation.

4+ We need MIRI observations at z>10 to secure stellar
masses and optical lines!!!!

4+ Extend our observations to low mass/luminosity
galaxies as they correspond to the first stages of
evolution.

4 We need a combined effort to consolidate the
accuracy and robustness of rest-frame measurements.

4+ Improve “reliability” in the measurements of rest frame
properties.

4+ Confirm/dispute existing z>15 candidates
4+ Characterise interlopers
4+ Design an “end of the world” survey to explore z>15.

4+ Prepare for ELT science: higher spatial and spectral
resolution and later S/N (at A<2.4pm).

Interpretation

4+ The multi-faceted nature of high z galaxies adds
complexity to the problem.

4+ How can we build theoretical models that
cover a wide range of spatial scales and
physical conditions?

4+ Elephant in the room (or under the carpet):
dust!

4+ We need a combined effort to consolidate the
accuracy and robustness of rest-frame
measurements.

4 Can we start to discard some theoretical
option?

4+ We should expand the forward modelling
approach to reduce obs/theo mismatches.

4+ Refine models in order to reduce the spread in
the predictions at z>15



