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Tacchella et al. 2020

Green et al. 2022
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Arrabal Haro et al. 2023



Photometric redshifts with SED fitting methods







Halo and Galaxy Mass Functions

What Does Luminosity Functions Tell Us About Galaxy Formation ?

Mutch et al. (2018)



Star Formation Efficiency

Efficiency DM accretion rate

Baryon fraction

Tacchella et al. 2024
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• Small, compact 
• Faint, low-mass 
• Irregular, no clear structure 
• Metal-poor 
• Young stellar population 
• Number density determined by galaxy evolution (DM + baryons)

Expected properties of early galaxies





Incompatible 
avec le modèle 
cosmologique

Boylan-Kolchin+24
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Gravitational Telescopes









100 101 102 103

log(Area [Arcmin2])

28

29

30

31

32

33

34

D
ep

th
[A

B
m

ag
]

COSMOS-Web

PRIMER
CEERS

PEARLS

CANUCS
HFF

HUDF

JADES
NGDEEP

UNCOVER

GLIMPSE

JWST Surveys

HST Surveys

GLIMPSE

22h49m00s 48m50s 40s

°44±310

320

330

340

350

Right Ascension

D
ec

lin
at

io
n

F090W
0.2” Diameter 5s Intrinsic Depth

16th Percentile: 30.73
50th Percentile: 31.23
84th Percentile: 32.51

30 31 32 33 34
AB Mag

PI H. Atek



Kokorev et al. 2025

A Glimpse of the redshift frontier



A Glimpse of the redshift frontier



The UV Luminosity Function at z>9
Chemerynska et al. 2025



The Build-up of Stellar Mass Density at Early Epochs
Chemerynska et al. 2025



• Weak feedback or feedback-free SF at early times 

• Top-heavy IMF, can reduce the mass, SFR by a factor of 3-5  

• PopIII stellar population  

• AGN activity, especially for such bright galaxies cf. GNz-11, UHZ1 

• No star- formation suppression before the EoR  

• Low-redshift contaminants 

• Lack of dust  

• Stochastic star formation 

Yung et al. 2023

Theoretical studies and scenarios to explain 
the overabundance of UV-bright galaxies

See Boylan-Kolchin23, Shen+23, Yung+23,

Sun+23, Munoz+23, Ciesla+23, Dekel+23, 
Pallottini+23, Narayanan+23, Asada+23, 
Mason+23, Lovell+23, Ferrara+23, 
Fujimoto+23, Meyer+24, Naidu+23 and others



Star Formation

Feedback

Gas accretion

 Dekel+23, Li+24

Feedback-Free Starbursts
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Shuntov et al. 2025

Stochastic Star Formation History

See Boylan-Kolchin23, Shen+23, Yung+23, Sun+23, Munoz+23, Ciesla+23, Asada+23, Mason+23, 
Lovell+23, Ferrara+23, Fujimoto+23, Meyer+24, Naidu+23 and others



Etoiles super massives



Etoiles super massives

Sun



Population III features



Morishita et al. 2025



Tumlinson et al. 2017



Chemical enrichment of early galaxies



Physical properties of early galaxies

Katz+23


Some early galaxies seem to have different ISM properties:
 e.g unusually high temperatures 









Atek et al., Nature, 2024

The ionizing photon production efficiency is 
much higher in fainter galaxies

The ionizing efficiency of EoR galaxies 
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Low-redshift calibration of indirect indicators

Chisholm et al. (2023)

UV

Hubble Low-redshift LyC Survey

The LyC escape fraction in EoR galaxies  

Chisholm et al. in prep



JWST constraints on the ionizing efficiency leads 
to early reionization.  

Munoz et al. (2024)

An ionizing photon budget crisis ?
- Variable Xi_ion in galaxies ? 
- Lower fesc than inferred from low redshift ? 
- Ingredients of reionization models ?

Possible ways out



What about the contribution of AGNs ?

Jiang et al. 2025




A slow evolution of the star formation rate density ?

ISSI Bern, Adamo et al. 2024

10-100x

JWST
Increasing SF efficiency: 

First galaxies formed earlier ?



An ionized bubble at z~13 ?

Witstok et al. (2024)








