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Big BangToday

(ESA web page)

EoR

One of the objectives of JWST is to discover the first galaxies and the first stars in 
the EoR.



Carniani et al. (2024):

Z = 14
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Lyman break galaxy at z = 10.6
(HI absorbs photons below 1215 A )

H, He, C, N, O, Ne, Mg emission lines visible

Bunker et al. (2023):
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4 Lyman break galaxies:

z = 10.4, 11.6, 12.6, 13.2
Z = 0.01 - 0.04 Zsun
Mass = 10 - 100 Million Msun
Edad = 35 - 200 Myr

Curtis-Lake et al. (2023):

(HI absorbs photons below 1215 A )
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Oesch et al. 2023, MNRAS, 525, 2864

Galaxy at z=7.6 with H and [OIII] emission lines at the EOR.

Oesch et al. (2023):
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Carnall et al. (2024):
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Big BangToday

(ESA web page)

EoR

One of the objectives of JWST is to discover the first galaxies and the first stars in 
the EoR.
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First Stars (Pop III):
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Maiolino et al. (2024)



12

Maiolino et al. (2024)
Galaxies detected so far in the EoR have the expected properties but contain heavy elements 
and hence are not formed by PopIII stars (H y He).
Possibly PopIII stars can be detected via Integral Field Spectroscopy with JWST, which 
will allow to separate star forming regions of pristine composition from already polluted 
regions. With slit spectroscopy both populations are mixed and PopII stars dominate.
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Atek et al. (2024)

8 ultra faint galaxies in a very small field

Rate of ionizing photons exceeds that 
needed for reionization even for escape 
fraction as low as 5%

Not QSO’s, nor bright galaxies

Reionization
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Huertas-Company et al. (2024)

Complex morphological diversity already in place ~ 1 Gyr after the Big Bang

Morphology
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Galaxies develop 
similar morphology 
to the MW already 
at 3.7 Gyr after the 
Big Bang (vs. ~ 6 
Gyr predicted by 
theory).

MW-like galaxies:
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Pérez-González et al. (2024)
Little Red Dots (LRD’s)
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Lilly - Madau Plot

Cosmic Noon

Cosmic Noon

Bouwens et al. (2023)
SFR density:



- JWST has detected large numbers of large and luminous galaxies made out of 
stars, present in the universe as early as 300 Myr after the Big Bang  

- Hints on how to look for PopIII stars 

- Reionization 

- Morphology 

- Little red dots 
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Conclusions:

Derived properties from spectral fits are 
model dependent (e.g., lacking binaries). 



Include binary star evolution in our population synthesis models
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Approach:
Use the SEVN (Spectral EVolution for N-body) code to compute the 
distribution of binary stars in the HRD. SEVN works for binary stars 
with M1, M2 >= 2 Mo. The binary stellar population is sampled 
stochastically assuming the Chabrier IMF for the primary stars. 
Binary parameters derived as in Sana et al. (2012). Use C&B stellar 
libraries to compute SED of binary population. We can then easily  
mix single and binary star models assuming a binary fraction.



Note:
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The SEVN code interpolates on the fly the stellar properties of each 
binary companion from existing isochrone tables for single stars,  
making it faster and more flexible than other binary stellar evolution 
codes like BPASS (Eldridge, Stanway +) and MESA (Mesa team) that 
follow the detailed evolution of each star in each pair.

SEVN: Spera et al. (2015, 2019); Mapelli et al. (2017, 2020); Iorio et al. (2022) 
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• Single vs. binary star evolution in the HRD
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• WR star distribution
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• VMS star distribution
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