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Pop III stars: the missing cosmic puzzle piece

A nearly pristine star in the LMC:
 < 10-4.3 Z⊙!

Pristine Pristine 
mediummedium

Enriched Enriched 
mediummedium??

But no actually pristine stars so far!
But no actually pristine stars so far!

Ji et al. (2025)



  

Inefficient H2 cooling, down to ~100 K

Klessen & Glover (2023)Klessen & Glover (2023)

CosmicCosmic
DawnDawn

═> low SFE + top-heavy IMF

The standard framework on Pop III SF
z~20-30

Hot gas

Cold gas

DM halo

MetalsMetals

MINIHALO 
(~105 – 106 M⊙)



  

CosmicCosmic
DawnDawn

The standard framework on Pop III SF
z~20-30

BUTBUT Jeon et al. (2026) on
PISNe in overdense fields at z~30

Junehyoung Jeon Junehyoung Jeon 
UT AustinUT Austin

Direct search in first mini-halos
e.g. Schauer et al. (2020)



  

Epoch of Epoch of 
ReionizationReionization
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…and in larger halos

Venditti et al. (2026), Venditti et al. (2026), 
OJA, arXiv:2607.00167OJA, arXiv:2607.00167



  

A window on Pop III from JWST

…

…

…

…

https://utcfc.github.io/pages/popiiicandidates.html

Only one candidate 
at z  10!≳

Candidates proposed 
down to z~3!

Venditti et al. (2026), Venditti et al. (2026), 
OJA, arXiv:2607.00167OJA, arXiv:2607.00167

https://utcfc.github.io/pages/popiiicandidates.html


  

A window on Pop III from JWST

…

…

…

…

https://utcfc.github.io/pages/popiiicandidates.html

Only one candidate 
at z  10!≳

Candidates proposed 
down to z~3!

Venditti et al. (2026), Venditti et al. (2026), 
OJA, arXiv:2607.00167OJA, arXiv:2607.00167

+ Pop III candidates 
at z~2 from HETDEX

arXiv:2609.16134arXiv:2609.16134

Mahan Mirza Khanlari Mahan Mirza Khanlari 
UT AustinUT Austin

https://utcfc.github.io/pages/popiiicandidates.html
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Molecular-
cooling
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A “HEAVY” solution
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How to make Pop III 

stars in a massive halo
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Delayed Pop III starbursts in massive halos 
(+ Bromm 2006, Greif et al. 2008, 

Sugimura et al. 2024, …)

Tae Bong Jeong Tae Bong Jeong 
UT AustinUT Austin

LW intensity
[10−21 erg s−1 cm−2 Hz−1 sr−1]

Mvir at first SF
[M⊙]

0 4.07 × 106

1 4.74 × 107

10 7.55 × 107
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Jeong et al. (2026), Jeong et al. (2026), 
APJ, 1006, 89APJ, 1006, 89



  

Pop III SF in peripheral regions of enriched halos

Pop IIIPop III
Pop IIPop II

Venditti et al. (2023), Venditti et al. (2023), 
MNRAS, 522, 3809MNRAS, 522, 3809

dustyGadget 
cosmological simulations

Graziani et al. (2020)
Di Cesare et al. (2023)



  

Pop III SF in peripheral regions of enriched halos

Pop IIIPop III
Pop IIPop II

Venditti et al. (2023), Venditti et al. (2023), 
MNRAS, 522, 3809MNRAS, 522, 3809

dustyGadget 
cosmological simulations

Graziani et al. (2020)
Di Cesare et al. (2023)
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expensive…



  

radius

Surface density

r*(t1) r*(t2)

Pop III SF in peripheral regions of enriched halos

Pop II

Pop IIIPop III
Pop IIPop II

Venditti et al. (2023), Venditti et al. (2023), 
MNRAS, 522, 3809MNRAS, 522, 3809

Pop III/II

Radially resolved metal transport in the SAM Meraxes, 
=> fast, self-consistent exploration of Pop III parameters

dustyGadget 
cosmological simulations

Mutch et al. (2016)
Ventura et al. (2024)

Graziani et al. (2020)
Di Cesare et al. (2023)

BUT computationally 

expensive…

PRELIMINARY

(+ abcd model from 
Hegde & Furlanetto 2025)

Emanuele Ventura Emanuele Ventura 
University of MelbourneUniversity of Melbourne



  

Pop III SF in peripheral regions of enriched halos
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Pop III SF in peripheral regions of enriched halos
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Cool… 

but can we see them?
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Log[(M* = MIII + MII)/M⊙]

Venditti et al. 2026, Venditti et al. 2026, 
APJ, 1005, 226APJ, 1005, 226

SIMULATED GALAXY
M*  10≳ 9 Mʘ

from dustyGadget suite

Largest cosmological 
simulations including Pop III 
SF and feedback
Model presentation:                          Graziani et al. (2020)
SF/dust formation:                         Di Cesare et al. (2023)
Pop III SF:           Venditti et al. (2023), MNRAS, 522, 3809
                       + Venditti et al. (2024a), MNRAS, 527, 5102 
                              + Venditti et al. (2024b), APJL, 973, L12



  

Massive Pop III hosts can emit strong metal lines!

z ~ 6 – 9
Venditti et al. 2026, Venditti et al. 2026, 

APJ, 1005, 226APJ, 1005, 226
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Not confused by std. Pop II

Confused by std. Pop II

Detectable HeII lines from 
young Pop III HII regions

≲1 Myr
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(+ Schaerer+02, Inoue+11, Mas-Ribas+16, 
Vikaeus+22, Trussler+22, Nakajima & Maiolino 22, 
Katz+22, Venditti+24, Rusta+25...)
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Spatial resolution: a powerful ally

Also Venditti et al. (2024b), APJL, 973, L12 on 
potential misses due to insufficient Field-of-View

Venditti et al. 2026, Venditti et al. 2026, 
APJ, 1005, 226APJ, 1005, 226



  

(1) Early times / low masses → Pop III SF down to the EoR, even in massive (enriched) halos

(2) No metals → Metal-line emission does not exclude the presence of a Pop III component in high-z galaxies

(3) Which way forward? → - Other tracers, e.g. strong HeII lines, weakly confused by standard Pop II
                                      - Spatial resolution is our ally!

Thank you for 
your attention!
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