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Population III stars

Credit: Kaehler, Turk, AbelCredit: Kaehler, Abel, Wise



Population III galaxies
• Definition typically adopted by observers:

• Spectral signatures:

• A few claimed detections:



Population III galaxies

Problem: These claimed Pop III 
galaxies are way too massive to 
correspond to the Pop III galaxies
seen in simulations!

Johnson+09

Simulations predict pure Pop III galaxies to have very low mass, and hybrid 
Pop III+II+I objects to have very low Pop III content (e.g. Johnson+09, 
Johnson 10, Salvaterra+11, Safranek-Shrader+12, Muratov+13, Johnson+14)



The predicted formation history of pop III galaxies

Zackrisson et al. 2012, MNRAS, 427, 2212

Based on Trenti et al. (2009)
Huge number densities 
in the sky, but probably
extremely faint!

Stellar mass per object 
perhaps no more than 
103-104 Msolar

”Pop III star clusters” – but 
sitting inside their own dark
matter halos (107-108

Msolar at these redshifts)



How do you hunt them down in the pre-JWST era?

Lyα easily absorbed by 
neutral IGM at z > 6-7, 
but you could get lucky… 

Outflows and patchy
reionization strong Lyα
for a  fraction of objects
(Dijkstra+11, Dayal+11,  
Jeeson-Daniel+12)

Lyα!

Pop II/I



The HST colour signatures of strong Ly emission

Zackrisson et al. 2011, MNRAS 418, L104
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Deep field locus

30-50% of Ly
transmitted
through IGM

Zackrisson+11: There are photometric
Pop III candidates like these at z8 in 
unlensed fields

Kashikawa+12: Spectroscopic detection
of extremely strong Ly from a 
z  6.5 galaxy in an unlensed field

But these are still too massive! 
Strong Lya rather due to cooling
radiation or anisotropic leakage? 

Go for lensed fields instead!



Population III galaxy candidates in CLASH
Zackrisson et al. 2012, MNRAS, 427, 2212: Magnification maps + Pop III galaxy
simulations  A few bona fide Pop III galaxies may turn up in the CLASH survey

Rydberg et al. 2014ab, in prep: Six Pop III galaxy candidates detected in CLASH

F225W F275W F336W F390W F435W F475W F606W F625W

F775W F814W F850LP F105W F110W F125W F140W F160W

One of our z  8 candidates, detected at S/N>5 in five filters



Population III galaxy candidates in CLASH
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Extreme magnifications ( > 100)

Source plane

  10   1000
Magnification  > 100 not realistic for normal (kpc scale) galaxies, 
but high-z Pop III galaxies are basically just star clusters (< 10 pc across)!



Extreme magnifications ( > 100)

Zackrisson et al., in prep.

 > 10

 > 100

 > 1000



Pop III galaxies under the lens

Simulation of extremely lensed
pop III galaxy @ z=8 after JWST PSF 
convolution (Zackrisson et al., in prep.)
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Pop III star cluster
(unresolved even at 1000)

Pop III nebula
(<<1000 but
100 pc in size)



Probing the Pop III IMF

Pop IIIs with top heavy IMFs

Pop IIIs with
Kroupa IMF

Pop I & II

10 Myr burst of constant SFR

JWST colour measurement
towards Pop III star cluster 
Possible to confirm top-heavy IMF
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Summary


