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Semi-analytic models are powerful tools for 
studying the dark ages and reionization.

• Pop III star formation models are largely 
unconstrained as there are no observations.  

• We use a semi-analytic model to 
incorporate important physics and test a 
wide range of assumptions.
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Pop III stars in our model.

• Massive (fiducial IMF has Mmin = 20 M☉) 

• Form in minihalos below atomic cooling 
threshold (104 K) 

• Form in isolation 
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Mass accretion at high redshifts can be treated 
as a smooth process.
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• Seen at very high redshift in 
simulations                  
(Behroozi & Silk 2015) 

• Assume halos stay at same 
comoving number density 

• Track growth directly from the 
mass function (abundance 
matching) 

• High mass resolution, but no 
mergers 
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The minimum Pop III halo mass is set by the CMB 
and global Lyman-Werner feedback.
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• CMB photons can destroy H- 
ions necessary for H2 formation 
(Tegmark et al. 1997) 

• Lyman-Werner background can 
dissociate a halo’s H2 

• Halo can form stars once it is 
massive enough to self-shield 
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Pop III halos were small and susceptible to 
supernova feedback.
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• Pop III supernovae eject gas 
and metals 

• Halo can “forget” about 
previous star formation 

• More massive halos become 
stable to supernovae quicker, 
forming more stars 
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Pop II models provide reasonable fits to data.

8LF data from Bouwens et al. 2015 Pop II models from Furlanetto et al. 2017
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Pop II stars contribute the bulk of Lyman-
Werner photons and end the Pop III phase.
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Pop III star formation generally plateaus and 
ends well before z~6.
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Pop III star formation generally plateaus and 
ends well before z~6.
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• Energy-regulated (low 
efficiency) models end Pop III 
phase late 

• Momentum-regulated (high 
efficiency) ends Pop III early 

• Can generate wide range of 
histories with reasonable 
assumptions 
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The best chances for detection will come 
from supernovae or 21-cm.
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• Pop III halos too dim for direct 
detection (MAB ~ -5 to -10) 

• May see supernovae with 
JWST (z < 30) or            
WFIRST (z < 20)             
(Whalen et al. 2013) 

• Possible signature of Pop III in 
cosmic 21-cm signal (see 
Jordan Mirocha’s talk!) 
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Conclusions
• Pop III star formation is necessary to produce the metals 

required to form more traditional, metal-enriched stars. 

• Supernova feedback can allow a halo to form multiple 
generations of Pop III stars. 

• The Pop III phase ultimately ends due to Lyman-Werner 
feedback from Pop II halos. 

• We will likely require supernova or 21-cm observations to detect 
the presence of Pop III stars.
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