
• In anticipation of upcoming JWST observations, we present predictions 
for observable properties of high-z galaxy populations (z = 4 - 10). We 
utilize the well-established Santa Cruz semi-analytic model with the 
recently implemented multiphase gas partitioning and H2-based star 
formation recipes (Somerville, Popping & Trager 2015). Our model can 
efficiently sample halos over a wide mass range, covering galaxies 
forming in atomic cooling halos to the most massive halos forming at 
these epochs.


• We present rest-UV luminosity functions at z = 4 - 10 predicted by our 
model, which match well with observations in regimes covered by current 
facilities, and provide forecasts for the faint populations that are yet to be 
detected. In addition, we provide predictions of number counts in the 
observed frame JWST NIRCam broadband filters.


• Taking advantage of the SAM's high computational efficiency, we are able 
to explore the sensitivities of high-z galaxy properties to the uncertainties 
in the underlying physical processes by systematically varying the model 
free parameters and SF prescriptions. 
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épisode I: UV Luminosity Function (arXiv: 1803.09761)

épisode II: Physical Properties & Scaling Relations

• Using the same models, we present distribution functions and scaling 
relations for selected physical and photometric properties related to 
the star formation activity and UV luminosities, including M*, MH2, SFR, 
Mcold, Z*, βUV, etc. With free parameters in our model only calibrated to 
a subset of observations at z ~ 0, it is intriguing that our results agree 
so well with the existing observations across z ~ 4 - 8.


• Our model is in fairly good agreement with empirical models at z < 6, 
but is less optimistic than these models in its predictions for the 
number of massive galaxies at ultra-high redshift (z > 6). This is 
because, in the semi-analytic models, the timescale for cold dense gas 
to form stars becomes a rate-limiting factor at these epochs.


• This suggests that predictions for galaxy number densities obtained by 
extrapolating the stellar-to-halo mass relations from lower redshift to 
ultra-high redshift may not be accurate.

épisode III: UV Escape Fraction & Reionization
• By coupling our SAM to an analytic reionization model (e.g. Kuhlen+12), 

we have assembled a source-driven pipeline that allows us to 
efficiently study the impact of galaxy formation physics on cosmic 
reionization. 


• The galaxy population predicted by our models is able to produce 
enough ionizing photons to reionize the Universe, with the bulk of 
these photons (<50%) being produced by galaxies below current 
detection limits. We predict that the populations that will be 
detected by JWST can account for about 80% of the ionizing 
photon budget.


• In agreement with previous studies, we find that the UV escape 
fraction must have an effective dependence on redshift in order to 
simultaneously reproduce observations from the CMB and IGM. We 
find that a simple empirical model for UV escape fraction based on 
galaxy physical properties is able to accomplish this in a more 
physically motivated manner.
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Rest-frame UV luminosity functions with 
(so l id ) and wi thout (dashed) dust 
attenuation, comparing to deep field 
(Finkelstein+16, Oesch+18) and lensed 
field observations (Livermore+17) 

Stellar mass functions from the cold gas-
based SF model (KS) and H2-based model 
(Bigiel+08), compared to observations from 
Duncan+14 and Song+16. 

Stellar-to-halo mass ratio from our fiducial 
model, compared to abundance matching  
results from Behroozi+13 and analytic 
predictions from Behroozi & Silk ’15. 

Volume filling fraction (upper) and ionizing photon 
emissivity (lower) calculated using the physically 
motivated recipe and a z-dependent recipe. Results are 
compared to a compilation of observational constraints. 

UV escape fraction estimated for our galaxy 
populations using an empirical recipe based on the 
dust abundances and other physical properties. Green 
lines show the 16th, 50th, and 84th percentile.

Distribution functions for galaxies’ 
apparent magnitude calculated for 
JWST NIRCam broadband filters. The 
vertical line marks the detection limit for 
a 104 sec exposure and the horizontal 
line marks where 1 object is expected 
per field-of-view.


