
Predictions for H2 mass function at z = 4, 6, 8, and 
10. The blue line marks our fiducial model, which the 
slope of the adopted ΣH2-ΣSFR relation “steepens” in 
dense H2 regions. The purple line shows an 
alternative model where the slope of the SF relation 
remain constant. Direct constraints for this quantity 
will be able to disambiguate these models.
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Predictions for joint JWST and ALMA surveys

Rest-frame UV luminosity functions with (solid) and without 
(dashed) dust attenuation, comparing to deep field 
(Finkelstein+16, Oesch+18) and lensed field observations 
(Livermore+17) . With free parameter calibrated once to a subset 
of observations at z ~ 0, our model predictions are able to 
predict UV LF evolution that matches observations up to z ~ 10.

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

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


• Future joint JWST-ALMA surveys will provide observations that jointly constrain 
the stellar and gas content of high-redshift galaxies. We provide forecasts for 
these observations by incorporating the latest addition to our SAM that predicts 
CO/CII luminosity (Popping+2019). We provide predictions for LCO(5-4) and LCII at z 
~ 6, which are expected to be detected with ALMA band 3 and 6, respectively.


• The free parameters in our model are only calibrated to a subset of observations 
at z ~ 0 and it is intriguing that our results agree so well with a wide range of 
observational constraints across z ~ 4 - 10. By interfacing our SAM with an 
analytic reionization model, we also find that the predicted galaxy populations 
are able to fully reionize the universe in the timeframe required by IGM & CMB 
constraints.

The predictions from our self-consistent modeling pipeline matches most 

observational constraints for high-z galaxies and cosmic reionization.  

Tell me what predictions you would like to see for joint ALMA-JWST surveys!

LCO(5-4) (top) and LCII (bottom) vs. stellar mass predicted by our SAM 
at z = 6. The 2D histogram shows the number density of objects 
expected per Mpc3 normalized to the size of the bins. Currently, 
there has been observations on LCII-SFR relations shown (see Diaz-
Santos+2017 and Popping+2019). Future JWST observations will 
verify this relation with an alternative approach.

LCII vs. observer’s frame magnitude in JWST NIRCam 
broadband F200W filter at z = 6. The 2D histogram 
shows the number density of objects expected per Mpc3 
normalized to the size of the bins. The purple and cyan 
lines mark the detection limits of a typical JWST wide 
and deep survey, respectively.

• In this work, we present predictions for the rest-frame and observed-
frame UV LFs. We showed that JWST will be able to detect plenty of 
galaxies up to z ~ 10. We also showed that our results are in good 
agreement with observations. (arxiv:1803.09761).

• Currently, the properties of high-redshift galaxies remain largely 
unconstrained, and putting additional constraints on these galaxy 
populations is one of the primary mission goals of JWST. 


• Our physically motivated, computationally efficient model is able to 
make predictions for a wide range of physical and observable 
properties, allowing us to study the correlation among these properties 
and the sensitivity of these predictions to modeling uncertainties.  
(arxiv:1901.05964).

Stellar-to-halo mass ratio predicts by 
our model compared with predictions 
from UniverseMachine (Behroozi+18), 
FIRE-2 sims (Ma+2018), and clustering 
analysis  (Harikane+2016). Upcoming 
JWST observations will distinguish 
between these models. 

Predictions from our 
fiducial model (blue) 
demonstrate excellent 
a g r e e m e n t w i t h 
observations. SMF 
from alternative SF 
model is also shown 
for comparison.

Predictions for gas fraction vs. M* at z = 4, 6, 8, and 10. 
The blue lines mark the median, 16th, and 84th percentiles 
of our fiducial model, which uses H2 as a tracer for star 
formation. The cyan lines show the predictions with an 
alternative model that use the classical Kennicutt-Schmidt 
(KS) SF relation, which uses cold gas as SF tracer. Direct 
constraints for this quantity will be able to disambiguate 
these models.

Paper II: Physical Properties

We illustrate the demographics and properties of galaxy 
populations at high redshift predicted by our model. Here 
we present the correlation among selected physical 
properties at z = 6, including Mhalo, Zcold gas, SFR, M*, rest-
frame MUV with dust attenuation, and mF200W; all masses 
and metallicities are given in solar units. The cyan and 

purple lines mark the detection limits of a 
typical JWST wide and deep survey, 
respectively. The contours in the scatter plots 
mark the 16th, 50th, and 84th percentile. 
Additional predictions for z = 8 and 10 are 
available in Paper II and online. 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