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Baugh 2006, Benson 2010 Solve set of coupled differential equations 

Dark matter halo merger tree 



Predict star formation histories of 
galaxies 

Cowley et al. 2018 arXiv:1702.02146 

Star formation history Spectral energy distribution 



 
A unified multi-wavelength model of 

galaxy formation  
 

Lacey et al. 2016  MNRAS, 42, 3854  
arXiv:1509.08473  

(see also models by Gonzalez-Perez et al 2014, 
2018) 

   
 
 
 

• How many model parameters? 

• Example of parameter recalibration 

 



Model parameters-I 

Lacey et al. 2016 



Model parameters -II 

Lacey et al. 2016 



The Planck Millennium N-body 

• Planck cosmology 
• 800 Mpc box  
• 512x EAGLE volume 
• 271 outputs  
• 128 billion particles 
• 1.06e+08/h Msun particle mass 
• 2.12e+09/h Msun halo mass 
• Almost x10 better halo resolution than Millennium 
• 7 million CPU hours (inc  SUBFIND runtime) 
• One snapshot 32Tb 

 



Ishiyama 2015 PASJ  



PMILLENNIUM 

Ishiyama 2015 PASJ  
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Planck versus Millennium cosmology 

(image from Rodrıguez-Puebla et al. 2016) 



The local 
luminosity 

function 



Change 
cosmology 

–  
but keep 

galaxy 
formation 

parameters 
the same 



Change 
cosmology 
and use full 
resolution 
of P-Mill 

trees 





Predictions for deep galaxy surveys with JWST from ΛCDM 
Cowley et al. 2018 MNRAS 474 2352  (arXiv:1702.02146) 



Predictions for deep galaxy surveys with JWST from ΛCDM 
Cowley et al. 2018 MNRAS 474 2352  (arXiv:1702.02146) 



Contreras et al 2015 
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Subhalo mass 



Contreras et al. 2013 



GALAXY FORMATION MODEL 
gas cooling, star formation, 

feedback, mergers, chemical 
evolution 

STAR FORMATION HISTORY 
How many stars form in bins 
of metallicity at each timestep 
in each galaxy? 

SFR(Z, t) 

COMPUTE NUMBER OF 
LYMAN CONTINUUM 

PHOTONS 

HII region model 
Temp, n(H), X, number of stars 
Metallicity Z (from GALFORM) 

UNATTENUATED  
H-alpha luminosity 

ATTENUATION: 
Use RT calculation: assumes 
stars in dust: input size and Z 

Continuum extinction 

CALCULATION OF EMISSION LINES IN GALFORM  

(e.g. Gonzalez-Perez et al 2018)  



Impact of emission lines on NB flux 

Stothert et al. 2018 

PAU Narrow band survey 
40 NB filters 

Sep: 100 Ang, FWHM 125Ang 

GALFORM + WMAP7 Millennium run : PAU survey lightcone 



Connecting galaxies to mass 

H-a  H-band 

Orsi et al.  2010 



Spatial distribution of OII emitters 

Gonzalez-Perez et al. 2018 arxiv:1708.07628 DM haloes:  ranked by mass 

OII emitters 



Hα HOD output by GALFORM 
 

Inside the EUCLID survey redshift range 

Ben Clarke L4 project 

MXXL 
Halo 
Res. 
limit 

One galaxy per halo  



Ongoing work by Alex Merson+:  
Hα galaxy HODs from Galacticus 

4/24/2018 Simulated Skies (23rd-25th April 2018)  25 
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• At z~1.45 for f>2 × 10-16 erg/s/cm-2 expect one Hα-emitting galaxy per ~100 DM halos. 
• Next step: use HODs and LFs to predict Hα galaxy bias as function of redshift and luminosity. 

Merson et al. (in prep.) 



arXiv:1701.06581 

• Produced an ALL SKY halo lightcone to z=2.3 
 

• Can be used to produce mocks for Euclid 
 

• Can use HOD predicted by GALFORM or another SAM to 
populate MXXL halos 
 

• Essentially all H-alpha galaxies are in resolved halos 
 

• Could add second property e.g. extinction, SED using 
Smith et al approach, in addition to H-alpha luminosity  



Summary 

• Emission luminosity depends on Lyman 
continuum photons and HII region model  

• Number of Lyman continuum photons depends 
on metallicity & SF history 

• Also need to include dust extinction 
• HOD for Euclid flux limits: <N> << 1 
• Smith et al. :  HOD method including L + property 
• Applied to MXXL halo lightcone 
• Will apply to H-alpha HODs from GALFORM an 

Galacticus (Alex Merson et al.)  to populate MXXL 



HOD of H-a emitters at z=2.23 

               370 emitters,  ~2sq deg  z=2.23  Geach et al. 2012 arXiv:1206.4052 



Dependence of SFR & Lyman continuum 
photons on host halo mass  

In this example, adding up  
contribution from ALL galaxies  
in halo  



Hα emitter number counts 
predictions of GALFORM models 

GALFORM predictions  
match the observed 
number counts of Hα 
emitters better  on turning 
off  dust extinction  

Pozzetti et al. 2016 
Difu Shi  PhD Thesis  



Dust extinction in GALFORM 

Observers typically assume fixed 
1 magnitude dust extinction   
 
GALFORM calculates the dust 
extinction of every galaxy using 
dust grain model and 
distribution of sizes.  
 
In one simulation sub volume, 
for galaxies brighter than 10^41 
erg/s, 13.3% (3385 out of 
25315) show more dust 
extinction than 1 magnitude 
(marked by the red dashed line). 

Difu Shi  PhD Thesis  

No dust  
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SAMs vs gas simulations 

Schaye et al. 2015 

SAMs vs EAGLE GAS SIMs vs EAGLE 

Present-day stellar mass function 


