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Goal of MultiDark Galaxies Project 

To provide galaxy catalogues  

in volumes comparable to the sizes of 

ongoing and upcoming galaxy surveys  

routinely mapping millions of galaxies 

(such as eBOSS, DES, J-PAS, DESI, 

LSST, Euclid, WFIRST) 

 

Fundamental role: 

- design of these surveys 

- interpretation of the data that will be collected 



MultiDark Galaxies Project  

MDPL2 Simulation + GALCTICUS, SAG, SAGE 
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 Predicted galaxy properties 

 Quenched fractions of galaxies as a function of 

    - Stellar Mass 

    - Halo Mass 

    - Redshift of first infall 

 

MDPL + SAG / SAGE / GALACTICUS 



MultiDark simulations     

The Spanish  

MultiDark Consolider project 

MDPL2:  

1 Gpc/h box with 38403 part.  

(~5.6 × 1010)   

mass res. mDM= 1.51 x109 h-1M
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Putting in the galaxies…  

Semi-analytical model  

of galaxy formation  

and evolution (SAM) 

SAM calculates the growth of 

galaxies within DM halos using 

simplified phenomenological 

treatments of baryonic processes 

        involve efficiencies adjusted 

to reproduce the properties of the 

observed galaxy distribution 

SAM takes the assembly history 

and structure of each dark halo  

from a large cosmological simulation 

MDPL2 simulation 



SAM of galaxy formation and evolution 
Baryonic processes: 
 cosmological accretion, 

 radiative gas cooling  

 star formation (SF) 

 strong stellar-driven winds  

    and SN feedback that are  

    more efficient at low masses,  

 chemical enrichment  

 black hole growth and AGN feedback that 

    preferentially suppresses SF at high masses,  

 and structural and morphological evolution through  

    merging and environmental processes. 

Typically based on physical insights gained from  

simulations of individual systems and from observations. 

SF 



 Detailed chemical implementation: 

    Yields from SNII, SNIa, stellar winds  

    (Cora 2006) 

 AGN feedback (Lagos, Cora & Padilla 2008) 

 RPS of cold gas (Tecce+2010) 

 Estimation of bulge sizes (Muñoz-Arancibia+15)  

 Computation of emission lines (Orsi+2014) 

 Implementation of extended bursts and 

    an Integrated Galactic IMF (Gargiulo, Cora, et al., 2015)  

  New SN feedback scheme and 

    implementation of RPS and TS coupled to  

    a detailed treatment of orbits of orphan satellites  

    (Cora et al., in prep.; Vega-Martínez et al., in prep.) 

It originates  

from a version of 

the Munich code 

(Springel +01) 



Calibration : search of the best-fitting values  

                        of the free parameters of SAG 

Particle Swarm Optimization Technique (PSO) (Ruiz+15) 

MDPL2 simulation: 127x106 haloes and subhaloes; 

                                extremely expensive for calibration purposes    

        Calibration box: 111.19 Mpc/h ≈ 0.137 of the whole sim. 

Sample selected such that the HMFand sHMF are  

as similar as possible to the one obtained from the whole sim.: 



SMF (z=0) 

BHB relation  

SMF (z=2) 

Calibration :  

PSO + Observational constraints  

SFR function Gas Fraction 

Good 

match 

Excess 



SAG predictions: 

Evolution of the cosmic SFR density 

Underprediction at high z: 

because of z-dependence of 

ejected gas. 

Milder dependence: 

 Model predictions are   

    reconciled  with  

    observed  SFRD at high z 

 number density of  

    low-mass  galaxies at z=2  

    is overproduced. 

Suppression of SF at high redshifts  in galaxies of all masses.  

More pronounced in low mass galaxies:  

still in the regime of increasing SFRD as z       0 

           antihierarchical assembly of stellar mass 

          (as GAEA Model, Hirschmann+16) 



Inconsistency : good match of with  

                           the SFRF at z=0.15  

Note: integration of the best-fitting modified 

Schechter function to the IR+UV SFRFs down to log10(SFR)= -1.5 

is higher than the optical SFRD  at z<0.5 (Behroozi et al. 2013) 

SAG predictions: 

Evolution of the cosmic SFR density 

Excess of the local SFRD:  

mainly due to galaxies  

with z=0 stellar mass 

1010Mo<  Mstar < 1011Mo  

that dominate the contribution 

to the SFRD at z <1.  
SFR function 

Excess 



Radio Mode AGN feedback  
(Henriques+15) 

 

 

Reduces the amount of gas that can       

cool  providing a mechanism for 

regulating SF in massive galaxies 

OBS: systematic effects related to 

photometry and different assumptions 

about the stellar population modeling.   

SAG predictions: 

Evolution of the cosmic SFR density 

SMF (z=0) 

Excess 
Excess 

Not efficient enough 

in suppresing SF. 

Different scalings?? 

Other mechanisms?? 



Mean values of sSFR  

For SF galaxies:  

log10(sSFR [yr-1]) > -10.7  
(Brown+17, SDSS sample) 

SAG predictions: 

Main sequence of galaxies 

z=0 

Rather good general agreement : 

 specially the normalization  

    (challenging: e.g. Daddi et al. 2007;  

                             Weinmann et al. 2012) 

 model predicts flatter sequences  

As a result of the 

new SN feedback 

scheme that 

allows to delay 

the SF activity 

until later epochs. 



SAG predictions: 

Evolution of main sequence of galaxies 

 For low-mass galaxies (Mstar < 1010Mo),  

    better agreement  at z =0 than at z=1 - 2 

 the opposite situation occurs for high-mass galaxies  

Excess consistent with the fact 

that these galaxies are the main 

responsible of the excess of  

the SFRD at z = 0. 

z=0 z=2 z=4 



SAG predictions: 

Main sequence of centrals and satellites 

Similar main sequence of  

central and satellite 

galaxies: 
          environmental effects 

through RPS and TS: 

gradual removal of hot halo gas, 

avoids too early SF quenching in 

satellites.  

z=0 

Differences in  

normalization and shape 

of the main sequence 

of central and satellite galaxies 

Relationship  

between  

stellar mass and  

dark matter halo 

Explained  

       by 



SAG predictions: 

Stellar-to-halo mass ratio vs halo mass 

 Remarkably good agreement for halos ≈ 3x1012Mo 

  For halo mass <1012Mo, for a given stellar mass,    

    central galaxies inhabit more massive halos,  

    while satellites prefer less massive ones  

            cooling rates are affected: impact on the sSFR 
 

 

Centrals of  

main host halos 

Satellites within  

DM subhalos 

z=0 



SAG predictions: 

Quenched fractions of centrals and satellites 

 Observed trends are reproduced 

 Differences: underprediction of fq for satellites  

    with 10.1 < log(Mstar[Mo]) < 10.5 for any halo mass 

    consistent with 

             excess of the SFRD at z=0 and local sSFR 

z=0 fq vs Stellar Mass 

Compared with Wetzel+12 

Quenched galaxies:  

log10(sSFR [yr-1]) < -10.7  



SAG predictions: 

Quenched fractions of centrals and satellites 

 Both centrals and satellites are more likely to be   

    quenched as their stellar masses increase  

 Satellites have a milder dependence of fq with Mstar: 

    for a given Mstar, fq increases with increasing Mhalo;      

    the dependence is milder for higher mass galaxies.  

z=0 fq vs Stellar Mass 

Compared with Wetzel+12 



SAG predictions: 

Quenched fractions of centrals and satellites 

 For a given halo mass, more massive satellites are  

    more likely to be quenched.  

z=0 fq vs Halo Mass 

Compared with Wetzel+12 

z=0 



SAG predictions: 

Quenched fractions of centrals and satellites 

At higher Mstar, environmental effects on satellite gx 

are less important in determining the passive fraction 

since more galaxies quench as central galaxies  

before becoming satellites. 

Conclusions of Wetzel+12: 

fq vs Stellar Mass fq vs Halo Mass 



Deeper analysis of quenched fractions…. 

How does the fraction of quenched satellite galaxies  

in different mass ranges identified at z = 0  

varies from time at first infall to the present epoch?? 

 

    

 

 

 

Time at first infall: moment in which the galaxy 

becomes a satellite for the first time. 

 
Environmental effects produce SF quenching since first infall, 

regardless of the host halo mass (Wetzel et al. 2013). 

Aim: To reveal the relevance of environmental  

or other physical processes, e.g. AGN feedback,  

on the SF quenching of satellites. 



Quenched fractions of satellites 

 For a given stellar mass, larger fq-z0 for higher zinfall 

             galaxies have been satellites longer having   

             more time to suffer the quenching effects of  

             environmental processes.  

 Larger fq-z0 for larger Mstellar , regardless of zinfall. 

 Steeper relation for less massive satellites. 

 fq-z0 reach similar high values when zinfall         1 

Fraction of satellites 

quenched at z = 0, fq-z0, 

as a function of zinfall 



Quenched fractions of satellites 

>50 % of recently accreted high mass sat. are passive 

 

         have been quenched as centrals prior to infall, 

being the effect more pronounced for more massive gx. 

 

Plateau for zinfall >1 long enough time elapsed  

till the present for the maximum effect of SF quenching. 

Fraction of satellites 

quenched at z = 0, fq-z0, 

as a function of zinfall 



Quenched fractions of satellites 

 Low mass galaxies, fq-zinfal =0 for any zinfall  

             have not been quenched as centrals.  

    (supports results of Wetzel+13). 

 High mass galaxies accreted at zinfall > 1.5 

    are still active by that time (fq-zinfall ≈0).  

    As zinfall decreases fq-zinfal increases monotonically 

             quenching as centrals gain relevance. 

Fraction of satellites 

quenched at the time 

of first infall, fq-zinfall, 

as a function of zinfall 



Quenched fractions of satellites 

Hence, while the action of environmental effects  

can be considered as the dominant quenching process 

in low mass galaxies, there is little place for  

this specific type of quenching for high mass galaxies. 

 

         Supports the inferences of Wetzel et al. (2012) 

Which is the relative contribution of  

environmental processes & quenching as centrals 

in determining the quenched fraction at z = 0 

for massive galaxies? 

When & where SF quenching starts? 

? 



Galaxy catalogs:  

MDPL2 Simulation + GALCTICUS, SAG, SAGE 

SMF (z=0) SFR function 

SFRD Mstar/Mhot vs. 

Mhot 



Galaxy catalogs: 

MultiDark Galaxies Project  

MDPL2 Simulation + GALCTICUS, SAG, SAGE 

Concluding remarks  
Galaxy catalogues based upon different SAMs  

will be a valuable asset to the community and  

can be readily used for science that requires  

reliable galaxy information in volumes large enough  

to match on-going and upcoming surveys.  

 

They will publicly available at the website 

https://www.cosmosim.org 





After a major burst 

of SF (z≈3) 

Distribution of halo gas radial velocity, weighted by the flow rate 

before and during a major galactic wind flows through the CGM 

Surface density (z≈3) of  

outflowing and infalling gas 

Before 

outflow 

After 

outflow 

(1) 



After a major burst 

of SF (z≈3) 

After 

outflow 

(150Myr) 

After 

outflow  

(100Myr) 

Surface density (z≈3) of  

outflowing and infalling gas 

Distribution of halo gas radial velocity, weighted by the flow rate 

before and during a major galactic wind flows through the CGM 

Large fraction of the material either 
remains in the CGM or recycles 



Connection of outflows in the CGM  

with galactic evolution 

SF, outflow, and inflow  

vs. cosmic time  

in one of the L* progenitor halos 

 The bulk of SF occurs in 

bursts 

Bursts of SF are always 

followed by outflows at 

0:25Rvir, and the outflows 

rates are typically higher 

than the SFR 

 Bursts of SF are 

preceded by inflow at 

0:25Rvir 

Infall in the inner halo 

(0.25Rvir) is temporarily 

suppressed when 

outflow rates are high: 

overlapping of inflows and 

outflows.  



Evolution of 

SNe CC rate 

Model predictions: 

SNe CC and SNIa rates   

Evolution of 

SNe Ia rate 



Model predictions: 

luminosity function, metallicity  

K-band LF Mass-Metallicity 

relation 



K-band LF 

K-band LF 

Model predictions: MZR evolution 

Collacchioni et al., in prep. 

z=2 z=4 

z=1 z=0 



Model predictions: MZR evolution 

OLD SNe Feedback 

NO evolution 

NEW SNe Feedback 


