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Outlines
• Introduction 

• Resolution independent + environmental effects 
model  (work at MPA:  Xi Kang, Guinevere Kauffmann, Fu Jian. Luo et al. 2016) 

• Satellite galaxies quenching                              

• Central galaxies quenching (Luo & Kang 2017) 

• Future work



L-Galaxies
• N-body simulations + Phenomenal physical process 

• Guo+2011、2013, Henriques+2015 

• Reproduce: SMF, T-F relation, 2pcf, color, 
morphology distribution… 

• Faster and easier to test the roles of various 
physical processes  

• But … 
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Resolution-independent 
model

• Msub loss ratio                             (Jiang &van den Bosch 2014) 

• Vmax and Rvir evolve slowly, are fixed at infall time  

• Apply it for unresolved subhalo (type 2s)    

• Treat Type 2s in the same way as Type 1s. (their own 
gas circle) — increase the SN feedback in Type 2s 

ṁ = �A
m

⌧dyn
(
m

M
)⇣
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Recipe of RP Stripping of 
cold gas

                                      
Pr.p(R) = ⇢ICM (R)v2 (Gunn & Gott 1972)

PISM (r) = 2⇡G⌃disc(r)⌃gas(r)

SPfrac =

(
0, Pr.p < PISM
Pr.p�PISM

Pr.p
, Pr.p � PISM

HI

star

Kenney et al. 2004
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Results

Mass function



Convergence check



• Kang 2014: remove 30% Sats will improve the 
clustering on small scales in Guo11. 

• Kang 2014: need to increase the FB in sats (also 
found in Henriques+13) 

Clustering on small scales



• better in low mass bins at small scales.
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Where is rps most effective?

sample:

• ~ 50% galaxies in massive  
clusters have experienced RPS of cold gas   
• ~ 10% galaxies in massive  
clusters have experienced strong RPS of cold gas

fsp � 0.1 ⇠ 50%

fsp � 0.5 ⇠ 10%

f
sp
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coldgas

M⇤ � 109M� M
halo

> 1013M�



• NStripping/Ntotal increased with halo mass 

• NStripping/Ntotal decreased with stellar mass 



Effect of RP stripping on the quenched fraction of 
satellite galaxies 

Quenched galaxies:  

fQ is the fraction of quenched galaxies in a cluster.

obs data 
MPA-JHU SDSS DR7 

+ 
Yang et al.2007 

M⇤ > 109.5M�, z < 0.04
M⇤ > 1010M�, z = 0.04 ⇠ 0.06

SAM sample
M⇤ > 109.5M�, z ⇠ 0

sSFR =
SFR

M⇤
< 10�11yr�1



fQ VS stellar mass 

data: a strong dependence of fQ on stellar mass 
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fQ VS halo mass 

data: a weak dependence of fQ on halo mass 

fQ

halo mass



fQ VS projected distance to center at fixed halo mass
model: central density of hot gas in lower mass haloes is too high

fQ

R



Summary 1
• Resolution-independent SAM. 

• RP can effectively remove cold gas from low mass satellite 
galaxies in massive halo. 

• More than 50% of galaxies have experienced cold gas stripping 
by RP, 10% of galaxies suffered strong RPS of cold gas in the 
massive halos. 

• The model: influence of the halo mass on star formation history 
is primary and the influence of stellar mass is secondary. But  
it is opposite to the observation. 

• Over-prediction of red satellites is still not solved.

Luo et al. 2016



Henriques+2015

• L-Galaxies (MCMC) + Planck first-year cosmology 

• Solved problems: The overly early formation of 
low-mass galaxies and the overly large fraction of 
them that are passive at late times 

• Matching the observed evolution of SFRs, colours 
and stellar masses from z = 3 down to z = 0



20 Bruno M. B. Henriques et al.

Figure A2. Evolution of the stellar mass function of red and blue galaxies from z = 3 to 0 as in Fig. 7, but with individual observational
data sets shown. These include SDSS data from Bell et al. (2003) and Baldry et al. (2004) at z = 0 and ULTRAVISTA (Muzzin et al.
2013, Ilbert et al. 2013) and ZFOURGE (Tomczak et al. 2014) at higher redshifts. The Ilbert et al. (2013) and Tomczak et al. (2014) data
have been shifted by -0.14 dex to convert from Bruzual & Charlot (2003) to Maraston (2005) stellar populations (Domı́nguez Sánchez
et al. 2011). For Ilbert et al. (2013) data points this was done even for their lowest redshift bin (0.2 < z < 0.5) in order to ensure
consistency with the Muzzin et al. (2013) data.

c⃝ 2015 RAS, MNRAS 451, 2663–2680
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Figure A1. Evolution of the stellar mass function from z = 3 to 0 as in Fig. 2, except with the data points for the individual underlying
surveys also shown. These surveys include SDSS (Baldry et al. 2008 , Li & White 2009) and GAMA (Baldry et al. 2012) at z ∼ 0 and
Marchesini et al. (2009), Spitzer-COSMOS (Ilbert et al. 2010), NEWFIRM (Marchesini et al. 2010), COSMOS (Domı́nguez Sánchez
et al. 2011), ULTRAVISTA (Muzzin et al. 2013, Ilbert et al. 2013) and ZFOURGE (Tomczak et al. 2014) at higher redshifts. All mass
estimates at z > 0, except Domı́nguez Sánchez et al. (2011) and Muzzin et al. (2013) have been shifted by -0.14 dex to convert from
Bruzual & Charlot (2003) to Maraston (2005) stellar populations (Domı́nguez Sánchez et al. 2011). The z = 0 results of Li & White
(2009) are repeated at all redshifts as a black dotted line.

Finally we assume the theoretical uncertainty on the
predicted passive fractions to be ∆fi,j = 0.025, based on
the scatter in the passive fraction among the tree subsamples
used in our MCMC analysis, and we neglect the theoretical
uncertainty in the stellar mass functions, setting ∆φi,j = 0.

A2 Individual observational data sets

As in Henriques et al. (2009), Henriques & Thomas (2010)
and Henriques et al. (2013) we combine multiple determina-
tions of each stellar mass function, using the scatter among
them to indicate the systematic uncertainties which appear
in most cases to be larger than those purely due to count
statistics. For each redshift range and for each stellar mass
bin we take a straight average of the different data sets and
assume the 1σ uncertainty to be half of the maximum to
minimum range. By not weighting the averages we attempt
to recognise the fact that systematic errors can affect large
and small surveys in similar ways. However, we emphasize
that this estimate of uncertainties is crude, and that in the
presence of systematics any comparison between theory and
observations is essentially qualitative. Formal levels of agree-
ment should thus be treated with considerable caution.

Our adopted constraints are shown together with the
individual data sets on which they are based in Figure A1
for the overall stellar mass function and in Figure A2 for the
stellar mass functions of passive and actively star-forming
galaxies. The constraints we use in our MCMC sampling

are shown as blue dots with error bars while other data
points represent published observational estimates from the
individual surveys. Theoretical predictions are shown as red
lines.

c⃝ 2015 RAS, MNRAS 451, 2663–2680

Henriques+2015



Modifications in H15
• delay the reincorporation —> low mass galaxies form 

slowly. 

• lower the threshold for turning cold gas into stars —> keep 
star forming in low mass galaxies. 

• eliminate ram-pressure stripping in halos less massive than 
∼ 10^14 M⊙ —> decrease gas loss in low mass satellites 

• increase the radio-mode feedback —> suppress central 
galaxies growth 

• …
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Morphology of central galaxies  (B/T or f_dev ~ 0.7) 

—Too much late type galaxies are quenched 



CSMF 

—central galaxies 

have lower stellar mass



SMHM relation 

—central galaxies  

growth insufficient 



Summary 2
• H15 reproduced observed red fraction of central galaxies and 

low mass satellites . But failed at logM_*=[10,11] for satellites. 

• Too many late-type, too few early-type central galaxies. Too 
many late-type galaxies quenched at logM_*=[10,11] in H15 

• H15 has better SMF of satellites worse SMF of central galaxies 

• Lower sm of central galaxies at fixed halo mass. 

• Suggest to increase bugle growth: disk instability and minor 
merger

Submitted to RAALuo & Kang 2017



Future Work
• To improve SAMs 

increase bulge growth  

more reliable gas cycle: hot gas distribution; 
gas cooling; AGN feedback; SN feedback…. 

combine Hydro-simulations  



• Some work based on present SAMs 

Ultra Compact Dwarf: origin? stellar stripping? 
gas? DM?     

Ultra Diffuse Galaxies: origin? quenching? 

Liu+15 Rong+17



Proto-clusters 

• observation: find overdensity using like Coherently Strong 
intergalactic Lyα Absorption systems  (Cai+16) 

• SAM: whether and how it will be virialized 



Proto-clusters 

• star formation in high redshift 

Wang et al. 2016

9/11 are SF galaxies at z~2.5 in 80-kpc 
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Figure 11. The evolution with redshift of the comoving density
of cosmic star formation. The new model (solid red line), that of
Henriques et al. (2013) (dashed red line) and that of Guo et al.
(2013) (dotted red line) are compared with observational data
from Karim et al. (2011), Bouwens et al. (2012), Schreiber et al.
(2015) and Behroozi et al. (013a).

low redshift (z ∼ 2 to 3) and declines significantly by z = 0
but also to higher redshift. The prediction of these general
features can be considered as one of the first significant suc-
cesses of semi-analytic modelling of galaxy formation in a
CDM universe (White 1989). Our new model matches the
overall shape of the observed relation reasonably well al-
though it is not peaked enough at z = 2. It seems that,
despite fully matching the most recent observations of the
stellar mass function from z = 3 to 0, we predict a milder
decrease in the integrated star formation rate density than
observed. There is thus some tension between the observa-
tional determination of these two quantities (Whitaker et al.
2014; Leja et al. 2015). Similar discrepancies were found by
Furlong et al. (2014) when looking at the Schaye et al. (2015)
numerical simulations.

We note that our modified treatment of radio mode
feedback is responsible for the substantially larger drop in
the star formation rate density at z < 2 than in the Hen-
riques et al. (2013) model. The change from WMAP7 to
Planck cosmology results in higher halo accretion rates at
early times and higher star formation rate densities at z > 2.

As pointed out by Schaye et al. (2010) and also seen
in the MCMC analysis of Henriques et al. (2013), the high-
redshift star formation rate density is mostly determined by
the accretion of primordial material on to haloes with virial
temperatures for which cooling is efficient. Below z = 2, the
slowing of the cosmological accretion rate combines with
a lengthening of characteristic cooling times to produce a
global decrease in star formation rates. In addition, at later
times AGN feedback and environmental quenching mech-
anisms also contribute to the decrease in the integrated
star formation density, moving galaxies from the main star-
forming sequence into the passive population.

6 SUMMARY AND CONCLUSIONS

We have updated the cosmological parameters underlying
our galaxy formation model to the values preferred by
the first analysis of Planck CMB data, while modifying
our treatment of baryonic processes to address two major
problems identified in earlier modelling, namely the over-
prediction of the abundance of low-mass galaxies (8.0 !

logM∗/M⊙ ! 9.5) at redshifts z " 1 and the overly large
passive fraction predicted among low-redshift dwarfs. We
use recent observational estimates of the abundances and
passive fractions of galaxies over the stellar mass range
8.0 ! logM∗/M⊙ ! 12.0 and the redshift range 0 ! z ! 3
as constraints on our modelling, using MCMC procedures
to identify the thresholds, scaling exponents and efficiencies
needed for our treatment of baryonic processes to match the
observations.

Relative to the most recent of our previous publicly-
released models (Guo et al. 2011, 2013) matching these
observations required us to delay the return of material
ejected in galactic winds (as in Henriques et al. 2013),
to weaken ram-pressure stripping in low-mass haloes with
logM200/M⊙ < 14.0 (as advocated by Font et al. 2008,
for their own galaxy formation models), to lower the gas
surface density threshold for star formation, and to make
radio mode feedback from AGN more efficient at late times.
With these changes, our new model reproduces our fiducial
observations well over their full stellar mass and redshift
ranges. In particular, it matches both the observed abun-
dance of low-mass galaxies at z " 1 and the observed sharp,
low-redshift transition between predominantly star-forming
systems at low mass, 8.0 ! logM∗/M⊙ ! 9.5, and predom-
inantly passive galaxies at high mass, logM∗/M⊙ > 10.5.
For low-redshift galaxies, the detailed distributions of colour,
sSFR, and luminosity-weighted stellar age are matched rea-
sonably well across the entire stellar mass range, 8.0 !

logM∗/M⊙ ! 12.0. In addition, the evolution of the mean
cosmic star formation rate density over the range 0 < z < 9
is reasonably well reproduced, once possible calibration un-
certainties are allowed for.

Our new model embeds simple but plausible represen-
tations of the physical processes known to influence galaxy
formation and evolution in the structure formation frame-
work of the concordance ΛCDM model, yet it behaves in a
very similar way to the simple toy model which Peng et al.
(2010) introduced to interpret the observed evolution of stel-
lar mass functions split into star-forming and passive sys-
tems. At each redshift, there is a well-defined star-forming
main sequence along which sSFR varies only weakly. The
stellar mass function of star-forming galaxies has a steep
low-mass slope and evolves very little with redshift, whereas
that of passive galaxies has a much flatter low-mass slope
and grows strongly in amplitude, but weakly in character-
istic mass, with decreasing redshift. As a result, passive
galaxies first come to dominate the population at high mass
(logM∗/M⊙ ∼ 11.3 at z ∼ 2) and the transition between
active and passive domination shifts to progressively lower
stellar mass at later times, dropping to logM∗/M⊙ ∼ 10.0
by z = 0. Peng et al. (2010) noted that fitting the data with
their toy model required quenching of star formation to oc-
cur near a characteristic stellar mass which is independent
of redshift. In our physical model, this characteristic stellar

c⃝ 2015 RAS, MNRAS 451, 2663–2680

Henriques et al. 2015



Conformity on large scale structure 

• ‘assembly bias’ or ‘pre-heating’ ? 

• pre-heating source: feedback(Kauffmann 2015)?  gravitational 
pancaking (Mo et al. 2005)? or …? 

• test conformity on different LSS environments? 

Zhu+2017
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Thank You !


