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GALFIT-type analysis of VELA simulations using deep learning — Marc Huertas-Company Deep Learning 
GALFIT emulator vs. Haowen Zhang running them through GALFIT.  

Prolate galaxies: observation-simulation comparison —Haowen Zhang and Vivian Tang: analysis of 
CANDELS b/a vs. Δa data & mocks; half-stellar-mass radius r_0.5 vs. half-stellar-light radius r_e from simulations.

Deep Learning for Galaxy Environment project — The paper by Nicolas Tejos, Aldo Rodriguez-Puebla, and me 
is now published in MNRAS.  James Kakos, Dominic Pasquale, and Matthew Casali plan to use DL for a project to 
improve z and local environment for a mixture of spectroscopic and (mostly) photometric redshifts. 

Galaxy size vs. local density project — Graham Vanbenthuysen, Viraj Pandya, Christoph Lee, Doug Hellinger, 
Aldo Rodriguez-Puebla, David Koo, Lin Lin — We are measuring λ vs. density by various methods in Aldo’s mock 
catalogs from Bolshoi-Planck and MultiDark-Planck, and SDSS galaxy radii vs. density by the same methods.  
Christoph will show how Rs and Rs(CNFW/7)0.4 depend on environmental density.

Elongated galaxies aligned with cosmic filaments? — Viraj Pandya is working on observations & mocks.

Deep Learning for Galaxies project — Analysis of VELA Gen3 simulations is ongoing by Raymond Simons at 
JHU, Christoph Lee and Sean Larkin, along with Avishai’s student Tomer Nussbaum: finding all satellites.  
Christoph is also using the DL code that classified CANDELS images to classify VELA mock galaxy images.

Abundance matching is independent of environmental density — Radu Dragomir, Aldo, Christoph paper soon

Halo properties like concentration, accretion history, and spin are mainly determined by environmental 
density rather than by location within the cosmic web — we are finishing the paper led by Tze Goh

DM halo mass loss paper being finished — Christoph Lee, Doug Hellinger.  Related work this summer on halo 
radial profile by SIP students Shawn Zhang and Peter Wu with Christoph.  

Simulations of CGM & winds vs. observations — Clayton Strawn, Hassen Yesuf

Improved Santa Cruz Semi-Analytic Model of galaxy population evolution, including insights from high-
resolution hydro simulations — Viraj Pandya, Christoph Lee, Rachel Somerville, Sandy Faber 

Expected at 4 pm: Elliot Eckholm, Viraj Pandya, Graham Vanbenthuysen Not coming: Vivian, James, Clayton
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GALFIT-type analysis of VELA simulations using deep learning — Marc Huertas-Company



CNN Galfit Emulator (Marc Huertas-Company) vs. Galfit (Haowen Zhang) 
Applied to VELA Gen3 CANDELized Images



CNN Galfit Emulator (Marc Huertas-Company) vs. Galfit (Haowen Zhang) 
Applied to VELA Gen3 CANDELized Images
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CNN Galfit Emulator (Marc Huertas-Company) vs. Galfit (Haowen Zhang) 
Applied to VELA Gen3 CANDELized Images

Galfit magnitudes agree with Sunrise magnitudes for bright galaxies (h ≲ 24)
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Evolution with Redshift of Density Dependence of CNFW, λB, Ṁ/M
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z = 0 Density Dependence of CNFW, λB, Ṁ/Mz = 0 Density Dependence of  CNFW, Rs, Rs (CNFW/7)0.4

We also need to know the dispersion in RS and 
RS(CNFW/7)0.4.  We know that the dispersion of  
λB and galaxy radius are log-normal.  If either RS  
or RS(CNFW/7)0.4 control galaxy radii, as Fangzhou 
Jiang claims is true for NIHAO and VELA  
simulations, these quantities should also have  
log-normal dispersion in mass bins.  Christoph  
Lee is looking at this.
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Measuring λB and Rs vs. Density in Spheres of 4 and 8 h-1 Mpc  
Graham Vanbenthuysen & Viraj Pandya



Deep Learning for Galaxy Environment project — The SORT paper by Nicolas Tejos, Aldo Rodriguez-Puebla, and me is now 
published: Stochastic Order Redshift Technique (SORT): a simple, efficient and robust method to improve cosmological redshift 
measurements, MNRAS, 473. 366.  James Kakos, Viraj Pandya, Dominic Pasquale, and Matthew Casali plan to use DL for a project 
to improve z and local environment for a mixture of spectroscopic and (mostly) photometric redshifts.  

2nd stage: Improve the treatment in the Tejos, Rodriguez-Puebla, Primack SORT paper.  This paper used a mock SDSS sample as 
the test case.  This is a large-area survey, but the SORT method is designed for pencil-beam surveys, like CANDELS and other distant 
redshift/imaging surveys.  (The complementary method due to Bryce Menard is designed for large-area surveys.)  So let’s first apply 
SORT to a mock CANDELS-type pencil beam survey, using the 8 mock backward light cones for each of the 5 CANDELS fields, 
based on the Bolshoi-Planck simulation.  Also, let’s assign spectroscopic redshifts (from the backward light cones) to the brighter 
(higher Vmax) galaxies, photometric redshifts (degraded by an appropriate Gaussian spread Δz (1+z) ) to the fainter galaxies, and 
possibly also intermediate-accuracy grism redshifts.  Goal: see how much improvement we can get in determining the environment 
(density, cosmic web) around galaxies using SORT.
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SORT allows recovery of the 2-point
correlation function for s > 4 Mpc/h
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2nd stage: Improve the treatment in the Tejos, Rodriguez-Puebla, Primack SORT paper.  This paper used a mock SDSS sample as 
the test case.  This is a large-area survey, but the SORT method is designed for pencil-beam surveys, like CANDELS and other distant 
redshift/imaging surveys.  (The complementary method due to Bryce Menard is designed for large-area surveys.)  So let’s first apply 
SORT to a mock CANDELS-type pencil beam survey, using the 8 mock backward light cones for each of the 5 CANDELS fields, 
based on the Bolshoi-Planck simulation.  Also, let’s assign spectroscopic redshifts (from the backward light cones) to the brighter 
(higher Vmax) galaxies, photometric redshifts (degraded by an appropriate Gaussian spread Δz (1+z) ) to the fainter galaxies, and 
possibly also intermediate-accuracy grism redshifts.  Goal: see how much improvement we can get in determining the environment 
(density, cosmic web) around galaxies using SORT.

Deep Learning: The training set will be the same combination(s) of spec-z, photo-z, and possibly grism-z measurements as for the 
2nd stage, plus the true redshifts from the simulation.  We will then see how well the DL code can predict the true environments of 
distant galaxies.  The challenge in designing the DL will be that this is a 3D point project, unlike the 2D images that face recognition 
and our “face recognition for galaxies” project analyzes.  We hope that our Google friends will help us design an appropriate DL setup.

Deep Learning for Galaxy Environment project — The SORT paper by Nicolas Tejos, Aldo Rodriguez-Puebla, and me is now 
published: Stochastic Order Redshift Technique (SORT): a simple, efficient and robust method to improve cosmological redshift 
measurements, MNRAS, 473. 366.  James Kakos, Viraj Pandya, Dominic Pasquale, and Matthew Casali plan to use DL for a project 
to improve z and local environment for a mixture of spectroscopic and (mostly) photometric redshifts.  
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ABSTRACT
SubHalo Abundance Matching (SHAM) assumes that one (sub)halo property, such as
mass Mvir or peak circular velocity Vpeak, determines properties of the galaxy hosted
in each (sub)halo such as its luminosity or stellar mass. This assumption implies that
the dependence of Galaxy Luminosity Functions (GLFs) and the Galaxy Stellar Mass
Function (GSMF) on environmental density is determined by the corresponding halo
density dependence. In this paper, we test this by determining from an SDSS sample
the observed dependence with environmental density of the ugriz GLFs and GSMF
for all galaxies, and for central and satellite galaxies separately. We then show that the
SHAM predictions are in remarkable agreement with these observations, even when
the galaxy population is divided between central and satellite galaxies. However, we
show that SHAM fails to reproduce the correct dependence between environmental
density and color for all galaxies and central galaxies, although it correctly reproduces
the color dependence on environmental density of satellite galaxies.

Key words: Galaxies: Halos - Cosmology: Large Scale Structure - Methods: Numer-
ical

1 INTRODUCTION

In the standard theory of galaxy formation in a ⇤CDM
universe, galaxies form and evolve in massive dark matter
halos. The formation of dark matter halos is through two
main mechanisms: (1) the accretion of di↵use material; and
(2) the incorporation of material when halos merge. At the
same time, galaxies evolve within these halos, where mul-
tiple physical mechanisms regulate star formation and thus
produce their observed properties. Naturally, this scenario
predicts that galaxy properties are influenced by the forma-
tion and evolution of their host halos (for a recent review
see Somerville & Davé 2015).

What halo properties matter for galaxy formation? The
simplest assumption that galaxy formation models make is
that a dark matter halo property such as mass M

vir

or max-
imum circular velocity V

max

fully determines the statisti-
cal properties of their host galaxies. This assumption was
supported by early studies that showed that the halo prop-
erties strongly correlate with the larger-scale environment
mainly due to changes in halo mass (e.g., Lemson & Kau↵-
mann 1999). Halo evolution and corresponding evolution of

? radragomir@gmail.com
† rodriguez.puebla@gmail.com
‡ joel@ucsc.edu
§ christoph28@gmail.com

galaxy properties can be predicted from Extended Press-
Schechter analytical models based on Monte Carlo merger
trees (Cole 1991; White & Frenk 1991; Kau↵mann & White
1993; Somerville & Kolatt 1999).1 Such models assume that
the galaxy assembly time and merger history are indepen-
dent of the large-scale environment (for a recent discussion
see, e.g., Jiang & van den Bosch 2014).

However, it is known that dark matter halo properties
do depend on other aspects beyond M

vir

, a phenomenon
known as halo assembly bias. Wechsler et al. (2006, see
also Gao, Springel & White 2005; Gao & White 2007; Fal-
tenbacher & White 2010; Lacerna & Padilla 2011) observed
an assembly bias e↵ect in the clustering of dark matter halos:
they showed that for halos with M

vir

<⇠ 1013M� early form-
ing halos are more clustered than late forming halos, while
for more massive halos they found the opposite. Other e↵ects
of environmental density on dark matter halos are known,
for example that halo mass accretion rates and spin can
be significantly reduced in dense environments due to tidal
e↵ects, and that median halo spin is significantly reduced
in low-density regions due to the lack of tidal forces there
(Lee et al. 2017). Despite such environmental e↵ects on halo

1 More recent methods apply corrections that improve agree-
ment with N-body simulations (Parkinson, Cole & Helly 2008;
Somerville & Davé 2015).
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Figure 1. The global ugriz galaxy luminosity function. Our derived ugriz GLFs and GSMF are shown with the black circles with error
bars. For comparison we reproduce the ugriz GLFs from Blanton et al. (2005a, black long dashed lines) based on the SDSS DR2; Hill
et al. (2010, dotted lines) by combining the MGC, SDSS DR5 and the UKIDSS surveys; and Driver et al. (2012, short dashed lines)
based on the GAMA survey. As for the stellar masses we compare with the GSMF from Baldry et al. (2012) and Wright et al. (2017),
black long and short dashed lines, respectively.

Table 1. Best fitting parameters for the GLFs and the GSMF.

Galaxy Luminosity Functions

Band ↵ M⇤
� 5 log h log �⇤

1

⇥
h3Mpc�3mag�1

⇤
log �⇤

2

⇥
h3Mpc�3mag�1

⇤

u �0.939± 0.005 �17.758± 0.016 �3.692± 0.044 �1.530± 0.002
g �1.797± 0.044 �19.407± 0.068 �1.674± 0.013 �2.764± 0.105
r �1.810± 0.036 �20.184± 0.062 �1.733± 0.013 �2.889± 0.094
i �1.794± 0.031 �20.546± 0.053 �1.768± 0.011 �2.896± 0.077
z �1.816± 0.028 �20.962± 0.051 �1.806± 0.012 �3.038± 0.076

Galaxy Stellar Mass Function

↵ M

⇤ ⇥
h�2M�

⇤
log �⇤

1

⇥
h3Mpc�3dex�1

⇤
log �⇤

2

⇥
h3Mpc�3dex�1

⇤

�1.673± 0.106 10.858± 0.100 �2.402± 0.035 �3.602± 0.273

GLFs. For comparison we reproduce the ugriz GLFs from
Blanton et al. (2005a, black long dashed line) who used a
sample of low-redshift galaxies (< 150h�1Mpc) from the
SDSS DR2 and corrected due to low surface brightness se-
lection e↵ects. Additionally, we compare to Hill et al. (2010)
who combined data from the Millennium Galaxy Catalogue
(MGC), the SDSS DR5 and the UKIRT Infrared Deep
Sky Survey Large Area Survey (UKIDSS) for galaxies with
z < 0.1, dotted lines; and to Driver et al. (2012) who uti-
lized the Galaxy And Mass Assembly (GAMA) survey for
the redshift interval 0.013 < z < 0.1 to derive the ugriz

GLFs, short dashed-lines. All the GLFs in Figure 1 are at

the rest-frame z = 0. In general we observe good agreement
with previous studies; in a more detailed examination, how-
ever, we note some di↵erences that are worthwhile to clarify.

Consider the u-band GLFs from Figure 1 and note
that there is an apparent tension with previous studies. At
the high luminosity-end, our inferred u-band GLF decreases
much faster than the above-mentioned studies. This is espe-
cially true when comparing with the Hill et al. (2010) and
Driver et al. (2012) GLFs. This could be partly due to the
di↵erences between the Kron magnitudes used by Hill et al.
2010 and Driver et al. 2012 and the Model magnitudes used
in this paper. But we believe that most of the di↵erence is

c
� 20?? RAS, MNRAS 000, 1–17
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Figure 2. Absolute magnitude in the r�band as a function
of redshift for our magnitude-limited galaxy sample. The blue
solid box shows our volume-limited DDP sample. Note that our
DDP sample restricts to study environments for galaxies between
0.03 6 z 6 0.11 as shown by the dashed lines.

measurements should be carried out over more continuos re-
gions. Following Varela et al. (2012) and Cebrián & Trujillo
(2014), we reduce this source of potential bias by restricting
our galaxy sample to a projected area based on the following
cuts:

RA >

8
>>>><

>>>>:

0 Southern limit
�2.555556⇥ (DEC� 131�) Western limit
�1.70909⇥ (DEC� 235�) Eastern limit

arcsin

✓
xp
1�x

2

◆
Northern limit

, (6)

where x = 0.93232 sin(DEC� 95.9�). This region is plotted
in Figure 1 of Cebrián & Trujillo (2014).

2.3.3 Overdensity Measurements

In summary, our final magnitude-limited galaxy sample con-
sists of galaxies in the redshift range 0.03 6 z 6 0.11 and
galaxies within the projected area given by Equation (6),
while our volume-limited DDP sample comprises galaxies
with absolute magnitude satisfying �21.8 < M

r

� 5 log h <

�20.1. Based on the above specifications, we are now in a
position to determine the local overdensity of each SDSS
DR7 galaxy in our magnitude-limited galaxy sample .

Overdensities are estimated by counting the number
of DDP galaxies neighbours, N

n

, around our magnitude-
limited galaxy sample in spheres of r

8

= 8h�1 Mpc radius.
While there exist various methods to measure galaxy en-
vironments, (Muldrew et al. 2012) showed that aperture-
based methods are more robust in identifying the depen-
dence of halo mass on environment, in contrast to nearest-
neighbours-based methods that are largely independent of
halo mass. In addition, aperture-based methods are easier
to interpret. For these reasons, the aperture-based method

is ideal to probe galaxy environments when testing the as-
sumptions behind the SHAM approach.

The local density is simply defined as

⇢

8

=
N

n

4/3⇡r3
8

. (7)

We then compared the above number to the expected num-
ber density of DDP galaxies by using the global r-band
luminosity function determined above in Section 2.2; ⇢̄ =
6.094 ⇥ 10�2

h

3 Mpc�3. Finally, the local density contrast
for each galaxy is determined as

�

8

=
⇢

8

� ⇢̄

⇢̄

. (8)

The e↵ect of changing the aperture radius has been dis-
cussed in Croton et al. (2005). While the authors noted that
using smaller spheres tends to sample underdense regions
di↵erently, they found that their conclusions remain robust
due to the change of apertures. Nevertheless, smaller-scale
spheres are more susceptible to be a↵ected by redshift space
distortions. Following Croton et al. (2005), we opt to use
spheres of r

8

= 8h�1 Mpc radius as the best probe of both
underdense and overdense regions. Finally, note that our
main goal is to understand whether halo V

max

fully deter-
mines galaxy properties as predicted by SHAM, not to study
the physical causes for the observed galaxy distribution with
environment. Therefore, as long as we treat our mock galaxy
sample, to be described in Section 3, in the same way that
we treat observations, understanding the impact of changing
apertures in the observed galaxy distribution is beyond the
scope of this paper.

2.3.4 Measurements of the Observed ugriz GLFs and the
GSMF as a Function of Environmental Density

Once the local density contrast for each galaxy in the SDSS
DR7 is determined, we estimate the dependence of the ugriz
GLFs and the GSMF with environmental density.

As in Section 2.2, we use the standard 1/V
max

weight-
ing procedure. Unfortunately, the 1/V

max

method does not
provide the e↵ective volume covered by the overdensity bin
in which the GLFs and the GSMF have been estimated and,
therefore, one needs to slightly modify the 1/V

max

estimator.
In this subsection, we describe how we estimate the e↵ective
volume.

We determine the fraction of e↵ective volume by count-
ing the number of DDP galaxy neighbours in a catalog of
random points with the same solid angle and redshift dis-
tribution as our final magnitude-limited sample. We again
utilized spheres of r

8

= 8h�1 Mpc radius and create a ran-
dom catalog consisting of N

r

⇠ 2⇥ 106 of points. The local
density contrast for each random point is determined as in
Equation (8):

�

8,r

=
⇢

8,r

� ⇢̄

⇢̄

, (9)

where ⇢
8,r

is the local density around random points. We es-
timate the fraction of e↵ective volume by a given overdensity
bin as

f(�
8

) =
1
N

r

NrX

i=1

1⇥⇥(�
8,r

±��

8,r

/2). (10)
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Figure 11. Mean density as a function of galaxy g�r color, from
the SDSS DR7 (shaded regions) and the mean density predicted
by SHAM based on the BolshoiP simulation, dotted lines with er-
ror bars. We present the mean density for all, central, and satellite
galaxies as indicated by the labels. SHAM fails to predict the cor-
rect relationship between mean density and galaxy colors for all
galaxies and central galaxies. In contrast, the SHAM prediction
for satellite galaxies is in better agreement with observations.

the observed dependence from the SDSS DR7, reinforcing
the above conclusion.

• When dividing the galaxy population into centrals and
satellites SHAM predicts the correct dependence of the ob-
served r-band GLF and GSMF for centrals and satellite
galaxies from the Yang et al. (2012) group galaxy catalog.

• While SHAM predicts GLFs and the GSMF that are
in remarkable agreement with observations even when the
galaxy population is separated between centrals and satel-
lites, SHAM does not predict the observed average relation
between g � r color and mean environmental density. This
is especially true for central galaxies, while the correlation
obtained for satellite galaxies is in better agreement with
observations.

Many previous authors have studied the correlation be-
tween galaxies and dark matter halos with environment both
theoretically and observationally (see, e.g., Lemson & Kau↵-
mann 1999; Hogg et al. 2003; Mo et al. 2004; Avila-Reese
et al. 2005; Berlind et al. 2005; Croton et al. 2005; Baldry
et al. 2006; Abbas & Sheth 2006; Skibba et al. 2006; Blanton
& Berlind 2007; Park et al. 2007; Maulbetsch et al. 2007;
Peng et al. 2010; Tinker, Wetzel & Conroy 2011; Lietzen
et al. 2012; Muldrew et al. 2012; McNaught-Roberts et al.
2014; Jung, Lee & Yi 2014; Woo et al. 2013; Guo et al. 2017;
Lee et al. 2017; Yang et al. 2017, and many more references
cited therein) While most of these authors have focused on
understanding the galaxy distribution as a function of color
and environment at a fixed M⇤, here we take a di↵erent ap-
proach and exploit the extreme simplicity of SHAM. Firstly,
there are no special galaxies in SHAM. Second, SHAM can
be applied to any galaxy property distribution. Thus, in our
framework a halo and a subhalo with identical V

max

will host
galaxies with identical luminosities and stellar mass, no mat-
ter the halo’s environmental density or position in the cosmic
web. Our results are consistent with previous findings that

halo V

max

could be enough to determine the luminosities and
stellar masses. However, we have also shown that SHAM is
unable to reproduce the correct correlation between galaxy
color and the mean density �

8

on a scale of 8 h

�1 Mpc. This
result implies that additional halo properties that depend
in some way on the halo environment (e.g., Lee et al. 2017)
should be employed to correctly reproduce the relationship
between �

8

and galaxy color.
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Figure 3. Left Panel: Luminosity-to-V
max

relation from SHAM. The di↵erent colors indicate the band utilized for the match. Right
Panel: Stellar mass-to-V

max

relation. Recall that SHAM assumes that these relations are valid for centrals as well as for satellites.
In the case of centrals V

max

refers to the halo maximum circular velocity, while for satellites V
max

represents the highest maximum
circular velocity (V

peak

) reached along the subhalo’s main progenitor branch. SHAM assumes that V
max

fully determines these statistical
properties of the galaxies.

Figure 4. Two-point correlation function in five luminosity bins at z = 0.1. The solid lines show the predicted two-point correlation
based on our r-band magnitude-to-V

max

relation from SHAM, while the circles with error bars show the same but for the SDSS DR7
(Zehavi et al. 2011).

Nevertheless, in Section 4.3 we will study the statistical cor-
relation between color and environment for all galaxies, and
separately for central and satellite galaxies.

As a sanity check, we show that our mock galaxy cata-
log in the BolshoiP reproduces the projected two-point cor-

relation function of SDSS galaxies.8 Figures 4 and 5 show,
respectively, that this is the case for the r-band and stellar

8 When computing the projected two-point correlation function
in the BolshoiP simulation, we integrate over the line-of-sight
from r

⇡

= 0 to r
⇡

= 40 h�1 Mpc, similarly to observations.
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Figure 5. Two-point correlation function in five stellar mass bins. The solid lines show the predicted two-point correlation based on our
stellar mass-to-V

max

relation from SHAM, while the circles with error bars show the same but for SDSS DR7 (Yang et al. 2012).

mass projected two point correlation functions. In the case
of r-band, we compared to Zehavi et al. (2011) who used
r-band magnitudes at z = 0.1. We transformed our r-band
magnitudes to z = 0.1 by finding the correlation between
model magnitudes at z = 0 and at z = 0.1 from the tables
of the NYU-VAGC9. For the projected two point correlation
function in stellar mass bins we compare with Yang et al.
(2012).

3.3 Measurements of the mock ugriz GLFs and
the GSMF as a function of environment

Our mock galaxy catalog is a volume complete sample down
to halos of maximum circular velocity V

max

⇠ 55 kms

�1,
corresponding to galaxies brighter than M

r

�5 log h ⇠ �14,
see Figure 3. This magnitude completeness is well above the
completeness of the SDSS DR7. Thus, galaxies selected in
the absolute magnitude range �21.8 < M

r

�5 log h < �20.1
define a volume-limited DDP sample. In other words, in-
completeness is not a problem for our mock galaxy cata-
logue. Overdensity and density contrast measurements for
each mock galaxy in the BolshoiP simulation are obtained
as described in Section 2.3.3.

We estimate the dependence of the ugriz GLFs with
environment in our mock galaxy catalog as

�

X

(M
X

|�
8

) =
1

�M

X

f

BP

(�
8

)L3

BP

NX

i=1

!

i

(M
X

±�M

X

/2).(14)

9 Specifically, we found that M
r

(z = 0.1) = 0.992 ⇥ M
r

(z =
0) + 0.041 with a Pearson correlation coe�cient of r = 0.998.

Here, !
i

= 1 if a galaxy is within the interval M
X

±�M

X

/2,
otherwise it is 0. Again, M

X

refers to M

u

, M
g

, M
r

, M
i

, M
z

and logM⇤. The function f

BP

(�
8

) is the fraction of e↵ective
volume by a given overdensity bin for the BolshoiP simu-
lation. In order to determine f

BP

(�
8

), we create a random
catalog of N

r

⇠ 1⇥ 106 points in a box of side length iden-
tical to the BolshoiP simulation, i.e., L

BP

= 250 h

�1Mpc.
Using Equation (10) allows us to calculate f

BP

(�
8

).

4 RESULTS ON ENVIRONMENTAL DENSITY
DEPENDENCE

In this section we present our determinations for the envi-
ronmental density dependence of the ugriz GLFs and the
GSMF from the SDSS DR7 and the BolshoiP. Here, we
will investigate how well the assumption that the statisti-
cal properties of galaxies are fully determined by V

max

can
predict the dependence of the ugriz GLFs and GSMF with
environment. We will show that predictions from SHAM are
in remarkable agreement with the data from the SDSS DR7,
especially for the longer wavelength bands. Finally, we show
that SHAM also reproduces the correct dependence on en-
vironmental density of both the r-band GLFs and GSMF
for centrals and satellites, although it fails to reproduce the
observed relationship between environment and color.

4.1 SDSS DR7

Figure 6 shows the dependence of the SDSS DR7 ugriz

GLFs as well as the GSMF with environmental density mea-
sured in spheres of radius 8 h

�1Mpc. For the sake of the
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Figure 6. Comparison between the observed SDSS DR7 ugriz GLFs and GSMF, filled circles with error bars, and the ones predicted
based on the BolshoiP simulation from SHAM, shaded regions, at four environmental densities in spheres of radius 8 h�1Mpc. We also
reproduce the best fitting Schechter functions to the r-band GLFs from the GAMA survey (McNaught-Roberts et al. 2014). Observe
that SHAM predictions are in excellent agreement with observations, especially for the longest wavelength bands.

Figure 7. Left Panel: Comparison between the observed r�band GLF with environmental density in spheres of 8 h�1Mpc, filled circles
with error bars, and the ones predicted based on the BolshoiP simulation from SHAM, shaded regions. The dashed lines show the best
fitting Schechter functions to the r-band GLFs from the GAMA survey (McNaught-Roberts et al. 2014). Right Panel: Similar to the
left panel but for the GSMF with environmental density. Here again the dashed lines are the best fitting Schechter functions.

simplicity, we present only four overdensity bins in Figure
6. In Figure 7 we show the determinations in nine density
bins for the r-band GLFs and GSMF. In order to compare
with recent observational results we use identical environ-
ment density bins as in McNaught-Roberts et al. (2014),
who used galaxies from the GAMA survey to measure the

dependence of the r-band GLF on environment over the red-
shift range 0.04 < z < 0.26 in spheres of radius of 8 h

�1Mpc.

The r�band panel of Figure 6 shows that our determi-
nations are in good agreement with results from the GAMA
survey. In the g-band panel of the same Figure, we present
a comparison with the previously published results by Cro-
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