


  Clusters and cluster finding 

  Measured Conditional Luminosity Function 

  Radial galaxy distributions 

  Future work  
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  Effects of high-density environment on galaxies 
  How do accretion and destruction of galaxies relate?  

How does this change with cluster size? 
  How does stripping affect galaxies at different radii? 

  Understanding clusters is important to their use in 
cosmology 
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  Red-galaxy cluster finder 

  Uses all galaxies in cluster 
to estimate a redshift 

  Includes membership 
probability and P(z) 

  Small mass-richness 
scatter (~20-25%) 
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Figure 7. The redshift di↵erence z
out

� z
in

for one loop of our
iterative photometric redshift estimator, as a function of the input
redshift z

in

. Two typical, well behaved clusters are shown with red
short-dashed lines. However, ⇠ 1�2% of clusters have convergence
curves like the blue long-dashed line. These appear to be projection
e↵ects between multiple nearby structures.

Finally, in order to ensure that z� is unbiased, we apply
an afterburner correction, much in the same way as was
done for z

red

, only now we demand that the redshift be
unbiased in the sense that hz

true

|z�i = z�. We relegate
the details to Appendix B.2.
In the top panel in Figure 8 we compare our photo-

metric redshift estimates to the spectroscopic redshift of
the central galaxy (where available) for all clusters in
DR8 with �/S(z) > 20 (i.e., every cluster must have 20
galaxy detections). The bottom panel shows the residu-
als (red triangles), as well as the rms of the distribution
(red long-dashed line) and average estimated error �z�
(blue short-dashed line). There are small biases that are
nevertheless detected with high confidence. We do not
yet fully understand the origin of these biases, but in-
tend to return to this problem in a future paper. We see
too that there is a feature at 0.35 . z . 0.45, both in
the bias and scatter, reflecting the additional di�culties
introduced by the fact that the 4000Å break goes from
being sampled by g � r to r � i. This is also the red-
shift range where we start running into the limit of the
DR8 photometry, which further aggravates these failures.
Indeed, these features are greatly reduced when redMaP-
Per is run on deeper data (e.g., SDSS Stripe 82 coadds,
Annis et al. 2011, not shown).
One interesting thing to note about the top panel in

Figure 8 is that the “large” (�z ⇠ 0.1) redshift o↵sets in
this plot do not reflect errors in the cluster redshift esti-
mates, but rather cluster miscentering. That is, when we
compare z� to the redshift of the central galaxy, large o↵-
sets are primarily due to our selection of a central galaxy
that is not, in fact, a cluster member. To demonstrate
this, we have created a “clean” sample of clusters where
we demand that there be at least two spectroscopic clus-
ter members with p

mem

> 0.8 within 1000 km s�1 of the
spectroscopic redshift of central galaxy, thereby ensur-
ing that the central galaxy is in fact a cluster member.
Of the 13,178 redMaPPer clusters in DR8 with spectro-
scopic redshifts, 1,829 (or 14%) meet this criterion. The
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Figure 8. Top: z� vs. spectroscopic redshift of the assigned
cluster central galaxy (CG) for redMaPPer clusters in DR8 with
�/S(z) > 20. Bottom: Red triangles show the mean o↵set z� �
z
CG

in various redshift bins. The blue short-dashed line shows
the average redshift error on z�, while the red long-dashed line
shows the measured rms of the redshift o↵set distribution. The
vast majority of outliers are due to errors in cluster centering, i.e.,
the o↵set z� � z

CG

is large not because z� is incorrect, but rather
because the chosen central galaxy is not actually a cluster member.

corresponding comparison of z� to z
CG

in this case is
shown in Figure 9. We see that this photometric redshift
plot is very clean. The few outliers left (. 0.2%) are
likely multiple systems in projection. In particular, the
obvious outlier cluster at z� ⇡ 0.22 correpsonds to the
cluster represented by the blue long-dashed line shown
in Figure 7.
We can get a better sense of the fraction of gross red-

shift outliers from Figure 10, where we show the fraction
of 3�, 4�, and 5� outliers. A cluster is considered an N�
outlier if |z� � z

CG

| � N�z� . To estimate the fraction of
outliers as a function of redshift, for each redshift z we
collect all clusters with redshift z� 2 [z�0.025,z+0.025],
and directly measure the fraction of N� outliers. By
moving the window [z � 0.025,z + 0.025] we recover the
outlier fraction as a function of redshift. We see that
⇡ 1% of our galaxy clusters are 4� redshift outliers. We
emphasize that this fraction is measured using the full
cluster sample, not the cleaned version used to produce
Figure 9.
Finally, in Figure 11 we test whether the redMaPPer

estimates for the cluster redshift probability distribu-
tions P (z

true

|z�) are accurate. First, we select all clus-
ters with spectroscopic central galaxies to create a “true”
N(z

CG

), shown with a black solid histogram. We note
that this is not representative of the full cluster popu-
lation due to uneven spectroscopic sampling. We com-
pare this to two estimates of N(z) using the same set
of clusters. First, we bin clusters using the central val-
ues of z�, shown with the red-dashed histogram. Second,
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  DR8: 
  10,504 deg2, clusters complete to z=0.35 

  S82: 
  220 deg2, clusters to z=0.6 

  DES: 
  Upcoming, SV data ~200 deg2 to z~1 
  First year (this winter), ~2000 deg2 to less depth 
  Full survey (five years), ~5000 deg2 to z~1 

5 



6 



Log(Li/L⊙) 

Φ
 [d

ex
-1

] 

7 



  Moderate evolution with redshift 
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  CLFs brighten with redshift – mostly similar to 
passive evolution 

  Satellite CLF brightness nearly constant with 
richness 

  Radial profiles currently consistent with NFW – even 
at small scales 

  Plan to repeat on early DES data…  
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  Remapper: 
  Rykoff et al 2013 
  Rozo et al 2013 

  CLFs: 
  Hansen et al 2009 
  Yang, Mo, & van den Bosch 2008, 2009 
  Wang & White 2012 

  N( r): 
  Hansen et al 2005 
  Tal et al 2013 
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2 Reddick et al

FIG. 1.— Cluster number density as a function of redshift. Top: Stripe
82 number density. DR8 number density is shown by dotted lines. Bottom:

DR8 number density. S82 number density shown in dotted lines. Note the
difference in redshift range. Vertical dashed lines indicate the bins in redshift
we will use when obtaining other measurements, such as the CLFs. needs to

be redone using S82 zred

TABLE 1
CLF REDSHIFT FITS

Data log(L
c0) [L�/h

2] b

c

�
c

[dex] �2
c

N

cen

log(L⇤
0 ) [L�/h

2] b

s

� [dex-1] ↵ �2
s

N

sat

S82, � > 20 10.78±0.01 1.51±0.25 0.170±0.008 47.1 53 10.16±0.02 1.94±0.20 70.0±3.4 -0.76±0.06 42.7 86
DR8, 20 < � < 25 10.804±0.006 1.01±0.20 0.178±0.003 32.5 67 10.27±0.01 1.69±0.12 45.3±1.3 -0.94±0.02 48.0 103
DR8, � > 20 10.856±0.005 0.97±0.15 0.184±0.002 68.2 78 10.294±0.006 1.54±0.06 61.6±1.0 -0.98±0.01 189 113

TABLE 2
CLF OVERALL FITS – CENTRALS

Data log(L
c0) [L�/h

2] a

c

b

c

�
c

[dex] �2
c

N

cen

DR8 10.787±0.002 0.422±0.006 0.993±0.06 0.186±0.001 470 493
S82 (z�) 10.806±0.005 0.40±0.02 0.66±0.09 0.193±0.002 192 185

TABLE 3
CLF OVERALL FITS – SATELLTIES

Data log(L⇤
0 ) [L�/h

2] a

s

b

s

�0 [dex-1] a� [dex-1] ↵ �2
s

N

sat

DR8 10.277±0.004 0.026±0.005 1.72±0.03 40.7±0.3 1.024±0.004 -0.943±0.007 545 650
S82 (z�) 10.274±0.010 0.012±0.016 1.06±0.06 40.6±1.0 1.09±0.02 -0.962±0.019 223 309
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ABSTRACT
Using the new redMaPPercluster finder, we examine the distribution, redshift evolution, and environment

dependence of red galaxies in clusters in the Sloan DR8 and Stripe 82 samples. We find that the shape of the
conditional luminosity function at fixed richness remains roughly constant up to z=0.65. The shift is responsible
Our measurements imply a magnitude gap (comment on this after it’s done). A split based on the local density
of clusters implies that the CLF is independent of environment.
Subject headings: galaxies: evolution — galaxies:halos — galaxies:groups — large-scale structure of universe

— dark matter — galaxies:clusters

1. INTRODUCTION
General relevance of clusters to cosmology, galaxy evolu-

tion
High-density environments
Evolution with redshift

2. DATA
DR8 and S82 samples that we’re using. Will we be includ-

ing mock catalogs in this exercise?

3. REDMAPPER
Brief discussion of cluster finding, and reference to

redMaPPer.
Absolute magnitudes are derived using the KCORRECT

code of Blanton & Roweis (2007).
Comparison of probabilities using GAMA?

4. CONDITIONAL LUMINOSITY FUNCTION
CLFs were obtained by binning the redMaPPer measure-

ments.
Fits were done using the following analytic forms:

�
c

=
1p

2⇡�2
c

exp
✓

- (logL

i

- logL

c

)2

2�2
c

◆
(1)

�
s

= � ·
✓

L

i

L

⇤

◆↵+1

exp
✓

- L

i

L

⇤

◆
(2)

4.1. Redshift Dependence

Only L

c

and L

⇤ evolve significantly with redshift. We define
their relationships to be:
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4.2. Richness Dependence

Similar to our parameterization above based on redshift, we
consider trends in CLF shapes as a function of richness pa-
rameter �, while still including redshift variation. While the
same basic form for individual CLFs is used, we use a differ-
ent description for changes as a function of �. In particular,
we adopt:
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Note that we do not assume that either � is constant with
respect to �, but we do still assume a constant scatter �

c

and
constant ↵. In the satellite fits, we find that L

⇤
0 , �0, and ↵ and

strongly correlated.

5. MAGNITUDE GAPS
6. RADIAL PROFILES

Fit to projected NFW?

7. MASS-RICHNESS SCATTER
8. SUMMARY AND DISCUSSION
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