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ABSTRACT

We calculate stellar masses fer 400,000 massive luminous galaxies at redshift
0.2 — 0.7 using the first two years of data from the Baryon Oscillatigge&roscopic Sur-
vey (BOSS). Stellar masses are obtained by fitting modeltsgesnergy distributions to
u, g, 7,1, z magnitudes. Accurate BOSS spectroscopic redshifts acktasmnstrain the fits.
We find that the distribution of stellar masses in BOSS isaovaA log M ~ 0.5 dex) and
peaks at aboubg M /M ~ 11.3 (for a Kroupa initial stellar mass function), and that the
mass sampling is uniform over the redshift range 0.2 to @.Ggreement with the intended
BOSS target selection. The galaxy masses probed by BOS&dexver~ 10'2 M, provid-
ing unprecedented measurements of the high-mass end ofldeeygnass function. We find
that the galaxy number density above2.5 - 101 M, agrees with previous determinations
within 20, but there is a slight offset towards lower number densiti€0SS. This alleviates
a tension between the< 0.1 and the high-redshift mass function. We perform a compariso
with semi-analytic galaxy formation models tailored to @SS target selection and vol-
ume, in order to contain incompleteness. The abundance sdiveagalaxies in the models
compare well with the BOSS data. However, no evolution iecked from redshift- 0.6 to

0 in the data, whereas the abundance of massive galaxies inddels increases to redshift
zero. BOSS data display colour-magnitude (mass) relason#ar to those found in the lo-
cal Universe, where the most massive galaxies are the red@eshe other hand, the model
colours do not display a dependence on stellar mass, spancavearange and are typically
bluer than the observations. We argue that the lack of a col@ss relation in the models is
mostly due to metallicity, which is too low in the models.
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© 2012 RAS


http://arxiv.org/abs/1207.6114v1

2 C. Maraston et al.

1 INTRODUCTION evolution is detected at the high-mass effi£ 10" M), which

) ) ) - is one of the manifestations of tlwnsizingscenario for galaxy
In the cold dark matter hierarchical Universe model (Whit&ées formation in both star formation and mass assembly (Cireati.
1978), galaxies grow from primordial density fluctuations i  [>004: Renzifi 2006, 2009; Peng etlal. 2010). Such limiteduevo
the power spectrum_(Blumenthal et al. 1984; Davis st al. 1985 o for the most massive galaxies belaw~ 1 is also supported
and assemble their mass over cosmic time through a variety of by |yminosity function studie$ (Wake et al. 2006; Cool e2808)

processes, such as star formation, merging and accretign (& g \ell as by the lack of evolution of galaxy clustering (Wekel.
Kauffmann et al.. 1993 Somerville & Primack 1999; Cole et al. 2008/ Tojeiro & Percivill 2010).

2000;| Hatton et al. 2003; Menci etlal. 2004; Monaco et al. 2007
Henriques & Thomas|_2010; Guo ef al. _2011; Henriguesiet al.
2012). The observational tracing of the galaxy mass growth a
function of redshift is a powerful diagnostic of the galaxgr-f
mation process, which has been investigated by many groups
through large galaxy surveys (e.g. the Sloan Digital Sky&yr
SDSS, York et al. 2000; COMBO-17, Wolf et al. 2001; MUNICS, 4151 and roughly 1/3 complete at the time of writing - anckee-

Drory et al. 2001; DEEP2, Davis et al. 2003; GOODS, Dickin- tion cut favouring the most massive galaxiag 10 M). The

son et al. .2003; VVDS, Le Feévre et al. 2905; 2SLAQ, Cannon e area coverage, and the redshift range, which lies imiteie
et al. 2006; COSMOS, Scoville et al. 2007; GMASS, Kurk et al. 4t the theoretical late-time mass-assembly epbch (De Letcid

2008; GAMA, Driver et al. 2011; CANDELS, Grogin et al. 2011; - 5006 renders BOSS an excellent survey for galaxy evaiistiod-
SERVS, Mauduit et al. 2012. See also the review by Renzin6200 ies.

The massive (Mz5 - 10'° M) component of the galaxy In this first study we do not apply completeness corrections
population is particularly interesting in the context oflayey and focus on dight-conedmass function. The comparison with
formation and cosmology because the stellar populatiopgrfo  gajaxy formation models will be performed with simulatictas-
ties, such as stellar ages and chemical abundances, ofveassi |gred to the BOSS target selection and volume. The glob# ste
galaxies are notoriously challenging to models, e.g. thgh-hi  |ar mass and luminosity function for the BOSS survey, inelud
fraction of a-elements over iron and thexfFe] versus galaxy  jng completeness, will be published in subsequent papersve
stellar_mass _relation. (Worthey etal. 1992: Davies etal. 3199 || see from the comparison with other published mass func-

Carollo & Danziger | 1994;| Rose etial. 1994: Bender & Paquet tions, BOSS may be essentially complete at the high-mass end
1995; | Jorgensen etlal. 1995; Greggio 1997; Trager et al.|;2000 (M>5-10" Me).

In this work we exploit the Baryon Oscillation Spectro-
scopic survey (BOSS; Schlegel et al. 2009; Dawson et al. 2012
submitted, which is part of the Sloan Digital Sky Survey Il
(Eisenstein et al. 2011), for calculating galaxy stellarsg&s and
'the galaxy stellar mass function at~ 0.5. The advantage of-
fered by BOSS is the unprecedented survey area - 1QJ6g0n

Kuntschnerl 2000;_Proctor & Sansom_2002;_Smith et al._2009; The aim of this publication is twofold. First, we describe th
Thomas et al. 2005, 2010), the uniformly old stellar ageh Vit stellar mass calculation and discuss the results. We alspa®
evidence of star formation (Bower et/al. 1992, 1998; Thomab e photometric masses with spectroscopic ones that werenelotais-
2005; Bernardi et al. 2006), the independence of the stedipula- ing PCA algorithm applied to BOSS specira (Chen £t al. 2042).
tion properties of the environment (Peng €t al. 2010; Thoehad. then calculate the mass function over the redshift rangs 4

2010). There are still many unknowns in the process of gafianxy 0.7 and compare the resulting stellar mass density and thgyga
mation and evolution, both at the high and low mass end of the ¢joyrs with semi-analytic models of galaxy formation andle-

galaxy distribution (see reviews by Silk 2011 and White 2011 tjon, to obtain clues to the late-time evolution of massiaas-
which are thought to be mostly related to the baryonic corpon jes |n particular, given the unprecedented statisticsreff by the
of galaxies, especially to the poorly known processes inngl BOSS sample at the massive end, we can study whether the main

gas physics, such as star formation and feedback from stars a body of passive galaxies in the models has the correct mass di
AGN (e.g..Governato et al. 1998; Kauffmann & Haebrelt 2000; ,tion and the right colours.

Croton et al.| 2006; Bower etlal. 2006; Ciotti & Ostriker 2007,
Oppenheimer & Dave 2008; Johansson et al. 2012), and their i

terplay with the mass assembly over cosmic time (e.g.. Bewal. to the theoretical galaxy luminosity function that are gbbg data

2012). in the local Universe. Almeida etlal. (2008) focus on lumisowed
An efficient way to probe the galaxy formation process is galaxies at: < 0.5 and compare the observed luminosity func-

to study the galaxy luminosity and stellar mass functiond an tjon with galaxy formation models - by Bower et al. (2006) and

There have been several examples of such an approach in the
literature | Benson et al. (2003) extensively studied thestraints

their evolution with redshift. In the local universe, reteesults Baugh et al.[(2005) - which adopt different feedback mecmasi
on the stellar mass function of galaxies include Blantorlieta for quenching star formatioh. Fontanot et al. (2009) stindyctom-
(2003), Bell et al.[(2003). Baldry etlal. (2004). Baldry et(@0D06), parison of the stellar mass function in various semi-ai@tyiod-
Baldry et al.|(2008). Li & White|(2009). Baldry etlal. (2012). els with data over a wide redshift range. Neistein & Weinmann
At larger look-back times, several authors studied thdastel  (2010) discuss degeneracies of semi-analytic modelsdmgdif-
mass function as a function of redshift (Brinchmann & EIIZO0; ferent prescriptions for cooling and feedback, and theititpb

Drory et al. 2001, 2004, 2005; Colen 2002; Dickinson &t &.320 to match several observational constraints, including gakaxy
Fontana et al. 2003, 2006; Rudnick etlal. 2003; Glazebroak et  mass function. The task of comparing galaxy formation model
2004; |Bundy et al.| 2005; Conselice et al. 2005; Borch et al. to quantities derived from data, especially at high lookkotime,

2006;| Cimatti et gl. 2006; Bundy etlal. 2006; Pozzetti et D72, is not an easy one, as modelled data rather than pure obkervab
Pérez-Gonzalez etlal. 2003; Marchesini etlal. 2009; tlkieal. need to be used. Some works have concentrated oohiserved-
2010; Pozzetti et al. 2010), reaching redshifts of aboutt4. A 1, frame which avoids the extra-assumptions involved in translat-
which is the focus of this work, the galaxy stellar mass fiorct ing the observed colours and luminosities into physicahtjtias
appears to evolve slowly, with about half of the total steffeass (Tonini et al. 2009), while others support the use of tlegived-
density atz ~ 0 already in place at ~ 1. Moreover, little if no propertyplane in any case (Conroy et al. 2010). Here we consider
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the comparisons in both systems of reference, by compadilaxg
colours in the observed frame, and the galaxy mass functomgu
data-modelled stellar masses.

Finally, we compare the light-coned BOSS mass function with
mass functions from the literature.

The paper is organised as follows. In Section 2 we introduce
the BOSS data, in Section 3 we detail the stellar mass céiloula
and in Section 4 we present and discuss the results relatitet
stellar masses of BOSS galaxies. In Section 5 we performdime ¢
parison with semi-analytic models and in Section 6 we surisear
the work and draw conclusions.

Throughout the paper the cosmology from WMAPL, i.e.
Qu = 0.25, Hy = 0.73 kms 'Mpc~!, Qr = 1, is assumed
for consistency with the galaxy evolution models (Guo €@l 1;
Henriques et al. 201)

2 BOSS GALAXY DATA

The BOSS survey (Schlegel el al. 2009) aims at constrairiag t
late time acceleration in the Universe via Baryon Acoustcila-
tions (Eisenstein et al. 2005; see also Anderson et al. 20x1thé
first results on BOSS), with an observational effort of gglagec-
troscopy and photometry over five years, that started inZedb.

An overview of BOSS is given in Dawson et al. (20bmit-
ted. Below we summarise the key aspects that are relevantgo thi
paper. BOSS is one of four surveys of the SDSS-III collabhonat
(Eisenstein et al. 2011) using an upgrade of the multi-atgpec-
trograph (Smee et al. 2012ybmittedl on the 2.5m SDSS telescope
(Gunn et all 2006) located at Apache Point Observatory in New
Mexico. BOSS obtains medium resolutioR & 2000) spectra for
galaxies, QSOs and stars in the wavelength r&7§6 — 10000 A
Standard SDSS imaging using a drift-scanning mosaic CCD cam
era (Gunn et al. 1998) is obtained for luminous galaxies tiver

redshift range 0.3 to 0.7, selected to be the most massive and

with a uniform mass sampling with redshift (White etlal. 2011
Eisenstein et al. 2011). The acquired photometry has béessed
with the Data Release 8 (DR8, Aihara et al. 2011), and thesfatst
of spectra will be made publicly available with the Data Rske 9
(DR9), in Summer 2012 (Ahn et al. 201)bmittel.

For the project, we calculated photometric stellar masses
for BOSS galaxies. We use the galaxy spectroscopic redsft
termined by the BOSS pipeline (Bolton et al. 20E2bmitted
Schlegel et al. 2012n prep) and standard, g, r, i, = SDSS pho-
tometry (Fukugita et al. 1996) for performing spectral gyedis-
tribution (SED) fitting at fixed spectroscopic redshift irder to
obtain a best-fit model and from it an estimate of the stellassn
(see Section 3). The values of stellar mass and the routinesrt
form the same calculations for the rest of the BOSS survelybeil
made publicly available through DR9 in Summer 26h2.

Spectroscopic redshifts are determined from BOSS spestra u
ing the latest version of the SDSS Spec 1D pipeline and an ex-
tensive set of templates, based on both stellar empirieatspas

1 Note that for the DR release, see Section 2, a slightly réiffecosmol-
ogy has been adopted, namély= 0.258, Hyp = 71.9 km s~ *Mpc—1,
Q7 = 1,. We checked that this implies a negligible effect on steflasses.
2 For this work we selected objects with solid spectroscogidshift
determination (corresponding to the flagrarning=0) and we used the
primary spectroscopic observation available (using fipgcprimary=}.
These flags select a total number of galaxies which is sjigbtier than
what will be available with DR9.
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Figure 1. Observed-frame colour (— ¢) - magnitude {-model) diagram of
BOSS galaxies in the high-redshift CMASS sample. Magniuate galac-
tic extinction corrected (see text).

well as population models (Bolton et al. 20&2bmitteci see also
Schlegel et al 2012n prep, which explain the procedure to ob-
tain spectra which are input to the pipeline). The redshiftcess
for CMASS has the impressive figure of 98% (Anderson et al.
2012, Table 1) and is even better for the low-redshift (LCahple.
Different magnitude definitions are available for galaxymme-
try in SDSS.Model magnitudes aim at providing accurate colour
information, whereasmodelmagnitudes are better for accurate to-
tal luminosity (Stoughton et al. ZOOE)For an SED fit aimed at
mass determination we need both types of accuracy, so weatkci
to usemodelmagput scale the values usirggnodelmagnitudes in
thei-band. This scaling results in a constant shift of the e/ RE®.
We choose thé-band as this maps interest-frame at the BOSS
redshifts, which is the base for model magnitudes. We have pe
formed separate SED-fit calculations using either modej-iora
cmodelmags and find that this choice mostly affects the scatter.
Finally, we applied extinction correction for Milky Way rden-
ing using Schlegel et al. (1998) values. It should be notatltthis
method of combining magnitudes is the official method adibfde
the galaxy target selection for BOSS (Padmanabhan et a2, 201
prep).

Typical photometric errors ofmodel magnitudes are
1.00,0.17,0.06, 0.04,0.09 in u, g, 7,1, z, respectively. These are
averages evaluated on 331,915 BOSS galaxies at redshifts5.
Also errors are scaled to cmodelrﬁa‘m order to preserve the S/N.

The BOSS galaxy sample consists of two parts. The high-
redshift or CMASS (i.e. constant mass) sample, mostly d¢oimig
galaxies with a redshift of 0.4 or larger. This selectiondkiaved
by using ther — ¢ colour, which, by tracing the D-4008 break in
galaxy spectra in this redshift range, allows for a robudsinét se-
lection (Eisenstein et &l. 2001). A lower-redshift samp®W2z),
which is included in BOSS in order to increase the effectireaa
and allow for a comparison with the SDSS | & Il samples. Fidflire
shows as visualisation the CMASS sample in an observedefram
colour-magnitude diagram. The galaxy target selectiondsgnted
in Padmanabhan et al. (2018,prep).

3 http://www.sdss.org/dr7/algorithms/photometry. htmbigmodel
4 The scaling writes asnagscaledeppugriz) = magscaledfugriz] -
modelmagerrugriz)/modelmaglugriz]
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The BOSS data sample, including both CMASS and LOWZ,
that was acquired through September 2011, contains oved@@0
galaxie. In this paper we focus on the CMASS2, 0.4 sample
for the comparison with galaxy formation models.

3 STELLAR MASS CALCULATION

Photometric stellar massea/(") are obtained with the standard
method of SED fitting (e.g. Sawicki & Yae 1998), where obsdrve
magnitudes are fitted to model templates to obtain a modidrste
population that best matches the data. The normalisatichief
model to the data provides an estimate of the galaxy stelesm
The fitting can be performed at fixed redshift or by leaving the

redshift as a free parameter to be adjusted and determindhei
fitting method itself. Here - by virtue of the BOSS spectrgsco
redshift - we can use the fixed redshift option. The adoptéiddit
method and stellar templates are described below.

3.1 Galaxy model templates

We adopt two sets of templates in order to encompass plausibl
variations in the star formation histories of BOSS galaxies

First is a passive template, which we found to best match
the redshift evolution of luminous red galaxies (LRGs) fréme
2dF SDSS LRG and Quasar (2SLAQ) survey (Cannon et al.
2006) up to a redshift of 0.6 (Cool et al. 2008; Maraston et al.
2009). The reason for the better match, with respect to atand
solar metallicity passive models or models with star foiorat
(e.g., Eisenstein et al. 2001; Wake etlal. 2006) is twofolidstF

Salpeter|(1955) andla Kroupa (2001) initial mass functidmF),
and in both cases the stellar mass lost due to stellar evnligtisub-
tracted from the total mass budget. The stellar mass budgleid-
ing white dwarf, neutron star and black-hole remnants ¥adl@ur
previous calculations (Marasion 1998, 2005) and is basetth®n
initial mass versus final massrelations by Renzini & Cidt893).
For a single burst population following passive evolutithe frac-
tion of mass lost is aroung0 to 40% depending on the assumed
IMF (Maraston 2005, Figure Zﬁ.

3.2 Fitting code and method

We employ the fitting codelyperZ(Bolzonella et al. 2000), and in
particular an adapted version of it, namidgiperZspecin which
the SED fitting is performed at a fixed spectroscopic redshifis
latest version also uses a finer age grid of 221 ages for eacfost
mation history, instead of the 51 adopted in earlier verfjofihe
use of a denser grid, though not changing any result apggcia
allows for a better recovery of galaxy properties (Pforrl£2@12).
The code can be used with various stellar population modeks (
Bolzonella et al. 201.0; Maraston et al. 2006, 2010). For wosk
we adopt the models described in Section 3.1.

The fitting procedure is based on maximum-likelihood algo-
rithms and the goodness of the fit is quantified via redugeti?)
statistics. The code computg$ for a large number of templates,
which differ in their SFHs, and identifies the best-fittinggate.

It should be noted that in the reduced calculated via HyperZ,

the degrees of freedom are only set by the number of photomet-
ric filters (minus unity), and not by the actual intrinsic deg of
freedom of the adopted template (e.g. age, metallicity,fetana-

we use empirical model atmospheres in place of the standardtion history, reddening). This implies that tlyé obtained with dif-

Kurucz-type ones, which produce a slightly "blueg”— » and

a slightly "redder”r — i as the galaxy data suggested. The ef-
fect of various model atmospheres/empirical stellar filesaon
the optical spectral shape of a stellar population modeliss d
cussed in detail in Maraston & StrombAck (2011) where Hraes
spectral shape as in empirical libraries is found in the new-
generation theoretical model atmospheres calculatedthétisoft-

ferent templates should not be compared quantitativelg. ddde
does not interpolate on the template grids, hence the téenpéd
must be densely populated. The internal reddetditi@ — V') as
parametrized by various laws can be used as an additiomap&e
rameter.

An important feature of our analysis is that we do not include
reddening in our fitting procedure. This is because our stidlye

ware MARCS |(Gustafsson etlal. 2008). The correct shape of the SED fit of simulated galaxies (Pforr et al. 2012) shows thetekel

model around thé’-band has been confirmed using data of star
clusters in M31/(Peacock etlal. 2011) as well as in the MilkyyWa
Maraston & Stromback (2011).

Second, we add a small fractio®%) of old metal-poor stars
into the main metal-rich model. Old metal-poor stars ade filyht
to the passive metal-rich model which, opposite to youngssta
is slowly evolving with redshift, in better agreement withose
data. This two-component model can be explained as to reqmres
a metal-poor halo in these massive galaxies.

In addition to the passive model, we consider a suite of tem-
plates with star formation, namely exponentially-decigstar for-
matione*/7, with = 0.1,0.3, 1 Gyr and "truncated” models,
where star formation is constant for a certain time and zéer-a
wards, with truncation times of 0.1, 0.3 and 1 Gyr. Each star f
mation history is composed of 221 ages, and is calculatefbtor
different metallicities, namel§.2, 0.5, 1 and2 solar. This selection
of templates was used in_Daddi et al. (2005) and Marastorn et al
(2006) for the SED-fit of passive galaxieszat- 2. We refer to this
second template as SF. Both template models were calctitatad

5 We additionally calculated the stellar masses of DR7 gatawith the
same method, which will be published separately

of degeneracy increases and solutions with unlikely lowsagel
substantial dust may have favouralyfe values when reddening is
included as a free parameter. This problem is known as aste/du
degeneracy (e.g. Renzini 2006 for a review). These younstydu
models provide a good representation of the photometric, BED
the derived mass significantly underestimates the truédataxy
mass (Pforr et al. 2012, Figure 11). Our work further showasttfis
effect is more severe in old galaxies that have experiencedent,
small burst of star formation. Such galaxies are, in the Etrans
and likely in the real Universe,mostly found at redshiftdvell,
i.e. in the realm of BOSS observations. Higher-redshifagais -
by having overall younger stellar populations and a smalteead
in age - suffer less from these degeneracies.

In summary, to keep our SED-fit mass estimates as protected
as possible from the age-dust degeneracy, we do not incedie r
dening. Reddening for BOSS galaxies can be quantified throug
emission-line studies (Thomas et al. 2052pmitted Figure 8)

6 As stellar mass losses are not always subtracted from thlanaiss in the
literature, we provide values with and without the inclusif this effect.

7 The latest version of thelyperZspeaode was kindly made available to
us by Micol Bolzonella.

© 2012 RAS, MNRASD00,[TH21
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Figure 2. Examples of SED-fit results for four BOSS galaxies, in ordénoreasing spectroscopic redshift from top left to bottdght. Red and blue lines
display the best-fit models and labels shimg M* /Mg, age (Gyr), reduceg?, as obtained using the LRG-passive and the star forming tSfplates,
respectively. Object Id., spectroscopic redshift and mredpectral S/N are indicated.

and is included in galaxy spectral fitting by Chen et al. (90drd
Toieiro et al. (2012). None of these works find the bulk of BOSS
CMASS galaxies to be dusty, as they are selected to be mastly q
escent. For example, from the emission lines we get an aerag
reddening ofE(B — V') ~ 0.05 (Thomas et al. 2012). This value

is also consistent with the observed morphologies of thepkaof
BOSS galaxies we could cross-match to COSMOS, where we find
that~ 73% of BOSS galaxies are early-types (Masters et al. 2011,
see Section 4.1).

tional routine developed in_Daddi et &l. (2005) and Marastioal.
(2006), and extended for this project for properly handliauge
databases.

A few examples of SED-fits are shown in Figlide 2, for ran-
domly chosen galaxies at various redshifts. The best fit jatipn
parameters obtained using the two templates - the passitedrid
the suite with star formation (SF) - are indicated in red aheb
respectively. BOSS data are shown as circles. Excellerarfiteb-
tained, in general with both templates, even for object \awv

Fitted ages are constrained to be younger than the age of S/NI. The distributions of reduceg? is shown in Figurél3 as a

the Universe in the adopted cosmology. We also apply age cut-
offs to the templates. The minimum allowed fitting age for the
passive LRG model is 3 Gyr. This corresponds to the assumptio
that the descendants of these galaxies are 10 Gyr old atiftedsh
zero, and in our adopted cosmology the look-back time tohiétds
0.8 (roughly corresponding to the maximum redshift samjied
BOSS) is~ 7 Gyr. The set of a minimum age in the fitting min-
imises the probability of underestimating the stellar magob-
taining too low an age. Should we relax this prior, we woulthob

a fraction of galaxies with somewhat lower ages (see Fighrin5
practice, as we shall see in Section 4.1, to galaxies whaed ége
with the LRG template is the minimum allowed age we assign the
stellar mass value obtained with the star forming templatesre
such a constraint is not posed. Hence, the prior has no efifiettte
final mass distribution. On a similar ground, we apply an ageft

to the star forming model of 0.1 Gyr, which is typically as&dn

in SED-fit of star-forming galaxies (e.g. Bolzonella et ad1P;
Maraston et al. 2010). Finally, the mass is calculated witlddi-
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function of thei-model magnitude in observed-frame. Thgval-
ues do not depend on the object’s magnitude, and we haveeatheck
they also do not depend on the object’s redshift.

The fitting procedure gives the best-fit model corresponting
the minimumy? and the probability distribution function (PDF) of
neighbouring solutions for different cutsff above the minimum.
Interestingly, we find that the difference in stellar massveen the
best-fit value and the median PDF value is only 0.03 dex in ahse
the LRG template, and at most 0.1 dex in case of the templaties w
star formation, due to the higher number of neighbouringtsmhs
with similar 2.

8 The SIN ratio is calculated a§/N
meanis the median andar the variance

mean(flux/+/var), where
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Figure 4. Photometric stellar masses of BOSS galaxies in the first seos/of data. The two histograms shimg M* /M, as obtained with different galaxy
templates: the LRG passive model of Maraston ket al. (20@@)(in which a small fraction3(%) of old metal-poor stars is added to a dominant metal-rich

(Z = Z) population, both being coeval and in passive evolution, @set of t
Stellar masses obtained with the SF template are systaiatmwer due to the

emplates with star formation (blue), ranging froimodels to constant SF.
lower M/L of young populations. Caldidas shown here refer to a Kroupa

IMF and included mass-losses from stellar evolution. Agerarrors orlog M* /Mg, are 0.1 dex (cfr. Figurgl 9).
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Figure 3. Reducedy? (x2) as a function of observed-framienodel mag-
nitude for the SED fits of BOSS galaxies.

4 RESULTS

We have calculated the photometric stellar masa£€s for ~

400, 000 massive luminous galaxies from the first two years of data
of the SDSS-III BOSS survey. The calculations of stellar snaii

be released with the Data Release 9 (DR9), as well as ages, sta
formation histories (SFH), star formation rate (SFR), angtah
licities, for each of the two template fittings and the two pteol
IMFs. Ages, SFRs and stellar masses are provided with ti8étr 6

confidence levels. We also derive median stellar masseskingta
the median of the PDF and list them together with their 68%icon
dence levels. In each case, we providé with and without stellar
mass-loss due to stellar evolution. We note here that, dvee i
provide all quantities derived through the SED-fit, the pidure is
studied as to maximise the quality df * determination. The other
by-products of the fits should be considered less certaitur&u
work will be invested in more detailed spectral analysis.

Figure[4 shows the distribution of stellar masses of BOSS
galaxies for the combined CMASS and LOWZ samples, for the
LRG (red) and the SF template (blue). Plotted values reféhdo
Kroupa IMF, and stellar mass loss has been accounted forin th
calculations. The mass histogram is thin and well definethting
to a uniform mass distribution as a function of redshift as wee
aim of the BOSS target selection (White et al. 2011; Eisémste
al. 2011), which we quantify later in this section.

The results for both templates agree reasonably well ir+ indi
cating a peak stellar mass of 11.3 log M (for a Kroupa IMF,
1.6 higher for a Salpeter IMF). Stellar masses derived with the S
template (blue) show an excess of lower mass values whiaheis d
to the lower ages for some of the galaxies derived with this-te
plate, see Figurlgl 5. Except for an excess of younger galaiths
the SF template, the age distributions agree remarkabll; imel
dependently of the adopted template, which confirms the lgemo
neous nature of the CMASS sample (see also_Tojeirol et all)2012

In Appendix A we discuss in detail the comparison with other
stellar mass calculations performed in BOSS, while in Aglden

© 2012 RAS, MNRASD00,[TH21
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Figure 5. The distribution of stellar ages obtained for BOSS galan&ng
different templates for SED fitting, namely the LRG passemplate (red)
and the template with star formation (blue).

B we present rest-frame magnitudes that are a by-produdteof t
fitting and will be available via DR9.

As previously mentioned, the target selection for the BOSS
survey aimed for a uniform mass sampling as a function othiéds
We can now test whether this goal has been achieved. Figlamed 7
[8show the stellar mass distributions in various redshifsbior the
calculations referred to the two different templates, LRiSgive
and SF, for the combined CMASS plus LOWZ sarr[ﬂles

A remarkably uniform mass sampling is achieved in a large
redshift range spanning between redshift 0.2 and 0.6, wten s
lar masses are determined with the LRG passive ten{Eatet
22 0.6, the mass distribution is skewed towards higher values,
which is probably due to the magnitude limit of the surveyrr
these plots we infer that BOSS becomes incomplete 310.6
andlog M* /Mg < 11.3. This suggestion will be qualitatively con-
firmed when we will compare the BOSS mass function with litera
ture values (Section 5.2.1).

The assumed template impacts the uniformity of the mass
sampling, as should be expected. Fidudre 8 shows that, when in
preted with templates including star formation, a fractéBOSS
galaxies get lower stellar masses, which leads to seconusays
in the mass distributions. Note, however, that the red$fiifs be-
tween 0.2 and 0.6 are not strongly affected by the assumed tem
plate, and the mass distribution remains fairly uniformroirgs
redshift range.

9 Note that for these plots we have not applied any cytanbut we have
checked that the consideration of only acceptable valuegdvmt change
if not minimally the histograms.

10 The meanlog M* /Mg, (for a Kroupa IMF, including stellar mass
losses) in the various redshift bins are: for the LRG tenepldtl.25
at0.2<52<0.4, 11.27 at0.4 <2 50.5, 11.27 at0.5 <2 <50.6, 11.42
at 0.6 $250.7, and 11.62 atz 2 0.7; for the SF template, 11.11 at
0252504, 1111 at0.4< 2 <0.5, 11.14 at0.5 <2 <0.6, 11.26 at
0.6 $250.7, and 11.31 atz 2 0.7; for the merged template, 11.25 at
0252504, 11.22 at0.4 <2 <0.5, 11.26 at0.5 < 2 <$0.6, 11.36 at
0.6 <2<0.7, and 11.48 at > 0.7.
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4.1 The final BOSS mass distribution: sorting templates by
galaxy morphology

As described in the previous section, we calculate stellasses
with two templates in separate runs. Hence, each BOSS ghtexy
two possible values o/ ™ according to the different templates we
adopt. This will be useful when the stellar masses of BOS&«ges
are used for comparison with results from other surveys iithvh
various templates are adopted. Nonetheless, for mostcscig-
plications it would also be useful to have one preferred ahaf
M*.

In this section we describe a colour criterion to assigriastel
mass values from different templates to observed galaxshis
based on the galaxy morphology.

In Masters et al. (2011), we cross-matched the BOSS sam-
ple with the COSMOS survey (Capak etlal. 2007) which provides
high resolution/-band imaging from the Hubble Space Telescope
(HST) over 2 square degrees. The cross-match yields 240 BOSS
target galaxies for which detailed morphological inforroatwas
obtained

We found that~ 73% of the galaxies in CMASS are early-
types, and the rest 27% is composed by late-types. Critical to the
analysis of the present paper, we defined a simple colowricrit
of g — i, namelyg — i 2 2.35, which allows us to separate early-
types from later-types with better than 90% purity. Here wplkoy
this colour criterion to assign mass values obtained witfe@int
templates to the different morphological classes. We usédist fit
LRG mass for objects with — 7 2 2.35, and the best fit SF mass
for galaxies withy —i < 2.35, which is the location of most spirals.

The final totalM ™ distribution of BOSS CMASS galaxies is
shown in Figuré16. Similar to Figufd 4, the total mass distidn
still peaks atog M* /Mg ~ 11.3 (for a Kroupa IMF) and is dom-
inated by the mass values obtained with the LRG templatéheas t
majority of galaxies in CMASS is of early-type. The adoptadithe
values obtained with the SF template implies an excess akigal
with log M* /Mg ~ 10.8 with respect to the distribution obtained
using the LRG template.

The distribution of errors on stellar mass for the final mdrge
template calculation is shown in Figure 9. The average taicey
onlog M* is ~ 0.1 dex. We have verified that the error is not de-
pendent on galaxy mass, and is also not asymmetric.

We have also tested the goodness of our template choice with
mock galaxies with known input mass. Figlird 10 shows the com-
parison between input stellar maasgxis) of mock galaxies from
a semi-analytic model (as in Pforr et al. 2012) at redsh8t and
their photometric stellar masseg-#xis) we obtain by the SED-
fit to their broadband, g, r, i, z photometry with the LRG pas-
sive template. The red colour highlights those mocks that ha
g — 1 2 2.35, which corresponds to the colour region where we use
the LRG template in the BOSS sample. The stellar masses ¥ the
"reddest” galaxies are well recovered with the LRG templaiéh
a scatter of only 0.06 dex. The red points correspond to fits wi
x> <20, which is well above our acceptable cyt’( < 2). Black
points represent the results for mock galaxies with bluéowrs,

g — 15 2.35. For these, the application of the LRG passive tem-
plate would lead to an overestimate of the mass, so for tlypss t
of objects in BOSS we use stellar masses obtained with ther8F t
plate.

In summary, our mass distribution may still not be the per-
fect representation of the true stellar masses, but it is@ed to
real data through the colour cut and is supported by sinwati
Moreover, in a companion paper (Beifiori et al 20ii2prep) we
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Figure 6. The final M* distribution of BOSS/CMASS galaxies where values of stetiass obtained with different templates are assigned dicgpto the
galaxy morphology - early-type or star-forming - using the in apparent colouy — i ~ 2.35. Galaxies on the red side of the colour cut gét from
the passive LRG template and those on the blue side from therfplate. The total stellar mass distribution of BOSS gatapeaks at- 11.3 M), for a

Kroupa IMF, with a mean of- 11.28 M and a FWHM of~ 0.5 dex.
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Figure 7. The distribution of stellar mass in the combined CMASS and
LOWZ sample, in various redshift bins (normalised to thelkgpmass value

in each bin), for results obtained with the LRG passive tetteplThe mass
distribution is fairly uniform in the redshift range2 < z < 0.6 (cfr. green,
black and blue histograms).

comparel/* with dynamical masse¥/4,~. The two quantities cor-
relate well andM ™ is never larger thad/ay., thereby providing
further support to the robustnessaf*.

Finally, Figure[I1 similarly to Figure]7 aid 8 shows the
merged template mass distribution for various redshifesli The
same conclusions hold.
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Figure 8. As in Figure[Y for the SF template.

5 COMPARISON TO GALAXY EVOLUTION MODELS
5.1 The semi-analytic model

We compare our results with a theoretical light-cone basethe
latest version of the Munich semi-analytic galaxy formatend
evolution model [(Guo et al. 2011; Henrigues et al. 2012).s€he
are built on top of the Millennium dark matter simulation ttha
traces the evolution of dark matter haloes in a comovingachbk
500h~'Mpc on a side. Merger trees are complete for sub-halos
above a mass resolution limit af7 x 10'°A~'My. A A-CDM

© 2012 RAS, MNRASD00,[TH21
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Figure 9. Errors on stellar masses for the merged-template samplétso
with x2 < 2. Errors are around 0.1 dex on average.
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Figure 10.Effect of fitting star-forming galaxies with the passive LR&n-
plate, using mock galaxies from semi-analytic models ashi#t0.5 with
known stellar mass. Red points highlight mock galaxies withi > 2.35.
The stellar masses of these red galaxies are well recovetied scatter of
only 0.06 dex. For bluer galaxies (black points) the apfiicaof the LRG
passive template leads to overestimate the mass.
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Figure 11. The merged template mass distribution for four redshittesj
normalised to the peak mass value in each bin.

WMAP1-based cosmology is adopted (Spergel et al. 2003)peith
rametersdy = 73km - s *Mpc ™!, Qn = 0.25, Q4 = 0.75,n =
1 andos = 0.9.

Baryonic matter forming galaxies is treated as follows: Ini
tial hot gas masses are derived from the mass of corresgpndin
dark matter haloes after collapse, assuming a cosmic aboedd
baryonsf, = 0.17. The fate of the gas is then followed through
different phases using analytical prescriptions, in patéir dur-
ing cooling and star formation, which maybe empiricallyided.
Feedback from Supernovae Il and/or AGNs act to inhibit capli
and - in case of Supernovae - may also reheat the gas, or gject i
into an external reservoir. The full evolution history oflaydes -
including merging, satellite infall and star formation -tien fol-
lowed toz = 0. The version of the models used by Henriques et al.
(2012) includes AGN feedback as in Croton et al. (2006), tn d
model introduced by De Lucia & Blaizot (2007) and the redshif
evolving cold gas-to-dust ratio from Kitzbichler & White@@7).
This simulation also includes more efficient supernova edfeack
and a more realistic treatment of satellite galaxy evotutod of
mergers as introduced by Guo et al. (2011).

The spectrophotometric properties of semi-analytic gakax
are obtained using stellar population models. SinglettrSim-
ple Stellar Population (SSPs) models are assigned to ealtar st
generation, which is weighted by the mass contribution efith
dividual star formation episode to the total galaxy massiridgies
et al. (2011; 2012) have updated the De Lucia et al. (2006) and
the latest Guo et al. (2011) semi-analytic models with thedda
ton (2005) stellar population models, such that now eachi-sem
analytic model is available with multiple choices of inptl&r
population models. As it has been discussed in the recemédit
ture (Tonini et al. 2009; Fontanot & Monaco 2010; Henriquesle
2011), the specifics of the stellar population models adbjte
the galaxy formation model shape the spectra of model gedaxi
which has an important effect on the comparison between lsode
and data.

The method used to construct the mock catalog is described in
detail in Henriques et al. (201@1 In addition to the pencil-beam
format that was originally available, the model is now poad

11 Light cones and data products are publicly available at
http://www.mpa-garching.mpg.de/millennium.
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with an all sky light-cone (#) that we will use in this work. The
model catalogue is limited to an observed-frame AB (Oke & £&5un
1983) magnitude of < 21.0, significantly deeper than the BOSS
limit of ¢ < 19.9. It was constructed by replicating the Millennium
simulation box §00 Mpc - h~! on a side) with no additional trans-
formations applied.

The original volume of the Millennium simulation is large
enough to sample the most massive galaxies in the Univetsehw
makes the comparison with BOSS data interesting. Note Heat t
models are normalised to the local mass function, which atgpa
on the mass of the most massive galaxies that can be founeé in th
simulations.

To make a direct data model comparison we apply to the semi-
analytic models the same magnitude colour selection ctivha
applied to define the observed sample (the CMASS cut). Here th
stellar population model has an effect. The adoption of tlaead-
ton (2005) models instead of the Bruzual & Charlot (2003) eisd
allow more semi-analytic galaxies to enter the BOSS cuthin t
following analysis we shall mostly use the semi-analyticdels
based on the Maraston (2005) models.

Figure[12 shows, in the BOSS target selection plot of the
observer-frame-mag vs thaiperp colouf, the portion of model
galaxies entering the CMASS selection cut. Only a tiny foacof
the Millennium galaxies satisfies this selection criteribacause
the CMASS cut is designed to select the most luminous and mas-
sive galaxies in the Universe (Eisenstein et al. 2011, Padbtaan
et al. 2012jn prep).

Anillustrative approach is to compare the colour distritns
of models and data within the target selection cut. Fifulex3
pands the BOSS selection region in Figuré 12. Colours of fsode
and data agree generally well, though one notes a deficitcdf re
galaxies in the models over the entire redshift range. Iti@eZ.3
we shall discuss this issue in more detail.

5.2 Stellar mass densities

Figure[14 displays the stellar mass function of CMASS galaixi
(red points with errors), in three redshift ranges.

These mass functions are calculated based on an effeatiae ar
(areax completeness) for the DR9 of 3275 ddgee Anderson et
al. 2012 for details) and the full volume between the reddinifits
i.e. we make no correction for the fact that more luminousxgek
will be brighter than the magnitude limit of the survey to ligg
redshifts. We choose such a strategy as our goal is to compare
the semi-analytic model for which we calculate the masstfanc

in the same manner, and it removes any assumptions that would

be necessary to calculate the required corrections for MAES
mass function. Our choice of effective area is driven by tishwo
use the exact CMASS catalogue adopted for clustering apatys
BOSS (Anderson et al. 2012). The most important reasonsfdr s
a choice is that this sample has been cut to be uniformly teglec
over the entire survey, so removing any issues of the chgregn
lection over time. It also removes regions of low complessnend
is based on the full survey mask including bright star masltt.
(see Anderson et al. 2012 for details). The use of this sagipés
us a total number of galaxies of 277385.

Error-bars on data-derived stellar masses reflecttie vari-
ation in stellar mass according to thyé of the fit. The errors on

12 dperp is a colour index obtained through the combination ¢f 7, such
asdperp = (r — i) — ((g — r)/8), see Eisenstein et al. (2011).

the empirical stellar mass function were estimated by cambiin
quadrature the contributions given by shot noise and by ittoese
on data-derived stellar masses. The former term was indlbgle
using the Gehrels (1986) formulation, which takes into aotthe
low-count regime, characteristic of the massive end of dilexy
stellar mass function. The second term is calculated viashap,
by perturbing individual masses within their errors anchteglat-
ing at each iteration the values of spatial density. In paldi, by
means of this method we obtain spatial-density value bigions
for each stellar mass bin, which are used to determine 68%-con
dence intervals for each spatial density value plotted guiEid 1#
andI%. The error contribution due to data-derived stellassas is
generally the dominant one, as expected given the large ewaib
galaxies used to measure the stellar mass function, althewgrs
become comparable at the tails of the mass distributiontaltiee
lower number of objects.

First of all, one should mote the extremely fine resolution in
stellar mass at the high mass end and the small error-bdrththa
BOSS data allow us to achieve.

The blue lines display the theoretical mass function from
semi-analytic models as derived from the full-sky simaas and
averaged to the BOSS volume. The blue points are the same simu
lations where the magnitude-colour CMASS cut has been egpli
and an identical mass binning as in the data is used.

The blue shaded area represents a model variance as obtained
by accounting for the possible scatter in modelled obskmst
(Baugh 2006, also applied in Fontanot et al. 2009 and Kitebic
ler & White 2009). This scatter is caused by the fact that isdve
assumptions need to be taken in an empirical mass deriyatich
as e.g., the initial mass function, the stellar populatiadet, the
wavelength range adopted in the fitting, and the analytaahffor
the star formation history, including the effects of metily and
dust reddening. As discussed in previous literature, tmsidera-
tion of this effect mostly alters the tail of the distributio

Usually, a scatter of 0.25 dex ing M is assumed, as repre-
sentative of the typical scatter at high-redshift{ 2, Kitzbich-
ler & White 2009). Here, using our simulations, we can exjpdoi
more quantitative determination for the intrinsic uncettain stel-
lar mass. The general template mismatch plus assumed \ugtiele
rang@ can be read from Figufe 1L0. At the high-mass end, this
effect amounts to an asymmetric offset of 0.06 dex, in thesesen
that our data-derived stellar masses could still be slgintideres-
timated. On the other hand, there is a scatter of around @08d
we decided to translate this result into a Gaussian erritaition
of size 0.1 dex to apply to the theoretical mass function.

The comparison between the red points (modelled BOSS data)
and the blue area/blue points (scattered model) in Flgdis then
the most appropriate one. Note that the bias due to the tierivaf
stellar masses from data could have also been accounteul thoe i
data-derived quantities rather than in the models. We pedd
this exercise when bootstrapping the observed stellar fiuaes
tion (as explained earlier in this section). This exerclsmrsed that
BOSS observed spatial densities should be corrected tewaner
values because of the presence of this bias, which was faube t
significant, around 0.1 dex, abové.8 log M* /Mg, and negligi-
ble at lower masses. This effect is equivalent to shifting tthe-
oretical mass function towards higher spatial density esl(blue
shaded area), in order to reproduce the bias-uncorrecteehaal

13 As in Kitzbichler & White (2009), we neglect the initial mafsiction
effect, as we use the same IMF in both models and modelled data

© 2012 RAS, MNRASD00,[TH21



BOSS stellar masses 11

T T
CMASS CUT

(r=0-[(g-r)/8]

dperp

0.0

Figure 12. Semi-analytic model galaxies from the model of Henriquesl.R012) using the Maraston (2005) stellar population ef®dn the observer-frame
dperp(= (r — i) — ((g — r)/8) colour vsi-mag in the redshift range 0.5 to ~ 0.7. The CMASS selection cut is shown as dashed lines.

mass function. We decided to account for the bias in the nsodel mass density alog M* /Mg ~ 11.5 at the highest redshift bin

because other data-derived mass functions we shall comptire
in Section 5.2.1 (see Fig. 19) do not take this bias into aticou

Firstof all, it is interesting that the models coincide a& thas-
sive end independently of whether or not the CMASS cut isiagpl
(compare blue points to blue dashed lines). This resultieaphat
a selection like the CMASS one is perfectly suited to selbet t
most massive galaxies at least from the simulation pointi@#.v
In other words, there are no massive galaxies in the modaistta
CMASS selection would miss.

In Figure[I4 one sees that neither the models nor the data

evolve significantly over the BOSS redshift range. This ihpps
not surprising since the redshift spanned is narrow.

(right-hand panel) with respect to = 0.55, which is the repre-
sentative redshift for BOSS; this suggests that CMASS i<apot-
plete abovez ~ 0.6 around this mass value, as already argued
in Section 4. This results is in qualitative agreement witlyang
simulations of the BOSS completeness (M. Swanson et al.,2012
preparatior). As we shall see in the next section when comparing
with previous results from the literature, the BOSS sampdg be

not severely incomplete at the high-mass elod §1 = 11.5) over

the entire BOSS redshift range.

5.2.1 Comparison with published mass functions

The models and data agree overall quite well. The turnover in The lack of evolution displayed by the field massive galaxysna

the mass function occurs at slightly different masses, iwhauld
result from the different colours of model galaxies and date
next Section), the photometric errors, or both. There idd dficit
of massive galaxies in the models in the mass rdogd1* /Mg ~
11.3 — 11.6, which extends to higher massésgM* /Mg ~ 12)
in the highest redshift bin. There is also a lack of lower nuedax-
ies in the models, between 10.5 and 1hM* /Mg . This latter
effect originates from the fact that model galaxies witls tiriass

function from the BOSS data is in qualitative agreement wih
lier results in the literature (e.0. Drory et al. 2004; Burad\al.
2006;| Cimatti et al. 2006; llbert etlal. 2010; Pozzetti e2410),
including studies considering the luminosity functiontes of
the mass function in the same redshift range explored here
(e.g. |Blanton et all 2003; Wake et al. 2006; Cool et al. 2008;
Loveday et al. 2012).

Our approach, which considers identical volumes in the mod-

have blue colours which cause them to be excluded by the CMASS g|s and data, should be free from issues related to the umknow

cut. In Section 7.2 we shall compare the colours of modelsiatel
as a function of mass.

completeness of the BOSS sample, and allows us to make a mean-
ingful model-data comparison. Even if the completeness igea

The model comparison we present here reaches the highestunknown, it is also instructive to compare our results whkh liter-

possible galaxy masses, and cosmic variance, thanks tdB@Q8§&
volume/area, is negligible. We comment on other compasisiin
this kind that were previously performed in the literaturétie Dis-
cussion. We should note that, for the comparison with seralygic
models, the set of masses for BOSS galaxies we use, whether fr
this work or from Chen et al. (2012) does not alter the essefice
the conclusions. However, the lowgf* values for BOSS galaxies
obtained in this paper (see Appendix A) make the comparistn w
the models more favourable.

The BOSS data show little evolution within the explored red-
shift and mass range, but this statement should be takerceiith
tion as we are not dealing with a complete sample; the incetepl
ness of BOSS is presently not known. For example, note therlow
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ature in order to estimate where the new BOSS data stand.
Figure[I5 is identical to Figurig_l4, but with the addition of
empirical mass functions derived from other data sampksety:
Drory et al. (2004, open circles), derived from the MUNIGS
selected survey with photometric redshift; Bundy et al.0R0
green open symbols) derived from DEEP2 data; llbert et alL@2
purple triangles) for the COSMOS sample using photometrit: r
shifts, and Pozzetti et al. (2010, black filled circles), thog zCOS-
MOS sample with spectroscopic redshifts. There are seuwthnat
mass functions in the literature, e.g. Borch et al. (2006pt&na
et al. (2006), Bell et al. (2003), but we do not discuss thesalts
as we focus on the high-mass end and explore a high-resoiutio
redshift binning. In this comparison we need to use worketas
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Figure 14. The empirically-derived stellar mass function of BOSS-C8&8\galaxies (red points), obtained from stellar massesileséd with the merged
template as in FidLl6, for three redshift bins3, 0.55, 0.65. Predictions from semi-analytic models (from Henriqueal €2012 as in previous figures) extracted
from a light-cone reproducing the BOSS volume are shown aes thhshed lines. The blue points are the same predictiomisagdplication of the CMASS
selection cut and an identical mass binning as the data.igttedlue shaded area is the theoretical mass functionditaly a 0.1 dex Gaussian uncertainty in

stellar mass derivation from data (bias).

on a similar stellar initial mass function (IMF) as the onedipa)
assumed here. The Bundy et al., llbert et al. and Pozzettirebas
functions are all based on a Chabrier IMF and Bruzual & Char-
lot (2003) stellar population models, while the Drory etstldy

The agreement with Pozzetti et al. also suggests that the use
of u, g, 7,1,z suffices to obtain robust results with our choice of
templates in case of mostly passive galaxies (Pforr et ARRG&s
Pozzetti et al. use a very broad wavelength range extenditiget

is based on Maraston (1998) models and assumed a Salpeter IMFrest-frame near-IR. We plan to test the effect of near-IR datour

For plotting the Drory et al. results, we divide their massdiion
by a factor 1.6 to mimic the assumption of a Kroupa or a Chabrie
IMF.

Also plotted in the left-hand panel of Figure]15 is the~
0 model mass function along with two local mass functionsvaeti
from SDSS-I,1l data by Baldry et al. (2008, filled black cés) and
Li & White (2009, open purple triangles). Assumptions on$kel-
lar population model and IMF are the same as in the high-rfdsh
sector. We shall comment on thev 0 trend in section 5.2.2.

A remarkable agreement is found with the mass function
based on theeCOSMOS survey using spectroscopic redshift by
Pozzetti et al. (2010, black circles) a 0.5 andlog M 2 11.4.

At redshift 0.6, the BOSS mass functionleg M ~ 11.5 is lower
than the Pozzetti et al. estimate. This is probably the makswb
which the BOSS sample is incomplete at this redshift.

Compared to the mass functions by Drory et al. (2004), Bundy

et al. (2006) and llbert et al. (2010), the BOSS data display a

slightly lower density of massive galaxies, which is cotesis
within 2-o with these previous results.

The overall agreement with previous literature is remalkab
considering the diversity of data sample, and of methodd tse
derive stellar masses, both in terms of template models #mdfi
techniques. The literature works considered here use Bh&u
Charlot (2003) templates (with the exception of Drory et28i04,
who adopt Maraston 1998 models) and various wavelengtherang
for the data fitting. As we are dealing with galaxies that acsthy
passive and have stellar ages above the AGB period in thesktara
models & 1 Gyr), the difference induced by the different template
is small (e.g. Maraston 2005; Pforr et al. 2012). The samelaen
sion was taken in Pozzetti et al. (2010), which tested thesiults
using also Maraston (2005) templates.

(© 2012 RAS, MNRASD00 [TH21

results in a future work.

In summary, the BOSS mass function, which extends-to
102 My, represents the highest-mass mass function published so
far in this redshift range in such detail. The comparisorhwiite
literature suggests that BOSS may be a complete sample at mas
=210 Mg at redshift below 0.6 andz 4 - 101 M, at redshift
above 0.6, which will be verified in future work.

5.2.2 Evolution with redshift

The agreement between data and models degrades proceading t
wards lower redshift. The comparisons witkg 0.1 mass functions
as derived from SDSS data (open black and blue circles) byrial
et al. (2008) and Li & White (2008) show that the model overest
mates the fraction of massive galaxies. Baldry et al. (2@b8&jirm

- using the GAMA survey - the results they previously obtdins-
ing the SDSS. This evolutionary trend can already be apgiegti
in Figure[14, where one notices that the distance betweerelsod
and data decreases proceedings towards lower redshiftshan
the amount of massive galaxies at the massive end tendsambec
slightly larger than in the BOSS data.

From the model point of view, this result is explained witk th
secular mass build-up in the hierarchical clustering mdedehce,
the model seems to overestimate the evolution with redstsfalso
concluded in Almeida et al. (2008). Possible solutions i® pob-
lem will be mentioned in the Discussion.

Worth noticing is that - for BOSS - the density of massive
galaxies at redshift 0.5 is consistent with the one at rédzéro.
This is not the case for other mass functions plotted in g
which appear to suggest a sligiegativeevolution, where the den-
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Figure 15. Similar to Figurd_I#, but showing four mass functions frora literature: Bundy et al. (2006, green squares) deriveah fREEP2 data; llbert
et al. (2010, purple triangles) for the COSMOS sample baseghotometric redshifts; Pozzetti et al. (2010, black esy| for thezCOSMOS sample with
spectroscopic redshifts; Drory et al. (2004, open cirdies) the K -band selected MUNICS survey with photometric redshiftse Teft panel shows two local

25 0.1 mass functions from Li & White (2009) and Baldry et al. (20@8)derived from SDSS data.

sity of massive galaxies at high-redshift is higher thaneashift
zero[™

Though this apparent negative evolution could be caused by a
slight shift at highz due to the larger errors affecting mass determi-
nations caused by the photometry of fainter objects, itterasting
to note that our mass function based on BOSS does not appsar to
affected by this problem. Though we cannot exclude thatebént
happens by chance and that we are actually incomplete aighe h
mass end, if confirmed this good result is probably due thg ver
wide area covered by BOSS, which is virtually free from casmi
variance issues, and by the accuracy of spectroscopicifesdsh

The lowz empirical mass function is relevant to the models
because it is used to normalise the models themselves (Li &&Wh
2009). Examining Figurle_15 it appears that both4he 0 andz ~

tour have been weighted by the volume of each catalog. The mod
els by Guo et al. (2011) - modified by Henriques et al. (2012pas
include the MO5 stellar population models - are used, asémipr
ous Sections. Similar plots using other colours are ligtettie Ap-
pendix. Here we discuss this specific colour as it samplesatre
rest-wavelength of. — ¢, which was used in Guo et al. (2011), and
with which we shall compare later in this Section.

Focussing on the data first, we see that the BOSS galaxies
display the well-known colour-magnitude - here colour vssma
- relation, where larger galaxies are redder (e.g. Bowecyl&
Ellis 1992). This qualitatively holds for all examined cote (see
Appendix). In the local Universe, the colour-magnitudeatieh is
interpreted in terms of metallicity, with the most massiadagies
being the most metal-enriched (Kodama & Arimpto 1997). This

0.5 BOSS data can now be used simultaneously and consistently toconfirmed by the detailed analysis of the metal content abdes

calibrate the models over a wider redshift range.

5.3 Colours vs mass and the metallicity of galaxies

Comparing the spectral energy distribution with the stefiass, is

a powerful approach to gain insight into the galaxy evolutiwo-

cess, as the SED records the history of star formation, leegage

distribution and the metallicity, which encodes informoatiabout

merging and gas infall histories and feedback processe® e

use the SDSS colours which at the BOSS redshift mostly sample

the rest-frame optical, although towards the lowest bogynidared-

shift thei, z bands record a touch of the rest-frame near-IR.
Figure[I6 shows the relations between the observed-frame

colour g — 2z and the stellar mass, for BOSS CMASS galaxies

and semi-analytic models (right-hand and left-hand panetpec-

tively), in three redshift slices. The number counts un@ehecon-

14 Uncertainties in the mass function at redshift zero sholsld be taken
into account. Li & White (2009) find a 0.1 dex offset betweegllat masses
of SDSS galaxies as derived by Kauffman et al. (2003) andtBteat al.

(2007). Chen et al. (2012) re-derive the stellar masses af fdaxies and
notice that the new ones are higher (by 0.08 dex) than prsljiqublished.
Baldry et al. (2008) also discuss the variance betweenrdiffeestimations
of the mass function using SDSS data.

through absorption-line modelling (e.g. Thomas et al. 2Q04.0).
Moreover,| Kodama et all. (1998, 1999) and Stanford let al. §199
show that colour-magnitude relations similar to those i Ithcal
Universe exist for galaxies in clusters at redshifts coraplar to
BOSS up to: ~ 0.9./Coal et al.|(2006) analyse a sample of 20,000
massive SDSS galaxies up to redshift 0.3 and show that stah re
tions exist for field galaxies, dependent of the band, aljhahose
for field galaxies show a0% larger dispersion than those in clus-
ters.

Here we demonstrate that well-defined colour-mass rekation
hold for field galaxies at the BOSS redshifts. Since the BOB8& s
ple is dominated by high-mass galaxies, which, in terms eifast
content and chemical enrichment, do not differ much fromrthe
counterparts in the field (Thomas et al. 2010, Peng et al.)2010
we do not expect that these relations would be very diffefremt
those for cluster galaxies. We are unable to plot a massHiniya
relation in our paper as the metallicity derived throughaoktvand
SED fit is not well-resolved, and moreover the LRG model that i
used for most galaxies has a fixed metallicity. The analysthe®
absorption lines in BOSS galaxies stacked spectra will belde
oped in a parallel paper (Thomas et al. 20b2yrep).

Galaxy colours in the models do not vary as a function of stel-
lar mass, in other words, the colour-mass relation in theeaisod
flat, and the model colours are typically bluer than the reddxy
colours. As is well known, galaxy colours can vary as a florcti
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of age, metallicity or dust content. Dust effects shoulg/planinor
role, as the bulk of the massive CMASS galaxies are not vestydu
as already discussed (see Section 3.2).

A substantially younger age component in the models - which
causes colours to remain blue - is also not the main drivirtfief
mismatch as - at redshift 0.5 - the galaxy ages in the presemit s
analytic models are strongly peaked at old ages, with a \awy |
percentage scattering to low ages (Henriques et al. 20flLréi
5). This conclusion would not be the same for other semiygical
models, as the same Figure shows.

We are left with metallicity effects as a possible explana-
tion. It is known that galaxies in semi-analytic models aeaeay-
ally quite metal-poor even at high-masses; their metaflicarely
reaches the solar value as discussed e.g. by Pipino et 819).20
Henriques & Thomas| (2010, , their Figure 10) and also briefly
pointed out in Tonini et al. (2009) and Pforr et al. (2012).rkto
over, Sakstein et al. (2011) describe the difficulty in mitghhe
mass-metallicity relation at high-redshift even when iempénting
a sophisticated recipe for chemical enrichment. We shalfmeto
this point for the discussion.

We also should comment on the effect of population synthesis

galaxies and using the MO05 stellar population models cowdttim
the colours, for metallicity values - between solar and éxgolar -
that are in accord with what is derived observationallysThiding
further stresses the importance of evolutionary populasiynthe-
sis for the theoretical modelling of galaxies (Tonini et 2009;
Henriques et al. 2011; Monaco & Fontanot 2010).

The conclusion from this section is that the most massive
galaxies in the models need to be more metal-rich to match the
observations.

6 SUMMARY AND DISCUSSION

We have calculated the photometric stellar masses for igalax

the BOSS survey from the commissioning stage through thee firs
release of data to the public (DR9). We have used the BOSS spec
troscopic redshift and standard SDSS photometry, r, i, z, to
perform broad-band spectral energy distribution (SEDpfittvith
HyperZ (Bolzonella et al. 2000) using various galaxy templates.
In particular, we exploit our previously published LumisoRed
Galaxy (LRG) best-fitting template (Maraston et al. 2009%jcla

models. We checked that the use of the BCO3 population modelsis composed of a major metal-rich population containingdsa

makes only a marginal difference in the semi-analytic mquiet
dictions in the SDSS bands, which sample a rest-frame sectr
region, between 3408 and 64004, which is not vastly different
between the two models, especially because the model galare
mostly old and have roughly half-solar metallicity. The i@oof
population synthesis model appears to matter, howeveigheh
metallicity, as we discuss below.

Guo et al. (2011) perform a similar analysis as in Fidude 16,
by comparing the rest-frame — i galaxy colours in bins of stel-
lar mass at redshift zero, using SDSS data. Models and data ar
found to compare remarkably well for galaxies with masses in
the rangelog M* /Mg ~ 9.5 — 10.49. At the high-mass end,
log M* /Mg 2, 10.5, model galaxies are found to be bluer and to
span a narrower colour range with respect to the data. Theegis
ancy discussed by Guo et al. is identical to the one we point ou
in Figure[16 for galaxies at redshift 0.5. Galaxy metallicities at
redshift zero are centred around &5§. This value is smaller than
what is inferred by observational data using stellar pdmrianod-
elling of absorption lines (Thomas etlal. 2005, 2010; Gailatal.

(3% by mass) of metal-poor stars, both populations being coeval
and in passive evolution. This template provides a goodriesn
of the redshift evolution of the, r, i colours of LRG galaxies in
the redshift range 0.3 to 0.6 from the 2SLAQ survey (Maragton
al. 2009; see also Cool et al. 2008 who used a preliminaryorers
of the same template). This template was also used to design t
target selection for BOSS (Eisenstein et al. 2011; Padnteamabt
al. 2012,in prep). Furthermore, as the BOSS target selection in-
cludes galaxies that are bluer than the classical LRGs, seewse
a template suite allowing star formation, ranging from dead -
models to constant star formation and spanning a wide riatyall
range (from 0.2 solar to twice solar). For both templates mvpley
a Salpeter (1955) as well as a Kroupa (2001) Initial Mass famc
(IMF) and consider the mass lost via stellar evolution.
Independently of the adopted template, the result is th&80
galaxies are massive and display a narrow mass distrihwtioich
peaks atog M/Mg ~ 11.3 for a Kroupa IMF. We also study the
uniformity of the mass sampling as a function of redshift &énd
that BOSS is a mass-uniform sample over the redshift range O.

2006;| Smith et al._2009), as discussed by Henriques & Thomas to 0.6 (see also White et al. 2011). Qualitatively speakingpm-

(2010).

Hence, our conclusion is that the main cause of the discrep-
ancy between models and data for the colours of massiveigalax
lies in the metallicity, which is too low in the models. Guoadt
(2011) conclude the opposite, namely that metallicity/affects
are unlikely to be able to explain this discrepancy. Thischasion
is based on the evidence that the- ¢ colour of the Bruzual &
Charlot (2003) models for 12 Gyr and twice solar metalli¢and

pleteness emerges at redshift above 0.6lagd* /Mg < 11.6.

The galaxy stellar mass depends on the adopted template, and
generally it is not obvious which template is the best chaise
the galaxy star formation history is not known. To make a sbbu
template choice is especially difficult for large galaxyatmses,
in which objects cannot be handled on an individual basisobe
taining a unique set of reference stellar masses, we adopinan
pirical colour cut developed in a companion paper (Masteed.e

a Chabrier |MF) is at most 3.07, whereas the peak of the data is 2011) which is able to Separate ga|axies with ear|y_typq]mmjo_

around 3 and extends up4e3.5. On the other hand, the equivalent
model from Maraston 2005 (for a Kroupa IMF) has i = 3.479.
Hence, the semi-analytic models with a higher metallicity the

15 At lower masses, the models are redder, which - as discusséigeb
authors - is due to substantial fraction of dwarf satellf@aighly half) in
the models which finish their star formation early and becpassive. The
observed fraction of such passive dwarfs is substantiatiglier. Our data
do not encompass this low-mass range hence we cannot afldtess this
problem.

16 See www.maraston.eu

gies from later-type ones at redshift above 0.4. We then luse t
stellar masses obtained with the LRG passive model for gadax
on the 'early-type side’ of the colour criterium, and theued ob-
tained with the star-forming template for galaxies on thégttype’
side. In this way we obtain a merged mass distribution in tvkhe
assignment of the stellar population template is motivétgdhe
observed galaxy morphology.

The BOSS galaxy sample used here, comprising
400,000 massive galaxies at redshifts 0.3 — 0.7, is
ideally suited to study at unprecedented detail the evautf
the most massive galaxies at late epochs. We compare the mass

~
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distribution and the colours of BOSS galaxies with preditsi
from semi-analytic models of galaxy evolution based on the
Millennium simulations (Guo et al. 2011; Henriques et all20
The simultaneous comparison of mass and colour is crudes&
guantities in the models are affected by the prescriptiorAfeN
feedback|(Guo et al. 2011; De Lucia & Blaizot 2007; Crotonlet a
2006; Cattaneo et al. 2005), which is likely far too simptfiand
probably incorrect in detail (Bower et al. 2012).

BOSS stellar masses 17

significantly decrease the amount of mass accreted ontoiveass
galaxies, and moving it into the intra-cluster light (Monaat al.
2007;| Henriques & Thomas 2010). A more effective implementa
tion of this process could help reducing the excessive hplaf
massive galaxies in the Guo et al. (2011) models and easerthe t
sion with z=0 data.

We find that our light-coned mass function compares well with
the mass function based on th€OSMOS survey(Pozzetti et al.

To perform a robust comparison free as much as possible 2010). Our determinations find slightly lower densities Gfssive

from possible completeness issues, we consider the modejhi-
cones using the BOSS effective area and the target selemiton
The large area of the BOSS survey and the selection cut aighe h
mass end allow us to pose results on an unprecedentedlyssalid
tistical ground.

Overall the models perform well in comparison with the data
in terms of stellar mass density distribution at redskiff.5. This
is already visible in previous work (cfr. Figure 20 by Pozizet
al. 2010). We extend this conclusion to the density of vergsive
galaxieslog M*/Mp ~ 12, finding that the data match rather well
with the models.

It is the evolution fromz ~ 0.5 to z ~ 0 where the largest
discrepancy between models and data lies. The data do neaapp
to have evolved, considering the effect of photometric rsriam
the high-redshift side, whereas the models evolve comgigteith
the hierarchical mass build-up. This conclusion is quiaiedy con-
sistent with those taken in previous articles (Fontanot.e2G09,
Pozzetti et al. 2010, llbert et al. 2010), who noticed thatetiolu-
tion at the high-mass end of the empirical mass function ishmu

galaxies with respect to other published works (by Drory let a
2004, Bundy et al. 2006, llbert et al. 2010). The comparisith w
these previous analysis suggests that BOSS is a complepgesam
mass 2-10'* M/Mg, at redshift below 0.6 ang 4-10'* M/Mg

at redshift above 0.6. These suggestions will be verifiedhtijaa
tively in future works.

Also noteworthy, the BOSS mass functiorzat 0.5 does not
appear to be in tension with local mass functions in givingghér
number of massive galaxies at high redshift with respeadshift
zero, as seen in previous work. This positive result, if no tb
incompleteness of the BOSS sample, should come from a combi-
nation of the very large area and accurate spectroscosbifedf
BOSS, which are the major strengths of the survey.

In summary, the BOSS mass function which extends up to
~ 102 M, represents the highest-mass mass function published
so far in this redshift range in such detail in redshift andssna
BOSS now offers an interesting data base of massive galfoties
calibrating models of galaxy formation and evolution at kiigh-
est mass end at high-redshift which is protected by cosniarvee

milder than the one at the low-mass end, in agreement with the and small-number statistics.

baryonic mass downsizin@n the contrary, the models display an

A comparison of the colours of BOSS galaxies and models

up-sizingwhere the massive end and especially the passive popula-demonstrates that BOSS galaxies define colour-mass redatim-

tion (Cattaneo et al. 2008; Fontanot et al. 2009) evolvesffagth
respect to the low-mass end. Due to the BOSS target selagéon
can only conclude about the high-mass end here, but we age abl
to extend the analysis to the very massive end that was nbegro
previously.

The extension to high mass is crucial for understanding the
evolution of the most massive galaxies with respect to gafax
mation models. For example, Bower et al. (2006) concludethiea
predicted mass function in their semi-analytic models sdpces
reasonably well the observations all over the redshift eaingm
zero to five. Examining their Figure 6, however, one noti¢es t
their model at redshift 0.5 lacks the most massive galaxies-c
pared to our BOSS results and to the semi-analytic modelssee u
here. Bower et al. could use only observed mass functioneiia
tended up to~ 10" M.

Almeida et al. (2008) on the other hand noticed that the ob-
served luminosity function of LRG at ~ 0.5 is not matched by
either the Bower et al. (2006) or the Baugh et al. (2005) semi-
analytic model of galaxy formation and evolution. The Boveér
al. model is successful at predicting such abundance at le@de
shift (z ~ 0.24). This implies a different redshift evolution in the

ilar to those of local galaxies, with colours becoming redadih
stellar mass. The models, however, span a narrower (blokmic
range, and in particular their colours do not vary with stefhass,
i.e. the models do not display a colour-mass relation. Weeatigat
the main driver for this discrepancy is the metallicity, wlhin the
models is too low, a conclusion which is consistent with enick
from other work in the literature. Interestingly, Guo et @011)
discarded this possibility when comparing - in a similahfas as
we do here - SDSS galaxies with models at redshift 0. Theicloen
sion is based on the evidence that Bruzual & Charlot (2008} po
ulation synthesis model colours do not vary enough as aifumct
of metallicity as to encompass the observed colours. Onfttier o
hand, the Maraston (2005) model colours show a strongeatini
with metallicity (between solar and twice solar) which wabilist
be appropriate to reconcile the models with the data. In sampm
an improvement to the models should go in the direction afiggi
a higher metallicity for the most massive galaxies.

The low metallicity of massive galaxies may be more a prob-
lem of semi-analytic models than galaxy formation in gehera
In fact, chemical enrichment in hydro-dynamical simulaggro-
ceeds more efficiently than in semi-analytic models andxigda

models and the data similar to what we find here. The models we reach higher metallicities (Dave’, Finlator and Oppenhei2006;

use in this work appear to be more successful at redshifh@ubat
lower redshift, as already discussed in the literature.
As star formation is quenched by AGN feedback in these mod-

els, the secular evolution of massive galaxies is mostlgrdghed
by mergers, particularly by minor mergers, since for the tmuss-
sive galaxies the mass ratio to other galaxies is always ldrge
relative growth of the mass function between0.5 andz=0 is
therefore strongly affected by the treatment of the physicmtel-
lite galaxies. In particular, tidal disruption of stellamaterial can

(© 2012 RAS, MNRASD00 [TH21

Naab et al.in preparation Dave’ et al. 2012; Cattaneo et al. 2011).
On the other hand, semi-analytic models are still the mdisiefit
approach for large galaxy simulations, hence the goal shioeito
improve upon the star formation, chemical enrichment ardl-fe
back in semi-analytic models of galaxies. Moreover, it maytte
full hierarchical growth, in terms of satellite accretiomdagas in-
fall, which is responsible for diluting the metallicity (Heques &
Thomas 2010), which is not yet included in full hydro-dynaati
simulations. Much effort is currently invested in galaxyrf@tion
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science and the next few years will certainly see major sippdrd
towards the solution of these problems.
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APPENDIX A: COMPARISON WITH OTHER STELLAR
MASS CALCULATIONS IN DRS9.

M.,) [Spectral PCA]

0.0 r -
Chen et al. (2012) calculate stellar masses for BOSS galasiag
the individual BOSS spectra and a procedure based on Paincip
Component Analysis (PCA) for obtaining the star formatiatdry
of the galaxy from spectral fitting. The PCA is run on a library
of stellar population models for a variety of ages, metgiéis and
dust content to identify its principal components over g&tframe
wavelength rang8700 — 5500 A.

Chen et al. present results based on both the Bruzual & Char- : R .
lot (2003) and the Maraston & Stromback (2011) stellar papu -1.5 ek s 5
tion modelE”. Chen et al. assess the dependence of their results on 0 4 8 12 16
the different stellar population models. There is a corstéfiset Median Spectroscopic S/N
of 0.12 dex, mostly concentrated at low galaxy ages, in the sense
of lower stellar masses obtained with the Maraston & Stréckb Figure AL. Difference inM* for CMASS galaxies between masses from
(2011) models. This difference is most likely due to theetiint this work obtained via broad-band SED fit of g, r, 7, 2 and those from
energetics and temperatures in the phase of Red Super Gituat i Chen et al. (2012) based on PCA spectral fitting of individB@SS spec-
stellar evolution models adopted in the two population nm(ee tra, as a function ofothe median spectroscopic S/N in thetsgesindow
Chen et al. 2012). This offset is smaller than th&— 0.3 dex usu- 3700.57 — 5498.80 A The red Iine_hi_ghlights the median ef the difference
ally reported in the literature for stellar masses obtaiinesh SED and Fhe two green lines th,‘ello variation. Red and green lines indicate the
fitting using Bruzual & Charlot and Maraston models (e.gettb median and standard deviation.
et al. 2010). The offset can be due to a combination of theviall

-0.5

-1.0

M.,) [SED-fit] — log(

log(

ing two effects. First, BOSS galaxies are generally oldentthe with age), the inclusion of dust may force the model to fit for a
AGB ages ¢ 1 Gyr) where the two models mostly differ. Second, |arger old component than in case of a single age templatalto b
the wavelength range adopted in the fit does not includefraste ance the younger and dusty component. This increases thalglo
near-IR wavelengths where the two models differ the most. ML ratio, hence produces a high&f+"J. A similar conclusion is

Here we focus. on the dependence of.s.tellar mass on the tWo grawn in Chen et al. (2012), who show (their Figure 13) that¢mh
methods, namely high-resolution spectral fitting versast+band dust is excluded, theit/« is reduced by~ 0.08 dex. It is sug-
SED fit. Hence we focus on the comparison at fixed population gestive that - using emission line information - Thomas e2él2
model and we adopt Chen stellar masses based on the MarastoRrigure 8) find very little dust in the reddest CMASS galaxies

& Stromback (2011) models. Figuie A1 shows the differentce i Hence, the different priors used in constructing the two ehod
stellar mass between the values/df* derived in this work and jipraries and the low S/N of the BOSS data appear to explan th
those by Chen et al. (2012), both based on Maraston’s motiegs. discrepancy in stellar masses.

difference is shown as a function of the median spectral $/N Nonetheless, we explored two further possible sourcesfof di
constant offset of 0.2 dex is evident, with the spectral ®®&eing  ference that can affect the stellar mass derivation. RhistPCA-
larger than our photometric ones. This difference is indepat of spectral stellar-mass-to-light ratios derived by Chenle(2912)
the S/N. are based on the light which falls within the 2 arc-second SDS

Also Chen et al. (2012) find that spectral stellar masses, at fiper and translated into total galaxy masses by multiplyireyde-
BOSS SIN, are higher, by 0.1 dex, than those they derive from yiyeq M/L ratio by the light (in thei-band) derived fromcmodel-
broad-band SED fitting om, 7,4, z, using the same model tem-  mag As already pointed out by Chen et al., this approach assumes
plates. that the M/L is constant over the whole galaxy. However, ibga

Still, the discrepancy we find( 0.2 dex) is larger than the  jes have colour gradients that are detected by the dataytedevt/L
one quoted by Chen et al. (2012). Here there is another fackor  \yjj| not be the same as the M/L ratio within the fiber. To qunti
tering, namely the model star formation history. We use atiyios  thjs effect, we perform SED fit using fiber-magnitudes, aftaling
passive template and do not include reddening from dustén th them to the brightness of thebandcmodelmagas in our standard
fitting, while Chen et al. include star formation and dust.i/h procedure.
the mere use of the passive template should push the antdysis FigurelA2 (eft-hand panélshows that there is indeed a slight
higher masses (as the M/L of stellar population models a8#e gifference between the two mass estimates - true total magsm

the total mass obtained from the fiber magnitudes scaledttéth
17 The Maraston & Strémback (2011) stellar population modets the total luminosity. The total masses are slightly larger ttrafiber-

high-resolution version of the Marastdn (2005) we adopeHer the star
forming template, and use empirical stellar libraries,rathe LRG model.

18 The different absolute scale of S/N in Figlire] A1 compared ituie 19 This is the opposite effect reported by Maraston et al. (R@ha Pforr
12 of Chen et al. 2012 is due to the fact that here we use the rSthei et al. (2012), who find that when dust is includéd,* decreases because
spectral windowd700.57 — 5498.80 A, whereas Chen et al. used the S/N  dust favours young solutions with a low M/L. However, thisut holds for
determined over the entire spectrum. The trend of the casgrais not single-age fitting, while Chen et al. consider a compositbpopulations
affected by this choice. and in this case exactly the opposite effect happens.

© 2012 RAS, MNRASD00,[TH21
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Figure A2. Difference between the total stellar mass obtained withl tatagnitudes and the ‘fiber’ stellar mass scaled to the ligtad (left-hand panél
and the same, but additionally excluding thdsand from the SED fit for the ‘fiber-scaled’ stellar massegh{-hand panel. Galaxies in the high- CMASS
sample are shown in red.

scaledones (mean of 0.044 dex, with dispersion of 0.1 dex, and APPENDIX C: OBSERVED-FRAME

0.046 dex with dispersion of 0.098 dex for the higlsample, red COLOUR-MAGNITUDE DIAGRAMS OF BOSS
histogram in FigurE’AR). This is due to slightly larger agbsained GALAXIES.

using total magnitudes. Hence, this effect cannot explaroffset

with the Chen et al. masses, because their masses are laager t
ours. However, this trend refers to our photometric SEDafit] it

may be different in case of spectral fitting.

The second effect that may be acting to cause the mass dis-
crepancy is related to the fact that we include thband in the
SED fit, while Chen et al. do not. We repeated our calculatpns ~ This paper has been typeset fromgXMATEX file prepared by the
excluding theu-band, but the results hardly change (Figurd A2, author.
right-hand panél. The mean of the distribution is 0.038 dex, with
standard deviation 0.11 dex (and mean of 0.039 dex with atand
deviation of 0.098 for the high-sample).

In summary, we investigated and discussed the sources-of dif
ference between stellar masses from broad-band SED fit asd th
derived via spectral fitting of individual spectra. From @het
al. one sees that - due to the limited quality of BOSS data - the
mass obtained via spectral fitting is 0.1 dex higher then tB-S
fit masses. In addition, the different priors used in corsing
the model libraries push the spectral-based stellar mass@sds
higher values. The sum of these effects can explain therelifte
between the spectral masses and our SED-fit masses.

Several observed-frame colour magnitude diagrams for BOSS
galaxies are displayed in the following figures, which aralan
gous to Figure 16. The same conclusions as in Section 5.3&an b
drawn from these plots.

APPENDIX B: MODEL REST-FRAME MAGNITUDES OF
BOSS GALAXIES.

The fitting of theoretical templates to derive galaxy stefl@sses
allows us to obtain other interesting quantities. Using éhp
we generated the rest-frame magnitudes,in, r, 7, z of the best-
fitting template for all BOSS galaxies. These are the magegu
each galaxy has according to the best-fit template in itsfraste,
e.g., M, represents the magnitude in thdilter at rest. We have
also calculated: and evolutionary corrections which will be pub-
lished separately.

The two panels of Figule B1 show the rest-frame magnitudes
of BOSS galaxies according to the passive LRG and the SF tem-
plate. There is hardly any difference in these results dtlegaim-
ilar age distribution that is obtained independently of &issumed
template.

(© 2012 RAS, MNRASD00[TH21
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Figure B1. Modelled rest-frame magnitudes of BOSS (CMASS and LOWZ&xgek inu, g, , 7, z (labelled) for the passive LRG template (left-hand panel),
and for the star forming template (right-hand panel).
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Figure C1. g — r observer-frame colour vs stellar mass for BOSS/CMASS gedaand semi-analytic models, as in Figuré 16.
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Figure C2.r — i observer-frame colour vs stellar mass for BOSS/CMASS ggdaand semi-analytic models, as in Figuré 16.
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Figure C3. g — i observer-frame colour vs stellar mass for BOSS/CMASS gedaand semi-analytic models, as in Figluré 16.
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Figure C4.u — i observer-frame colour vs stellar mass for BOSS/CMASS gesaand semi-analytic models, as in Figuré 16.
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