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ABSTRACT

We measure the evolution of the galaxy stellar mass fundtmm z = 1.3 to z = 0.5 using the first 53 608 redshifts of the ongoing
VIMOS Public Extragalactic Survey (VIPERS). Thanks to asgle volume and depth, VIPERS provides a detailed pictuteeof
galaxy distribution az ~ 0.8, when the Universe was 7 Gyr old. We carefully estimate the uncertainties and syate& dfects
associated with the SED fitting procedure used to derivexgalllar masses. We estimate the galaxy stellar massduret several
epochs between= 0.5 and 13, discussing the amount of cosmic varianffe@ing our estimate in detail. We find that Poisson noise
and cosmic variance of the galaxy mass function in the VIPERS®ey are comparable to the statistical uncertaintieargtl surveys
in the local universe. VIPERS data allow us to determine withrecedented accuracy the high-mass tail of the galakgrsteass
function, which includes a significant number of galaxiest tire too rare to detect with any of the past spectroscopieys. At the
epochs sampled by VIPERS, massive galaxies had alreadyllesemost of their stellar mass. We compare our results mdth
previous observations and theoretical models. We applyogopfietric classification in thé) — V) rest-frame colour to compute the
mass function of blue and red galaxies, finding evidenceHherevolution of their contribution to the total number dgnsiudget:
the transition mass above which red galaxies dominate isdfdo be about 184 M, atz ~ 0.55, and it evolves proportionally to
(1+2)°. We are able to separately trace the evolution of the numéesity of blue and red galaxies with masses abov&*18,, in

a mass range barely studied in previous work. We find thatufohn $iigh masses, red galaxies show a milder evolution witkhié,
when compared to objects at lower masses. At the same timdetget a population of similarly massive blue galaxies,civtare
no longer detectable below= 0.7. These results show the improved statistical power of \RBElata, and give initial promising
indications of mass-dependent quenching of galaxies-at.
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1. Introduction tant statistical studies. The galaxy stellar mass fun{tB®MF),
— . defined as the co-moving number density of galaxies within a
>< The past dec_ade has seen significant advanc_es in the stud té’I{;r mass binl, M + dM), is one such fundamental statis-
= galaxy evolution prompted by large astronomical surveys. fic aliowing the history of baryonic mass assembly to beeda
particular, such surveys sample large cosmic volumes aRd GQeasyrements of the GSMF help in constraining the cosmic sta
lect large amounts of data, thus facilitating a number ofamp ¢, mation rate (SFR, e.@ehroozi et al. 201and in investigat-
ing how galaxy properties change as a function of stellarsmas

* Based on observations collected at the European SoutheserObredSh'ft' and environments (e.g. in galaxy clustedcani et al.

vatory, Cerro Paranal, Chile, using the Very Large Telesaopler pro- 2011).

grammes 182.A-0886 and partly 070.A-9007. Also based oerebs  |n the nearby universe, the GSMF has been measured to
vations obtained with MegaPriniddegaCam, a joint project of CFHT high accuracy by exploiting the Two Micron All Sky Survey
and CEADAPNIA, at the Canada-France-Hawaii Telescope (CFHTQQMASS) the 2dF Galaxy Redshift Survey (2dFGRSJe et al.
which is operated by the National Research Council (NRC)afdtia, 2001) ana the Sloan Digital Sky Survey (SDSS, e/grk et al

the Institut National des Sciences de I'Univers of the Geiational ' . . ’ :

de la Recherche Scientifique (CNRS) of France, and the Usiiyesf 2000. Its s:hape IS parametrised well bg/ a douBiehechter
Hawaii. This work is based in part on data products producdE®- (1976 function, with an upturn ap =~ 10°Mo (Baldry et al.
APIX and the Canadian Astronomy Data Centre as part of tha@an 2008 Li & White 2009; Baldry et al. 2012 Such bimodal-
France-Hawaii Telescope Legacy Survey, a collaboratiaepr of ity, also visible in the SDSS luminosity functioBl@nton et al.
NRC and CNRS. 2005, reflects the existence of two distinct galaxy types: a pop-
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ulation of star-forming galaxies, with blue colours andcdis 2013 using PRIMUS data). On the other hand, several issues
dominated or irregular morphology, and a class of red elgge- remain open. In particular, the role environment playsilisist-
galaxies that, in contrast, have their star formation afi&lly ing debatedCucciati et al. 2010lovino et al. 201QBolzonella
shut df (Kauffmann et al. 2003&-ranx et al. 2008Bell et al. et al. 201QPeng et al. 201;,0vulcani et al. 2013
2007). Within this context, the VIMOS Public Extragalactic Red-
At higher redshift, such statistical studies are more elmgit shift Survey (VIPERS) provides a novel opportunity. As we de
ing because of the faintness of the objects. However, eanty s scribe here, this survey provides a combination of wide engl
inal work took advantage of the Hubble Space Telescope to canverage, depth, and sampling that proves to be ideal for mea
struct samples of a few hundred galaxies ugte 3, finding suring the GMSF ar ~ 1 with unprecedented precision. The
evidence of an increase in the average stellar mass deriflity Warge volume allows féective probing of the massive end of the
cosmic time Rudnick et al. 200Dickinson et al. 2003Fontana GSMF at these redshifts: at the high-mass end, where a few in-
et al. 2003. Later, deeper surveys were able to show the lack @frlopers can dramatically change the shape of the GSME; acc
evolution at the high-mass end of the GSMF (GOODS-MUSI@te spectroscopic redshift measurements are cruciavfnd-a
catalogue Fontana et al. 2006 which contrasted with an in- ing contaminations.
crease in galaxy density at lower masses (VVDS suiveyzetti In this paper we present the first measurements of the GSMF
et al. 2007. This is a result that is consolidated upzo~ 4 from the up-to-date catalogue containirg55 000 objects; in
by means of near- and mid-infrared data, which facilitate behis first analysis we concentrate on the evolution of the GSM
ter estimates of the stellar mass€giez-Gonzalez et al. 2008 from z = 1.3 down toz = 0.5, i.e. within the range covered by
Kajisawa et al. 200P Although some disagreements exist, sudhe VIPERS data, for the whole galaxy sample and separately
findings indicate that massive galaxies were assembledearor the blue and red populations. We also discuss in detail th
than those with lower stellar mass, suggesting that a ‘dmwnssources of error and potential systematiteets that could be-
ing in stellar mass’ has taken pladeofitanot et al. 2009 come dominant at the level of precision on the GSMF allowed
Besides these results, first attempts to study the GSMF by ll-the VIPERS data.
viding blugactive from redquiescent objects provided interest- In Sect.2 we present the VIPERS galaxy catalogue that has
ing results, despite the relatively limited statisticsg aavealed been used in this work, and describe how stellar masses have
that within the GSMF the number of blue galaxies at intermbeen estimated through the SED fitting technique. The global
diate masses (about ¥OM,,) decreases as a function of cosmimass function is presented in Setalong with a discussion on
time, while the fraction of red galaxies increasBsiidy et al. the sample completeness and the main sources of uncestainti
2006 Borch et al. 200% This early work was extended usingWe compare those results with both previous surveys and isyode
larger galaxy samples (as in COSMOS and zCOSMD®yy in Sect.4. In Sect.5, after applying a colour classification, we
et al. 2009 llbert et al. 2010Pozzetti et al. 201)0or very deep study the mass function (and the related number densitygaf r
observations (GOODS-NICMOS surveyortlock et al. 201}, and blue galaxies. Our results are summarised in Setinless
which produced robust results for the evolution in number-despecified otherwise, our cosmological framework assumges
sity of both these galaxy populations. They also showedaha®.25, Q, = 0.75, andh;o = Ho/(70kmsMpc™). All the
double Schechter function is a good fit to the GSMF data outriwagnitudes are in the AB systei@Ke 1974.
z~1 (Pozzetti et al. 201,(Peng et al. 2010
A fundamental picture emerging from these studies is the
transformation of star-forming galaxies into “red and dealot 2. Data
jgcts through some physic_al m.echanism that halts .the PFOPERS. is an ongoing redshift survey that aims at observ-
tion of new stars. To distinguish between the various meGy approximately 100 000 galaxies and AGNs at intermediate
anisms proposed in the literature (e@gbor et al. 2010and oqshifts () ~ 0.8) in the magnitude range of B < i <
reference therein), it is C(u0|al to qbtam precise and B€U o5 At the completion of the survey, expected in 2014, ap-
measurements to constrain theoretical modelsdt al. 2012 oximately 24 degjwill have been covered within two fields
Mutch et al. 2013Wang et al. 2018 Unfortunately, such com- o {he Canada-France-Hawaii Telescope Legacy Survey Wide
parisons are hard, as on one side model!mg galaxy eVQlUt'?@FHTLS-Widef, namely W1 and W4. The sky region cov-
when based oM-body dark matter simulations (e.D€ Lucia greq at present is 7.5degd in each of them, with anfBective
& Blaizot 2007 Bower et al. 2006Guo et al. 20112013, re- 5167 of 534 ded in W1 and 497 ded in W4, after accounting
quires a high level of complexity to parametrise all the pt&is ¢, the photometric and spectroscopic masks. Once conmplete
processes (star formation, supernova ejecta, etc.). Obbi&- \/|pERS will be the largest spectroscopic survey at sucthiéids

vational side, instead, it is hard to attain the precisiajuied i, torms of volume explored (dx 10° Mpc? h-2). Al details on
to constrain models, especially for the most massive gedaXiihe survey design and construction can be foun@uzzo et al.
which are highly &ected by sample variance and small—numb?éom_

statistics. Moreover, uncertainties in redshift measemsand The main science drivers of VIPERS are the accurate mea-

stellar mass estimates make the analysis even more cotelica, e ment of galaxy clustering, bias parameter, and thethrow
(Marchesini et al. 2002010. , o rate of structures, along with the study of the statisticappr-
The latest galaxy surveys are helping with improved megag of galaxies and their evolution when the Universe wasiab
surements of the GSMF and could shed light on the discrepgs jts current age. These topics are the subject of the-para
cies between data and models (BOS&raston et al. 2002 o] accompanying papers of this serigdugzo et al. 201:3de
State-of-the-art analyses provide new evidence sug@esti |5 Torre et al. 2013Marulli et al. 2013 Malek et al. 2013Bel
dependence on cosmic time and stellar mass of the physimal i; 4. 2013. A previous smaller VIPERS sample has already

cesses that extinguish star formation: fram 3 t0z = 1, the peen ysed to de-project angular clustering in the CFHTLE ful
density of quiescent galaxies increases continuouslyMor

10'°8 M., (libert et al. 2013 using UltraVISTA data), while at * http://vipers.inaf.it
z < 1 it evolves significantly at lower masse@ddustakas et al. 2 http://www.cfht.hawaii.edu/Science/CFHLS/
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|. Davidzon et al.: VIPERS galaxy stellar mass functions
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Fig. 1. The coverage of ancillary data over the two VIPERS fields (\Wd W4 in the upper and lower panels, respectively). The Wil ige
limited to the region sampled by VIPERS until now. Each syiigeshown with a diferent colour (see bottom right legend), while grey quadrant
are the VIMOS pointings that led to the spectroscopic cgtataised in this work.

catalogue Granett et al. 2012and to develop a galaxy classi-programmes. Th&-band depth has been optimised to match
fication through principal component analysMarchetti et al. the brightness of the spectroscopic sources: at the maignitu
2013. limit (Kwircam = 22.0 at 5r), 95% of the spectroscopic sample
The spectroscopic survey is complemented by photometificW4 is observed irKwircam, While in W1 this percentage is
ancillary data (Fig1), obtained from public surveys and dediapproximately 80% (see Fid).
cated observations, allowing us to estimate several galexy- In addition to WIRCAM data, we matched our CFHTLS op-
erties with high precision, in particular galaxy stellargses and tical catalogue with the recent UKIDSS data reledsesng a
rest-frame magnitudes. matching radius of 8”. The W1 field overlaps with UDS and
DXS, whereas the W4 field is fully covered by the shallower
LAS and partially covered by DXS. Where available, we use
2.1. Photometry Petrosian magnitudes in thé J, H, andK bands converted in

The VIPERS spectroscopic sample has been selected fromgbe AB system. When also considerigkpss, the percentage

W1 and W4 fields of the CFHTLS-Wide. Therefore, for eac 796 in W1 and 96% in W4
Qa'axy we havge a photometric dz,:\taset con3|st|ng|*ofg’, rf, We compared thé(-baﬁd photometry for optical sources
', andz magnitudes §Extractor’s MAG_AUTO derived in r%naftched with both UKIDSS and WIRCAM surveys, and find

ur spectroscopic sample wiktband magnitude increases to

double image mode in order to maintain the same aperturé in ) . _
bandsBertin & Arnouts 1996, as measured by the Terapix tea KOd agre_erlgent. I>n~fa_cé, ngev{;irt]r? aasmzﬁ@ﬁegfggﬁm N
for the TO.005 data rele.ase/l(_allier et al. 2003. The Terapix O.lvg)lRa(l:r?&A ms,ufg??lfll and W4 respectively. Tﬁeséfd'ré?lces
\?v?t?]to?;‘Etlg?nrgt?:I;sb's\évwggo?]'gcﬁ;?’:‘[;aesn?re?/?;?egr;)gh;:ﬁrscan be ascribed to the transmission functions of the filtacs a
P . - ' y the definition of the aperture used when measuring magrsfude

to recover regions within those masks where the photometglﬁd are close to photometric errors. To not overweightthe
quality is deemed dficient for our analysisGuzzo et al. 2013 band magnitudes in the SED fitting,. only the deefS@ircau

We took advantage of the full wavelength range of thgya have been used when both magnitudes were available for
VIPERS photometric dataset, since this significantly ive® o same object.
the results of our SED fitting; in particular, near-infra@iR) The UV part of the spectrum can also be important for con-
fluxes are critical to constraing physical parameters aRalr g yining the galaxy dust content and the star formaticn Mk
degeneracies between the mean age of the stellar popuaiton  3ye yse of existing GALEX images observed with the deep
dust attenuation, and they allow one to compute a robushasti imaging survey (integration time 3 x 10*s) in theNUV and
of stellar masses (e.gee et al. 2000 . . FUV channels, and we have completed the coverage in W1 re-

To exploit the full potential of VIPERS in analysing thegion with new observations in theUV channel alone and with
galaxy properties as a function of time and environment, Wegration timeTe,, > 1.5x 10*s. Because of the GALEX large
have undertaken a follow-up in the-band in the two VIPERS psF ¢ 5arcsec), the source blending is a major issue in GALEX
fields with the WIRCAM instrument at CFHT and in the far-deep_imaging mode. To measure the UV fluxes of the sources,
and near-UV EUV andNUV) channel with the GALEX satel- we yse the dedicated photometric algorithm EMpt@oriseil
lite (Arnouts et al., in prep.). Th-band observations were col-
lected between 2010 and 2012 with several discretionarg tifh DR9 for LAS and DXS, DR8 for UDShttp: //www.ukidss.org/
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etal. 201}, which adopts the positions tf-band selected priors scopic redshifts were then checked and validated indepliyde
and performs a modelled PSF adjustment over small tilesdbaby two team members. In case of any discrepancy, they were
on the expectation maximisation algorithi®@uillaume et al. reconciled by direct comparison. In the vast majority ofesas
2006. For our spectroscopic sample, 63% (15%) of the sourdiss involves spectra with very low signal-to-noise ratiafich
have anNUV (FUV) flux measurement in W1. In contrast, theend up in the lowest quality classes. In general, each ridshi
W4 field has modest GALEX coverage: 13% (5%) of spectra fact assigned a confidence level, based on a well-edtailis
scopic sources with aNUV (FUV) flux. The WIRCAM and scheme developed by previous surveys like VVIL® Févre
GALEX datasets in the VIPERS fields are described in Arnout$ al. 2003 and zCOSMOSIL(lly et al. 2009. In detail, a spec-
et al. (in prep.). troscopic quality flag equal to 4 corresponds to a confideses |
Moreover, for~ 30% of the spectroscopic targets in W1, wef 99.6%, with smaller flags corresponding to lower confidence
also took advantage of the SWIRE observations in the XMNgVels, as described i6zzo et al. 2018 Objects with a single
LSS field. For our SED fitting we only considered magnitudeynission line are labelled by flag 9, and broad-line AGNseshar
in the 36 um and 45 um bands, since beyond those wavelengtiige same scheme, but their flags are increased by 10. Each spec
the survey is shallower, and source detection is very spar§escopic flag also has a decimal digit specifying the agesgm
Moreover, at longer wavelengths the re-emission from dast bvith the photometric redshift computed from CFHTLS photom-
gins to contribute to the flux of galaxies, and this featureds etry (Coupon et al. 2009
reproduced by most of the models of stellar population s3sith After excluding 3 394 galaxies with no redshift measurement
(see Sec.3). (flag 0, which represents the lack of a reliable redshifneste)
and 1 750 stars, our redshift sample contains 53 608 ex#etial
sources, nearly equally split between the two fields. Thd-qua
2.2. Spectroscopy ity of redshift measurements for the sample with spectrpisco

The spectroscopic catalogue used in this paper repreﬂmtsﬂ@gs larger than 2, as estimated from the validation of rpielti

. . ; servations, is high (confidense95%, seesuzzo et al. 20133
first 60% of VIPERS. This sample includes 53 608 galaxy spec- . - :
tra and will be made available through the future VIPERS FRubl Since only a fraction of all the possible targets have been

observed, statistical weights are required to make thisaub
Data Rel(_ease 1 (PDR'l)' 'I_'he VIPERS targets were selectedm@ representative of all the galaxiesiak 225 in the survey
two criteria. The first was aimed at separating galaxies tard,s

and relies on the combination of a point-like classificatioased volume. Such weights are calculated by considering the umb
on measuring the half-light radius) for the brightest searand of photometric objects that have been targeted (target agnp

on comparing the five optical magnitudes with galaxy andastelrate’ TSR), the fraction of them classified as secure measure
spectral energy distributions for the faintest onésypon et al. ments (spectroscopic success rate, SSR), and the congalsten

- 2 ue to the colour selection (colour sampling rate, CSR).stae
e e e gl welghs can depend o e magnitud, ecbuo
agrams 4 > 1) versus (i — g) and g — i) versus (i — g). The and angul_ar position of the can|dered object. For eachgbart
second selection criterion, based gn<(r) and f - i) cdlours the statlstlc_al vv_e|ght we cons_ldered _onIy the main and eglev
was applied to exclude I0\’N-redshi1’z & 0.5) objects, and hz;s dependencies, in order to avoid spurious fluctuations wiheret
b . , : > are small subsamples. In particular, we considered the BSR a

een tested to ensure it does not introduce any significast b

A complete descrintion of the whole source selection broced function of only the selection magnitude, the SSR as a foncti
A compiete P P of magnitude and redshift, and the CSR (estimated by usitag da
is included inGuzzo et al(2013.

i , i . from the VVDS flux limited surveylLe Févre et al. 2005as a
The spectroscopic observations were carried out using

; _ ; fAction of redshift. Regarding the SSR, only galaxies wiifal-
VIMOS instrument on VLT with the LR-Red grisnR(= 210), jiy flags between 2 and 9-(41 100 galaxies in the redshift range

giving a wavelength range of 5500-9500A that guarantees #1§ < z < 1.3) were considered in the analysis. (We exclude

observability of the main spectral features in the VIPER® regpectra classified as broad-line AGNs.) For a galaxy at iftdsh

shift range, e.g. the absorption lines Call H &4#3934 3969 \yjith magnituds, its statistical weight(i, 2) is the inverse of the

and the emission line [OlIf3727. Using a sample of objectsproduct of TSRi), SSR(, 2), and CSR{). Once each galaxy in

spectroscopically observed twice, we are able to estintatma the spectroscopic sample is properly weighted, we can ezcov

certainty ofo; = 0.00047 (1+ 2) for our measured redshifts.  the properties of the photometric parent sample with goedipr
To maximise the multiplex capability of VIMOS, we adoptedion (for a detailed discussion on TSR, SSR, and CSREsee0

the observational strategy describe®izodeggio et a(2009 of et al. 2013.

using shorter slits than in the previous surveys carriedagilt

the same instrument. By virtue of this strategy, we reached a

sampling rate of approximately 40% with a single pass, essém- Stellar masses

tial to estimating the large-scale environment (Cuccigéile in  considering the small fraction of objects withdttband mag-
prep.; lovino et al., in prep.). nitude, we decided to rely on SED fitting to derive stellar sess
The spectroscopic masks reproduce the footprint of the \dnd to not implement alternative methods, such a4 thet al.
MOS instrument, consisting of four quadrants and gaps betwg2007 relation between stellar mass, redshift, and rest-frame
them for each pointing, covering 224 arcfiiignetted parts of magnitudes.
the quadrants have been removed to computeflieetee area  We thus derive galaxy stellar masses by means of an updated
(for a detailed description sé€&uzzo et al. 2018 version ofHyperzmass (Bolzonella et al. 200001Q software
Data reduction and redshift measurement were performisdavailable on request). Given a set of synthetic spectral e
within the software environment Easylif&érilli et al. 2013, ergy distributions, the software fits these models to thetimul
which is based on the VIPGI pipelin&¢odeggio et al. 2005 band photometry for each galaxy and selects the model that
and EZ Garilli et al. 2010 Easy redshift). Once measured byninimises they?. The SED templates adopted in this proce-
the EZ pipeline and assigned a confidence level, the spectlore are derived from simple stellar populations (SSPs)-mod
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not possible to constrain this paramedepriori. Therefore, the
metallicity assigned to each galaxy is what is obtained ftioen
best-fit model (smallegt?).
\ i With respect to the galaxy dust content, we implemented the
Nie= 2785 Calzetti et al.(2000 and Prévot-BouchetPfevot et al. 1984
\ 1 Bouchet et al. 198Bextinction models, with values @y rang-
\ Nexeeea™ 204 ing from O (no dust) to 3 magnitudes. As pointed out in presiou
work (e.g.lnoue 200% Caputi et al. 2008lIbert et al. 2009,
Calzetti’s law is on average more suitable for the bluest SED
having been calibrated on starburst (SB) galaxies, wheteas
Prévot-Bouchet law is better for mild star-forming galaxie
since it was derived from the dust attenuation of the SmatjMa
ellanic Cloud (SMC) (see als&/uyts et al. 2011 Hereafter we
refer to the Calzetti and Prévot-Bouchet models as SB and SMC
extinction laws, respectively. We let the choice betweentio
extinction laws be free, according to the best-fit model (kat
— x?), since we do not have ficient data at UV wavelengths to
-05 0.0 0.5 1.0 differentiate the dierent trends of the two laws.
log(hunservs/Hiaverrz) The SEDs constituting our template library are generated
from the SSPs following the evolution described by a given

Fig. 2.  Distribution of the diferences between the values of stel§tar formation history (SFH). In this work, we assume expo-

lar mass estimated using the two codéyperzmass and MAGPHYs  nentially declining SFHs, for which SFR exp(-t/7), with the

Only results for the W1 field are shown (see text). To limit éfiects time scaler ranging from 01 to 30 Gyr. A constant SFH (i.e.,

of parameter degeneracy, we restrict the comparison toigalahat SFR ~ 1Mo yr') is also considered. This evolution follows

turn out to have solar metallicity, according to their biiistemplates unequally spaced time steps, fram 0 tot = 20 Gyr. No fixed

both inHyperzmass andMAGPHYS. In this way the dierence between redshift of formation is imposed in this model.

Muacprvs and Muyperzmasscannot be due to a flierent metal content  Although such a parametrisation is widely used, recentstud

assumed in the two SED fitting estimates. The dashed linsghe jes have shown how exponentially increasing SFHs can pro-

best-fitting Gaussian of the distribution, correspondmghe mean and yiqe g more realistic model for actively star-forming gadesin

standard deviation indicated. Also indicated are the size@galaxy |\ pi-h young stellar populations outshine the older ohdarés-

subsampleNt) and the number of stellar mass estimates for which the .

discrepancy is 10g¥uacprys/ Meynersmac) > 20 (Nexcee)- ton et aI._201§l This dfect becomes relevant at~ 2, when _
» the cosmic star formation peaks, and can be reduced bygsattin

lower limit on the age parameter, in order to avoid unreial&st-

elled by Bruzual & CharlotBruzual & Charlot 2003hereafter !utions thatare too young and too dusf¢rr etal. 2012 In our
BCO3), adopting th€habrier2003 universal initial mass func- 'edshift range, galaxies whose SFH rises progressively loav
tion (IMF) 4. The BCO3 model is one of the most commonigtellar masses (log(l/Mo) ~ 9.5, Pacifici et al. 201pfalling
used ones (e.dlbert et al. 2010Zahid et al. 2011Barro et al. oelow the limit of VIPERS. MoreoveRacifici et al (2013 iden-
2013. Another frequently used SSP library is the onevisras- tify a class of massive blue galaxms that gssembled tmi.IaSt
ton (2005 MO5), which difers from the former because of theNass over a relatively long period, experiencing a progress
treatment of the thermally pulsing asymptotic giant brag¥®- reduction of their star formation at a later evolutionarggst.
AGB) stellar phase, fiecting NIR emission of stellar popula-FOr suchbell-shaped SFH, neither increasing nor decreasing
tions aged~ 1Gyr. The question about the relevance of TPN0dels seem to be suitable. However, the resultifigainces
AGB in the stellar population synthesis is still open (&4grigo &€ smaller than the other uncertainties of the SED fittinthoge
& Girardi 2007), with some evidence that supports BC83iék (Cf- Conroy et al. 200p . _ _
etal. 2010Zibetti et al. 2013in contrast to observations favour- Another issue concerning the SFH is the assumption of
ing MO5 (MacArthur et al. 201D In the following we prefer smoothness. In fact, a galaxy could have experienced devera
to adopt the BCO3 model, since most of the galaxies in the rdf1ases of intense star formation during its past, which @n b
shift range we consider should not be dominated by the TP-Adken into account by superimposing random peaks on the ex-
phase (which is instead relevant for galaxies.4td z < 2.7, Ponential (or constant) SFR@uffmann et al. 2003a Allow-
Maraston et al. 2006 ing the presence of recent secondary bursts, thereby mtdeng
The SSPs provided bBruzual & Charlot(2003 assume a colours of an underlying old and red population bluer, caule
non-evolving stellar metallicity, which we chose to be solarl© @ systematically higher stellar mass estimate. Howerdy,
(Z = Z,) or subsolarZ = 0.2Z.). This choice allows us to take for a small fraction of objects is theflitrence inM larger than
the diferent metallicities of the galaxies in our redshift rang&2 dex, as shown bipozzetti et al(2007. .
into account, which can be lower than in the nearby universe e also quantified thefiect of using complex SFHs in
(Zahid et al. 201}, without significantly increasing theffect of VIPERS, by computing stellar masses using M&GPHYS
the age-metallicity degeneracy. Considering the low regmi Package da Cunha et al. 2008 This code parametrises the
of our spectroscopic setup, it isfiéult to put reliable constraints Star formation activity of each galaxy template startirgnirthe

on Z from the observed spectral features, and therefore it wi&Ne SSP models a$yperzmass (i.e., BCO3), but using two
components in the SFH, namely an exponentially declining SF

4 The choice of a dferent IMF tumns into a systematic meafiset and a second component of a_ddltlonal bursts randomly super-
in the stellar mass distribution: for instance, our estematan be con- imposed on the former according Kauffmann et al(20033.
verted toSalpeter(1959 or Kroupa(2001) IMF by a scaling factor of The probability of a secondary burst occurring is such tladit h

~ 1.7 or~ 1.1, respectively. of the galaxy templates in the library have experienced atbur
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in their last 2Gyr. Each of those episodes can last B)'—

3 x 10°yr, producing stars at a constant rate. The ratio between 11 5
the stellar mass produced in a single burst and the one formed
over the entire galaxy’s life by the underlying exponemyidie- 11.0
clining model is distributed logarithmically betweer08 and
4.0. The dust absorption model adoptedMAGPHYSis the one < 105
proposed byCharlot & Fall (2000, which considers the optical "
depth of H Il and H | regions embedding young stars along with: , ,
the extinction caused byfliuse interstellar mediunMMAGPHYS
treats attenuation in a consistent way, including dustnéssion = .
at infrared wavelengths; however, this feature does noesgmt &
a significant advantage when dealing with VIPERS data since
infrared magnitudes are too sparse in our catalogue. Ntetall
ity values are distributed uniformly betweer®@ and 2Z,. The 85 S
wide range of tightly sampled metallicities, thefdrent model 0.4 0.6 0.8 1.0
for the dust extinction, and in particular the complex Shithe redshift

MAGPHYS library are the major dierences with respect to theF, 3 Th | hresh function of red
Hyper zmass code. ig. 3. e mass completeness threshaiti, as a function of red-

shift, computed for the total sample (the one used in Sx2f.filled
In Fig. 2 we compare the estimates obtained throMfG-  circles) and for the red (upward triangles) and blue (dowrwigian-

PHYS and Hyperzmass, and verify that complex SFHs have ajles) populations, defined as discussed in Sedn each redshift bin,

minimal impact on the results (see Sedtd). Since MAG- the M, estimate relies on the rescaled stellar ma&$ = ijm) of the

PHYS requires a much longer computational time than oth@p% faintest galaxies (see text). We shad(i = iin) of the red and

SED fitting codes, we only estimate the stellar mass for gald}ue galaxies with small dots of analogous colours.

ies in the W1 field betweerz = 0.5 andz = 1.3. More-

over, for this comparison we selected objects with the samg nodelling dust extinction. Unless stated otherwisis ihthe
(solar) metallicity in both the SED fitting procedures, hesm Eefault parametrisation used throughout this paper.
in this way we are able to investigate the bias mainly thanks

to the diferent SFH parametrisations. The distribution of the
ratio between the two mass estimates is reproduced well ByFrom stellar masses to the galaxy stellar mass
a Gaussian function plus a small tail towards positive val- function

ues of lo M . We find a small fset
(Alog M)gmz/[MG%Z?E/MAGH;/::J(ZTXZ}Hyperzmas}> ~ 0.05) and a In this section we exploit the VIPERS dataset described abov

small dispersiondas ~ 0.11) for most of the galaxy popula-PY considering only our fiducial sample of 41094 galaxies at
tion, with significant diferences betweeMAGPHYS andHy-  Z = [0.5, 1.3] with spectroscopic redshift reliability 95% (see
perzmass (i.e., AlogM > 0.22) for only ~ 7% of the testing Sect.2.2). As mentioned above, broad-line AGNs 850 in the

sample Nexceeain Fig. 2). The consequences on the GSMF arf@e€sent spectroscopic sample) are naturally excluded fhem
discussed in Secs. 4. sample, being visually identified during the redshift measu

. . . . . ..ment process. Instead, narrow-line AGNs are not removed fro
Given the wide range of physical properties allowed in tr'bei_1
fitt

PR TS ol AP TN il R SO

lim)

9.0

L b e ket

—_
[av)

SED fitting procedure, we decided to exclude some unphysi [ sample, but they do not constitute a problem for the SED

e o . T ng derived properties, since in most of the cases thgii- 0
arameter combinations from the fitting. In particular, it o ' :
Fhe amount of dust in passive alaxiesg(]i e vF\)/e impase 0.6 cal and NIR emission are dominated by the host gal&@oz¢i
P 9 " Pasec 06 o) 2007. First of all, we try to identify the threshold above

f?rrgfalfr)r?iis W'tlh ;:tigEr v;t;)’hwft ﬁ\rﬁ)ld velry y?ungwextrtrar’celgftwhich the sample is complete, and therefore the mass functio
star-io g gaiaxies sho escales (i.e. we preve can be considered reliable. After that, we derive the GSMF of

fits with models withr < 0.6 Gyr when requirin@om < 1), \/pERS in various redshift bins and discuss the main sowtes
and we only allow ages to be withinl0Gyr and the age of the uncertainty &ecting it

Universe at the spectroscopic redshift of the fitted galaege(
Pozzetti et al. 200Bolzonella et al. 2010

According toConroy et al(2009), the uncertainties associ-3-1- Completeness

ated with the SED fitting can be 0.3 dex when considering all |, the |iterature, the completeness mass limit of a sampke at
the possible parameters involved and their allowed rangies. given redshift is often defined as the highest stellar mastzxy
particular, given the non-uniform coverage of the GALEX angly|d have, when its observed magnitude matches the fluk limi
SWIRE ancillary data matched with our sample, we checked g pérez-Gonzalez et al. 2008 This maximum is usually
that the variation in the magnitude set from one object t0 afsached by the rescaled SED of an old passive galaxy. How-
other_does_ not introduce significant bias. For the sub_sam‘pleever, this kind of estimate gives rise to a threshold thadgen
galaxies withFUV, NUV, 3.6um, and 45um bands available, pe 10 conservative. The sample incompleteness is dueda-gal
we also estimate the stellar mass using just the opticalfMi} a5 that can be potentially missed, because their flux isdos
tometry. We find no systematicfiirence in the two estimates ofihe |imit of the survey. Depending on the redshift, such atlim
stellar mass (with gind Wl_thout the UV and infrared photomietr;, apparent magnitude can correspond to faint luminosities
and only a small dispersion of abou8 dex. that case, only a small fraction of objects will have a higlat

In summary, the VIPERS galaxy stellar mass estimategss-to-light ratio, since blue galaxies (with lowkt/L) will
are obtained using the BC0O3 population synthesis models wite the dominant population (e.gucca et al. 2006 Thus, if
Chabrier IMF, smooth (exponentially declining or consfanbased on the SED of an old passive galaxy, the determination
SFHs, solar and subsolar metallicity, and the SB and SMC laafthe stellar mass completeness is somehow biased in aftedsh
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|. Davidzon et al.: VIPERS galaxy stellar mass functions

range that depends on the survey depth (see also the dmtusSiuzzo et al. 2013Fig. 2). The VVDS sample provides us
in Marchesini et al. 200 ppendix C). with spectroscopically observed galaxies down to a faiitat,

To avoid this problem, we apply the technique devised Ibg. las = 24 (Le Fevre et al. 2006 Since the CFHTLS-W1
Pozzetti et al(2010. This procedure yields, for a given redshiffield contains both VVDS and part of VIPERS, we can compare
and flux limit, an estimate of the threshoM;,, below which the stellar masses by relying on a similar photometric lrasel
some galaxy type cannot be detected any longer. Followiisg tfu, g, 1, 1,1,z J*, K*). When applying a VIPERS-like magnitude
approach, we estimate the stellar mass each object woutsl hewt (I < 22.5), we can find the fraction of missed objects with
if its magnitude, at the observed redshift, were equal toitherespect to the pareht< 24 sample as a function of stellar mass.
band limiting magnitudé;,. This boundary mass(i =ij,) is This test is shown in Figd, where we compare th&l,, values
obtained by rescaling the original stellar mass of the smatits of VVDS (limited to | < 225) and VIPERS to the distribution
redshift, i.e. logM(i =ijim) = log M+ 0.4(i —ijm). The threshold of stellar masses belonging to the deeper (l.e5, 24) VVDS
Mim is then defined as the value above which 90% ofpfig= sample. TheM;, values we computedre closeo the thresh-
iim) distribution lies. According to this, at values higherhaolds at which the stellar mass distribution starts to be incoteple
Mim, our GSMF can be considered complete. We include wth respect to the deep VVDS sample (i.e. the limit where the
the computation only the 20% faintest objects to mitigate th < 22.5 sample recovers less than 80% of the parent sample).
contribution of bright red galaxies with largk{/L when they
are not the dom!nant. population around.th(.a flux "”.“'L as .th%YZ. Evolution of the mass function for the global population
may cause the bias discussed at the beginning of this section

Since the 1Vmax method Gchmidt 1968 see Sect3.2) in-  The number of galaxies and the volume sampled by VIPERS al-
trinsically corrects the sample incompleteness abovedwer lows us to obtain an estimate of the GSMF with high statistica
limit of the considered redshift birzg), we apply to each red- precision within six redshifts bins in the rangéb& z < 1.3.
shift bin the M, computed by considering the objects insid&iven the large number of galaxies observed by VIPERS, in
a narrow redshift intervahz = 0.05 centred orgys. Figure3 terms of Poisson noise it would be possible to choose even nar
showsM;im as a function of redshift for the global and for theower bins (e.gAz ~ 0.05 wide). However, in that case the
red and blue samples used in Segtas well as the value of measurements start being strongfieated by cosmic (sample)
M(i =ijim) for each red and blue galaxy. As expected, the linvariance. A more detailed discussion is given in SB@.
iting mass increases as a functionzénd the values for red  We compute the GSMF within each redshift bin, using the
galaxies are significantly higher (0.5 dex) than for the blue classical non-parametri¢ ¥y estimator Schmidt 1963 With
ones. this method, the density of galaxies in a given stellar masssb

In the context of the zZCOSMOS projedtilfy et al. 2009, Obtained as the sum of the inverse of the volumes in which each
the approach oPozzetti et al(2010 produced completenessgalaxy would be observable, multiplied by the statisticelgit
limits in good agreement with those obtained through moélescribed in Sec®.2. To optimise the binning in stellar mass,
survey samplesMeneux et al. 2000 In VIPERS, we suc- We use an adaptive algorithm that extends the width of a bin
cessfully tested ouM;, estimates by taking advantage ofintil it contains a minimum of three objects. The errors asso

the VVDS-Deep field, which is located in the W1 field (se@ted with the 1Vmax estimates are computed assuming Poisson
statistics and include statistical weights. The uppertfnfor

non-detections have been estimated followibghrels(1986).
The values of the Mmax GSMF and associated Poisson errors
are given in Tabld.
E It is well known that the 1Vmax €stimator is unbiased in
- case of a homogeneous distribution of sourdesitén 1978,
a but it is fected by the presence of clusteriniakeuchi et al.
3 2000. At variance with the data sets on which the estimator was
3 tested in the past, VIPERS has a specific advantage, thaitks to
large volume over two independent fields. The competiteres
of over- and under-dense regions on the estimate shoul@ékanc
out in such a situation. The impact on our analysis will also
be negligible because an inhomogeneous distribution atesu
mainly dfects the faint end (i.e. the low mass end) of the lumi-
nosity (stellar mass) functiommékeuchi et al. 2000 while we
| are mainly interested in the massive tail of the distributio
9 10 19 10 19 10 11 To verify this, we compare the/VYnax estimates with those
log(M) [hyg® M) of a different estimator (i.e. the stepwise maximume-likelihood
method ofEfstathiou et al. 198%rom another software package
_ o o o (ALF, llbert et al. 200%. We find no significant dferences in
Fig. 4.  Distributions of stellar masses in six redshift bins for thehe ghtained mass functions, within the stellar mass range c
xVDg;lDzepks?mtple in th;a CFHTLS-dV\{l ftlﬁld att;ts Itlmlgl[ng m(?hgt;jmie sidered in the present study.
< , aar IStograms), compared 1o the subset obtaine -a . . " . .
ing a magnitude cu% similar to VFI)PERS, bk 225 (blue histogran%s)?p Finally, in addltlon to the r_10n-parametr|c method, we fit a
In each panel, the black dashed line represents the limitiags for Schechte(1976 function, that is,
the VVDS sample with < 225. The red solid line instead gives the M\ M\ dM
limiting mass for the VIPERS sample in the W1 field. Both lispin ®(M)dM = @, (F) (_M ) M 1)
good agreement with each other, correctly identify theshoéd below * * *
which the shallower sample starts to miss a significantisadt- 20%) to the 1/Vpnax estimates. The results are shown in Figand
of objects. in Table2. Although the mass function does not show any ev-

0.75<2<D.85 0.85<z<().
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Fig. 5. The VIPERS galaxy stellar mass function affelient redshifts. Circles give the values determined tHialyymax in mass bins of
AM = 0.2dex; the centre of each bin corresponds to the weighted meas of the objects within it. Empty and filled symbols cqumesl to
values below and above the completeness limit, respegt{gee Sect3.1). For the latter points, the red error bars show the unceytaiue to
Poisson noise, while green bars account for Poisson notse@smic variance. In each panel, a solid line shows the Stdebest-fit to the
GSMF filled points, with the dashed line reproducing thathef first redshift bin, as a reference. The downward arrows aivupper limit taDd
where no detection is available.

idence of a rapid decline below the completeness limit (as (00.8 < log(M/Ms) < 11.1), the first signs of evolution with
Drory et al. 2009, points beyond this threshold should be correspect t@ ~ 0.5 start to be visible at redshift®— 11.

sidered as conservative lower limits. These plots cledrbns

the statistical power of the VIPERS sample, which includes a
significant number of the rare massive galaxies that poptiat

GSMF high-mass end, thanks to its large volume. _3

At z < 0.6 there is some hint of the characteristic dip of

the mass function at log{l/ M) ~ 10.2, with an upturn below —e

thqt value as observed both locally (eBaldry et al. 201_2and E 4L — A E
at intermediate redshifts (elQrory et al. 2009 Pozzetti et al. g A —A— A

2010. However, this feature is located too closeMt, to be = 5
assessedkectively. We avoid using a double Schechter function "¢

in our fits also to ease comparison with the parameters akrive = _5 %M .
at higher redshifts. In fitting the points in the first bin§& z < — _$_

0.6), all parameters of Ed.are left free, obtaining a value of the g
slopea = —0.95. Above this redshift, however, the slope of the 2
low-mass end is only weakly constrained, given the relftive -6
high values of the completeness linéj,,. For this reason, in

all the other bins we fix: to the value-0.95 (see Tabl@).

o 10.8<log(M/My)<11.1
A 11.1<log(M/Mo)<11.4
O 11.4<log(M/My)<11.8

The results of Fig5 confirm, with impressive statistical pre- 0.6 0.8 1.0 1.2
cision, the lack of evolution since ~ 1.1 of the massive end redshift
(log(M/ M) > 11) of the galaxy mass function seen in previ-
ous, smaller samples. The exponential tail of the Schedihter
nearly constant across the five redshift bins, down+d0.5 (see Fig. 6. Evolution of the galaxy number density irfidirent bins of stel-
Fig. 5). However, we detect a significant decrease in the nuiar mass. The error bars of the density estimates includesBioinoise
ber density of the most massive galaxies (Jbf(M,) > 11.1) and cosmic variance (see Segt3). Atz ~ 1.2, for the lowest mass
in the redshift binz = 1.1 < z < 1.3. At lower masses sample, only a lower limit can be estimated, indicated byattnew.
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Table 1.Global GSMF: ¥V« Values in regular bins of stellar mass.

log M [h72 Mo] log® [h3,Mpc ]
05<z<06 06<z<07 07<z<08 08<z<09 09<z<1l1l 11<z<13
9.50 —2.47705%2 -2.42°0%2 -2.6273% -2.897053 -3.207057 -4.11°51%
9.70 -2.51302 -2.49°50 -2.56"5%2 -2.783%2 -2.955%3 -3.95'59¢
9.90 -261700  -256'G0;  —26300;  -279%5 293G -36975%
1010 -2.67°502 -2.59302 -2.65"5%2 -2.84502 -2.98533 -35859¢
10.30 -2.68302 -2.59°30 -2.69'5%2 -2.85302 -3.07°53%3 -3535%
1050 -2.66302 -2.62730 -2.70°5%2 -2.85302 -3.07°5%3 -3.735%
10.70 -2.72'5%8 -2.67°507 -2.75'5% -2.83'002 -3.04502 -3.74'51%
1090 -2.91302 -2.817302 -2.83592 -2.97°5%2 -3.16302 -3.715%
1110 -3.25'5%3 -3.115%2 -3.145%2 -3.26'592 -3.325%2 -3.9359¢
11.30 -3.66705: -3.55504 -359'5% -3.83705%2 -3.8175 -4.1359
1150 ~4.34599 -4.22+5%1 -4.29'59! -4.54599 -4.39'5%¢ -4.65'51%
1170 -5.29'923 ~5.690:30 —5.05"92° ~5.19918 -5.78"523 -5.20"524
Table 2. Global GSMF: Schechter parametetsfiked atz > 0.6). where(N) and <N2> are the mean and the variance of galaxy
number countsomerville et al. 2004
zrange a log M, D, Extragalactic pencil-beam surveys, even the deepest ones,
2 313 -3 are particularly limited by cosmic variance, given the dmal-
[h7o Mol [107"h7,Mpc™] ume covered per redshift interval. A&t ~ 0.8, galaxy den-
05-06 -0.95003 1087002 1.42+0.06 sity fluctuations are found to be still relevant up to a scdle o
~002 ‘8’85 ‘88; ~ 140 Mpch-} (Scrimgeour et al. 2092which roughly corre-
0.6-0.7 -0.95 1091t0201 1.58t0205 sponds to 5 deg.
07-08  -0.95 1091759 1.38+9.99 This is the result of intrinsic clustering in the matter, as
0.8-09 _0.95 1085*0:02 1 29+0:09 predicted by the power spectrum shape and amplitude at that
' ’ ’ —8-83 ’ —g-gg epoch, amplified by the bias factor of the class of galaxieg-an
90-11 -0.95 1091+ 0.82 ysed, which at high redshift can be very large for some ctasse
—0.01 —0.06 ) - 1 X
11-13 _0.95 1103+011 0.20+005 Also the last-generation, largest deep surveys are signific
—008 —006 affected by this issue. For example, the COSMOS field, despite

its 2ded area, turned out to be significantly overly dense be-

. tweenz = 0.8 andz = 1 (Kovat et al. 2010.
These trends are shown better in Fég.where the number ( 0

density of galaxiepy within three mass ranges is plotted ver- The gain obtained by enlarging tlhe area of a single field beh-
sus redshift. This figure explicitly shows that the most rives Syond a certain coverage becomes less prominent, owing to the

galaxies are virtually already in place at~ 1. In contrast, existing large-scale correlations (shewman & Davis 2002

galaxies with lower mass keep assembling their stars in aucg'g'réz(:ir‘;;"tgz(;re:r?g:’nm'Idl{f@_%g“gg'rzgri)/]ic"\g)lelin;‘le’ ﬁNo'gllan
way that their number density increases by a fast@.5 from bp pd o'y 05 : velli (- g

z = 1.2 down to 06, consistently with the so-callebwnsizing Fig. 2), compared torpoiss o V™. Trenti & Stiavelli (2009
scenario Cowie et al. 1996Fontanot et al. 2009 These new found similar results by characterizing Lyman break gadaxi

measurements confirm previous evidence, but with highésstazﬂ:jvggza?é C;?g X?Lur%smqggé m: ggrﬁﬁ] c;r:] tnscgierc?g:‘d%:rﬁg?
tical reliability (see Sect). B

A more dfective way to abate cosmic variance is to observe sep-
arated regions of sky. Since counts in these regions, if éney
3.3. Cosmic variance in the VIPERS survey suficiently distant, are uncorrelated, their variances sumnup i

When deali ith istical studi . b quadrature (i.e g, decreases as the square root of the number
en dealing with statistical studies using number COS®- ¢ fia|qs Moster et al. 201)L Multiple independent fields can

vere complication i.S introduced by the field-to-field fludioas then result in a smaller uncertainty than for a single fielere
in the source density, due to the clustered nature of thexgaqu the latter has a largerfkective areaTrenti & Stiavelli 2008.

distribution and the existence of fluctuations on scalesp®m 1 ¢\ rrent VIPERS PDR-1 sample is not only characterised by
rable to the survey volume. This sampling or ‘cosmic’ vacan 5 significantly large area, compared to previous similaveys

represents a further term of uncertainty to be added to tie PQ,; ihage redshifts, but it is also split into two independerd

?on STIOt noiTe. Ilt can be expressed by removifig = 1/(N)  ell-separated fields of 7.5ded each. We therefore expect
rom the total refative error: that the impact of cosmic variance should be limited.

5 (N2)—(N)? 1 To quantify this &ect directly, we follow two approaches.

T T TTNZ Ny (2)  The first one, based on the observations themselves, peovide
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within the same field (W1 or W4). Within mass bind; +AM/2

T “RET ‘ ‘ N ‘ ‘ R we derive the total random uncertainty
2 0.56<z<0.6
£ TotopdM)) = = ) \/ | @i(M)) - Da(M)] ®3)
o_ ~4L Wi subreg.t 3 1 n =1
E = W1 subreg.2
PR S et ds H 1 where®,y is the global GSMF of VIPERS (at that redshift) and
< v W4 subreg.3 Di(M;) the number density of galaxies measured in ké
204 ‘ ‘ T ‘ ‘ o mass bin for each of the = 5 subregions. This result should
0.3F [ yAMR mocks o T 1 be regarded as an upper limit of the VIPERS cosmic variance,
5 © VIPERS subregions,] - < given that the subsamples have a smaller volume than theswhol
® 0Rp - S mocks O x i | survey, and Eq3 also includes the variance due to Poisson noise.
B 01 5B T ax S R >D@>D< % ] Conversely, resiplual correlation among the subfields witlaich
T g : : : - ; : — of the VIPERS fields (produced by structures on scaldsdeg
iﬁ 0.7<z<0.8 0.8<2z<0.9 crossing over two or more subregions) would slightly reduce
» —3F S E Owotobss More in general, the small number of fields used to
s;i perform this test makes the computation of Bestatistically
o, T4F 7 1 uncertain: for these reasons the estimates of the standaiad
) tion obtained from the field-to-field fluctuations among thve fi
= 2 3 E subsamplesiiorons SQuares in Figr) show rather irregular be-
EN haviour.
- The second approach is based on the use of simulated mock
0.3r O T 7 surveys. First, we use a set of 57 mock samples (26 and 31in W1
< o2l o T 0/ and W4, respectivgly), built using specific recipes for Ma;r-
o1l 0o g - = | to-halo mass relation. They are based on the MultiDark dark
- R X XK A OER XK matter simulationRrada et al. 20)2and have been constructed
L RF ‘ ‘ ‘ 3 ‘ ‘ N to reproduce the detailed geometry and selection functidimeo
3 0.9<z<l.1 R VIPERS survey up ta = 1.2. (seede la Torre et al. 201For
T, T3 T ] details). The dark matter haloes identified in the simulgtas
= i 1 well as artificial sub-haloes drawn from tf&ocoli et al.(2010
ne 4 subhalo mass function, have been associated with galasies u
- 3 E the stellar-to-halo mass relations Mioster et al.(2013. The
s latter are calibrated on previous stellar mass functionsues
&g ‘ ‘ ‘ ‘ ‘ — ments in the redshift range € z < 4. We call these ‘SHMR
0sl | i mocks’. We apply Eg2 to estimate the amount of cosmic vari-
N ance independently among the 26 W1 and 31 W4 mocks. The
e 02 . O 7 SRRV global estimate of cosmic varianced, sumr) On the scales of
0.1+ o< S+ % | the VIPERS survey is obtained by combining the results from
SR X 2L A A the two fields (sedoster et al. 201,1Eq. 7). As expected, we
10.0 105 11.0 115 100 105 11.0 115 find thato ., sumr decreases with redshift, since we are probing
log () [hye™® Mo) log(t) [Ty~ M) larger and larger volumes, and increases with stellar maisgjo

to the higher bias factor (and thus higher clustering) ofsivas

Fig. 7. Estimates of the contribution of sample (cosmic) variarce gala?(les_eomerwlle et al. 2004 Both trends are clearly vis-
the statistical uncertainty of the GSMF measurements. Boh eed- ible in Fig. 7, where measurements otysuwr are presented
shift bin, the upper panels show the GSMJVkax measurements ob- for dlffere_nt bins of redshift anq stellar mass. These value_s are
tained from five VIPERS subregions of 2 degpcated respectively in included in the error bars of Fig to account for the cosmic
the W1 field (three regions, blue diamonds, circles, andregi@nd in variance uncertainty. We notice that in the highest retlsiif

the W4 field (two regions, red triangles, and downward tries)y The oy sHvr represents a conservative estimate, given therdint
Schechter fit to the global GSMF of Fi§is shown as reference (blackredshift range in SHMR mocks (IL< z < 1.2) and observations
solid line). The lower panels show the standard deviatistisnated in (1.1 < z< 1.3).

each redshift bin from these five measurements (purple sgLBD.3), In Fig. 7 we also show, as a reference, the estimates provided
together with the estimates of, obtai_neo_l from 57 SHMR mocks_by by the public codgetcv (Moster et al. 201)ifor the same area
means of Eg2 (green crosses). To highlight how thffext of cosmic of the SHMR mocks. These results, limited at Idg(M.) <

variance decreases at higlewe reportoe, suwr Of the first redshift . i . .
bin in the other panels (green dashed lines). In additios,sgmple L1-2; &€ in good agreement withey simr, With the exception

variance measured in 50 SAM mocks (grey solid line) and ttimages  Of the highest redshift bin, mainly because of the 1.2 cut of
provided byMoster et al(2011) method (black triangles) are shown as>HMR mocks. However, we prefer to usey suvr to quantify
reference. the cosmic variance uncertainty in thabin, although it should
be regarded as an upper limit, since the outcoméaster et al.
(2017 code do not reach the high-mass tail of the GSMF, and are
an upper limit of the VIPERS,. We select five rectangularalso more uncertain because the galaxy bias function ugbasin
subregions of about 2 deégvithin the survey and estimate themethod is less constrained at such redshifts.
mass functiond; in each of them, using the/¥,ax method de- Besides these SHMR mocks, we also used another set of 50
scribed above. We choose non-contiguous regions (seddnate VIPERS-like light cones built from the Millennium simulati
~ 1 deg) to minimise the covariance between subsamples thcat®pringel et al. 2005 in which dark-matter haloes are populated
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with galaxies through the semi-analytical model (SAM)Dé ;
Lucia & Blaizot (2007). Galaxy properties were determined by REEg g
connecting the astrophysical processes with the masstaccre _5| & g
history of the simulated dark matter haloes. Each mock sampl X
covers %1 ded, with a magnitude cut in thigband equal to that v v
of the observed sample. Although the geometry of these mocks —4 | ,Z 1 A ]
(and therefore their volume) filérs slightly from the design of '« ’ Yy
the real survey, they provide an independent test, with a-col§ _5| © 5B Lun v 1 A 1
pletely diferent prescription for galaxy formation. With respect SB+SMC, 7, @ Yy
to the SHMR mocks, SAM mocks in Fig.show a trend similar & £ SB+SMC, 75 +0.2% ¢y
to that ofocy spvir, @lthough with some fluctuations e.g. betweer? —6p L VACPRYS | R S | | | E
z=0.7 and 0.8. The values are systematically higher mainly bes 0.9<z< 1.1 1.1<z< 1.3
cause the SAM mocks do not reproduce two independent fields. 3l &y
Further diferences with respect to the other estimates may be ¥
due to the dierent recipes in the simulations. <

T T T T T
0.5<z< 0.7 0.7<z< 0.9

8BZXX

R =34

LOIRN]

i iz ,

& -4
— V]
v
A
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3.4. Other sources of uncertainty 5 v
In describing our procedure to derive stellar masses by smefan é
the SED fitting technique (Sed.3), we emphasised the num- ] A v
ber of involved parameters and their possible influence en th : : : : : : : : : :
estimates. The assumptions that have the strongest impact o 10.0°10.5 1110 11,5 112.0510.0°10.5 1 105115 H1.2.0
the results are the choices of the stellar population sgighe log(M) [hag 2 M)

model, IMF, SFH, metallicity, and dust extinction law. A tho

ough discussion about each one of the mentioned ingredgents. . .
beyond the goals of this paper, but the reader is referr@bte i9- 8. Dependence of the mass function on the details of the stellar
roy (2013, Mitchell et al. (2013, andMarchesini et al(2009 mass estimates, considering fiv&eient cases. Specifically, the points

. . . correspond to dierent choices of the stellar population synthesis code,
fora Co_mprehens_lve review of the systemaffeets induced by metallicity (Z), extinction law (SB-SMC or SB alone), or the addition
the choice of the input parameters.

. . . of secondary bursts to the smooth star-formation historfresir cases
~Here we briefly test the impact on the GSMF of choosingrespond to SED fitting usingyperzmass, for which the values of
different values oZ (whether including subsolar metallicities Ofthe adopted parameters are given in the bottom-left of tise fimnel.

not), the extinction laws (SB and SMC, or SB alone), and ther details about the parameters adoptedf8GPHYS (downward tri-
addition of secondary bursts to the smooth SFHs (i.e. compkngle), we refer to Sec2.3.
SFHs instead of exponentially declinirgmodels). We do not
modify the other two main ingredients in our procedure,the.
universal IMF that we assumeliabrier 2003and the stellar
population synthesis model (BC03).

To perform this test we use stellar mass estimates obtai

v

The other estimates, produced Hyperzmass, are in quite
good agreement with each other. The mass functions arelgligh
%@her (on average by aboutlGlex) when obtained through

by assuming five dierent sets of SED fitting templates, four o =2 fitting procedures that can choose between two values of

them difering in metallicity and extinction lawZ,, only and metallicity. In fact, in this case, red galax_les _can_be fithwit

SB; two metallicities Z, and 02Z;) and SB; solar metallicity 0.2Z, and older ages, conseqyen_tly resu_ltmg in higher _stellar

and two extinction laws (SB and SMC); two metallicitiez, ( mass values. Thdlect of the extinction law is instead marginal.

and 02Z;) and two extinction laws (SB and SMC). The fifth

SED fitting estimate has been derived with M&GPHYScode 4. comparison to previous work

(see Sect2.3), assuming the following parameters: complex

SFHs, extinction model derived froBharlot & Fall(2000, and In this section we compare the VIPERS GSMF with other mass

a wider range of metallicity (including super-solar one¥ye functions derived from dierent galaxy surveys (Seet.1) and

limit these tests to the data in the VIPERS W1 field, i.e. abovarious semi-analytical models (Se¢t2).

half of the total sample, given the better overall photornewv-

erage in this area and the large computational time involved
The mass functions resulting from these fiv&etient SED-

modelling assumptions are shown in F&. As expected (see We compare here our estimate of the GSMF with results from

discussion in Seck.3 and Fig.2), the MAGPHYS mass func- other galaxy surveys. We correct GSMFs (if necessary) tmbe i

tion corresponds to the highest estimated values of galary dthe same cosmological model with, = 0.3,Q4 = 0.7,h7g =1,

sity at high stellar masses (at least upzte 1.1). This trend is andChabrie2003 IMF. We also modify our binning in redshift

expected, because the four other estimates, obtained bsnasdo be similar to other work.

ing smooth SFHs templates, are insensitive to an underblthg ~ We chose eight surveys that adopt comparadns, half

stellar population that is outshone by a recent burst ofstara- of them based on photometric redshifiofitana et al. 2006

tion (Fontana et al. 200#o0zzetti et al. 201L,Mut seeMoustakas Pérez-Gonzélez et al. 200&ert et al. 2010Bielby et al. 2012

et al. 2013or an opposite result). As a consequence, when usiagd half on spectroscopic redshifiofitana et al. 2004Pozzetti

complex SFHs templates one can produce stellar mass estimat al. 2007 2010 Moustakas et al. 2033 The spectroscopic

that are higher than those obtained with smooth SFHs for a loadshift sample used blloustakas et al(2013 is obtained

percentage of objects, affect that is more evident in the high-through a pioneering technique based on a low dispersiempri

mass tail. and slitmasksoil et al. 201}, which results in a precision of

4.1. Comparison with other observational estimates
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Fig. 9. The VIPERS galaxy stellar mass functions fram= 0.5 to 1 (filled red circles, with a red shaded area accountimghfe Poisson
uncertainty). The V.« determinations of previous surveys are also shown figr@int symbols, along with their respective Poisson errms.ba
In the left-hand panel, whereas the VIPERS rangeSs<0z < 0.6, the other GSMFs are computed between0.4 and 06, with the exception of
Moustakas et al2013 for which is Q5 < z < 0.65, 065 < z < 0.8, 0.8 < z < 1.0; notice the very small error bars of the VIPERS data, despit
the narrower redshift range. In the other two panels, the bi'VIPERS are the same as the other surveys; also at theser haglshifts the error
bars of the VIPERS GSMF are small compared to them.

oz ~ 0.007(1+ 2) (for their high quality sampl€ > 3, seeCool (Kovac et al. 2010, demonstrating the importance of the cosmic
et al. 2013, i.e. comparable to the precision of the best photwariance in this kind of comparison.

metric redshiftsi{bert et al. 2013who obtaino, ~ 0.008(1+ 2) Some discrepancy (nearly by a factor of two) is also evident
and a very low percentage of outliers). with the estimates bivloustakas et a2013. The explanation
The redshift ranges of the GSMFs shown in Figire 04 < could be partly related to the statistical weighing, in aar
z< 06,06 <z< 08,08 < z< 10, with the exception of for the faintest objects, because the lower the sampliryasti-
PRIMUS (Moustakas et al. 2033which is at 05 < z < 0.65, mates, the greater the uncertainty in such a correction. ag-m
0.65<z<0.8,08 < z< 1.0, and the first bin of VIPERS (i.e., nitudesi ~ 225, the SSR of PRIMUS is approximately 45%,
0.5 < z < 0.6). In the case oBielby et al. (2012, who pro- dropping below 20% at the limit of the surve@dol et al. 2013
vide the GSMFs in four CFHTLS-Deep quadrants, we consid@stead, in VIPERS the SSR is 75% down to our magnitude
the results in the D3 field (1 440 arcrijnwhich is located in a limit i = 225 and toz ~ 1, making the statistical weight correc-
region of sky uncorrelated with the other surveys we setectdions smaller and more robust. In addition to this, it shdugd
For the VIPERS GSMFs we plot error bars accounting only footiced that although several overdensities have beemadube
Opoiss I-€. Without adding the uncertainty due to sample varia PRIMUS, cosmic variance seems unable to fully justify the
ance, in order to be consistent with most of the literatutta,dadifference between the GSMFs of the two surveys: the number
for which only Poisson errors are available. of independentfields (PRIMUS consists of five fields with altot

Our results lie on the lower boundary of the range covered 8(5-5 ded) should reduce this problem, at least to some degree.
other GSMFs, and are in reasonably good agreement with mb8¢ disagreement could also be partially ascribed to thereli
of them. At 08 < z < 1.0, the diference withilbert et al.(201q €Nt ways stellar masses are estimafddustakas et alderived
COSMOS survey over 2 dégandPozzetti et al(201Q zCOS- their reference SEDs according to the SSP mod€airoy &
MOS, 14 deg) is noteworthy: the likely reason is the presenc@“”n(?omv which results in stellar mass estimates systemati-
of a large structure detected in the COSM@SOSMOS field cally higher than those obtained by assuming BCO3 {éees-
takas et al. 201,Fig. 19).
: _ Regarding the choices of SEDs, it is worth noticing that

.Nonetheless, through the reupeMbster. et al.(201)) we can ob- pérez-Gonzalez et a(2008 also used a template library dif-

tain, for each survey, an approximate estimate of the umiegytdue ¢ ant from ours, which they derived from the PEGASE stellar

to cosmic variance to a first approximation, and have a rodgh bf : ; . )
how much the error bars would increase in Figwhen accounting population synthesis modeFioc & Rocca-Volmerange 1997

for it. For Pozzetti et al(2007), Pérez-Gonzéalez et af2008, and bounding the parameter space by.means .Of a training ?et of
Bielby et al. (2012, within the redshift ranges considered in Fig. ~ 2000 galaxies with spectroscopicand wide photometric
with only a small evolution with redshift, the GSMF uncentgire- baseline. The other surveys quoted in Bigrontana et al. 2004
lated to cosmic variance is approximatively the samet5% between 2006 Pozzetti et al. 20072010 llbert et al. 2010Bielby et al.
log M/ M, = 10.0 and 10.5~ 23% between logM/M, = 110 and 2012 adopt BCO3.

11.5. (It should be noticed thgt_data usethiyez-Gonzélez et atover VIPERS data provide tight constraints on the high-mass end
an dal_f,ea of 273 azcggi‘b”t split '{‘Oto?reehf'e"if]')) F‘Iﬂbe“ et a"(zg(l)q of the GSMF. Previous surveys, such as K20, MUSIC, and
andPozzettl et al(2019, ooy = 10% when 10 < log M/M, < 105 \\/n5_peep (i.e Fontana et al. 2002006 Pozzetti et al. 2007
andog, =~ 17% when 110 < log M/ M, < 115. In the same bins of . .

stellar mass, foFontana et a2004) o, is 20% and 30%, respectively, were unable to probe this portlon of the GSMF (I8g(Mo) 2
while o, ~ 30% and 45% irFontana et al(2008. The estimates 115) becal_Jse of the!r relatively small area (abo_ut 52, 150, and
provided byMoustakas et a(2013 in their paper are generally below1 750 arcmif respectively). Instead, GSMFs derived from pho-
10%, except at log/ M, > 11.6 where the uncertainty rises by a factometric redshift surveys are characterised by a Poissis®e no
tor of 2— 4. that is in general comparable to the level in VIPERZ1ez-
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per we limit ourselves to a preliminary analysis. Nevewtks|

ok ) 0.5<2<0.6 bo_ 06-n-0 |  thisfirsttest provides intriguing results.
TTTEER TTTISA The four semi-analytical models (SAMs) we consider here
seceg e LY rely on the halo-merger trees of the Millennium Simulatii§(
—3f ‘\‘;\ T Va ] Springel et al. 200band the Millennium-Il Simulation (MSII
Models: zm0.56 "> e Boylan-Kolchin et al. 2009 namely, three of themBower
4t B+06 ‘x"-\ kS \\\ E et al. 2006 De Lucia & Blaizot 2007 Mutch et al. 2013 use
gLsﬁw \? S the MS (comoving box sizé& = 714 Mpch;], particle mass
- + . \ . .
T gL GHil (conv)}) TModels: 7~062 \\ 1 = 123x 10° M, h33), while the last oneGuo et al. 201}is
t t + t t t t _ -1 7
5 sy 0722208 Emo 0Ber<00 ] based on both MSI and MS_IL(_ 143 Mpd170, particle mass
& Temnas e = 9.83x 10° M, h;3). The tight constraints posed by VIPERS
‘?O PN .\;\ can be very useful when studying whether these models ade-
Z -3 f\. T \'a‘\ ] quately reproduce the real universe.
o % e In Fig. 10, we show the mass functions derived from the
&4t x\?\ i & E models of Bower et al.(2006, De Lucia & Blaizot (2007),
— " \?\ and Guo et al.(2011), together with the VIPERS results. All
~ _ 5 | Models: 2~0.76 i $ Models: z~083 @ 1 the m_odel GSMFs are compute.d from shapshots at the same
= | ot | | ot | redshifts. The narrow redshift binning we can set in VIPERS
S 2. 09tzell e Ll<z<l3 4 (Az=0.1) allows us to compare simulated galaxies to observed
' ‘ TR ones at cosmic times that are very close to the snapshotconsi
_3 R H ‘x\\ ] ered. In the case dde Lucia & Blaizotmodel, we also derived
’\‘., S\ the stellar mass functions from the VIPERS-like light coimes
LYy o troduced in Sect3.3, but we do not show them in Fig.0 since
—4¢ 5 T \\q. ] they lead to results that are indistinguishable from thdeined
e A from snapshots. For all three SAMs, we find that the low-mass
_ 5 [ Models: z~0.99 \\ I Models: z~1.17 ] end of the GSMF is over-estimated. Such a discrepancydirea
10 1 > 10 1 ‘ 1o observed in other workSomerville et al. 2008Cirasuolo et al.

2010, is mainly due to an over-predicted fraction of passive
loo () Tho"2 A galaxies on those mass scales. This can be caused by an under-
og() [hy o) . -
efficient supernova feedback @ndsome issue as to how the star
formation dficiency is parametrised at high redshifi®fitanot
_ _ _ _ et al. 2009 Guo et al. 201 Rescaling the simulations to an
.Flg.'lo. Comparlson of the.VIPERS mass function (red points, afp-to-date value ofg (in MS it is equal to ), with the con-
in Fig. 5) with the semi-analytical models @&@ower et al.(2006, De sequence of reducing the small-scale clustering of darttema

Lucia & Blaizot (2007, and Guo et al.(2011) (grey dotted, yellow ; ; ;
solid, green short-dashed lines), whose GSMFs have beéredeti- gﬁgegbililsewates the tension only in pakiang et al. 2008Guo

rectly from the tables available in the Millennium databédsemson & ’ . .
Virgo Consortium 2006 TheGuo et al (2011 stellar masses have also At a first glance,De Lucia & Blaizot (2007 and Bower
been convolved with a Gaussian of dispersiob5@lex, to reproduce €t al. (2009 seem to agree with the observed GSMFs at
observational uncertainty on stellar mass determinatitesresulting log(M/ M) = 11.0, while theGuo et al.(2011) mass function
GSMFs are represented with green long-dashed lines. lies systematically below by 0.4 dex. However, it should be
emphasised that in Fid.0 we plotted the GSMFs from SAMs
without taking the observational uncertainties on steftess

Gonzélez et al. 2008Ibert et al. 201, but they can be af- into account. We verified that adding this kind of error would
fected by failures on photometric redshift estimates: evemall increase the density of massive objects in the exponeaiiaft
fraction of catastrophic redshift measurements can beasetat the mass function, and therefore the Lucia & Blaizot(2007)
high massesMarchesini et al. 2002010. Moreover, the sky andBower et al(2008 results should be considered at variance
area generally covered by higtphotometric surveys is not largeWith observations also at log{/Mo) > 11.
enough for cosmic variance to be negligible. The dfect of introducing observational uncertainties is
We postpone a detailed analysis of the evolution of t own in Fig.10 only fpr theGL.‘O et .al.(201]) quel, Wh'c.h
GSME down to the local Universe to future workfiérences in 10resees a lower density of objects in the massive end with re
the details of the available estimates from 2dFGRS, SDS®, ip€Ct {0 the other two models. We recomputed@w et al.
GAMA (seeCole et al. 2001Bell et al. 2003Panter et al. 2094 >SMFs after convolving stellar masses with a Gaussian ef dis
Baldry et al. 2008Li & White 2009; Baldry et al. 201 pre- Persion 015dex. The predictions dbuo et al (2013 are then
vent a robust comparison with our data. Only computingatel!" fair agreement with VIPERS. With respect e Lucia &

masses and mass functions in a self-consistent way carndero laizot (2009), the main dist?nguishing features @iuo et al.
constraints on the evolution of the GSMF downzte= 0 (e.g. (2011) model are the h|ghf§0|ency of supernova feedb.aCk and
Moustakas et al. 2033 a lower rate of gas recycling at low mass. The transition from

central to satellite status in tl&uo et al. prescription also dif-
fers, resulting in a larger number of satellite galaxiestimDe
4.2. Testing models Lucia & Blaizotmodel.
It should be emphasised that or®uo et al.(2011) choose
Besides the comparison with other surveys, it is important mmost of the parameters in order to fit the observed local mass
check the agreement of our results with simulations. Inphis function, wherea8ower et al.(200§ andDe Lucia & Blaizot
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scopic data (VVDS-Deep), which are unfortunately quitati
06<z<0~ 1  athighmasses. The othertwo estimaf@sofy et al. 2009lIbert

et al. 2010 are derived from the COSMOS survey, which con-
tains a significant over-density at 0.8. The strategy adopted
] by Mutch et al.to combine such information may lead to over-
confidence in the adopted constraints, especially in thibdsig
mass range, where observations are mo@icdit. To recon-
cile SAM and observations at log{/ M) > 10.8, Mutch et al.
(2013 have assumed a star formatiofii@ency much higher
than the one imposed l@roton et al (2006, and consequently
] they were forced to parametrise supernova feedbé&utiency
with a range of values that is not completely supported bgpbs
vations Rupke et al. 2002Martin 2006. Intriguingly, we note
that the authors would significantly relieve these tensibiiney
were to add VIPERS data to their analysis.
E From a diterent perspective, the SHMR mocks we intro-
duced in Sect3.3 are also calibrated at multiple redshifts.
] We decided to test their reliability by deriving their GSMFs
(Fig. 11). The agreement is remarkable: VIPERS data confirm
the validity of the stellar-to-halo mass relationMbster et al.
(2013 that was used to construct these mocks. This relation
i E connects galaxies with their hosting dark matter halo byrmaea
of a redshift-dependent parametrisation that has beeloratéd
through the GSMFs dPérez-Gonzalez et gR008 andSantini
Muteha13: got 17 etal.(2012 up toz = 4. Because of the lack of tight constraints
. T e used byMoster et al. for the most massive galaxies (the data
-5t ‘ N T ‘ . from Pérez-Gonzélez et al. 2008ve lower statistics than ours),

10 11 12 10 11 12 the SHMR mass functions diverge at high mass from our esti-
mates.

[h,e> Mpc™ dex™!]

log(®)

1.1<z<1.3 4

Mutch+13: z~0.99 §

log (M) [h'7072 M)

5. Evolution of the mass function of the red and

Fig. 11. Comparison of the VIPERS mass function (red points) with blue galaxy populations

the semi-analytical model dflutch et al.(2013 (green shaded area atn order to distinguish the contribution of quiescent antivaty

95% confidence limits). In several redshift bikkitch et al. GSMF : : : d
does not reach masses as high as VIPERS because the voluhe o?ttar forming galaxies to the global evolution, we now spii t

simulation (with a comoving box size = 89.3 Mpch;}) is smaller. In Sa_mple according to the _galaxy rest_-frarhb{ V) colour (see
the right-hand middle panel @< z < 0.9), a grey dashed line repre-Fitz et al. 2013or extensive discussion).

sents the mass function théutch et al.obtain by combining observa-

tional data from three flierent surveysRozzetti et al. 20QDrory et al.
2009 llbert et al. 2010 grey triangles,diamonds, and squares, resp
tively). In addition, the yellow shaded regions represéetdispersion
of the mass functions derived from the 57 SHMR mocks (see S&t
in the same redshift bins as the VIPERS ones.

e2:1. Classification of galaxy types

The absolute magnitudes for galaxies in the VIPERS catalogu
were computed from the same SED fitting procedure described
in Sect.2.3, applying a k- and colour-correction, derived from
the best-fit SED, to the apparent magnitudes in the bands that
(2007 use the local luminosity function to adjust their recipegnore closely match the rest-frame emission inthandV fil-
In recent studies, the parameters of these models havelubesnh tters (see details ifritz et al. 2013. In this way, U - V) rest-
[again] by means of a fierent approach, based on Bayesian ifirame colours can be reliably computed within the redshifige
ference Henriques et al. 200Bower et al. 2010 From this of the survey, showing the classical bimodality and allayvirs
perspective, a particular kind of calibration has been psegd to separate red-sequence from blue-cloud galaxiesS{citeva
by Mutch et al.(2013, who modify the input parameters in theet al. 2001 Hogg et al. 2002Bell et al. 2003.
SAM of Croton et al (2006 to match observations at= 0 and The valley between the two populations is found to be
z ~ 0.8 simultaneously. slightly evolving toward bluer colours at earlier epochgspite

The results obtained kylutch et al.(2013 are compared to its simplicity, this photometric classification can be ddesed
the VIPERS mass functions in Figjl. The plot shows reason-as a good proxy for selecting quiescent and star-forminggal
able agreement beyord ~ 10'* M., not only at the redshift of ies. As discussed bylignoli et al. (2009 using zZCOSMOS data,
calibration ¢ ~ 0.83) but also in the other bins. The authors d86% (93%) of the galaxies selected as being photometricedly
not convolve their mass functions with a Gaussian uncestairfblue) are also quiescent (star-forming) according tortsec-
on stellar masses, because at least part of the uncersathige tra.
procedure accounts for should already be included in therobs  To verify and validate our selection method, we also derived
vational constraints they use. Théutch et al.(2013 model galaxy photometric types by fitting our photometry with time-e
is calibrated az = 0.83 by using the results d?ozzetti et al. pirical set of 62 templates usedlibert et al.(2006, which was
(2007, Drory et al.(2009, andllbert et al.(2010. Among these optimised to refine the match between photometric and spectr
three GSMFs, onlyPozzetti et al(2007) is based on spectro-scopic redshifts in the VVDS. The same set was also used to
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Fig. 12. The galaxy stellar mass functions of the blue and red populksin VIPERS, derived using the\l;.«. Symbols (circles and diamonds,
respectively) are filled for data above the correspondingpieteness limiiM;,, (vertical lines) and empty below. Error bars account forsBoin
noise alone. The Schechter fit of the two populations in theédli < z < 0.6 (solid blue and red lines) is reported for reference as heathbne in
the other panels. The solid black line in each panel giveStiechter best fit to the whole VIPERS sample in that redsimft

classify galaxies in several other papers (Zwrca et al. 2006 Pozzetti et al. 2010 At redshift higher than this it can no longer
2009 Pozzetti et al. 201;,0Moresco et al. 2010 The classi- be constrained. With respect to the red population, the tédth
fication of VIPERS galaxies resulting from this second mdthaies of the mass completeness likiij,, (see Sect3.1) prevent
matches reasonably well with the ¢ V) colour selection. More us from studying the red sample in the same mass range; for in-
than 70% of the red galaxies are defined as early-type olijgctsstance, it is not possible to determine the evolution ¢fibert
the SED analysis, while more than 95% of blue galaxies age clat al. 2010 or an upturn of the GSMF (cDrory et al. 2009in
sifed as late types. For red galaxies this worsens beyentl1l, a reliable way.
where only 55% of the red galaxies are classified as earlystype From these measurements we can determine the value of
in terms of their SED. In the same redshift range, insteaf 98y4,,..; where the blue and red GSMFs intersect, i.e. the divid-
of blue galaxies are classified as late-type objects. ing line between the ranges in which blue and red galaxies re-
spectively dominate the mass functidalffmann et al. 2003pb
The physical meaning 0fsshas been questioneBé€ll et al.
2007, but it is in general considered as a proxy to the transi-
Using this classification, we are now in a position to quantition mass of physical processes such the quenching of star fo
the contribution of red and blue galaxies to the GSMF and, fation, (responsible for the migration from the blue clood t
particular, to its high-mass end. The results are showngnii the red sequence), or the AGN activity (el¢auffmann et al.
The mass functions for each class are estimated in bin2an0 20033. Moreover, its clear dependence on environmeut{
log(M), using the same/Vax method as described in Segt2.  zonella etal. 201points to an interpretation of the galaxy trans-
Fits with the usual Schechter function are provided, asritest  formation that is not only linked to secular processes.
in the caption, to highlight evolution (or absence theresf)a We quantify the value of the transition mass in each red-
function of redshift. shift bin using the 1Vmax measurements. The transition mass
The predominance of red objects among the massive galaxieseases from log¥{lcosd Ms) = 104 at z ~ 055 to
is clearly visible in all redshift bins, with blue galaxiesamly log(Mcrsd Mo) = 10.6 atz ~ 0.75, as shown in Figl3. This
contributing at lower masse#{ < M,). Since the mass com-trend is very well fitted by a power law (1 + 2)3. Beyond
pleteness limitM;i,, for the blue population extends tofiu  z = 0.8 our Mcess €Stimates should be formally considered as
ciently low masses, we can perform the Schechter fit by leaypper limits, since they fall below the mass completenesk li
ing M., ®,, anda free. The slope of the low-mass end reef red galaxies, but at least upze= 1.0, they can be considered
mains almost constant in redshift for the blue populatioith w as a good approximation of the real values, given their pnayi
12 < @ < 1.3, uptoz ~ 0.9, as seen in previous works (cfto the limit.

5.2. Blue and red galaxy stellar mass functions
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5.3. Evolution of the blue and red populations

1121 * i - To collect further evidence of star-formation quenching-pr
i 1 cesses that cause the transition of galaxies from the $edcal
11.0r i - blue cloud to the red sequendeaper et al. 2007 we measured
— - the evolution of the galaxy number density of blue and red pop
%5 10.8+ ulations, namely)ﬂ“e(z) andp[qed(z). These estimates are derived
- L using the ¥Vmax method, taking both Poisson noise and cosmic
S 106F variance into account. We also verified, however, that the re
- L sults would essentially be the same if we had measured number
¢ 104 7% - Bundvs06 U densities by integrating the Schechter best-fitting fuomsti We
3 : < Bundy 06 [OII] ] explore four narrow bins of stellar mass to highlight the etep
1025 igizgzzﬁ;olao DA;I?ET - den.ce. of the quenchmg processes on this parameter. Tovepro
i A Pospettiiio sepl ] statistics at high stellar masses, we choose wider redsinit
100k O Pozzetti+10 sSFR ] here: 05-0.7,0.7-09, 09-11, 1.1-13.
t ., XMopstakast1d SSFR At intermediate masses (B0< log(M/M.) < 111), the
0.4 0.6 0.8 1.0 12 number density of red galaxigge® increases by a factor of
redshift ~ 25 fromz =1 toz = 0.6, whereas at higher masses the

variation is much smaller. Red galaxies with massllk
log(M/Ms) < 114 evolve from a number densiy? =

Fig. 13. The values of the transition magd..ssas computed from (5.3 = 0.6) x 10°°Mpc=3h3; to (9.5 = 1.1) x 10-°Mpc3h3, in

Fig. 12, plotted as a function of redshift. The VIPERS measuremertise same redshift interval (about 80% increase). The igerea
are given as black open circles, with a downward arrow wheririm- - even smaller (45%) for galaxies with lo§(/ M,) > 114. With
sition mass is below the completeness mass of at least ofe oWd_ the VIPERS data we are able for the first time to provide sig-
classes. The solid line is a fit with a {12)° power law to the VIPERS pificant evidence of this trend for such massive galaxiesexe
points betweer = 0.5 andz = 0.8. These are compared to literaturg e ygpifts. This result is in line with the mass-assembly nisiz+
estimates in grey. Points froRPozzetti et al(2010 are obtained using qu scenario highlighted in previous workGifnatti et al. 2006

three diferent classifications: a separation according to specifR S . . . .
(diamonds), a best-fit SED classification (triangles), antbgphologi- Pozzetti etal. 2010lbert et al. 2010 barring systematicfgects

cal classification (squares). The pointsBafndy et al (2008 are based dU€ to the uncertainty oM, red galaxies withM > 10" M,
on either the l§ — B) bimodality or [OlI] emission (upper and lower build their stellar mass well before the less massive ones an
half-circles respectively). The points Byergani et al.(2008 (aster- 00 not experience any strong evolution betwees 1.2 and
isks) are based on a spectral classification (D4000 breakg vElue z ~ 0.6. At these redshifts, quenching mechanisms seem to
from PRIMUS Moustakas et al. 20)&tz = 0.9 is reported as a cross,be more ficient at low and intermediate masses, as also re-
while the dashed line traces an evolutien(1 + 2)'5, as suggested in cently suggested biloustakas et al(2013. With respect to
that paper; these authors classified active and quiescenigmwith pRIMUS, the VIPERS survey extends this finding to higher
respect to their position in the SFR %4 diagram. masses (log¥l/ M) > 11.4) and redshifts (up te- 1.2). The
evidence of mass dependence of quenching agrees, foréestan
with Peng et al(2010), although other mechanisms could play a
iyon-negligible role (e.g. galaxy mergeXs) et al. 2013.
The co-moving number density of blue galaxies is instead

found to be relatively stable betweer 1 toz ~ 0.6 for objects

ith mass 1% < log(M/M,) < 10.8, with a 10% variation.

or higher mass blue galaxies, for which the sample is cample
?t all redshifts, the densit,;y'ﬁ,'“e of objects with mass 18 <
5

In Fig. 13 we also plot results from previous studies.
this respect, it is important to underline that the valuéVfoss
provided by the various authors canffdr significantly from
each other, depending on the adopted classification. For
stance, the results of the morphological classificatiord use
Bundy et al.(2006 on the DEEP2 survey fall above the mas
ranges considered in the plot. This could be related to dart

the “red and dead” galaxies at such redshifts becoming-ellf’ ) . .
ticals (in a morphological sense) at a later sta@endy et al. The most massive blue galaxies (I8g( M) > 114) disap-

2010. In fact, when we split the DEEP2 sample on the badh$ar a < 0.6 (see the right panel in Fig4), suggesting that,
of the (U — B) bimodality, the results are in agreement with oufit SUch high masses, star formation already tutfisoearlier
findings. Our estimates oMcoss are fairly consistent (within €POChs (i.6z> 1.3). When the whole VIPERS sample is avail-
+0.2 dex approximatively) with those dfergani et al.(2008), aple, we will continue t_he analysis of the massive-end bujid
Pozzetti et al(2010, Moustakas et a{2013. The estimates by With more robust statistics. Moreover, a step forward foetdy
Vergani et al.(2008, also shown in Figl3, rely on the iden- comprehe_nsmn_of this picture will be the use of spectraliiess
tification of the D4000 break in the VVDS spectra and haJ@ determine rella_ble estimates of the.SFR, and therefdetio
a steeper redshift evolutionyleoss « (1 + 2)*. Pozzetti et al. (€F Separate passive and active galaxies.

(2010 derived Mossfrom the GSMFs of the zCOSMOS (10k-
bright) sample split using ffierent criteria: a cut in specific SFR
(i.e. sSSFR= SFR'M = 10°'Gyr 1), morphology (spheroidal
vs dis¢irregular galaxies), and best-fit SEDs (same photomé&tle measured the GSMF betweer 0.5 andz = 1.3 using the

ric types discussed in Seét.1). Moustakas et ak2013 define first data release of VIPERS. The forthcoming VIPERS Public
star-forming galaxies as lying in the so-called main seqaerData Release 1 (PDR-1) will contain the catalogue of the B3 60
of the SFR (estimated from the SED fitting) versi¥$ dia- spectroscopic galaxy redshifts used in the present asalybie
gram (Noeske et al. 2007 They find a flatter evolution, with galaxy stellar masses were estimated through the SED fitting
Merossc (1 + 2)1°. technique, relying on a large photometric baseline andaim p

g(M/M,) < 111 indicates a mild increase between: 1.2
dz=10.8.

6. Conclusions
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Fig. 14. Evolution of the number density of the blue and red galaxyuteions in VIPERS (filled circles and diamonds, respedfivaith
different stellar masses. Upward arrows represent lower limhiepy, is estimated in a bin of masfacted by incompleteness, while a downward
arrow represents the upper limit in case of zero detectigitfnost panel). The error corridors reflect the overallestainties, which include
both Poisson noise and cosmic variance added in quadrature.

ticular, on a nearly full coverage of our fields with nearared in the stellar mass estimates are taken into account. A more
data. We performed several tests to verify that the sysiesiat detailed analysis will be the subject of a future work. We
trinsic to the method of SED fitting (e.g. the parametrisatid suggest that VIPERS GSMFs can lgeetively used to con-

the SFH) do not introduce any significant bias into our anglys  strain models at multiple redshifts simultaneously, in kma
The large volume probed by VIPERS results in extremely high steps ofAz. This could shed light on the time scale of the
statistics, dramatically reducing the uncertainties dudisson physical mechanisms that determine the evolution at higher
noise (pois9 and sample variancer{,). We estimated the lat-  masses (for instance, the AGN-feedbafiiceency).

ter by using 57 galaxy mock catalogues based on the MultiDark We divided the VIPERS sample by means of a colour cri-
simulation Prada et al. 207)2and the stellar-to-halo mass rela- terion based on thé — V) bimodality (Fritz et al. 2013

tion of Moster et al(2013. These mocks closely reproduce the and estimated the blue and red GSMF in the same range,

characteristics of the VIPERS survey. 05 < z < 1.3. We find that the transition mass above

We empirically determined a completeness threshilgh, which the GSMF is dominated by red galaxies is about
above which the mass function can be considered complete.l0g(Mcrosd M) = 10.4 atz ~ 0.55 and evolves proportional
This limiting mass evolves as a function gf ranging from to (1+ 23

log(M/M,) = 9.8 to 11 in the redshift interval B-11. We — The number density of the red sample shows an evolution
focussed our analysis on the high-mass end of the GSMF, wherethat depends on stellar mass, being steeper at lower masses.

VIPERS detects a particularly high number of rare massive At high stellar masses, the quenching of active galaxies has
galaxies. The main results we obtain follow. not been thoroughly studied because of their rareness. We
obtained a first impressive result with VIPERS, by detecting

— VIPERS data tightly constrain the exponential tail of the @tZ=1a significant number of very massive active galaxies
Schechter function, which does not show significant evolu- With 10g(M/Mo) > 114, which have all migrated onto the
tion at high masses belog= 1.1. The same result is pro- ~ €d sequence by= 0.6, i.e. in about 2 Gyrs.
vided by analysis of the co-moving number dengity cal-
culated in dfferent bins of stellar mass. &t~ 1.2 most of
the massive galaxies with lo§{/ M) > 11.4 are already in
place, whereas below log{/ M,) = 114, the galaxy num-
ber density increases by a factor-of3.5 fromz ~ 1.2 to
z~0.6.

— We compared our observed GSMFs with those derived fr
semi-analytical modelsDe Lucia & Blaizot 2007 Bower
et al. 2006 Guo et al. 201L While the discrepancy at low
masses between models and observations is well establis
and has been exhaustively discussed in literature, prewct Acknowledgements. We are grateful to Lucia Pozzetti for useful suggestions and

. -for providing zCOSMOS results. We thanks Simon J. Mutch wiavided the
atthe h'gh'mass end of the GSMF have not yet been Ve”f'égMF foreseen by the model describedMuotch et al.(2013 in our preferred

with sufficient precision. V_Ve show that the high acCuraG¥dshift bins. 1D warmly thanks Ivan Delvecchio for usefigalissions. We
of the VIPERS mass functions makes them suitable for thisknowledge the crucial contribution of the ESOffstar the management of
kind of test, a|though further improvement to reduce gte"aeriCE observations. In particular, we are deeply grhtefivl. Hilker for his

P - - :anstant help and support of this programme. Italian ppetion in VIPERS has
mass uncertainties would be beneficial. From a first analysﬁ en funded by INAF through PRIN 2008 and 2010 programmesan@BRG

the VIPERS data appear to be consistent withGue et al_- acknowledge support of the European Research Councilghrthe Darklight
(2011 model at logp/ M) > 11, once the uncertaintieSERC Advanced Research Grant (# 291521). OLF acknowledggsoswof the

The first data release of VIPERS has allowed us to study the
evolution of the galaxy stellar mass function over an ungrec
dented volume at redshifis= 0.5 - 1.3. We emphasise the con-
straining power of this dataset, particularly for the abamoe of
the most massive galaxies, both quiescent and star-fornhing
forthcoming studies we will make full use of the growing sam-

YIe and of the measurement of spectral features, in order-to i
vestigate the cosmic star formation history and comparaxgal
O&Paﬂon models at high redshift.
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