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We have inve;tigated the dependence of galaxy clustering on their stellar mass at z~ l, using 
the data from the VIl\10S-VLT Deep Survey (VVDS). We have m<'.asured th<' projected two
point correlation function of galaxies, wp(rp) for a set of stellar mass selected samples at an 
effective re<l:;hift < z >= 0.85. w~ have control and quantify all effect:; 011 gala'Cy clw;kring 
Jue to the incompleteue:;:; of our low ma:;,; ,;ample:;. We fiu<l that more ma:;:;ive galaxie:; are 
more clustered- When compared to similar results at z ~ 0.1 in the SDSS, we observed no 
evolution of Lhe projected correlation function for massive galaxies. These objects present a 
stronger linear bias at z ~ l with respect to low mass galaxies. As expected, massive objects 
at high redshift are found in the highest pies of the dark matter density field. 

1 Introduction 

In the currently accepted scenario, gala.xies are thought. to form within extended dark-matter 
haloS-, which grow through subsequent mergers in a hierarchical fashion. A major challenge in 
testing this general picture is to connect the observable properties of galaxies to those of the 
dark-matter halos in which they are embedded, as predicted, e.g., by large n-body simulation!f. 
R.e.cf'nt theoretical works sf'<'m to indicate that a fairly <lircx-t relationship inrieffi exists bet.weP.n 
global galaxy properties (e.g. their stellar or total baryonic mass, or their luminosity) and the 
halo mass, before it is accreted by a larger dark-matter hakf2• 13•14 . 

At the current epoch and at high redshift, the observed clustering of galaxies is found 
to depend significantly on their spCC'ific properties, such as luminosity.4·~- 6 , color or spectral 
typd'•8 , morphologyQ.!O and stellar masS- 1. The dependence of clustering on stellar mass in the 
local Universe has been shown in the Local Universe, from a large sample of galaxies of the 
Sloan Digital Sky Surve)ll. Galaxies of larger mass are seen to be more clustered than low-mass 
ouc:;, with the cfft."t:t im:rea:siug above the d1a.raderistic kuee value M* of the Sd1ecl1ter ma:ss 
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function. Using the VJMOS-VJ;r Deep Survey (VVDS) , we have investigated for the first time 
the f'volnt.ion with rrnshift. of the galaxy clnstning n.~ a fnnrtion of st.d]ar mn.~s at z ~ 115. 

The VVDS is performed with the VHvlOS multi-object spectrograph at the ESO Very Large 
Telescopd6 and complemented with multi-color imaging data obtained at the CPHT and KTT 
telescopes17•18·19·20 . We have used the so-called "first epoch" data. collected in the VVDS-02h 
"Deep" field. This is a purely magnitude limited sample to JAB = 21, covering an area of 0.·19 
square degrees with a mean sampling of ~ 233. The full sample includes ~ 11000 redshifts. 
Details about observations, data reduct.ion, redshift measurement and quality assessment can 
he found elsewher2 1 . 

We use a Concordance Cosmology with 11m = 0.3 and 11A = 0.7. The Iluhhle constant is 
normally parametrised via h = Ho/100 to ease comparison with previous works. Stellar masses 
are quoted iu uuit of h = 1. All correlatiou length valueti are quoted in <.:Ollloviug coordiuates. 

2 Stellar mass and incompleteness 

Stellar masses for all galaxies in the VVDS catalogue were estimated by fit.ting their Spectral 
Energy Distribution, as sampled by the VVDS multi-band photometry, with libraries of stellar 
population morld~2 . The rohnst.rn~ss of the mr.thorl am! int.rinsif' errors havr heen folly testeif23 • 

The typical error on stellar mass is ~O.l dex. 
We concentrated our study of the dependence of galaxy clustering 011 stellar mass in the 

redshift range [0.5-1.2]. Such a sample includes 3218 galaxies more massive than 109 Mo. 
However, the VVDS is a flux limited survey, an<l even if the luminosity is correlated to the 
stellar mass, this relation has some scatter and then, some faint galaxies might be missed in 
a given stellar mass rnuge. We investigated the completeness limit nsing the data themselves 
and 40 mock catalogues complete in stellar mass built from the Millennium run dark-matter 
outputS24 coupled to semi-analytical modelS25 . 

-e 
"" N 

6 
:i 
Oii 
~ 

11 

10 

9 

redshift z 

0 0.1 0.2 0.3 0.4 0 .5 0.6 0.7 0.6 0.9 
differential stellar mass completeness (1:024 .0) 

Figure 1: Stellar mass completeness at /AB = 24 as a fun(:tion ofrcdshift estimated from 40 mock catalog,11cs. Th(' 
green area indicates regions where all galaxies are fainter than the apparent luminosity threo;olcl. The blue area 
shows region where no galaxy was fow1d in the mock at any IAB apparent magnitude. The red points correspond 

to the VVDS data. 

As au illustratiou, Fig. 1 shows the stellar mass vs. redshift. relatiou of the mock catalogues, 
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with, coded in grey scales, the fraction of galaxies brighter than l AB = 24 in narrow redshift 
(Llz = 0.01) an<l stellar mn.~s (Ll log(M) = 0.01) bins. Acmr<ling to these nnmcrical simnlat.ions. 
we miss~ 30% of galaxies in the stellar mass range log(M/M8 ) = [9.5 - 10] between redshift 
z=0.5 nnd z=l.2. Samples of gnlaxies more massive thnn 1010 !vl8 are almost complete. It is 
interesting to note that , rather realistically, the typical galaxies producing the incompleteness 
at faint fh1xe.s in the mock samples are n.'<l objects with high mass-to-light ratio. 

3 Galaxy clustering as a function of stellar mass 

We measure the two-point correlation function l;(rp, 7r) nnd its projection along the line of sight 
wp(rpf6 using standard estimator2i. We take into account the complex observing strategy of 
the survey. We checked using the mock catalogues the effect of stellar mass incompleteness 
on the clustering measuremenL comparing the projected correlation function for mock samples 
complete in stellar mass and selected at l .1B ~ 24. We concluded that, when incompleteness 
is the strongest (i.e. for log(1\II/M8 ) = (9 - 9.5]), the amplitude of the correlation function is 
underestimated on small scales by a factor up to 'i 5 . 

Taking into account these effects in our conclusions, we measured the projected correlation 
function for several stellar mass samples from the real data at ;; ~ l. We observed for the first 
time at this redshift that more massive galaxies are more clustered than low mass galaxies, the 
correlation length ro increasing from 2 . 76~8:l~ 1i-1 ~\'!pc: for log(M /MG) 2 9 to 4.213~8:!1, h- 1Mpc: 
for log(1W/M8 ) ::::: 10.5. This dependence on stellar mass was predicted by hydrodynamical 
simulatiom.28 and is also observed in the mock catalogue.s we have been nsing15 . 

We then compared our measurement to similar analysis made at z ~ 0.1 with SDSS data11 . 

Figure 2 shows a faster evolution of the correlation function wp(rp) for galaxy less massive than 
1010·5 /148 , while the dust.ering properties of massive galaxies do not appear to evolve with time. 
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Figure 2: Comparison of the projected correlation function wp(rr) from SDSS data at z~0.15 (black cross) to 
VVDS measurement at z~0. 85 (magenta filled dots and solid lines) in ;J ranges of stellar masses. The green dashed 
line is a power-law reference line drawn with ro = 5 h- 1 .Mpc and 'Y = 1.8. Error bars on VVDS measurement ha,·e 
been estimated from the variance among 40 mock catalogues. Blue open circles indicate VVDS measurements 

corrected for stellar mass incompleteness. 

Thereby, the most massive galaxies display an evolution of their linear bias fact.or (from 
bi = 1.62 ± 0.18 at z~l to br, = 1.40 ± 0.03 at z~O.l), while it remains roughly constant. for 
lower mass objects (bL ~ 1.3). Massives galaxies are found at z ~ l in the highest peaks 
of the density fielcl1 5 . This finding is expected in a hierarchical scenario in which the most 
massive peaks of the mass density field collapse earlier and evolve fastei29 . This interpretatiou 
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qualitatively supports a scenario in which the stellar mass of a galaxy is essentially proportional 
to the mass of the dark-mat.t<>r halo in whic.h it was last the <'entral objt>d, rnnsistf'nt with recent 
simulations12•13 • 
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