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TT
HE VVDS AIMS TO MAP the dis-
tribution of galaxies at various
epochs in the life of the uni-
verse, in order to trace the evo-
lution of galaxies in connection

to the large scale structures. From a well de-
fined flux-selected sample of sources iden-
tified from deep images, we use VIMOS on 
the VLT to measure the distance, via the cos-
mological redshifts, of a large number of gal-
axies and AGNs back in time up to 12 billion
years ago. As we aim to measure the statisti-
cal properties of galaxies as free as possible
of biases, we are observing several indepen-

dent fields large enough to be insensitive to
large fluctuations in the distribution of galax-
ies in the universe. The observations of more
than 100 000 galaxies are required to char-
acterize the population of galaxies with the
basic statistical measurements like the lumi-
nosity function, or correlation function.

Two main surveys make the VVDS, the
VVDS-Deep and the VVDS-Wide surveys.
The VVDS-Deep is a magnitude limited sur-
vey reaching down to IAB = 24 in 1.3 deg2

in two fields, while the VVDS-Wide reaches
down to IAB = 22.5 in 11 deg2 in 4 fields 
(Table 1). The “Deep” fields are covered with

a 4-passes strategy with VIMOS, leading to
a spatial sampling of 1/4th to 1/3rd of the total
I-band limited population observed in pho-
tometry, while the “Wide” fields are covered
in a 2-passes strategy. A total number of
41000 spectra have been obtained as of Octo-
ber 1st, 2004.

We have now completed the First Epoch
catalog on the VVDS-02h field and VVDS-
CDFS, corresponding to observations ob-
tained in the fall of 2002. A total of 11564
spectra have been measured. We are in the
process of completing the redshift measure-
ments in the VVDS-Wide fields, for which a

TTHEHE VIMOS-VLVIMOS-VLT DT DEEPEEP SSURURVEYVEY FF IRSTIRST EEPOCHPOCH

OBSEROBSERVVAATIONSTIONS:: EVOLUTIONEVOLUTION OFOF GALAXIESGALAXIES ,,
LARGELARGE SCALESCALE STRUCTURESSTRUCTURES ANDAND AGNAGNSS OVEROVER

90% 90% OFOF THETHE CURRENTCURRENT AGEAGE OFOF THETHE UNIVERSEUNIVERSE

THE VIMOS VLT DEEP SURVEY (VVDS) IS A MAJOR REDSHIFT SURVEY OF THE DISTANT UNIVERSE, AIMED AT

STUDYING THE EVOLUTION OF GALAXIES, LARGE SCALE STRUCTURES AND AGNS OVER MORE THAN 90% OF

THE AGE OF THE UNIVERSE. A TOTAL OF 41000 SPECTRA HAVE BEEN OBSERVED SO FAR. FROM THE FIRST

EPOCH OBSERVATIONS CONDUCTED WITH VIMOS, WE HAVE ASSEMBLED ~11000 REDSHIFTS FOR GALAXIES

WITH 0 ≤ Z ≤ 5 SELECTED WITH MAGNITUDE IAB ≤ 24 IN AN AREA 3.1 TIMES THE AREA OF THE FULL MOON.
WE PRESENT EVIDENCE FOR A STRONG EVOLUTION OF THE LUMINOSITY OF GALAXIES AND SHOW THAT

GALAXIES ARE ALREADY DISTRIBUTED IN DENSE STRUCTURES AT Z ~ 1.5. THE HIGH REDSHIFT POPULATION OF

~1000 GALAXIES WITH 1.4 ≤ Z ≤ 5 APPEARS TO BE MORE NUMEROUS THAN PREVIOUSLY BELIEVED. AS THE

SURVEY CONTINUES, WE ARE ASSEMBLING MULTI-WAVELENGTH DATA IN COLLABORATION WITH OTHER TEAMS

(GALEX, SPITZER-SWIRE, XMM-LSS, VLA), AS WELL AS EXPANDING TO LARGER SCALES (~100 MPC) TO

PROBE THE UNIVERSE IN AN UNPRECEDENTED WAY.

O. LO. LEE FFÈVREÈVRE 11, G. V, G. VETTOLANIETTOLANI 22, D. B, D. BOTTINIOTTINI 33, B. G, B. GARILLIARILLI 33, V, V. L. LEE BBRUNRUN 11, D. M, D. MACCAGNIACCAGNI 33,,
J.-PJ.-P. P. P ICAICATT 44, R. S, R. SCARAMELLACARAMELLA 99, M. S, M. SCODEGGIOCODEGGIO 33, L. T, L. TRESSERESSE 11, A. Z, A. ZANICHELLIANICHELLI 22, C. A, C. ADAMIDAMI 11,,

M. AM. ARNABOLDIRNABOLDI 1100, S. A, S. ARNOUTSRNOUTS 11, S. B, S. BARDELLIARDELLI 55, M. B, M. BOLZONELLAOLZONELLA 5,5,1122, A. C, A. CAPPIAPPI 55, S. C, S. CHARLOTHARLOT 66,,
PP. C. CILIEGIILIEGI 22, T, T. C. CONTINIONTINI 44, P, P. F. FRANZETTIRANZETTI 33, S. F, S. FOUCAUDOUCAUD 22, I. G, I. GAAVIGNAUDVIGNAUD 4,4,1111, L. G, L. GUZZOUZZO 77,,

O. IO. I LBERLBERTT 5,5,1122, A. I, A. IOVINOOVINO 77, H.-J. M, H.-J. MCCCCRACKENRACKEN 8,8,1133, B. M, B. MARANOARANO 1122, C. M, C. MARINONIARINONI 77, A. M, A. MAZUREAZURE 11,,
B. MB. MENEUXENEUX 11, R. M, R. MERIGHIERIGHI 55, S. P, S. PALALTTANIANI 11, R. P, R. PELLÒELLÒ 44, A. P, A. POLLOOLLO 77, L. P, L. POZZETTIOZZETTI 55,,

M. RM. RADOVICHADOVICH 1100, G. Z, G. ZAMORANIAMORANI 55, E. Z, E. ZUCCAUCCA 55, M. B, M. BONDIONDI 55, A. B, A. BONGIORNOONGIORNO 1122, G. B, G. BUSARELLOUSARELLO 1100,,
FF. L. LAMAREILLEAMAREILLE 44, G. M, G. MAATHEZTHEZ 44, Y, Y. M. MELLIERELLIER 8,8,1133, P, P. M. MERLUZZIERLUZZI 1100, V, V. R. R IPEPIIPEPI 1100, D. R, D. R IZZOIZZO 44

1LABORATOIRE D’ASTROPHYSIQUE DE MARSEILLE, FRANCE; 2ISTITUTO DI RADIO ASTRONOMIA, BOLOGNA, ITALY
3ISTITUTO DI ASTROFISICA SPAZIALE E FISICA COSMICA, INAF-MILAN, ITALY;

4OBSERVATOIRE MIDI-PYRÉNÉES, TOULOUSE, FRANCE; 5OSSERVATORIO ASTRONOMICO DI BOLOGNA, INAF, ITALY;
6MAX PLANCK INSTITUT FÜR ASTRONOMIE, GARCHING, GERMANY; 7OSSERVATORIO ASTRONOMICO DI BRERA, INAF, ITALY

8INSTITUT D’ASTROPHYSIQUE DE PARIS, FRANCE; 9OSSERVATORIO ASTRONOMICO DI ROMA, INAF, ITALY
10OSSERVATORIO ASTRONOMICO DI CAPODIMONTE, INAF, NAPLES, ITALY;

11EUROPEAN SOUTHERN OBSERVATORY, GARCHING, GERMANY; 12DEPARTMENT OF ASTRONOMY, UNIVERSITY OF BOLOGNA, ITALY
13LERMA, OBSERVATOIRE DE PARIS, FRANCE



31© ESO – March 2005

total of ~ 27 000 additional spectra have been
observed.

The VVDS-10h field has now become the
HST-COSMOS field with 2 deg2 being ob-
served with an unprecedented 590 orbits 
of HST-ACS. Our primary choice was the
VVDS-02h where more than 10 000 spectra
were available at the time of the original HST
proposal, which would have made the red-
shifts and morphology of more than 10 000
galaxies immediately available. Unfortu-
nately, at the pressing request of ESO and
HST observatories, the COSMOS field has
been set on the VVDS-10h field to avoid a
severe time allocation conflict, preventing
the COSMOS-VVDS team to assemble red-
shifts in connection with the HST imaging
until the acceptance of the zCOSMOS pro-
gramme, now secured. 

The VVDS was defined to make use of 
the GTO nights allocated to the VIRMOS
consortium in compensation for the substan-
tial institute investment in building VIMOS.
After the large cut of the GTO from 80 to 50
nights, with only 33 nights out of these hav-
ing been clear, we are now seeking Large Pro-
gram status to complete the VVDS as close
to originally planned.

We present here the VVDS First Epoch
data, and the main science results obtained.
Results discussed below are computed with
H0 = 70, Ωm = 0.3, ΩΛ = 0.7.

DEEP PHOTOMETRY

Excellent deep images are required for a deep
redshift survey in order to select targets for
spectroscopy in an unbiased way, and to con-
strain the spectral energy distribution of the
observed objects. We have completed deep
photometry over the VVDS-02, VVDS-10,
VVDS-14 and VVDS-22 fields, in BVR- and
I-bands using the CFHT, as well as in U (see
Le Fèvre et al., 2004b, and references there-
in) and K (Iovino A., and the VVDS team, in
prep.) for smaller areas using ESO tele-
scopes. We present an example of our deep
images in Figure 1. The photometric catalogs
and images are fully public on http://
cencosw.oamp.fr/. We are complete down to
IAB = 25, and KAB = 21.7, which ensures that
no bias is propagated from the photometry to
the spectroscopy, for any galaxy type. Re-
cently, deep u, g, r, i, and z photometry has
been obtained on the VVDS-02h field as part
of the CFHT Legacy Survey.

VIMOS MULTI-SLIT SPECTROSCOPY

OBSERVATIONS AND DATA PROCESSING

Multi-object spectra are observed with the
LRRED grism with VIMOS on the VLT and
1 arcsec slit width. The average slit number
for the VVDS-Deep and VVDS-Wide is 540
and 450 slits, respectively. A pointing pattern
has been defined to produce a homogeneous
field coverage for the VVDS-Deep, with a
grid of VIMOS pointings offset by (2,2)
arcmin, with 4 pointings looking in turn at the
same area in the sky. The VVDS-Wide point-
ing strategy allows observing each point in
the sky with two VIMOS pointings produc-
ing a roughly homogeneous coverage of the
large 2 × 2 deg2 fields. In the “Deep” survey,
10 exposures of 27 minutes each are taken 
for a total exposure time of 4.5 h. In the
“Wide” mode of the VVDS, 5 exposures 
of 10 minutes are taken for a total exposure
time of 50 min. The galaxies observed until
1 October 2004 are shown in Figure 2.

The data processing has been progressing
in two steps: extraction of the wavelength 
and flux calibrated one dimensional spectra 
with VIPGI (VIMOS Interactive Processing
Graphical Interface, Scodeggio et al., 2005),
and redshift measurement using KBRED, an
automated tool for redshift measurement
(Scaramella et al., in prep). VIPGI integrates
in a very efficient environment (Scodeggio 
et al., 2005) the software delivered to ESO 
by the VIRMOS consortium for the ESO-
VIMOS pipeline. It is available along with
computing resources at our facilities in Mar-
seille and Milan for anybody who obtains
VIMOS data (http://cosmos.mi.iasf.cnr.it/
marcos/vipgi/vipgi.html). The spectral reso-
lution is R = 230, and the velocity accuracy
is 275 km/s as measured from repeated obser-
vations of the same objects.

MEASURING REDSHIFTS IN A LARGE RANGE

0 ≤ Z ≤ 5
The VVDS is the first survey to assemble a
complete spectroscopic sample of galax-
ies based on a simple I-band limit down 
to IAB = 24, spanning the redshift range 
0 ≤ z ≤ 5. Magnitude limited samples have the
advantage of a controlled bias in the selec-
tion of the target galaxies, which can lead to
a reliable census of the galaxy population as
seen at a given rest-frame wavelength. 

The redshift domain above redshift 1.3
and below the redshift domain of Lyman-
break galaxies z > 2.7 has been referred to as
the “redshift desert”. Crossing this “redshift
desert” is critical to reduce the incomplete-
ness of deep redshift surveys, and probe the
galaxy population at an important time in the
evolution. As the VVDS observed wave-
length range is 5500–9500 Å, it is relatively
easy to observe spectral features such as
[OII]3727 Å up to z ~ 1.4, and then the strong
UV features below 1700 Å for z > 2.6, but 
the redshift range 1.4 < z < 2.7 is more tricky.
Using high quality galaxy templates pro-
duced from VVDS galaxies to compute red-
shifts with KBRED we have been able to
identify a large population of objects with 
z > 1.4, successfully crossing the “desert” up
to z ~ 2.2, as other teams have also recently
been doing (e.g. Steidel et al., 2004). The
remaining VVDS “desert” 2.2 ≤ z ≤ 2.6 is
demonstrated to be the result of the selection
function imposed by the combination of 
the faintness of the sources, the wavelength
domain of the VIMOS-LRRED, and the
strong OH sky emission features. A way to
eliminate any possible redshift desert and fol-
low the main population of galaxies includ-
ing early-type systems would be to combine
visible and near-IR multi-object spectros-

Field

VVDS-0026-04

VVDS-CDFS

VVDS-1003+01

VVDS-1400+05

VVDS-2217+00

Alpha (2000)

02h26m00.0s

03h32m28.0s

10h03m39.0s

14h00m00.0s

22h17m50.4s

Delta (2000)

-04°30(00)

-27°48(30)

+01°54(39)

+05°00(00)

-00°24(27)

Survey area (deg2)
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4 (Wide)
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4 (Wide)

Survey mode

Deep

Deep

Wide 
now HST-COSMOS field

Wide

Wide

Observed as of 1 October 2004

29 deep pointings, ~12 000 slits

5 deep pointings, 1599 redshifts
releases to the community
http://cencosw.oamp.fr

7 pointings, ~2 600 slits

15 pointings, ~6 000 slits

48 pointings, ~20 000 slits

Table 1: VVDS fields

Figure 1: Composite
BVI image from the
CFHT12K survey (Le
Fèvre et al., 2004a).
The limiting magni-
tude (5σ, in 3 arcsec
diameter aperture) 
is IAB = 25. This im-
age shows only 
3 × 4 arcmin2, or
1/5000th of the full 
16 deg2 imaging survey.
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including less reliable flag 1 objects), sam-
pling ~ 25 to 30% of the population of galax-
ies with IAB ≤ 24. The VVDS data on 
the CDFS is fully public, with 1599 red-
shifts available at http://cencosw.oamp.fr/
(Le Fèvre et al., 2004b).

We have assigned to each redshift mea-
surement a quality assessment similar to the
scheme used by the CFRS (Le Fèvre et al.,
1995). Comparing the redshift measurement
of 426 objects observed twice and processed
independently, we have been able to esti-
mate that the probability of being correct is 
53 ± 5 %, 81 ± 3 %, 94 ± 3 %, and 100 %, for
galaxies with flags 1, 2, 3, 4 respectively, and
that the velocity accuracy is 275 km/s. Com-

copy. Unfortunately, the cancellation of
NIRMOS has postponed several critical sci-
ence topics in need of statistically significant
samples until KMOS comes into operation
after 2010.

Our observations demonstrate that meas-
uring redshifts at z > 1.4 from low resolution
spectroscopy R ~ 200 can be done efficient-
ly: a sample spectrum is shown in Figure 3,
and high quality VVDS templates are shown
in Figure 4 and Figure 10. Low resolution
with VIMOS allows us to double or triple the
number of spectra observed in one single ob-
servation compared to medium R ~ 600 res-
olution and up to 4–5 times more compared
to R ~ 2 500 observations. It is thus particu-
larly well suited to assemble very large sam-
ples in a reasonable amount of observing
time. Low resolution surveys have the ca-
pability to quantify sub-populations, identi-
fy rare populations, and establish well de-
fined unbiased statistical samples which can
then be followed up at higher spectral re-
solution. For programs requiring higher ve-
locity accuracy, better sampling and S/N of
narrow spectral features, medium (~ 600) or
medium high (~ 2 500) spectral resolution can
be very useful indeed, but at a significant loss
of total observed spectra.

THE VVDS FIRST EPOCH SAMPLE

The First Epoch sample contains 11 564 ob-
jects with spectra; 9 677 are galaxies with a
redshift measurement, 836 objects are stars,
90 are AGNs, and a redshift could not be mea-
sured for 961 objects (Le Fèvre et al., 2005a).
There are 1065 objects (galaxies and QSOs)
with a measured redshift z ≥ 1.4. When con-
sidering only the primary spectroscopic tar-
gets, the survey reaches a redshift mea-
surement completeness of 78% overall (93%

parison to the dataset of Vanzella et al. (2005)
of 39 VVDS galaxies in the CDFS observed
with VLT-FORS2, shows only 9 discrepan-
cies, with 8 solved from the better red sensi-
tivity of FORS2 and one with a better S/N
from the VVDS spectrum. This excellent
agreement is statistically fully compatible
with the distribution of probabilities for the
VVDS flags given the small comparison sam-
ple from FORS2 and the different observing
conditions.

REDSHIFT DISTRIBUTION OF THE

IAB ≤ 24 SAMPLE

The redshift distribution of a spectroscop-
ically selected sample of galaxies with 

Figure 3: Spectrum of
an absorption line
galaxy with IAB = 23.61,
and z = 3.2950, de-
monstrating the ability
of low spectral reso-
lution (R ~ 230) to mea-
sure redshifts from
absorption line galaxies
down to the very faint
end of the survey and
at high redshift.

Figure 4: Example of
galaxy templates
constructed from the
VVDS, for early 
type galaxies with 
0.6 ≤ z ≤ 1.5.

Figure 2: Field coverage of the VVDS fields as of 
1st October 2004 (axis are in degrees): VVDS-02h
(top-left), VVDS-10h (top-right), VVDS-14h (bottom-
left), VVDS-22h (bottom-right). Galaxies with mea-
sured spectra are identified as blue dots, super-
imposed on the background of photometric targets
with IAB ≤ 24 for the VVDS-02h field, and 
IAB ≤ 22.5 for the other fields. The shaded area in
the VVDS-10h represents the COSMOS survey
area. The VVDS-CDFS is not represented here; it
contains 1599 measured VVDS redshifts 
(Le Févre et al., 2004b) A total of 14 000 targets
have been observed in the VVDS-Deep, and 
27000 in the VVDS-Wide. The VVDS-22h has been
covered once and awaits a second pass of 
VIMOS observations.
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17.5 ≤ IAB ≤ 24 has been measured for the 
first time from the VVDS, as shown in Fig-
ure 5. The distribution of galaxies peaks at 
z = 0.8–0.9 (median z = 0.76, mean z = 0.90),
while there is a significant high redshift tail
extending up to z ~ 5. There are 558 galaxies
in our primary sample with a measured red-
shift 1.4 ≤ z < 2.5, 258 with 2.5 ≤ z < 3.5 and
161 with 3.5 ≤ z < 5, the largest purely mag-
nitude selected sample at these redshifts so
far.

EVOLUTION OF THE LUMINOSITY FUNCTION

AND LUMINOSITY DENSITY FROM Z = 2
The evolution of the Luminosity Function
(LF) has been investigated from the First
Epoch VVDS sample, for 17.5 ≤ IAB ≤ 24
(Ilbert et al., 2005), using the ALF tool. We
observe a substantial evolution with redshift
of the global luminosity function in all bands
from U to I rest frame, as shown in Figure 6
for the B-band. The LFs have been estimated
within the absolute magnitude range in which
any kind of galaxy is observable (dashed ver-
tical lines in Figure 6, and Figure 7; Ilbert,
O., et al., 2004). Compared to the local SDSS
values, we measure a brightening ranging
from 1.8–2.4 magnitudes in the U-band, 
to 0.8–1.4 magnitudes in the I-band, when
going from z = 0.05 up to z = 2 (Ilbert et al.,
2005). The stronger brightening toward bluer
rest frame wavelengths suggests that most of
the evolution of the global LF up to z = 2
is related to the star formation history, better
probed with the luminosity measured at short
rest frame wavelengths. 

The First Epoch sample also allows the
derivation of the luminosity function for each
of four galaxy types out to z ~ 1.5 (Zucca, E.,
and the VVDS team, in prep.). We present in
Figure 7 the LF of two extreme galaxy types
(among four) that we have used to classify
the galaxies. The difference is striking: galax-
ies with early spectral types are only mildly
evolving with a 0.5 magnitudes brightening,
while the late-irregular type galaxies were 
~ 2 magnitudes brighter and twice more nu-
merous at z ~ 1.2–1.5. At bright magnitudes
IAB ≤ 22.5, our results are fully consistent with
the CFRS results. Down to IAB ≤ 24, we find
some significant differences compared to
previous surveys based on photometric red-
shifts (e.g. Wolf et al., 2003), possibly due to
the degeneracy in photometric redshifts com-
putation, demonstrating the need for spectro-
scopic redshifts to properly assess the statis-
tical properties of the high redshift galaxy
population.

EVOLUTION OF THE DISTRIBUTION OF GALAX-
IES IN LARGE SCALE STRUCTURES FROM Z = 2
The First Epoch sample allows a direct esti-
mate of the evolution of the spatial distribu-
tion of galaxies from within the same survey
(Le Fèvre et al., 2005b). The main separation
between galaxies is best described by the
correlation length, which we have comput-

ed from the correlation functions ξ(rp,π)
and wp(rp) for a total of 7155 galaxies in 
a 0.61 deg2 area. We find that the correla-
tion length r0(z) increases only slightly from 
z = 0.5 to z = 1.1, with r0(z) = 2.5–2.8 h–1 Mpc
(comoving), for galaxies comparable in lu-
minosity to the local 2dFGRS and SDSS
samples. This indicates that the amplitude 
of the correlation function was ~ 2.5 times 
lower at z ~ 1 than observed at the present 
time. The correlation length is increasing to 

Figure 5: Spectroscopic redshift dis-
tribution of a sample of 9141 galaxies
with 17.5 ≤ IAB ≤ 24. This sample is
78% complete. The secure redshift
sample is shown as the filled histo-
gram, and less secure redshift mea-
surements are represented by the
dashed histogram. The median red-
shift is z = 0.76, while the mean is 
z = 0.90. The dearth of objects with
2.2 < z < 2.6 is a consequence of the
observed wavelength range on the
ability to measure redshifts, produc-
ing the VVDS “redshift desert” (see
text).

Figure 6: Evolution of the luminosity
function in the rest-frame B-band
(Ilbert et al., 2005). Each panel shows
the LF computed in the redshift
range identified in the lower right cor-
ner. Open circles show the VVDS
values computed using the Vmax and
the continuous line is computed
using the STY technique. The local
LF computed by the SDSS is shown
as the long dashed line in each panel
as a reference.

Figure 7: Evolution of the luminosity function in the
rest frame B-band for galaxies spectrophotomet-
rically classified as early type (left) and late/irregu-
lar type (right) (Zucca, E., and the VVDS team, in
preparation). Vertical dashed lines indicate the lu-
minosity above which no bias is expected. While
the early types show a mild evolution of about 
0.5 magnitudes, consistent with passive stellar
evolution, the irregular galaxies exhibit a strong 
2 magnitudes evolution and an increase in number
density of a factor ~2.
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r0 ~ 3.0 h–1 Mpc at higher redshifts 
z = [1.3,2.1], as we are observing increas-
ingly brighter galaxies, comparable to 
the clustering length of galaxies with 
MB(AB) = –20.5 locally. The slowly varying
clustering of VVDS galaxies as redshift
increases is markedly different from the pre-
dicted evolution of the clustering of dark
matter, indicating that bright galaxies were
tracing higher density peaks when the large
scale structures were emerging from the dark
matter distribution 9–10 billion years ago, 
a supporting evidence for a strong evolution 
of the galaxy vs. dark matter bias. This is the
first time that a consistent picture of galaxy
clustering is obtained over such a large time
base from within the same survey as shown
in Figure 8. The analysis of the clustering 
of sub-populations (e.g. selected by type 
or luminosity) is in progress (Meneux et al.,
Guzzo et al., Pollo et al., in preparation).

The complete spectroscopic survey sam-
ples the high redshift universe at z ~ 1 with a
mean inter-galaxy separation of ~ 5 Mpc
equivalent to the sampling of the 2dF galaxy
redshift survey at a mean redshift z ~ 0.1. The
galaxy density field can be computed reliably
up to z ~ 1.5. It spectacularly shows strong
over-densities (e. g. shown in Figure 9) alter-
nating with low density regions, very dense
walls, and filamentary distribution, which
can be traced in the entire survey cone, and
over transverse scales ~ 30 Mpc. The size of
structures observed indicates that probing
even larger scales ~ 100 Mpc is necessary, as
planned in the original VVDS.

The second moment of the Probability
Distribution Function (PDF) of galaxy over-
densities stays roughly constant up to z ~ 1.5,
with σ8 = 0.94 ± 0.07 (in redshift space). The
third moment of the PDF, the skewness,
increases with cosmic time: we find that the
probability of having under-dense regions is
higher at z ~ 0.7 than it was at z ~ 1.5. By com-
paring the observed PDF of galaxy fluctua-
tions with the theoretically predicted PDF of
mass fluctuations, we find that the galactic
bias is increasing by ~ 40% from z ~ 0.7 to 
z = 1.5. Red objects appear more clustered
than blue objects at all epochs investigated.
The relative bias between the density fluctu-
ations of red and blue objects is constant as a
function of redshift with a relative bias of 
~ 1.4 comparable to the local z = 0 value.
These results are presented in Marinoni et al.
(submitted).

THE HIGH REDSHIFT

1.4 ≤ Z ≤ 5 VVDS POPULATION

There are more than 970 galaxies with red-
shifts measured in the range z = [1.4,5] in the
primary sample of the First Epoch VVDS.
The composite spectra of galaxies with mea-
sured redshifts in the range z = [1.4,2.5], 
z = [2.5,3.5], and z = [3.5,5], are shown 
in Figure 10. These galaxies are bright, with
absolute magnitudes MB(AB) = –21.5 or

Figure 8: Evolution of the correlation
length r0(z) along cosmic time (Wolf 
et al., 2003). The filled circles are the
VVDS measurements in the VVDS-
02h field, while the open squares are
measured in the VVDS-CDFS field.
The VVDS-CDFS point at z ~ 0.7
shows a higher correlation length
because of the presence of a strong
over-density at this redshift.

Figure 9: Galaxy density field around
a large “wall” of galaxies in the
VVDS-02h field. This dense structure
is at a redshift z = 0.97, it is rela-
tively thin and extends over the full
transverse cone sampled so far or 
~ 40 Mpc. Extending the survey up to
2 degrees size would allow us to
probe such large scale structures on
scales ~ 100 Mpc.

Figure 10: Composite VIMOS spectra
of the high redshift VVDS First 
Epoch galaxy sample in each of the
redshift domains z = [1.4,2.5], 
z = [2.5,3.5], z = [3.5,5]. UV features
are clearly identified, and the 
blue continuum indicates actively
star forming galaxies.

brighter. They show a strong UV continuum
indicating vigorous star formation (Figure
10). From the rest frame 1500 Å UV flux we
can infer that these galaxies produce stars
with a star formation rate of several tens of
solar masses per year (uncorrected for extinc-
tion). The volume density of galaxies at these
redshifts seems to be higher than previously
reported for other galaxy populations at the
same redshifts. This is under investigation
and will be reported elsewhere (Le Fèvre, O.,
and the VVDS team, in prep.), together with
the detailed properties of these galaxies 
(Paltani, S., and the VVDS team, in prep.).

THE FAINT AGN POPULATION OUT TO Z ~ 5
Since the only selection criterion for the
VVDS is magnitude, with no additional cri-

teria based on morphology or colors, the
VVDS is also an ideal survey for selecting a
complete and unbiased sample of AGN. We
have identified 133 broad line QSOs up to
now, 76 identified in the VVDS-Deep sur-
vey of the VVDS-02h and VVDS-CDFS, and  
57 QSOs identified so far in the VVDS-Wide
survey of the VVDS-10h and VVDS-22h.
The redshift distribution is shown in Fig-
ure 11. The VVDS probes ~ 2–3 magnitudes
fainter than the 2dF QSO survey, extending
the measurement of the LF toward the faint
end, and sampling a transition regime be-
tween bright AGNs and galaxies, where stan-
dard selection for AGN samples is sig-
nificantly incomplete. This is presented in
Gavignaud et al. (in prep.), and Bongiorno et
al. (in prep).
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MULTI-WAVELENGTH OBSERVATIONS

We have been conducting observations at
wavelengths outside the optical and near-
infrared window of the VVDS, and we have
stimulated observations from other teams.
We have observed the VVDS-02h field with
the VLA at a depth 17 µJy (1σ) (Bondi et al.,
2003, and Ciliegi, P., et al., in prep.). The
VVDS-02h field is observed in the UV with
GALEX, in the mid-IR with Spitzer by the
SWIRE team, in the X-rays with XMM by the
XMM-LSS team. The VVDS-22h field is
observed by GALEX, and the VVDS-10h,
now the COSMOS field, is observed at all
wavelength from the radio to the X-ray band
(http://www.astro.caltech.edu/~cosmos/).
The immediate availability of ~1000 VVDS
redshifts of UV sources detected with
GALEX in the VVDS-02h has allowed pub-
lishing for the first time the luminosity func-
tion, luminosity density, and star formation
rate directly measured at 1500 Å rest frame
(Arnouts et al., 2004).

The SWIRE team has observed the
VVDS-02h field with Spitzer, at wavelengths
3.6, 4.5, 5.8, 8 and 24 microns. The joint cat-
alogue of SWIRE and optical data gives red-
shifts for more than 3200 sources at 3.6 µm,
and more than 220 sources at 24 µm. The
combination of deep optical, near-IR and
mid-IR data will be very powerful to probe
the evolution of stellar light, and dust
enshrouded star formation.

A detailed dynamical study of VVDS
galaxies with 1 < z < 2 will be conducted with

Figure 11: (left) Redshift distribution of broad line
AGNs identified in the VVDS-Deep IAB ≤ 24 sample
(top), and in the VVDS-Wide IAB ≤ 22.5 sample
(bottom). QSOs with several features supporting
the redshift are represented by the shaded his-
togram, while the light grey histogram indicates
QSOs with only one secure broad line observed.
(right) Example of QSO spectra covering our red-
shift and magnitude range.

3D spectroscopy and SINFONI (Lemoine-
Buserolle et al.). The VVDS is a uniquely
suited sample to perform an unbiased sample
selection for follow-up spectroscopy, in par-
ticular to measure star formation indicators
like the Hα line in emission, from near-IR
spectroscopy. A UK team led by A. Bunker is
proposing to use CIRPASS as a visiting
instrument on the VLT to perform near-IR
multi-fiber spectroscopy.

PROSPECTS

The VVDS is now bringing into full view the
distant universe of normal galaxies like our
Milky Way and its progenitors over a large
time of evolution. The hard but rewarding
approach of a magnitude limited sample
allows a statistically robust measurement of
the evolution of the galaxy population using
the luminosity function, correlation function,
or the probability distribution function of
density fluctuations. A wealth of new results
will appear in the months to come from the
First Epoch catalogue of ~ 10 000 redshifts
and the ~ 30 000 spectra being processed. It
is essential to our understanding of galaxy
evolution that the VVDS be completed as
originally planned with (i) an increase of the
area covered in the VVDS-02h “deep” field
by at least a factor 2, and (ii) a complete red-
shift measurement in ~ 10 deg2 in the full
VVDS-14h and VVDS-22h. This will extend
the survey to ~ 100 Mpc at z ~ 1–5, unprece-
dented up to now, probing scales larger than
the mean size of large voids and dense struc-

tures. This will undoubtedly bring new in-
sight into the complex interplay between gal-
axy evolution and the underlying large scale
structure distribution. The VVDS, combined
with the zCOSMOS survey connecting the
evolution of galaxy morphology to the large
scale structures, is establishing European
astronomy as a leading authority in high sta-
tistical accuracy deep redshift surveys, a cen-
tral key to our understanding of galaxy evo-
lution.
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