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ABSTRACT

We present the first Public Data Release (PDR-1) of the VIMOS Public Extragalactic Survey (VIPERS). It comprises 57 204 spectroscopic mea-
surements together with all additional information necessary for optimal scientific exploitation of the data, in particular the associated photometric
measurements and quantification of the photometric and survey completeness. VIPERS is an ESO Large Programme designed to build a spec-
troscopic sample of �100 000 galaxies with iAB < 22.5 and 0.5 < z < 1.2 with high sampling rate (�45%). The survey spectroscopic targets
are selected from the CFHTLS-Wide five-band catalogues in the W1 and W4 fields. The final survey will cover a total area of nearly 24 deg2,
for a total comoving volume between z = 0.5 and 1.2 of �4 × 107 h−3 Mpc3 and a median galaxy redshift of z � 0.8. The release presented in
this paper includes data from virtually the entire W4 field and nearly half of the W1 area, thus representing 64% of the final dataset. We provide
a detailed description of sample selection, observations and data reduction procedures; we summarise the global properties of the spectroscopic
catalogue and explain the associated data products and their use, and provide all the details for accessing the data through the survey database
(http://vipers.inaf.it) where all information can be queried interactively.

Key words. galaxies: distances and redshifts – galaxies: statistics – galaxies: fundamental parameters – cosmology: observations – catalogs –
large-scale structure of Universe

1. Introduction

The large-scale distribution of galaxies contains unique informa-
tion on the structure of our Universe and the fundamental param-
eters of the cosmological model. The relation of galaxy proper-
ties to large-scale structure in turn provides important clues on
the physics of galaxy formation within the standard paradigm
in which baryons are assembled inside dark-matter halos (e.g.
White & Rees 1978). Redshift surveys of the “local” (z < 0.2)
Universe such as the 2dFGRS (Colless et al. 2001) and SDSS
(Abazajian et al. 2003) include more than a million objects ob-
served over several thousand square degrees. Thanks to such

� Based on observations collected at the European Southern
Observatory, Cerro Paranal, Chile, using the Very Large Telescope
under programs 182.A-0886 and partly 070.A-9007. Also based on
observations obtained with MegaPrime/MegaCam, a joint project of
CFHT and CEA/DAPNIA, at the Canada-France-Hawaii Telescope
(CFHT), which is operated by the National Research Council (NRC)
of Canada, the Institut National des Sciences de l’Univers of the
Centre National de la Recherche Scientifique (CNRS) of France, and
the University of Hawaii. This work is based in part on data prod-
ucts produced at TERAPIX and the Canadian Astronomy Data Centre
as part of the Canada-France-Hawaii Telescope Legacy Survey, a
collaborative project of NRC and CNRS. The VIPERS web site is
http://vipers.inaf.it/

excellent statistics, large-scale structure studies have been ex-
tended well into the linear regime (r � 10 h−1 Mpc) while at
the same time having a detailed characterization of small-scale
clustering and its dependence on galaxy properties like luminos-
ity, colour and morphology (e.g. Madgwick et al. 2003; Norberg
et al. 2002; Zehavi et al. 2005; Li et al. 2006). All these features
and properties are expected to depend on redshift, and different
evolutionary paths can lead to similar observational properties
in the local universe. Ideally, one would like to be able to gather
similarly large samples over comparably large volumes, at cos-
mologically relevant distances (z� 0.3).

Pioneering deep surveys capable of measuring the evolution
of clustering since z ∼ 1 date back to the 1990s and were lim-
ited to a few hundred square arcminutes (e.g. Le Fèvre et al.
1996; Shepherd et al. 2001). Studies extending further in red-
shift were limited to specific color-selected samples based on
the Lyman-break technique (e.g. Steidel et al. 1998). More re-
cent surveys like GOODS (e.g. Giavalisco et al. 2004) provided
a broader view of the high-redshift population, but still limited to
small fields. Only with the advent of multi-object spectrographs
mounted on 10 m class telescopes, significant clustering studies
of the general galaxy population at z ∼ 1 became feasible as
notably exploited by the VVDS (Le Fèvre et al. 2005) and the
DEEP2 (Davis et al. 2003) surveys, followed by the zCOSMOS
follow-up of the COSMOS HST field (Lilly et al. 2009). While
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important clustering studies at z ∼ 1 were produced, it became
soon clear that these samples remained in general dominated
by field-to-field fluctuations (cosmic variance), as dramatically
shown by the discrepancy between the VVDS and zCOSMOS
correlation functions at 0.5 < z < 1 (de la Torre et al. 2010).
Only the Wide extension of VVDS (Garilli et al. 2008), started
to probe sufficient volume at these epochs, as to attempt cosmo-
logically meaningful computations (Guzzo et al. 2008), albeit
still with large error bars.

Following those efforts, and somewhat complementarily,
new generations of cosmological surveys have mostly focused
on covering the largest possible volumes at intermediate depths,
utilizing relatively low-density tracers, with the main goal of
measuring the BAO signal at redshifts 0.4–0.8. This is the
case with the SDSS-3 BOSS project (Eisenstein et al. 2011),
which extends the concept pioneered by the SDSS selection
of Luminous Red Galaxies (e.g. Anderson et al. 2012; Reid
et al. 2012). Similarly, the WiggleZ survey targets emission-line
galaxies selected from UV observations of the GALEX satellite
(Drinkwater et al. 2010; Blake et al. 2011b,a). Both these sur-
veys are characterized by a very large volume (1 − 2 h−3Gpc3),
and a relatively sparse galaxy population (∼10−4 h3 Mpc−3).
Complementarily, the GAMA survey (Driver et al. 2011) aims to
achieve a number of redshifts similar to the 2dFGRS (∼200 000)
down to r < 19.8, covering a smaller volume (z � 0.5) but with
a sampling close to unity.

The VIMOS Public Extragalactic Redshift Survey (VIPERS;
Guzzo et al. 2013), of which we present here the first public data
release, has been designed to collect ∼105 redshifts to the same
depth of VVDS-Wide and zCOSMOS (iAB < 22.5), but over
a significantly larger volume and with high sampling (∼40%).
The general aim of the project is to build a sample of the global
galaxy population that matches in several respects those avail-
able locally (z < 0.2) from the 2dFGRS and SDSS projects, thus
allowing combined evolutionary studies of both clustering and
galaxy physical properties, on a comparable statistical footing.
Building upon the experience and results of previous VIMOS
surveys VIPERS arguably provides the most detailed and rep-
resentative picture to date of the whole galaxy population and
its large-scale structures, when the Universe was about half its
current age.

The main goals of VIPERS are:
1. To measure the clustering of galaxies at 〈z〉 � 0.8 on scales

up to ∼100 Mpc h−1, in order to:
(a) extract cosmological information from the large-scale

shape of the power spectrum (Bel et al. 2013; Granett
et al. 2012; Xia et al. 2012);

(b) quantify the dependence of galaxy clustering on galaxy
physical properties (such as luminosity and stellar mass)
and its evolution with time (Marulli et al. 2013);

(c) quantify the mean galaxy occupation of dark matter ha-
los using small/intermediate-scale clustering and its time
evolution;

(d) study the halo occupation distribution (HOD) using a
combination of galaxy-galaxy lensing, galaxy clustering
and stellar mass functions (Coupon et al., in prep.);

(e) measure higher-order clustering statistics and character-
ize the non-linear development of clustering over the
past 7 billion years.

2. To measure, at the same redshifts, the growth rate of struc-
ture using redshift-space distortions in the observed cluster-
ing (de la Torre et al. 2013), in particular exploiting the broad
population and high spatial sampling of VIPERS through the
use of multiple tracers of the underlying mass density field.

3. To precisely characterise the galaxy population at 〈z〉 � 0.8
in terms of the distributions of fundamental properties such
as luminosity, colours and stellar mass, tracing their evo-
lution with cosmic time (Davidzon et al. 2013; Fritz et al.
2013).

4. To reconstruct the density field at 〈z〉 � 0.8 in order to:
(a) determine the bias parameter and its evolution b(z)

(Branchini et al., in prep.);
(b) quantify at these redshifts the relationship between

galaxy properties and local environment, elucidating
the role of mass and environment in the evolution of
galaxies.

5. To provide the community with an unprecedented spec-
troscopic database at 0.5 < z < 1.2, including exten-
sive information on galaxy physical properties. The latter
is made possible by combining the spectral information
with the CFHTLS five-band magnitudes on which the sur-
vey is based1 (Goranova et al. 2009), plus additional ancil-
lary data in the UV and infrared bands (GALEX, UKIDSS,
VISTA, SWIRE, VLA, XMM-LSS), enabling to derive Spectral
Energy Distribution information (Marchetti et al. 2013;
Davidzon et al. 2013) and automatic galaxy/AGN/stellar
classification (Małek et al. 2013).

Although carried out within the standard (proprietary) scheme
of the ESO Large Programmes, VIPERS was conceived from
its start as a public survey, with the clear idea that the range of
science that will be performed by the community should greatly
exceed the core analyses described above. The set of data that is
described in this paper and made public with the VIPERS Public
Data Release 1 (PDR-1), is the same used for all papers of the
first VIPERS science release of March 2013. Several aspects of
the survey construction and the data are also discussed in Guzzo
et al. (2013) and are only briefly summarised here.

The layout of the paper is as follows: Sect. 2 summarises the
survey strategy and design; Sect. 3 describes the VLT-VIMOS
observations; Sect. 4 discusses the data reduction, including red-
shift estimation and quality tests; Sect. 5 presents the PDR-1
sample, discussing redshift errors and comparison to external
data; Sect. 6 describes the survey masks and discusses in de-
tail the selection effects that need to be taken into account for
a proper use of the PDR-1 data; Sect. 7 provides a first look at
the VIPERS spectra, including a brief preliminary discussion of
trends and correlations spectral features and galaxy classifica-
tion schemes; Sect. 8 provides information on the data access in
the VIPERS data base; finally, Sect. 9 provides a brief summary.

2. Survey strategy and design

2.1. Star-galaxy separation and target definition

VIPERS was conceived in 2007, focusing on the study of clus-
tering and redshift-space distortions at z � 0.5−1.2, but with a
desire to enable broader goals involving large-scale structure and
galaxy evolution. The survey design was also strongly driven by
the specific features of the VIMOS spectrograph, which has a
relatively small field of view compared to fibre-fed instruments
(�18 × 16 arcmin2), but a larger yield in terms of redshifts per
unit area (up to 1000 spectra per exposure: Le Fèvre et al. 2003).

The VIPERS overall sky coverage and field layout is shown
in Fig. 1; the solid red line delimits the planned area, while the
black dots show the spectroscopically observed objects. Table 1

1 http://www.cfht.hawaii.edu/Science/CFHTLS/
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Table 1. VIPERS survey field positions and area coverage.

Field RA1 Dec1 Final PDR-1 PDR-1 PDR-1 area
surveyed area surveyed area effective area with good photometry

0226 − 04 (W1) 02h26m00.0s −04 deg 30′00′′ 15.701 deg2 7.932 deg2 5.478 deg2 5.347 deg2

2217 + 00 (W4) 22h17m50.4s +00 deg 24′00′′ 7.851 deg2 7.851 deg2 5.120 deg2 4.968 deg2

Notes. Surveyed area is the total area on sky, effective area is net of VIMOS cross and failed pointings/quadrants. (1) Center of Field.

Fig. 1. VIPERS survey areas. Black areas are the spectroscopically observed pointings. The thick red line delimits the full area at the survey end.
In the current release, some holes due to bad observing conditions are present. Some of them will be filled before the end of the survey.

shows the area planned in each of the two survey fields as well as
the area already spectroscopically covered, which is the subject
of the current data release. The effective area is computed tak-
ing into account only those portions of sky effectively exposed,
i.e. not considering failed quadrants and the dead cross between
VIMOS quadrants. The last column in Table 1 gives the area
where photometry is reliable (see Sect. 6.1). Given the lumi-
nosity function of galaxies and results from previous VIMOS
surveys (VVDS Deep and Wide: Le Fèvre et al. 2005; Garilli
et al. 2008; zCOSMOS: Lilly et al. 2009), it was known that a
magnitude-limited sample with iAB < 22.5 would cover the red-
shift range out to z ∼ 1.2, and could be assembled with fairly
short VIMOS exposure times (<1 h). Also, taking 2dFGRS as a
local reference, a survey volume around 5 × 107 h−3Mpc3 could
be explored by observing an area of �24 deg2.

Building upon this experience, VIPERS was designed to
maximize the number of galaxies observed in the range of in-
terest, i.e. at z > 0.5, while at the same time attempting to select
against stars that represented a contamination of up to 30% in

some of the VVDS-Wide fields (where by design no star-galaxy
separation whatsoever had been applied: see Garilli et al. 2008).
Therefore we searched for a criterion that could limit the stel-
lar contamination without hampering the completeness of the
galaxy sample.

Stars and galaxies were separated using both their measured
size and their spectral energy distribution, derived through tem-
plate fitting of the high-quality CFHTLS 5-band photometry. As
shown by the extensive tests carried out using the fully sampled
VVDS (Deep and Wide) data, the overall galaxy completeness
and resulting stellar contamination can be optimized by applying
the following criteria (Guzzo et al. 2013):

1. At iAB < 21, stars are defined to be objects with rh < μrh +
3σrh. Galaxies are the complementary class.

2. At iAB ≥ 21, the previous criterion would exclude small
compact galaxies from the target sample. For these reason,
objects are discarded as bona fide stars if rh < μrh + 3σrh
AND log10(χ2

star) < log10(χ2
gal) + 1,
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where rh is the half-light radius of an object; μrh and σrh are the
mean and standard deviation of the rh distribution; while χ2

star
and χ2

gal result from the spectral energy distribution template fit-
ting applied to the CFHTLS photometry.

The desired redshift range (z > 0.5) for the objects classified
as galaxies is then selected requiring that

(r − i) > 0.5(u − g) ∨ (r − i) > 0.7 (1)

(see Fig. 3 in Guzzo et al. 2013).

2.2. Additional AGN targets

To broaden the scientific yield of the project, without affecting
the purity of the galaxy selection function, it was also decided to
supplement the target list with a small number of active galactic
nuclei (AGN) candidates: (1) a set of 449 X-ray selected candi-
dates from the XMM-LSS survey in the W1 field (Pierre et al.
2007), supplied by the XMM-LSS Consortium and added as
compulsory targets (average of one object every two quadrants);
and (2) a set of 3696 photometrically defined AGN candidates,
selected among stellar objects resulting from the previous star-
galaxy separation. In a first version, an object was classified as
an AGN candidate if its colours satisfied the following criteria:

CC1 :

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(g − r) < 1 ∧ (u − g) < 0.6
(g − r) < 1 ∧ 0.6 ≤ (u − g) < 1.2

∧ (g − r) > 0.5(u − g) + 0.036
(g − r) < 1 ∧ 0.6 ≤ (u − g) < 2.6

∧ (g − r) < 0.5(u − g) + 0.214
(g − r) < 1 ∧ (u − g) > 2.6.

(2)

These criteria were calibrated on the VVDS point-like objects
brighter than iAB = 21, and we expected a sample with a com-
pleteness of 87.5% and with a stellar contamination of 36%.
These percentages were not confirmed by the actual data at the
end of the first observing season, indicating a significantly higher
than expected contamination from stars. While investigating the
origin of this discrepancy, we decided to revise criteria towards
a more restrictive definition, following which an AGN candidate
must satisfy CC1 (Eq. (2)) and:

CC2 :

⎧⎪⎪⎪⎨⎪⎪⎪⎩
(u − g) < 0.6 ∧ −0.2 < (g − i) < 1
0.6 ≤ (u − g) < 1 ∧ −0.2 < (g − i) < 0.2
(u − g) ≥ 1 ∧ (g − i) < 0.6.

(3)

This more stringent definition has been applied very early in the
survey (from 2010 onwards) so that only 1% of the spectroscop-
ically confirmed AGN satisfy CC1 only.

AGN redshifts from photometrically defined candidates are
included in the released catalogue, but the precise selection func-
tion to correct for any incompleteness is still being verified.
Brighter than iAB = 21, where our selection for point-like AGN
had been tested, the number counts of the AGN candidates and
the confirmation rate are as expected. Fainter than that, where
AGN have been observed as part of the primary target sample,
the selection function changes. A complete analysis of the sam-
ple of spectroscopically confirmed AGN will be the subject of
a separate paper. The 189 XMM-LSS AGN candidates observed
so far are not included in PDR-1, and will be analysed separately.

3. VLT-VIMOS observations

The VIPERS survey is being performed in the framework of
the ESO Large programmes and is carried out using VIMOS

on “Melipal”, the Very Large Telescope (VLT) Unit 3 (Le Fèvre
et al. 2003). VIMOS (Visible Imager Multi Object Spectrograph)
makes use of slits cut out from masks. Its field of view of �18 ×
16 arcmin2 is divided into four quadrants, each having an area
of �7 × 8.1 arcmin2. Each quadrant corresponds to an inde-
pendent spectrograph and the four spectrographs observe in the
same configuration for the same exposure time.

The standard VIMOS observing procedure requires the ac-
quisition of a direct image, which is used for mask prepara-
tion with the vmmps software (Bottini et al. 2005) distributed
by ESO: vmmps assigns the slit length taking into account ob-
ject dimensions and sky subtraction regions as specified by the
user. The minimum slit length can be changed by the software
as part of the optimization process, to maximize the number of
slits per quadrant. The files containing the mask definition are
sent to ESO (via the P2PP tool) for mask cutting before spectro-
scopic observations. As VIMOS suffers from some flexure prob-
lems, calibration exposures are performed immediately after the
scientific exposures, maintaining the instrument at the same ro-
tation angle as the scientific exposure and inserting a screen at
the Nasmyth focus. This ensures that we have calibration lamps
with the same flexure-induced distortions as the scientific im-
ages, thus allowing for a more precise wavelength calibration.
The instrument has no atmospheric dispersion compensator; in
order to avoid spectra distortions due to atmospheric refraction,
observations are confined within ±2 h from the meridian.

Given the chosen magnitude limit (iAB ≤ 22.5), the total
exposure time adopted for the VIPERS spectroscopic observa-
tions is 2700 s. The observation of one pointing is split into
five exposures of nine minutes each. Observations have been
carried out aligning slits along the east-west direction, so that
atmospheric refraction effects are minimized. We use 1-arcsec
wide slits, a value which well matches the average seeing in
Paranal. The “Low-Resolution Red” (LR-Red) grism is used,
providing a spectral resolution R � 230 and a mean dispersion
of 7.3 Å/pixel. When preparing masks, we have allowed for a
minimum of 1.8 arcsec per side for sky subtraction. In order
to further boost the survey sampling and the multiplexing ca-
pabilities of VIMOS, we have followed the approach described
in Scodeggio et al. (2009): essentially, we have arbitrarily as-
signed an object size of 0.5 arcsec to all VIPERS sources. In this
way, vmmps has more freedom in the slit positioning optimiza-
tion process, and we have been able to increase the number of
objects per quadrant by ∼10%, reaching a median of 87 slits per
quadrant (see Fig. 2). The drawback of this approach is that big-
ger objects have a non-negligible chance of filling most of the
slit, and sometimes the automatic spectral extraction may fail.
A posteriori we have verified that the median slit length is 7 arc-
sec, and that only a few among the brightest objects suffer from
this problem.

4. Spectroscopic observations and data reduction

4.1. Quality of VIMOS raw data

VIPERS observations started in September 2008 and have pro-
ceeded at a steady rate since then. The median airmass of
PDR-1 data is 1.14, and remains below 1.3 in 90% of the ex-
posures. To match the slit width and minimize slit losses, the re-
quested maximum seeing was 1 arcsec. Figure 3 shows the see-
ing distribution as measured from the scientific exposures. The
median seeing is 0.8 arcsec and 90% of exposures have a see-
ing below 1.05 arcsec. 85% of observations have been carried
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Fig. 2. Distribution of the number of slits per VIPERS quadrant.

Fig. 3. Distribution of seeing values for VIPERS observations.

out in dark time, while the remaining fraction either had a moon
illumination below 20%, or a moon distance above 70 deg.

In spring/summer 2010, VIMOS was upgraded with new
red-sensitive CCDs in each of the 4 channels (Hammersley et al.
2010). The original thinned E2V detectors were replaced by
twice as thick E2V devices, considerably lowering the fringing
and increasing the quantum efficiency by up to a factor two over
the wavelength range of the LR-Red grism. The lesser (almost
non-existent) fringing allows for a better sky subtraction red-
wards of 7500 Å (where OH bands dominate the sky emission),
which improves the data quality. In the following, we use the
term “epoch 1” to denote data acquired before the refurbishment,
and “epoch 2” for data acquired afterwards. Overall, 22049 tar-
gets have been observed in epoch 1, and 40813 in epoch 2 (see
Table 3). In Fig. 4 we show a typical 2D extracted spectrum from
epoch 1 data (top) and epoch 2 data (bottom). The improved
sky subtraction in epoch 2 data is clearly visible. More quan-
titatively, Fig. 5 shows the distribution of the r.m.s. of the sky
subtraction residuals in the 7500–9100 Å wavelength range for
epoch 1 (empty histogram) and epoch 2 (shaded histogram) data.
The median of the distribution diminishes by a factor 2.6, clearly
demonstrating the significant improvement in the sky subtrac-
tion. In Sect. 5 we will show how this affects the redshift mea-
surement. The VIMOS upgrade also included substituting the
old passive flexure compensation system with a new active flex-
ure compensator (AFC), which should be more reliable and pre-
cise. Unfortunately, for a few months the AFC was operational
only during target acquisition. In other words, some observing
runs were actually carried out without any flexure compensation

system during the spectroscopic exposure. This implies that dur-
ing the same OB the images of the slits moved up to 2 pixels
on the detector plane. To account for this effect, we have mod-
ified the reduction pipeline to perform the slit tracing exposure
by exposure. Since the arc lamp is always acquired at the end
of the OB, its tracing is slightly different from the tracing of the
first exposure, implying that the wavelength calibration at the slit
edges is not as good as at the slit centre. This has a minor effect
on the quality of the sky subtraction: unless the object is very
far from the slit centre, the only consequence is that 2D spectra
are noisier close to the edges. In Sect. 5 we will show that the
redshift measurement is statistically unaffected.

4.2. Data reduction procedure

VIPERS data reduction is performed with a fully automated
pipeline, starting from the raw data and flowing down to the
wavelength- and flux-calibrated spectra and redshift measure-
ment. The pipeline is an updated version of the algorithms and
dataflow from the original VIPGI system, fully described in
Scodeggio et al. (2005). We summarise here the main concepts.

As a first step, in each raw frame the 2D dispersed spectra
are located and traced. Each raw spectrum is collapsed along the
dispersion direction, and the object location computed. A first
sky subtraction is performed row by row, avoiding the region
identified as the object. An inverse dispersion solution is com-
puted for each column of each dispersed spectrum making use
of an arc calibration lamp. The wavelength calibration residuals
distribution is well peaked around 0.771 Å (i.e. 1/10 of a pixel)
and 97% of spectra have a wavelength calibration uncertainty
below 1.25 Å (1/5 of a pixel). The inverse dispersion solution
is applied before extraction. A further check on the wavelength
of sky lines is computed on the linearized 2D spectra, and, if
needed, a rigid offset applied to data in order to bring the sky
lines to their correct wavelength. The different scientific expo-
sures of the same field are registered and co-added, and a second
background subtraction is performed repeating the procedure
carried out before. Finally, 1D spectra are extracted applying the
Horne extraction algorithm (Horne 1986), and spectra are cor-
rected for the instrument sensitivity function, as derived from
the standard spectrophotometric observations routinely carried
out by ESO. Given a 2D spectrum, we can compute sky subtrac-
tion residuals as

〈skyResidual〉i =
∑

j∈NRegion(〈C〉 −C j)2

NRegion − 1
, (4)

where NRegion is the number of pixels in the sky region on one
side of the object, 〈C〉 is the mean of the counts in the sky region
and C j are the counts in pixel j, at wavelength i. This computa-
tion is done on both sides of the object (resL and resR), taking
into account slit borders and possible second objects in the slit.
From such residuals, a mean noise spectrum is computed, the
noise in the i-th pixel being given by

noise2
i =

resLi + resRi

2
+ S i = 〈skyResidual〉i + S i, (5)

where S i are the source counts at wavelength i. To obtain fully
flux calibrated spectra, while correcting for slit losses, we have
convolved each spectrum with the CFHTLS i filter response
function, and computed a normalization factor between the spec-
trum and the photometric magnitude. We then run EZ (Garilli
et al. 2010) on all 1D extracted spectra for a first automatic
redshift measurement. All data reduction has been centralised
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Fig. 4. A typical 2D extracted spectrum from epoch 1 data (top) and epoch 2 data (bottom). Wavelength ranges from 5600 Å to 9500 Å from left
to right. Spatial direction is along the y axis.

Fig. 5. Median noise r.m.s. distribution of the VIPERS spectra in
the 7500–9100 Å wavelength range. Empty histogram refers to data
acquired before VIMOS refurbishment, shaded histogram to those ac-
quired after the refurbishment.

in our data reduction and management centre at INAF – IASF
Milano. When ready, the fully reduced data are made available
to the team within a dedicated database. The full management of
these operations within the EasyLife environment is described in
Garilli et al. (2012).

4.3. Redshift estimation, reliability flags and confidence
levels

In most cases, the final redshift measurement is performed and
validated by two team members independently. The reliabil-
ity of the measured redshifts is quantified at the time of vali-
dation following a scheme similar to that used for the VVDS
(Le Fèvre et al. 2005) and zCosmos surveys (Lilly et al. 2007).
Measurements of stars and galaxies are flagged using the follow-
ing convention:

– Flag 4: a highly reliable redshift (estimated to have >95%
probability of being correct), based on a high SNR spectrum
and supported by obvious and consistent spectral features.

– Flag 3: also a very reliable redshift, comparable in confi-
dence with Flag 4, supported by clear spectral features in
the spectrum, but not necessarily with high SNR.

– Flag 2: a fairly reliable redshift measurement, but not as
straightforward to confirm as for Flags 3 and 4, supported by
cross-correlation results, continuum shape and some spec-
tral features, with expected chance of �75% to be correct.
We shall see in the following that the actual estimated confi-
dence level will turn out to be significantly better.

– Flag 1: a reasonable redshift measurement, based on weak
spectral features and/or continuum shape, for which there is
roughly a 50% chance that the redshift is actually wrong.

– Flag 0: no reliable spectroscopic redshift measurement was
possible.

– Flag 9: a redshift based on only one single clear spectral
emission feature.

– Flag -10: spectrum with clear problems in the observation or
data processing phases. It can be a failure in the vmmps Sky
to CCD conversion (especially at field corners), or a failed
extraction by VIPGI (Scodeggio et al. 2005), or a bad sky
subtraction because the object is too close to the edge of
the slit.

Broad-Line AGN can be easily identified during the validation
process from the width of their emission lines. The flagging sys-
tem for AGN is similar, though not identical, to the one adopted
for stars and galaxies:

– Flag 14: secure AGN with a > 95% reliable redshift, includ-
ing at least 2 broad lines;

– Flag 13: secure AGN with good confidence redshift, based
on one broad line and some faint additional feature;

– Flag 19: secure AGN with one single secure emission line
feature, redshift based on this line only;

– Flag 12: a > 95% reliable redshift measurement, but lines
are not significantly broad, might not be an AGN;

– Flag 11: a tentative redshift measurement, with spectral fea-
tures not significantly broad.

Serendipitous (also called secondary) objects appearing by
chance within the slit of the main target are identified by adding
a “2” in front of the main flag. In Sect. 4.5 we will assess the
actual confidence levels of the flags by comparing with results
of other surveys.

Once the final review of the redshifts is complete, a decimal
part of the flag “.X” indicating concordance or discordance with
the photometric redshift is added to the main flag. An automatic
algorithm cross-correlates the spectroscopic measurement (zspec)
with the corresponding photometric redshift (zphot), estimated
from the five-band CFHTLS photometry using the Le Phare code
(Ilbert et al. 2006; Arnouts & Ilbert 2011). The 68% confidence
interval [zphot−min, zphot−max] (in general not symmetric) based on
the PDF of the estimated zphot is provided by Le Phare. If zspec is
included within the zphot−min − zphot−max range, spectroscopic and
photometric redshifts are considered in agreement and a flag 0.5
is added to the primary flag. Redshifts are instead in marginal
agreement (and a flag 0.4 is added) when they are comparable
only at the 2σ level, where 2σ is the minimum (maximum) be-
tween zphot−0.05×(1+zphot) and zphot−min (zphot+0.05×(1+zphot)
and zphot−max), being 0.05 twice the median scatter of the com-
parison between zspec and zphot. This allows us to signal cases in
which the PDF of the single measurement is rather narrow, but
still the spectroscopic redshift is close. Finally, we add “0.2” to
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Fig. 6. Comparison between photometric and spectroscopic secure red-
shifts in the VIPERS survey. The dashed lines are for zphot = zspec ±
0.15(1 + zs).

the redshift flag when neither of the two criteria is satisfied, and
“0.1” when no zphot estimate is available.

Thus, whatever the primary integer flag is, a flag “*.5” or
“*.4” is an indication supporting the correctness of the red-
shift. This is particularly useful in the case of highly uncer-
tain, flag = 1 objects, for which the confidence level can be
increased by the agreement with the photometric redshift value.
In all VIPERS papers redshifts with flags ranging between 2.X
and 9.X are referred to as reliable redshifts and are the only ones
normally used in the science analysis.

In Fig. 6 we show the comparison between photometric
and spectroscopic redshifts for the subsample of secure spec-
troscopic redshifts. The dispersion, computed as the normalised
median absolute deviation σΔz/(1+zs) = 1.48 ∗ median(|Δz|/(1 +
zs)), is 0.03 while the outlier rate, i.e. the proportion of objects
with |Δz| ≥ (1 + zs), is 5.12%, in excellent agreement with what
obtained by Coupon et al. (2009) for the CFHTLS T0004 fields.

4.4. Repeated observations and redshift errors

The footprint of VIMOS is not a perfect rectangle, as each quad-
rant has a slightly different width. When designing the survey
pointings, we have allowed for a small overlap (of the order
of few arcseconds) between adjacent pointings. Objects falling
within this overlapping region have some chance of being ob-
served twice, and this happened for 783 objects in the VIPERS
survey. Additionally, during the re-commissioning of VIMOS
after the CCD refurbishment in summer 2010, four pointings
were re-observed to verify the performance with the new setup
(Hammersley et al. 2010), targeting further 1357 objects. In
total, this results in a very useful sample of 2143 objects ob-
served at least twice. After excluding second objects, stars and
AGNs, we are left with 1235 target galaxies yielding a reliable
redshift (i.e. with a flag ≥2) in both measurements, of which
1192 have compatible measurement, i.e. the two redshifts dif-
fer by less than Δ/(1 + z) < 3σz � 0.0025. This subsample
can be used to obtain an estimate of the internal rms value of
the redshift error of VIPERS galaxies, as discussed in Guzzo
et al. (2013) and reported here for completeness. In Fig. 7,
top panel, we show the distribution of rest frame velocity dif-
ference for these compatible measurements. The distribution is
well fitted by a Gaussian centred on the origin with a standard

Fig. 7. Distribution of the differences between two independent redshift
measurements of the same object, obtained from a set of 1192 VIPERS
galaxies with redshift flag ≥2. Top: distribution of the velocity differ-
ences Δv = cΔz/(1 + z). Catastrophic failures, defined as being dis-
crepant by more than Δz = 6.6 × 10−3(1 + z), have been excluded. The
best-fitting Gaussian has a dispersion of σ2 = 200 km s−1, correspond-
ing to a single-object rms error σv = σ2/

√
2 = 141 km s−1. In terms of

redshift, this translates into a standard deviation of σz = 0.00047(1 + z)
for a single galaxy measurement. In the bottom panel, the darker dots
correspond to highly reliable redshifts (i.e. flags 3 and 4), which show
a dispersion substantially similar to the complete sample (see text).

deviation of σ = 200 km s−1, corresponding to a single-object
1σ error σv = σ2/21/2 = 141 km s−1. In terms of redshift,
this yields a standard deviation on the redshift measurements
of 0.00047(1+ z). Using only the most reliable spectra (i.e. flags
3 or 4 in both measurements), we are left with 648 double mea-
surements and the resulting rest-frame 2-object dispersion de-
creases to σ2 = 195 km s−1. This indicates that flags 9, 2, 3
and 4 are substantially equivalent in terms of redshift precision
when the redshift is correct. In the next section we will discuss
the confidence level of redshifts for each flag.

4.5. Statistical confidence levels corresponding to redshift
flags

A first estimate of the actual, statistical confidence level of the
redshift flags associated to our redshift measurements has been
presented in Guzzo et al. (2013) using the available duplicated
observations mentioned above. These results are reported in the
top part of Table 2. Here we extend and complement this analy-
sis, making use of external measurements.

The confidence level of a given Flag class (e.g. Flag 3+4)
from VIPERS, which we call survey X for simplicity, can be es-
timated from the fraction of measurements in agreement among
those galaxies observed independently by another survey, Y,
with comparable or better reliability. We note that while this
latter aspect is easy to evaluate when comparing VIPERS to
a survey like VVDS, which was observed with a very similar
set-up, evaluating the intrinsic redshift reliability of a very dif-
ferent data set, for which additionally we may only have litera-
ture information, is less straightforward. This will be the case for
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Table 2. Confidence of redshift flags.

VIPERS class Comparison class N. of common galaxies Concordant redshifts VIPERS confidence level
(Flags) (Flags)

VIPERS Internal
3, 4 3, 4 654 648 99.5%
2, 9 3, 4 385 373 98.4%
2 2 151 129 92.4%

VIPERS vs. VVDS
3, 4 3, 4 346 336 98.5%
2, 9 3, 4 74 66 90.6%

VIPERS vs. PRIMUS
3, 4 3, 4 1619 1478 95.5%
2, 9 3, 4 876 708 84.6%

the second comparison case discussed below, i.e. the PRIMUS
survey.

In practice, if Nmeas is the number of common measurements
and Nagree is the number of redshifts in agreement2, then the
probability for two redshifts to agree corresponds to the com-
bined probability that X and Y give the correct redshift, i.e.

P(X|Y) = P(X) × P(Y) =
Nagree

Nmeas
· (6)

If we are considering the same Flag category for both data sets
and assume that the flags indicate similar confidence levels for
the measurements, then P(X) � P(Y) and thus

P(X) =

√
Nagree

Nmeas
· (7)

On the other hand, if we are comparing two classes with differ-
ent intrinsic confidence levels, we need to estimate that of the
reference class (e.g. P(Y)), to be able to compute P(X), i.e.

P(X) =
1

P(Y)

Nagree

Nmeas
· (8)

While for internal data it is often straightforward to estimate
P(Y), this is non-trivial for data obtained from the literature, un-
less it is certain that the reference class is of much higher relia-
bility than the one for which we want to estimate the confidence.
In such a case, P(Y) � 1 can be a reasonable assumption.

Comparison to VVDS. Some areas within both W1 and W4 fields
have been observed within the VVDS survey and a similar com-
parison between VIPERS and VVDS has been presented in
Le Fèvre et al. (2013). Let us make the reasonable assumption
that the typical redshift error in VVDS and VIPERS are com-
parable, with rms dispersion σz. We are aware that an improve-
ment in SNR has certainly been introduced for the VIPERS data
by the refurbishment of the detectors in 2010; our assumption
will only make the comparison more conservative for VIPERS.
There are 420 objects with a reliable (flag 2 through 9) redshift
in VIPERS which have a highly reliable (flag 3 and 4) in VVDS.

The results are shown in the central part of Table 2. We
first compared VIPERS Flag 3 and 4 redshifts with the same
class of VVDS, obtaining a confidence level of 98.5%; this is
very consistent with the value 99.6% estimated internally us-
ing VIPERS repeated observations. For the flags 2 and 9 to-
gether we instead obtain a confidence level of 90.6%, against the

2 As above, two redshift measurements are defined to be “in agree-
ment” when their difference Δ/(1 + z) < 3σz � 0.0025.

higher confidence, 98.4%, estimated from the repeated VIPERS
observations.

Conversely, if we assume the P(X) obtained from the
VIPERS internal comparison, using Eq. (8) we can obtain an
estimate of the VVDS flag 3,4 confidence level. The resulting
confidence level for VVDS flags 3,4 is 98%.

Comparison to PRIMUS. W1 is also one of the areas selected by
the PRIMUS survey (Cool et al. 2013). Using only the PRIMUS
reliable objects (PRIMUS flag 3 and 4), there are 2495 objects
for which VIPERS measures a reliable redshift (flag 2 through 9)
in VIPERS. For this comparison, we consider two measurements
to be concordant when Δ/(1 + z) < 3(σ2

zVIPERS + σ
2
zPRIMUS)1/2,

where σzPRIMUS = 0.003 for PRIMUS flag = 4 and σzPRIMUS =
0.015 for PRIMUS flag = 3 (Cool et al. 2013).

The results are shown in the bottom part of Table 2. Both
redshift classes considered (Flags 3+4 and 2+9) give slightly
smaller confidence level, when compared to PRIMUS. The prob-
lem in interpreting these results is whether the confidence levels
corresponding to the PRIMUS flag system are similar to those of
VIPERS or VVDS. We note that PRIMUS spectra have a coarser
resolution than VIPERS ones, with R degrading from 100 to 20
from blue to red. Taking this into account, the agreement of the
Flag 3+4 classes for the two data sets is very good. In particular,
the difference in the results in the first lines (Flags 3,4 vs. 3,4)
for the “VIPERS Internal” and “VIPERS vs. PRIMUS” cases in
the Table is probably more a test for the PRIMUS best redshifts,
rather than for VIPERS.

As we did for the VVDS case, we can obtain an estimate of
the PRIMUS flag 3,4 confidence level assuming that VIPERS
flags confidence level is 99.5% (as obtained from the internal
comparison). The confidence level of 91.75% we obtain is in
very good agreement with the value quoted by Cool et al. (2013).

Overall, the consistency of the estimates performed inter-
nally (top) and with VVDS (middle), indicates that redshifts for
Flags 3+4 in VIPERS should have a 99% confidence of being
correct, while class 2+9 is expected to have a confidence level
of at least 90%, probably close to 95%. If we compare these
confidence levels to those indicated in the original prescriptions
for the flag assignments, summarized in Sect. 4.3, we see that
in particular for the Flag 2 objects the actual redshifts are more
reliable than expected.

5. The VIPERS PDR-1 sample

We define the observed target sampling rate as the ratio be-
tween the observed target objects and all possible targets within
the spectroscopic area. The detection rate is the percentage of
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Table 3. VIPERS detection rate.

Field Observed Detected Measured Reliable
targets targets redshifts redshifts

W1 31 602 30 244 (96%) 28 376 (94%) 24 553 (81%)
W4 31 260 29 897 (96%) 28 041 (94%) 24 050 (80%)
epoch 1 22 049 21 212 (96%) 19 209 (91%) 15 541 (73%)
epoch 2 40 813 38 929 (95%) 37 208 (96%) 33 062 (85%)
epoch 2a 10 236 9813 (96%) 9464 (96%) 8495 (87%)
epoch 2b 30 577 29 116 (95%) 27 744 (95%) 24 567 (84%)
total 62 862 60 141 (96%) 56 417 (94%) 48 603 (81%)

Notes. Numbers in parenthesis indicate the fraction over the observed targets (Col. 3) and detected targets (Cols. 4 and 5).

Table 4. VIPERS redshift flag distribution.

Field Flag 0.x Flag 1.x Flag 9.x Flag 2.x Flag 3.x Flag 4.x
W1 1863 (6%) 3823 (13%) 1132 (4%) 7081 (25%) 7283 (26%) 9057 (32%)
W4 1825 (6%) 3991 (14%) 1109 (4%) 6519 (23%) 7112 (25%) 9310 (33%)
epoch 1 1983 (9%) 3668 (19%) 1091 (6%) 5086 (26%) 4785 (25%) 4579 (24%)
epoch 2 1705 (4%) 4146 (11%) 1150 (3%) 8514 (23%) 9610 (26%) 13 788 (37%)
total 3688 (6%) 7814 (14%) 2241 (4%) 13 600 (24%) 14395 (26%) 18 367 (33%)

Notes. Numbers in parenthesis indicate the fraction of the different spectroscopic flags over detected targets.

detected targets over observed targets, while the redshift mea-
surement success rate and reliable measurement success rate are
the fraction of measured and reliably measured objects over the
detected ones. The X-ray AGN candidates are excluded from this
computation, as they are put in masks as compulsory objects (see
Sect. 2.2), and as such follow a different selection function. In
Table 3 we show some basic statistics of the VIPERS PDR-1
spectroscopic sample, split for W1 and W4, and for epoch 1
and epoch 2 data. Numbers in parenthesis indicate the frac-
tions of the different spectroscopic flags. So far, we have ob-
served 63 942 objects (62 862 targets plus 1080 serendipitous
objects) with a detection rate of 96%. The detection rate shows
no difference between W1 and W4, nor between epoch 1 and
epoch 2 data (see Sect. 3). The fraction of measured redshift, as
well as of reliable redshift is satistically higher for epoch 2 data,
confirming the better quality of the data acquired after VIMOS
refurbishing. Table 3 reveals the excellent quality of VIPERS
spectroscopic data: globally the redshift measurement success
rate is 94%. 81% of the objects have a reliable redshift, with 58%
of the redshift with a confidence level higher than 99% (flag 3
and 4). In the last two rows in Table 3 we show the detection rate
and redshift measurement rate split into epoch 2a, when no flex-
ure compensation was active during exposures, and epoch 2b,
when the active flexure compensator was working correctly. The
identical detection and measurement rates demonstrate that our
reduction pipeline has successfully recovered for this effect.

Table 4 and Fig. 8 show the percentage of the various red-
shift flags. For the purpose of this table and figure, the distinc-
tion between AGN and galaxies/stars has been neglected so that
flags 1.x include also flags 11.x, flags 2.x include flags 12.x, and
so on. The better quality of epoch 2 data is clearly demonstrated
by the much lower fraction of flags 0 (which decreases from
9% to 4%) and 1 (decreasing from 19% to 11%), and the much
higher fraction of flags 4 (rising from 24% to 37%).

Figure 9 shows the overall sampling of the VIPERS sur-
vey as a function of magnitude. The observed target sampling
rate (top panel, empty histogram) is remarkably stable, demon-
strating that our target selection criterion is not flux dependent.
Fainter than iAB ∼ 19.5 the detection rate (top panel, shaded

Fig. 8. Fraction of redshift flags as from Table 4: filled points for the full
sample, open red squares for the W1 sample, red crosses for the W4
sample, blue open circles and stars for epoch 1 and epoch 2 samples
respectively. W1 and W4 points as well as epoch 1 and epoch 2 points
have been shifted along the x axis for clarity.

histogram) is constant around 45%. The slight decrease we ob-
serve at brighter magnitudes is probably due to the short slits
affecting the extraction of the brighter objects. We emphasise
that such a decrease remains within the uncertainties but for the
very first magnitude bin and we are currently revising the spec-
tra extraction procedure to ameliorate this effect. Conversely,
there is a clear (albeit small) trend for redshift measurement
success rate to diminish with increasing object flux (bottom
panel, empty histogram): in the last half-magnitude bin the frac-
tion of objects for which a redshift measurement is available
drops from 93% to 88%. This drop becomes even more dramatic
when only reliable measurements are considered (bottom panel,
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Fig. 9. Top: observed target sampling rate (empty histogram), and de-
tection rate (shaded histogram) for the VIPERS survey targets. Bottom:
redshift measurement success rate (empty histogram), and reliable mea-
surement success rate (shaded histogram) targets. Error bars are indi-
cated for shaded histogram only for clarity.

Table 5. VIPERS measured redshift for stars galaxies and AGN.

Field Galaxies Reliable Stars AGN Reliable
galaxies AGN

W1 27 336 23 662 598 442 380
W4 26 010 22 196 1648 383 338

Second objects 581 371 202 4 3
Total 53 927 46 229 2448 829 721

shaded histogram). In Sect. 6 we will illustrate how it is possible
to account for these effects statistically when using the VIPERS
spectroscopic sample.

5.1. Redshift distribution

Table 5 shows the number of target and serendipitous stars,
galaxies and AGN, considering all measurements or only reli-
able (flags 9.x,2.x,3.x,4.x) redshifts. The stellar contamination
is impressively low (∼4%), demonstrating that the adopted crite-
rion for excluding stars from the sample works well. The higher
number of stars in the W4 area reflects the lower galactic latitude
of this field with respect to W1 (−44 degrees and −57 degrees
respectively). Figure 10 shows the redshift distribution for the
whole VIPERS sample (top panel), the galaxy sample (middle
panel) and the AGN sample (bottom panel). The observed red-
shift distribution shows that our selection criterion works well
in excluding low redshift galaxies. As expected, the highest red-
shift tail is made up of AGN, while only a handful of galaxies
have a redshift above 1.2.

6. Survey selection function: masks and weights

The survey selection function quantifies the actual probability
that a galaxy with given properties at a given position on the sky
is actually observed by VIPERS. This can be a binary probabil-
ity, as implied by the global survey geometry and instrumental
footprint, or a more complex function of position on the sky (as
e.g. introduced by a varying sampling rate due to the limited

Fig. 10. Redshift distribution for the VIPERS survey. Top: all objects,
middle: only galaxies; bottom: only AGN. The smaller insets zoom on
the high redshift tail. The histograms include secondary objects. Empty
histograms are for all measured objects, shaded histogram for reliably
measured redshifts.

number of slits that can be accommodated in each quadrant). In
more detail, it can include a continuous function that depends
in general on the galaxy flux, colour, spectral properties and
redshift. The accurate knowledge of the actual selection func-
tion resulting from all these effects allows us to define a set of
weights to be applied to each galaxy. These are used to renor-
malize the observed density and two-point statistics to those one
would ideally obtain from a statistically complete sample. In this
section we shall describe in some detail how the different contri-
butions have been estimated and encapsulated into a set of masks
and weights describing the VIPERS selection function, which
are provided to the general user together with the data release.
These same masks and weights have been used, for example,
in the estimate of the VIPERS mass and luminosity functions
(Davidzon et al. 2013; Fritz et al. 2013) and in the clustering
studies of de la Torre et al. (2013) and Marulli et al. (2013),
where further details can be found.
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6.1. Photometric and spectroscopic masks

First, we consider selection effects arising from the CFHTLS
parent catalogue. The photometric survey is not free from de-
fects and there exist a small number of gaps due to failed obser-
vations and artefacts associated with bright stars that affect the
VIPERS area. These regions are treated as holes in the survey
and are described by a photometric mask.

The area surveyed by the spectroscopic observations may be
described by the geometry of the VIMOS footprint and the lay-
out of the observed pointings. Although the instrument geometry
is fixed from night to night, particular observing conditions can
modify the effective area. For instance, in certain observing con-
figurations, a VIMOS quadrant may be partially obscured by the
telescope guider arm. We have reconstructed the precise geom-
etry of each quadrant and recorded it as a polygon. The com-
bination of such polygons defines a second binary mask, which
allows a precise reconstruction of the overall survey footprint on
the sky. The construction of the photometric and survey masks
is described in detail in Guzzo et al. (2013).

The application of the two masks to the whole target cat-
alogue (see Sect. 2) defines what in the following we call the
parent sample.

6.2. Target sampling rate

Only �45% of the available targets in the parent sample may
be assigned a slit and observed according to the slit-assignment
strategy. The galaxy target sampling rate (TSR) is defined as the
fraction of candidate galaxies (according to our selection crite-
rion, see Sect. 2) in the parent sample for which a spectrum has
been acquired. Note that this is slightly different from the target
detection rate shown in Fig. 9 and Table 3, where also AGN can-
didates were considered. The TSR is both a function of angular
position on the sky and apparent flux.

As for all multi-object spectrographs, the TSR varies with
location on the sky, depending on the fluctuations in the sur-
face density of objects. In particular, the single pass strategy of
VIPERS generates a proximity bias, in which galaxy close pairs
are disfavoured. This is particularly relevant in two-point statis-
tical studies, e.g. for two-point correlation functions, for which
a specific correction based on the angular clustering of the mea-
sured and parent samples has to be applied (de la Torre et al.
2013). The TSR as defined here (indicated as TSR(Q) in the fol-
lowing) maps the quadrant to quadrant variations in the target
sampling.

Given the way we have built the spectroscopic masks (see
Sect. 2), the TSR is expected to be independent of the target ap-
parent selection magnitude. Still, a very slight magnitude depen-
dence exists at very bright magnitudes (see Fig. 9, top panel).
This can be due either to the higher angular clustering of the
brightest objects, or to the short slits which may disfavour the
very largest objects (see Sect. 3), or to a combination of both ef-
fects. The TSR used in published papers (and distributed as part
of this release) takes this effect into account: see Davidzon et al.
(2013), Fritz et al. (2013) for details.

6.3. Spectroscopic success rate

The spectroscopic success rate (SSR) is defined as the fraction of
measured candidate galaxy targets with a reliable (flag 2,3,4,9)
galaxy redshift measurement over all the detected galaxy targets.
As for the TSR, this is slightly different from the reliable mea-
surements success rate shown in Fig. 9 and Table 3, where we
have included also AGN candidates. The SSR is clearly sensitive

to both the observing conditions and the apparent magnitude. A
second order dependence on spectral type and redshift is usually
present, as, at a given magnitude, it can be easier to measure red-
shifts for strong emission line galaxies, if the emission lines fall
within the observed wavelength range.

In the clustering analysis of de la Torre et al. (2013), the
angular dependence of the SSR (SSR(Q)) was estimated as a
function of VIMOS quadrant as the ratio between the num-
ber of reliable redshift (flag 2.∗ ≤ zflag ≤ 9.∗) and the total
number of measured targets. The average SSR(Q) value is typ-
ically >80%, falling to 50% for quadrants observed in particu-
larly poor conditions.

Note that, in principle, one can expect angular variations of
the TSR and SSR on scales smaller than those of a single quad-
rant, for example due to the proximity bias discussed in the pre-
vious section or to an imperfect centring of the objects in the
slit due to optical distortions. These effects cannot be viewed
purely as a position-dependent probability of obtaining a red-
shift. This means that for some specific analyses, a more sophis-
ticated treatment of these effects may be required, as discussed
in de la Torre et al. (2013). The various information we provide
within PDR-1 should in general allow such higher level of re-
finement, if required.

In the case of statistical analyses which are not sensitive
to the angular position of objects, it is possible to disentangle
the dependence of SSR on apparent magnitude and redshift us-
ing the full VIPERS sample and use only the SSR(mag,z) com-
pleteness weights (Davidzon et al. 2013; Fritz et al. 2013). The
SSR(mag,z) has been estimated by computing the ratio of the
number of successful galaxy redshift to the total number of de-
tected galaxy targets per magnitude and redshift bins. However,
it is important to note that the SSR(mag,z) corresponds to the
SSR averaged over all quadrants and cannot be used simultane-
ously with the SSR(Q) previously defined, which instead cor-
responds to the averaged SSR over the magnitude and redshift
distributions in a given quadrant.

6.4. Colour sampling rate

The colour sampling rate (CSR) defines the completeness of
galaxies detected in spectroscopy with respect to a purely i′ <
22.5 magnitude-limited sample. It accounts for the missed galax-
ies at the boundaries of the colour-based redshift selection cri-
terion. Such incompleteness affects only galaxies with redshift
close to the nominal lower limit of z � 0.5. The adopted colour
criteria were in fact calibrated using the purely flux limited data
of the VVDS survey (Guzzo et al. 2013). These calibration tests
show that in the (r − i) vs (u − g) plane, the distance of a
galaxy from the adopted threshold is a monotonic function of
redshift. As such, the CSR is expected to be close to a step func-
tion changing from 0 to 1 around the nominal redshift threshold
of z = 0.5.

To compute the CSR, we have used the VVDS Deep and
Wide datasets, which not only are purely flux limited surveys
but also share the same CFHTLS photometry of VIPERS. The
result is shown in Fig. 11. The measured CSR points are well
described by

CSR(z) = 0.5 − 0.5 erf[b(zt − z)], (9)

where erf is the error function, b = 10.8 and zt = 0.44.
Compared to the VVDS data points, this fitting function only
slightly overestimates the CSR (and therefore underestimates the
weight) for galaxies at redshift z = [0.55, 0.6]. Comparison of
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Fig. 11. Colour sampling rate (CSR) for the VIPERS spectroscopic
sample. Dashed line and dots: the CSR as computed from the VVDS
sample; dotted line: the functional fit; solid lines: CSR computed from
the photometric sample for blue and red galaxies. The shaded area un-
derlines the redshift range where the CSR has to be applied.

the CSR obtained in this way to that obtained using photomet-
ric redshifts (therefore using a much larger number of galax-
ies), shows a very good agreement, as visible in Fig. 11. We
also checked whether passive and active galaxies show a dif-
ferent CSR, by splitting the sample on the basis of either the
NUVrK diagram or the U − B bimodality (Fritz et al. 2013). As
no significant difference has been found, we concluded that the
only relevant dependence of the CSR is the one on redshift.

The final weight to be assigned to a given galaxy will be the
product of the three weights mentioned above, i.e.

w = TSR−1 · SSR−1 · CSR−1 = wTSR · wSSR · wCSR.

In the case of angular position-dependent statistics, such as the
two-point correlation function, the primary weights to be used
are the TSR(Q) and SSR(Q) and the other dependences and pos-
sible corrections have to be studied in more details on a case-by-
case basis (see de la Torre et al. 2013).

In Sect. 8 we explain how to get access to the survey masks
and weights.

7. VIPERS spectra

Figure 12 shows a few examples of VIPERS spectra, for galaxies
with different redshift and reliability flag. All spectra have been
normalized to the object iAB magnitude (see Sect. 4).

7.1. Spectral feature measurements

Given the redshift distribution and the wavelength coverage of
the VIPERS survey, the strongest spectral features which can be
measured are the Balmer break and the most prominent emis-
sion lines, namely [OII], [OIII] doublet, [Hβ] and [Hα]. The
Balmer break (D4000n) has been computed as the ratio be-
tween the mean flux measured over the 4000–4100 Å range and
the 3850–3950 Å range (Balogh et al. 1999). The error on the

Table 6. Spectral feature parameters.

Spectral Line Continuum Continuum
feature range range (blue) range (red)
[OII] 3710–3745 3600–3700 3755–4000
[OIII]a 4990–5025 4700–4825 5035–5150
[OIII]b 4900–4990 4700–4825 5035–5150
Hβ 4845–4880 4700–4825 5035–5150
Hα 6535–6600 6350–6500 6610–6680

D4000n break is computed by propagating the error on the two
means. Measurement of line fluxes can be performed in various
ways: from the simplest pure flux integration below the line, to
the most sophisticated approaches, which attempt to take into ac-
count the absorption component of the Balmer lines. The latter
approach is particularly indicated when the purpose is to derive a
precise estimate of the gas component, for example in all studies
involving metallicity measurements. Our first aim is to separate
emission line galaxies from non emission line galaxies, and for
this reason we have chosen the simplest approach of pure flux in-
tegration below the line. All computations are done in counts and
converted into fluxes using the counts-to-flux conversion factor
derived from the instrument sensitivity function. For each line,
a local continuum per pixel unit is computed as the mean of the
counts in two regions redwards and bluewards of the line:

Cpix =

∑
i∈NcontPix (Ci)
NcontPix

, (10)

where Ci are the counts in pixel i and NcontPix are the pixels
within the blue and red wavelength ranges used for the contin-
uum computation. The error on the continuum level is computed
using the noise spectrum associated to each source (see Eq. (5)):

σCpix =

√
s2 + 〈skyResidual〉2
√

NcontPix
, (11)

where s2 is the continuum variance. The line counts are obtained
integrating the continuum-subtracted counts in the defined line
region

LineCounts =
∑

i∈lineRegion

(Ci − Cpix) (12)

and their error

σLC =

√ ∑
i∈lineRegion

Ci + NL2 ∗ σ2
Cpix (13)

where NL are the pixels within the line region. Table 6 gives the
line and continuum boundaries we have used for the different
features we have measured.

7.2. Spectroscopic properties

Spectroscopic information can be used to subdivide galaxies
into different classes. In Fig. 13 we show the distribution of the
D4000n break amplitude for the subsample of flag 3 and 4 galax-
ies: its bimodality is evident. This figure is qualitatively identical
to the bimodality plots presented in Fritz et al. (2013), which are
based on the galaxy rest-frame U − V colour. In Fig. 14 we plot
the [OII] flux as a function of the D4000n break value for the
same galaxy subset. In this Figure, the division into two large
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Fig. 12. Some representative VIPERS spectra: first column for mid-brightness objects, right column for objects close to the survey magnitude limit
(iAB = 22.5). Redshift reliability flags range from highest reliable (flag 4.5, first row) to least reliable (flag 1.5, 4th row). In the last row we show
two AGN spectra.

groups of galaxies is even more evident: most of the galaxies
with a D4000n break larger than 1.5 have no or little sign of
emission lines (or on-going star formation), while galaxies with
strong on-going star formation are younger (i.e. have a lower
D4000n break). A deeper classification of galaxies on the basis
of spectral properties will be the subject of future work; here we
restrict ourselves to investigating how the spectral features listed
in Table 6 relate to other classification schemes used within the
VIPERS project.

In Davidzon et al. (2013) an SED-based classification was
proposed: according to the best fitting template, galaxies were
divided into four SED types, where type 1 are red, old and
supposedly quiescent galaxies, while type 4 are the bluest and
most active galaxies. In Fritz et al. (2013) it is shown how, us-
ing this classification, type 1 galaxies define fairly well the red
sequence in the colour magnitude diagram. We would expect

type 1 galaxies to show no (or very little) sign of star forma-
tion activity. Figure 15 shows how the different SED type galax-
ies cluster in the D4000n−[OII] flux plane. Although on average
type 1 galaxies show no sign of star formation, for 30% of them
we detect significant (at least 3σ) [OII] emission. Conversely,
type 4 galaxies totally dominate the high [OII] flux tail, and
never show a prominent Balmer break. In other words, the SED
based classification is rather efficient in isolating highly star
forming galaxies (type 4), but the earlier type galaxies thus se-
lected are not necessarily quiescent.

A different approach was taken in Marchetti et al. (2013),
where a Principal Component Analysis has been used to derive
the first three eigen-coefficients, and a group-finding algorithm
has been applied on the resulting θ−φ diagram, dividing galaxies
into 15 different groups: groups from 1 to 8 comprise the clas-
sical types from E to Sc, while group from 9 to 15 comprise
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Fig. 13. Balmer break distribution for the subsample of flag 3
and 4 VIPERS galaxies.

Fig. 14. [OII] line flux vs. Balmer break amplitude density plot for the
subsample of flag 3 and 4 VIPERS galaxies. Colour coding ranges from
black to red with decreasing density.

the more active starburst galaxies. In Fig. 16 we show the PCA
θ−φ diagram with galaxies in different colours according to their
value of Balmer break. We can see that for galaxies showing
D4000n higher than 1.5, the break amplitude is well correlated
with the φ parameter. This is consistent to the classification pro-
posed in Marchetti et al. (2013), who indicate this part of the di-
agram as beeing populated by the earlier galaxy types. Figure 17
relates the PCA θ−φ parameters with the flux of the [OII] emis-
sion line. The strongest emission line galaxies populate the locus
of the starburst galaxies, as identified by the PCA classification.
Galaxies in the locus of mid and late spirals (θ > 1.6 and φ > 0)
do not seem to be strong [OII] emitters. This could partly be due
to the limit on [OII] flux detection, and a more accurate analy-
sis taking into account line detection upper limits will be done.
Overall, there is a good agreement between the PCA based clas-
sification and the measured spectral features in identifying the
extreme galaxies (early types or Starbusts). This is not surpris-
ing, as PCA itself is based on spectral decomposition, and con-
firms the validity of the PCA approach. However we note that a

Fig. 15. [OII] line flux vs. Balmer break amplitude for the subsample
of flag 3 and 4 VIPERS galaxies by SED type: type 1, top left; type 2,
top right, type 3 bottom left, type 4 bottom right. Colour coding as in
Fig. 14

Fig. 16. PCA galaxy classification plane, with Balmer break amplitude
shown in colours.

Fig. 17. PCA galaxy classification plane, with [OII] line flux shown in
colours.

one to one correspondance between PCA parameters and spec-
tral features would not be appropriate, as the PCA takes into ac-
count the full spectral shape. Neither line flux nor Balmer break
alone can predict the overall SED accuracy as PCA can do.

It is beyond the scope of this paper to attempt a galaxy
classification scheme based solely on spectral features. In a
forthcoming paper we will further develop the subject of galaxy
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Table 7. Spectral feature parameters.

Group D4000n Line flux1 N. of
name range range galaxies

G1 >1.7 undetected 3457
G2 1.55–1.7 undetected 1882
G3 >1.7 >3.0 × 10−17 1135
G4 1.15–1.55 undetected 2539
G5 1.55–1.7 >3.0 × 10−17 963
G6 1.15–1.55 <1.0 × 10−16 6198
G7 <1.15 <1.0 × 10−16 1123
G8 1.15–1.55 >1.0 × 10−16 6681
G9 <1.15 >1.0 × 10−16 4817

Notes. (1) erg cm−2 s−1.

classification, quantitatively comparing the different possible
schemes.

7.3. Global spectral properties

The VIPERS spectral resolution R ∼ 250 allows us to study indi-
vidual spectroscopic properties only for galaxies with the highest
signal to noise ratio. On the other hand, the high statistics pro-
vided by the VIPERS galaxy sample allows to define different
galaxy groups (according to the scientific problem one may want
to address), make high quality stacked spectra for each group
and perform spectral measurement which would be impossible
on the single objects. As an example, we have divided VIPERS
very reliable galaxies (flag 3 and 4) according to the amplitude of
the Balmer break and [OII] flux. Table 7 shows the D4000n and
[OII] flux limits we have used for each group, as well as the num-
ber of spectra pertaining to that group. We have stacked together
the rest frame spectra within each group, and the result is shown
in Fig. 18. This kind of high quality observed spectra of galaxies
at medium redshift can be useful in cross-correlation algorithms,
in conjunctions with or alternative to synthetic templates or the
classical low redshift templates from Kennicutt (1992), and for
this reason we include them in the distributed products. More de-
tailed studies of the spectroscopic properties of VIPERS galaxies
making use of stacked spectra are currently ongoing.

8. Public data release and database access

The data of the first VIPERS Public Data Release (PDR-1) are
available at http://vipers.inaf.it. The release comprises:

– Spectroscopic catalogue, described in Table 8.
– Parent photometric catalogue, described in Table 9. It con-

tains all sources in the CFHTLS catalogue falling within the
surveyed area and having iAB < 24.0.

– Photometric masks, as described in Guzzo et al. (2013). The
photometric mask marks regions of the VIPERS survey in
which the target selection may be affected by poor photo-
metric quality in the parent CFHTLS catalogue. These re-
gions should be excluded from scientific analyses. The frac-
tion of the area lost is 2.4% for the W1 field and 3.0% for
the W4 field. The photometric mask is provided separately
for the two VIPERS fields W1 and W4. The data files follow
the DS9 Region format version 4.1 and use the polygon data
structure.

– Spectroscopic masks, as described in Guzzo et al. (2013).
These masks, together with the photometric ones, should be
used to determine the angular selection function of the sur-
vey. The masks are provided as a set of DS9 Region files

(version 4.1). Each pointing in the survey consists of 4 quad-
rants and each quadrant is stored in a polygon data structure.
Masks are provided for W1 and W4 separately, as well as for
each single quadrant.

– Quadrant dependent TSR and SSR as described in Sect. 6,
provided in the form of two separate ASCII tables. In each
table, the columns correspond to: pointing name, quadrant
number, TSR (or SSR) value. The details on how these have
been computed are given in de la Torre et al. (2013). The
value of the TSR in each quadrant is the average of the
TSR over the apparent magnitude distribution within the
quadrant.

– Stacked spectra, as shown in 7.3, in both ASCII and fits
format.

A detailed description of each quantity is provided in the dis-
tributed catalogues. We note that with respect to the data used in
previous VIPERS papers, in PDR-1 ∼0.5% of the redshifts have
changed due to a deeper look into the more problematic spec-
tra. As a consequence, for this release we have re-computed also
the TSR, SSR and CSR. However we underline that these dif-
ferences are too small to affect the scientific results contained in
previous papers.

A full release of the one dimensional fully calibrated spectra,
together with the spectroscopic features measurements, is fore-
seen in 2014.

Catalogues are distributed in three different forms:

– A single tar file containing the full release.
– A web interface connected to the VIPERS (see next sec-

tion) database (free registration required), which allows to
perform SQL selections through an ergonomic, easy to use
interface.

– At a later stage, data will also be queryable via the Virtual
Observatory.

8.1. VIPERS database web interface

The WEB interface to the VIPERS data base allows one to per-
form queries using a confortable User Interface. Once logged
in, the user is presented with the list of tables to be queried.
Queries can be applied to a single table, or to a combination
of tables: if more than one table is selected, the query can be
conducted either in parallel and independently on each of the ta-
bles, or joining all tables, using the object ID as joining field.
Extensive information on the content of each table can be ac-
cessed by clicking on the table name, while generic help on the
usage of the interface is available clicking on the HELP button
on the left.

Queries can be of type Simple or Advanced. The Simple
query allows one to select all objects within a sky region (query
by Position) or to retrieve objects within a user specified list
(query By Input List), or to select objects satisfying simple selec-
tion conditions (query By Parameters). The By Parameter form
allows one to set many selection conditions as ranges, equality
or likeness, for example extragalactic objects (zspec > 0) with a
secure redshift flag (zflg between 2 and 10) observed in epoch 2.
Conditions can be imposed on any column of the selected tables
and all the conditions are joined together with an AND syntax.
The Advanced query panel page has been thought to provide a
more flexible tool for expert users. It allows to insert formulas
in the selection statement, to define the selection condition in
a customizable complex way, to sort the output using a speci-
fied data column order and it also allows one to limit the result
output.
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Fig. 18. VIPERS rest-frame stacked spectra for different galaxy groups according to spectral feature strength. Vertical lines indicate location of the
strongest features, dotted for emission and dashed for absorption lines.

Table 8. Spectral catalog contents.

Name Description
id_IAU Object name, according to IAU standards: prefix VIPERS plus internal identification number.
num Internal id number (num) in the form attxxxxxx where a identifies the sky area (1 for W1 and 4 for W4), tt identifies the CFHTLS

tile number where the object is located, xxxxxx is the original CFHTLS ID within the tile.
alpha J2000 Righ Ascension in decimal degrees.
delta J2000 Declination in decimal degrees.
selmag iAB selection magnitude. The selection magnitude comes from CFHTLS T0005 catalogues.
errselmag Error on the selection magnitude.
zspec Spectroscopic redshift. A conventional zpsec value of 9.9999 is assigned in case a redshift could not be measured.
zflg Redshift confidence flag as described in Sect. 4.3.
epoch Observing epoch: epoch = 1 objects have been observed before VIMOS refurbishing in summer 2010, epoch = 2 objects have

been observed after summer 2010.
photoMask Flag indicating whether the object falls within the photometric mask. 1 if the object is inside the mask, 0 if it is outside.
tsr Target sampling rate as described in Sect. 6.2. TSR is =−1 for serendipitous targets (flags 2*.*), and observed objects not

fulfilling the selection criterion for z > 0.5 galaxies (i.e. AGN); TSR =−99 for objects outside the considered area and selection
magnitude range (i.e. either i < 17.5 or i > 22.5).

ssr Spectroscopic sampling rate as described in Sect. 6.3. SSR is =−1 for stars (z = 0.0000), non measured objects (flag 0), low
confidence redshift measurements (flags 1.*), spectroscopic BLAGN (flags 1*.*), serendipitous targets (flags = 2*.*), and high
redshift galaxies (zspec > 3); SSR=−99 for objects outside the considered area and selection magnitude range (i.e. either i < 17.5
or i > 22.5).
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Table 9. Photometric catalog contents.

Name Description
id_IAU Object name, according to IAU standards: prefix VIPERS plus internal identification number.
num Internal id number (num) in the form attxxxxxx where a identifies the sky area (1 for W1 and 4 for

W4), tt identifies the CFHTLS tile number where the object is located, xxxxxx is the original CFHTLS
ID within the tile.

alpha J2000 Righ Ascension in decimal degrees.
delta J2000 Declination in decimal degrees.
selmag iAB selection magnitude. The selection magnitude comes from CFHTLS T0005 catalogues.
errselmag Error on the selection magnitude.
u,g,r,i,z Magnitudes (AB system) from the CFHTLS T0005 catalogue, supplemented by T0006 catalogue in

some specific cases (see Guzzo et al. 2013, Sect. 3 and Appendix C, for details on the tile to tile
color offests, as well as for T0005 and T0006 catalogue differences). All magnitudes are corrected for
Galactic extinction. When an object has not been observed in a given band, magnitude and error are
set equal to −99. When a magnitude (and its error) could not be measured, these values are set to 99.

erru,errg,errr,erri,errz Errors on CFHTLS05 magnitudes.
uT07, gT07, rT07, iT07, zT07 Magnitudes (AB system) from the CFHTLS T0007 catalogue. All magnitudes are corrected for

Galactic extinction.
erruT07, errgT07, errrT07, erriT07, errzT07 Errors on CFHTLS T0007 magnitudes.
DeltaUG, DeltaGR, DeltaRI Tile to tile color offsets used in the targets sample selection applied to the CFHTLS T0005 data (see

Guzzo et al. 2013, Sect. 3.1).
EBV Extinction factor E(B − V) derived from Schlegel’s maps.
r2 Radius enclosing half the object light as from CFHTLS T0005 catalogue, in pixels.
r2T 07 Radius enclosing half the object light as from CFHTLS T0007 catalogue, measured in pixels.
classFlag VIPERS selection flag based on the CFHTLS T0005 catalogue (see Guzzo et al. 2013, Sect. 4).
agnFlag A value equal to 1 is assigned to all AGN candidates, and equal to 0 otherwise (see Sect. 2.2).
photoMask Flag indicating whether the object falls within the photometric mask: 1 if the object is inside the mask,

0 if it is outside.
spectroMask Flag indicating whether the object falls within the spectroscopic mask: 1 if the object is inside the

mask, 0 if it is outside (see Sect. 6.1).

The query output page allows one to directly inspect the
query results, to make simple simple plots for quick statistical
inspection of the results and to save results into ASCII files,
VOTables or FITS binary tables.

9. Summary

We have presented here the first first Public Data Release
(PDR-1) of the VIPERS survey, which includes 57 204 spectro-
scopic measurements of galaxies, AGN and stars. Complemen-
ting the general description given in Guzzo et al. (2013), we
have discussed the details of the target selection, observations,
data reduction and redshift measurements, providing all relevant
information for a proper use of the data. This includes the photo-
metric and angular selection functions, as well as the weighting
schemes to be adopted to correct for the survey incompleteness.

Both internal tests and comparison with external redshifts in-
dicate a high reliability of the bulk of the VIPERS redshift data:
redshifts classified as Flags 3 and 4 (33 102 objects) in our in-
ternal grading system show a confidence level of 99% in their
value, while that of the combined Flags 2 and 9 (49 087 objects)
is >90%. Using more than 1500 objects with repeated observa-
tions, we have estimated a redshift rms error of 0.00047(1 + z)
and shown that this value does not vary significantly along the
different Flag classes considered as reliable (i.e. 2, 3, 4 and 9).
The overall stellar contamination of the galaxy target sample is
found to be smaller than 3%, confirming the goodness of our
original star-galaxy separation.

To provide hints on the global spectroscopic quality of the
VIPERS data, we have presented first measurements of some
basic spectral features, as the Balmer break index and the
strength of the [OII] λ3727 line. We have also included first
comparisons of these spectroscopic markers of mean stellar age
and star formation rate to galaxy classification schemes used in

other VIPERS papers. This clearly shows the huge potential of
this data set for statistical studies of the galaxy population at an
average redshift z ∼ 0.8, an epoch where VIPERS (already with
this PDR-1), provides a significant leap in terms of number of
galaxies and volume.

The full spectroscopic catalogues, together with the com-
plementary photometric information, survey masks and weights
are publicly available from http://vipers.inaf.it. A full
release of the corresponding PDR-1 spectra is planned to take
place in 2014.
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