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This documentation describes the photometric redshift catalogues for the CFHTLS-Wide T0007
release. We refer to Ilbert et al. (2006) and Coupon et al. (2009) for a detailed description of the
methods (these papers should be cited if you use this release). This document describes what has
changed compared to previous photo-z releases.
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Data

1.1

Photometric data

We used version T0007 of the CFHTLS-Wide catalogues delivered by Terapix. The CFHTLS-Wide
data cover 155 deg2 in four different fields (W1, W2, W3, W4) (see Figure.1). A full description of
this input catalogues can be found in the terapix release documentation 2 .
Filters
All fields are observed in u*, g, r, i, z filters. However, the megacam i band filter was broken during
the survey and a new i band filter has been used denoted by “y”. We considered these two filters
separately.
Selection
Photometric redshifts are highly unreliable at i > 24 in the CFHTLS-Wide. Catalogues are selected
at i < 24 (or y < 24) to decrease their size and minimize computation time. This cut has been
applied in the original catalogues (before correcting for the Milky Way extinction).
Merged catalogues
The CFHTLS Wide survey is the combination of 171 overlapping tiles of 1 deg2 (see Table.1).
Some sources located in the border of the images are included in two different tiles (orange points
in Figure.1). In order to facilitate the use of the CFHTLS-Wide photo-z catalogues, we use the
merged catalogues from Terapix. In these merged catalogues, duplicated sources have been removed based on a signal-to-noise criteria. The S/N of sources observed in two megacam tiles (or
more) were compared. The source kept in the merged catalogue is the one with the largest S/N ratio.
Zero-points
The accuracy of the zero-points is crucial to avoid biases in the photo-z estimate. We adjust the
zero-points using the spectroscopic samples (see section 2). The zero-points are recalibrated separately for each field. The zero-points in W2 are obtained after having combined W1, W3, W4.
1 http://vipers.inaf.it
2 http://terapix.iap.fr/
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However, the spectroscopic samples do not provide complete coverage of the wide fields which prevent to calibrate the zero-points tile-per-tile. Therefore, we need an accurate relative photometric
calibration tile-to-tile. Terapix ensure a variation of zero-points lower than 2% tile-to-tile.
Magnitudes
Colours are measured using MAG AUTO magnitudes. These magnitudes are in the AB system and
have been corrected from the Milky Way extinction using the Schlegel et al. (1998) maps.

Figure 1: Area covered by the four wide fields and corresponding spectroscopic coverage. Orange
points are duplicated objects observed in two different tiles. Other colored points correspond to
the spectroscopic coverage (green for VIPERS, blue-cyan for VVDS and DEEP2, magenta for Comparat’s sample.
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1.2

Spectroscopic data

Spectroscopic redshifts are crucial to improve and test the accuracy of the photometric redshifts.
We use only the most secure spectroscopic redshifts of each survey. We list below the various
spectroscopic samples which were used.
• W1 field - The VVDS Deep (Le Fèvre et al. 2005) and VVDS Ultra-Deep (Le Fèvre et
al., in prep) are available in this field. The VVDS Deep and Ultra-deep are purely selected
in magnitude at IAB < 24 (blue points in Figure 1) and 23 < IAB < 24.75 (cyan points in
Figure 1), respectively. After having matched the photometric and spectroscopic samples, we
found 4588 and 139 secure redshifts available from the Deep and Ultra-deep, respectively. A
preliminary sample of 3816 galaxies from the VIPERS survey (Guzzo et al., in prep) is also
available in this field (green points).
• W2 field - no spectroscopy is available in this field
• W3 field - 9277 redshifts from the DEEP2 survey (Davis et al. 2003) selected at RAB < 24.1
(blue points in Figure 1). A preliminary sample of 580 galaxies obtained by Comparat et al.
(2012, in prep) is also available (magenta points).
• W4 field - the VVDS Wide targets (Garilli et al. 2008) (cyan points in Figure 1) are selected
at IAB < 22.5. 8369 secure spectroscopic redshifts are available. A preliminary sample of 4014
galaxies from the VIPERS survey (Guzzo et al., in prep) is also available in this field (green
points in Figure 1). A color-color selection criteria selects a sample with z > 0.5.
field

W1
W2
W3
W4

position

02:18:00 -07:00:00
08:54:00 -04:15:00
14:17:54 +54:30:31
22:13:18 +01:19:00

number of
tiles

72
25
49
25

all
sources
i < 24

not masked
i < 24

final redshift
0<z<6
i < 24

final redshift
0<z<6
i < 22.5

4613209
1823475
3199953
1765450

3886371
1283072
2556673
1335683

3818266
1210213
2533104
1258700

1148135
361211
762458
386727

Table 1: Number of sources
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Method

We used the public code Le Phare (Arnouts et al. 2002, Ilbert et al. 2006).3 Le Phare is based
on a standard template fitting procedure. The templates are redshifted and integrated through
the instrumental transmission curves. The opacity of the IGM is taken into account and internal
extinction can be added as a free parameter to each galaxy. The photo-z are derived by comparing
the modeled fluxes and the observed fluxes with a χ2 merit function. A probability distribution
function is associated to each photo-z.
We adopted a configuration similar to the one used in Ilbert et al. (2006) and Coupon et al.
(2009):
• templates: our primary template set are the four Coleman Wu and Weedman (CWW) observed
spectra (Ell, Sbc, Scd, Irr) from Coleman et al. (1980) complemented with two observed
starburst SED from Kinney et al. (1996). We optimised this primary set of templates using
the VVDS spectroscopic sample and we interpolated between them.
3 http://www.cfht.hawaii.edu/∼arnouts/lephare.html
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• training: we performed an automatic calibration of the zero-points using the spec-z sample.
The calibration is obtained by comparing the observed and modeled fluxes. The calibration is
done iteratively until the zero-points converge. This step helps in removing bias. The values
of the offsets are given in Table.2.
• extinction: for spectral types later than Sbc, we introduce a reddening E(B − V ) = 0 − 0.35
using the Calzetti et al. (2000) extinction law.
• prior: we applied a prior on the redshift distribution following a Bayesian approach similar to
Benitez (2000). Such prior is necessary when no NIR is available. No redshift solutions are
allowed which will produce a galaxy brighter than M (G) = −24.
• redshift: we adopted a slightly different method in order to extract the redshift from the probability distribution function (PDF). Rather than using directly the redshift which minimizes
the χ2 distribution function, we used the median of the PDF. Using the median of the PDF
limits the risk of prefered solutions in narrow redshift ranges.
A new configuration of the photo-z code which includes emission lines and a new template set
(Polletta et al. 2007) has been successfully applied to the COSMOS survey (Ilbert et al. 2009).
However, we prefer to remain consistent with previous CFHTLS photo-z releases and use the same
configuration as before which includes templates optimised for the CFHTLS.
field

u

g

r

i

y

z

W1
W2
W3
W4

0.00978
0.04914
0.05153
0.05925

-0.04726
-0.02165
-0.01990
-0.01476

-0.02308
-0.02290
-0.01171
-0.02743

-0.00567
-0.01807
-0.02521
-0.01812

-0.01864
-0.01562
0.000000
-0.01155

0.06455
0.05580
0.05433
0.05572

Table 2: Offsets substracted to each band depending on the considered field.

3

Select a robust galaxy sample

The user should select sources with a final photo-z (column 7) greater than 0 and lower than 6. This
sample will include sources classified as galaxies, outside the masked areas, with a reasonable fit and
without duplicated sources. Figure 7 shows the magnitude distribution of the various sub-samples.
We detail the selection in this section.

3.1

Select a galaxy sample

Our aim is to provide a galaxy photo-z catalogue. For this reason we removed stars, and QSOs
when possible.
We separated galaxies and stars by combining a morphological criteria (the half-light radius)
and a color criteria (the χ2 ). The position of the star sequence in the magnitude/half-light radius
plan (Fig.2) depends on the considered tile (the seeing changes between various images). For each
tile, we derived a probability for the source to be a star PS or a galaxy PG based on its i-band
magnitude and half-light radius.
A sources is classified as a star if one of the following criteria is satisfied:
• if PG e−

χ2
G
2

< PS e−

χ2
S
2

and i < 23;
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• if the source has a bad galaxy χ2 (χ2G > 6.3), a better χ2S using the star templates and fall
close to the star sequence in the magnitude/half-light radius plan 4 ;
• if the source is classified as star by sextractor in the original catalogue (flag=1) and r2 < 3.
The WISE data release (March, 2012) cover the full CFHTLS Wide fields (Wright et al. 2010).
We used the 3.4µm data in order to produce a “BzK” color-color plot in which stars/galaxies are
clearly separated (see Fig.3). Few hundred of sources (less than 0.1% of the star population) falling
in the area limited by the dotted lines were wrongly classified as galaxies (“wrongly” according to
the WISE colors). We classified these sources as stars.
Some i < 20 point-like sources have a large χ2 using either the galaxy or the star templates. If
the fit obtained using AGN templates (Salvato et al. 2009) provides a better χ2 , we set the final
photo-z at z=9.99 (column 7). Such objects are potential QSOs. But due to the difficulty to derive
an accurate AGN photo-z using broad bands (Salvato et al. 2009), we leave this population as
unclassified. Moreover, the blue points in Fig.3 were originally classified as stars (point like sources
with a large χ2 for galaxies). But these sources don’t fall in the star sequence of Fig.3. Since their
WISE colors indicate that they could be AGN (e.g. W ISE1 − W ISE2 > 0.8), we flagged these
sources as unclassified (photo-z put at 9.99).

3.2

Removed unreliable photo-zeds

Masked areas
Some areas have low-quality photometry (halos around bright stars, borders) and are masked.
Sources which are in masked regions are kept in the merged catalogues and they are flagged (column 4, f lag > 1). Since the quality of the photometry in these areas is uncertain, we advise users
to not use photometric redshifts in the masked areas. Therefore, we set the final photo-z (column
7) at -99.9 in masked areas. If users really needs to use these areas, the photo-z can still be found
in column 8 (no star/galaxy classification for this column).
Low quality fit
When the fit is done with less than three filters, we considered that the quality of the photo-z is
poor and we set the final photo-z at 9.99 (column 7). If the fit produces a really high reduced χ2
value, we also considered that the fit is poor and we flagged such objects. If reduced χ2 > 100
(Figure 4 shows the χ2 distribution), we set the final photo-z at 9.99 (column 7). We checked that
most of the objects with χ2 > 100 are located in really specific areas of the fields.
Less accurate photo-z
Fainter galaxies have in general less accurate photo-zeds. There is also a dependency of the accuracy
on the redshift. A 68% confidence-level error is provided for each photo-z (column 9 and 10). Figure
5 shows that these errors are reliable. These errors could be use to sub-select a sample of accurate
photo-z. Galaxies with two peaks in the PDFz are also flagged (column 19, zp 2). When zp 2 has a
positive value, two peaks are identified in the PDF. The chance of catastrophic failures is higher in
this sample. The redshift distribution of this population (Figure 6) reflects the risk of degeneracy
between the Balmer and the Lyman breaks.

4 r2 < (−0.4i + 9 + med + 5σ ) where med and σ refer to the median and dispersion of r2 for the sources
S
S
S
S
located in the star sequence
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Photometric redshift accuracy

Accuracy versus redshift
These photo-z are computed using optical data only (near-infrared data are not available). Therefore, these photo-z are reliable at z < 1.2 only, since the Balmer break is redshifted outside the
optical coverage (intersection between the i and z band) at z > 1.2.
Accuracy versus magnitude
Figures 8, 9, 10 show the comparison between photometric and spectroscopic redshifts in the four
fields. The accuracy and the fraction of catastrophic redshifts are indicated in the right of each
panel. The redshift accuracy is noted σ∆z/(1+zs ) and estimated using the normalized median absolute deviation (NMAD: Hoaglin et al. 1983, 1.48 × median(|zp − zs |/(1 + zs ))). We defined
as catastrophic redshift an object with |zp − zs |/(1 + zs ) > 0.15 (dotted lines in the figures). The
percentage of catastrophic redshifts is denoted by η. The dispersion and the fraction of catastrophic
redshifts increases dramatically from a bright sample at i < 21.5 (see Figure 8) to a faint sample at
i > 22.5 (see Figure 10). The accuracy is around σ∆z/(1+zs ) ∼ 0.030 − 0.032 at i < 21.5 and reaches
σ∆z/(1+zs ) ∼ 0.066 − 0.077 at 22.5 < i < 23.5. The failure fraction increases from η ∼ 2% at i < 21.5
to η ∼ 10 − 16% at 22.5 < i < 23.5. The statistics showing the photo-z quality as a function of
spectroscopic redshift are given in Figure 11. The bias is defined as the median of (zp − zs)/(1 + z)
after having removed the outliers.
We advise the users to apply a cut in magnitude, in order to isolate a sample of accurate photo-z.
The choice of this cut depends on the scientific application. Figure 12 shows the evolution of the
median 1σ redshift error as a function of magnitude 5 (the errors are not divided by (1 + z) in this
figure). The user should use this figure in order to decide which cut to apply depending on the
scientific application.
We also compared the photometric redshifts estimated for the duplicated observations (observation of the same object in two different tiles). This comparison demonstrates the repeatability of
the measurement. Figure 13 and Figure 14 show the comparisons for a bright sample 17 < i < 22.5
and a faint sample 22.5 < i < 24. The dispersion between the duplicated observations combine
the errors on both photo-z estimates. Moreover, we are looking at the border of each tile which
is a bad region in term of image quality. Still, the comparison between duplicated observations is
quite reassuring. At i < 22.5, the dispersion found between repeated observations correspond to a
photo-z accuracy of σ∆z/(1+z) = 0.04, which is close to the expected value. At 22.5 < i < 24, the
dispersion corresponds to a photo-z accuracy of σ∆z/(1+z) = 0.08.
Finally, Figure 15 shows the redshift distribution in the four fields for different magnitude cuts.
The median redshift is clearly shifted at higher redshift when we apply a fainter cut.

5 The 1σ errors are derived for every object using the χ2 distribution. This error is derived statistically. Therefore,
possible biases are not taken into account
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Figure 2: Half light radius as a function of magnitude in one of the tile of W1. Toplabel: the
red points represent the sources classified as stars. Bottom panel: sources from the spectroscopic
sample. Magenta open circles have zspec = 0 and the green open circles have zspec > 0. The filled
symbols indicate the sources wrongly classified.
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Figure 3: Color-color plot using WISE data at 3.4µm. Sources classified as stars are in green,
galaxies in black. Blue points are unclassified sources (possible AGN, less than 3 filters, really high
χ2 ).
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Figure 4: χ2 distribution (W1 field). Solid/dotted lines refer to the galaxies/stars.
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Figure 5: Cumulative distribution of the ratio |zp − zs |/(1σ error). The red line shows the error
corresponding to the median of the PDF. 65% of the photo-z have a spectro-z solution encompassed
within the 1σ error, close to the expected value of 68% (cyan dashed line). Errors associated to the
minimum χ2 are under-estimated (black solid line).
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Figure 6: Redshift distribution of the second peak solution in the PDF (W1 field).
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Figure 7: Number counts in i band. The merged catalogue are cut at i < 24. The number counts
are sub-divided in galaxies, stars, masked objects. The objects flagged as “strange” are sources with
a really high χ2 , possible AGNs or sources with only 3 filters in the fit (final z set to 9.99).
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Figure 8: Photometric redshifts versus spectroscopic redshifts for a bright sample i < 21.5. The
magenta and green points show the median of zp − zs. The blue dashed lines show the fraction of
catastrophic failures.
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Figure 9: Same as Figure 8 for the intermediate magnitude sample 21.5 < i < 22.5
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Figure 10: Same as Figure 8 for a faint sample i > 22.5
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Figure 11: Statistic (accuracy, catastrophic failures, bias) as a function of redshift and magnitude.
No statistic is computed if less than 10 objects are included in the bin.
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Figure 12: Median of the 1 σ errors (maximum value between the negative and positive 68% errors)
as a function of i band magnitude. The errors are not divided by (1 + z). The W4 field is slightly
offseted in comparison to other fields. This offset is explained by the high Milky way extinction in
this field (average E(B-V) of 0.06 in W4 while 0.02 in the 3 other fields).
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Figure 13: Duplicated observations
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Figure 14: Duplicated observations

19

Figure 15: Redshift distributions in the four wide fields. The black lines are obtained using the
median of the PDF. The red lines correspond to the minimum χ2 .
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