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ABSTRACT

We present a catalogue of galaxy photometric redshifts andriections for the Sloan
Digital Sky Survey Seven Data Release (SDSS-DR7), availahlthe World Wide Web.
The photometric redshifts were estimated with an artifinediral network using fiveigriz
bands, concentration indices and Petrosian radii ingtleand » bands. We have explored
our redshift estimates with different training set conahgdthat the best choice to improve
redshift accuracy comprises the Main Galaxies Sample (M8)Luminous Red Galaxies,
and galaxies of active galactic nuclei covering the redshifge0 < z < 0.3. For the MGS,
the photometric redshift estimates agree with the spemipis values withinrms = 0.0227.
The derived distribution of photometric redshifts in thega0 < zyn.t < 0.6 agrees well
with the model predictions.

k-corrections were derived by calibration of tke cor r ect .v4. 2 code results for the
MGS with the reference frame & 0.1) (¢ — r) colours. We adopt a linear dependencé of
corrections on redshift and; — ) colours that provide suitable distributions of luminosity
and colours for galaxies up to redshiff,.; = 0.6 comparable to the results in the literature.
Thus, our k-correction estimate procedure is a powerfw, domputational time algorithm
capable of reproducing suitable results that can be usedefting galaxy properties at
intermediate redshifts using the large SDSS database.

Key words. galaxies: distances and redshifts - galaxies: formatimsawlogy: theory

1 INTRODUCTION foresee increasing the number of objects up to billions)legpec-
troscopic measurements have been obtained for nearly diemi
galaxies. A solution to the difficulty of obtaining spectropic red-
shifts relies on the use of photometric redshift technigaétbough
the redshifts calculated through these techniques aredardccu-
rate than the spectroscopic measurements, these apptexiisa
tance estimates allow for useful analysis in fields such &imex
galactic astronomy and observational cosmology.

Two basic family of methods are commonly employed to
calculate photometric redshifts. In the template matchimgroach,
a set of spectral energy distribution (SED) templates isdit
the observations (e.g., colours). In the empirical apgrpaa the
other side, photometric redshifts are obtained from a |ange
representative training set of galaxies with both photeynand
precise redshift estimations. The advantage of the firshoakets
that it can also provide additional information, like theesral
type, k-corrections and absolute magnitudes. The accafdtgse
estimations is limited by the SED models. The empirical nhode
* E-mail: aomill@oac.uncor.edu overcomes this limitation through the use of a training skicty,

The knowledge of distances to galaxies is important to deduc
intrinsic galaxy properties (absolute magnitude, size,)dtom
the observed properties (colours, sizes, angles, flux,rappaize,
etc.).

Since pioneering works measuring redshift of bright gaaxe.g.,
(Shapley (1932), Humason et al. (1956)), many efforts haenb
invested in mapping the light and matter in the UniversetiSieal
analysis of galaxy properties and systems can be invaltaebleto
study large-scale structure and evolution in the universe.

In recent years, multi-band photometry has been performed f
several millions of galaxies, whereas spectroscopic iitdgdave
been measured only for a small fraction of the photometria.da
The Sloan Digital Sky survey has obtained multi-band imdges
approximately one hundred billion galaxies (and the nextests

(© 2002 RAS



2 O'Mill et al.

however, should be large and representative enough todgovi
accurate redshift estimations.

The observed spectral energy distribution of distant gatax
is redshifted with respect to that in the galaxy rest framee k-
correction term (Oke & Sandage 1968; Hogg et al. 2001) agplie
to the apparent magnitude measured in a given photometnid ba
takes into account this effect, allowing to compare photoime
properties of galaxies at different redshifts. The estiombf k-
corrections, then, is a requirement for many studies oadigalax-
ies. It is possible to model k-corrections as a function ofsheft
and galaxy morphological type (Fukugita et al. 1995; Mamhet
al. 2001). Lahav et al. (1995) and Banerji et al. (2010) useNAN
to obtain morphological classification of galaxies. Howeteese
techniques employ as training sets, objects that had bessifiéd
by human eye subject to some degree of ambiguity and uncttai
particularly at large redshifts.

A more direct way to obtain k-corrections is by modelling
galaxy SEDs as a function of wavelength. Usually templatieadjt
of observed galaxy fluxes is employed to reconstruct the SED o
the galaxy (Blanton et al. (2003), Blanton & Roweis (200T)e
feasibility and accuracy of this method relies in the gyadit the
models.

For objects with spectral data, k-corrections can also be ob
tained directly. Roche et al. (2009) used this techniquatcutate
k-corrections for early-type galaxies from the SDSS-DR6yul-
ing individual estimates for each galaxy. However, thihitégue is
restricted to a limited number of galaxies with spectrogcop

Recent works (Chilingarian et al. (2010), Westra et al.
(2010)) have approximated k-corrections with analyticalctions
of redshift, parametrized with some property charactegizjalaxy
type. Chilingarian et al. (2010) used different observeldwoin-
dices to approximate k-corrections for nine filtetg{izY J H K).
Westra et al. (2010) used spectra from the Smithsonian Keeto
Lensing Survey to obtain direct measurements of k-cooastby
parametrization with the ratio of the average flux red anéwhrds
of the 400G\ break (D»4000). These kinds of parametrization
simplify the computation of k-corrections and improve thei
accuracy.

In this paper, we present a galaxy photometric redshiitd;)
catalogue and a method for calculating k-corrections, Hergev-
enth Data Release (DR7) of the Sloan Digital Sky Survey (9DSS
imaging catalogue (Blanton et al. (2003), Eisenstein g28i01),
Gunn et al. (1998), Strauss et al. (2002), York et al. (20009)
compute photometric redshifts we used the ANNz softwar&-pac
age (Collister & Lahav (2004)), which have been shown to be a
reliable tool. There are also two sets of photometric rdtsim
the SDSS database: Abazajian et al. (2009) employ empirical
template-based and hybrid-techniques approaches tompbktio
redshift estimation, whereas Oyaizu et al. (2008) adoptieaheet-
work method and provide two different estimations, D1 and®2CC
Here we also compare our redshift estimations with thosdaén t
CC2 catalogue from Oyaizu et al. (2008), which uses colonds a
concentration indices to infer redshifts. For the compaitaof k-
corrections we propose a joint parametrization in termsdshift
and the(g — r) colour in a certain reference frame for all SDSS
bands, as well as an algorithm to determine them from theophot
metric data. We compare our results with those found indttee.

This paper is organized as follows. In Section 2 we describe
the data used in our analysis. Section 3 presents our apptoeal-
culate photometric redshifts in SDSS-DR7, analysing thdiran-

tages and limitations. Our estimation of k-correctionsrisspnted
in Section 4. Finally, Section 5 summarizes the resultsinéthin
this work.

Throughout this paper, we adopt a cosmological model char-
acterized by the parametefs,, = 0.3, Qx = 0.7 and Hy
75 hkm s~! Mpc~L.

2 THE GALAXY SAMPLES

The samples of galaxies used in this work were drawn from the
Sloan Digital Sky Survey Seven Data Release (SDSS-DR7,abaz
jilan et al. (2009)). SDSS (York et al. (2000)) mapped more tha
one-quarter of the entire sky, performing photometry anekcsp
troscopy for galaxies, quasars and stars. SDSS-DRY7 is teatbe
major data release, corresponding to the completion ofuheey
SDSS-II. It comprised1.663 sq. deg. of imaging data, with an
increment of~ 2000 sq. deg., over the previous data release, ly-
ing in regions of low Galactic latitude. SDSS-DR7 providesg-

ing data for 357 million distinct objects in five bandggriz, as
well as spectroscopy over 7 steradians in the North Galactic
cap and250 square degrees in the South Galactic cap. The aver-
age wavelengths corresponding to the five broad band85are
4686, 6165, 7481, and8931 A (Fukugita et al. 1996; Hogg et al.
2001; Smith et al. 2002). For details regarding the SDSS mme
see Gunn et al. (1998); for astrometric calibrations see dial.
(2003). The survey has completed spectroscopy over 93&egg.

the spectroscopy is now complete over a large contiguous Gfre
the Northern Galactic Cap, closing the gap that was preseprer
vious data releases.

In this work we have extracted two galaxy data sets from
SDSS-DR7, one with spectroscopic redshifts measuremerts a
the other consisting in photometric data.

The spectroscopic data was derived from the s files at
the SDSS home pafeconsisting in Main Galaxy Sample (MGS;
Strauss et al. (2002)), the Luminous Red Galaxy sample (LRG;
Eisenstein et al. (2001)) and active galactic nuclei (AGMuH-
mann et al. (2003)). These spectroscopic samples were osed f
the computation of photometric redshifts and calibratidnko
corrections.

We built a first sample (hereafter Sz1) consisting3@¥% of
the objects from MGS10% from LRG and10% from AGNs, com-
bined into a single set comprising 550000 galaxies. This sample
was divided at random into two subsamples with the same num-
ber of objects generating a training and a validation setréteio
to calibrate the ANNz code used to the estimation of photamet
redshifts.

As a testing set for the photometric redshifts we used a rando
sample (hereafter Sz2) of 60,000 objects from MGS. We exclud
from this sample galaxies belonging to the training set toicav
undesirable biases.

For the calibration of k-corrections we used the full MGSI-Fo
lowing Montero-Dorta & Prada (2009), we have taken the magni
tude range where the number of galaxies per solid angle aisas
constant rate as a function of redshift in each SDSS bandeThe
fore, the apparent magnitude limits are set to ensure tleaeth
fect of incompleteness is small in our sample. The adoptedrap
ent magnitude limits in each band are;:< 19.0, g < 17.91,

L http://lwww.sdss.org/dr7/products/spectra/getspettird
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Table 1. Description of the samples used in this work.

sample name  number of objects  Description

Sz1 ~ 550000 Selected from SDSS-DR7 spectroscopic data.
Used as training and validation sets in the computation ofgrhetric redshifts
Sz2 ~ 70000 Selected from SDSS-DR7 MGS (excluding training set gatxie
Used as testing set for photometric redshifts.
Sz3 ~ 82000 Selected from SDSS-DR6 photometric data.
Used to compare photometric redshift estimation with Qyaitzal. (2008).
Sk1 ~ 122000 Selected from SDSS-DR7 MGS taking into account apparenhinafe and redshift limits (see text).
Used for k-correction calibration.
Sk2 ~ 575000 Selected from SDSS-DR7 photometric data with our photdmegdshifts estimation.
Used to compute k-correction at higher redshift and compdtreliterature.
0.4
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Figure 1. Left panel:zspec VS 2pnot relation for Sz2 sample (grey dots). The dashed line cooredgpto the median value of the photometric redshift eséthat
at a given spectroscopic redshift interval. Error barsespond to the 0 and90 percentiles associated to the median. The solid line shiseverie-to-one
relation. Right panels: systematic (top right) and stotbdbottom right) errors in the photometric redshift esibes.

r < 17.77,i < 17.24, andz < 16.97. For these limits we con-
sider galaxies withe e < 0.15 to assure completeness in the
andg bands, and,.. < 0.18 in ther, ¢ andz bands. With these
magnitude and redshift constraints, the sample used toratdithe
k-corrections (hereafter Sk1) contains1 22000 galaxies.

The photometric data set were extracted from@akaxy ta-
ble of theCasJobs? database. We restrict our analysis to pho-
tometric objects withr < 21.5, since this magnitude limit as-
sures good photometric quality and a reliable star-galapgasation
(Stoughton et al., 2002, Scranton et al., 2002).

In order to contrast our estimates with those obtained by sim
ilar methods, we compare our results with photometric riggsh
from Oyaizu et al. (2008). Taking into account these authecem-
mendation we ushot 0zCC2 estimates (obtained from colours

2 http://cas.sdss.org/dr7/
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and concentration indices, see Oyaizu et al. (2008)). lulshbe
noted thatPhot 0z2 table was not updated for SDSS-DR7, so
we have constructed a sample from SDSS-DR6 photometric data
selecting at random 82000 objects withot 0z CC2 redshift in-
formation®. For this sample we calculated photometric redshifts
through the methods described in this work. Hereafter weoall

this sample as Sz3.

In order to compute k-correction at higher redshifts we have
selected a random sample of 575000 photometric SDSS-DR7
data for which we have determined photometric redshifts lkand
corrections (sample Sk2). For this sample we have also catpa
the k-corrections computed in this work with different riéswob-
tained from the literature.

3 SDSS-DR6 photometric data was downloaded from CasJobagu3R7
photometric data including redshift information from Rizg table
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Table 1 summarizes the main characteristics of the differen
samples used in this work

3 PHOTOMETRIC REDSHIFTS

Photometric redshift techniques use photometric paras&iger-
form an estimation of galaxy redshift. This technique caubed
to infer efficiently large numbers of galaxy distances, degifiaint
galaxies, for which spectroscopic measurements are ptigkibe-
cause they would require large amounts of telescope time.

There are different techniques to estimate photometric
redshifts which can be classified into two groups. The firsb$e
technigues makes use of a small number of model galaxy spectr
derived from empirical or model-based spectral energyritlist
tions (SEDs). These methods estimate a galaxy redshift Hinfin
an optimal combination of template spectra that recontsrtie
observed galaxy colours (e.g., Benitez 2000; Bolzonellalet
2000; Csabai et al. 2003). The fact that these methods rely on
small number of template SEDs is their main disadvantage, in
particular for galaxies at high redshifts, since a repregiae set of
spectral templates applicable at all redshifts is not easybtain.
The second group, called empirical methods (e.g., Conrblbj.
1995; Brunner et al. 1999), comprises techniques that nésgde
amount of prior redshift information, in general in the fowh
training set. This class of methods aims to derive a pardaa&tn
for the redshift as a function of photometric parameter® fiinm
of this parametrization is obtained through the use of aablyit
large and representative training set of galaxies for whiethave
both photometry and precisely known redshifts. In this case
can use combinations of galaxy photometric parameterdy suc
as magnitudes in different photometric bands, galaxy aslou
and concentration indices. The main drawback of empirical
methods is that the training set should be representatitreecfam-
ple of galaxies for which we want to estimate photometrichefts.

3.1 Method

We used Sz1 sample to compute photometric redshifts with the

ANNz software package (Collister & Lahav (2004)), which sise
an Artificial Neural Network (ANN) to parametrize the retatibe-
tween redshift and photometric parameters. ANNz is based on
"multilayer perceptron”(MLP) algorithm, where the nodes dis-
posed in layers, and the nodes in a given layer are connexcggd t
the nodes in adjacent layers. The ANN topology adopted in ANN

respectively, the number of input and output parametergreds
N; is the number of nodes in the-th intermediate layer (e.g.,
Bishop 1991). The first layer contains the inputs, which inau+
plication are photometric parameters. The final layer doatthe
outputs, in this case the photometric redshiffi.(:).

The free parameters of ANNz are the “weights” between the
nodes, and are obtained by “training” the ANN with a traingeg
consisting of galaxies with spectroscopic redshifts. Télected
training set must be large enough and representative ofitgett
population, to assure a reliable mapping of the input inte th
output. Also, it must contain the same set of input pararsetemn
the target sample, for which we want to estimate the photdmet
redshifts.

ANNz can be trained with different sets of input parameters

in order to improve the photometric redshift accuracy. Weeha
analysed several sets: i) magnitudes in the five SDSS bands,
ii) colours and concentration index, iii) colours and Psiao
radii, and iv) SDSS-DR7 magnitudes in the five bands, plus
concentration indices and Petrosian radiigirand r-bands. We
found that the latter set is the best choice for redshifirestion.
The use of concentration indices helps to break the degeirsria

the redshift-colour relation. This occurs due to the goauetation
between the colour of a galaxy with its concentration insliaad
Petrosian radii. The resulting ANNz architecture adoptetetis
9:14:14:14: 1.

3.2 Results

Our results of the ANNz training are shown in Figure 1. The lef
panel of Figure 1 shows the spectroscopig {) vs. photometric
(zphot) redshift relation for the testing sample Sz2. As explained
in Section 2, galaxies in the training set were excluded fthen
sample in order to avoid bias in this comparison. This figuse a
shows the one-to-one relation as a solid line, the mediameval
the photometric redshift estimated at a given spectrosaepishift
interval (dashed line) antl0 and90 percentiles (as error bars) of
the scatter plot. The small dispersion seen in this figureesponds
torms ~ 0.0227. For the MGS of the SDSS-EDR Collister & La-
hav (2004) obtainedms ~ 0.0229 and for a sample comprising
galaxies from SDSS-MGS, SDSS-LRG, CNOC2, CFRS, DEEP2
DEEP2, TKRS and 2SLAQ surveys, Oyaizu et al. (2008) obtained
rms ~ 0.03. The right panel of Figure 1 shows the systematic dif-
ferences betweet}not andzspec, 2vias (igher sub-panel), and the
rms dispersiowr (lower sub-panel) as a function of redshift. Both,
the bias and dispersion, shown little dependence with teketsp
scopic redshift.

For comparison with other estimates, for LRGs, Abdalla et al
(2008) and Collister et al. (2007) used the ANNZ code to campu
a refined star/galaxy probability based on a range of phdiicne
parameters. The photometric redshift rms deviation is®WHAen
averaged for all galaxies, arid040 for a bright sub-sample with
i < 19.0 in the redshift rangepno: = 0.4 t00.7.

In Figure 2 (top panel) we show the distribution of photomet-
ric redshiftsN (z) for Sz3 sample. In short dashed lines we display
N (z) for our calculation, and in dotted lines Oyaizu et al. (2008)
estimates. The solid curve corresponds to the expectetbdisbn
given by the theoretical calculation of Blanton et al. (20085-
suming an universal luminosity function with parametersaoted
from SDSS data. Fotyno: < 0.1 the observed distributions are
similar to the expected prediction. For photometric reftistie-
tweenzpnot ~ 0.1 andzpnet ~ 0.35 our estimates are in better
agreement with the theoretical curve, while Oyaizu et 2008)
results show av 20% deficit. We note that this range is very im-
portant because SDSS-DR7 data has reliable completeness up
Zphot < 0.35, since beyond this redshift the galaxy density drops
significantly. Forzpnot ~ 0.4 the observed distributions tend to
overestimate the theoretical curve, an effect that coulsseciated
to the Balmer break shifting between thandr filters, difficulting
the redshift estimates (Budavari et al. (2001)). The lotanel of
Figure 2 show the comparison between Oyaizu et al. (2008)
and our estimates.

In Figure 2 (bottom panel) shows thgy., redshift relation
for Oyaizu et al. (2008) estimates and our estimates.

In O'Mill et al. (2008) it is estimated the maximum redshift
(zmaz) beyond which compact galaxies are confused with the im-
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age PSF. For SDSS, a galaxy witlh. = —23 has azyq. 0f 0.63
(see O'Mill et al. (2008) Table 1). For this reason, we recanth
using galaxies withpnot < 0.6.

4 K CORRECTIONS

k-corrections allow to transform the observed magnitudesrad-
shift z, into standard luminosities at some reference frame. This
correction depends on the filter that was used for the obisenga

the rest-frame standard, the shape of the SED of the galasyha
redshift (see Hogg et al. (2001)).

In the previous sections we have used Atrtificial Neural Net-
work as a tool to perform non-linear fitting to obtain photdrice
redshifts. An analysis based on a neural network approioméas
the natural trend to obtain k-corrections. However theskrtigues
needs a large and representative amount of prior informéatithe
form of a training set.

The problem with the former is the lack of confidence on indi-
vidual k-corrections estimates. This is shown in Figure 3meh
we compare r-band k-corrections estimated by differeritastfor
6113 galaxies, selected randomly from MGS, in the narrow red
shift range 0.14z<0.16. For Blanton & Roweis (2007) we use
k- correct .v4. 2, for Chilingarian et al. (2010) we employed
the on-line available codt for Westra et al. (2010) we used the on-
line empirical k-correction calculatdr and using models and (g-
r) parameter and we also compare with k-corrections dovdelda
from the SDSShot o0z table (Abazajian et al. (2009)).

Itis clear that individual estimates have a large uncetyas
indicated by the large scatter between different methotiereas
the mean trends can be trusted.

4 http:/kcor.sai.msu.ru/getthecode/
5 http://tdc-www.cfa.harvard.edu/instruments/hectagpegs/EOK/
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Figure 5. A and B coefficients for the K correction fits of the fortn= Az + B whereA = as(g —r) + ba andB =ap(g —r) + bp

Since the development of the public code k-coftg@&lan- Roweis (2007), k-corrections were calculated on the five SDS
ton et al. (2003)) many authors have used this method to calcu photometric bands shifted t,.. = 0.1.
late k-corrections. This code is based on a mathematicatitig, We divide the spectroscopic data into five different sub-
namely a non-negative matrix factorization, which createxlel samples ;) according to the reference-franie — r) colour:

based template sets. The set of templates is reduced tosadfasi .

the five SDSS pass bands, which are used to interpret the SED ofclj (g —7) <05,
the galaxy in terms of stellar populations. Then, linear bora- CQ: 0.5 < (g —r) <0.65,
tions of these templates are used to fit spectral energytigons C3j 0.65 < (g —r) < 0.8,
to broadband photometric observations for each galaxy arnd s C4j 0.8 < (g —r) <0.95,
corrections are obtained. Cs: (g =) > 0.95.

The disadvantage of this method is the use of a limited number Then we calculate median values of k-corrections per rédshi
of spectra that decreases with distance. The intrinsicucadé a interval for the differenCC; sub-samples, for the five SDSS bands.
galaxy is related to its SED, therefore this property can $du  The results are shown in Figure 4 where it can be apprecihted t
to compute k-corrections at high redshifts, where the Blastk- smooth dependence of the median k-correction values agtdan
correction technique is more uncertain. of redshift once the reference galagy — r) colour is taken into

In this paper we use the public available code described in account. We consider galaxies with> 0.1 and we adopt a linear
Blanton & Roweis (2007)K- corr ect _v4. 2) as a tool for cali- relationk = Az + B for eachC; sub-sample. The resulting fits
brate our k-corrections. are also displayed in Figure 5 where the error bars correspmn

25 and75 percentiles of the median values.
By inspection of this figure it can be seen that our linear rhode

4.1 Modd for k-corrections is a good representation of the relation between k-coomeahnd
. . redshift.

The use of galaxy colours to describe galaxy populationseprs The values of the parametersand B are obtained by fitting

the adyantage that coIQurs are easily quantifiable 'ratlaer mior- a straight line through? minimization for eachC; sub-sample.

phologl_cal types. In this work we analyse a relation _betwteen In Figure 5 we plot the derived values df (upper panel) ands

corrections and the reference-frame galéxy- r) colour index. (bottom panel) as a function of the me@n— r) values for each

As described in Section 2, Sk1 sample comprises MGS up t0 ¢, sub-sample; the error bars correspond to the square robeof t
z ~ 0.2. Since the motivation of this work is to derive k-correcson  yariances in the estimates dfand B from x2 minimization. From

at higher redshifts, we have calculated k-corrections fier $k1 this figure it can been seen that a linear relation also giviedra
sample using thé- corr ect .v4. 2 code, analysed their depen-  representation of the trends observed. Therefore, we adopidel
dence on the galaxy reference fraifge— ) colour and extrapo- whereA = aa(g — ) +ba andB = ap(g — r) + bp. The final
late the results obtained to higher redshifts. Followingrigbn & calibration of Blanton’s k-corrections is given as

kj =laaj(g —7)+bajlz +[aBj(g —7) + bp;] (1)

6 http://howdy.physics.nyu.edu/index.php/Kcorrect wherej represents the differemtgriz bands.

© 2002 RAS, MNRASDQ0, 1-14
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Westra et al. (2010) k-corrections.

In Table 2 we present thea;, ba;, as; andbg; values and
the errors obtained by? minimization.

4.2 Estimation of k-corrections

In order to compute k-corrections using the model describéide
previous Section, it is necessary to obtain referencedsgn— r)
colours for each galaxy, which in turn depends on k-coroesti

To avoid this problem we have adopted an iterative procedure
as follows: the iteration starts with an initial value fey and &,
according to the value of the concentration index of the>gala
the rband ¢,-). This quantity does not depend on k-correction and is
a suitable indicator of galaxy morphological type bimogakearly-
type galaxies have higher than later types (Strateva et al. (2001),
Kauffmann et al. (2003a), Kauffmann et al. (2003a), Matdls.e
(2006)).

According to Strateva et al. (2001), > 2.55 values cor-
respond to early-type galaxies, and late-type galaxieg haw
2.55. This bimodality can also be seen in the colour distribution
of galaxies. In particular, the distribution 6§ — ) colours has
two well-defined peaks: one &y — r) = 0.60 and other at
(g — r) = 0.95, corresponding to the late and early-type compo-
nents, respectively. Taken these properties into accatngssign
(g —_ T)initial = 0.60 if cr < 2.55 and (g — T)initial = 0.95if
¢r > 2.55 so that the initiak, andk, values are:

ki initial = [@a1(g —r)initial +bat]lz+ [aBi(g — 7)initial +bB1),

wherel refers to they andr bands (see the dotted lines Figure 4)
Once these initial values are fixed, we iterate in equatiom 1 t

obtaink, andk, for each galaxy. After each iteration, we check

that the colours are within an acceptable rarige;, (g — r) < 1.8

the iteration starts again with a néw — r),i+iq; value selected at

© 2002 RAS, MNRASD00, 1-14
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Table 2. Parameters of the; = [aa;(g — 7) 4+ baj]z + [ap;(g — ) + bg;] relation obtained by? minimization

Band aa Oay ba N ap Oap bp Obg
u 2.956 0.070 —0.100 0.034 —0.299 0.009 —0.095 0.004
g 3.070 0.165 0.727 0.117 —0.313 0.021 —0.173  0.015
r 1.771  0.032 —0.529 0.023 —0.179 0.005 —0.048 0.003
) 0.538  0.085 —0.075 0.079 —0.027 0.013 —0.120 0.012
z 0.610 0.045 —0.064 0.034 —0.061 0.007 —0.106 0.005

random from a Gaussian distribution (within) that fits either the
blue or the red peak of the reference frame colour distidiouti

The iterations stop when the difference in bathandk, be-
tween two consecutive steps is less tha 1. This procedure con-
verges in less than 15 iterations.

From the finally obtained, andk, values we calculate the
reference framegg — r) colours, which allows to compute k-
corrections in the other bands using equation 1.

We notice that there is a small percentage (less théit) of
galaxies for which our algorithm does not converge. Howete
main sources for this lack of convergence are large magsitund
certainties and unreliable observed colo(yst 7)o5s > 3). The
last colours constraints are helpful on removing stars withsual
colours, without discarding real galaxies (Lopes (200@drRan-
abhan et al. (2005)). Collister et al. (2007) point out thatgtellar
contamination may still be present.

4.3 Results

We have compared the k-corrections obtained in this work wit
the results fronk- cor r ect _v4. 2 using the Sk2 sample. As ex-
plained in Section 2, we have restricted our analysis toxgeda
with r < 21.5.

In Figure 6 we plot both estimations against redshift for the

© 2002 RAS, MNRASDQ0, 1-14

five SDSS-DR7 bands. In dark-grey we shkwcor r ect v4. 2
results whereas light-grey points are our estimates. lbegnseen
in all cases, that our k-correction shows the same trend iiht w
a lower spread than Blanton & Roweis (2007) results. Thislow
spread is particularly noticeable in theand z bands. However,
our estimations are in agreement with Chilingarian et al01®
k-corrections in these bands. In Figure 6 we also compare-our
corrections with those obtained fér/S0 galaxies by Roche et al.
(2009). We find that the mean k-correction for the early typlaxr
ies lies within our estimates for red galaxie€ss(sample), where
k-correction values are higher. We also perform a compangth
k-corrections obtained using the “K-correction calcutat€hilin-
garian et al. (2010)), the “on-line empirical k-correctioalcu-
lator” (Westra et al. 2010) and k-corrections frd?hot oz table
(Abazajian et al. 2009). We compute the k-corrections ibailds
at extreme red and blue colours, finding that these estinzates
within our range of calibrated values. We notice a diffeeeimcthe
k., for blue galaxies at higher redshift with respect to Chiéirign
et al. (2010). We argue that this can be originated in thetfeatt
these authors calibrate, with theu — r colour and that the, fil-
ter has a natural red leak that cases abnommalr colours. This
effect can propagate to the k-corrections, generatingenigalues,
particularly at large redshifts.

In Figure 7 we plot the distributions @f, and k. in four dif-
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ferent redshift intervals. Our estimates are shown as dilasb,
and the dashed histogramkiscor r ect .v4. 2 code (Blanton &
Roweis 2007) results. For galaxies in the redshift rafge <
Zphot < 0.3, both distributions are similar. As redshift increases,
our distributions remain always unimodal, with a well define
mean. On the other hand, Blanton’s k-correction distrioushows

3 different maxima, one centered approximately in our iifigtion,
and the others in the extremes. This behavior is probablicand
tive of template mismatch. At redshiftsl < zpnot < 0.6, both
k. distributions approximately match each other, whergasnd
k-corrections fronk- cor r ect _v4. 2 distribution is lopsided to
negative values.

© 2002 RAS, MNRASD00, 1-14
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4.4 Luminositiesand colours

We have estimated the absolute magnitude of galaxies inkBe S
sample in they andr bands using our k-corrections. The absolute
magnitude of a galaxy in a given band is related to its apparen
magnitude by:

Ml B 5lOglo(DL(Z)) — 25— kl

where! refers to theg andr bands, and)L(z) is the luminosity
distance (which depends on the cosmological parametepgetjo

In Figure 8, we show the distribution of k-corrected absoimiag-
nitudes in four different increasing redshift intervaleykin Fig-
ure). The shape of these distributions is very similar irhbpand

r SDSS bands: a bell-shaped distribution skewed to fainte-ma
nitudes. Notice that the mean of the distributions move tdea
fainter magnitudes as the redshift range decreases, \hkilleright
tail of the distribution remains approximately fixed\d} ~ —22.5
andM, ~ —23.

For Sk2 photometric sample we computed the luminosity
function in theg andr bands using theé /V'max method consid-
ering the incompleteness withld/Vmax test (Schmidt (1968)).
This methods takes into account the volume of the surveysadl
by the galaxy redshift and the difference between the maxirand
minimum volumes within which it can be observed.

In Figure 9 we show the luminosity function afd/Vmax
test for the redshift range.1 < zpn.c < 0.6. The dashed lines
show the Schechter fit for MGS of Blanton et al. (2003) and
Montero-Dorta & Prada (2009). The green solid line is theiltes
ing Schechter fit for Sk2 sample. We compared our resyjtiand
(468621) with two different redshift bins from Zucca et al. (2009).
These authors have studied the evolution infheand ¢459.74)
luminosity function to redshift ~ 1 in thezCOSMOS from the
STY method.

Our best Schechter fit corresponds M* ~ —20.469 +

© 2002 RAS, MNRASDQ0, 1-14

0.0535 , ®* ~ 0.0224 £+ 0.0089 anda ~ —1.065 £ 0.0286 for g
band, and\/* ~ —20.821 + 0.0966, ®* ~ 0.030 £ 0.0029 and

a ~ —0.78 4+ 0.0298 for r band. Where the errors had been ob-
tained through bootstrapping. We notice that the lumigdsinc-
tions atz ~ 0.5 from our work and that of Zucca et al. (2009) are
consistent taking into account tlie — B) values of typical Shc
galaxies at this redshift (Fukugita et al. 1995).

In Figure 10 we compare thgy — r) colour distribution of
galaxies brighter thari/, —21.5 in four redshift intervals.
The dashed histogram correspond&t@or r ect .v4. 2 code re-
sults, and in solid lines we show our estimates. For galaxids
0.1 < zphot < 0.3 both distributions are similar, exhibiting a
prominent red peak corresponding to early-type galaxiesredl-
shift increases, the distributions are shifted bluewaads, we no-
tice in the redshift rang®.45 < zpwot < 0.6 an excess of red
galaxies in Blanton & Roweis (2007) results in comparison to
ours. This trend can also be seen in the full redshift rangg- (F
ure 10 bottom right panel), where the galaxy bimodality clso a
be appreciated.

In Figures 11 and 12 we show the colour-colour diagrams
(g—r)vs(r—1i)and(g —r) vs (i — z) for galaxies brighter than
M, = —21.5 in four different redshift intervals. The contours en-
close50%, 65% 85%, and90% of the galaxies in Sk2 sample. In all
cases the shaded region represents the corresponding-colour
diagram for90% of MGS, which have spectroscopic redshifts. The
left upper panel{1 < zphot < 0.2) shows that contours cal-
culated for the photometric sample matches the shadednef§jo
the redshift increases, the contours in the colour-coldagrdms
expand with respect to the spectroscopic sample, but bothdga
proximately the same center. The expansion of the contoutbé
photometric results could be due to uncertainties in therdat
nation of photometric redshifts and k-corrections, as \aslthey
may reflect galaxy evolution. The colours show a decreasegit
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for the red population as well as a constant shift to blueows
(O'Mill et al. (2008)). This is particularly important fohe redshift
range0.45 < Zpnot < 0.6.

5 CONCLUSIONS

In this work we present a new set of photometric redshift. )

and k-correction estimations for the SDSS-DR7 photomeaie
alogue available on the World Wide Web. In order to calculate
Zphot, artificial neural networks were applied using the publideo
ANNz. The improvements in the SDSS-DR7 photometric redishif
estimation are:

1) We added the concentration index and the Petrossianimaglii
andr bands to the usual five magnitudes used in previous similar
works. These additional inputs improwg,.: estimations because
the concentration index provides information regardirgdiope of
the galaxy brightness profile, helping us to break the degeies

in the redshift-colour relation due to morphology. The Bg$ian

radius is a robust measure of how shallow the brightnesslgisfi
and contain information about the angular size, that igedlto the
distance.

2) The choice of different galaxy samples for the training B&sS,
LRG and AGN sample) provides a wide sampling of different
galaxy types at various redshifts, allowing to improyg,.. esti-
mates.

Our zpnot €stimates have ans ~ 0.0227, and the resulting
galaxy distribution shows a good agreement with the thetet
distribution derived from the SDSS galaxy luminosity flioos.

We have used thé&k-correct v4.2 code (Blanton &
Roweis (2007)) for the MGS and we have performed a linear fit
between reference franje — r) colour and redshift, extrapolating
this relation at high redshifts. We propose an iterativecedure
to estimate k-corrections from the observed photometrhégt
andr bands. Using initial values that depend on the concentratio
index and the observed colour, we obtain the k-correctiorife
other bands. Our results show that the use of this simpladires

© 2002 RAS, MNRASD00, 1-14
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lation between the reference frarye — r) colour and redshift is The analysis of thég — r) colour distribution for galaxies
as accurate as those obtained in previous work. A clear plosro brighter thanV/,, = —21.5 shows that the galaxies in our samples
approach is the low computational time. are shifted bluewards as redshift increases. This trerus leathe

emergence of bimodality in the full redshift range. Fromabkur-

statistical errors in the lack of homogeneity in spectrattiees, and ~ colour diagrams, we can conclude that the behavior of cslatr
minimizing systematical errors caused by an assumed spectr low redshift is in good agreement with the trends of the spect
ergy distribution (SED). This can be noticed in the smoothelvéor scopic sample. As redshift increases we see a broadenirfgeof t

of the distribution of k-corrections, even for intermeeiatdshifts. contours and an increase in the blue galaxy population. Mexve
the distribution of galaxies in the colour-colour diagraemains

centered with respect to the spectroscopic data.

Our k-correction estimations do not use templates, avgidin

The analysis of the distribution of k-corrected absolutegma
nitudes show that the shape of these distributions has -slhefied
skewed to fainter magnitudes and the mean of the distribsitio

move towards fainter magnitudes as the redshift range deese

We have computed the luminosity functiongrandr bands 6 ACKNOWLEDGMENTS
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