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Galaxy evolution within the Kilo-Degree Survey

C. Tortora, N. R. Napolitano, F. La Barbera, N. Roy, M. RadbyF. Getman,
M. Brescia, S. Cavuoti, M. Capaccioli, G. Longo and the Killaboration

Abstract The ESO Public Kilo-Degree Survey (KiDS) is an optical witkdd imag-
ing survey carried out with the VLT Survey Telescope and thee@aCAM camera.
KiDS will scan 1500 square degrees in four optical filtersgur, i). Designed to
be a weak lensing survey, it is ideal for galaxy evolutiordss, thanks to the high
spatial resolution of VST, the good seeing and the photameéépth. The surface
photometry have provided with structural parameters @zg and Sérsic index),
aperture and total magnitudes have been used to deriverpbtio redshifts from
Machine learning methods and stellar masses/lumincsiiiten stellar population
synthesis. Our project aimed at investigating the evofutibthe colour and struc-
tural properties of galaxies with mass and environment ugdshiftz ~ 0.5 and
more, to put constraints on galaxy evolution processesalasgmergers.

We start from the KiDS-Data Release 2 (DR2) multi-band seeatalogs, based
on source detection in the r-band images. Star/galaxy agparis based on the
CLASS_STAR (star classification) an8/N (signal-to- noise ratio) parameters pro-
vided by S-Extractor [2, 12]. S-Extractor will provide widperture photometry
and Kron-like magnitud&AG.,AUTO. From the original catalog of- 22 millions
of sources, the star/galaxy separation leaves with a saofpte 7 millions of
galaxies. To perform galaxy evolution studies and deteemétiable structural pa-
rameters, the highest-quality sources have to be t@r@]]Z,Thus, we have fi-
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nally selected those systems with the highest r-band stgrabise ratio §/N),
S/N = 1/MAGERRAUTO.r > 50, whereMAGERR AUTOLr is the uncertainty of
MAG_AUTQ. This sample will consist of- 380000 galaxies. In addition to aperture
photometry and Kron-like magnitudes, the relevant dateetmh galaxy are listed
in the following.

KIDS_129.4_2.5r_02_01 DBI_0031 11.fits RESIDUALS

Fig. 1 2D fit output for an ex-
ample galaxy from 2DPHOT. The |
top panels show the galaxy im-
age (left) and the residual after
the fit (right), while the six bot-
tom panels provide residuals after
. . L
subtraction, plotted as a function _ -
of the distance to the galaxy cen- ¢: =7
ter, with each panel correspond-_ ..
ing to a different bin of the po- =5f  “##
lar angle. Residuals are normal- <. ...
ized with the noise expected from [
the model in each pixel. ‘ g() ’ ‘ g()

Structural parameters. Surface photometry is performed using the 2DPHOT en-
vironment. For each galaxy, a local PSF model is construiyefitting the four
closest stars to that galaxy. Galaxy images were fitted w&R-Bonvolved Sérsic
models having elliptical isophotes plus a local backgrovaide ﬂ]. The fit pro-
vides the following parameters: surface brightnggseffective radiusRe, Sérsic
index, n, total magnitudems, axis ratio,q, etc. Fig[1 shows the 2DPHOT output
for an example galaxy. For further details, see the cortidhidrom Roy et al.

Photometric redshifts. Photo-z's are derived from KiDS ugri photometry using a
supervised machine learning model, the Multi Layer Perogptith Quasi Newton
Algorithm (MLPQNA, [3]) within the DAMEWARE (DAta Mining aidl Exploration
Web Application REsourceD[4]). Supervised methods useoavledge base (in our
case with spectroscopic redshifts) of objects for whichdhgput (in our case the
redshift) is known a-priori to learn the mapping functioatfransforms the input
data (our optical magnitudes) into the desired outputtfiephotometric redshift).
For this reason, our sample is cross-matched with specdipassamples from SDSS
[1] and GAMA [€] surveys, which provide a redshift coverageto z ~ 0.8. The
knowledge base consists €f60000 objects. 60% of these objects are used as train
sample, and the remaining ones for the blind test set. Thehiksl in the blind
test sample resemble the spectroscopic redshifts quite wigh a scatter in the
quantity|Zspec— Zphot / (1 + Zspeg Of ~ 0.03. This approach reaches high accuracies
with optical band only, and is far better than traditionastpal energy distribution
(SED)-fitting methods. After these experiments the finahloafue of redshifts for
our highS/N sample is produced. See Cavuoti et al. (2015, in prep.) failde

Rest-frame luminosities and stellar masses. Luminosities and stellar masses are
made using the softwatee Phar e [IQ] which performs a simplg? fitting method
between the stellar population synthesis (SPS) theoteticdels and data. Models
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from Bruzual & Charlot|ﬂ$] and with a Chabrier IME|[6] are us&tle adopt the ob-
served ugri magnitudes (and related lincertainties) within a’3aperture, which
are corrected for Galactic extinction. Total Sérsic magieés,ms, are used to cor-
rect the outcomes dfe Phar e for missing flux.
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Fig. 2 Distribution of some galaxy parameters: photo-z, z (panelrband effective radius
logRe/kpc (panel b), r-band Sérsic index, n (panel c), obsemaené g-r colour within an aperture
of 3" of radius (panel d) and Chabrier IMF-based stellar masMigd (panel e).

This highS/N sample is 90% complete down to a magnituddvVBG_ AUTO.r
~ 21, which means that the sample is complete at masges 10'° up to redshift
z= 0.5 (see Napolitano et al. 2015, in prep., for further detail$)e distribution
of galaxy parameters for galaxies brighter than the corapksts limit are shown in
Fig.[d. The average redshift of the sample is 0.3, and the distribution reach the
maximum redshifts of = 0.7 (panel a). The distribution of effective radii is cen-
tered on~ 3.5kpc average value (panel b), while the average Sérsixiisde 1.5,
but the distribution present a peakwat 0.8, with a long tail to higher values(10,
panel c). Thus, our datasample is dominated by late-typgemsygs which are char-
acterized by low Sérsic indices [10) 16]. In the panel (d)siew the distribution of
the observer-frame g-r colour, which have a median valug-of = 1 and a sym-
metric distribution. These colours, when converted to-fieshe values, confirm the
considerations made looking at the distribution of Séirsitex, since the median
rest-frame colour isv 0.5, which is typical of a late-type blue galaxy. Finally, in
panel (e) we plot the stellar mass distribution from SPShfttiwhich presents a
double-peaked distribution, with maxima-at2.5 x 10° and~ 2.5 x 10'*°M.,, the
median mass of the sample i9k 101°M,.

Aimsof theproject. The present galaxy evolution project will aim to achieve dif
ferent objectives: the analysis of the colour-magnitud#wgion, colour gradients,
as the size and mass accretion in late- and early-type sysBynthe end of the sur-
vey, we plan to collect about3 millions of galaxies with high-quality photometry,
i.e.thelargest sample of galaxieswith measured structural parametersintheu, g, r
and i bands, up to redshift z= 0.7. KiDS will provide the bridge to connect the local
environment to the high-redshift Universe, by means ofsliisng characterization
of the internal structure of the galaxies. The study of thesneolour and structural
evolution of galaxies, connected with the outcomes of tboal models and cos-
mological simulations provide a variegate set of informatbout the main physi-
cal processes which shape the galaxy evolution. In paatictalking benefit from the
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good pixel scale and seeing, together with depth of VST teles, we have scanned
the first 156 sq. deg. of KiDS searching for massive & 8 x 101°M.) and com-
pact Re < 1.5kpc) galaxies, relic of massive galaxies at redshift2 (see Tortora
et al. 2015, in prep.). In some theoretical models the foactif such massive and
small objects, that could survive without having any siguaifit transformation since
z~ 2, could reach a fraction about-110% ]. Previous observational works have
not detected such old, compact and massive galaxies in d:ladsdoiverse@O]. In
contrast, such peculiar objects are found at larger rac@juij front-edge survey
like KiDS will allow us to perform the census of these compalgfects and trace
their abundance and evolution in the last billions of yeaositrasting the results
with expectations from cosmological simulations. Finaftyr a sample of KiDS
galaxies with SDSS spectroscopy, we will perform the Jeaymauchical analysis
of the measured velocity dispersions, to study dark matsetibn and Initial mass
function in terms of redshift, mass, mass density and enmmtmEHEQ]. Test-
ing the dependence of the Initial mass function by the massityeusing dynamics
and spectral indices, can help to understand the resultsith®t al. Eh], which
find shallow IMF slopes in some high-velocity dispersionag&s, in contrast with
the current literatur JE_IlS].
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