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ABSTRACT

We describe the spectroscopic target selection for thex@#lad Mass Assembly (GAMA)
survey. The input catalogue is drawn from the Sloan Digital Survey (SDSS) and UKIRT
Infrared Deep Sky Survey (UKIDSS). The aim is to measureméidsfor galaxies in three
4x12degreeregionsat9h, 12hand 14.5h, on the celestial equéttomagnitude selections
r < 19.4, z < 18.2 and K < 17.6 over all three regions, and< 19.8 in the 12-h region.
The target density i$080 deg™? in the 12-h region an@20 deg™~? in the other regions. The
average GAMA target density and area are compared with caegbland ongoing galaxy
redshift surveys. The GAMA survey implements a highly costplstar-galaxy separation
that jointly uses an intensity-profile separat{ = o5t — "moder 8S per the SDSS) and a
colour separator. The colour separator is definefiag, = J— K — f(g—1), wheref(g—1)

is a quadratic fit to thg — K colour of the stellar locus over the ran@8 < g —i < 2.3. All
galaxy populations investigated are well separated with;. > 0.2. From two years out of
a three-year AAOmega program on the Anglo-Australian Telps, we have obtained 79 599
unique galaxy redshifts. Previously known redshifts in@#f&MVA region bring the total up to
98 497. The median galaxy redshift is 0.2 with 99% at 0.5. We present some of the global
statistical properties of the survey, including coloudstift relations and preliminany(z).

Key words: catalogues — surveys — galaxies: redshifts — galaxies:qvhetry

1 INTRODUCTION ables the comoving number density of galaxies to be estinate
as a function of various properties, e.g., galaxy lumiryosinc-

Galaxy redshift surveys provide a fundamental resourcestiod- tions (Schechter 19176; Binggeli et al. 1988; Norberg &t 6022,

ies of galaxy evolution. The redshift of a galaxy can be uged t [Blanton etal. 2003). In addition, using the combined sky- dis

obtain a distance assuming a set of cosmological parametets tribution and distance information, the clustering profesr of

ulo peculiar velocities, and a well-defined selection fiorcten- galaxies can be determined (Davis €t al. 1978: de Lappateiit e
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O D galaxy redshift surveys UV the gap between the wide but shallower surveys like 2dFGRIS an

e wps. ;Jéep uB SDSS MGS, and the deep but narrower surveys such as those usin

z(O\MO&D the Vlsible MultiObject Spectrograph (VIMOS) on the Veryrbe
B il

1t annd

. WD wide E Telescope (VLT).
ST WIC JHK ] . . . .
C R A The outline of the paper is as follows. The imaging data, mag-
10°F E nitude measurements and initial catalogues are describgdli
: “MGC R 3 The target selection is described §i3; star-galaxy separation,
Autofib L} WiggleZ ] . - . ..
i L om SDss 2 1 magnitude limits, and other quality checks. The pre-exgstind
102 H,AA'O.___ESP 2dFGRS

2SLAS - Irg GAMA spectroscopic data sets are outlined; . An analysis of

1 results as pertaining to the star-galaxy separation aref stflec-
10! B *s;;,é._,‘ T tion criteria is presented i{5. In other survey papers, the scientific
o, 5"dm and multi-wavelength database aims are described in Deival:

D'

C o ks 2009, and tiling strategy is described_in Robotham &t al9200
10°F CDURS g Magnitudes are corrected for Milky-Way extinction using th

:U

.. SSRs2 G-f_A2

density of spectra (number per sq. deg.)

B N dust maps of Schlegel etlal. (1998) except for fibre magnstude
oot .;'4.".';;.1 ‘ 4 Extinction in the bands., g, i, z, J, K are obtained from SDS&
1ot 10° 10! 107 10° 10* 10° band extinction using fixed ratios (1.873864, 1.37877158270,

area (sq. deg.) 0.537623, 0.323, 0.13[f) The UKIRT magnitudes are converted
to the AB system usingag = J + 0.94 and Kag = K + 1.90
Figure 1. Comparison between field galaxy surveys with spectrosaepic (Hewett et al. 2006). The contours used to represent bieadiatri-
shifts: squaregepresent predominantly magnitude-limited surveysles butions (Figs Ma719=12114) are logarithmically spaceaLimber

represent surveys involving colour cuts for photometridsteft selection;
while trianglesrepresent highly targeted surveys. The colours represent d
ferent principal wavelength selections as in the legenited-symbols rep-
resent completed surveys. See Table 1 for survey names fanenees.

density, with four levels per factor of ten.

2 IMAGING

1988; | Norberg et al. 2002h: Zehavi et al. 2005) and the veloc- 2.1 S|oan Digital Sky Survey and GAMA regions

ity dispersion of galaxies in groups and clusters can be used _

to infer dark-matter halo masses (Zwidky 1937; Huchra & &ell  The SDSS project. (York et al. 2000: Stoughton etal. 2002) has
1982; [Moore et aI[ 1993; Carlberg ef al. 1096: Eke bf al. |2004; used a dedicated 2.5-m telescope to image0’ deg? and to ob-
Berlind et all 2006). tain spectra of~ 10° objects |(Adelman-McCarthy etlal. 2008).

The target selection algorithm and area covered by a red- The imaging was obtained through five broadband filtergjz
shift survey relate to the redshift range and volume sumieye With effective wavelengths of 355, 470, 620, 750 and 895 ren, u
The industry of these surveys started in the 1980's with sur- iNg @ mosaic CCD camera consisting of 5 rows and 6 columns
veys of~ 2500 galaxies over large sky areds (Davis etal. 1982; (Gunnetal. 1998). Observations with a 0.5-m photometrie-te
Saunders et 4. 1990) and a deeper survey of 330 galaxies overScope (Hogg et al. 2001) are used to calibrate the 2.5-mctaes
70 deg? (Peterson et al. 1986). It expanded and diversified in the images using the//g'r’i’z" standard star systern _(Fukugita €t al.
1990’s with surveys such as the wide-but-shallow CfA2 rétsh 1996; Smith et al. 2002). The GAMA survey targets were setbct

survey, Las Campanas Redshift Survey, ESO Slice Projetthen ~ Using DR6 imagingf

deep-but-narrow Canada-France Redshift Survey. Flgureows The imaging was obtained by drift scanning along a strip de-
the surface density of galaxy spectra versus area for thede a finedin an SDSS coordinate system. Two strips, designateutiN a
other surveys, and TaHIé 1 gives selections and referefhedar- S, are interleaved to fill in the gaps between the camera c@um
get density is a wavelength-independent metric for depitheast and are combined to make one stripe. The choice for the GAMA
for high-completeness magnitude-limited surveys. Theeatiof survey consisted of the Southern-most stripp&C < 3°) for

multi-object spectrographs such as the Two-Degree Fiedf;(2 ~ 900d access frpm Southern observatories. The contiguc_nSSSD
Lewis et all 2002) and Sloan Digital Sky Survey (SDSS; Yor&lbt coverage of Stripes 9—12 was chosen to allow GAMA regions tha

2000) telescope have enabled redshift surveys dfo® galaxies: are four-degrees wide: an estimated requirement for growjiniy
the 2dF Galaxy Redshift Survey (2dFGRS) and SDSS Main Galaxy @nd measurement of the halo mass function at0.1 (Driver et al.
Sample (MGS). 2009). FiguréR shows these regions in relation to the SDg&st

The Galaxy And Mass Assembly (GAMA) project has at its and Milky-Way extinction. They each covérx 12 degrees and are
core a galaxy redshift survey using the upgraded 2dF ingmngm ~ centred on 9h, 12h and 14.5h. The RA and DEC ranges are given
AAOmega on the Anglo-Australian Telescope (AAT). GAMA will ~ in Tablel2.
eventually incorporate a range of new surveys from UV, Vgsib
IR and radio wavelengths (Driver et al. 2009). The redshiftsy
uses for its input catalogue data from the Sloan Digital S S~ -_The SDSS extinction ratios are given in table 22 of Stougltaat.
vey and United Kingdom InfraRed Telescope (UKIRT). The pri- (2002). The ratios ‘forJ- and K-band extinctions were obtained from
mary goals of the redshift survey are measurement of therhats UKIRT WFCAM science archivel (Hambly etlal. 2008) data matthe

. ‘ SDSSr-band extinction.
[
function (Eke et al. 2006), galaxy stellar mass functionléG al. 2 \e are aware that a new photometric calibration was impléadcfor

2001), and the merger rates of galaxies (De Propris et_af‘)2m the DR7 release_(Padmanabhan ét al. 2008; Abazajian/et@d).2B0w-
systems of the lowest possible masses (at low redshift 0.05) ever, the magnitude changes are typically less than 0.02ma¢herefore,
and for their evolution out ta ~ 0.5. In terms of depth and area  for consistency, we have not used the DR7 magnitudes begeistarted
of magnitude-limited surveys (squares in Hiyj. 1), GAMA ed spectroscopic observations prior to this release.
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Table 1. List of field galaxy redshift surveys. The surveys shown ig. B are listed in order of increasing area. They are mostignitizde limited galaxy
samples except for some with colour selection (CS). Thenéion was obtained from the references and the surveyiteebs

abbrev. survey name selection(s) atiea? reference

CFRS Canada-France Redshift Survey Iap < 22.5 0.14 Lilly et al. 1995
LBG-z3 Lyman Break Galaxies at~ 3 Survey Rap < 25.5 with CS* 0.38 Steidel et al. 2003
CNOC2 Canadian Network for Obs. Cosmology 2 ...R < 21.5 1.5 Yee et al. 2000
zCOSMOS Redshifts for the Cosmic Evolution Survey Iap < 22.5, Iap < 24 with ce 1.7 Lilly et al. 2007
VVDS-deep  VIMOS VLT Deep Survey deep sample  Iag < 24.0 2.0 Le Fevre et al. 2005
DEEP2 Deep Evolutionary Exploratory Probe 2... Rap < 24.1 with CS° 2.8 Davis et al. 2003
Autofib Autofib Redshift Survey by <22.0 5.5 Ellis et al. 1996
H-AAO Hawaii+AAO K-band Redshift Survey K <15.0 8.2 Huang et al. 2003
AGES AGN and Galaxy Evolution Survey indk < 20.0, Bw < 20.5 9.3 Watson et al. 2009
VVDS-wide  VIMOS VLT Deep Survey wide sample IaB < 225 16.0 Le Fevre et al. 2005
ESP ESO Slice Project by <19.4 23.3 Vettolani et al. 1997
MGC Millennium Galaxy Catalogue B <20.0 37.5 Liske et al. 2003
GAMA Galaxy And Mass Assembly Survey r <198,z < 18.2, Kap < 17.6 144 — this paper —
2SLAQ-Irg 2SLAQ Luminous Red Galaxy Survey i < 19.8 with CS? 180 Cannon et al. 2006
SDSS-s82 SDSS Stripe 82 surveys inctS 20, r < 19.5 with CS® 275 Adelman-McCarthy et al. 2006
LCRS Las Campanas Redshift Survey R<17.5 700 Shectman et al. 1996
WiggleZ WiggleZ Dark Energy Survey NUV < 22.8 with CSf 1000 Blake et al. 2008
2dFGRS 2dF Galaxy Redshift Survey by <19.4 1500 Colless et al. 2001
DURS Durham-UKST Redshift Survey by <17.0 1500 Ratcliffe et al. 1996
SAPM Stromlo-APM Redshift Survey by < 17.1 (1 in 20 sampling) 4300 Loveday et al. 1992
SSRS2 Southern Sky Redshift Survey 2 B <15.5 5500 da Costa et al. 1998
SDSS-mgs SDSS Main Galaxy Sample r<17.8 8000 Strauss et al. 2002
SDSS-Irg SDSS Luminous Red Galaxy Survey r < 19.5 with CS? 8000 Eisenstein et al. 2001
6dFGS 6dF Galaxy Survey K <12.7,by,rp, J, H limits 17000 Jones et al. 2009
CfA2 Center for Astrophysics 2 Redshift Survey B < 15.5 17000 Falco et al. 1999
PSCz IRAS Point Source Catalog Redshift Survey0umapg < 9.5 34000 Saunders et al. 2000
2MRS 2MASS Redshift Survey K <122 37000 Erdogdu et al. 2006

Notes:*CS byU-band ‘dropouts’ for photometric redshifts,) ~ 2.5-3.5;*CS forzpn ~ 1.4-3.0, deeper limit ovet deg?; cCS forzpn 2 0.7; 4Cs for
Zph ~ 0.45-0.8;°CS forz,, < 0.15; fCSbyFUV — NUV > 1.5 (GALEX bands) and0.5 < r < 22.5 for Zph ~ 0.5-1.0;9CS forzpy ~ 0.2-0.5;
hReference is for the Updated Zwicky Catalog that includes23&dshifts.
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Figure 2. (a): Scan-line positions for SDSS Stripes 9-12. The GAMA regiaresoutlined using dashed lines. The twelve scan-linesdoh stripe are the
result of interleaving North and South strips each with simera columns(b): GAMA regions in relation to the dust map t@p The
colours represent SDSSband extinction in magnitude ranges:0.06 white; 0.06-0.20 grey scale; 0.20-0.25 black; 0.25-0.hgeaand> 0.5 blue.

The SDSS produces various magnitude measurementsminor axes ratio, position angle, scale radius) are detexchfrom

(Stoughton et al. 2002). These include:

e Petrosian magnitudes are measured using a circular agpertur

that is twice the Petrosian radius. The radius is determirsiag

the r-band image, while only the amplitude is fitted in the other

bands.

e PSF magnitudes are determined from a fit using the point

the surface brightness profile of the object in thisand. spread function in each band.

e Model magnitudes are determined from the best fit of an ex-
ponential or de Vaucouleurs profile. The shape parametam(m

e Fibre magnitudes are measured using a circular aperture tha
is 3" in diameter. For these magnitudes, no attempt is made to de-

© 2009 RAS, MNRASO00,[1H15



4 1. K. Baldry et al.

Table 2. The GAMA regions defined in J2000 coordinates

G09 129°.0 < RA <141°.0 —1°.0<DEC < 3°.0
Gl2 174°.0 < RA <186°.0 —2°.0<DEC <2°.0
G15 211°.5<RA <223°.5 —2°.0<DEC<2°.0

blend overlapping objects. Their purpose is to provide aimese
of signal in the spectrographs.

These magnitude types are all used in our selection for wario
reasons. Note we make no adjustment from the SBSSibre
magnitudes to AAOmega” apertures. An average correction is
0.35 mag, with the 95% range from 0.15-0.6 mag (for galaxits w
18 < r < 20).

The SDSS pipelineeHoTO also gives a number of flags for
each measured source (table 9 of Stoughtonlet al! 2002). e m
important for target selection BATUR, which is set if any pixel in
a source or its ‘parent’ is saturated. This can be used totafédy
exclude deblends of bright stars. We also consideP&mRENTID
of sources, which can be used to group together objects that m
be significantly overlapping. This is used in the visual sifisation
process {[3.5) to identify deblended parts of galaxies.

The initial input catalogue was selected from the
DR6.PHOTOOBJ table with, in addition to magnitude limits
and area restrictions, the following criteria (in SQL):

(mode = 1) or
(mde = 2 and ra < 139.939 and dec < -0.5 and
(status & dbo. f phot ostatus(’ OK_SCANLINE' )) > 0)

The MODE column is set to 1 for primary objects and 2 for sec-
ondary objects, which are in areas where stripes and/orlge
overlap. However, Stripe 9 is mostly incomplete for GO9 amast
secondary objects need to be selected from some Stripe b0 sca
lines in this region because the code assumes Stripe 9 islemmp
when determining thetoDE values [see Fid.J2(a), consider the ex-
tension of Stripe 9 to 8h]. The RA and DEC limits above select
the appropriate part of Stripe 10, and the_SCANLINE flag en-
sures that selected objects are not in the overlap edge efréas
scan-lines.

While data from Stripes 9—12 were used for GAMA target se-
lection, data from from Stripe 82 were used for early testihgur
star-galaxy separation method. This was because of thiablei
UKIRT J and K band coverage at the time and because of sig-
nificant additional SDSS redshifts beyond the main SDSSeystv
The additional targets included selections for both rembhand un-
resolved sources (Adelman-McCarthy et al. 2006).

2.2 UKIRT Infrared Deep Sky Survey

The UKIRT Infrared Deep Sky Survey (UKIDSS; Dye etlal. 2006;
Lawrence et &l. 2007) is a project using the Wide-Field Camer
(WFCAM;|Casali et al. 2007) on the 3.8-m UKIRT. The WFCAM
instrument consists of foutk x 2k HgCdTe detectors in a two-
by-two pattern. Each detector cover8.7" x 13.7" and is sepa-
rated from neighbouring detectors 1.9’ (94% of each detec-
tor's active length). Thus, four observations can be ietaréd to
form a contiguou®.9° x 0.9° tile. The available filters ar8YJHK
with effective wavelengths of 0.88, 1.03, 1.25, 1.63 arzh um
(Hewett et al. 2006). The UKIDSS consists of a number of diffe
ent sub-surveys, including the Large Area Survey (LAS) ioitg
imaging inYJHK over > 2000 deg? within the SDSS main survey
regions.
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Figure 3. UKIDSS J and K -band coverage for AAT observations in 2009.
The squares represent the WFCAM frames: filled grey @nd K-bands
were available, and cyan if only th&-band was available. The red areas
show the largest areas missing from the SDSS coverage eectumsking
around the brightest star8.6 < V' < 4.5; HR3665, HR4471, HR4540,
HR4689, HR5511) and related ‘timed out’ frames.

There is a dedicated pipeline for reducing and a system for
archiving the UKIDSS data (Hambly et/al. 2008). However, vi¢k d
not use the fully reduced data product catalogues for the GAM
regions when we incorporated UKIDSS LAS data into our se-
lection criteria. This was partly because of known problemith
the deblending algorithm, and also our desire to have cboter
aperture matched photometry. Reduced LAS images, thetdetec
frames, were obtained from the archive. These were scaled to
common background and gain, add/H K mosaics were pro-
duced using the Astromatic SWarp progrem (Bertin et al. 2002
Each GAMA region has pixel aligned 20 GB mosaics for each
band, alleviating problems due to multiple edge extrastiand al-
lowing us to use matched aperture photometry. The lattenioi-
tant for improving the quality of the galaxy colours, and star-
galaxy separation. SERACTOR(Bertin & Arnouts 1996) was run
in dual mode on thg and K images, with the source positions and
sizes defined in thé band, using default parameters. This cata-
logue was then matched to an initial SDSS catalogue (for GAMA
within a2” tolerance usingTILTS (Taylor2005), with the nearest
match chosen when there were multiple matches. Figure 3sshow
the J and K-band LAS coverage used for target selection prior to
AAT observations in 2009. While the UKIDSS coverage hasesinc
been nearly completed and may be used for targeting in 2040, a
analysis considering completeness as a function of pasitiitl
need to take account of the UKIDSS coverage prior to the 2009
observations.

The output from SETRACTOR gives a number of flux mea-

© 2009 RAS, MNRASD00,[1H15
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Figure 4. Histogram ofAs for Stripe 82 data. The-axis stretch is linear

in In(1 4+ Asg) (bin size is 0.02). The dash-dotted histogram represents
all objects, while the red histogram represents objects eonfirmed stel-

lar redshifts £0.002 < z < 0.002), and the green histogram represents
extra-galactic sources with.002 < z < 0.35. Note they-axis is on a
logarithmic scale and the orange curve shows a double GauBsio the
stellar peak FWHM ~ 0.025). The vertical dotted lines show the range
for marginally-resolved source8.05 < Asg < 0.25).

surements. Here we generally use the standarto magnitude,
based on an elliptical aperture defined using Kron's (198§9)-a
rithm. TheseauTo magnitudes are used féf-band selection and
for J — K colours as part of the star-galaxy separation criteria.
More details on the near-IR image reduction including medch
aperture UKIDSS-SDSS photometry will be given in a future pa
per. For early tests of our star-galaxy separation usinge&82
data ¢ [3.1), we used the available UKIDSS pipelineERMAG3
measurements, which are determined ugi0 circular apertures.

3 TARGET SELECTION
3.1 Star-galaxy separation

Automatic separation of stars and galaxies from images ymas t
ically been done using shape or intensity profile measur&amen
(e.g.,.MacGillivray et all 1976; Maddox et/al. 1990). The SDS
star-galaxy separation parameter (Strauss et al! 2002fireed as

@)

whererpss andrmoder are ther-band PSF and model magnitudes.
The value deviates from zero when the de Vaucouleurs or @pon
tial profile fit accounts for more flux than only using a PSF fd,,i

a significant deviation from zero indicates that the intgngiofile

is not well matched to the PSF. Figlide 4 shows a histogramisn th
parameter for objects with7.8 < rpeiro < 19.8 that are not de-
blended from a saturated object. Also shown are objects avith
firmed stellar redshifts and galaxies wiild02 < z < 0.35 (from
Stripe 82). The cu\s; > 0.24 was the constraint used for star-
galaxy separation in the SDSS M@3with this selection, some
galaxies that are compact will be missed, particularly asaxget
fainter thanr = 17.8.

Asg = Tpsf — T"'model

3 Age > 0.3 is the MGS criteria quoted in_Strauss et al. (2002) but the
limit was later reduced to 0.24 following the change in thedelonagnitude
code at DR2 (Abazajian etlal. 2004).

© 2009 RAS, MNRASO00,[1H15

Our first cut is to select objects withs; > 0.05 (nom-
inally marginally or well resolved). This removes the Gaass
core of objects that are unresolved, which are almost ait stad
quasarﬁ However, this cut is still too inclusive of stars for tar-
geting efficiency so further cuts need to be applied. In paldr,
the 0.05 < Az < 0.25 region probably includes many double-
star systems as well as marginally-resolved galaxies. dtber lare
selected using colour cuts based on our UKIDSS-SDSS matched
catalogue.

A UKIDSS-SDSS star-galaxy separation was determined us-
ing data from Stripe 82. FigurE] 5(a) shows a plot (@f —

K )apermags Versus(g — 4)model for objects withAs; < 1.0 and
17.8 < Tpetro < 19.8 (i.€. fainter than SDSS MGS within GAMA
selection). A colour-colour diagram using these bands witizad
by llvezic et al. (2002) to assess the success of SDSS d&yga
separation.

From selected sources, we fit the stellar locus with a quiadrat
A new star-galaxy separation parameter is defined ag’'the K
separation from the locus, which is shown by the blue dashed |
The parameter is given by

Angjk = Jap — KaB — flocus(g - 74) (2)
where
—0.7172 <03
fiocus(x) = —0.89 + 0.6152 — 0.13z% for 0.3 <z <23 (3)
—0.1632 r>2.3

Figure[B(b) shows\, ji Versus(g — #)mode, With symbols repre-
senting samples that have measured redshifts. The\gufic >
0.20 is used to select extra-galactic sources among the objects
with 0.05 < Ag < 0.25 (the success and completeness of this
UKIDSS-SDSS star-galaxy separation are presented |a$és.ii).

Not all objects have measuretl— K. For these objects we
lower the Ay, cut for fainter objects td\sz > fg slope(Tmodel)
where

0.25 r <19.0
fegstope(z) = 0.25 — = (x—19) for 19.0 <z <205 (4)
0.15 x> 20.5

Figure[® shows the distribution ifAs; Versusrmode, With the cut
shown by the red dashed line. This is appropriate becausskyhe
density of objects that are galaxies compared to doubls,stathe
marginally-resolved region, is increasing toward faimtexgnitude
limits.

In summary, the overall star-galaxy separation is given by

OR
OR (5)

Agg > 0.25
Agg > 0.05 AND Agg 5 > 0.20
Agg > fsg,slope(Tmodel) AND NOJ — K measurement.

Only objects satisfying these criteria are targeted in tlagnrsur-
vey.

The GAMA UKIDSS selection was based on non-pipeline
SEXTRACTOR magnitudes. Thus, the final star-galaxy separation
(Eq.[2) was determined usingyTO mags forJ — K and SDSS
model mags foy — i (data from Stripes 9-12). Figuré 7 shows the
use of these magnitudes for star-galaxy separation. Thiode
strates that the stellar locus fit appliesstoto mags equally well.

4 Note that even with UKIDSS-SDSS colour selection selectibgects
with Asg < 0.05 would result in a large stellar contamination to our galaxy
sample.
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Figure 5. (a): Star-galaxy separation in colour-colour space. Objecte we
selected from Stripe 82 withsg < 1.0 and17.8 < rpetro < 19.8. The
blue dashed line represents a fit to the stellar locus overaifge0.3 <

g — i < 2.3 and constant/ — K either side of the fitted range (Ed. 3);
while the red dashed line i$-0.2 in J — K from this fit. (b): J — K
star-galaxy separation parameter vergus: for populations over different
redshift ranges. From objects with measured redshiftsripes82, 500 stars
and 100 in each extra-galactic redshift range were selettethdom. The
red line shows the\, ;i cut.

3.2 Magnitude limits

The main scientific goal of GAMA that drives the choice of the
minimum width of the survey geometry, and the magnitudecsele
tion, is the measurement of the halo mass function (Drivet|et
2009). We chose-band selection because it is most directly corre-
lated with spectral S/N obtained (the filter falls in the niechnge
of the spectrograph). This ensures a high redshift sucegsgar
a given target density. The-band limits were chosen to give an
average target density up to an order of magnitude higherttia
SDSS MGS 90 deg™?) and 2dFGRSI40 deg~2). Given the limi-
tations of efficient observing over two or three lunationshegear,
three fields were chosen covering 6 hours in RA. We compraimise
between area and depth by choosing a limito& 19.4 in G09
and G15 (70 deg™?), andr < 19.8 in G12 (1070 deg™?). These
were defined using Petrosian magnitudes, following theéegyeof
the SDSS MGS.

In consideration of measuring the stellar mass function, we
included a near-IR selection using SDS%and and UKIDSSK -

—~ 0.8

T'model.
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r

w
b
<

T
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Figure 6. Star-galaxy separation regions. Abadg, = 0.25, objects are
selected as a spectroscopic target regardless-efK colour (as per AAT
observations in 2008 and SDSS MGS). Below the thick dashedime,
objects are selected if they satisfy the- K star-galaxy separation criteria
(Asg,jk > 0.2). While above the red line but withsg < 0.25 (triangular
region atr > 19), objects are selectedX, ;. > 0.2 or there is noJ — K
measurement.
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Figure 7. J — K star-galaxy separation parameter vergus- i for

marginally-resolved sources with, 41 < 20.5, using SEXTRACTOR

magnitudes. This differs from Fiff] 5(b) in magnitude typedigor J and
K, and in using only sources with05 < Asg < 0.25 but going to fainter
magnitudes. The red line shows the, ;. cut.

band. To ensure reliability and reasonable redshift ssccate,
these were also constrained by aiband selectionr{uode <
20.5). The choice of SDSS model magnitudes rather than Petrosian
is a consequence of the noise statistics. For Petrosianitndgs,
the noise is well behaved to~ 20 (Stoughton et al. 2002), while
for fainter objects the model magnitudes are more relialbig-
ure[8 shows the pipeline-output magnitude errors versusnimag
tude. Also, theK-band selection was based auTo magnitudes,
and bothauto and model magnitudes use elliptical apertures. The
additional selections were a small sample:fgqe < 18.2 and a
sample toK AB,auto < 17.6.

Within the GAMA regions, the main survey selections are
given by:

Tpetro < 19.4 OR
Tpetro < 19.8 AND in the G12 area OR ©)
Zmodel < 18.2 AND Tmodel < 20.5 OR

KaAB,auto < 17.6 AND 7Tmodel < 20.5.
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Figure 8. Magnitude errors versus magnitude. The solid lines shownife

dian errors obtained from the SDSS catalogue, with the nsgiepresent-

ing the inter-quartile range (top for Petrosian, lower fardal magnitudes).

The vertical dash-dotted lines representstigand limits used in this paper
(19.4 and 19.8 using Petrosian, and 20.5 using model matgsifu
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Figure 9. Colour versus magnitude distribution for a near-IR sample

black contours and points represent potential galaxy targéhe blue
dashed lines show the limits imposed by our selection inetuthe con-
straintr,o4e1 < 20.5. The green lines show = 19.4 and 19.8 limits.
The red contours represent most of the additional targetsabected by the
rpetro limits. These contours extend below the solid green linebse of
differences between Petrosian and model magnitudes.

Including the near-IR selections increases the G12 targat d
sity marginally (to 1080 deg—2) while increasing the G09 and
G15 target density 1620 deg™2. Figure[® shows the colour bias
for the near-IR selections. The-band selection is complete to
(r — 2)moael < 2.3 at the faint limit, while theK-band selec-
tion is complete tormodel — KaB,auto < 2.9 at the faint limit.
A Zmodel < 18.2 selection is formally missing 0.3% of objects
because of themoqer limit, while a Kap.auto < 17.6 selection
is formally missing about 1% of objects. This is after appdyi
star-galaxy separation. However, only very red objectsvassed,
which are more likely to be stars in spite of the star-galeegyas
ration or have incorrectly measured colours caused by nicsred
apertures in the case of— K (the practical impact of these joint
limits is discussed later i§[5.4).

3.3 Masking

In order to avoid targeting galaxies with bad photometryaose
they are near bright stars or satellite trails, an explicisknwas
constructed. The bright-stars mask was based on stars ddwrt
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12inthe Tycho 2, Tycho 1 and Hipparcos catalogues. For each sta
a scattered-light radiusi;) was estimated based on the circular
region over which the star flux per pixel is greater than 5 sithe
sky noise level. For each potential target, a mask paramedsr
defined as follows

MASK_IC_12 =1 d < Rs
MASK_IC12=Rs/d for Rs < d < 5Rs (7)
MASK_IC_12=10 d > 5Rs

whered is the distance to & < 12 star with radiusRs. In other
words, theMASK_IC_12 value decreases from unity whdn< R
to 0.2 wherd = 5R. A similar mask parametenASK_IC_10 was
defined using onlyy” < 10 stars. In addition, objects within an
SDSS-database mask for holes, satellite trails and blgqaiiels
had these mask values set to unity. After testing, we choseléat
only objects withMASK_IC_10 < 0.5 andMASK_IC_12 < 0.8.

The largest masked areas are shown in[Hig. 3. These are be-
tween 0.01 and.07 deg® each. Most of the separate masked areas
are significantly smaller<{ 0.001 deg® or < 1’ in radius). Overall,
the total masked area is abdufeg? and the unmasked area of the
survey is estimated to biet3 deg?.

The mask was insufficient to remove all or nearly all objects
with bad photometry. Therefore, as per SDSS selection,ctibje
were selected to b&OT SATUR from the FLAGS column in the
PHoToOBJ table. This basically excludes deblends of bright stars
but will also reject galaxies that are blended with saturatars.
These however are likely to have bad photometry and falsajpb
magnitudes. The stars causing this saturation, not aceddiot by
the Tycho mask, are probably aroulid~ 13.

The saturated-flag masking is not ideal. This is particularl

the case for large nearby galaxies for which the angularcitiee
galaxy is a significant factor in determining the excludeg atea.
In other words, the probability of a large galaxy haviwrur set
depends primarily on its size rather than the area of theadiféd
and scattered light around stars. To increase the completei the
input catalogue for large galaxies, exceptions for the naasknot-
saturated criteria were made for galaxies from the Uppsala- G
eral Catalog (UGC; Cotton etlal. 1999) and Updated Zwicky- Cat
alog (UZC;[Falco et al. 1999). In addition, exceptions to mio¢-
saturated criteria were made for a selection of visuallpéaesed
galaxies that havROT SATUR.CENTER There are only 86 objects
with an exception flag set (selected as part of the visuasifies-
tion process described §3.5).

In summary, the criteria for including objects is given by:

(MASK_IC_.10 < 0.5 AND MASK_IC_12 < 0.8 AND
NOT SATUR) OR the exception flag is set.

®)

3.4 Surface brightness limits

In addition to the implicit surface brightness (SB) limiterin star-
galaxy separation and detection, an explicit SB limit waglied
given by

15.0 < pr,50 < 26.0 9)

wherep. 50 is the effective SB inmag arcsec > within the 50%
light radius in ther-band (eq. 5 of Strauss etal. 2002). Anything of
lower SB is very likely to be an artifact, and anything of heglsB
is a star.

Figure[I0 shows the distribution of objects #@yr. versus
wr.50 for GAMA main-survey targets. The lower limit of 15.0 does
remove some objects, probably stars, not rejected by thkingasr



8 I.K.Baldryetal.

star-galaxy separation criteria (EEg. 5). The limit forso of 26.0 is

in 1% of cases. Objects with values of 2 or 3 were removed from

1.5 magnitudes deeper than the SDSS MGS cut, and is the point athe schedule of AAT observations, i.e., targets must satisf

which most of the objects are clearly artifacts. Note that$DSS
photometric pipeline is not complete fpr. 50 > 23 (figs. 2-3 of
Blanton et al. 2005). Additional low-SB candidates coulddeov-
ered by searching coaddedr and: images|(Kniazev et &l. 2004).
Nevertheless without deeper imaging, the data will remdoin-
plete at low SB well before our explicit limit.

In addition to the explicit SB limits given in Ef] 9, which we
use to reject objects from our science catalogue, we include
striction on the fibre magnitudes:

17.0 < répre < 22.5 (10)

for targets allocated to the AAOmega observation schedties
is a practical restriction, with a bright limit to avoid sifjnant
crosstalk in the spectrograph and a faint limit becauseatshift
success is very low. Selected fibre bright targets without@nk
redshift will be observed with a 2m-class telescope, angriimci-
ple, selected fibre faint targets will be observed with an@ass
telescope. At the bright end, a more restrictive cut on gédaxy
separation is also justified (see lategiB.2).

3.5 Visual classification

Sources with, for exampley 50 > 23 have a high probability of
being artifacts, deblends of stars, or the outer parts afxgs. One
of us (J. Liske) has written code to facilitate the visuassléication
of such sources. Ais_cLASS variable, initially with zero value,
could be changed to the following for each source on inspecti

1 possibly a target,
2 not a target (no evidence of galaxy light),
3 not a target (not the main part of a galaxy).

First, sources with the following flags all equal to ze0GE,
BLENDED, CHILD, MAYBE _CR, MAYBE _EGHOST, were assumed
to be good, essentially isolated, and not included in angings
(vis_cLAssset to 255). About 50% of targets satisfy these criteria.
From the remaining objects, sources were selected for vitas:
sification if any of the following conditions applieg:.s0 > 23,
Teibre > 21, Tabre < 17, MASK_IC_12 > 0.2, Tmodel < 15.5,
Tpetro < 15.5, Tibre < Tmodel, Tibre < T'petro, N€Ar UGC galaxy,
within 3" of another target, Petrosian radins 10”. These indi-
cate that the object could be the result of deblending of gelar
galaxy, artifact or bright star, e.g., diffraction spikésaddition to
the above criteria, other objects were included in the almree
cess. Objects with the sanARENTID as an already classified
VIS_CLASS = 3 object were selected. (The above selection was not
developed in one go and there have been several iteratféinally
objects, with the samerARENTID, that are the brightest and near-
est to any object to be tested were included. Objects thad
part of the same galaxy were viewed together where poss$ile.
had to be certain to classify objects as 3 only if the main pag
identified as a target.

The above selection produced a sample of about 12 500 ob-

jects for visual classification, by six observers. Evergstdd ob-
ject was classified by three different observers. Of thecsatiepo-
tential main-survey targets (FIg.J1@),s_CLASS=1 was set in 92%
of casesyIsS_CLASS=2 in 5% of cases, andiS_CLASS=3 in 3% of
cases, based on agreement between two or all three clasSfér
and 90% of cases, respectively. Some of the ambiguous cases w
double checked, and a single-observer classification wasted

VIS_CLASS# 2 AND VIS_CLASS# 3. (11)

In addition, theviS_CLASS = 3 objects can be used to improve the
photometry of some large galaxies by coadding in the flux ef th
galaxy parts (or the ‘parent’ photometry can be used).

3.6 Number of targets

The total number of objects that are within the GAMA regions
(§ 2.3), main-survey magnitude limits (Eg. 6) afd, > 0.05,
is 143 728. Applying the stricter star-galaxy separatioq.® re-
duces the sample to 132 073. Removing objects by maskin@jEqg.
the SB limits (Eq_P) and visual checking (Eg] 11), reducesstm-
ple to 120 038. Of these, 825 were not included in the AAOmega
observation schedule because they do not satisfy the fibgaima
tude limits (Eq[_ID). A more restictive star-galaxy segaratan be
applied for brighter targets (discussed later and givergif2) that
reduces the sample to 119 852. This is considered to be the mai
survey sample. Note these numbers apply to AAT observations
2009, the numbers may change slightly with addition of catepl
J-K UKIDSS coverage for observations in 2010.

Separating the main survey intg z and K limited sam-
ples, the numbers are 114 520, 61 418 and 57 657, respecthrely
Tpetro < 19.4 limit produces a sample of 96 386.

3.7 Additional targets

In order to assess the spectro-photometry of the AAOmege: spe
tra, three or four stars, classified ®&EDDEN.STD Or SPEG
TROPHOTQSTD by SDSS, were observed in each configuration.
These also had a bright fibre magnitude limit of 17 as per tha-ma
survey targets.

The aim is to obtain high completeness (99%), at least ingerm
of spectra obtained and ideally in terms of confirmed retsHibr
the main survey. This is set to reduce systematic uncegaiim
GAMA's position dependent science cases, and is possilcieuse
a given patch of sky is potentially observed ky5-10 2dF tiles
depending on the local density of targets (see Robotham|20@9
for a description of the tiling strategy). Given this requirent, tar-
geting becomes increasingly inefficient as the survey esmgs
(fewer targets without a redshift per tile). Filler targetsre in-
troduced to provide useful redshifts outside the main syrasd
thus, maximise fibre usage. These have no high-level regeine
on completeness. The filler selections are given by: (Fl¢atbj
with detection in the Faint Images of the Radio Sky at Twearty-
(FIRST) survey and matched to SDSS with,q.1 < 20.5 includ-
ing unresolved sources; (F29.4 < rpetro < 19.8 galaxy tar-
gets in GO9 and G15, aiming for equal depth with G12; and (F3)
Jmodel < 20.6 OF Trmoder < 19.8 OF imoder < 19.4 in G12, investi-
gating variation in magnitude-type and wavelength on siglecin
total, there are about 50 000 filler targets.

4 SPECTROSCOPY
4.1 Existing data sets

While the GAMA target density is significantly higher than S®
or 2dFGRS, the redshifts obtained by these and other supreys
vide a non-negligible starting baseline. We incorporataralmer of
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Figure 10. Bivariate distribution ofrg,,e Versusu, so. The black contours and points represent objects that an@asked and pass star-galaxy separation.
The grey lines outline the selection limits5.0 < u,r 50 < 26.0 is the restriction for the science catalogue; while objedth fibre magnitudes fainter
than 22.5 or brighter than 17.0 are not included in the AACan@lgservation schedule. The green dots represent objettt¥MiLCLASS=1; the red crosses
VIS_CLASS=2, and the pink crossess_CLASS=3. The small orange circles &1, < 17 are probably stars based on a stricter star-galaxy sepaatteria
(§[52). The blue dash-dotted (dashed) line corresponds to(30%) redshift success rate for objects on or near the line.

different surveys into our catalogue, defining a redshitiliqy Q,
where necessary, as per the Colless let al. (2001) scheméhsich
@ = 1 means very poor or no redshif, = 2 means a possible but
doubtful redshiftQ = 3 means a probable redshift, aGd= 4 or

(@ = 5 means a reliable redshift. The surveys included are given in
Table[3.

From the@Q > 3 non-GAMA redshifts in the GAMA re-
gions as outlined in the table, about 40 000 are unique (deriag
matches withirl” to be the same object). The number of main sur-
vey targets with one of these redshifts is 19 446, matchirtgimi
1" except for some large galaxies withff of a 6dFGS or UZC
redshift. Objects witl®) > 3 redshifts are given a lower priority in
the AAOmega observation schedule.

4.2 AAOmega observations in 2008 and 2009

GAMA observations with the multi-object spectrograph AA€ga

on the AAT took place in 2008 (Jan 12, Feb 29 to Mar 15, Mar 30
to Apr 05) and 2009 (Feb 27 to Mar 05, Mar 27 to Apr 02, Apr 17 to
Apr 23). The 2dF robotic fibre positioner (Lewis etlal. 2002¢ds

a bench-mounted dual-beam spectrograph (Sharpl et al..ZDA6)
plates are used: while one is being configured (fibres platled)
other plate is in the focal plane feeding light to the speaptph.
There are up to 392 science fibres available in a single configu
ration. Excluding broken fibres, 20-25 fibres used for skyrsigh
tion and 3 or 4 spectroscopic standargl8.{l), we targeted between
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320 and 350 GAMA targets per configuration. Total exposumesi
used were typically 1 houB(x 20 min). We observed up to 8 con-
figurations in a single night for a total of 267 observationsrahe
two years (91 015 spectra). The spectral coverage was fr@na37
880 nm.

The priorities assigned to targets were different between
the two years. The tiling scheme is described in detail by
Robotham et all (2009). Here, we summarize the prioritie2008
the targets consisted only of theband selection witi\sz > 0.25
(there was insufficient UKIDSS coverage at the time), withou
an already known redshift§ (4.1) except for some cross-check
data. The priorities were from high-to-low: (i < 19.0; (ii)
19.0 < r < 19.8 in G12 within+0.5° of the celestial equator; (iii)
19.0 < r < 19.4in G09 and G15, and remainifng.0 < r < 19.8
in G12. In addition, clustered targets in any of these categavere
given a higher priority. A clustered target was defined aswaiti@n
40" of another target, wherg0”’ is approximately the closest two
fibres can be placed. This was to maximise the chances ofwebser
ing as many close pairs as possible over three years of Gligers.

In 2009, now including UKIDSS selection for the star-galaep-
aration and magnitude limits, the priorities were: (i) ¢tired un-
observed main-survey targets; (ii) unobserved main suvejus-
tered failed main survey, where failed means that a GAMA spec
trum has been obtained with < 2; (iii) failed main survey; (iv)
from F1, F2, F3filler targets, arn@ = 3 spectra taken with the old
2dF spectrographs (e.g., 2dFGRS).
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Table 3. Other spectroscopic data in the GAMA regions. Tables wetaiodd from the survey websites or the VizieR service.

survey file/table reference no. of redsHiftsno.Q >3  no. main survey uniqie
SDSS DR7SPECOBJALL Abazajian et al. (2009) 27514 26687 13170
2dFGRS VII/250/2dfgrs Colless et al. (2003) 11490 11180 0384
MGCz VI1/240/mgczcat Driver et al. (2005) 4008 3835 1883
2SLAQ-LRG  J/MNRAS/372/425/catalog __Cannon et al. (2006) 5@2 2109 227
6dFGS DR3sSPECTRA Jones et al. (2009) 299 270 55
uzc J/IPASP/111/438/catalog Falco et al. (1999) 255 4209 13
2Qz VII/241/2qz Croom et al. (2004) 5359 4317 224
2SLAQ-QSO  2slaggsapublic.cat Croom et al. (2009) 2414 2098 34

2The number of redshifts quoted are all those in the GAMA negiimcluding duplicates and non-GAMA targets.

bThe number corresponds to unique main survey targets v@ita3 redshift from the survey (prior to GAMA). In the case of mplé matches within”/,
the highest) value match is used (nearest in case of eqalQ is limited to < 4 for all surveys except SDSS.

¢SDSS quality is given by) = 1 + (ZCONF > 0.2) + (zwarningokay AND ZCONF > 0.7) + (ZCONF > 0.9) + (ZCONF > 0.99) where each term in
brackets takes the value of unity if the condition is true ae otherwise, and zwarninakay takes the value unity if the following warning flags

EMAB_INC, AB_INC, 400BREAK are all zero.

dyUZC quality is given by = 3 if UZC class is 0 or 1 (secure identification),

afd= 2 if UZC class is 2, 3 or 4 (some confusion regarding identifocgt

€2QZ and 2SLAQ-QSO quality is given bgp = 3 if original quality code was 11 (good identification and fieift}; Q = 2 if 22, 12 or 21; and) = 1 if 33,

23 or 32.

Table 4. GAMA spectra from AAT observations in 2008 and 2009

description number

total spectra obtained 91015
spectroscopic standards 1059
unique targets 87753
repeated targets 2203

@ > 3 unique targets 82696
r <19.0& Agg > 0.25 40103
main surveyr-selected 38994
main surveyz, K -selected 1847
F1: radio selected 105
F2:19.4 < r < 19.8in G09 & G15 1029
F3: filler selection in G12 68
otheP 550

2The unique targets with redshifts are identified in the rowlbWw. The

r < 19.0 selection corresponds to the higher priority targets infits
year of AAT observations. The numbers shown in each row béhswow

do not include contributions already accounted for. Belbe/main survey
are the F1-F3 filler target§ [3.7).

bThe ‘other’ objects are mostly objects whose UKIDSS photioynbas
undergone revision since the second year of AAT obsensti@nd
VIS_CLASS=3 objects that were observed prior to implementation of the
visual classification.

From the first two years of observing, first-pass reductions
with 2DFDR (Croom et all 2004) anduNz (Saunders et al. 2004)
have resulted in a 94 per cent redshift success 1@tex( 3) for
82696 unique redshifts, 80944 for the main survey (79598 wit
z > 0.002). Table4 gives a breakdown of the spectra obtained. In-
cluding spectra from other surveys, results in 100Q12: 3 red-
shifts for the main survey (98 497 with > 0.002). Table[® gives
the target numbers and redshift completeness for variours sna
vey selections. The-limit only selection and the prioritisation in
the first year is the main cause of differidg > 3 completeness
factors between each sub-sample.

The details of spectroscopic data reduction, including dew
fringing and sky-subtraction techniques, redshiftingmparison
with other spectra, spatial and magnitude completenesdevde-

scribed in future GAMA papers. In the next section, we use the
first-pass redshifts to illustrate some issues relatededdityet se-
lection.

5 RESULTS
5.1 Star-galaxy separation

There are two star-galaxy separation parameters used GAMA
selection. FigurE1(a) shows the observed bivariateilligion of
main survey targets in these parameters. The red line shansut
used for our target selection. This removes nearly 9 000cssur
or about 7% of potential targets s, > 0.05. Figure[I1(b,c)
show the distributions of galaxies (> 0.002) and stars that have
confirmed redshifts, 1.5% are stellar, using all availalpectro-
scopic data. The additional — K selection was necessary for
sources withr > 17.8 in order to be complete for compact galax-
ies. This is seen by the confirmed galaxy contours extenditiget
left of Asz = 0.25 in Fig.[1d(b), which would otherwise have been
missed by using only &, > 0.25 cut. Note that the targeting
completeness is lower @k, < 0.25, 60% compared to nearly
90% overall, because this UKIDSS-SDSS selection was nalt ava
able for AAT observations in 2008.

The figure also shows that the regions of high stellar contami
nation are, not surprisingly, at lotkss or Agg ;. Thus a lower con-
tamination could be obtained by using a &ut; + Agg jx > 0.4, for
example, with minimal rejection of genuine galaxies. Thizuvd
work well because there is no strong correlation betweenwbe
parameters.

An estimate of the completeness of the current selection in
terms of selecting galaxies can be obtained by assuminghbet
is no significant correlation betweefi;, and A ;. Consider
the galaxy distribution in Fid_11(b). The fraction of gak at
Agg ik < 0.21s 2.3% (not including galaxies with nd — K mea-
surement) and the fraction &, < 0.25 is 1.7% after adjusting
the latter for the lower targeting completeness. Thus tedipted
fraction of galaxies af\; jx < 0.2 andAgz < 0.25 (in the lower-
left hand corner of the plot) is only 0.04%. Thus, the galagy s
lection from the star-galaxy separatiorn4s99.9% complete when
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Table 5. Main survey target numbers and redshift completeness éothitee separate GAMA regions, galaxy fractions (fr@n> 3 redshifts), and median
galaxy redshifts. The redshift completeness is definedeasiimber of objects with @ > 3 redshift divided by the number of targets (regardless ofthédre
they have been observed spectroscopically).

selection Region G09 Region G12 Region G15 fraction  median
no.targets @ >3 no.targets @ >3 no.targets Q@ >3 z > 0.002 redshift
Tpetro < 16.0 363 95.0% 397 97.5% 481 96.9% 99.1% 0.052
16.0 < 7petro < 17.8 3335 99.2% 4644  99.3% 4666  99.0% 98.5% 0.116
17.8 < rpetro < 19.0 & Agg > 0.25 14387 98.2% 15599 96.1% 16016 93.1% 99.0% 0.185
17.8 < Tpetro < 19.0 & Agg < 0.25 160 83.8% 206 60.7% 153 55.6% 66.3% 0.260
19.0 < rpetro < 19.4 & Agg > 0.25 11886 90.6% 11600 76.4% 11724 62.6% 98.9% 0.243
19.0 < Tpetro < 19.4 & Agg < 0.25 201 77.1% 345 46.1% 223 33.6% 80.7% 0.228
19.4 < Tpetro < 19.8 & Agg > 0.25 0 0.0% 17281  70.1% 0 0.0% 99.5% 0.263
19.4 < rpetro < 19.8 & Agg < 0.25 0 0.0% 853 38.9% 0 0.0% 93.7% 0.254
Zmodel < 18.2 and notr-selected 604 63.1% 270  25.2% 510 38.2% 58.4% 0.470
KAB,auto < 17.6 and notrz-selected 1931  46.5% 348  19.0% 1669  29.5% 97.3% 0.368
all main survey 32867 91.6% 51543  80.9% 35442  79.5% 98.5% 960.1
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Figure 11. Results of star-galaxy separatig¢a): The distribution of main survey targets with/a- K measurement, extended to all objects witf, > 0.05,

are shown with black contours and points. The red dashedtioes the cut used for target selectifinc): The distribution of objectsretro > 17.8, < 17.8)

with confirmed galaxy redshifts are shown with green corg@und points, while objects with stellar redshifts are shaith red points. The blue dotted (dash-
dotted) line corresponds to 50% (70%) stellar contamindto objects on or near the line (determined by interpotatiother < 17.8 sample)(d): Objects
with rgpre < 17.0, not included in the AAOmega observation schedule, are shB&d crosses and green diamonds represent objects withoeah stellar
and galaxy redshifts. Black crosses (squares) represgutsiwhere the fibre magnitude is brighter (fainter) thaRbtrosian magnitude. The smaller squares
and crosses are the potential targets excluded by thei@riteEq[12: these are also shown as small orange circlegiflBi The blue dashed line divides the
small and large squares.
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Figure 12.Scale radius, de Vaucouleurs or exponential profile freroTo,
versus redshift. The black contours and points represdakiga selected
usingAsg > 0.25, while red crosses represent thie- K selected sam-
ple with 0.05 < Asg < 0.25. The dashed lines correspond to constant
observed angular size.

there are/ and K measurements. This assumes there is no signifi-
cant population of galaxies withsz < 0.05 within our magnitude
limits.

The SDSS pipelineeHOTO also determines the scale radii
of the de Vaucouleurs and exponential profile fits (eq. 9 & 10 of
Stoughton et al. 2002). Taking the best fit and averaging ¢hkes
radii in ther- andi-bands for each galaxy, we determined the com-
pleteness in this measure of size. The &yt > 0.25 is complete
down to a scale radius- 0.6”, while our star-galaxy separation
(Eq.[8) is plausibly complete down to a scale radius0.25” i
Figure[12 shows the scale radius in kpc versus redshift far co
firmed galaxies in the main survey. Without the additiond¢ce
tion, the target selection would be significantly incomelet 20%
missed, for galaxies with observed radii betw®e2b’”’ and0.6”.

Of course, one could have used this scale radius directlystara
galaxy separation parameter but, without higher resaiutioag-
ing, the systematic errors are presumably larger in this tha.

This compact galaxy selection is critical for studies witthi-a
rect interest in the size evolution of galaxies (e.g., Thugt al.
2006;| Taylor et al._ 2009). Targeting all objects with, > 0.05
would have resulted in- 9000 extra objects, which would have
been a very inefficient way to target compact galaxies. Futur
higher S/N and higher resolution imaging (optical and negmill
improve the efficiency of this type of selection, providingeat of
whether GAMA target selection has missed significant nusbér
compact galaxies.

5 We note that therHoOTO scale radius values should be interpreted
with some caution at small sizes, less than half the typi&iF Rvidth.
Taylor et al. [(2009) advocate treating objects with scathi ra 0.75” as
having an upper limit 00.75", i.e., the true value is poorly determined
even thoughPHOTOhas determined that the object is likely to be resolved.

5.2 Bright galaxies

Objects withrane < 17.0 are not allocated to the AAOmega
schedule to avoid crosstalk between fibres, and we do nottoeed
consider these objects for this target selection. Howeétvesr,nec-
essary for analyses at low redshift, e.g. measuring luritinfisic-
tions, to determine a realistic completeness of galaxyctiele at
bright magnitudes. Figufe1L1(d) shows the distributiorhia $tar-
galaxy separation parameters for these potential targbtse are
485 using our normal selection criteria, of which, 296 hase-r
shifts from SDSS and other survey@ ¢ 3; Table[3). One possi-
bility would be to observe all remaining 189 targets with a-@liass
telescope. However, most of these are probably stars andeareio
strictive criterion could be used. This is given by

Tfbre > 17.0 OR
(Agg + Aggjk > 0.6 OR Agg > 0.6 AND
Tfibre > Tpctro) .

The Agg-Asg jx CUt is shown by the blue dashed line in Figl 11(d),
while targets that satisfy the last criteria are shown asusguas
opposed to crosses. Sources with fibre magnitude brigtaarRiet-
rosian are indicative of a ‘possible’ galaxy blended withtar,s
however, the star light dominates the fibre magnitude, wisictot
deblended. Using the above cut results in 299 sources wish 26
redshifts (89% complete). This cut should be used when sisges
completeness at the bright end of GAMA targets. This wasiegpl
before computing the,etro < 16 target numbers and complete-
ness given in Tablg 5.

(12)

5.3 Low surface brightness galaxies

The completeness in the low SB regime depends on redshdessic
and source detection, and there is the additional issueecdbu-
racy of the flux measurements. These will be described irildieta

a future paper on luminosity functions (Loveday et al. inpai@-
tion). Here we note only that the redshift success rate mamily

a function ofrgyre as shown in Fig_10. The success rate is 50% at
rabre ~ 21.5. This does not include any coadding of GAMA spec-
tra over two or more observations, and there may be impromeme
after re-reduction.

5.4 Redshift distributions and near-IR selections

Not accounting for incompleteness, 50% of the galaxy rdtishie

in the range 0.13-0.27, 90% are in the range 0.06—0.39 anch®9%
in the range 0.02-0.53. Figure] 13 shows the redshift hiatagifor
various galaxy sampleg (> 0.002) within the main survey, and
median redshifts are given in Talfle 5. The near-IR selestimve

a higher average redshift. Note that the redshift distidioutvithin
each sub-sample may be biased by non-GAMA redshifts and the
dependence of redshift success rate on magnitude, for é&amp
These are corrected for in Fig.]13 by binninggn- i to deter-
mine completeness factors. The histogram for each subtedamp
determined by weighting each object with a redshiftlgy where

c is the redshift completeness in each bin (with bin size offér2

0 < g — i < 3). This colour is used because of its correlation with
redshift [Fig[5(b)].

Figure[14(a) shows observed- z versus redshift for the-
selected sample, with the targets fainter than 19sinown by red
points. The extra selection is mostly picking up luminoukagies
in the redshift range 0.4-0.6 (recalling that this is of lowem-
pleteness than the < 19.4 selection). The number density of tar-
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Figure 13. Redshift distributions for selected main-survey sampldse
numbers have been projected to completion of the main swsig em-
pirical completeness determinedgn- ¢ bins.

gets drops off well before the colour bias limit. Simple lstepop-
ulation (SSP) tracks are shown with a formation redshifixo{see
caption for references). Some objects are apparently relaie the
old SSP tracks. This is presumably mostly because of phdtome
ric errors, however, certain dust geometries can in priagigdden
galaxies beyond the colour of old stellar populations. Pasiax-

ies can lie on, and slightly redder than, the red sequencé 8ivall
2005). Note that most of the targets in the range< r — z < 2.5

are a stellar contamination.

Figure[I4(b) shows observeg,,qei — KAB,auto VErsus red-
shift for the K -selected sample, with the targets fainter than 19.4 in
r and 18.2 inz shown by red points. The extra selection is mostly
picking up red galaxies in the redshift range 0.2-0.5. Thekss
show that thek selection is possibly incomplete for maximally old
super-solar metallicity populations at redshift0.45 (from one of
the models). There are many sources significantly reddertthex
tracks, however, this is most probably because of the midmiat
apertures between the surveys (model versiiso mags, different
deblending algorithms). For most purposes, it would be aalex
to assume the selectionig-band limited only.

6 SUMMARY

The GAMA survey is designed to be a highly complete redshift
survey with a target density several times that of SDSS. Tine s
vey covers threds deg? regions near the celestial equator centred
on 9h, 12h and 14.5h (Figl 2). The input catalogue is drawm fro
the SDSS and UKIDSS. The main-survey limits aggi.ro < 19.4,
Zmodel < 18.2 and KaB,auto < 17.6 (K < 15.7) across all the
regions, andpetro < 19.8 over the G12 region (Ef] 6). This corre-
sponds to a main survey of 119 852 targets. The near-IR &®isct
have a joint constraint withoqe1 < 20.5, which has minimal
impact on the use of the near-IR selections (Figs. B_& 14). The
GAMA survey lies between that of the SDSS-MG 17.8 and
VVDS-wide Iap < 22.5 magnitude-limited samples in the depth-
area plane (Fid.]1). In terms @f-band selection (Fid.l3), GAMA
covers an area- 15 times that of the similar-depth Hawaii+AAO
K < 15 survey.

In order to be highly complete at the high-SB end of the galaxy
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Figure 14.Observed colour versus redshift for (a) hg,qe < 18.2 sam-
ple and (b) thei{ AR, auto < 17.6 sample. The black contours and points
represent the data withifpetro < 19.4 (OF zpmodel < 18.2 for the K-
selected sample), while the red points represent the rémgafainter se-
lection. The dash-dotted lines represent the observedicotf SSP mod-
els with z¢o,, = 6 (12.5Gyr old atz = 0, 7.5Gyr atz = 0.5): red
(Z = 0.05, |Bruzual & Charlo{ 2003), blueA = 0.04, alpha-enhanced
abundances. Percival ef al. 2009), and gregn= 0.02, empirical stel-
lar spectra, Maraston etlal. 2009). The horizontal dasimed-épresents the
completeness limit at the faint end of the samples givenrthgie; < 20.5
limit (Fig. [@).

distribution, an intensity profile parameter (Eq. 1) and e
colour parameter (Ed] 2) are used jointly for star-galaxyasa-
tion. TheAqg ;x parameter makes use #f— K andg — ¢ colours.
Either parameter works reasonably well in separating siacs
galaxies (Figd1437). A joint selection (Ed. 5) increases ¢bm-
pleteness while stellar contamination in the sample resnaitess
than 2%. Judging by the joint distribution of confirmed gadaxn
these parameters (Fig.]11), the completeness is high edhes
bivariate density drops significantly prior to the limit afiroselec-
tion. This is particularly important when considering tlieesevo-
lution of galaxies (Fig_1l2). The incompleteness at the &®vend

is significant, both in source detection and redshift siccate,
which is about 50% atg,. = 21.5 (Fig.[10). Some improvement
over the SDSS MGS is made by visually checking low-SB targets
(ur,50 > 23), rather than using automatic checks, by increased red-
shift success rate, and by eventually including furtheegnations

of sources with failed redshifts.

The GAMA survey has completed two out of a three-year time
allocation for spectroscopy with AAOmega on the AAT. To date
100012 redshifts have been confirmed for the main survelydnc
ing 80 944 from AAOmega. Of these, 98.5 per cent are extragala
tic. We expect that this galaxy redshift survey will form aeof a
fundamental database for many studies in extragalacticrasny.
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