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Galaxy And Mass Assembly (GAMA)
Pls: S. Driver, |. Baldry, A. Hopkins, J. Liske , B. Nichol, P. Norberg J. Peacock

Executive Summary

International surveys, such as the Two-Degree Field Galaxy Rekift Survey (2dFGRS; Colless et al.
2001) and the Sloan Digital Sky Survey (SDSS; York et al. 200@ave transformed our view of large
scale structure and have contributed directly towards the enngence of a concordance cosmology (e.g.,
Spergel et al. 2003; Cole et al. 2005). These surveys have alsavjgled a con rmation of the basic Cold
Dark Matter (CDM) paradigm for the growth of structure through the comparison of robust model
predictions with empirical clustering measurements on 1 Mpc 1 Gpc scales (Peacock et al. 2001). On
smaller, sub-Mpc scales (i.e., on the scales of clusters, groupd galaxies) our theoretical understanding
of the growth of structure is less well-founded and at kpc scalé@sbreaks down almost entirely. It is
on these scales (1 kpc { 1 Mpc) where dark matter haloes viriaizand merge, and where baryons
decouple, collapse and eventually form complex structures suas galaxies. The 1 kpc to 1 Mpc range is
thereforethe key scale over which the baryons and baryon physics becomeicat to our understanding
of the structures we see. The models which endeavour to descrihe lower end of this regime (1 kpc {
100 kpc) are based on semi-analytic extensions to the larger scalmerical simulations. In addition to
these semi-analytical models (SAMSs), the halo model formalism $also attracted much recent attention
(Cooray & Sheth 2002) and provides equally powerful optiorier understanding the properties of galaxies
(satellite or central) and their relationship with the underlying dark matter. However both SAMs and
the halo model require high quality datasets which are su cietly extensive to overcome selection bias
and cosmic variance.
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Figure 1: (left) Simulations of a 2 deg thick survey section for 3% of SDSS, 50% of GAMA and 50%f &/VDS-wide.

While SDSS samples giant galaxies locally and VVDS giant galaxies a¢ 1, GAMA will sample giants over the range
z =0 to 0:4 and provide the rst comprehensivestudy into the realm of eld dwarf galaxies. (right) A comparison of the
source density and area covered for a number of completed (lled symbols) and ongoin@pen symbols) surveys. GAMA
lIs an obvious gap between the shallow large-area surveys and the deep 8m survey3his region can only be probed
e ciently with AA . The dotted lines correspond to surveys of 10 # and 10° galaxies.

AA | with its unique wide area eld-of-view and multiplexing capability, represents the only facility
capable of surveying these critical scales in a comprehensivel ancient manner (see Fig. 1, right). In
addition, we have now secured access to the highest quality wigdd imaging data from ESO's VST
and VISTA facilities in order to maximise the science return andegacy value of this project. The
database that will be produced from the combination of these tiing-edge facilities will be on a scale
comparable to the SDSS and 2MASS surveys but speci cally gearedcomprehensively study structure
in an unbiased manner on 1 kpc { 1 Mpc scales. Herein we describe thiey scienti ¢ goals that will
be addressed by our survey, followed by an incomplete list of colamentary projects:

1) A robust test of the Cold Dark Matter paradigm by measuring the pre cisely predicted halo
mass function from cluster to individual galaxy halo masses ove r a 4 Gyr baseline.

2) A comprehensive determination of the galaxy stellar mass funct ion to Magellanic Cloud masses
to fully de ne baryonic feedback processes.

3) A direct measurement of the recent major and minor galaxy merger r ates across all environ-
ments and for all galaxy types.



1) The halo mass function and galaxy formation e ciency

At any redshift, the halo mass function,dN=dM, is well established via detailed numerical simulations,
requiring no knowledge of the baryonic physics, and is preciggbredicted over more than 5 orders of
magnitude in halo mass (e.g. Springel et al. 2005). With the smological parameters now speci ed
to high accuracy in the post-WMAP era (Spergel et al. 2003; Samez et al. 2006), this theoretical
prediction of the CDM paradigm is one of the most robust predigdns available (Jenkins et al. 2001;
Warren et al. 2006).

Observationally, the halo masses can be obtained through dynamal mass estimates of galaxy groups.
For example, through the assumption of equilibrium conditios, a velocity dispersion estimate for bound
galaxies directly constrains the halo mass. An attempt at this wamade with the 2dFGRS dataset and
the 2PIGG group catalogue (Eke et al. 2004). While 2PIGG is &b to probe the mass function down
to a few 10 h 'M (Eke et al. 2006), the catalogue is incomplete below #0h *M , implying that
the best observations currently available only test the theotieal predictions for dN=dM over less than
one order of magnitude in mass (see Fig. 2, left). The main reasbehind this limitation is that the
2dFGRS was not deep enough to probe low-mass haloes over a semly representative volume: the
2PIGG mass estimates are typically measured from a small numbef relatively luminous galaxies {
thus limiting the comparison range and the accuracy of the inddual halo mass estimates. In addition,
the 2dFGRS spectral resolution corresponds to an r.m.s. velocitincertainty of 85kms ! per galaxy,
indirectly implying a lower halo mass limit of a few 102 h M

By going 10times deeper and doubling the spectral resolution w.r.t. thedFGRS, the above limitations
are overcome. The extra depth increases the number of galaxyogp members by a factor of 2 to 3
and, together with the increased spectral resolution, enablélse detection of signi cantly lower mass
groups: GAMA will provide robust halo mass measurements down t®'? h *M { an improvement of
two orders of magnitude over 2PIGG. A detailed prediction ofthe errors inherent in this measurement
is complex as the semi-analytic galaxy formation models vasgigni cantly in their predictions at these
low masses (by a factor of 5). Hence, not only will GAMA constrain th CDM halo mass function over
three orders of magnitude but, in combination with 2PIGG, itwill also provide the rst indication as
to the true halo occupancy numbers from rich cluster to localrgup scale masses.
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Figure 2: In the left and middle panels we compare a simulated GAMA group mass function (cicles) to the 2PIGG
mass function data (squares) and a CDM halo mass function (shaded area), assuing an area of 50 and 200 degfor
GAMA, respectively. In each panel the uncertainty of the halo mass function is represntative of the scatter in the
underlying theoretical mass function for a GAMA sized survey, whereas the errors ontte simulated GAMA data also
include limitations in detecting real groups. (right) The 2PIGG group mass-to-light ratio as function of the group b;-
band luminosity (squares with errorbars). This group My/L ,, is a tracer of the galaxy formation e ciency, which has a
maximum for Local Group sized systems. The shaded area is obtained by assuminbéd group mass function is identical
to the Jenkins et al. (2001) dark matter halo mass function. It is precisely this $iaded regime we will probe with GAMA.
(Figure adapted from Eke et al. 2006.)

With this new group catalogue, we will be able to address presdtions from current galaxy formation
models for their feedback mechanisms and their star formatiomciency. The latter is predicted to
increase with declining group mass down to Local Group sized bak, below which the e ciency is
predicted to decrease. Due to the previously mentioned limitians of 2PIGG, this regime of maximum

e ciency and what happens within the smaller haloes is unknow (see Fig. 2, right). With GAMA, that
regime will be accurately tested; we will probe statisticallydedback mechanisms in low mass haloes for
the rst time, and will be able to use a single experiment to covethe range from cluster sized haloes
down to 10/ h M groups { a two orders of magnitude improvement compared to 28G.



2) The galaxy stellar mass function vs. dark matter mass functio n

The total M=L ratio for groups is an important measure, but cannot probe tondividual galaxy masses.
On these scales the CDM model predicts that the mass function dfeé sub-haloes that each host a single
galaxy should be a steeply rising power law, such that the low massgulation contributes a signi cant
fraction to the total mass density (Gao et al. 2004). This is at @ds with observations of the galaxy
luminosity function (e.g. Norberg et al. 2002; Driver et al. 205) which nd a relatively at luminosity
distribution down to 0:01L (i.e. negligible contribution from low- ux systems).

The favoured explanation requires the star-formation e ciecy to vary as a function of halo mass, such
that low mass haloes are extremely ine cient in converting beyons to stars. The proposed physical
mechanism for curtailing star-formation is star-formation iself (e.g. supernova winds heating or even
expelling the remaining gas from low mass haloes). This reges that all dark matter haloes have a
non-zero and therefore detectable stellar luminosity. Put siply, the halo mass function and galaxy
stellar mass function must be related by a mass dependent star+fmation e ciency function. With
the halo mass function a parameter-free prediction, then ampirical measurement of the stellar mass
function yields not only a precise measurement of this feedlkaprescription but also the dark-matter
to stellar-mass ratio as a function of stellar mass.

The present compendium of data (see Fig. 3) probes t@*°M . GAMA will extend this by over an
order of magnitude down to10’M . Moreover, the depth and resolution of the imaging data, theed
and near-IR selection, and the broad wavelength coverage Mahable us to overcome complex practical
issues such as dust attenuation (Driver et al. 2007), and both Higand low surface brightness selection
biases (Driver et al. 2005; Liske et al. 2006). Moreover, the $eaf GAMA (200 ded) will enable a
detailed study of the stellar mass function, star-formation e gency, and the dark matter to stellar mass
ratios as a function of environment and redshift. Dividing tle survey into 5 environment bins and 5
redshift bins will result in each sample containing 10 000galaxies. This is comparable to the full MGC
sample and what we consider the minimum sample size for robust masadtion estimates (see Driver
et al. 2005).
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Figure 3. Galaxy stellar mass functions from SDSS, 2MASS+2dFGRS and 6dFGS (various lingés compared to the

prediction of a recent semi-analytic galaxy formation model (shaded region; Dé ucia et al. 2006), and a simulation of
the numbers expected for GAMA (open diamonds with errorbars). Note that detailed model predictions cannot be made
below 10°M , as the Millennium simulation, on which the semi-analytic catalogues are basedyecomes incomplete. We
expect GAMA to be able to probe the stellar mass function down to 10°M , where the precise limit depends on the
assumed baryonic feedback description. The prediction shown is based on galaxies wi:008 < z < 0:1 and errors are
purely Poisson. We intend to derive the stellar mass function for ve environmern bins and over ve redshift intervals.

Together with the determination of the halo mass function, te measurement of the galaxy stellar mass
function to Magellanic Cloud stellar masses is key to e ectivglconstraining galaxy formation models and
providing a major test of CDM theory on these hitherto unexploed scales. Note that our observations
will probe mass scales beyond the current state-of-the art numeal simulations (i.e., the Millennium
simulation) and the Virgo Consortium (which includes the IfA an the Durham ICC) will be initiating
new numerical simulations for comparison with GAMA.



3) Galaxy merger rates vs. dark matter merger trees

The hierarchical assembly of galaxies is a keystone of all CDM dwls of galaxy formation (White &
Frenk 1991; Coles 2005). The build-up of both dark matter hakes and the baryonic mass of galaxies
through repeated mergers of smaller units is one of the pripal modes of growth in these models. For
example, De Lucia et al. (2006) recently predicted that as noh as 50% of halo mass has been accreted
sincez = 0:8. Observationally this process is constrained by measuring thelgxy merger rate and
comparing the predicted galaxy merger rate and its redshiftvelution (e.g. Khochfar & Burkert 2001)
with observations provides a fundamental test of the CDM pardagm. In recent years there have been
a number of attempts to measure the galaxy merger rate both lalty (e.g. Patton et al. 2000, 2002; De
Propris et al. 2005) and at highz (e.g. Conselice et al. 2003; Lin et al. 2004). However, no clgacture
has yet emerged from these studies. While Lin et al. (2004) nd #t the galaxy major merger rate
evolves less rapidly than predicted by CDM models, Bell et al2006) nd the right amount of evolution.
Conselice (2006), on the other hand, observesore evolution than predicted. GAMA will improve on
previous lowz studies in several ways:

(i) High-resolution imaging and complete spectroscopy: The galaxy merger rate is measured either
by nding galaxies in pairs that are close enough (on the sky and redshift space) so that they will merge
in the near future, or by identifying recent merger remnantshrough their asymmetric light distribution.
These methods require spectroscopy that is highly complete folose pairs (which is di cult because
of bre placement restrictions) and high-resolution imagingyespectively. Existing large-scale surveys,
such as the 2dFGRS and SDSS) essentially fail on both accounts.clontrast, the high target density of
GAMA will require 10{11 con gurations per AA pointing which will entirely eliminate any close pair
bias in the spectroscopy. Hence, together with the high-resoiah KIDS and VIKING imaging, GAMA
will be ideally suited for studies of the galaxy merger rate.

(i) Statistics:  The MGC (Liske et al. 2003) represents the largest local study toate with the best
combination of high-resolution imaging and spectroscopic ae pair completeness. However, it is severely
limited by its size since it only contains 112 dynamically closgairs and 53 highly asymmetric systems.
While the merger rate and timescales have been constrained (&= Propris et al. 2005; 2007) the errors
remain large due to small number statistics. GAMA will probe a volme that is 15 times larger (for 100
ded) than the MGC's, so that we can expect a sample of 1700close pairs and 800 merger remnants.
Not only will this result in an order of magnitude re nement ove previous measurements but it will also
allow us to split the sample into several environment, redshiftrad galaxy type bins, and thus measure
the merger rate as a function of local galaxy density and galatype (‘wet' vs. "dry' mergers) as well as
its recent evolution.

(iii) Large mass range:  Observationally, the dependence of the major merger rate onass, and the
contribution of minor mergers to the growth of galaxies is entirely unconstrainedThe reason is that
existing surveys lack the size and dynamic range in luminosity forobe these questions. For example,
the MGC can probe a mass ratio of at most 1:16 (De Propris et al. @0). GAMA will go 1:5{2 mag
deeper, and cover &:7 times larger area (for 100 deq) than the MGC so that it will be able to measure
the merger rate down to a mass ratio of 1:100.

Figure 4. Examples of dynamically close pairs and highly asymetric galaxies representing the pre- to post-
merger phases from the MGC.

We have recently calibrated the close pair and the asymmetry rieds for the rst time on a single
dataset (De Propris et al. 2007). Reconciling the measured nger rates with the predictions of hierar-
chical CDM models requires a merger time-scale of 0:3 Gyr, with high asymmetry persisting for 0:2
Gyr after the merger event. This is just at the limit of what is ©nsidered realistic. To increase the
accuracy of these constraints and to quantify the dependencétbe merger rate on environment, mass
and galaxy type now requires a large, fully sampled survey toiféd ux limits. In addition, we will be
able to study star-formation rates and sizes for the various mger stages from the combination of our



spectra and multi-wavelength imaging data in order to betteunderstand the role of merger events in
triggering star formation.

4) A legacy database for galaxy studies

GAMA builds a vital bridge between the shallow but large SDSS,ral the deep but narrow VVDS-type
surveys and is expected to have an impact comparable to the SB&8nd 2MASS surveys, each of which
has produced over 300 refereed publications. Below we highli a few of the science topics in which the
proposing team is speci cally interested, but this list is by no reans exhaustive.

1. the super-massive black hole mass function for late and earlpes
2. galaxy colour-concentration bimodality versus environant and redshift
3. the stellar-mass{size relation for ellipticals, bulges and slis versus environment
4. a study of dust attenuation versus wavelength for bulges andsds
5. a study of outer disc (anti-)truncation
6. incidence of nucleation in dwarf systems
7. a study of low-luminosity blue spheroids
8. calibration of morphology indicators (B/D decomposition CAS, Gini, etc.)
9. dwarf taxonomy and density relations
10. global age and metallicity measurements using Lick indige
11. global star-formation rate versus stellar mass using OIl and H
12. correlations between star-formation and structural progrties
13. colour bimodality of giant galaxies since = 0:4
14. the star-formation rate and build-up of stellar mass since= 0:4
15. stellar, dust, gas and dynamical mass estimates
16. stellar, baryonic and dynamical mass-to-light ratios versumass, structure, environment and red-
shift
17. g and associated intermediate scale clustering statistics
18. calibration of 250k photo-z's for VST KIDS/VISTA VIKING to assist weak lensing studies
19. deep Galactic structure studies

5) Synergy with the SKA Extended New Technology Demonstrator (XNTD)

The XNTD, a Square Kilometre Array (SKA) path nder facility, is the Extended version of the New
Technology Demonstrator also known as MIRA. The xNTD is designedotbe a front-line scientic
instrument in its own right, capable of sampling a eld-of-viev of 40 deg at 1GHz, and it will be
located in Boolardy, Western Australia, the proposed Australian g for the SKA. A shallow all-sky
survey will probe neutral hydrogen in galaxies t&@  0:18, a deep survey spanning about 120 degvill
cover 0:14 < z < 0:42, and an ultra-deep survey of 30 dégwill probe up to z 1.1 (Johnston 2006).
The deep survey region, anticipated to require about 100 daysf XNTD observing time, is ideally
matched in both size and sensitivity to a GAMA Segment (see belowhd we are engaged in discussions
to coordinate the survey areas. Given XNTD's resolution of 15{3@rcsec it will not be possible to
unambiguously identify optical counterparts to its detectons from imaging alone. This will only be
made possible by the inclusion of spectroscopic data. Hence GAMA ainable us to connect the
deep XNTD survey with optical{near-IR surveys and allow the caostruction of a catalogue including
optical, near-IR, spectroscopic, and HI mass and dynamical masstimates within a single survey (as
well as radio continuum measurements). The combination of HI @noptical data on such a grand scale
will enable detailed studies of the relationship between lighstellar mass, gas mass, and dynamical
mass on an unprecedented scale. Moreover, the polarisationommhation obtained naturally as part of
any XNTD survey will provide rotation measures and position angk of polarised emission from strong
sources, perhaps up to several thousand galaxies. This will alltine rst detailed investigation into the
evolution of magnetic eld properties of galaxies.

The nal GAMA database will combine data from the latest world-cl ass survey facilities (AA ,
VST and VISTA) and may also include xXNTD, SCUBA-II as well as li mited GALEX, Spitzer and
eventually JWST data. It will comprise 250k galaxies, each with deep, sub-arcsec resolution,

UV { near-IR imaging, well-sampled spectra, line indices, bul ge-disc decompositions and stellar
masses. A subset may also have far-IR dust estimates, as well as HIl gas and dynamical mass
estimates. Constructing this database will take 5 years but i t will comprehensively supersede

all previous databases over these scales, provide the de nit ive zero-redshift benchmark for the

JWST and SKA, and remain as one of the principal galaxy resources f or the foreseeable future.



Survey design

Figure 5: Summary of contributing facilities.

Depth  Accurate measurements of the halo mass function and the stellarass function to the lowest
possible masses requires deep observations. This is because residflow z  0:008 are severely
a ected by peculiar velocities introducing signi cant magntude errors ( M 0:5). At this redshift the
distance modulus is32 5logh mag. While ideally one wishes to probe to the lowest luminosigse&known
(M; 7 mag) one is realistically limited by current technology. In {2 hr integrations AA should
reach tora, = 20:5 mag with S=N =5, which probes toM,; = 11:5 mag. Our aim would be to obtain
redshifts for a complete sample to,, = 19:8 mag, with additional selection tor,, = 20:5 mag, including

a near-IR constraint ofK 5, < 189 mag (or Kyega < 17:0). We are aware that in reality some systems at
these faint absolute magnitudes will be of extremely low surfadrightness and beyond the capability of
AA . This constitutes a small number of systems for which we intend @mugment our AA programme
with additional observations using Gemini, Salt and VLT, to whch we have ready access. To date we
have used Gemini to pursue extreme low surface brightness gasxiwith a 100% success rate and have
signi cant expertise in the management of galaxy selection ksa(e.g., Driver et al. 2005; Liske et al.
2006).

Wavelength of target selection Our main (initial) selection is done in the SDSS and UKIDSS K
bands. Ther-band selection maximises redshift success rate, while the aduoiital K -band selection is
closer to a direct stellar mass limit. The primary sample will be., < 198 mag (  1050targets deg 2).
The aim here is for very high completeness (important for measments of the merger rate and group
masses). The secondary sample will consist of galaxies with8 < r 5, < 20:5 mag andK 4, < 189 mag
(400 deg? with  75% sampling for 300 targets ded). The K -band limit will leverage the stellar
mass function as well as contributing to halo masses. Note that ftww redshift galaxies,z < 0:1, the
sample will be highly complete tK 5, = 18:9 mag because galaxies witlr K )5, > 1:6 will mostly be at
z > 0:3. Allowing for some redshift failures and stellar contaminationthe aim is to obtain 1250 galaxy
redshifts per deg 2: 14 times the target density of the SDSS main galaxy sample andtighes that of
the 2dFGRS.

Area The area requirement for this survey is mainly based on the mmial number of low luminosity
groups needed to perform a sound statistical analysis. With the asaption that the smaller the galaxy
group is, the fainter we need to reach in order to recover endu@f its members (a requirement for
reliable mass estimates), then using the Jenkins et al. (2001) @Dhalo mass function together with
the local galaxy luminosity function (e.g. Norberg et al. 2002 we estimate the number ofl0'? (3 10'?;
10"%) h M groups with z < 0:04 (< 0:06; < 0:09) to be 0:5 (0:5; 0:6) per deg respectively. Hence,
a survey area o200 deg is required in order to detect a su ciently large number ( 100) of low mass
groups (see Fig. 2 middle versus left). An additional justi catbn is the requirement to explore redshift
and environment. By subdividing into 5 environment and 5 redsft bins each subsample comprises



around 10,000 galaxies (i.e., comparable to the full MGC anghat we consider a minimum sample size
for robust mass function measurements).

Geometry  Clusters and groups typically exist up to2 h * Mpc in diameter. To avoid severe boundary
problems the survey should not be narrower than 5 cluster dianess, i.e. 10h * Mpc. At low redshifts,

z 005, this corresponds to4 deg. A single long strip in RA or several shorter, separate strips rta
be used to maximise observational e ciency. Possible geometrieange from one4 50 deg strip to
four 5 10 deg strips. Our proposal is for one4 25 deg strip in the NGP near the celestial equator
(Segment 1) and two5 10 de@ strips in the SGP (Segment 2,Dec 30 where two strips should
enable a more accelerated observing schedule). However, 8vo10 ded strips would also be acceptable
for Segment 1 if required by the scheduler. Our initial requess to obtain spectroscopy for thel00
dedg of Segment 1 in the NGP, where an appropriate and reliable inpeatalogue already exists (see
below). A larger request is not viable at this time because of ¢hongoing WiggleZ programme. Hence
we anticipate requesting time for Segment 2 in 2009/2010 toiocide with the conclusion of the WiggleZ
survey.

Location  For GAMA Segment 1 we select a survey area in the high Galactic latde, equatorial
region of the NGP: 2 < Dec< +2 deg and12h20m< RA < 14h. However, we stress our exibility
with regard to the exact location in RA to ease scheduling. The keeted area has already been the
target of several (mostly shallower) redshift surveys, includinthe SDSS, 2dFGRS, MGCz and 2SLAQ.
Within our limits, these surveys will already provide us with  30000redshifts. Further advantages of
the equatorial region are: (i) it is accessible to all telescopeavorld-wide; (ii) it has been selected as the
target region of the upcoming deep GALEX survey; (iii) it has ben declared a priority region within
the UKIDSS, VST KIDS and VISTA VIKING surveys; (iv) it forms the basis for a major Spitzer legacy
proposal.

Spectral resolution Our main aim is to maximise redshift success over a fairly broaddshift range

(0{0.5). To this end, we will use the lowest resolution setup, naety the 580V and 385R gratings, which
give a resolution ofR  100q1600 and a wavelength coverage of 370{880 nm. This represeiat 2-fold

increase in the number of spectral resolution elements w.r.th¢ 2dFGRS.

Input catalogue

We have divided our survey into two segments of 100 degach. Segment 1 will build upon the 2dFGRS
NGP/SDSS/MGC/UKIDSS LAS region where su cient data already exist to de ne the input catalogue.
Segment 2 will lie in the south and will be based on an input catague built from the VST KIDS and
VISTA VIKING surveys. Here we are proposing to commence with Segmefit and we foreshadow a
request in 2009/10 to continue with Segment 2 in 2010B (i.e. opt-WiggleZ).

In detail, the Segment 1 (NGP) input catalogue is currently baed on SDSS Stripes 9{11 and the
UKIDSS Large Area Survey. Both datasets currently exist, are wleunderstood and are su ciently
deep to perform target selection and to de ne the initial inpticatalogue. The Pls of the relevant teams
are all GAMA team members, ensuring good communication betweehese key surveys. Observing
for KIDS and/or VIKING will commence as soon as VST and/or VISTA arecommissioned, which is
currently expected for the rst half of 2008. We stress that the nal database will be based on the VST
and VISTA imaging data for both segments However, theinitial input catalogue for the NGP segment is
based on the existing SDSS and UKIDSS data and is already in place

Table 1. 5- point-source detection limits (AB mag) and typical resolution of existing and near-future imaging
surveys in the GAMA region. The last line lists the proposed GAMA spectroscopic limits.

Survey limits u g.B r i z Y J H K Seeing
MGC [ 240 | [ | | | | | 1.25°
SDSS 220222 222 | 21.3| 205 | | | | 1.5%

2MASS [ | | [ | | 16.7 | 16.5| 16.2 | 3.0

VST KIDS 248|254 | 252 | 25.2| | | | | | 0.7%°

UKIDSS LAS [ | | [ | 20.8|20.5|20.1| 20.1 | 0.9°

VISTA VIKING | | | | 23.1|223|221|215| 21.2 | 0.7

Proposed GAMA limits | | | 205 | | | | | | 18.9 | N/A




Comparison to other galaxy redshift surveys

GAMA represents a germane connection between the shallow, wi(BdFGS, SDSS, 2dFGRS) and the
deep, narrow (VVDS, DEEP2) redshift surveys that have recently &en completed or are currently
underway (see Fig. 1, right). The broad science goal, to study QI structure predictions on 1 kpc

{ 1 Mpc scales atz < 0:1 and on 10 kpc { 1 Mpc scales atz < 0:4, is unique and cannot reasonably
be achieved by any facility other than AA . The sub-Mpc scale has not been adequately probed by
either the 2dFGRS or SDSS surveys primarily because of the lack depth, single pass mode and
bre collision constraints. GAMA will survey su ciently deep ( rap = 20:5 mag) to identify low stellar
mass systems, low halo mass groups, and span a 4 Gyr lookback-time l@seor the giant galaxy
population. It will cover a su ciently extensive area (200 ded) to provide robust statistics, enabling
environmental studies. The necessity for numerous repeat visits each eld will naturally overcome
close pairs, group and cluster biases. The spectral resolution viaé su cient ( 1000 1600 to enable the
use of spectral diagnostics and crude kinematics. Other redsh#tirveys cannot probe GAMA science
for varying reasons. The area of the VVDS-wide consists of four digjp 2 2 deg elds which is not
suitable for group detection at low redshift, its spectral resation of 250 limits velocity accuracy, and
its targeting completeness is low. The DEEP2 survey uses a calawut to pre-select galaxies at > 0:7.
The SDSS-LRG and 2SLAQ surveys only probe the most luminous regdlaxies and the WiggleZ survey
targets only UV luminous galaxies at high redshift. In fact, ousample is entirely non-overlapping with
WiggleZ: 205 <r < 225 and UV selected compared to < 205 and near-IR selected.

Execution

The survey will target extended objects withry, < 205 mag andK o, < 189 mag within the survey

regions with the 580V/385R gratings. Redshifts for the 30000 brightest objects already exist (from

SDSS, 2dFGRS, MGCz, 2SLAQ and NED). Table 2 shows target numiseand estimates of observing
time to obtain redshifts (for an example strategy). The spectiaresolving power of 1000{1600 for the
AA setup will increase the S/N of typical galaxy emission lines coraped to the 2dFGRS setup (400{
900), in addition to improved throughput. Since we have muiple visits to each eld, any targets that

we do not obtain redshifts for can be re-observed.

Table 2: Target list details (for 100 dec)

rap range | other limit | galaxies \ pointings® | S/N est.? | exp. time (hrs) | total time ©
< 18 mostly obtained

18.0{18.6 14000 40 7{20 0.8 40

18.6{19.2 26000 74 7{20 1.0 86

19.2{19.8 46000 131 5{13 1.0 153

19.8{20.5 | K4 < 189 | 15000 43 5{10 1.0 50

bre faint P 17000 49 4{8 2.0 106

aThe pointings assume an allocation of 350 bres per con guration.

bThe S/N per A is about the same for the blue and red arms¥{ r  0:2,R r 0:3). From existing SDSS data we
nd that it is the r-band S/N which most closely correlates with the redshift success rate. The ranges of & shown

re ect the variation in SDSS bre magnitudes over the middle 90% of each sample. Galgies with bre-aperture
magnitudes ofr > 21 mag are allocated to the " bre faint' sample.

®Includes 10 min setup time per con guration.

Each GAMA segment will be covered by 3 or 4 overlapping strips iredlination but with adaptive centres
in RA. Due to the high density of objects any given eld will be reobserved many times resulting in
around 340 (680) pointings in total for 100 (200) degwhere we have assumegb0 bre allocations per
pointing (allowing for sky bres, re-observations of some galées, quality control, etc.). Our strategy
will be to observe according to conditions, pursuing the brigbt elds in moderate conditions and the
fainter elds in pristine conditions. Initially, most pointin gs will be observed forl hour. Galaxies
requiring re-observation will then be allocated to future fes and we will develop software for co-adding
spectra from multiple pointings. We estimate that this will reqiire a total of 440 (880) hours (including
overheads). Adding the weather allowance results in a request @ (150) nights, to be spread over 5
years. The data will be reduced and redshifted on-the- y so thahe input le can be updated at the end
of each night and fresh con gurations can be prepared for eaciight's observations (as was routinely
done for the MGCz and 2SLAQ surveys). Our multiple-observatiostrategy with dynamically chosen
tile centres is aimed at making the best use of AAs 2-deg eld of view and multiplexing capabilities
and signi cantly increases the survey e ciency. We stress that outeam has extensive experience with
all the steps involved in this procedure (from 2dFGRS, 2SLAQVIGCz and SDSS).



Management Plan

GAMA will be led by Driver (St Andrews) with Baldry (LIJMU), Liske (E SO), Hopkins (USyd), Nichol
(Portsmouth), Norberg (IfA) and Peacock (IfA) as co-Pls. Each argaking full responsibility for one
key aspect of the survey (management/execution, input catajpes, database, observing/radio, spectra,
mocks and science). The management of the data ow is shown sclemally in Fig. 6. Decisions
and planning will be made through regular telecons betweemé seven Pls with other team members
brought in as necessary. This corporate style is much more e aie and exible than regular all-team
meetings which will be reserved purely for science and will arzcon an ad hoc basis as opportunities
arise (e.g., NAM, AAS, ASA, etc). Driver will be devoting 100% of hisasearch time to this project as
well as seeking PPARC, ARC and EU support. A key feature of the dataw is that it operates on an
annual cycle with the observing in Feb{Apr, quality control May/{Oct, database update during Nov{Dec
and Jan for input catalogue preparation. This essentially ragres Driver, Baldry, Liske to commit an
intensive 3 month period each year to each segment which ts inel with the usual academic cycle and
their respective teaching responsibilities. The observing witle carried out primarily by team members
based in Australia which includes a number of expert 2dF obsergrHowever Driver, Liske, Baldry and
Nichol will each commit to one week observing per year and allasn members will be encouraged to
participate. We are willing and able to commit to any observig procedure implemented by the AAO.

Reduction and Database The Observing Team is expected to contribute towards data redtion and
redshift classi cation software in co-ordination with the AAO, huilding upon the existing 2dfdr and
runz codes. Data will be reduced and processed on-the-y as for the ZERS, 2SLAQ and MGCz.
Quality control will be implemented by Liske prior to assimilaton into the GAMA database. Liske will
take ultimate responsibility for the management of the GAMA daabase, which currently consists of the
available imaging data (griz from SDSS,B for MGC sub-region,JHK from 2MASS andY JHK from
UKIDSS LAS) and spectra for 300000bjects. This dataset forms the starting point of our survey to
the limits speci ed in Table 1. It will be augmented with VST and VISTA imaging data as they become
available. These will also be used to obtain multi-wavelengthutge-disc decompositions for each galaxy
(with GIM2D; Simard et al. 2002), which will also be includedn the database. As GAMA progresses,
the database will be updated annually during semester B and ma@ecessible online or on request on
DVD (see the 2dFGRS, MGC and 2SLAQ web sites, e.g. www.eso.orgliske/mgc). Mirror sites will
be set up at each major contributing institution (i.e., St Andrevs, LIMU, IfA and AAO). The nal
database will be prepared to IVO standards and also published thugh AstroGrid.

Students  Students will be encouraged onto the project and allowed t@iice o a topic on which to
work, having demonstrated suitable expertise and supervisory sugrt. The Pls will keep track of the
fenced-o areas and, if progress is stalled for more than a yeae-open these areas to others. It therefore
falls on the supervisors to ensure the viability of the projecias well as the capability and productivity
of the student.

Publications All papers will include the core team which consists of the sevenld?(who are each

committing 1/3 of their time to the project), all observers/sotware developers and those who have
contributed directly to the paper in question. Papers will bepublished in available journals. Page
charges will be the responsibility of the lead author.

Figure 6: Schematic of GAMA data ow.



Timeline

Our timeline is shown below. The obvious AATAC review points a at the time of submission for
GAMA-Segment 2 and directly after each data release.

Table 3: Timeline for the GAMA project

Milestone | Time Key people

Construct optical input catalogue for GAMA-S1 | Dec 2006 | Baldry, Nichol DONE
Construct mock catalogues for GAMA-S1&S2 Feb 2007 | Norberg, PeacockDONE
Submit to AATAC to commence GAMA-S1 Mar 2007 | Driver et al. DONE
Complete UKIRT observations of GAMA-S1 Jun 2007 | Warren, Driver APPROVED
Construct near-IR input catalogue for GAMA-S1 | Dec 2007 | Baldry, Cross
Commence AA observations of GAMA-S1 Feb 2008 | Driver, Hopkins
Commence VST observations of GAMA-S1&2 Feb 2008 | Kuijken, PeacockAPPROVED
Commence VISTA observations of GAMA-S1&2 | Feb 2008 | Sutherland, Driver APPROVED
Commence spectral line diagnostic analyses Oct 2008 | Nichol, Forbes

Public release of GAMA-S1 Year 1 data Dec 2008 | Liske, Baldry
Commence GEMINI/VLT studies of eLSBGs Feb 2009 | Driver, Liske

Complete VST observations of GAMA-S1&2 Jun 2009 | Kuijken, Peacock
Complete VISTA observations of GAMA-S1&2 Jun 2009 | Sutherland, Driver
Assimilate VST/VISTA data into GAMA database | Oct 2009 | Baldry, Liske
Commence bulge-disc decompositions Oct 2009 | Nichol, Driver
Construct full input catalogue for GAMA-S2 Oct 2009 | Baldry, Nichol

Public release of GAMA-S1 Year 2 data Dec 2009 | Liske, Baldry
Commence xXNTD 21cm observations of GAMA-S1Jan 2010 | Hopkins, Driver

Public release of GAMA-S1 Year 3 data Dec 2010 | Liske, Baldry

Submit to AATAC to commence GAMA-S2 Feb 2010 | Driver et al.
Commence AA observations of GAMA-S2 Oct 2010 | Driver, Hopkins

Public release of GAMA-S1 Year 4 data Dec 2011 | Liske, Baldry

Complete AA observations of GAMA-S1 Jun 2012 | Driver, Hopkins

Public release of GAMA-S1 Year 5 data Dec 2012 | Liske, Baldry

Construct nal selection masks for GAMA-S1 Dec 2012 | Norberg, Peacock
Complete AA observations of GAMA-S2 Dec 2012 | Driver, Hopkins
Complete xXNTD 21cm observations of GAMA-S1| Dec 2012 | Hopkins, Driver

Public release of GAMA-S2 Year 1,2,3 data Jun 2013 | Liske, Baldry

Construct nal selection masks for GAMA-S2 Dec 2013 | Norberg, Peacock
Complete bulge-disc decompositions Dec 2013 | Nichol, Driver
Complete spectral line diagnostic analysis Dec 2013 | Nichol, Forbes
Complete HI baryonic/dynamical mass estimates| Dec 2013 | Hopkins, Driver

Final release of GAMA and analysis products Jun 2014 | Liske, Baldry

Note: GAMA-S1 = GAMA Segment 1.
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