
Optimumspectroscopicinstrumentfor GAMA
AAOmegais theupgradedmulti-objectspectrographfed from the2dFrobotic �bre po-
sitioneron theAnglo-AustralianTelescope.The�eld of view is 2-degreesdiameterwith
392 �br es. The �bres feeda dual-beamspectrographwith VPH gratingswhich canbe
usedto obtaincompletespectralcoveragefrom 370to 880nm with a resolvingpower of
� 1300.

A completelyoptimisticestimateof observingtimewouldbe800hoursor100clearnights

(assuming370science�bres percon�guration,and1 and2 hourintegrationsfor 85%and

15% of targets,respectively). Allowing for weather, seeing,broken �bres, etc.,a more

realisticestimateis 150nights.

Imagingdata

Thegalaxiesfor GAMA spectroscopy will initially beselectedfrom SDSSandUKIDSS

dataandthe�nal GAMA databasewill combinedatafrom thelatestworld-classfacilities.

This will includesub-arcsecondimaging from VST andVISTA; andpotentiallydeep

radio imaging from xNTD, anSKA path�nderfacility.

Galaxymergerrates
Thebuildupof bothdarkmatterhalosandthebaryonicmass
of galaxiesis oneof theprincipalmodesof growth in CDM
models.

Observationally the galaxy merger rate is measuredeither
by �nding galaxiesin pairs that are closeenough(on the
sky and in redshiftspace)or by identifying recentmerger
remnantsthroughtheirasymmetriclight distrib ution. These
methodsrequirespectroscopy that is highly completefor
closepairs(dif�cult becauseof �bre-placementrestrictions)
andhigh-resolutionimaging,respectively. GAMA will re-
quire� 10con�gurationsperAAOmegapointingovercom-
ing close-pairbiasandwill obtainhigh-resolutionimaging
from VST-KIDS andVISTA-VIKING surveys.

Figure4: Examplesof dynamicallyclosepairsrepresentingthepre-

to post-mergerphases.

� GAMA will measuremajor- andminor-mergerratesover
arangeof environmentsat low redshift,andany variation
in themajor-mergerrateto z � 0:4.

Halomassfunctionandgalaxyformationef�ciency
At any redshift,the halo massfunction is well establishedvia numericalsimulations,requiringno knowledgeof thebaryonicphysics,and
is preciselypredictedover � ve ordersof magnitudein halomass.This theoreticalpredictionof cold darkmatter(CDM) is oneof themost
robustpredictionsavailable.

Observationallythehalomassescanbeobtainedthroughdynamical massestimatesof galaxygroups, for example,the2dFGRSPercolation-
InferredGalaxyGroup(2PIGG)catalogue(Eke et al. 2004). This catalogueis incompletebelow about1014M � . It wasnot deepenough
to probelow-masshalosover a suf�ciently representative volume.Theextra depthof GAMA (seeFigure1) increasesthenumberof galaxy
groupmembersby a factorof two to three,andtogetherwith increasedspectralresolution,enablesthedetectionof signi�cantly lower mass
groups.This is shown for simulationsof GAMA in Figure2.

Figure2 left andmiddlepanels:Comparisonof a simulatedGAMA groupmassfunction(circles) to the2PIGGmassfunction(squares) anda � CDM model

(shadedarea)for 50deg2 and200deg2, respectively. Rightpanel:The2PIGGgroupmass-to-lightratio (M/L) asa functionof groupluminosity(squares). The

M/L is predictedto bea minimumaround1013M � andtheshadedregion is expectedto beprobedby GAMA (�gure adaptedfrom Eke et al. 2006).

� GAMA will constrainthehalomassfunctionover threeordersof magnitude;in combinationwith SDSS/2dFGRS,will provide accurate
halo occupancy numbersfrom rich clustersdown to local group scalemasses;and will probethe evolution in the numberdensityof
� 1014M � halosout to z � 0:4.

Stellarmassfunctionandbaryonicfeedback
The total massfor groupsis an importantmeasurebut cannotprobeto individual galaxymasses.On thesescalestheCDM modelpredicts
that themassfunctionof sub-halosthathostgalaxiesshouldbea steeplyrising power law. This is at oddswith observationsof thegalaxy
luminosity functionwhich is relatively �at. The favouredexplanationrequiresstar-formationef�ciency to vary asa functionof halomass,
suchthatlow-masshalosareextremelyinef�cient. Thechangein ef�ciency with halomassdeterminestheslope,andany changein slope,of
thegalaxystellarmassfunction(GSMF).

Observationally the GSMF is determinedfrom optical or near-IR luminosity with an estimateof mass-to-light ratios fr om colours or
spectra. Thepresentcompendiumof dataprobesto � 108:5M � with a slight indicationof a changein slope(Figure3 left). GAMA will
extendthisby anorderof magnitudedown to below 107:5M � usingbothr -bandselection,which is optimumfor thelow-metallicitydust-free
galaxies,andK -bandselection,whichpicksupmoremoderate-metallicitydustygalaxiesata givenstellarmass(Figure3 right).

Figure3 left panel:GSMFsfrom SDSS,2MASS+2dFGRSand6dFGS(variouslines),comparedto arecentsemi-analyticalmodel(shadedregion;DeLuciaet

al. 2006)anda simulationof thenumbersexpectedfrom GAMA (diamondswith errorbars).Thepredictionshown is basedon galaxieswith 0:008< z < 0:1

anderrorsarepurely Poisson. Right panel: Magnitudesfor simplestellarpopulations(SSPs)with the samestellarmass. The arrowsrepresentthe dust

attenuationvectorfor anSMC extinction law with AV = 1mag. Theorange line representstheGAMA selectionfunction.

� GAMA will measurethe�eld GSMFdown to nearly107M � at z >
� 0:008(in theHubble�o w); andwill accuratelyprobethevariationof

theGSMFoverabout� veenvironmentand� ve redshiftbins.

New parameterspace
Field galaxyredshiftsurveys aim to provide fundamentaldataon galaxies
and the distribution of galaxies. How doesGAMA comparewith com-
pletedandongoingsurveys?

Table1: Comparisonof magnitude-limitedredshiftsurveyswith GAMA

survey no.of area selection AB mag. completed
abbrev. redshifts (deg2) band(s) limit (2007)

SDSS-main 750000 8500 r 17.8 nearly
GAMA 250000 200 r; K 19.8,18.9 proposed
2dFGRS 220000 1500 bJ 19.3 yes
6dFGS 160000 17000 K ,... 14.6,... nearly
2MRS 100000 37000 K 14.1

VVDS-wide 100000 16 I 22.5
VVDS-deep 50000 1.5 I 24.0

LCRS 26000 700 R 17.7 yes
CfA2 18000 17000 B 15.4 yes
AGES 15000 9 R; BW 20.2,20.4
PSCz 15000 34000 FIR 9.5 yes
MGC 10000 37.5 B 19.9 yes

As surveys are selectedwith different wavelengths,we cannotdirectly
comparedepth.A usefulmetric,relatedto magnitudelimit, is thenumber
densityon the sky of redshiftsobtained. This is particularlyimportantin
relationto measurementsof environmenton sub-Mpcscales.This metric
is plottedversussurveyareain Figure1 for magnitude-limitedsurveysas
well asfor moretargetedsurveys.

Figure1: Comparisonbetweengalaxy redshift surveys: squares representpredom-

inantly magnitude-limitedsurveys; circles representsurveys involving colour cuts

for photometricredshiftselection;while trianglesrepresenthighly targetedsurveys.

Filled symbolsshow completedsurveysandthegrey regionshowstheparameterspace

coveredby magnitude-limitedsurveys. GAMA shown by astarcutssigni�cantly into

new parameterspace.Surveys arecolourcodedaccordingto selectionwavelength.

� The proposedGAMA survey has14 timesthe target densityof SDSS
(maingalaxysample)while covering12 timestheareaof VVDS.

Selectionfunction
High targetdensityis requiredfor dynamicalestimatesof grouphalomasses
with areaneededfor suf�cient cosmicvolume.r -bandselectionprovidesa
high redshift-successrateata giventargetdensity. JointK andr selection
leveragesthe stellar massfunction. High completenessis requiredfor
merger rate measurementvia closepairs.GAMA entersnew parameter
spacefor redshiftsurveys enablingmany new scienceinvestigations.

� Sample1: r < 19:8 (� 1000deg� 2)

� Sample2: K AB < 18:9 andr < 20:5 (� 300deg� 2)

� Area: 200deg2 (e.g.,two 4 � 25stripsor four 5 � 10strips)

Abstract
The caseis outlined for a new galaxy redshift survey with
AAOmega that bridgesa crucial gap betweenthe SDSSand
VVDS surveys. Thesciencefocusis to studystructureandthe
relationshipbetweenmatterand light on kpc-to-Mpcscales.
The rangeof scalesprobedwill enabledirect constraintson
theCold Dark Mattermodelby: (1) measuringthehalomass
function down to 1012M � and its evolution to z � 0:4; (2)
measuringthe galaxy stellarmassfunction to very low mass
limits of 107M � constrainingbaryonic feedbackprocesses;
and (3) quantifying the environment-dependentmerger rate
sincez � 0:4.

Figure1B: Simulationsof survey sectionsfor SDSS,GAMA andVVDS-wide
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