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Abstract

The caseis outlined for a new galaxy redshift survey with
AAOmaja that bridgesa crucial gap betweenthe SDSSand
VVDS suneys. Thesciencdocusis to studystructureandthe
relationshipbetweenmatterandlight on kpc-to-Mpc scales.
The rangeof scalesprobedwill enabledirect constraintson
the Cold Dark Matter modelby: (1) measuringhe halomass
function down to 10“M  andits evolutionto z  0:4; (2)
measuringhe galaxy stellarmassfunction to very low mass

limits of 10M  constrainingbaryonic feedbackprocesses;

and (3) quantifying the ernvironment-dependenmneiger rate
sincez 04

Selectionfunction

High tagetdensityis requiredor dynamicalestimate®f grouphalo masses

with areaneededor sufcient cosmicvolume.r-bandselectiorprovidesa
high redshift-successateat a giventamgetdensity JointK andr selection
leveragesthe stellar massfunction. High completenesss requiredfor

merger rate measurementia closepairs. GAMA entersnew parameter

spacefor redshiftsurveys enablingmary new sciencanvestigations.

Samplel: r < 198( 100Gdeg 2
Sample2: K pg < 189andr < 205( 300deg 9)
Area: 200dedf (e.g.,two 4  25stripsor four5  10strips)

New parametespace

Field galaxyredshiftsurweys aimto provide fundamentatlataon galaxies
and the distribution of galaxies. How doesGAMA comparewith com-
pletedandongoingsuneys?

Tablel: Comparisorof magnitude-limitededshiftsurneys with GAMA

suney no.of area selection AB mag. completed
abbre.  redshifts (deg?) 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 b 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 surweys are selecteawith different wavelengths,we cannotdirectly
comparedepth.A usefulmetric,relatedto magnituddimit, is thenumber
density on the sky of redshiftsobtained. Thisis particularlyimportantin
relationto measurementsf environmenton sub-Mpcscales.This metric
IS plottedversussurvey areain Figurel for magnitude-limitecsurweys as
well asfor moretargetedsur\eys.
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Figure 1. Comparisorbetweengalaxy redshiftsureys: squaesrepresenpredom-
iInantly magnitude-limitedsurweys; circles representsureys involving colour cuts
for photometricredshiftselection;while trianglesrepresenhighly tamgetedsuneys.
Filled symbolsshav completedsurneys andthegrey regionshavstheparametespace
coveredby magnitude-limitedsuneys. GAMA shaowvn by a star cutssigni cantly into

new parametespace . Suneys arecolourcodedaccordingo selectionwavelength.

The proposedGAMA suney has14 timesthe tamget densityof SDSS
(maingalaxy samplewhile covering 12 timestheareaof VVDS.

FigurelB: Simulationsof surwey sectiondor SDSS,GAMA andVVDS-wide

Halo massfunctionandgalaxyformationef ciency

At ary redshift,the halo massfunctionis well established/ia numericalsimulations,requiringno knowledgeof the baryonicphysics,and
IS preciselypredictedover ve ordersof magnitudan halo mass.This theoreticalpredictionof cold dark matter(CDM) is oneof the most
robustpredictionsavailable.

Obsenationallythehalomassesanbeobtainedhroughdynamical massestimatesof galaxy groups, for example the2dFGRSPercolation-
Inferred Galaxy Group (2P1GG) catalogug(Eke et al. 2004). This cataloguds incompletebelav about10M . It wasnot deepenough
to probelow-masshalosover a sufciently representate volume. The extra depthof GAMA (seeFigurel) increaseshe numberof galaxy
groupmemberdy afactorof two to three,andtogetherwith increasesspectrakesolution,enableghe detectionof signi cantly lower mass
groups.Thisis shavn for simulationsof GAMA In Figure?2.
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Figure2 left andmiddle panels:Comparisorof a simulatedGAMA groupmassfunction(circleg to the 2PIGGmassfunction(squaes anda CDM model
(shadedarea)for 50ded and200ded, respectrely. Right panel: The 2PIGGgroupmass-to-lightatio (M/L) asafunctionof groupluminosity (squaes. The
M/L is predictedto beaminimumaround10*M andthe shadedegionis expectedo be probedby GAMA ( gure adaptedrom Eke etal. 2006).

GAMA will constrainthe halo massfunction over threeordersof magnitude;jn combinationwith SDSS/2dFGRSwill provide accurate
halo occupang numbersfrom rich clustersdown to local group scalemassesand will probethe evolution in the numberdensity of
10  halosouttoz 0.4

Stellarmasstunctionandbaryonicfeedback

Thetotal massfor groupsis animportantmeasureout cannotprobeto individual galaxy massesOn thesescaleshe CDM modelpredicts
thatthe massfunction of sub-haloghat hostgalaxiesshouldbe a steeplyrising power law. This is at oddswith obsenationsof the galaxy
luminosity functionwhich is relatvely at. The favouredexplanationrequiresstarformationef ciency to vary asa function of halo mass,
suchthatlow-masshalosareextremelyinef cient. Thechangan ef ciency with halomassdetermineshe slope,andarny changan slope,of

the galaxystellarmassfunction (GSMF).

Obsenationally the GSMF is determinedrom optical or near-IR luminosity with an estimate of mass-to-light ratios from colours or
spectra The presenttompendiunof dataprobesto  10°°M  with a slight indicationof a changein slope(Figure3 left). GAMA will
extendthis by anorderof magnitudedown to below 10°M  usingbothr-bandselectionwhichis optimumfor thelow-metallicity dust-free
galaxies,andK -bandselectionwhich picksup moremoderate-metallicitglustygalaxiesat a givenstellarmass(Figure3 right).

| T I ||||||||| I ||||||||| I 1 1 |‘ |||||| I ||||||||| ] 20‘0 _l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1
- galaxy stellar mass functions - [ PEGASE.2 magnitudes for SSPs:
i L up to 12 Gyr
101k _ - log (stellar mass) = 7.5 -
= 3 = 19 5 Fredshift = 0.008 —
- n 3 . n -
i T ow
0 LI
%% L@ _ low metallicity 4
-~ 107%F T 5 o 19.0[-02 Gyr | -
g g - A6 Gyr
= %% n
> \ _ 185 —
4 107F % ERE I ’
3 F © GAMA (simulated) o <
5 ! \ < 18.0- ‘ —
s g - _
E 10tk Bell et al. 2003 table 5 — .
z E Baldry et al. 2006 fig. 8 i A% = i
| — = = New analysis using NYU-VAGC "._ i 175+ —
- Cole et al. 2001 fig. 18 ¥ % 1
10 B Jones et al. 2006 table 4 - - -
: IIIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII I ||||||| ‘::: ! 17.0 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I IIIIIIIII ]
i 8 9 10 11 12 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
stellar mass: log (M/ M) r—band AB mag

Figure3 left panel:GSMFsfrom SDSS2MASS+2dFGRand6dFGS(variouslines),comparedo arecentsemi-analyticamodel(shadedegion; De Luciaet
al. 2006)anda simulationof the numbersexpectedrom GAMA (diamondswith errorbars).Thepredictionshovn is basedn galaxieswith 0:008< z < 0O:1
anderrorsare purely Poisson. Right panel: Magnitudesfor simple stellar populations(SSPs)with the samestellar mass. The arrows representhe dust
attenuatiorvectorfor an SMC extinction law with Ay = 1mag Theorange line representthe GAMA selectionfunction.

GAMA will measurghe eld GSMFdown to nearlyl0’M  atz> 0:008(in the Hubble o w); andwill accuratelyprobethe variationof
the GSMFoverabout ve ervironmentand veredshiftbins.

Galaxymemerrates Imagingdata

The galaxiesfor GAMA spectroscopwill initially be selectedrom SDSSandUKIDSS
dataandthe nal GAMA databas&vill combinedatafrom thelatestworld-clasdacilities.
This will include sub-arcsecondimaging from VST and VISTA; andpotentiallydeep
radio imaging from xNTD, an SKA path nderfacility.

Thebuildup of bothdarkmatterhalosandthebaryonicmass
of galaxiesis oneof the principalmodesof growth in CDM
models.

Obsenationally the galaxy memger rateis measuredither
by nding galaxiesin pairs that are closeenough(onthe
sky andin redshiftspace)or by identifying recentmemer
remnantshroughtheirasymmetriclight distrib ution. These
methodsrequire spectroscop that is highly completefor
closepairs(dif cult becausef bre-placementestrictions)
andhigh-resolutionmaging,respectrely. GAMA will re-
qguire 10con gurationsperAAOmega pointingovercom-
Ing close-pairbiasandwill obtainhigh-resolutionmaging
from VST-KIDS andVISTA-VIKING sunweys.

Optimumspectroscopimstrumentior GAMA

AAOmegais the upgradednulti-objectspectrograplied from the 2dF robotic bre po-
sitioneron the Anglo-AustralianTelescopeThe eld of view is 2-degreesdiameterwith
392 br es The bres feeda dual-beanspectrographvith VPH gratingswhich canbe

/‘OH

Figure4: Examplesof dynamicallyclosepairsrepresentinghe pre- usedto obtaincompletespectralkcoveragefrom 370to 880nm with aresolvingpower of
to post-megerphases. 1300
GAMA will measuremajor_ andminor-mergerratesover A completelyoptimisticestimatenf observingimewouldbe800hoursor 100clearnights
arangeof ervironmentsatlow redshift andaw variation (assumind@70sciencebres percon guration,and1 and2 hourintegrationsfor 85%and
in themajormemgerratetoz  0:4. 15% of tamgets,respectrely). Allowing for weathey seeing,broken bres, etc.,a more

realisticestimatas 150nights.



