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Structure formation

t = 4 x 105 yr
Δρ/ρ = 10-5

t = 1.37 x 1010 yr
Δρ/ρ = 109



Gravitational instability and hierarchical build-up

De Lucia & Blaizot (2007)
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Schawinski et al. (2014)

Renzini & Peng (2015)

Bimodality



Mass distribution of galaxies





Illustris collaboration



The complexity of galaxies

Galaxy constituents
• Dark matter
• Stars and star clusters
• Molecular, atomic and 

ionised gas
• Dust
• Central SMBH
• IGM

Physical processes

• Gravitational collapse and 
evolution

• Gas hydrodynamics

• Star formation

• Stellar evolution

• Feedback

• Interaction with the environment

• ...

Outstanding issues

• Star formation efficiency and the nature of feedback as a function 
of halo mass

• Fuelling and cessation of star formation

• Roles of galaxy interactions and mergers versus in-situ processes

• Relative prevalence of disks and spheroids

• Mass-size relations of disks and spheroids

• Downsizing

• Co-evolution of central SMBH and their host galaxies

• ...



Complementary approaches

Statistical 
investigations of 
large samples 
(surveys)

Observations

Detailed studies 
of small samples

Theory
Analytical, semi-analytical, numerical

Statistical power, completeness

Level of detail



What is GAMA?

• A comprehensive survey of low-redshift (z < 0.5) galaxies to study galaxy 
evolution and cosmology

• GAMA = spectroscopic survey + alliance of imaging surveys

Key features

• r < 19.8 mag

• Area = 286 deg2

• Ngal = 270,000

• Spectroscopy: 2 mag deeper than SDSS, multi-pass

• Imaging: near-complete wavelength coverage, ~2x better resolution

The Galaxy And Mass Assembly survey
www.gama-survey.org



The team
101 team members, 53 collaborators



GAMA survey regions

5 survey regions:
• 3 equatorial
• 2 southern

Total area = 286 deg2



Photometry: 1 nm – 1 m 

WISE

Herschel

ASKAP

GMRT

XMM-NewtonGALEX

SDSS

VST

VISTA

UKIRT

AAT

CFHT



• 210 nights (4 FTEs!) of multi-object fibre spectroscopy using AAT/2dF+AAOmega

• Area: 286 deg2 split over 5 survey regions

• Main sample: ~270k galaxies to r < 19.8 mag

• R = 1300, 370 < λ < 880 nm

• <z> = 0.27

GAMA spectroscopy
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How does GAMA fit in?

by Ivan Baldry



• Dependence of redshift success on fibre
position on the plate.

• Several possible causes, including:

• Systematic errors in astrometry, field 
rotation, correction for atmospheric 
refraction, …

• Radial variation of apparent fibre
diameter, focal ratio degradation, 
non-telecentricity, …

Selection function management

Liske et al. (2015)



Selection function management
• GAMA is a multi-pass survey by design.

• Tiling strategy is important! It affects the homogeneity of the incompleteness 
as well as survey efficiency.

• In GAMA: next tile placed where it most decreases local incompleteness.



Selection function management

Liske et al. (2015)

 Smooth large-scale distribution of 
incompleteness.



Selection function management

Maintaining high 
redshift completeness 
in dense regions is 
crucial for the 
identification of 
groups and mergers.

Liske et al. (2015)
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Selection function management

Liske et al. (2015)



Redshift precision…

Liske et al. (2015)

From ~2000 duplicate observations:



…and accuracy

Liske et al. (2015)

From ~2000 duplicate observations:



Spectroscopy
• Baldry et al. (2010) input catalogue
• Robotham et al. (2010) tiling strategy
• Hopkins et al. (2013) data reduction
• Driver et al. (2011) survey procedures, DR1
• Baldry et al. (2014) redshift measurement code
• Liske et al. (2015) end of survey report, QC, DR2

Photometry
• Hill et al. (2011), u – K aperture matched photometry

Driver et al. (2016)
• Kelvin et al. (2012), u – K Sérsic photometry

Häuẞler et al. (2013)
• Smith et al. (2011) matching with Herschel sources
• Cluver et al. (2014) WISE photometry
• Liske et al. (2015) GALEX photometry
• Driver et al. (2016) integrating all photometry, PDR
• Prescott et al. (2016) radio fluxes
• Pacaud et al. (2016) X-ray fluxes

Fotopoulou et al. (2016)

Other
• Baldry et al. (2012) local flow corrections
• Hopkins et al. (2013) spectral line measurements
• Loveday et al. (2012) k-corrections
• Taylor et al. (2011) stellar masses
• Robotham et al. (2011) group catalogue
• Alpaslan et al (2014) large-scale structure catalogue
• Moffett et al. (2016) morphologies

Technical papers



The stellar mass function

Baldry et al. (2012)



The stellar mass function

Baldry et al. (2012)

Peng et al. (2010)



• Dust correction

• Issue is completely dominated 
by how you define red.

• A simple, hard colour cut is too 
simple.

• Not much evidence of a red 
population below log M* ~ 9.

BUT....
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Is the red faint upturn real?

Taylor et al. (2015)



GSMF by morphological type

Moffett et al. (2016)



GSMF by morphological type

Moffett et al. (2016)



GSMF by morphological type

Moffett et al. (2016)



GSMF by local environment

McNaught-Roberts et al. (2014)



GSMF by local environment and z

McNaught-Roberts et al. (2014)



Model constraints

McNaught-Roberts et al. (2014)



Does the GSMF depend on LSS?

Eardley et al. (2015)



Does the GSMF depend on LSS?

Eardley et al. (2015)



Does the GSMF depend on LSS? No.

Eardley et al. (2015)



• FoF algorithm to identify 
galaxy groups.

• FoF parameters carefully 
calibrated on mocks.

• ~24,000 groups in 
equatorial survey regions.

• 2754 groups with Nfof > 4

The GAMA group catalogue

Robotham et al. (2011)
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Analysis of an initial joint GAMA+KiDS dataset covering 100 deg2

 The DM density profiles of group halos are well described by NFW

 Average halo masses   scaling relations

 Provides constraints on feedback models on group scales

GAMA + KiDS   weak lensing

Viola et al. (2015)



GAMA + KiDS   weak lensing
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Galaxy-galaxy weak lensing

Van Uitert et al. (in prep)



Stallar-halo mass ratio in dense environments
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The masses of infalling sub-halos

Sifon et al. (2015)



The masses of infalling sub-halos

Sifon et al. (2015)



Panchromatic photometry

VST



Panchromatic photometry

Driver et al. (2016)



Panchromatic photometry

Driver et al. (2016)



Panchromatic photometry

Driver et al. (2016)



Recalibrating SFR indicators

Davies et al. (in prep)



SFR density evolution

Davies et al. (in prep)



The effect of galaxy interactions on the SFR

Davies et al. (2015)
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The effect of galaxy interactions on the SFR
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The effect of galaxy interactions on the SFR
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The effect of galaxy interactions on the SFR



Davies et al. (2015)

The effect of galaxy interactions on the SFR



The stellar mass dependence of close pairs

Robotham et al. (2014)



Stellar mass deppendence of major merger rate

Robotham et al. (2014)



The evolution of the M* close pair fraction

Robotham et al. (2014)



The role of mergers in building up stellar mass

Robotham et al. (2014)



You, too, can use GAMA data

www.gama-survey.org



Current:

• DR2

• Panchromatic DR

Soon:

• DR3

You, too, can use GAMA data

www.gama-survey.org



Gunawardhana et al. (2013)



Kelvin et al. (2014)



Kelvin et al. (2014)






