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Disk Regrowth and Blue Early-type Galaxies

!
• ET galaxies with blue colors -

generally thought of as small 
population (e.g., Schawinski+ 2009) 

• Frequency increases at low stellar 
mass 

• Gas reservoirs and specific star 
formation rates -> significant stellar 
disk growth potential (KGB; Wei+ 
2010)  

• ~60% display UV bright disks 
(Moffett+ 2012)  

•  Objects in transition, (re)building 
disks?
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Kannappan, Guie, & Baker 2009 

14 Moffett et al.
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Figure 13. Halo mass distribution for early and late type galaxies in the ECO sample, with corresponding grey dashed lines indicating
the distribution for group central galaxies of each type. Panel a shows all early and all late types together, and panel b breaks down
the early types further by red and blue sequence membership. Approximately 40% of ECO early type galaxies occupy Mhalo < 1012M⊙

environments, approximately 24% of which are blue early types.

11 12 13 14
Log( Mhalo [Msun] )

0

200

400

600

800

N
um

be
r o

f G
al

ax
ie

s

Blue Early Types
Blue Late Types

LT Centrals
ET Centrals

Figure 14. Halo mass distribution for blue early-type and blue
late-type galaxies in the ECO sample, with corresponding grey
dashed lines indicating the distribution for group central galaxies
of each type.

ical halo mass of ∼ 1011.5M⊙ for centrals.
The P(E|M) formulation of the morphology-

environment relation clearly reveals different preferred
environment regimes for galaxies broken down by mass
as well as morphological type and color. Comparing
the halo mass dependences in Fig. 16a reveals a pos-
sible “inverse morphology-environment relation” (as
suggested by KGB), wherein blue early type galaxies
below M∗ ∼ 1010M⊙ inhabit environments of similar or
lower richness than the environments occupied by blue
late type galaxies at the same stellar mass. Fig. 16a
seems to show that the typical environment richness of
blue early type centrals below M∗ ∼ 1010M⊙ is lower
than that of blue late type centrals at fixed stellar mass.
However, the typical environments of blue early type
and blue late type satellites are not clearly distinct
given the large error bars on the typical values for
blue early type satellites. Moreover, if we correct for
the contribution of atomic gas mass, which can be a
significant mass component in many low stellar mass
galaxies, and instead compare these populations at
constant baryonic mass, we find that Mbary ! 1010M⊙

blue early and blue late types occupy typically similar
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Figure 15. Variation in blue early type galaxy frequency as a
function of stellar mass in the ECO sample. The solid line indi-
cates the frequency of blue early types as a fraction of early types
only, while the dotted line indicates their frequency as a fraction of
all galaxy types. Frequencies are plotted at their expected values
given the calibrated uncertainties in our semi-quantitative mor-
phology classification method, described in §3.4. Error bars shown
are a combination of the estimated misclassification errors and the
(binomial) counting statistics in each bin.

environments, for both centrals and satellites (Fig. 17).
The lack of a morphology-environment relationship
among central galaxies also holds if we consider all early
types and all late types together. Showing a similar
lack of morphology-environment trend, the traditional
morphology-environment relation for low baryonic mass
(Mbary < 1010M⊙) galaxies alone is approximately flat
until group halo masses above ∼1013M⊙ (see Fig. 12),
where low baryonic mass galaxies are typically satellites.
Accordingly, in the P(E|M) formulation, we find that
a morphology-environment relation re-emerges for low
baryonic mass satellites: early-type satellites typically
occupy higher group halo mass environments than
late-type satellites at constant baryonic mass.
Even though low mass blue early and blue late types

occupy environments that are typically similar, their full
environment probability distributions at a given mass
may not necessarily be the same. In this case, we find

Moffett+ submitted
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GAMA in Brief
!

• Spectroscopic and vastly 
multi-wavelength survey of 
~300,000 galaxies 

• Mature and constantly 
growing database of 
derived data products 
• variety of aperture-

matched photometry 
• redshifts and spectral line 

measurements 
• stellar mass estimates 
• morphology and structural 

fits 
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…so many we just can’t fit! see 

http://www.gama-survey.org/team/
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GAMA in Brief

8

GALAXY AND MASS ASSEMBLY
Simon P. Driver (UWA/ICRAR), Andrew Hopkins (AAO), Joe Liske (ESO),
Sarah Brough (AAO), Aaron Robotham (St Andrews) and the GAMA team

gama@gama-survey.org, http://www.gama-survey.org/

Data available on request from gama@gama-survey.org
or downloadable via http://www.gama-survey.org/

What:

The images above show the telescopes currently surveying, or planning to survey, the GAMA regions. From left-to-right the facilities are: the AAT, GALEX, VST, VISTA, WISE, Herschel, ASKAP, GMRT. Once
combined these data will sample over 27 wavelengths from the FUV through to the radio. The generic aim is to study the spectral energy distribution from 0.1 micron to 1m for over 350,000 galaxies to enable an
consistent and combined study of the stellar, dust and gas contents. In addition the spatial resolution in the optical and near-IR wavebands will also allow for resolved studies on 1kpc scales out to a redshift of 0.1. This
will enable a thorough investigation of structure on 1kpc to 10Mpc scales — the interface between the Dark Matter and baryonic regimes.

Where:
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The images above show the five GAMA survey regions (left, black boxes) and the zoomed in GAMA
regions (centre and right, red rectangles). Also shown are the overlap regions from a number of com-
plimentary private and public surveys as indicated. The blue data points show the currently available
Herschel-Atlas sources. For each GAMA region we construct single image SWARPs at 0.339 arcsecond
resolution in each band to facilitate matched aperture photometry, and other complex algorithms, to ensure
flux is measured consistently across all wavelengths. This becomes significantly harder as one stretches
into radio wavelengths as the emission processes emanate from fundamentally different components (e.g.,
the gas disc is generally much larger than the stellar disc).

Are redshifts really necessary?

The fist figure (left) shows the GAMA G12 cone-plot using photometric (upper) or spectroscopic redshifts
(lower). The gain of spectroscopic redshifts over photometric redshifts, particularly at low redshift for
group finding and mapping large scale structure, is self-evident. GAMA will ultimately collect 350,000
redshifts at a surface density of 1000 galaxies per sq deg. This compares to ∼80 galaxies per sq deg
for SDSS Main Survey and ∼125 redshifts per square degree for the 2dFGRS. The second plot (right)
shows the lookback-cone compared to other leading surveys indicating GAMA’s ability to trace large scale
structure to redshift 0.5.

Who:

The GAMA team is an international collaboration involving over 50 scientists spread across 20 institutions
and distributed mainly across Australia, Europe, and the US. The collaboration partners from the associ-
ated imaging teams stretches into the many hundreds and includes: the GALEX MIS, VST KIDs, VISTA
VIKING, UKIDSS LAS, WISE, Herschel-Atlas, and the ASKAP DINGO teams.

The energy output of the nearby Universe:
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The galaxy luminosity functions shown above have been derived from a single unified volume with
complete multi-wavelength coverage from within the GAMA survey regions using reprocessed SDSS
and UKIRT matched aperture photometry from u−K and dedicated GALEX data. From the luminosity
functions one can derive the luminosity density of the nearby Universe (final figure). Combining the
data over the full wavelength range we are building up a picture of the energy output of the Universe
which is robust to cosmic variance and suitable for use in constraining models. At the moment we are
only sampling the stars but we are currently assimilating the WISE and Herschel data which will sample
the warm and cold dust (mid & far-IR) and looking forward to ASKAP coming online to enable us to
sample the neutral gas to obtain HI masses, dynamical masses and velocity profiles.

Data:

When complete data products available will consist of flux calibrated spectra (far left) with spectral line
measurements using GANDALF, astrometrically and flux calibrated images/maps and photometry in 27
bands (FUV,NUV,ugriz,YJHK,mid-IR,far-IR,radio), surface brightness profiles (near right) in all optical
and near-IR bands including structural decomposition using GALFIT3, group, filament & supercluster
catalogues, and stellar, baryonic, dynamical and halo mass measurements. Data and catalogue access will
be via an online MySQL database with VO compliant data inspection tools (far right).

GAMA Science showcase:
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From left-to-right: Fig. 1 The most recent measurement of the galaxy stellar mass function (Baldry et al. in prep.) extending significantly deeper than previous studies; Fig. 2 the distribution of GAMA groups within
the GAMA volume showing group multiplicity number.; Fig. 3 a group image from the GAMA group catalogue which includes over 20,000 groups detected and analysed in a systematic way (Robotham et al 2011,
in press); Fig. 4 galaxy bimodality demonstrating that structure is a better separator than colour (Kelvin et al, in prep.), in fact the reddest galaxies in the Universe are edge-on dusty spirals; Fig. 5 using the Cosmic
spectral energy distribution constructed above one can start to constrain the metallicity evolution of elliptical galaxies (Driver et al., in prep.); Fig. 6 shows the star-formation rate versus redshift for our sample, the gaps
are caused by Hα passing through regions in the spectra where there are prominent night sky lines; Fig. 7 the mass-metallicity relation for various sub-samples extending out in redshift, the solid line shows the z=0
measurement found by Kewley & Ellison (2008) which appears to hold out to z=0.35 (over 3 Gyrs); Fig. 8 the data indicate that systems with higher star-formation rate exhibit flatter IMF slopes as indicated by the solid
lines which vary from Salpeter (central line, α = −2.35) to α = −2 (higher line), and α = −3 (lower line) (Gunawardhana et al., 2011).

!
• Spectroscopic and vastly 

multi-wavelength survey of 
~300,000 galaxies 

• Mature and constantly 
growing database of 
derived data products 
• variety of aperture-

matched photometry 
• redshifts and spectral line 

measurements 
• stellar mass estimates 
• morphology and structural 

fits 
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GAMA Galaxy Structure Efforts

• Structural Investigation of Galaxies via Model Analysis 
(SIGMA) - GALFIT wrapper (Kelvin+ 2012) 

• Lange+ 2014 (submitted) mass-size relations for ~12,000 
galaxy volume-limited sample (SDSS and VIKING) 

• Bulge/disk decompositions and extension to smaller/
higher redshift objects with KiDS/HST data ongoing
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Little Blue Spheroids in GAMA

10

1266 L. S. Kelvin et al.

Figure C1. LBS in u − r colour–Sérsic index space.

Figure C2. As Fig. C1, but for ellipticals.

MNRAS 439, 1245–1269 (2014)
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• LBSs are a visual 
morphology class in 
GAMA 

• Found to be ~7% of 
volume-limited sample 
with 0.025<z<0.06 and Mr 
< −17.4 (Kelvin+ 2014)  

• New GAMA II 
classifications ~half mag 
deeper yields nearly 900 
LBSs
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Figure C1. LBS in u − r colour–Sérsic index space.

Figure C2. As Fig. C1, but for ellipticals.
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Little Blue Spheroids in GAMA
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masses and extinction-corrected colors Taylor+ 2011

• Colors imply star 
forming & SSFRs 
comparable to spirals 

• In mass-size space, 
intermediate between 
Es and spirals
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Little Blue Spheroids in GAMA
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H⍺ SFRs Hopkins+ 2013/Gunawardhana+ 2013
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• Colors imply star 
forming & SSFRs 
comparable to spirals 

• In mass-size space, 
intermediate between 
Es and spirals
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Little Blue Spheroids in GAMA

14

preliminary results from Lange+, in prep.

What are they?

Primordial objects? Fading remnants? Objects in transition?

• Colors imply star 
forming & SSFRs 
comparable to spirals 

• In mass-size space, 
intermediate between 
Es and spirals Re
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Environments of LBSs

• LBS frequency 
increases for low group 
halo masses 

• Overall LBS pair 
fraction lower than for 
Es or spirals (Robotham
+ 2011 pair IDs)  -> 
some recent mergers? 

• ~20-30% LBSs in voids, 
~40% in tendrils, higher 
fractions than for E/Sp 
(Alpaslan+ 2014 cat.)

15

group catalog Robotham+ 2011
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group catalog Robotham+ 2011
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Environments of LBSs

• LBS frequency 
increases for low group 
halo masses 

• Overall LBS pair 
fraction lower than for 
Es or spirals (Robotham
+ 2011 pair IDs)  -> 
some recent mergers? 

• ~20-30% LBSs in voids, 
~40% in tendrils, higher 
fractions than for E/Sp 
(Alpaslan+ 2014 cat.)
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Little Blue Spheroids with KiDS
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KiDS

SDSS

GAMA cutout tool - A. Wright

!
• Kilo Degree Survey (PI Konrad 

Kuĳken) 
• VLT Survey Telescope with 

OmegaCAM - 1 sq. degree FOV 
• ugri imaging ~2 mag deeper than 

SDSS  
• KiDS typical seeing ~0.6” in r, 

compare to SDSS r ~1.3” 
!

• First 50 square degrees now 
public - DR1, with scattered 
GAMA coverage
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LBS Model Fits with KiDS

19

KiDS

SDSS

• By Bayesian information 
criterion (BIC) find ~60% 
prefer 2 components
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LBS Model Fits with KiDS
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KiDS

SDSS

• By Bayesian information 
criterion (BIC) find ~60% 
prefer 2 components
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KiDS Model Fit Early Results

21
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LBS bulge n similar to spirals, 
frequently pseudobulges

 - no clear single formation 

 mechanism (e.g., review Graham 

 2013)
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KiDS Model Fit Early Results
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Sp
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E

For two-component LBSs, disk n 
distribution differs from spiral 
distribution
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KiDS Model Fit Early Results
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Summary

• GAMA’s “Little Blue Spheroids” are typically low stellar mass 
& star-forming; many are likely multi-component systems 

• LBSs largely inhabit environments outside densest galaxy 
concentrations, implying these conditions are important for 
their formation and persistence  

• LBSs have transitional structural characteristics, with bulge n 
similar to typical spirals but with differing disk n and B/D 
ratios intermediate between E/Sp populations 

• History and evolutionary future of LBSs unclear - fading or 
growing? -> examine stellar population diagnostics, 
interaction indicators, quantify typical gas reservoirs 

• Beyond the LBSs - full KiDS imaging coverage will expand 
GAMA structural sample significantly, allowing B/D fits on 
deeper/higher-resolution data
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