
CONCLUSION 
 
Our analysis shows that, with the exception of the Sérsic index, the MSR is 
robust to the slight changes in population introduced by the different 
separators. The Sérsic index cut is skewed by a population of Little Blue 
Spheroids (LBS) which causes the Early types MSR to flatten at low masses. 
A more in depth analysis can be found in Lange R. et al (in prep.), which will 
also include the analysis of the MSR of disk and spheroid components.  
 
 
FUTURE ANALYSIS 
 
Eventually we look to trace the evolution of disks, spheroids and bulges out to 
z~1 in detail and further where possible across GAMA, COSMOS and ERS to test 
the two-phase model of Driver et al. (2013). This unprecedented sample will be 
analysed using the same software and techniques throughout and range from 
redshift z=0 to z=6 and span galaxy stellar masses from 108-1011M¤. 
 
 
 

ANALYSIS 
 
Figure 3 shows the result of our (r band) measurement of the MSR with the 
relation for late types on the left (in blue) and early types on the right (in red). 
Using quantile regression and 1/Vmax weighting we fit two lines to each sample: 
 
1)     

 
2)    

 
where R(kpc) is the half-light radius in kpc, M* is the total stellar mass of a 
galaxy and M0 is a ‘transition mass’ between low and high mass galaxies. Both 
equations are of the same form as the fits in S03 so that the fitting parameters 
can be compared (see Table 1).  
 

APPROACH 
 
Until now the MSR found by Shen et al. (2003) (S03), based on SDSS data, has 
been used as the local standard. However, GAMA (the Galaxy And Mass 
Assembly survey; Driver et al. 2011) is a spectroscopic survey 2 magnitudes 
fainter than SDSS and thus allows us to extend the MSR to lower masses up to a 
decade smaller than S03 (down to 107.6M¤). 
Figure 2 shows the bimodal nature of local galaxies (see also Taylor et al. 2013), 
with the galaxy masses based on ugriz photometry (Taylor et al. 2011) and the 
sizes based on 2D Sérsic fits using SIGMA (Kelvin et al. 2011). 
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Figure 1: The observed half-light radius in kpc of 
massive galaxies (M*>1011M¤ ) for a sample of local 
(z=0) and high redshift (1<z<3) galaxies. On average 
the high mass galaxies are a factor of 3 smaller than 
their local counterparts. 

INTRODUCTION 
 
The Mass-Size Relation (MSR) is a key measurement highlighting that galaxies 
have experienced significant size evolution between z=2 and z=0 by a factor 
of up to 5 (e.g. Trujillo et al. 2007; see also Figure 1). 
However, we do not yet fully understand how or indeed if galaxies have 
undergone the observed size growth.  
 
Possible explanations include: 
•  Bad measurements at low and/or high redshift  
•  Eddington and other selection biases 
•  Software bias (i.e. dif. analysis technique at dif. z) 
•  Evolution of galaxies (Mergers, Relaxation, Disc Growth) 
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Table 1: Fitting parameters to equations 1 and 2 for 
the local early and late type MSR. 
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Late type galaxies
Case a (10�3) b ↵ � � M0 (1010)

Fig. 3a (Sèrsic cut) 7.76 0.27 0.20 0.51 0.04 8.83
Fig. 3b (colour cut) 7.58 0.27 0.19 2.22 0.04 45.9

Fig. 3c (Sèrsic +colour) 8.51 0.27 0.19 2.95 0.05 58.9

Fig. 3d (morphology) 9.71 0.27 0.18 0.51 0.06 7.05
S03 - - 0.14 0.39 0.1 3.98

Early type galaxies
Case a (10�5) b ↵ � � M0 1010

Fig. 3a (Sèrsic cut) 631 0.26 0.10 0.67 0.15 1.58
Fig. 3b (colour cut) 2.19 0.49 0.09 0.62 0.14 0.79

Fig. 3c (Sèrsic +colour) 2.40 0.49 0.14 0.62 0.04 0.55

Fig. 3d (morphology) 1.70 0.50 0.14 0.78 0.05 1.67
S03 3.47 0.56 - - - -

Table 1. The least squared fit parameters for Early and Late type galaxies. Parameters a and b are used for the single exponential in
Eq. 1 and alpha, beta, gamma and M0 for the two component fit in Eq. 2. Also shown are the parameters found by S03.

It can be seen that especially for the late type galaxies the fit to eq.2 gives unreasonable results, e.g. M0 of the order of 1013 for Fig.4c.

Late type galaxies
Case a (10�3) b ↵ � � M0 (1010)

Fig. 4a (Sèrsic cut) 21.9 0.23 0.19 0.45 0.05 8.19
Fig. 4b (colour cut) 15.1 0.25 0.19 3.86 0.05 65.4

Fig. 4c (Sèrsic +colour) 17.0 0.24 0.17 2.12 0.07 28.5

Fig. 6 (morphology) 18.6 0.24 0.18 0.51 0.06 5.44
S03 - - 0.14 0.39 0.1 3.98

Early type galaxies

Case a (10�6) b ↵ � � M0 1010

Fig. 4a (Sèrsic cut) 9772 0.25 0.09 1.05 0.23 4.35

Fig. 4b (colour cut) 12.8 0.52 0.09 0.66 0.13 0.66

Fig. 4c (Sèrsic +colour) 5.75 0.55 0.09 0.87 0.15 1.71
Fig. 6 (morphology) 9.33 0.53 0.17 0.81 0.02 1.43

S03 3.47 0.56 - - - -

Table 2. The least squared fit parameters for Early and Late type galaxies. Parameters a and b are used for the single exponential in

Eq. 1 and alpha, beta, gamma and M0 for the two component fit in Eq. 2. Also shown are the parameters found by S03.

It can be seen that especially for the late type galaxies the fit to eq.2 gives unreasonable results, e.g. M0 of the order of 1013 for Fig.4c.

colour as a separator reduces the cross-contamination of the
two populations whereas the Sérsic index will cause signifi-
cant cross-scatter in all cases. The solid black line shows a
separation of the two populations that depends on both the
(u-r)

rest

colour and the Sérsic index. It is the orthogonal
to the connecting line of the two population centers moved
to the point of lowest density between the two populations,
hence resulting in a ‘best population division’ line.
The resulting M⇤-Re

relation is plotted in Fig. 4c but there
is no obvious improvement to the scatter of the two pop-
ulations. In fact there is only a small change in the fitting
parameters with the parameters to Eq.2 being slightly more
reasonable. Comparing the best fit of Eq. 1 for all the above
discussed cases shows that the slope of the fit is actually
quite robust to changes in the chosen separator, especially
for late types and except for the Sèrsic index separated sam-
ple early types agree as well.
The remaining question is if any of the chosen separators are

in fact good enough to describe the underlying populations
satisfyingly, i.e. how do the above M⇤-Re

relations compare
to the relations found for a morphologically classified sam-
ple?

3.4 Mass-Size Relation: division by morphology

We use the elliptical, not-elliptical and blue flat classifica-
tions as defined by ? who used Hig colour images to classify
the GAMAmid sample. Our morphological sample consists
of XX galaxies in the redshift range of 0.0146z60.1. We
have classified XX elliptical galaxies and XX not ellipticals
and XX blue flat galaxies. We adopt the same analysis
as for the GAMAmid sample Figure 5 (as Fig.3) shows
the resulting population distribution in three di↵erent
sub-plots, from top to bottom these are: stellar mass vs
Sérsic index, stellar mass vs (u-r)

rest

colour and (u-r)
rest

colour vs Sérsic index. The galaxies classified as blue flats
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ADDITIONAL DATA 
 
The data analysis was done in 9 imaging bands available within 
GAMA: ugrizYHJK. The results of this analysis can be found in 
Lange et al. (in prep.). A preview of the fits can be found online 
by scanning the top QR code. This shows the quantile regression 
fit to LBS (green), late types (blue) and early types (red). 
 
In addition we have tested SIGMA on ERS data (Windhorst et al. 
2011) and the first preliminary results can be found by scanning 
the bottom QR code.  
This animated gif shows the size v mass on the left hand plot 
and mass v lookback time on the right. By binning the ERS data 
in 1Gyr steps we then show the ERS sizes in comparison to the 
local MSR and the high-z data from Bruce et al. (2012). 

MSR for 
ugrizYJHK 
bands 
 
 
 
 
 
Preliminary 
high-z 
comparison 

Figure 2: Population separation criteria for the MSR for GAMA galaxies with 
0.014<z<0.1 and rpet<19.4, as a 3D distribution on the left and coloured 
according to morphology on the right. 
From top to bottom the cuts shown are: a) Sérsic index cut, b) (u-r)rest 
colour cut and c) combined Sérsic index and (u-r)rest colour cut. 
The blue dashed lines show the hard cuts adopted for Sérsic index (n=2.5) 
and colour (u-r=1.7) and the solid black line is the rolling Sérsic index and 
colour cut. 
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Figure 3: The local MSR for early (red) and late (blue) 
type galaxies (for fitting parameters see table 1). The 
solid squares are median size and mass data points for 
each bin. With the bins being at least 0.2 log (M*/M¤) 
wide and consisting of more than 50 data points.  The 
red and blue lines are the fits to equ.1 and the green 
line is the fit to equ.2, the black dot-dashed lines are 
the S03 relations.  
The following population separators were used: 
a)  n=2.5   
b)  (u-r)rest=1.7 
c)  combined Sérsic index and colour cut 
d)  morphology, the points are coloured according 

to the rhs of Fig.2 and  the grey points shown here 
are high redshift data points from Bruce et al. 
(2012) illustrating the growth of galaxies since 
redshift ~3 (no differentiation of ellip/not ellip). 
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