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with early-type morphologies as CENs of similar mass. While
massive SATs are rare compared to their CEN counterparts, they
are structurally indistinguishable. In a broader sense, wefind that
all morphologically early-type SATs and CENs have the same size
scaling relations and that any reported differences between CENs
and SATs (e.g. Graham et al. 1996; Liu et al. 2008) are actually the
result of comparing two populations, e.g. BCGs and non-BCGs,
with different stellar mass distributions. Owing to the similar red
colours of massive CENs and SATs, there is no way to discern
recent arrivals from long-term members in larger haloes, but it is
clear that the transformation into spheroids does not depend on
becoming a SAT. If that were true, we would expect massive CENs
to be disk-like when they are clearly otherwise. Rather, we argue
that the strong morphological transformation from disk to spheroid
occurred at an earlier time when a massive SAT was the CEN of
a smaller halo and that the local environment had no additional
impact on the structure of high-mass spheroids. We find that
the difference between disk-dominated and spheroid-dominated
structure is more directly related to the stellar mass of a galaxy.
Clearly, there is some relationship between the mass of CENsand
their host halo mass (Figure 1), but further study is required to
understand whether or not any aspect of the environment plays an
important role in the transformation of disks and the production of
high-mass spheroids.

5 SUMMARY

In this paper, we study how the structural properties of central
galaxies (CENs) in groups and clusters depend on galaxy stellar
mass, global environment (group halo mass), and local environment
(central/satellite position within the host halo). We select from the
SDSS DR4 group catalogue (Yang et al. 2007) a statistically repre-
sentative sample of 911 CENs whose host halo masses span from
1012 to 1015h−1M⊙. We use 2D Sérsic model fits to quantify the
shape (Sérsic index) and size (half-light radius) of each galaxy. To
this end, we establish a well-tested, GALFIT-based pipeline to fit
Sérsic models to SDSS imaging data in ther-band. We summarise
our main findings below.

We thoroughly test the performance of our GALFIT pipeline
on simulated and real SDSS galaxy image data. Our 2D fitting re-
covers the structural properties of simulated galaxies with no bias,
unlike the one-dimensional fits to azimuthally-averaged data em-
ployed for the NYU-VAGC that systematically underestimatethe
total flux, size and Sérsic index of higher-n profiles. For galaxy
profile fitting, we also demonstrate that the SDSS global sky is pre-
ferred over the SDSS local value as a background level measure-
ment. We compare our fitting results with those from the NYU-
VAGC and find that our fits include light from the outer parts of
galaxies, which is missed when an overestimate of the (local) sky
background is used. We test how this background uncertaintytrans-
lates into a systematic uncertainty in the fitting parameters owing
to a strong covariance between Sérsic index, total magnitude, and
half-light size. This covariance affects bright and large galaxies
more and could contribute to the apparent steeping in the slope
of the size-luminosity and size-stellar mass relations at the bright
(massive) end.

We find that the Sérsic index of CENs depends strongly
on Mstar, but weakly or not at all onMhalo. The depen-
dence on stellar mass is in the sense that low mass galax-
ies (Mstar < 1010.5h−2M⊙) have lower, disk-like indices (n ∼
2.0), while massive galaxies (Mstar > 1011.0h−2M⊙) have higher,

spheroid-like (∼ 5) indices. Over a large range inMhalo , from
small groups to large clusters, any change in then distribution
of CENs is likely the result of the correlation betweenMstar and
Mhalo. The fact that spheroidal CENs are found at all group masses,
and the lack of a strongn dependence onMhalo , both rule out a
distinct halo mass for producing spheroids. Moreover, the strong
dependence ofn on Mstar suggests thatMstar is the key factor in
determining the shape of CENs.

Similar to the light profile shape, the half-light size of CENs
depends on galaxy stellar mass and luminosity. We separate our
CEN sample into early and late-type galaxies by visual inspection
and we find ar50-L slope ofα ∼ 0.83(0.62) for early-type (late-
type) galaxies with−22 < Mr − 5log(h) < −20. We also com-
pare ourr50-L slope for early-type CENs with those from other
studies and find that there is fairly large discrepancy. Thisdiscrep-
ancy could result from several factors including differentsamples,
size measurement techniques, or early-type galaxy definitions.

To study whether the structural properties of CENs depend
on their special position at the centre of the gravitationalpo-
tential well, we compare their shapes and sizes with those of
non-CEN satellite (SAT) galaxies. We find that low mass (<
10.010.75h−2M⊙) SATs have somewhat larger median Sérsic in-
dices compared with CENs of similar stellar mass. In addition, low
mass late-type SATs are moderately smaller in size than late-type
CENs when matched in stellar mass, but no size differences are
found between early-type CENs and SATs. We findno structural
differencesbetween SATs and CENs when they arematched in both
optical colour and stellar mass.The small differences in the sizes
of low-mass, late-type CENs and SATs are consistent with SAT
quenching as found by others (e.g., in van den Bosch et al. (2008)
and Weinmann et al. (2008)). The similarity in the structureof mas-
sive SATs and massive CENs demonstrates that the local environ-
ment has no significant impact on the structure of a massive galaxy
that enters a denser environment and that these two populations are
morphologically indistinguishable.

We conclude thatMstar is the most fundamental property in
determining the basic structural shape and size of a galaxy.In con-
trast, the lack of a significantn-Mhalo relation rules out a clear
distinct group mass for producing spheroids. This fact, combined
with the existence of spheroid CENs in low-mass and high-mass
groups, suggests that the strong morphological transformation pro-
cesses that produce spheroids must occur at the centres of groups
spanning a wide range of masses.
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Figure A1. Differences between the NYU-VAGC and GALFIT Sérsic parameters fromr-band SDSS data as a function of the GALFIT Sérsic parame-
ters for our total sample of 1657 CEN+SAT galaxies. The linesshow the quartiles of each distribution as in Fig. 3. Black points are for galaxies with
|∆sky| > 0.1 ADU and red points for|∆sky| < 0.1 ADU, where∆sky = local sky − global sky. Note, in theleft panels it is clear that the NYU-VAGC
fitting has ann = 6 limit.

APPENDIX A: COMPARISON WITH NYU-VAGC S érsic
FITS

Blanton et al. (2005, hereafter ’NYU-VAGC’) fit Sérsic models to
the azimuthally-averaged 1D profiles output by the SDSS photo-
metric pipeline (Stoughton et al. 2002) for all SDSS DR4 galax-
ies meeting the Main sample criteria. Tests show that the NYU-
VAGC Sérsic fitting does well for simulated galaxies with aninput
Sérsic indexnin < 2, a small size or a faint magnitude. But for
nin > 2 simulations, the NYU-VAGC fitting systematically under-
estimatesn, r50, and total flux [see Figure 9 in Blanton et al. (2005)
for details]. For example, for a simulated galaxy withnin = 4
the NYU-VAGC fitting underestimates these parameters by 15 per-
cent. For comparison, our GALFIT fitting results for 850 sim-
ulated Sérsic galaxies placed in SDSS images show very little
bias for nin > 4 galaxies (see Figure 3). Note that we adopt
the global sky value from the SDSS image header in our GAL-
FIT profile fits, while NYU-VAGC uses the local sky level. It has
been reported that the SDSS pipeline overestimates the local sky in

dense environments (Lauer et al. 2007; von der Linden et al. 2007;
Adelman-McCarthy et al. 2008). As such, Sérsic fits based onover-
estimates of the sky may result in fainter magnitudes, smaller sizes
and/or lower Sérsic indices as we demonstrate in§3.4.

Figure A1 shows comparisons between our fit results and
those from NYU-VAGC for our total sample of 911 CENs plus
746 SATs from our SAT sample S2 (see§2 for details). Below, we
discuss in detail the discrepancies between the two fits for galaxies
with n > 3 from GALFIT, and then for those with lower Sérsic
indices.

A1 High Sérsic Galaxies

For n > 3 galaxies, the NYU-GALFIT parameter discrepancy
for real galaxies in Figure A1 follows a similar trend as those be-
tween the input and fit parameters for simulated galaxies in Fig-
ure 9 of Blanton et al. (2005), but with an increased amplitude. For
example, the Sérsic difference (lower left panel) grows byabout
∆n ≃ 1.3 over the interval3 < n < 6, compared with∆n ≃ 0.6
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over the same interval in the Blanton et al. (2005) simulations.
Here two factors are at play: one is the systematic underestimate
of NYU-VAGC’s 1D fitting procedure for steep Sérsic profilesas
demonstrated in their test fitting using simulations. The second fac-
tor is the difference between the sky levels used in each procedure.
In Figure A2, we attempt to separate these two factors by split-
ting the whole sample into GALFIT Sérsic index and relativesky
difference bins, where the relative sky difference is the difference
between the local and the global sky normalised by the Petrosian
surface brightness of the galaxies (Ipetro = fPetro/(2πr2

50,Petro)
in units of ADUs per pixel, wherefPetro andr50,Petro are the Pet-
rosian flux and Petrosian half-light radius, respectively). Forn > 4
galaxies with a normalised sky difference less than 0.01, meaning
that the sky difference is at most a minor issue, then andr50 dis-
agreements more or less reflect the systematic underestimates seen
in the NYU-VAGC fitting of simulated galaxies. As∆sky/Ipetro

increases, the NYU-GALFIT disagreements grow and we see a
trend of larger NYU-VAGC underestimates for galaxies with higher
n, as expected when the local sky estimate includes more of the
light belonging to each galaxy.

A2 Low Sérsic Galaxies

We have outlined how the NYU-VAGC and GALFIT methods both
do very well in fitting pure-Sérsic simulations withnin < 3, there-
fore we expect minor differences when comparing fits to real galax-
ies with disk-like profiles. However, we find that the fit parameters
from the two procedures differ in two ways forn < 3 galaxies, as
shown in Figure A1. First, the NYU-VAGC fits have systematically
higher Sérsic values than the GALFIT fits, which is inconsistent
with the results from the simulations. Second, there is a systematic
offset of about 0.2 mag between the magnitude of NYU-VAGC fits
and our GALFIT fits in the sense that NYU-VAGC finds fainter
fluxes. We note that the offset appears to be independent of the dif-
ference in the sky (∆sky = local sky − global sky) used in each
fitting procedure, as shown by the similarity between the red(small
∆sky) and the black (large∆sky) points forn < 3 galaxies in
Figure A1.

We suspect that the NYU-VAGC procedure of fitting a 1-D
Sérsic model to azimuthally averaged annuli overestimates Sérsic
indices for disk galaxies. We check the distribution of Sérsic in-
dices for the whole NYU-VAGC and find that the number of galax-
ies with0.5 < nNYU−VAGC < 1.0 is much less than those with
1.0 < nNYU−VAGC < 1.5. This results in conflicts with other
observations of disk galaxies (e.g. Driver et al. 2006; van der Wel
2008; Häussler et al. 2007). To test our suspicion, we visually in-
spect galaxies from our sample with a late-type fit (n < 2) by
GALFIT, but an early-type fit (nNYU−VAGC > 2.5) by NYU-
VAGC. To exclude the sky influence, we restrict our inspection to
36 galaxies with|∆sky| < 0.5 ADU. At least two thirds of these
galaxies have very obvious spiral features as expected for galax-
ies with disk-dominated light profiles. Another 20 percent have
disturbed morphologies or very bright nearby stars, which could
cause spurious fits. A majority of the spirals are inclined with
b/a < 0.5. As clearly demonstrated by Bailin & Harris (2008),
nNY U−V AGC is systematically overestimated for more inclined
galaxies. This effect is the result of edge-on or inclined galaxies
having steeper azimuthally averaged radial profiles because the av-
eraged flux from the narrow outer part of such galaxy is decreased
by being smoothed over a large circular area.
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Figure A2. The NYU-GALFIT discrepancies shown in Figure A1 as a func-
tion of sky difference, divided into GALFIT Sérsic index bins as shown by
the colour coding. Here the sky difference is expressed by the ratio between
∆sky = local sky − global sky and the average Petrosian surface bright-
ness (Petrosian quantities are directly drawn from SDSS tables).

A3 Comparing Sérsic Magnitude Estimates

Besides the tendency to overestimate the Sérsic indices ofac-
tual disk-dominated galaxies when using 1D fits to azimuthally-
averaged radial profiles, we also explore the offset betweenthe
NYU-VAGC and the GALFIT Sérsic magnitudes in more detail.
For this exercise we use an independent measure of galaxy flux,
the SDSS Petrosian magnitude, to anchor our comparisons of dif-
ferent Sérsic magnitudes from the two methods. The SDSS photo-
metric pipeline calculates the flux within a circular aperture equal
to two times the Petrosian radius, which provides an approximate
total galaxy magnitude. It is well known, however, that Petrosian
magnitudes systematically miss some flux when applied to differ-
ent Sérsic model profiles. As shown in Graham et al. (2005), the
Petrosian magnitude misses very little flux for ann = 1 profile,
but for ann = 4 galaxy it will underestimate the brightness by
about 0.2 magnitudes. We note that the Graham et al. (2005) calcu-
lations are valid only when the sky is known perfectly. Any un-
der/overestimation of the sky background will increase/decrease
the discrepancy between the Petrosian and the Sérsic magni-
tudes. Using the formalism of Graham et al. (2005), we predict the
Petrosian-Sérsic magnitude offset (∆mag = Petrosian − Sersic)
under the influence of different amounts of overestimation of the
real sky by subtracting a range of background pedestals to each
Sérsic model before measuring the Petrosian flux. Our∆mag pre-
dictions for differentn are shown in Figure A3 (top panel) as a
function of the sky overestimate (∆sky), normalised by the Pet-
rosian surface brightness (as in Figure A2). When the normalised
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Figure A3. The difference between Petrosian and Sérsic model quantities
as a function of sky offset normalised to the Petrosian surface brightness.
Cases with different Sérsic index are colour coded as indicated in the top
panel. Solid lines are for our predictions based on a pure Sérsic model (see
text for details), for which∆sky means the imaginary overestimation of sky
background. The small squares are for each galaxy in our GALFIT sample,
for which∆sky means the SDSS local-global sky difference. The filled cir-
cles with error bars show the mean and standard deviation of our sample in
different bins. We also compare with the mean and standard deviation (tri-
angles with error bars) of the NYU-VAGC fitting parameters, which should
be plotted at∆sky = 0, but are shifted a little to allow them to be plotted
on a log-scale plot.

sky difference is less than10−4, our predictions converge as ex-
pected to the values claimed in Graham et al. (2005). However, as
the overestimates of the local sky increase, underestimates of the
Petrosian magnitude for differentn grow systematically. Likewise,
we also make predictions for the offsets between the Petrosian and
the Sérsic half-light radii (r50,Petro/r50,Sersic) as a function of sky
offsets and plot these in the bottom panel of Figure A3.

In Figure A3, we also compare our GALFIT results for ac-
tual galaxies (small squares) to the sky dependent predictions. Our
working assumptions are: (1) a Sérsic model is a reasonablemodel
to describe galaxy light profiles, and (2) the SDSS global skyis
a good measurement of the real sky and is preferred to using the
SDSS local value. Here∆sky is the local-global sky difference in
SDSS and all the Petrosian results are measured using the local sky.
In theupperpanel, we see that our fit results are close to the∆mag
predictions for a wide range of sky differences and Sérsic indices.
We also find fair agreement between ourr50 results and the pre-
dictions in thelowerpanel of Figure A3, suggesting that our fitting
results are self-consistent under the two assumptions above.

Finally, we compare the NYU-VAGC results for the real data
with the predictions. Given that the NYU-VAGC fitting uses the

same local sky as the Petrosian quantities, all the galaxieswith
NYU-VAGC fits have∆sky = 0 by definition. Therefore, the val-
ues of∆mag andr50,Petro/r50,Sersic for the NYU-VAGC Sérsic
results for our sample (triangles in Figure A3) should satisfy the
predictions of Graham et al. (2005). Yet, we see that the NYU-
VAGC Sérsic results are actually underestimates, on average, com-
pared to the predictions. For example, then = 1 galaxies have
Sérsic magnitudes that are 0.1 magfainter than the Petrosian mea-
surement, which isinconsistentwith either the predictions or the
definition of the two magnitudes. By definition, Sérsic magnitudes
are based on a model flux integrated to infinity, thus there is no
reason for such a magnitude to be fainter than the Petrosianaper-
ture magnitude, which only includes light our to some radius. It
is unclear why the NYU-VAGC Sérsic fitting procedure produces
fainter magnitudes than expected, but this effect combinedwith the
nonzero∆sky values explain the systematic 0.2 mag offset that we
find between the GALFIT and the NYU-VAGC Sérsic magnitudes
for n < 3 galaxies (Figure A1). Based on the above analysis, we
conclude that if the two assumptions of our fitting are valid,i.e.
assuming a Sérsic model is the correct model and that the SDSS
global sky is an accurate measure of the true sky background,then
our GALFIT fitting of the SDSS data returns more accurate mea-
surements for the structural parameters of galaxies than those in the
NYU-VAGC.

This paper has been typeset from a TEX/ LATEX file prepared by the
author.
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