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with early-type morphologies as CENs of similar mass. While
massive SATs are rare compared to their CEN counterpagsy, th
are structurally indistinguishable. In a broader sensefimeethat

all morphologically early-type SATs and CENs have the saixe s
scaling relations and that any reported differences betv@eNs
and SATs (e.d. Graham et al. 1996; Liu ef al. 2008) are agttiad!
result of comparing two populations, e.g. BCGs and non-BCGs
with different stellar mass distributions. Owing to the Banred

colours of massive CENs and SATs, there is no way to discern

recent arrivals from long-term members in larger haloes,jttis
clear that the transformation into spheroids does not djen
becoming a SAT. If that were true, we would expect massive €EN
to be disk-like when they are clearly otherwise. Rather, vgria
that the strong morphological transformation from diskpberoid

spheroid-like & 5) indices. Over a large range My, , from
small groups to large clusters, any change in thdistribution

of CENs is likely the result of the correlation betwekh:.. and
Mhalo- The fact that spheroidal CENs are found at all group masses,
and the lack of a strong dependence oNy.1, , both rule out a
distinct halo mass for producing spheroids. Moreover, theng
dependence af on Mg;ar suggests thatl., is the key factor in
determining the shape of CENs.

Similar to the light profile shape, the half-light size of CEN
depends on galaxy stellar mass and luminosity. We sepatate o
CEN sample into early and late-type galaxies by visual ioSpe
and we find ars0-L slope ofa ~ 0.83(0.62) for early-type (late-
type) galaxies with-22 < M, — 5log(h) < —20. We also com-
pare ourrso-L slope for early-type CENs with those from other

occurred at an earlier time when a massive SAT was the CEN of studies and find that there is fairly large discrepancy. @rssrep-

a smaller halo and that the local environment had no addition

ancy could result from several factors including differsamples,

impact on the structure of high-mass spheroids. We find that size measurement techniques, or early-type galaxy defisiti

the difference between disk-dominated and spheroid-datedh
structure is more directly related to the stellar mass of laxya
Clearly, there is some relationship between the mass of GiENs
their host halo mass (Figuté 1), but further study is reqguie
understand whether or not any aspect of the environmens play
important role in the transformation of disks and the prdigduncof
high-mass spheroids.

5 SUMMARY

In this paper, we study how the structural properties of reént
galaxies (CENSs) in groups and clusters depend on galaxiarstel
mass, global environment (group halo mass), and local@mvient
(central/satellite position within the host halo). We séefeom the
SDSS DR4 group catalogue (Yang el al. 2007) a statisticatiyer

To study whether the structural properties of CENs depend
on their special position at the centre of the gravitatiopat
tential well, we compare their shapes and sizes with those of
non-CEN satellite (SAT) galaxies. We find that low mass (
10.0'%7h~2M) SATs have somewhat larger median Sérsic in-
dices compared with CENSs of similar stellar mass. In addjtiow
mass late-type SATs are moderately smaller in size thartypte
CENs when matched in stellar mass, but no size differenaes ar
found between early-type CENs and SATs. We firastructural
differencedetween SATs and CENs when they aratched in both
optical colour and stellar mas3.he small differences in the sizes
of low-mass, late-type CENs and SATs are consistent with SAT
guenching as found by others (e.g., in van den Bosch et 88(20
and Weinmann et al. (2008)). The similarity in the structfrmas-
sive SATs and massive CENs demonstrates that the locabenvir
ment has no significant impact on the structure of a massiexyga

sentative sample of 911 CENs whose host halo masses span fronthat enters a denser environment and that these two pamdare

102 to 10%h~'My. We use 2D Sérsic model fits to quantify the
shape (Sérsic index) and size (half-light radius) of eadhxy. To
this end, we establish a well-tested, GALFIT-based pigetnfit
Sérsic models to SDSS imaging data in theand. 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 galaxieh wit bias,
unlike the one-dimensional fits to azimuthally-averageth aam-
ployed for the NYU-VAGC that systematically underestimtte
total flux, size and Sérsic index of higherprofiles. For galaxy
profile fitting, we also demonstrate that the SDSS global skyé-
ferred over the SDSS local value as a background level measur
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 (et
background is used. We test how this background uncertaamyg-
lates into a systematic uncertainty in the fitting paranseteving
to a strong covariance between Sérsic index, total madmitand
half-light size. This covariance affects bright and largdagies
more and could contribute to the apparent steeping in thgeslo
of the size-luminosity and size-stellar mass relationdathright
(massive) end.

We find that the Sérsic index of CENs depends strongly
on Mstar, but weakly or not at all onMy.,,. The depen-

morphologically indistinguishable.

We conclude thaM:., is the most fundamental property in
determining the basic structural shape and size of a gdiaxpn-
trast, the lack of a significant-My,, relation rules out a clear
distinct group mass for producing spheroids. This fact, ltioed
with the existence of spheroid CENs in low-mass and highsmas
groups, suggests that the strong morphological transfiiwmpro-
cesses that produce spheroids must occur at the centresugfsgr
spanning a wide range of masses.
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Figure Al. Differences between the NYU-VAGC and GALFIT Sérsic pargere fromr-band SDSS data as a function of the GALFIT Sérsic parame-
ters for our total sample of 1657 CEN+SAT galaxies. The liskew the quartiles of each distribution as in Hiy). 3. Blacknfsoare for galaxies with
|Asky| > 0.1 ADU and red points fofAsky| < 0.1 ADU, whereAsky = 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

IBlanton et al.[(2005, hereafter 'NYU-VAGC') fit Sérsic mdsi¢o
the azimuthally-averaged 1D profiles output by the SDSS@hot
metric pipeline [(Stoughton etlal. 2002) for all SDSS DR4 gala
ies meeting the Main sample criteria. Tests show that the NYU
VAGC Sérsic fitting does well for simulated galaxies withiaput
Seérsic indexn;, < 2, a small size or a faint magnitude. But for
nin > 2 simulations, the NYU-VAGC fitting systematically under-
estimates:, 750, and total flux [see Figure 9 al. (2005)
for details]. For example, for a simulated galaxy with, = 4
the NYU-VAGC fitting underestimates these parameters byets p
cent. For comparison, our GALFIT fitting results for 850 sim-
ulated Sérsic galaxies placed in SDSS images show velg litt
bias forn;, > 4 galaxies (see Figurg] 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 fia
been reported that the SDSS pipeline overestimates thieslocan

dense environments (Lauer et al. 2007; von der Linden 08l 2
Adelman-McCarthy et al. ZQDS). As such, Seérsic fits basealen
estimates of the sky may result in fainter magnitudes, smnsikes
and/or lower Sérsic indices as we demonstrat{Sid.

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

Al High Sérsic Galaxies

Forn > 3 galaxies, the NYU-GALFIT parameter discrepancy
for real galaxies in Figurie_A1 follows a similar trend as thde-
tween the input and fit parameters for simulated galaxiesign F
ure9o I@bs), but with an increased ampétuebr
example, the Sérsic difference (lower left panel) growsabgput
An ~ 1.3 over the intervaB < n < 6, compared withAn ~ 0.6

© 2008 RAS, MNRASD00,[1H22



over the same interval in the Blanton et al. (2005) simulketio
Here two factors are at play: one is the systematic undereti

of NYU-VAGC's 1D fitting procedure for steep Sérsic profilas
demonstrated in their test fitting using simulations. Theoad fac-

tor is the difference between the sky levels used in eactepioe.

In Figure[A2, we attempt to separate these two factors by-spli
ting the whole sample into GALFIT Sérsic index and relasky
difference hins, where the relative sky difference is tHéedknce
between the local and the global sky normalised by the Ratros
surface brightness of the galaxi€sdro = fretro/ (27730, petro)

in units of ADUs per pixel, wher¢pe:ro andrso, peiro are the Pet-
rosian flux and Petrosian half-light radius, respectivefgrn > 4
galaxies with a normalised sky difference less than 0.0Bnimg

that the sky difference is at most a minor issue,sthendrso dis-
agreements more or less reflect the systematic underestirse¢n

in the NYU-VAGC fitting of simulated galaxies. AAsky/Ipetro
increases, the NYU-GALFIT disagreements grow and we see a
trend of larger NYU-VAGC underestimates for galaxies wiidpher

n, as expected when the local sky estimate includes more of the
light belonging to each galaxy.

A2 Low Seérsic Galaxies

We have outlined how the NYU-VAGC and GALFIT methods both
do very well in fitting pure-Sérsic simulations with, < 3, there-
fore we expect minor differences when comparing fits to raklxg
ies with disk-like profiles. However, we find that the fit paiters
from the two procedures differ in two ways far< 3 galaxies, as
shown in Figur&AlL. First, the NYU-VAGC fits have systemaditica
higher Sérsic values than the GALFIT fits, which is incotesis
with the results from the simulations. Second, there is tegyatic
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 afifth
ference in the skyAsky = local sky — global sky) used in each
fitting procedure, as shown by the similarity between thgsedhll
Asky) and the black (largé\sky) points forn < 3 galaxies in
Figure[Al.

We suspect that the NYU-VAGC procedure of fitting a 1-D
Sérsic model to azimuthally averaged annuli overestim&tersic
indices for disk galaxies. We check the distribution of ss&in-
dices for the whole NYU-VAGC and find that the number of galax-
ies with0.5 < nnyu—vacc < 1.0 is much less than those with
1.0 < nnyu-_vacc < 1.5. This results in conflicts with other
observations of disk galaxies (e.g. Driver et al. 2006; van\lel
2008;| Haussler et &l. 2007). To test our suspicion, we \lisira
spect galaxies from our sample with a late-type #fit £ 2) by
GALFIT, but an early-type fit {nvu-vacc > 2.5) by NYU-
VAGC. To exclude the sky influence, we restrict our inspattio
36 galaxies witHAsky| < 0.5 ADU. At least two thirds of these
galaxies have very obvious spiral features as expecteddiaxg
ies with disk-dominated light profiles. Another 20 perceavé
disturbed morphologies or very bright nearby stars, whichld
cause spurious fits. A majority of the spirals are inclinedhwi
b/a < 0.5. As clearly demonstrated by Bailin & Hatris (2008),
nNyU-vacce IS systematically overestimated for more inclined
galaxies. This effect is the result of edge-on or inclinethgjas
having steeper azimuthally averaged radial profiles becthesav-
eraged flux from the narrow outer part of such galaxy is dea@a
by being smoothed over a large circular area.

© 2008 RAS, MNRASDOO, [1H22
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Figure A2. The NYU-GALFIT discrepancies shown in Figlire]A1 as a func-
tion of sky difference, divided into GALFIT Sérsic indexnsias shown by
the colour coding. Here the sky difference is expressed dydtio between
Asky = local sky — global sky and the average Petrosian surface bright-
ness (Petrosian quantities are directly drawn from SDS8spb

A3 Comparing Sersic Magnitude Estimates

Besides the tendency to overestimate the Sérsic indicesc-of
tual disk-dominated galaxies when using 1D fits to azimiyhal
averaged radial profiles, we also explore the offset betwiben
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 d
ferent Sérsic magnitudes from the two methods. The SDS®pho
metric pipeline calculates the flux within a circular apestequal

to two times the Petrosian radius, which provides an apprate
total galaxy magnitude. It is well known, however, that Bsian
magnitudes systematically miss some flux when applied ferelif
ent Sérsic model profiles. As shownlin Graham etal. (200%®), t
Petrosian magnitude misses very little flux foran= 1 profile,
but for ann = 4 galaxy it will underestimate the brightness by
about 0.2 magnitudes. We note thatithe Grahami et al. |(206%)-ca
lations are valid only when the sky is known perfectly. Any un
der/overestimation of the sky background will increasevease
the discrepancy between the Petrosian and the Sérsic magni
tudes. Using the formalism bf Graham et al. (2005), we ptete
Petrosian-Sérsic magnitude offsétiiag = Petrosian — Sersic)
under the influence of different amounts of overestimatibthe
real sky by subtracting a range of background pedestalsdio ea
Sérsic model before measuring the Petrosian flux. Ouag pre-
dictions for differentn are shown in Figure_A3 (top panel) as a
function of the sky overestimate\gky), normalised by the Pet-
rosian surface brightness (as in Figlre A2). When the nasexl
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Figure A3. The difference between Petrosian and Sérsic model gigantit
as a function of sky offset normalised to the Petrosian sarfarightness.
Cases with different Sérsic index are colour coded as aelitin the top
panel. Solid lines are for our predictions based on a pursiSiodel (see
text for details), for whichAsky means the imaginary overestimation of sky
background. The small squares are for each galaxy in our GR&&mple,
for which Asky means the SDSS local-global sky difference. The filled cir-
cles with error bars show the mean and standard deviationrafample in
different bins. We also compare with the mean and standaridten (tri-
angles with error bars) of the NYU-VAGC fitting parametersiet should
be plotted atAsky = 0, but are shifted a little to allow them to be plotted
on a log-scale plot.

sky difference is less thatD™, our predictions converge as ex-
pected to the values claimedlin Graham etlal. (2005). Howesger
the overestimates of the local sky increase, underestinaitéhe
Petrosian magnitude for differentgrow systematically. Likewise,
we also make predictions for the offsets between the Patra@sid
the Sérsic half-light radiiro, petro /T50,Sersic) s a function of sky
offsets and plot these in the bottom panel of Fiduré A3.

In Figure[A3, we also compare our GALFIT results for ac-
tual galaxies (small squares) to the sky dependent pred&tOur
working assumptions are: (1) a Sérsic model is a reasomaddiz|
to describe galaxy light profiles, and (2) the SDSS global isky
a good measurement of the real sky and is preferred to using th
SDSS local value. HerAsky is the local-global sky difference in
SDSS and all the Petrosian results are measured using tiskyc
In theupperpanel, we see that our fit results are close tadheag
predictions for a wide range of sky differences and Sérsiices.
We also find fair agreement between ayg results and the pre-
dictions in thlower panel of Figur€AB, suggesting that our fitting
results are self-consistent under the two assumptionseabov

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

same local sky as the Petrosian quantities, all the galaxits
NYU-VAGC fits haveAsky = 0 by definition. Therefore, the val-
ues of Amag andrso,petro/750,3ersic fOr the NYU-VAGC Sérsic
results for our sample (triangles in FiglrelA3) should $atibe
predictions of_Graham et al. (2005). Yet, we see that the NYU-
VAGC Sérsic results are actually underestimates, on gee@m-
pared to the predictions. For example, the= 1 galaxies have
Sérsic magnitudes that are 0.1 nfamter than the Petrosian mea-
surement, which isnconsistentwith either the predictions or the
definition of the two magnitudes. By definition, Sérsic miagges

are based on a model flux integrated to infinity, thus thereois n
reason for such a magnitude to be fainter than the Petragian
ture magnitude, which only includes light our to some radius. It
is unclear why the NYU-VAGC Sérsic fitting procedure proesic
fainter magnitudes than expected, but this effect combividdthe
nonzeroAsky values explain the systematic 0.2 mag offset that we
find between the GALFIT and the NYU-VAGC Sérsic magnitudes
for n < 3 galaxies (Figur&Al). Based on the above analysis, we
conclude that if the two assumptions of our fitting are vaiid,
assuming a Sérsic model is the correct model and that theSSDS
global sky is an accurate measure of the true sky backgrdabed,
our GALFIT fitting of the SDSS data returns more accurate mea-
surements for the structural parameters of galaxies ttumetim the
NYU-VAGC.

This paper has been typeset fromgXmMATEX file prepared by the
author.
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