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1 INTRODUCTION

Early-type galaxies lie at one end of the Hubble tuning fahe
schematic ordering of galaxy morphology classes estalistng
ago (Hubble 1936; de Vaucouleurs el al. 1991), the latedppals
being located at the other end of the diagram (excludingiees).
Although the Hubble sequence is not thought to represenvan e
lutionary sequence, early-type systems are generallyicdenmesl to
be the output of violent and extreme processes mainly diiyen-
teractions and mergers in a hierarchical Universe, costitcawith
formation processes advocated for spiral galaxies.

* E-mail: eric.emsellem@eso.org
1 Dunlap Fellow

ABSTRACT

We provide a census of the apparent stellar angular momewithin one effective radius
of a volume-limited sample of 260 early-type galaxies (EJ@she nearby Universe, using
integral-field spectroscopy obtained in the course of theAS®P project. We exploit the\ g
parameter (previously used via a constant threshold vdlQeldto characterise the existence
of two families of ETGs: Slow Rotators which exhibit complstellar velocity fields and
often include stellar kinematically distinct cores, andtfRotators which have regular velocity
fields. Our complete sample of 260 ETGs leads to a new cnitéoidisentangle Fast and Slow
Rotators which now includes a dependency on the appardpti@tl ¢. It separates the two
classes significantly better than the previous prescripaad than a criterion based &ffo:
Slow Rotators and Fast Rotators havglower and larger thahrg x /€, respectively, where
krs = 0.31 for measurements made within an effective radius

We show that the vast majority of early-type galaxies aré Ragators: these have regular
stellar rotation, with aligned photometric and kinematies(Krajnovic et al. 2011, Paper 1),
include discs and often bars and repressnt 2% (224/260) of all early-type galaxies in the
volume-limited ATLAS’® sample. Fast Rotators span the full range of apparentieilips
frome = 0to0 0.85, and we suggest that they cover intrinsic elligésifrom about 0.35t0 0.85,
the most flattened having morphologies consistent withasgalaxies. Only a small fraction
of ETGs are Slow Rotators representing+ 2% (36/260) of the ATLASP sample of ETGs.
Of all Slow Rotators, 11% (4/36) exhibit two counter-raotatistellar disc-like components
and are rather low mass objectd,,, < 10'%5 My). All other Slow Rotators (32/36) appear
relatively round on the skyef < 0.4), tend to be massiveM4y, > 10195 M), and often
(17/32) exhibit Kinematically Distinct Cores. Slow Rotegalominate the high mass end of
ETGs in the ATLASP sample, with only about one fourth of galaxies with masses/ab
1015 M, being Fast Rotators. We show that theparameter which quantifies the isophotes
disciness or boxiness does not seem to be simply relatedhgtbbserved kinematics, while
our new criterion based oxi ande is nearly independent from the viewing angles. We further
demonstrate that the separation of ETGs in E’s (ellipt)catsl SO’s (Ienticulars) is misleading.
Slow and Fast Rotators tend to be classified as ellipticaldenticulars, respectively, but the
contamination is strong enough to affect results solelgbasm such a scheme: 20% of all Fast
Rotators are classified as E’s, and more importantly 66%I|d&alin the ATLAS?P sample
are Fast Rotators.

Fast and Slow Rotators illustrate the variety of complexcpeses shaping galactic sys-
tems, such as e.g., secular evolution, disc instabilitéeraction and merging, gas accretion,
stripping and harassment, forming a sequence from highat@dtellar) baryonic angular mo-
mentum. Massive Slow Rotators represent the extreme itessarithin the red sequence of
galaxies which might have suffered from significant mergwvithout being able to rebuild
a fast rotating component within one effective radius. Weréfore argue for a shift in the
paradigm for early-type galaxies, where the vast majorftfE8Gs are galaxies consistent
with nearly oblate systems (with or without bars), and whamly a small fraction of them
(less than 12%) have central (mildly) triaxial structures.

Key words: galaxies: elliptical and lenticular, cD — galaxies: evaat— galaxies: formation —
galaxies: kinematics and dynamics — galaxies: structure

At moderate to high redshifts, the difficulty to obtain de-
tailed photometric and spectroscopic information of laryen-
bers of systems often lead to gather early-type galaxies ant
single class: early-type galaxies are generally viewed sisigle
family of objects, separated from the line of spiral systearsd
which can be studied at various redshifts (e.g. Bell et aD420
Mclintosh et all 2005; Kriek et al. 2008). There are nowadays v
ious techniques to build samples of early-type galaxies flarge
surveys, e.g., colour/spectroscospic information basethe fact
that most galaxies in the red sequence are early-type (see e.
Bell et al.| 2004, and references therein). This obviousbjuides
visual classification which, when applied at relatively éawed-
shift, can lead to a classification closer to the full-fledgedemes
defined by Hubble or de Vaucouleurs (Fukugita et al. 2007).
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For nearby samples of galaxies, early-type galaxies are@ mor
commonly separated into two groups, namely the ellipti¢gls)
and lenticulars (S0's), the latter being a transition ctag®r from)
the spiral systems (Hubhle 1936). This is the exispagadigm for
early-type galaxiesnicely illustrated by e.g., the work conducted
by [Bernardi et al.| (2010) who studied a large set of galaxies e
tracted from the Sloan Digital Sky Survey. Early-type g@axare
mostly red-sequence objects, comprising E’s (ellipticaled S0's
(lenticulars), each class representing akbuaif of such a magni-
tude limited sample of early-type galaxiédl together, Es and SOs
represent a significant fraction-(40%) of the total stellar mass
density in the nearby Universe (Bernardi et al. 2010; Fuleuei al.
2007). Ellipticals are thought to be nearly pure spheroidgécts,
sometimes with central discs, while lenticulars are diskevgas
with large bulges/spheroidal components. Ellipticals @aneaver-
age rounder than lenticulars, with very few E’s having ¢itiies
higher than 0.4, and dominate the high-mass range of egrly-t
galaxies.

This picture has been regularly and significantly updated
specifically for galaxies in the nearby Universe for which we
often have exquisite photometric and spectroscopic indtion
(Bender et all 1994; Rix etkl. 1999; Gerhard et al. 1999). An a
tempt to, for instance, further refine the elliptical E clast®

not complete) sample of 48 early-type galaxies that is naila f
sample of the local Universe.

We are now in a position to re-examine these issues in the ligh
of the volume-limited ATLASP survey ((Cappellari et al. 2011a,
hereafter, Paper I). In the present paper, we wish to establcen-
sus of the stellar angular momentum of early-type gala8s3s
hereafter) in their central regions vi&, and examine how we can
relate such a measurement to their formation processes. ilNe w
show that a kinematic classification based g is a more natural
and physically motivated way of classifying galaxies. Momgor-
tantly, we find that galaxies classified as Fast Rotatorgdas a
refined criterion for\r, represent 86% of this magnitude limited
sample of ETGs, spread over a large range of flattening, tteshi
end being within the range covered by spirals. Slow Rotatons-
prise 14% of the ATLASP sample, with about 12% of massive
early-type galaxies with very low rotation and often withnkmat-
ically Decoupled Components, plus about 2% of lower-mags fla
tened systems which represent the special case of counéting
disc-like components.

In Section 2 we briefly describe the observations we are us-
ing for this study. Sectiohl3 is dedicated to a first presamabf
the measurements, mainkx and its relation to other basic prop-
erties such as ellipticity and dynamical mass. In Sedfioreduse

the boxy and discy systems was pursued by Kormendy & Bender these measurements to update our view on Fast and Slow Rotato

(1996): the proposed classification recognises the segquefc

and propose a hew criterion based on simple dynamical angisme

intrinsic flattening and shapes and tries to address the- pres We discuss the corresponding results in Sedfion 5 and cd&diu

ence of discs| (Rix & White 1990; Scorza & van den Bosch 1998;

Naab & Burkeit| 2001) and the dynamical status of these galax-

ies via a photometric proxy (namely, representing part
of the deviation of isophotes from pure ellipses). This has
been recently expanded in the context of "light deficit/este

Sectior 6.

2 OBSERVATIONAL MATERIAL AND ANALYSIS

(Graham & Guzman 2003 Graham 2004; Ferrarese étal. 2006; The ATLAS® project is based on a volume-limited sample of 260

Coté et al.|_ 2006, Kormendy etlal. 2009) to examine whethrer o
not different groups of ellipticals may be key to link pho-
tometric properties with their formation and assembly acen
ios (Naab et dl. 1999; Khochfar & Burkert 2005; Kormendy et al
2009; | Hopkins et al._2009a,c). Nevertheless, early-typaxgs
continue to be divided into ellipticals (spheroidal-like)d lenticu-

lar (disc-like) systems, the former exhibiting some milidxrality
(usually associated with anisotropy), while the latter arene to
typical disc perturbations, such as e.g., bars.

targets extracted from a complete sample of early-typexgeda
(ETGSs). A detailed description of the selection process @nogp-
erties for the sample are given in_(Cappellari et al. 201%axe-h
after Paper I), so we only provide a summary here. The parent
sample is comprised of all galaxies within a volume of 42 Mpc,
brighter thanMx = —21.5 mag (2MASS, see Jarrett et al. 2000)
and constrained by observabilit}p (— 29°| < 35 and away from

the Galactic equatorial plane). All 871 galaxies were exethivia

DSS and SDSS colour images to classify them as ETGs (e.g., ab-

There are many complications associated to these classi-Sence of clear spiral arms; see Paper I).

fication schemes due to e.g., inclination effects or the témi

tions of photometric measuremenis_(Kormendy & Bender [1996;

Cappellari et al. 2007). It is hard to disentangle lenticaifeom el-
lipticals, which limits the conclusions from studies usthgse as
prime ingredients. Emsellem et al. (2007, hereafter E+@&vglem-
phasised the fact that stellar kinematics contain crififfairmation

on the actual dynamical status of the galaxy. E+07 suggebted
AR, a simple parameter which can be derived from the first two
stellar velocity moments, can be used as a robust estimatbeo
apparent specific angular moment (in stars) of galaxies dim®
Jesseit et al. 2009).

Following this prescription, E+07 and Cappellari et al.q2p
hereafter C+07) have shown that early-type galaxies atetdited
within two broad families depending on their; values: Slow Ro-
tators Ar < 0.1), which show little or no rotation, significant
misalignments between the photometric and the kinemexés,a
and contain kinematically decoupled components; and Fakt-R
tors \r > 0.1) which exibit regular stellar velocity fields, consis-
tent with disc-like rotation|(Krajnovic et 8l. 2008) andnsetimes
bars. These results were, however, based on a represer(tativ

(© 0000 RAS, MNRASDOQ, 000-000

The present study mostly relies on integral-field spectpisc
data from theSAURON instrument|(Bacon et &l. 2001) mounted on
the William Herschel Telescope (La Palma, Canary Islands.
have also made use of imaging data obtained from severdit faci
ties, including SDSS DR7 _(Abazajian etlal. 2009), INT and MDM
(see Paper | for details). In the next Section, we briefly desd¢he
corresponding imaging arBAURON datasets and its analysis.

2.1 Photometric parameters

Various parameters were extracted from the imaging datauat o
disposal. We first derived radial profiles for all standardalaes
such as ellipticitye, position angle Pév..:, semi-major axis: and
disciness/boxiness as given by from a best fit ellipse routine,
making use of the adapted functionality in the kinemetrytires

of IKrajnovict et al. (2006). The moment ellipticity profiles were
computed within radially growing isophotes via the diagmza
tion of the inertia tensor as in e.g. C+07. This departs frosma
ple luminosity-weighted average of the ellipticity profilehich is
more strongly biased towards the central values. For thedigs,
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we associate the "aperture” radii for a given elliptical aperture or
isophote with an ared, R is defined as the radius of the circle hav-
ing the same ared = wR?. These profiles (curves of growth) are
then interpolated to obtain parameter values at e.g., onbalf)

an effective radiusk. (provided in Table 5 of Paper I). To build
diagrams together with quantities derived via 8/4JRON integral-
field data (see next Section), we use ellipse and positioke gmg-
files provided by the photometry and limit the aperture radiuio a
maximum valueRs: it is the minimum between the considered ra-
dius (e.g., 1R.) and the radius?,.. for which the corresponding
ellipse differs in area not more than 15% from the actual foeld
erage provided by our spectrographic data, with the ellifsmf
lying at least 75% within that field of view. This guarantebatt
we have both a good coverage in area (85%) and theBARERON
spaxels reach sufficiently far out with respect to the badéthe
considered aperture. Changing these criteria only aftbetsnea-
sured aperture values for a few systems, and does not mduify t
global results presented here. These radial profiles weraated
from the available ground-based data. For most of the gedaxie
relied on the green g band, close to the wavelength rangaaxve
with the SAURON datacubes. For only a few galaxies, when the g
band data was not available or of poor quality, we insteaiédel
on the red r band or even on tBAURON images reconstructed di-
rectly from the datacubes: the data used for each indivigatzixy

is indicated in TablgEB1.

A number of galaxies in our sample exhibit strong bars
(e.g. NGC936, NGC 6548, see Krajnovit etal. 2011, hereafte
Paper Il). When the galaxy is viewed at rather low inclinatio
(close to face-on), the bar strongly influences the measuosidion
angle (as well as the ellipticity), implying a strong migaiment
between the photometric and kinematic major-axes. Thdlgste
kinematic major-axis is an excellent indicator of the lifenodes
of a disc galaxy, even when the galaxy hosts a relativelyngtro
bar, and this kinematic axis generally coincides with théeou
photometric major-axis outside the bar, where the lightrithistion
is dominated by a disc. The measured flattening does howeve
not properly reflect the instrinsic flattening of the galaxhenm
measured in the region of the bar. In galaxies with obvious,ba
such as NGC 936, NGC 3400, NGC 3412, NGC 3599, NGC 3757,
NGC3941, NGC4262, NGC4267, NGC4477, NGC 4608,
NGC4624, NGCA4733, NGC4754, NGC5473, NGC5770,
NGC 6548, UGC 6062, we therefore use the global kinematic
position angle, as derived from the two-dimensiol&AURON
stellar kinematics, with the moment ellipticity value frahe outer
parts of the galaxy (outside the region influenced by the\zdues
provided in Paper Il), both for the derivation of e.§z, and for all
plots of the present paper.

2.2 TheSAURONdata

The SAURON integral-field spectrograph (Integral Field Unit, here-
after IFU) has been extensively used at the Cassegrain &ddhe
William Herschel Telescope since 1999 (Bacon &t al. 2001 pi#
servations were conducted using the low spatial resolutiode
which provides a field of view of about 3% 41”and a spatial sam-
pling of 0/94x0/94. The narrow spectral range allows the user to
probe a few stellar absorption and ionised gas emission \irith a
spectral resolution of about 4 Angstroms (FWHM).

All data reduction was performed using the dedicated
XSaur on software wrapped in a scripted pipeline. A set of 64
galaxies included in the ATLA® sample were observed prior
to the mounting of the volume phase holographic (VPH) grat-

Figure 1. Histogram of the maximum aperture radilis, .. covered by the
SAURON observations of all 260 ATLA® galaxies (normalised byR.).
The red line shows the corresponding cumulative functiagh{rvertical
scale) for galaxies witlR > Rynqz: We cover about 92%, 43% and 18% at
Re/2, Re and1.5 R, respectively, as indicated by the vertical/horizonthal
(dashed/dotted) lines.

ing (mostly from the originaBAURON survey, see de Zeeuw et al.
2002, for details). For these galaxies, we obtained an geerfi2
hours on source sometimes following a mosaicing strateggver
the targets with the largest effective radii. The spectablution at-
tained for these galaxies is about 4.2 Angstroms FWHM. Fastm
of the 196 remaining targets, we integrated 1 hour on sowceed
on the object, including two (slightly dithered) 30mns esp@s:
only when the source was extended did we allow for a mosaic of
2 fields to attempt to fully cover the region withinA., with two
30mns exposure for each field. The orientation ofSA&IRON field
was adapted to each target to optimise the coverage of thaygal
taking into account its apparent photometric flattening $pectral
resolution attained for these 196 galaxies is about 10%béttie
"to the use of the VPH grating) and reaches 3.9 Angstroms FWHM

The 260 final merged datacubes (witH'8%0’8 re-
binned spaxels) were then analysed using a common analy-
sis pipeline, and using a minimum signal-to-noise thresshafl
40 for the adaptive binningl (Cappellari & Copin_2003). Gas
and stellar kinematics were extracted via a pPXF algorithm
(Cappellari & Emsellem 2004) with a library of stellar teragms
as in|Emsellem et all (2004), but adopting here the MILES li-
brary (Sanchez-Blazquez etlal. 2006) and an optimisedlsmper
galaxy (see Paper | for details).

We derived\r andV /o from growing effective apertures, as
in E+07, following the ellipticity and position angle pra# ob-
tained from the photometry, or from the constant valuesafkiatric
axes and moment ellipticity from the outer part) for galaxigth
obvious bars (see SeEf. P.1). Using two-dimensional speaipy,
the expression fokr as given by:

__(RIV) @
(RVVZ+02)’
transforms into
NP . . .
)\R _ Zi:l FZR’L |‘/Z| (2)

X FRRVEt o7
whereF;, R;, V; ando; are the flux, circular radius, velocity and

velocity dispersion of thét spatial bin, the sum running on thé,
bins. Considering the signal-to-noise threshold used exexpect

(© 0000 RAS, MNRASD00, 000—-000
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Figure 2. Histograms of K band luminosities for all 260 ATLAB galax-
ies, in bins ofAr,, (red : [0 —0.2]; light red : [0.2 — 0.4]; light blue : [0.4 —
0.6]; blue : [0.6 — 0.8]). The top panel uskg values derived for an aperture
radius of 1R., the bottom panel for an aperture radiusif/2.

a typical positive bias for values ofr near zero (see Appendix A
of E+07) in the range [0.025- 0.05].

In the following, we will use\r. and(V/o). to denote values
measured at R., andAr.,, and(V/o). /- for values atR. /2. In
Fig.[, we provide an histogram of the maximum availableatife
aperture sizes from ol BAURON dataset for the ATLAZ’ sample:
we cover an aperture of atA. or larger for 43% of our sample and
R./2 for 92% of all ATLAS®P galaxies. Note that 18% are covered
up to at least.5 R..

Finally, accurate dynamical mass@44,, were derived via
Multi-Gaussian Expansion (Emsellem etlal. 1994) of the>dat
photometry followed by detailed Jeans anisotropic dynahmiwd-
els (Cappellari 2008; Scott etlal. 2009) of the ATLRSSAURON
stellar kinematics| (Cappellari etlal. 2010). This mass asgnts
Mayn = 2 x M, 2, WhereM, ,, is the total dynamical mass within
a sphere containing half of the galaxy light.

3 AFIRST LOOK AT THE APPARENT ANGULAR
MOMENTUM OF ATLAS 3P GALAXIES

3.1 Velocity structures and\r

With the 260 stellar velocity maps from the ATLAS sample,
we probe the whole range of velocity structures already wnco
ered by E+07: regular disc-like velocity fields (e.g., NGG24
NGC3530), kinematically distinct cores (e.g., NGC5481,

(© 0000 RAS, MNRASDOQ, 000-000

NGC5631) or counter-rotating systems (NGC 661, NGC 3796),
twisted velocity contours (e.g., NGC 3457, NGC 4552), sames

due to the presence of a bar (e.g., IC676, NGC 936). We also
observe a few more galaxies with two large-scale countaiting
disc-like components, as in NGC 4550 (Rubin etal. 1992),, e.g
IC0719 or NGC448. IC719 exhibits in fact two velocity sign
changes along its major-axis, and NGC 4528 three sign ckange
Only a few galaxies have noisy maps or suffer from systerpatic
e.g., NGC 1222, UGC 3960, or PGC 170172, due to the low signal
to noise ratio of the associated datacubes or from intemgeni
structures (e.g., stars). The reader is refered to Paper fufther
details on the kinematic structures present in galaxieshef t
ATLAS®P sample.

The ATLAS?P sample of ETGs covexz, values from 0.021,
with M 87 (NGC 4486), therefore consistent with zero appbegn
gular momentum within th&AURON field of view, and 0.76 for
NGC 5475 a flattened disc-like galaxy. Other galaxies with \g; .
values and stellar velocity fields with nearly zero veloaiypli-
tude (within the noise level) are NGC 3073, NGC 4374, NGC 4636
NGC 4733, NGC 5846, and NGC 6703. Of these six, NGC 4374,
NGC 4636, and NGC 5846 are nearly round, massive galaxiés wit
amass well abové0'" M), and strong X-ray emitters. NGC 4636
shows a very low amplitude velocity field and a barely detaeta
kinematically distinct component. There are two more gakwith
significantly non-zero values ofr. (~ 0.1) but no detectable ro-
tation, the relatively high\r. values being due to larger uncer-
tainties in the kinematics: NGC 3073 and NGC 4733. Along with
NGC 6703, these stand out as galaxies with no apparentaotati
mass belowl0™" Mg, and an effective radius smaller than 3 kpc:
these are very probably nearly face-on disc-galaxies (NZ33 be-
ing a face-on barred galaxy).

If we use the previously defined threshold separating Slalv an
Fast Rotators, namelyr. = 0.1, we count a total of 23 galaxies
below that limit in our sample, a mere 9% of the full ATLAS
sample. This is to be compared with one fourth (25%) of galax-
ies below that threshold found in E+07 within the represirga
SAURON sample of 48 early-type galaxies (de Zeeuw ét al. 2002).
With ATLAS®P we are covering a complete volume-limited sam-
ple, more than five times larger than the origiSB8URON sam-
ple, but we less than double the number of such slowly rajatin
objects. This is expected considering that such galaxies tie be
on the high luminosity end (E+07, C+07). A volume-limitedrsa
ple includes far more galaxies in the low-luminosity rangen the
SAURON representative sample which had a flat luminosity distri-
bution. Our ATLAS® observations confirm the fact that slow and
fast rotators are not distributed evenly in absolute mageit fast-
rotating systems brighter than Mof -24 are rare, while a third of
all galaxies having\r. < 0.1 are in this range. This is emphasised
in Fig.[2 where the K band luminosity histograms for galaies
bins of A\r. are presented. This trend could be due to an incomplete
field coverage of the brighter galaxies with larBe when Ar in-
creases outwards (we reachil for only about 42%, see Fifl] 1,
and this is obviously biased toward the fainter end of galsxi
However, this trend is still present when using at R./2 (bot-
tom panel of Fig[R) for which we have about 92% of all galaxies
properly covered.

Among the 23 galaxies withr. < 0.1 in the ATLAS®*P sam-
ple, 6 have no detected rotation (3 of them being very prgbabl
face-on disc-like systems, see above), 2 have twisted tatprbke
isovelocity contours (NGC 4552 and NGC 4261), and out of the r
maining 15 others, 14 have Kinematically Distinct Cores &
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[J'.:3

(.9

Figure 3. A, versus ellipticitye. for all 260 ATLAS?P galaxies. The colour and size of the symbols are associdthdhe mass of each galaxy, as indicated
at the bottom right of the panel. The dotted magenta line shewedge-on view for ellipsoidal galaxies integrated upnfanity with 3 = 0.70 X ¢, as in
C+07. The solid magenta line is the corresponding curveicesd to an aperture at R. and for3 = 0.65 x e (see text for details). The black dashed lines
correspond to the location of galaxies with intrinsic ditiiies €;,,+- = 0.85,0.75,0.65,0.55,0.45,0.35 along the relation given for an aperture ofL
with the viewing angle going from edge-on (on the relatianfaice-on (towards the origin).

see Paper Il), confirming the claim made in E+07 that most ETGs on the (V/o)-e diagram within the envelope traced by the edge-

with low \r values have KDCs.

3.2 ATLAS3P galaxies in a\g-¢ diagram

The combination of the measurgg . values with the apparent flat-
teninge. holds important clues pertaining to the intrinsic morphol-
ogy and dynamics of ETGs, as shown in E+07. In[Eig. 3, we pmvid
afirst glimpse at the distribution of galaxies in suche diagram
for an aperture radius of R..

A more standard approach includes the usg¥6fo) as a
probe for the stellar kinematics of galaxies. In C+07, it bagn
shown that there seems to be a broad trend between the apisotr
of ETGs, parameterizEdNith B, and their intrinsic (edge-on) el-
lipticity e;ne. Fast rotators were found to be generally distributed

1 Bis the anisotropy parameter simply definedas o2 /o2 for a steady-
state system whewer, . are the cylindrical components of the stellar veloc-
ity dispersion.

on relation = 0.7 x €intr (from the analytic formula of Binney
(2005%)) and by its variation with inclination (Fig. 11 of C#0 This
analytic relation is nearly identical to the ofe= 0.65, which in-
cludes aperture integration within2. (Appendix B). SinceV/o
and)r of simple ellipsoidal systems (with constant anisotro@y) ¢
be linked via a relatively simple formula (see Appendix B @an
translate thesg-¢;.+ relations for\ g and provide the correspond-
ing curves in a\r-¢ diagram. These relations are shown in Eig. 3
for edge-on galaxies (dashed and solid magenta lines) dsawel
the effect of inclination (dashed black lines, only for ttedation
integrated within 1R.).

We first confirm that most of the galaxies witlz . values sig-
nificantly above 0.1 are located above (or at the left) of thgemta
line in Fig.[3. The dashed line at,.;- = 0.85 also provides a con-
venient upper envelope of the galaxies in our sample. Thisitbe
fully confirms the predictions made in C+07, using only a drset
of targets, and reveals important characteristics of ttezral state
of early-type galaxies, which will be further discussed ec§5.1.

The majority of galaxies above the magenta line are consis-
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Figure 4. Reconstructed images and first two stellar velocity momeagian
(velocity and velocity dispersion) for 6 galaxies seleatedr the ellipticity-
anisotropy relation (magenta line, see text). The appaetipticity is de-
creasing from top to bottom.

tent with intrinsic ellipticities between 0.55 and 0.85,tlwbnly
very few galaxies below;,:, = 0.35. The stellar velocity maps
of these fast rotating objects, illustrated in Hiyj. 4 withx@umples
of galaxies from low £ 0.35, bottom), to high £ 0.85, top) el-
lipticities along the magenta line, are regular and show-tlie
signatures (e.g., pinched isovelocity contours), stipoghtrasting
with the complex kinematic features observed for galaxiitis kow
Ar. Values, as discussed in Séct]3.1: this is objectively dfirht
in Paper Il. We here probe from very flattened edge-on cases do
nated by a thin disc component at the top, to relatively fatbgects
like NGC 4621 at the bottom. All 6 galaxies exhibit a cleansid a
disc-like component either from flattened isophotes angifoched
iso-velocities, confirming the fact that they cannot be @dviar
from edge-on.

The distribution of galaxies in the ATLAS sample in the\ g-
e plane also reveals a rather well-defined upper envelopdiftce
ity decreases, the maximum apparent angular momentumadesre
accordingly. It can be understood by looking at Elg. 3 agaiens
the upper black dashed line, corresponds to an extremelgrfeat
spheroid withe;,.¢» = 0.85 (a disc) and an anisotropy parameter of
B = 0.55 (following the 8-€;n: relation mentioned above): most
galaxies in the ATLASP sample have lowekx.

This first view at the distribution of the ATLA® galaxies
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in a Ar-e diagram provides a very significant upgrade on already
published samples. We can therefore now proceed by congidimén
detailed study of the kinematic structures observed iretijagaxies
conducted in Paper Il with such information to deliver a redin
criterion for disentangling Fast and Slow Rotators.

4 GALAXY CLASSIFICATION VIA STELLAR
KINEMATICS

4.1 The importance of shapes

We have seen in the previous Section that galaxies with thedb
Ar values tend to be more luminous or massive (see Elgs. 2 and
[B), and exhibit complex kinematic structures, as opposedsb
rotating galaxies with regular velocity fields and discelikigna-
tures (when viewed near edge-on). This confirms the viewndeli
eated in E+07 and C+07, where early-type systems were segara
into two families, the so-called Fast and Slow Rotators. @y,

it is not clear whether aonstantvalue of Az (e.g.,Ar = 0.1 as
defined in E+07 from a representative sample of 48 galaxi&s) ¢
responds to the best proxy for distinguishing between sluhfast
rotators.

Using the complete ATLA®’ sample of 260 galaxies, we can
in fact proceed with an improved criterion, taking into azebthe
fact that two galaxies with the same apparent angular mamrent
but very different (intrinsic) flattening must have, by défon, a
different orbital structure. A galaxy with a relatively lovalue of
AR, €.0., 0f 0.2, may be consistent with a simple spheroidalyawi
metric system viewed at a high inclination (near face-oun) this is
true only if its ellipticity is correspondingly low: a largdlipticity,
e.g.,e = 0.4, would imply a more extreme object (in terms of or-
bital structure or anisotropy), as shown with the sphetaitzdels
provided in Appendix B.

This can be further illustrated by looking at Fig. 5 where the
radial \r profiles are shown for all galaxies of the sample in bins
of ellipticities. For low ellipticities,0 < € < 0.2, there is a rather
continuous sequence of profiles with varicus amplitudes from
0.1to 0.5 at 1R.: a rather face-on flattened system would have a
profile similar to an inclined mildly-triaxial galaxy. In ¢hnext bin
of ellipticities, 0.2 < € < 0.4, we start discerning two main groups
of galaxies: the ones with rapidly increasing profiles, most of
these galaxies showing regular and symmetric velocity ik
in Fig.[4), and those who have flatter (or even decreasindjlgso
up to~ R./2 and then start increasing outwards, again often ex-
hibiting complex velocity maps and distinct central stellalocity
structures. There are in addition a few galaxies withprofiles go-
ing up to~ 0.3 anddecreasingetweenR. /2. andR.. As we reach
the last ellipticity bin (with the highest values), mostades have
strongly risingAr profiles reaching typical values ofr ~ 0.5
at R./2. The 3 galaxies which havér. below 0.4 are IC 719,
NGC 448 and the famous NGC 4550, all being extreme examples
of disc galaxies with two counter-rotating systems.

A refined scheme to separate slowly and fast rotating gadaxie
should therefore take into account the associated appeltgiic-
ity: we should expect a higher value of the specific stellauar
momentum for galaxies which are more flattened or closerge-ed
on if these are all intrinsically fast rotators. Very flateingalaxies
with Ag. as low as 0.2 or 0.3 must already have a rather extreme
orbital distribution (or strong anisotropy, see Appendix B the
next Section, we use the completeness of our sample of gady-
galaxies to revisit the question of how to distinguish meralmsf
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Figure 5. A p profiles for the complete ATLAY sample of early-type alax-
ies, in four bins of ellipticitiese. (as indicated in each panel), as a function
of the aperture radius (relative to the effective raditig.

the two main families of early-type galaxies, namely Slow &ast
Rotators.

4.2 Kinemetric structures and the link with Ar

The classification of ETGs in Slow and Fast rotators was ratsiy
by the (qualitative) realisation that galaxies within tS8AURON

measured’/o_, andAg. as functions ot.. The expected locations
for systems with3 = 0.7 x ¢, whereg is the anisotropy parameter
are presented as dotted lines, the magenta line repregeufiye-on
systems and the dashed black line showing the effect ohiaititin
for an intrinsic (edge-on) ellipticity of 0.82. These cusvare cal-
culated following the formalism in_Binney (2005), and thesific
values are identical to the ones defined in C+07. We also geovi
similar relations for3 = 0.65 x ¢ as in Fig[8, but this time taking
into account the effect of a limited apertureg1).

We observe in Fid.]6 that regular rotators tend to heye or
Ar values above the magenta line. This clearly confirms thaltren
emphasised in C+07 already obtained with a significantlyllema
sample. The ATLASP sample clearly extends this result to galax-
ies at higher ellipticities antf /o or Ar values. The second obvious
and complementary fact is that non-regular rotators dlust¢he
lower part of the diagrams, and below the magenta line. Qlyera
this shows that objects with or without specific kinematiattees
in their velocity or dispersion maps tend to be distributadedher
side of the relation illustrated by the magenta line.

This strongly suggests that the regularity of the stelléoaity
pattern are closely related to the Slow and Fast rotatosseta as
defined in E+07, and that the ATLAB sample of 260 galaxies
provides the first view of a complete sample of ETGs, expandin
on the perspective derived from the origir@AURON sample of
48 galaxies. We do not expect a one to one relation between non
regular rotators and Slow rotators on one hand, and regutiators
and fast rotators on the other hand, because e.g., any depfidm
aregular disc-like rotation automatically qualifies a gglas a non-
regular rotation pattern. However, apart from atypicaksasich as

sample of 48 ETGs (de Zeeuw et al. 2002) exhibit either regula Unrelaxed merger remnants or galaxies with strong dustirfesit

stellar rotation, showing up as classical "spider-diagramvith
no significant misalignment between the kinematic and phete
ric axes (excluding the few systems consistent with havimgyo-
parent rotation at all), or complex/irregular stellar \@tp maps
with twists and strong misalignment with respect to the phratry
(Emsellem et al. 2004; Krajnovit etlal. 2008). Usikg as a proxy
to disentangle the two families of objects, it was confirmiealt t
these two families had distinct structural and dynamicapprties
(E+07, C+07).

we may expect that such a link holds. We now examine how to best
separate these two families of ETGs.

4.3 Slow and Fast rotators

The V/o diagram (Fig[b) shows, independently from any refined
criterion to disentangle regular and non-regular rotatsignifi-
cantly higher overlap between the two populations bothwatdod
high ellipticities. The difference betweéeli/c and Ar may not,

We can now review these results in the context of our complete however, be that obvious just looking at Fig. 6. For simpléateh
ATLAS?P sample: this requires an objective assessment of the ob- models, as illustrated in Appendix B, there is a tight catieh

served kinematic structures. The regularity or richness\alocity

between these two quantities (see [ig] B1). This is not tise ca

map can be defined and more importantly quantified using kihRem anymore when the galaxy exhibits more complex kinematiéh w

try (Krainovic et al/ 2006). Such an evaluation has thusbemn-
ducted in Paper Il systematically for all 260 ATLAS galaxies.
The (normalised) amplitude of thé"5harmonic kinemetric term

e.g. a rapidly rotating inner part and a slowly-rotatingesipart.
Two galaxies with apparent dynamics as different as NGC 58iti3
NGC 3379 have simila¥’/o values, although the latter is a regu-

ks (ks/k1) can for example be used to find out whether or not a lar rotator while the former is an non-regular rotator witkclear

velocity field has iso-velocity contours consistent (imaaih) with
the cosine law expected from pure disc rotation. The fadt tte
velocity map of a galaxy follows the cosine law does not diyec
imply that it is a pure-disc system, only that its line-offsi ve-
locity field looks similar to one of a two-dimensional discsibg a
threshold of 4% foks / k1, galaxies with or without regular velocity
patterns have been labelled in Paper Il as Regular and Ngnoié&te
Rotators, respectively, and provided a detailed and dfieahtac-
count of observed velocity structures. Galaxies such as B&7O
or NGC 524 exhibit low amplitude rotation but are consisteiih
being regular rotators, while galaxies like NGC 4406 or NG&62
are clearly non-regular rotators (see Fig. B1, B5 and B6 pEPH)
even though these are rather round in projection.

All 260 galaxies of the ATLASP sample are shown with sym-
bols for regular and non-regular rotators in Hi¢. 6: we plothb

stellar KDC (see E+07). In this conteXr is a better discriminant
and this occurs because the weighting of stellar rotatigredés
both on the observed flux and on the size (radius) of the streict
While the difference may not be dramatic and would not impaet
majority of ETGs (since most have regular stellar velociglds),

it becomes relevant when considering classes of galaxiegHizh
we observe differences in the observed kinematic feattités.has
motivated the use oXr which also directly relates to the apparent
angular momentum of the stars (E+07).

Before we refine the above-mentioned criterion, we need to
emphasise again the clear trend observed in\the diagram (bot-
tom panel of FigLB): galaxies have on average increasingesabf
Ar as the ellipticity increases, and this is valid also for megelar
rotators alone. As mentioned in SEcfl4.1, at conskanvalue, the
anisotropy increases with higher ellipticities, and we¢iere need

(© 0000 RAS, MNRASD0Q, 000—-000



The ATLA® project — III. A census of the stellar angular momentum in ETG9

Figure 6. Measured//o, (top) andA . (bottom) values versus the ellip-
ticity e. within an aperture of R.. The magenta lines are as in Hig. 3, and
the black dotted and dasked lines represent the locatioalakigs with an
intrinsic ellipticity e = 0.82 when going from an edge-on to a face-on view.
The solid black line corresponds to isotropic oblate systeiwed edge-on.
The solid green line i8.31 x /€. Red circles are galaxies with no apparent
rotation, green ellipses and purple symbols are for noolaegotators and
regular rotators, respectively. Filled symbols corresptm galaxies with
bars. Regular and non-regular rotators are better sefanatag A\ than
V/o.

to define a threshold for slow/fast rotators which dependsruh
increases with ellipticity.

We considered several possibilities, including scaleddo
versions of the predictedlrz — ¢ relation for isotropic axisymmet-
ric systems or of the magenta lines. The first one (isotropygoe
used as a reference) does a reasonable job at separatifey segl
non-regular rotators, with a scaling factorof0.4 and would nat-
urally connect our study with already published work. That faat
galaxies with lowV /o or Ar exhibit different observed properties
is certainly not a new result, and was illustrated and emipbdsn
a number of key studies (e.q., Bender 1988; Kormendy & Bender
1996) using the ratid’/o, between the measuréd/oc and the
predicted value from an oblate isotropic rotaidfo.  (see e.g.

180

Davies et al. 1983)//o, has thus sometimes been used as an in-

(© 0000 RAS, MNRASDOQ, 000-000

dication of an anisotropic dispersion tensor: this viewrisfact
misleading as a constant value fdyo, does imply an increasing
anisotropy with increasing flattening (C+07). This statetigalso
valid for Az, = Ar/ARis, Obviously for the same reason.

More importantly, C+07 have shown that galaxies can gener-
ally not be considered as isotropic (see Eig. 6). Globalairipy
increases with the intrinsic flattening, therefore usirajrigpic ro-
tators as a reference for flattened galaxies would not bepppte.
Galaxies in the ATLASP sample appear to be distributed around
the isotropy line in Figl16, but this relation is derived fedige-on
systems, and galaxies should span the full range of inaingivith
roughly as many galaxies above and below an inclination 6f 60
Scaling of the magenta line would in this context be more appr
priate, although it clearly has a similar drawback: it is dedi for
intrinsically edge-on systems, does not follow the vaoiatof \
ande due to inclination effects, and therefore does not perfoett w
in disentangling regular rotators from non-regular ones.

After considering various possibilities, we finally conyed
on what we believe is the simplest proxy which can properly ac
count for the two observed families, minimising the contaation
on both sides. We therefore fixed the thresholdX¥grto be propor-
tional to /e with a scaling parametétrs which depends on the
considered apertures, namely:

Are = (0.31 £0.01) x /eo 3)
ARes2 = (0.265 +0.01) X \/eo/3 4

The different values ok rg for these two apertures obviously fol-
low the observed mean ratio betwear. and Ar./. (see Ap-
pendix B). Here \r ande aremeasuredsalues: formal errors for
these are very small (because these parameters are compingd
many independent spaxels). Uncertainties in the measuteré
Ar are thus mostly affected by systematic errors in the stkife-
matic values and are difficult to assess. The quoted randessii3
and3 (0.30 — 0.32] and[0.255 — 0.275] for R. andR. /2, respec-
tively) are therefore only indicative of the difficulty in fileing such
empirical thresholds. The relation for ankL aperture is shown as
a solid green line (the filled area showing the quoted ranges)
Fig.[8: it performs well in its role to separate galaxies wiggu-

lar and non-regular velocity patterns, and does slightlyebevith

Ar than withV/o which shows a 50% increase of misclassified
objects (and a larger number of non-regular rotators altoeenia-
genta line). The two non-rotators which are above the grigen |
(NGC 3073 and NGC 4733; red circles) are in fact very probably
face-on fast-rotating galaxies.

Equationd B anfll4 can therefore be used to define Fast and
Slow rotators, but as for any classification scheme, we neelé-t
fine a scale at which to apply the criteria: this is furtherreikaed
in the next Section.

4.4 The importance of a scale

Large-scale structures-( 2R. and beyond) are certainly impor-
tant to understand the formation and assembly history @bigs,
and reveal e.g., signatures such as faint tidal structurege@ams.
However, we are interested here in probing the central nsgid
early-type galaxies, at the depth of their potential weltere met-
als are expected to have accumulated or been produced, and wh
stellar structures should have had time to dynamicallyxrels-
ing apertures of one effective radius follows these gumsiand,
moreover, covers about 50% of the stellar mass.

Stellar angular momentum is generally observed to increase
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Figure 7. As in the bottom panel of Fifl] 6, but here fog, within apertures
of Re (top panel) andR. /2 (bottom) panel. Symbols correspond to differ-
ent kinematic groups (see text for details): red circlesnarerotators, green
ellipses are for non-regular rotators without any specifieatic feature,
green triangles are galaxies with KDCs, orange lemnisatesr galax-
ies (galaxies with two counter-rotating flattened stelamponents), purple
symbols are regular rotators and black crosses are 2 galexieh could
not be classified.

at large radii (E+07), even for slow rotators, and this i®alalid

for most ATLASP galaxies (Figlb). The majority of fast rotating
galaxies reach close to their maximuxg values betweerR. /2

and R.: beyond that radius, the profiles often smoothly bend and
reach a plateau. Many galaxies with low central apparentilang
momentum also showkr. increasing values outsidB. /2. It is
also true that most kinematically distinct components plegkin

our ATLAS®P sample have radii smaller that. /2. And for all the

use a more detailed description of the kinematic featuresemt in
the maps: this will help interpreting the observed similesi and
differences.

In Paper 1, the regular/non-regular rotator types, whitdbg
ally define the observed velocity structure of a galaxy (imbo
nation with key features observed in both the veloaityl velocity
dispersion maps and analysed via kinemetry), have beentased
define five kinematic groups:

e Group a galaxies with no apparent rotation, or non-rotators (7
members);

e Group h galaxies with non regular velocity pattern (non-
regular rotators) but without any specific kinematic feat(t2
members);

e Group c galaxies with Kinematically Distinct or Counter-
rotating Cores (19 members);

e Group d galaxies with two symmetrical off-centred stellar ve-
locity dispersion peaks (11 members);

e Group e galaxies with regular apparent rotation (regular ro-
tators) and with or without small minor-axis kinematic ttsi$209
members).

Galaxies of groups to d are mostly non-regular rotators, while
most of the galaxies in group are regular rotators. Galaxies of
group d also called ‘2’ galaxies due to the appearance of their ve-
locity dispersion maps, are interpreted as systems witlcowaoter-
rotating flattened stellar components which can have variei+
ative luminosity contributions. This includes galaxieglsas the
well-known NGC 4550( (Rubin et gl. 1992), which is made of two
counter-rotating discs of nearly equal light (Rix et al. 29€+07),
and for this reason ends up as a slow rotator, or other cdaes li
NGC 4473, which has a smaller amount of counter-rotatings sta
(C+07) and thus appears as a fast rotator, or newly discoware
jects like NGC 4528 (Paper Il). Among our sample of 260 olgject
two galaxies could not be classified due to the low signaidise
ratio of the extracted kinematics.

In Fig.[7, we now re-examine thez values for our ATLASP
sample in the light of theselBnematic groupgor both apertures of
R. andR. /2. As expected, both the ellipticityand Az values are
smaller withinR. /2: Ar is generally an increasing function of ra-
dius and going inwards we tend to shift away from a largeesdaic
structure when present (the median of our observed/Ar./2
values is~ 1.17; see also Appendix B). All results previously men-
tioned within an aperture of R. are confirmed with a smaller one
(R</2). The galaxies okinematic groups a, b, c, seem to nicely
cluster below the green lines defined in Hds. 3[And 4, and suitre
ing separation of these targets from the kinemgtaup e(regular
rotator) is marginally sharper withiR. /2: there are no galaxies of
group ebelow the green line and mostryalaxies are now below
the defined threshold for slow rotators.

Egs.[3 and M thus provide excellent (and simple) proxies to
discriminate between galaxies kihematic groups a, b, c, dnd
group € or conversely between regular and non-regular rotators,
with only one object with regular disc-like stellar velgcinaps be-
low the line (NGC 4476) at R. and none for the smaller aperture.

detected KDCs in our sample, the maximum radius covered is at In fact, NGC 4476 seems to be a bona figleup dgalaxy, but with

least 50% larger than the radius of the KDC itself. This sstge
that both apertures d. /2 and R. could serve as reference scales
to define Slow and Fast Rotators (SRs and FRs, respectitdsing
apertures smaller thaR. /2 is not advised, as this would make the
measurements more dependent on instrumental characteesd
observation conditions, and would probe only the core regido
compare how our criterion performs forR. and R./2, we will

an usually large inner counter-rotating component (Ali€oacker,
priv. communication).

Using these criteria, there are 36 Slow Rotators (SRs) out
of 260 for an aperture oR. and 37 forR./2, with 30 in com-
mon for both apertures. All targets which change class gfimmg
R./2 to R. are well covered with the availablBAURON field
of view, and this is therefore not an effect of spatial cogera

(© 0000 RAS, MNRASD0Q, 000—-000



The ATLA® project — IIl. A census of the stellar angular momentum in ETG11

Galaxies which are FRs &./2 and SRs atR. are NGC 4476,
NGC 4528, NGC5631, PGC 28887, UGC 3960 and those being
SRs atR./2 and FRs atR. are IC719, NGC 770, NGC 3073,
NGC 3757, NGC 4259, NGC 4803, NGC 7710. All except two of
these are either near the dividing line, or specific caseb as¢
again, NGC 4550-like systems. The two discrepant caseselgam
NGC 4476 and PGC 28887, have central decoupled kinematie com
ponents with a radial size larger th&ha /2. The fact that 2 galax-
ies change class and that we still have some of them above the
threshold even withiR. /2 (NGC 448 and NGC 4473) is expected,
as the corresponding counter-rotating components spamnge &t
spatial extent and luminosity contribution which diredlffect the
Ar measurementsp2galaxies which are Slow Rotators have a high
enough contribution within the considered aperture toigantly
influence the measured stellar angular momentum.

As mentioned, 30 out of 36 SRs At are also SRs ak. /2:
for 22 of these, th&AURON data does not reachA.. Considering
a simple extrapolation of thekr profiles (see also E+07), there is
little chance that any of these cross the threshold betw&sna8d
FRs atR.. We therefore advocate the use of one effective radius

0.8

0.7+

0.6
0.5¢
504
0.3
0.2
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Figure 8. A\r versus the ellipticitye within an aperture ofR.. The lines
are as in Figll7. The filled ellipses and open symbols are gslaxith a
morphological typel"’ < —3.5 (E’s, ellipticals) andI” > —3.5 (S0, lentic-

R. as the main scale to probe FRs and SRs, considering that doingulars), respectively. Note the many E’s which are Fast Ratafabove the

so focuses the classification on a central but fixed and sigmnifi
fraction (50%) of its luminosity.

By defining our classification criteria to such central regio
we may be weighting more towards dissipative processes, and
consequently avoiding regions dominated by the dry asseofbl
galaxies|(Khochfar & Burke(t 2003) which is thought to mpstf-
fect the outer parts (Naab et al. 2007, 2009; Hopkins et &1980
Hoffman et al. 2010; Bois et al. 2010; Oser etlal. 2010). We may
also consequently miss very large KDCs (Coccato et al.|2609)
e.g., any outer signature of interaction. This should olslip be
kept in mind when interpreting the results: depending oridhma-
tion and assembly history, we expect galaxies to have Signifiy
different radial distribution of their stellar angular mentum.

The use of an aperture radius ofH. is motivated by the
following facts: it has discriminating power, as shown ie fbre-
vious Section, and we expect differences to be apparentrino-si
lations (see Sedi. 5.3); such a scale is accessible to ahtigid
spectroscopy as well as modern numerical simulations; ldrge
enough that it should not significantly suffer from variasdn the
observational conditions (e.g., seeing); it traces a Sagmit frac-
tion of the stellar mass, namely about 50% for systems withsh
low spatial variations of their stellar populations. Weenbere that
we obtain consistent results with a smaller apertig;2, besides
the change of class for a few flattened SRs from the&idematic
group. We acknowledge, however, that this consistency nway n
hold for arbitrarily large apertures, even though the doteitself
is a function of the aperture size.

Our refined criterion is motivated to respect the relation be
tween dynamical structure and apparent shape, which shiould
crease its robustness to e.g., changing rotation at diffenalii.
We also note that the criterion itself is empirically detared, and
changes depending on the scale used. One should avoid tsing t
distribution measured at e.dz,, to classify galaxies based on data
from grossly different spatial scales. It is also criticad ny com-
parison of simulations with observed galaxies to measwesetipa-
rameters consistently, using the same spatial extent.

4.5 Robustness of the new classification scheme

The new proxy for Slow and Fast Rotators (SR and FR, respec-
tively) differs from the previous constant threshold aiite in two
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green line).

main ways. Firstly, at high ellipticities it reaches highex val-
ues ¢ 0.25 for e = 0.8). Secondly, the new relation goes to zero
for very low ellipticities (apparently round galaxies).dthree non-
rotators (red circles in Fif] 6) which are close to the defimdation
are all very probably nearly face-on rapidly rotating gaaxvhich
would be significantly above the line if they were viewed edge
on. For a Fast Rotator to be consistent with no rotation regui
very low inclination and therefore extremely round isosofsee
e.g.Jesseit et Al. 2009). The new relation works signifigdgtter

at disentangling such cases from the truly low angular maeomen
galaxies. This partly comes from the fact that the dependenc
the ellipticity (criterionoc /€) somewhat mimics the variation of
Ar ande due to inclination effects.

The new criterion defined should miminise contamination and
mis-classification, but as for any empirically designedssifica-
tion, we expect some ambiguous cases, or systems for whigh it
hard to conclude. There are, for example, two galaxies, hyame
NGC5173 and NGC 3757, which coincidentally have the same
ARres2 @nde. o, and lie at the very limit between SRs and FRs
(NGC 3757 is in fact a galaxy with a bar which perturbs the el-
lipticity measurement). Three non-regular rotators ageifcantly
above the curve (to be compared with the total of 224 Fast&sja
namely NGC 770, NGC 5485, NGC 7465: NGC 770 is a galaxy
with a known counter-rotating dist (Geha et al. 2005), NG8%4
is one of the rare galaxies with prolate kinematics (as NGZ116
and NGC 7465, which is the non-regular rotator with the highe
Ar. Value, is an interacting system forming a pair with NGC 7464
(Li & Seaquist 1994) and shows a complex stellar velocitydfiel
with a misaligned central disc-like component.

The probability of a galaxy to be misclassified as a Slow (or
Fast) Rotator is hard to assess. We can at least estimatadbe u
tainty on the number of Slow Rotators in our sample by usirg th
uncertainty on the measurements themselves gnd ¢), the ob-
served distribution of points, and the intrinsic uncertyain defin-
ing the threshold fony = A\r/\/e. Using R. as the reference
aperture, we estimate the potential contamination of SRERs/by
running Monte Carlo simulations on our sample (assumings-gau
sian distribution for the uncertainty anand Az of 0.05) to be+6
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galaxies 20). We obtain a relative fraction of 14 + 2% of SRs

in the full ATLAS®P sample of ETGs, which represents 4% of the
full parent sample of 871 galaxies (Paper ). This is muchelow
than the 25% quoted in E+07, but as mentioned above, thisgs du
to the flatness of the luminosity distribution of the oridiSAURON
sample.

4.6 Slow, Fast Rotators, and Hubble types

We now examine the Hubble type classification in the light af o
new scheme to separate Fast and Slow Rotators. IfFig. 8,ave sh
the distribution of galaxies in theg-e diagram using the two main
classes of “Ellipticals” or E'ST < —3.5) and “Lenticulars” or SO's
(T > —3.5, as defined in Paturel etlal. 2003).

The ATLAS®P sample of 260 ETGs includes 192 S0’s and 68
E’s. As expected, E’s in the ATLA® sample tend on average to be
more massive and rounder than S0’s. We therefore natusdtigve
the trend that E’s tend to populate the left part of the diagrand
within the SR class, there is a clear correlation betweeapparent
ellipticity and being classified as an E or SO, the latter peati
more flattened thaa = 0.2. Ellipticals also tend to be in the lower
part of the diagram (low value ofr), while the highest i values
correspond to SO galaxies. Most Slow Rotators which are aot 2
galaxies are classified as E’s (23/32).

As expected, the vast majority of galaxies with elliptieti
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Figure 9. Histograms of galaxies in the ATLA® sample showing the dis-
tribution of)\g = Ar/+/€ within an aperture of?. /2 (top panel) andR.
(bottom panel) for non-rotators (A), featureless non-tagrotators with or

e. > 0.5 are SOs. However, 20% of all Fast Rotators (45/224) are Without a KDC (B and C) in green,s2galaxies (D) in orange, and non-

E’s, and 66% of all E’s in the ATLA®’ sample are Fast Rotators.
Also the fact that all 2 galaxies except one (NGC 4473) are classi-
fied as SO's demonstrate that global morphology alone isuftit s
cient to reveal the dynamical state of ETGs. The E/SO claasifin
alone is obviously not a robust way to assess the dynamiatd st
of a galaxy. There is in fact no clear correlation betweery /e
and the morphological typ&, besides the trends mentioned here.
From Fig[8, we expect a significant fraction of galaxies siféed

as E’s to be inclined versions of systems which would be iflads

as S0s when edge-on, and just separating ETGs into Es and SOs i

therefore misleading.

4.7 Properties of Slow and Fast Rotators

The detailed distribution of galaxies igroups a, b, ¢, d and e
as defined in Paper Il is shown in Figl 9 using histograms of
AN = Ag/+/€ values both folR. andR. /2. Thegroup egalaxies,
and consequently the Fast Rotators, peak at a value of afbidbd
within R. /2 and 0.85 forR.. Slow Rotators are defined as galaxies
with AY < krs, mostly associated with galaxies fragroups a to

d, which represent the lower tail of that distribution withms®small
overlap with thegroup e We provide theSAURON stellar velocity
and velocity dispersion maps of all 36 Slow Rotators in Eifj.ahd

of Appendix A. We refer the reader to Krajnovic et al. (201
for all otherSAURON stellar velocity maps.

We re-emphasise in Figs.]110 and 11 the trend for Slow Ro-
tators to be on the high mass end of our sample. Slow Rotators

span the full range of dynamical masses present in the APEAS
sample. However, most non-rotators and galaxies with KD&&& h
masses aboveé)'® "™ M. If we exclude the three potential face-
on Fast Rotators (see Sddt. 3), all non-rotators have mabses
10'*2® M. These non-rotators and KDC galaxies clearly have
a different mass distribution thars2galaxies which are all, ex-
cept NGC 4473, below0'%"® M. The normalised\¥ . value for
Slow Rotators tend to decrease with increasing mass[(E)gti®

regular rotators (E) in purple. The vertical dashed linesdaoh panel show
the limit set (0.265 and 0.31, fd®. /2 and R., respectively) between Slow
and Fast Rotators for both apertures. To avoid confusiorhave excluded
the two non-rotators, NGC 3703 and NGC 4733, which are asdumbe
face-on fast rotators.

N
It
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05 1.0 115

log A fl].m ["53‘}

Figure 10. A%e (log-scale) versus dynamical mass#s,,,. Symbols are
as in Fig[¥. The horizontal green solid line indicates thitlbetween Fast
and Slow Rotators.

mean\Y _ values for Slow Rotators below and above a mass of
10'12% My, are about 0.22 and 0.13, respectively. Fast Rotators
overall seem to be spread over Al values up to a dynamical
massl10!!-25 M, where we observe the most extreme instances of
Slow Rotators (e.g., non-rotators). In Fig] 11 we showvith re-
spect to the dynamical masds,, where we have coloured each
symbol following the Fast (blue) and Slow (red) Rotator st
Fig.[11 also shows the fraction of Slow Rotators with resyect
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Figure 11. Dynamical massed/qy,, versuse.. The top left panel shows
the distribution of ATLASP galaxies with blue and red colours now corre-
spond to Fast and Slow Rotators, respectively. Symbols siia &ig.[7.
The thick red dashed curve with errorbars on the top righepahows
the fraction of Slow Rotators (for R.) for mass bins with widths of 0.25

in log Mgy, with the corresponding labels given on top x-axis. The three
lower panels present the ellipticity withiR. histograms in bins of masses
(log Mgyy), indicated in brackets in each sup-panel. Note the inegkas
fraction of Slow Rotators in the 2 highest mass bins, and Hhi¢ sf the
ellipticity of Slow Rotators above and belal®!! M.

the total number of galaxies within certain mass bins: SlataR
tors represent between 5 and 15% of all galaxies betd@&hand
10'1%® M. As already mentioned, abote''-?* M, the fraction
of Slow Rotators shoots up very significantly, reaching 4& ar%
in the last two mass bins below and abd@é!-®> M, respectively.
There is a tendency for Slow Rotators abagé' M, to have
rounder isophotes with ellipticities between 0 and 0.3 and mostly
below 0.2, while most Slow Rotators beld®!' Mg have ellip-
ticities distributed between 0.2 and 0.4 (Hig] 11). The weeakd
for Slow rotators at higher mass to have lowgY, could thus be
associated with the corresponding ellipticity decreasest Rota-
tors seem to be smoothly distributed over the full range tp-el
ticities betweeni0% "> M, near the lower mass (luminosity) cut
of our sample, and0*!?® M, above which Slow Rotators clearly
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Figure 12. The averaged, (in % within 1 R.) versus the dynamical mass
for galaxies in the ATLASP sample. The top panel is a zoomed version of
the bottom panel, including onlys values betweern-1 and+1. Symbols
are as in the top panel of Flg.]11.

dominate in numbers. All these results are also valid whémgus
smaller apertureR./2).

4.8 Isophote shapes and central light profiles

Massive Slow Rotators have, as expected, slightly boxyhistgs,

as shown in Figs[12 where we presefaty), the luminos-

ity weighted average ofis within 1 R., versus the dynami-
cal mass. This is a known result, specifically emphasised by
[Kormendy & Bendér[(1996) who suggested the use ofdthga-
rameter, quantifying the degree of boxiness or discinesthef
isophotes, to assess the dynamical status of early-typeigal All

9 galaxies within the ATLA8" sample with masses larger than
105 Mg havea, values which are negative or very close to zero,
but these include 2 fast rotators, namely NGC 3665 and NGG.464
In fact 70% of the Slow Rotators more massive thah Mg, are
boxy, while in the same mass range only 30% of the Fast Retator
are. Below a mass af0*! Mg, we observe the same overall frac-
tion (~ 25%) of boxy systems in both Slow and Fast Rotators. This
means that the relative fraction of Fast Rotators which arey lis
nearly constant with mass, while there a drastic changeeatbtix-
iness/disciness in the population of Slow Rotators arounthas

of 10'* M. We also note that most discy Slow Rotators exhibit a
KDC, or are 2 galaxies. Since all 2 galaxies are discy and the
identification of such systems depends on the viewing angte,
should expect that some of these discy Slow Rotators arefima
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14

Figure 13. A%e versus the averaged; (in % within 1 R.). The top panel
is a zoomed version of the bottom panel, including anjyvalues between
—1 and+1. Symbols are as in Fifi] 7. The vertical green light represtimt
threshold between Slow and Fast Rotators, as defined in éisemqtrpaper.

20 a confirmation of this hypothesis requires detailed mauigibf
the photometry and stellar kinematics.

In Fig.[13, we now show howa.) varies with the normalised
value\Y with the symbols of the different kinemetry groups. Non
regular rotators with no specific kinemetric featugeolp b are
more often boxy. Galaxies with KDCgioup @ can be both discy
or boxy. Larger positive disciness values are reached fivdni\
values as already emphasised in E+07, and galaxiegwitHarger
than 3% are all Fast Rotators. A little more than 20% of alltFas
Rotators are boxy (48/224), but most of them (32) with ratber
absolute values (average boxiness of less than 0.5%), aed a f
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Figure 14. The central light deficit as derived hy Glass et al. (2011, top
panel) and Kormendy etial. (2009, bottom panel), for gataxiecommon
with the ATLAS®P sample, versus}\%E (left panels) and the dynamical
mass Mgy, (in log, right panels). Symbols in the right panels are as in
Fig.[d, while in the right panels, Slow Rotators are indidads red symbols,
and Fast Rotators as blue symbols. NGC 4458 is emphasisedyagataxy
with a KDC (triangle) to have a positive value for the lightess.

this context, Kormendy et al. (2009) have recently propaed
it represents an important tracer of the past history of #lexy,
and suggested the existence of a dichotomy within the Epfelli
cal) class of galaxies (see also papers by Khochfar & Bug@sb;
Hopkins et all 2009ab,c). In Fig. 114 we present the cenxedss
light value obtained by Kormendy et/al. (2009, bottom paael
Glass et al.[(2011, top panel) in terms of the dynamical maSss
(left panels) andM4,, (right panels). We recover the trend al-
ready mentioned in Coté etlal. (2007), Kormendy et al. £2@0hd
inlGlass et dl.| (2011), that central light excesses cogeldth lu-
minosity (or mass). There is a clear trend for Fast Rotatate
central light excesses, and Slow Rotators to exhibit ligftoits.
The central light excess is, however, not strongly coreelawith

(e.g., NGC 3489, NGC 4233) because of the impact of dust on the the distance to the threshold defining Slow and Fast Rotadsrs

isophote shapes. Among these boxy Fast Rotators, only 18% ar
clearly barred (8/48): considering the size of that subgganthis is
not significantly different from the 28% of Fast Rotators @rhare
clearly barred (with this fraction of barred galaxies to besidered
as a lower limit). Apart from the mass trend mentioned abthere
therefore seems to be no simple link betwegrof galaxies in the
ATLAS?P sample and the Slow and Fast Rotator classes.

We also examine whether there is an existing link between
the apparent stellar angular momentum measured\yiavithin
1 R. and the central light excess (or deficit) : these central de-
partures from simple photometric profiles (Sersic laws)ehasen
interpreted in various contexts but the main processeshniwe
been called upon are dissipational processes (gas fillitiigicen-
tral region and forming stars) to explain the light excessesl
black hole scouring (ejection of stars by binary black hplés

e.g., Fast Rotators span a wide range\af/\/e values irrespec-
tive of the measured central light excess. There is a rerhlrka
exception in Fig[CI¥ for @ galaxies which are Slow Rotators but
have light excesses: there, morphology and photometryediaih

to reveal the nature of the underlying stellar system, alghahere
may exist associated photometric signatures. NGC 445&tasals
out as a Slow Rotator, with a KD@¥oup 9 and having a light
excess which seems to correspond to a very central stelar di
(Morelli et all|2004; Ferrarese etlal. 2006). The existirendr be-
tween\r and total luminosity or mass mentioned in the present
paper may be enough to explain the observed trend, e.g Skhat
Rotators exhibit lightdeficits However, the small number of ob-
jects in Fig[I# is obviously a major concern in this contexii we
should wait for access to larger datasets before we can draw fi
conclusions.
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5 DISCUSSION

The results presented in the previous Sections provide dateg
view at ETGs in the nearby Universe, which we first briefly sum-
marise now, before we further discuss the familiesof Fast and
Slow Rotators in turn, and mention how these families caatedb
standard physical processes often invoked in the contegalay
formation and assembly.

The vast majority of ETGs in our sample are Fast Rotators:
they dominate in numbers and represent nearly 70% of the stel
lar mass in ETGs. Fast Rotator are mostly discy galaxiesrépgn
a wide range of apparent ellipticities, the most flattenestesys
having ellipticities consistent with the ones of spiralaga¢s. Slow
Rotators represent only 15% of all ETGs in the ATLARSsample,
and only dominate the high mass end of the ETG distributioa. W
witness three main types of Slow Rotators out of the 36 ptasen
the ATLAS®P sample:

e Non-rotating galaxies (4, excluding NGC 6703 which may be a
face-on Fast Rotator), which are all more massive iltgh?°> Mg,

0.8
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0.6
0.5+
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0.3+ T
0.2
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Figure 15. A, versus apparent ellipticity. with flags indicating the ob-
served kinematic structure with symbols as in Elg. 7. Theweld contours

and appear round, namely NGC 4374, NGC 4486, NGC 4436 and show the result of Monte Carlo realisations as describedhéntéxt. The

NGC 5846;

e Galaxies which cover a large range of masses (27), often with
KDCs (18/27, including NGC 4476 in this set), and are nevey ve
flattened withe. smaller than 0.4. This includes 7 galaxies which
have KDCs observed as counter-rotating structures;

e Lower-mass flattened2galaxies (4), which are interpreted as
including two large-scale stellar disc-like counter-timtg compo-
nents.

The ATLAS®P survey probes various galaxy environments, and ob-
viously, the fraction of observed Fast and Slow Rotators ld/ou
change with samples of galaxies biased towards e.g., hggtiaxy
densities (Paper VII).

5.1 Fastrotators

We can now use our knowledge of the photometric and kinematic
structures of Fast Rotators to predict roughly how a givenga

of galaxies with particular properties would be distrilulifeviewed

at random inclinations on the sky. A simple prescriptioniddae
applied to the family of Fast Rotators, as the vast majoritthese
exhibits regular stellar velocity maps consistent withappt disc-
like rotation with no significant misalignments between tm-
tometric and kinematic axis (see Paper Il for more detailshim
specific issue). If the galaxies illustrated in Hig. 3, seddcto be
close to the3 = 0.65 x e relation for oblate systems, are indeed
viewed near edge-on, then Fast Rotators span quite a brogd ra
of intrinsic flattening within 1R.. In Fig.[3, the dashed lines em-
phasise the effect of inclination for galaxies along thlatien (see
also Appendix B).

We therefore performed Monte-Carlo simulations of a large
sample of galaxies following a prescription similar to threedrom
C+07 (see also Appendix C). We take the distribution for then-
sic ellipticitiese; ¢ Of the simulated sample as a Gaussian centred
atep = 0.7 with a widtho. = 0.2 for an aperture of 1R.. We
fixed the anisotropy distribution also as a Gaussian with a mean
of mg = 0.5 and a dispersion afs = 0.1 truncated a0.8 X €in¢r
(see C+07). The result of the simulation (50,000 galaxeshown
in Fig.[18, and it is qualitatively consistent with the distition of
Fast Rotators (see also a similar simulation, butRer/2 in Ap-
pendix B, Fig[B5). This tells us that in this context a readua
approximation for such galaxies is a set of oblate systertts @
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green line shows the limit between Slow and Fast Rotators.

lipticities peaking around 0.7, with most of the objectsimdn 0.4
and 0.8. This confirms the visual impression provided in [Blid-
lustrating the effect of the inclination (dashed lines)isTRlonte
Carlo simulation also tells us that we should expect, frorarape
of 224 Fast Rotators, an average-ofl + 2 galaxies with\ p below
0.1, which is consistent with our observed sample.

5.2 Slow rotators

Fig.[18 shows, as expected, that slow rotators are cleaclynin
sistent with the previously simulated dataset. This corditimat
the central regions of Slow Rotators are not similar to abkats-
tems assuming some simple anisotropy-flattening relasodoae
in the previous Section. Even an ellipticity distributioifferent
from what was assumed in this simulation would not help teecov
the region where Slow Rotators are located Xyae diagram. Note
that galaxies irgroup dhave morphologies consistent with oblate
systems but have unusually strong tangential anisotramesci-
ated with the presence of two counter-rotating stellar diszh-
served misalignments between the kinematic and photoereetis
in Slow Rotators also argue for these to be a different farofly
galaxies (Paper Il) including non-axisymmetric and/ordtyiltriax-

ial systems.

As demonstrated Jesseit et al. (2009) and confirmed in Paper V
via numerical simulations of mergers, triaxial remnantsolvlare
Slow Rotators when viewed edge-on tend to appear as Slow Rota
tors (stay below the limiting line) for any projection. Iretpbrevious
Section, we have seen that there is only a low probabilityafBast
Rotator to be viewed (due to inclination effects) as a SlowaRo
tor (something also emphasised by Jesseit/et al| 2009),exrdie
suggest that most galaxies appearing as Slow Rotators vstillld
be Slow Rotators if viewed edge-on. The only cases whichyare e
pected to potentially exhibit ambiguous classificatiores molate
objects [(Naab & Burkert 2003; Jesseit et'al. 2005). We hawe tw
clear cases in our ATLA® sample: NGC 4261, and NGC 5485,
the latter being classified as a Fast Rotator here. NGC 548Hés
culiar galaxy with its photometric major-axis being the syetry
axis for the dust lane and stellar rotation.
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Figure 16. Ar. versus apparent ellipticitye within 1 R. with symbols
as in the bottom panel of Fif.115. The blue and red filled c@duareas
show the region where 1:1 and 2:1 merger remnants lie fronstilndy of
Bois et al. [(2011): the red area corresponds to the mergeraets with a
retrograde main progenitor (w.r.t. the orbital angular ,eatom) while the
blue area corresponds to a prograde main progenitor. Tles djirees show
the limit between Slow and Fast Rotators and the magentaslain Figly.

5.3 Early-type galaxy formation and assembly processes

Various physical processes often invoked for the formatiod as-
sembly of galaxies can contribute to or influence the speaifigu-
lar momentum of the central stellar component of early-tyalax-
ies, and consequently the measukedvalue, and we briefly review
these here in the context of the classification of ETGs in&i &ad
Slow Rotators.

Dissipative processes followed by star formation should- ge
erally help preserving (or rebuiding) stellar rotation alaxies (see
e.g., an early discussion in the context of early-type datin
Bender et al. 1992). Accretion of gas from external soureiber
via the large-scale filaments (elg. Sancisi et al. 2008; Dedlad.
2009;| Khochfar & Silk 2009) or extracted by tidal forces fram
gas-rich galaxy passing by, thus contribute to an increése:df
the gas is co-rotating with the main existing stellar congranas-
suming that this additional gas forms stars. This could laésa way
for galaxies to rebuild a fast rotating disc-like componech a
process should preferentially occur in gas-rich enviromisiee.g.,
at high redshifts £ larger than about 2) and/or in low-density re-
gions, disfavouring for instance the inner regions of desissters
at moderate to low redshifts. An extreme version of such ahmec
anism is the case of very high gas fractions in disc-like ciisje
expected to be relevant mostly at high redshift: in such @aasit
tion, strong instabilities lead the galaxy to become "clyfnpvith
massive gas clouds forming stars and evolving @$-body sys-
tem with low N (see e.g. Elmegreen et al. 2008, 2009). Evolving
in relative isolation, such a system can end up as a disc géax
Fast Rotator, e.g. Bournaud eilal. 2008) where the coniitoutf
its spheroidal component varies depending on the exadlingn-
ditions (gas fraction, spatial distribution, angular martuen).

Subsequent evolution due to disc instabilities, spiral-den

sity waves and bars, will tend to heat the stellar component

(Sellwood & Binney 2002; Debattista etial. 2006; Sales 2@09;
Minchev & Famaey 2010), and decreasg accordingly, but the

Such perturbations could, however, be a trigger for inner fga
elling then leading to the formation of a central rapidlyatoig
stellar component (e.g. Wozniak et al. 2003). Similarlys gérip-
ping from a galaxy, if done in a nearly adiabatic way, shoudtl n
change) i too drastically, even though the system would morpho-
logically and dynamically evolve on a relaxation timescabe this
may affect the morphology and dynamics of its central regids
should also concern ram pressure stripping (Gunn & Gott|1972
Quilis, Moore, & Bower| 2000/ Rasmussen, Ponman, & Mulchaey
2006), or AGN feedback if the major effect remains focusedhen
gas component.

For a disc-like (spiral) galaxy to become a Slow Rotator,
numerical simulations have suggested that it needs to tacate
least half of its stellar mass via mergers (Bournaud et ab720
Jesseit et al. 2009; Bois et al. 2010; Bois ef al. 2011). Asathe
bital angular momentum for a (binary) merger event is oftem t
main contributor [(Khochfar & Burkeit 2006), major merge@nc
form Fast Rotators (Bois etial. (2011), hereafter Paper N see
also Springel & Hernguist (2005)) even from slowly rotatgajaxy
progenitors|(Di Matteo et al. 2009), the outer structurangeaien-
erally more significantly affected (Coccato etial. 2009)mixuical
studies show anyway that, among binary mergers, only majoorl
2:1 mergers can form Slow Rotators, as it requires enougfobar
angular momentum to be transfered outwards (see Paper défor
tails). We illustrate this by indicating where the 1:1 antl gajor
merger remnants (including gas and star formation) coreduirt
Paper VI lie in a\g-e diagram in Figl_IB, assuming that the progen-
itors were spiral galaxies which hawe; values close to the maxi-
mum value observed for our sample of early-type galaxiesrd s
a clear separation between the merger remnants which axea8tb
Fast Rotators: this corresponds to an initially differeghof the
spin of the more early-type progenitor (Paper VI) with retge
the orbital angular momentum as illustrated by the red and af-
eas (corresponding to retrograde and prograde spins,cteshg)
in Fig.[18. Although such a distinction may be damped if we enor
broadly sample the input parameters for the progenitordu@ing
their mass ratios) or include more realistic merger trees ctite-
rion defined here to separate Fast and Slow Rotators seenggto p
erly distinguish two families of galaxies: the merger remtsan Pa-
per VI which are Fast Rotators all have regular velocity Beldth
small photometric versus kinematic misalignments, whitestrof
the remnants which are Slow Rotators have kpc-size KDCs{see
van den Bosch et al. 2008; Hoffman etlal. 2010, Paper VI), aad a
spread over a wide range of misalignment angle values.

In a similar context, “2” galaxies (10 in our sample, 4 of
which are Slow Rotators) clearly stand out in @Mass diagram
within the Slow Rotator class (see Fig.l11), and such systems
could be formed when two spiral galaxies with (roughly) opgxb
spins merge.(Crocker etlal. 2009). Another scenario relieghe
accretion of external and counter-rotating gas in a spieddogy
(Rubin et al| 1992). Crocker etlal. (2009) recently suggesheat
the sense of rotation of the remnant gas component could indi
cate which scenario is preferred: associated with the ¢hickm-
ponent for the merger scenario, or with the thinner compbfan
the accretion scenario. In the prototype galaxy NGC 4558 gt
rotates with the thicker stellar disc, favouring a mergemgvHow-
ever, other 2 galaxies seem to show various configurations for the
gas. We should also examine more cautiously a broader range o
mergers forming such systems, as well as simulate the amtret
of counter-rotating gas, before we can go further and caimsthe

global stellar angular momentum of Fast Rotators should not main formation process involved here. In any case, such Slow

change dramatically because of such secular evolutionepses.

tators very probably require an existing cold, spiral-jkegenitor
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and/or a gas-rich event (merger or accretion). The factghah
Slow Rotators show positive light excess (FEigl 14) conttargther
Slow Rotators is thus naturally explained if they formed assem-
bled via dissipative processes (accretion or merger), thiétfexcess
light being the consequence of a secondary star formatien &v
the central regions (Mihos & Hernquist 1994; Hopkins et B0%:;
Kormendy et al. 2009).

Fast Rotator dominated to a Slow Rotator dominated pojoulatf
ETGs should directly depend on the availability of gas amdrite
of mergers. This is examined in detail in forthcoming papers.,
inlKhochfar et al.|(2011) where semi-analytic modellingt@iques
suggest that the amount of accreted material and the afalitgol
gas and make stars play a prominent role in this context. Igjoee
cific studies of mergers are presented in Paper VI (humesioal-

To summarise, ways to increase the central specific angular lations of binary mergers) and more specifically in a cosmiok

momentum of a galaxy are common, specially at high redsdifd,
often involve a gaseous dissipational process. Among -&goky
galaxies, Fast Rotators may therefore be expected to damima
numbers at low redshifts, as long as the observed samplé E-no
ased towards very dense environments (see Paper VII). Btesfa
early-type rotators should also be linked to their gasetaounter-
part, namely the spiral galaxies. Indeed, a galaxy like N@24is
an excellent illustration of a "dead” spiral with a very higpecific
(stellar) angular momentum. Other Fast Rotators are thdtres
a complex history which certainly includes a mix of the prexmEs
mentioned in the present Section, and other potentiallyoihapt
ones such as stellar mass loss (see e.g. Martig & Bournaui#).201

context in Naab et al. (2011).

6 CONCLUSIONS

In this paper, we have used photometric and integral-fie&tsp
troscopic data to provide the first census of the apparertifgpe
(stellar) angular momentum of a complete sample of 260 ¢gpg
galaxies via the\r parameter.

We have shown that the apparent kinematic structures can be
used to define a refined and optimised criterion to disentathg
so-called Fast and Slow Rotators. This new definition tatesac-

Slow Rotators are the extreme instances of such a mixture of count the fact that at a similaxz value, a more flattened galaxy

processes, where one of the most violent and disturbing amésn,
namely major or repeated mergers, disrupted their kinealatien-
tity and for which there was little opportunity to transfoback into
a Fast Rotator: this mostly happens either at the higher &titeo
mass function (e.g. Khochfar & Burkert 2006; Oser et al. J0a0
specifically, for low-mass galaxies which are the resulhefrnerg-
ing of two counter-rotating (gaseous and/or stellar) conepbs.
This picture is consistent with the fact that little or no emilar
gas is found in Slow Rotators (Young etlal. 2011, Paper IV).

is expected to exhibit a much stronger anisotropy. We anmegusi
simple proxy with Slow Rotators being galaxies which havee s
cific stellar angular momentum withiR. as measured bz less
than 0.31 (resp. 0.265) times the square root of the eliiptig/e
measured within an aperture ofR. (resp.R./2).

Using this relation, we find tha&t6 +-2% (224/260) of all early-
type galaxies in our ATLA® sample are Fast Rotators. This resullt,
associated with the fact that Fast Rotators in the ATEASample
have aligned photometric and kinematic axes witHin(Baper II),

The detailed structure of nearby ETGs is a consequence of suggest that Fast Rotators are simple oblate systems (vititio

such a (non-exhaustive) list of processes: the exact ldision of
ETGs in term of a specific observable, e X}y, (Fig.[d), can then be
simply interpreted as the convolution of the impact of eacitina-
nism on that quantity with its relative contribution (thigibg obvi-
ously a naive view considering that each process does notdest
pendently). We should therefore naturally expect a broaticam-
tinuous range in the properties of nearby ETGs. Since tlaioel
defined to separate Fast and Slow Rotators is an empiritationi,
i.e. based on observable quantities such@asnde, we should also
expect a continuous range of properties among Fast Rotatkirsy
them to the Slow Rotators, the final state of an individuahggale-
pending on a given (complex) merging/accretion/evolutictory.
We indeed find galaxies near the dividing line with internageli
properties, and there are a few misclassified systems, tgélide-
fined criterion for Slow and Fast Rotators operates rathénwien
the goal is to distinguish galaxies with complex centralaiyical
structures (e.g., large-scale stellar KDCs), from oblgstesns with
or without bars. We therefore suggest here that Slow Ratater
the extreme instances of such a mixture of processes wherefon
the most violent and disturbing mechanism, namely majoreer r
peated mergers, disrupted their kinematical identity amdvhich
there was little opportunity to transform back into a FastaRm.
This mostly happens either at the higher end of the massi@umct
(e.g..LKhochfar & Burkert 2006; Oser etial. 2010), or, speaific
for low-mass galaxies which are the result of the mergingnaf t
counter-rotating (gaseous and/or stellar) componentis. dibture
is in fact consistent with the finding that there seems tothie br no
molecular gas in Slow Rotators (Young et al. 2011, PaperMést
Slow Rotators have a mass abou@ -, and they clearly dom-
inate the ETG population abovi®'!-2. If the above-mentioned
picture is correct, then the smoothness of the transitidwdmen a

(© 0000 RAS, MNRASDOQ, 000-000

out bars) which span a range of intrinsic ellipticities be¢w about
0.35 and 0.85. The remaining 14% (36/260) of the ATERSam-

ple are Slow Rotators: these are distributed between tHekwelvn
massive (M> 10''M) and rather rounde, < 0.4) galaxies (4
being very massive non-rotators), often exhibiting cdikmaemat-
ically Decoupled Components, and a set of 4 (or 11% of all Slow
Rotators) lower mass objects (M, < 10*%% M) which exhibit
two large-scale counter-rotating stellar disc systeme Baper ||

for details).

We show that the suggested proxy, nhamely dheparameter
is not efficient at distinguishing Fast Rotators from SlowdRaors.
We also conclude that the separation of ETGs into E (elktiand
SO (lenticular) classes is misleading. We do observe a ti@ndx-
pected, in the sense that most massive Slow Rotators amsfidds
as E’s and most Fast Rotators are classified as SO’s. HovéS#ér,
of all E’s in our sample are Fast Rotators, and, apart from @-ma
mum ellipticity of 0.6, these are indistinguishable in owdy from
the rest of the Fast Rotator population, a result alreadytediout
in E+07. We provide a quantitative and robust criterion tpesate
both families, via the\r parameter, while we expect only some
small overlap around the defined threshold.

Early-type galaxies are the end results of a complex setref fo
mation and assembly processes, which shaped their mopholo
and dynamics. From the fastest rotating ETGs, which loakdi&ad
and red spirals, down to the slowest Fast Rotators, we observ
obvious discontinuity in their integrated properties. fehis, how-
ever, a clear increase in the fraction of Slow Rotators alaovess
of ~ 1025 My, (see Sec{417), as well as above a certain local
galaxy density (Paper VII). In this context, Slow Rotat@present
the extreme instances of such red sequence galaxies foh wigie
nificant merging has occurred (sometimes with gas-rictesystout
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then at high redshift), and being at the high end of the masgera
of galaxies in the nearby Universe, did not have the oppdstuo
rebuild a cold stellar component from dissipative processe

These results argue for a shift in the existing paradigm for
early-type galaxies, which are generall separated in likecSO
galaxies and spheroidal-like E systems. We find that theraagir-
ity of ETGs in the nearby Universe are Fast Rotators (with @%
the E’s in our sample being Fast Rotators), galaxies camistith
oblate systems with or without bars, while only a small fiaciof
them (less than 12%), the tail of that distribution encorspagthe
most massive objects, have central (mildly) triaxial stmoes re-
flecting the more standard picture of an ellipsoidal (or sich&
stellar system.
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APPENDIX A: STELLAR VELOCITY AND DISPERSION
MAPS OF SLOW ROTATORS IN THE ATLAS 3P SAMPLE

We provide here two figures (Figs. A1 dnd]A1) illustrating shel-

lar velocity and dispersion maps for the 36 slow rotators wf o
ATLAS®P sample. Galaxies are sorted by (increasing) mass from
left to right, top to bottom.

Fig.[AT emphasises the non-regularity of the velocity fields
of Slow Rotators, as well as the presence of large-scalegiga)
KDCs. It also illustrates that the galaxies with zero appareta-
tion (NGC 4374, NGC 4486 and NGC5846) are among the most
massive Slow Rotators. The dispersion maps provided inA&zY.
illustrate e.g., how the stellar velocity dispersion pealksg the
major-axis away from the centre for the Slow Rotators whignev
labelled "doubles” in Krajnovic et al. (2011): these systems (e.g.,
NGC 4550 and NGC 4528) are on the low-mass end of our sample.

APPENDIX B: DYNAMICAL MODELS, V/o AND Agr

In E+07 (see their Appendix B), it has been shown that a tight r
lation exists betweenr and V/o for simple two-integral Jeans
models, namely:

(RV) . r(V/jo)
(BVVELa%) 14 w2 (V/o)?

The value ofx was estimated both from observations and models to
be~ 1.1.

Here we wish to extend this work both for our complete
ATLAS®P sample and additional models. We have now derived
a series of dynamical models for ellipsoidal or spheroida- s
tems with various intrinsic flattening (with ellipticitifsom 0 to
0.9), luminosity (or mass) profiles (Sersic profiles with= 2

AR = (B1)

Rasmussen J., Ponman T. J., Mulchaey J. S., 2006, MNRAS, 370,0r 4), and anisotropy parameter$ from O to 0.6). The dynam-
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ical models have an axisymmetric mass distribution desdrity
the MGE parametrization (Emsellem etlal. 1994), which was de
rived by fitting a one-dimensional Sersic profile with the MGE
routines of Cappellaril (2002). The models assume a spatiall
constant, cylindrically-aligned and oblate4 = or) velocity el-
lipsoid (whereoy, and or are the azimuthal and radial velocity
dispersion, respectively) characterized by the anisgtpgmameter
B=1—(o. /aR)z. Under these assumptions the unique prediction
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Figure Al. Stellar velocity fields for the 36 early-type slow rotatorsthe ATLAS?P sample. We used the outer photometric axis to align all gesax
horizontally. Colour cuts have been adapted to each ingilidnap. The solid black contour correspond to a represeatsophote and the centre of the
galaxy is indicated by a cross. From top to bottom, left thitrighe order follows the (increasing) dynamical mass \&lldée names of the galaxies and their
Hubble types (E or S0) are also indicated. The colour cute baen set up te-80 [km.s~1] for all maps.
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Figure A2. Stellar velocity dispersion fields for the 36 early-typevslmtators in the ATLASP sample. See Fi_A1 for details. The specific colour cuts
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Figure B1. A versusV/o from the relation given in EQ.B1. Results from
the dynamical models are shown as open circles, and measotenesult-
ing from the ATLAS*C observations as black circles. The solid red line is
the best fit relation following Eq._B1 witk = 1.1. Note that the observa-
tions exhibit a slightly steeper slope.
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Figure B2. Ar (triangles) and///o (circles) as functions of the ellipticity

e for isotropic systems: the expected theoretical formukhmwvn as a solid
line (with o = 0.15, sedmma for details and notations), while the
dashed and dashed-dotted lines provide the best fits to tiee@dvalues
for V/o and g derived within 1R., respectively. Filled and open symbols
are for mass profiles with Sersic index= 4 andn = 2, respectively. The
dotted line shows the approximation using a simple law whefex /e.

for the two-dimensional/ and o field for the models was com-
puted by solving the anisotropic Jeans equations with thénes
of[Cappellafil(200d8). The two-dimensional kinematics af thod-
els was projected at different inclinations and was integravithin
elliptical apertures of effective radi. or R./2, in the same way
as for the observed systems.

We first confirm thats = 1.1 for Eq.[B1 provides a good
fit for both the models and our complete ATLAS sample (see
Fig.[B1), although the slope is slightly steeper for the oOlbesg
galaxies than for the models, and the optimal value doestrvéay
significantly depending on inclination and anisotropy. Wesent
the predictions of these models far versuse for anisotropy3
values from 0 to 0.6 in Fid. B3, and for apertures of?l and

(© 0000 RAS, MNRASDOQ, 000-000
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Figure B3. A\ versus the ellipticitye for different values of the anisotropy
parameteps and two Sersic profilesi(= 2 andn = 4).
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Figure B4. A versus the ellipticitye for apertures of 1R, and R, /2.
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Figure B5. Ar. /, versus apparent ellipticity, /» with flags indicating the
observed kinematic structure with symbols as in Elg. 7. Tdlewred con-
tours show the result of a Monte Carlo realisation as desdrib the text.
The green line shows the limit between Slow and Fast Rotators
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R. /2. in Fig.[B4. Assuming a relation of the form given in Eq]B1
hold betweenV /o and Ar, we can translate any relation such
as(V/o)(z1) = C - (V/o) (x2) by fap(z1) = C - fag(w2)
where fr,, = Ar/V/1— Ag®. We find that generallyV/o),_ ~
1.1 (V/o), o, and accordingly thafy ,, (Re) ~ 1.15- fa (Re/2):
the constant of proportionality slightly changes from 1011t15
here mainly becausein Eq.[B1 is not exactly constant as we go to
smaller apertures.

We then provide the best fit relations fdr, andV/o as func-

tions of ellipticity e for isotropic systems, as given Iy %lm

The theoretical values fat; and k. are 0.831 and 0.896, using
the entire dynamical system and assuming= 0.15 (se€_Binney
2005). This corresponds to valueskaf ~ 0.90 andkz ~ 0.08 for
Ar- This means thakr is nearly proportional tq/e for isotropic
systems (withy = 0.15), leading to a reasonable approximation for
low values of the ellipticity witt\g ~ 0.91 x /¢, and a best fit ap-
proximation over a rang® — 0.9] of ellipticities given by0.93 \/e.
As shown in C+07, the expected values using an effectivetager
of R./2 are slightly smaller but would be close to the theoretical
values obtained witlx ~ 0.2. The best fit relation for edge-on val-
ues within 1R. givesk: = 0.743 andkz = 0.900 for V/o. There
is a slight dependency of these parameters when the madg [gofi
changed (Sersic index = 4 andn = 2), as expected.

The corresponding (edge-on) best fit relation Xer provides
k1 = 0.786 andk> = 0.355 for apertures ol R., andk; = 0.69
andks = 0.50 for R./2. Restricting ourselves to the lower range
of ellipticities (below 0.35), we havar ~ 0.8 X \/e andAr ~
0.71 x /e for apertures of IR, and R, /2, respectively.

It is worth mentioning the effect on inclination for bothy o
and\ i values. As shown by Binney (2005), for an inclinatiomve
have ¢ = 90° being edge-on):

(V/o) (i) = C() - (V/0) cage—on

with C(¢) = sini/+/1 — 8 cos? i where we assumed an axisym-
metric system for which the intersection between the vejaglip-
soid and a plane perpendicular to the axis of symmetry iscdecir
everywhere. Assuming the relationlB1 holds, this translat®:

)\Redgefon
\/1 + (CQ(Z) - 1) : )‘Rgdgefon

We finally include in FigCBb a Monte Carlo simulation as in
Fig.[13 (see Sedi. 5.1) but here for a smaller aperturg.gf for
comparison. We use a distribution for the intrinsic elbfitese; ¢
of the simulated sample with two Gaussians: one centred at
0.7 with a widtho. = 0.2 as for the simulation at R., and we
add one component centredat = 0.6 representing 30% of the
one at 0.7. This second Gaussian is required to accountddatt
that for an aperture oR. /2 the intrinsic ellipticity distribution is
offset to values sligthly smaller than for an aperture sizeRp,
the larger one better probing the outer more flattened coergon
of (most) Fast Rotators. We again fix the anisotropy distitiou
also as a Gaussian with a meammeg = 0.5 and a dispersion of
og = 0.1, truncated a0.8¢;n¢r.

Ar(i) = C(i) -
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The ATLA® project — IIl. A census of the stellar angular momentum in ETG23

Table B1. Ellipticites \r andV/c tabulated values for the ATLAS sample or 260 early-type galaxies

Name Royae € €2 Band(e) V/o, V/a'e/2 ARe ARes2 FIS (Re) FIS (R./2)

1) @ ©6 @ (5) ® O © © @ (11)

1C0560 1.10 0.587 0.479
1C0598 1.39 0.579 0.502
IC0676 0.68 0.524 0.664
1C0719 1.06 0.714 0.642
1C0782 0.76 0.404 0.263
1C1024 1.18 0.679 0.752
IC3631 1.11 0.560 0.524
NGC0448 1.22 0.643 0.656
NGC0474 0.52 0.192 0.191
NGC0502 1.44 0.146 0.047
NGCO0509 0.56 0.679 0.661
NGCO0516 0.95 0.699 0.701
NGC0524 0.50 0.034 0.034
NGCO0525 1.41 0.280 0.173
NGC0661 1.33 0.306 0.307
NGC0680 1.19 0.189 0.185
NGCO0770 2.01 0.276 0.299
NGC0821 0.49 0.392 0.392
NGC0936 1.00 0.223 0.223
NGC1023 0.47 0.363 0.363
NGC1121 2.14 0.559 0.450
NGC1222 1.12 0.280 0.280
NGC1248 1.10 0.227 0.138
NGC1266 0.88 0.193 0.207
NGC1289 0.90 0.393 0.380
NGC1665 0.65 0.491 0.440
NGC2481 1.26 0.684 0.467
NGC2549 0.88 0.587 0.488
NGC2577 1.13 0.471 0.421
NGC2592 1.39 0.208 0.210
NGC2594 2.92 0.403 0.433
NGC2679 0.46 0.368 0.368
NGC2685 0.90 0.612 0.592
NGC2695 1.04 0.293 0.225
NGC2698 1.27 0.516 0.267
NGC2699 1.39 0.143 0.202
NGC2764 1.25 0.614 0.662
NGC2768 0.35 0.472 0.472
NGC2778 1.05 0.224 0.201
NGC2824 2.49 0.162 0.107
NGC2852 2.60 0.135 0.043
NGC2859 0.60 0.089 0.057
NGC2880 0.81 0.282 0.208
NGC2950 1.11 0.362 0.237
NGC2962 0.64 0.484 0.319
NGC2974 0.53 0.407 0.403
NGC3032 1.32 0.102 0.176
NGC3073 1.24 0.124 0.162
NGC3098 1.20 0.553 0.440
NGC3156 0.96 0.478 0.469

0.770 0.607 0.691 0.589
0.896 0.629 0.736 0.592
0.508 0.436 0.495 0.442
0.279 0.117 0.263 0.092
0.677 0.608 0.571 0.529
0.916 0.647 0.724 0.599
0.218 0.173 0.250 0.196
0.380 0.377 0.327 0.291
0.229 0.227 0.213 0.210
0.213 0.168 0.234 0.172
0.451 0.430 0.465 0.444
0.786 0.624 0.655 0.579
0.344 0.344 0.325 0.325
0.404 0.285 0.418 0.274
0.134 0.094 0.139 0.070
0.413 0.361 0.406 0.360
0.184 0.117 0.195 0.114
0.288 0.288 0.273 0.273
0.677 0.448 0.657 0.430
0.372 0.372 0.391 0.391
0.828 0.587 0.711 0.548
0.153 0.138 0.147 0.132
0.521 0.337 0.535 0.353
0.775 0.589 0.638 0.517
0.172 0.154 0.178 0.154
0.669 0.478 0.658 0.511
0.686 0.399 0.678 0.428
0.623 0.563 0.572 0.523
0.874 0.733 0.696 0.623
0.529 0.422 0.549 0.431
0.455 0.450 0.404 0.444
0.185 0.185 0.193 0.193
0.840 0.734 0.691 0.632
0.582 0.422 0.575 0.406
0.569 0.331 0.593 0.345
0.450 0.393 0.444 0.398
0.783 0.568 0.658 0.535
0.236 0.236 0.253 0.253
0.574 0.419 0.572 0.435
0.534 0.407 0.492 0.370
0.320 0.186 0.368 0.201
0.410 0.408 0.359 0.361
0.627 0.508 0.581 0.482
0.488 0.472 0.436 0.428
0.376 0.298 0.430 0.329
0.813 0.811 0.663 0.664
0.267 0.173 0.344 0.201
0.136 0.092 0.145 0.086
0.744 0.446 0.635 0.422
0.771 0.611 0.648 0.559

OO ITONONONONOOOOONOOONOONNNNNNNNNNNNNOOOOOOONOOMONDOOITOOO
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Table B1 (contd)

Name Royae € €2 Band(e) V/o, V/a'e/2 ARe ARes2 FIS (Re) FIS (R./2)
1) @ & @ (5) (6) 7 ® (10) (11)
NGC3182 0.79 0.166 0.195 G 0.372 0.405 0.306 0.369 F F
NGC3193 0.57 0.129 0.143 G 0.208 0.208 0.195 0.197 F F
NGC3226 0.53 0.168 0.159 G 0.273 0.275 0.251 0.257 F F
NGC3230 0.81 0.550 0.360 G 0.617 0.393 0.609 0.403 F F
NGC3245 0.62 0.442 0.444 G 0.624 0.579 0.626 0.592 F F
NGC3248 1.09 0.374 0.290 G 0.514 0.380 0.511 0.350 F F
NGC3301 0.81 0.507 0.324 G 0.676 0.550 0.603 0.461 F F
NGC3377 0.42 0.503 0.503 G 0.564 0.564 0.522 0.522 F F
NGC3379 0.50 0.104 0.104 G 0.152 0.152 0.157 0.157 F F
NGC3384 0.54 0.065 0.058 G 0.456 0.449 0.407 0.397 F F
NGC3400 1.02 0.437 0.437 G 0.764 0.480 0.664 0.470 F F
NGC3412 0.51 0.441 0.441 G 0.375 0.371 0.406 0.403 F F
NGC3414 0.67 0.194 0.193 G 0.106 0.107 0.073 0.070 S S
NGC3457 1.28 0.033 0.032 S 0.109 0.091 0.104 0.086 F F
NGC3458 1.61 0.231 0.114 G 0.438 0.245 0.461 0.250 F F
NGC3489 0.77 0.262 0.221 G 0.687 0.621 0.589 0.552 F F
NGC3499 2.03 0.139 0.143 G 0.323 0.236 0.318 0.227 F F
NGC3522 1.75 0.361 0.262 S 0.080 0.091 0.058 0.074 S S
NGC3530 1.91 0.642 0.555 G 0.741 0.554 0.656 0.537 F F
NGC3595 1.10 0.507 0.376 G 0.456 0.278 0.510 0.301 F F
NGC3599 0.65 0.080 0.080 G 0.273 0.241 0.282 0.239 F F
NGC3605 0.95 0.409 0.353 R 0.415 0.336 0.434 0.347 F F
NGC3607 0.60 0.185 0.194 G 0.283 0.294 0.209 0.228 F F
NGC3608 0.49 0.190 0.190 G 0.054 0.054 0.043 0.043 S S
NGC3610 1.10 0.381 0.400 G 0.642 0.639 0.530 0.539 F F
NGC3613 0.59 0.460 0.423 G 0.202 0.176 0.222 0.191 F F
NGC3619 0.62 0.173 0.176 G 0.285 0.274 0.293 0.283 F F
NGC3626 0.57 0.591 0.583 G 0.728 0.681 0.660 0.620 F F
NGC3630 1.04 0.665 0.371 G 0.639 0.404 0.648 0.421 F F
NGC3640 0.76 0.191 0.224 G 0.370 0.315 0.377 0.320 F F
NGC3641 1.84 0.125 0.215 G 0.331 0.353 0.243 0.328 F F
NGC3648 1.24 0.421 0.326 G 0.711 0.479 0.684 0.496 F F
NGC3658 0.91 0.243 0.148 G 0.462 0.336 0.546 0.398 F F
NGC3665 0.77 0.216 0.176 G 0.463 0.439 0.410 0.388 F F
NGC3674 1.28 0.568 0.342 G 0.491 0.292 0.541 0.308 F F
NGC3694 1.71 0.268 0.208 G 0.269 0.203 0.256 0.191 F F
NGC3757 2.06 0.153 0.153 G 0.119 0.096 0.126 0.098 F S
NGC3796 1.53 0.361 0.398 G 0.164 0.111 0.171 0.119 S S
NGC3838 1.42 0.605 0.385 S 0.743 0.536 0.676 0.509 F F
NGC3941 0.66 0.251 0.251 G 0.439 0.352 0.468 0.373 F F
NGC3945 0.74 0.090 0.230 G 0.717 0.741 0.524 0.561 F F
NGC3998 0.87 0.170 0.164 G 0.415 0.326 0.454 0.342 F F
NGC4026 0.75 0.556 0.438 G 0.540 0.451 0.548 0.442 F F
NGC4036 0.53 0.555 0.540 G 0.818 0.803 0.685 0.678 F F
NGC4078 2.00 0.561 0.510 S 0.575 0.524 0.523 0.496 F F
NGC4111 1.25 0.582 0.498 S 0.720 0.663 0.619 0.567 F F
NGC4119 0.61 0.598 0.563 G 0.895 0.808 0.701 0.660 F F
NGC4143 0.73 0.390 0.324 G 0.504 0.369 0.538 0.398 F F
NGC4150 0.98 0.328 0.274 G 0.514 0.337 0.513 0.338 F F
NGC4168 0.46 0.129 0.129 G 0.047 0.047 0.040 0.040 S S
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Table B1 (contd)

Name Royae € €2 Band(e) V/o, V/a'e/2 ARe ARes2 FIS (Re) FIS (R./2)

@) @ ©6 @ (6) ® O © © @ (11)

NGC4179 0.77 0.591 0.501
NGC4191 1.54 0.269 0.092
NGC4203 0.59 0.154 0.180
NGC4215 0.83 0.702 0.444
NGC4233 1.15 0.277 0.162
NGC4249 1.32 0.048 0.040
NGC4251 0.79 0.508 0.387
NGC4255 1.34 0.434 0.127
NGC4259 1.93 0.553 0.450
NGC4261 0.44 0.222 0.222
NGC4262 1.39 0.117 0.117
NGC4264 1.26 0.191 0.191
NGC4267 0.53 0.079 0.079
NGC4268 0.93 0.552 0.348
NGC4270 0.96 0.543 0.424
NGC4278 0.72 0.103 0.134
NGC4281 0.69 0.535 0.502
NGC4283 1.44 0.033 0.031
NGC4324 0.83 0.434 0.197
NGC4339 0.55 0.060 0.060
NGC4340 0.62 0.227 0.237
NGC4342 2.45 0.442 0.263
NGC4346 0.77 0.533 0.360
NGC4350 0.77 0.674 0.550
NGC4365 0.33 0.254 0.254
NGC4371 0.51 0.309 0.313
NGC4374 0.44 0.147 0.147
NGC4377 1.30 0.157 0.228
NGC4379 0.90 0.224 0.258
NGC4382 0.34 0.202 0.202
NGC4387 1.10 0.373 0.351
NGC4406 0.24 0.211 0.211
NGC4417 0.89 0.566 0.418
NGC4425 0.62 0.676 0.587
NGC4429 0.48 0.402 0.402
NGC4434 1.15 0.058 0.082
NGC4435 0.52 0.468 0.465
NGC4442 0.62 0.335 0.307
NGC4452 0.42 0.880 0.880
NGC4458 0.68 0.121 0.119
NGC4459 0.64 0.148 0.128
NGC4461 0.68 0.392 0.306
NGC4472 0.26 0.172 0.172
NGC4473 0.71 0.421 0.396
NGC4474 0.72 0.570 0.468
NGC4476 1.07 0.353 0.375
NGC4477 0.44 0.135 0.135
NGC4478 0.98 0.165 0.175
NGC4483 1.02 0.346 0.251
NGC4486 0.28 0.037 0.037

0.589 0.470 0.587 0.480
0.105 0.073 0.107 0.059
0.281 0.255 0.305 0.275
0.516 0.363 0.553 0.370
0.578 0.401 0.564 0.390
0.204 0.142 0.194 0.127
0.637 0.503 0.584 0.466
0.622 0.374 0.606 0.370
0.231 0.081 0.237 0.068
0.090 0.090 0.085 0.085
0.297 0.254 0.309 0.250
0.541 0.355 0.499 0.341
0.260 0.241 0.282 0.253
0.491 0.333 0.492 0.330
0.378 0.289 0.406 0.294
0.201 0.208 0.178 0.203
0.757 0.702 0.651 0.621
0.172 0.155 0.171 0.151
0.639 0.407 0.592 0.389
0.311 0.302 0.325 0.312
0.499 0.481 0.458 0.442
0.537 0.307 0.528 0.306
0.571 0.428 0.576 0.439
0.658 0.460 0.638 0.480
0.114 0.114 0.088 0.088
0.541 0.541 0.482 0.482
0.026 0.026 0.024 0.024
0.443 0.314 0.473 0.338
0.386 0.294 0.398 0.300
0.174 0.174 0.163 0.163
0.391 0.315 0.399 0.317
0.090 0.090 0.052 0.052
0.542 0.395 0.548 0.392
0.438 0.363 0.454 0.384
0.455 0.455 0.396 0.396
0.249 0.186 0.288 0.199
0.672 0.667 0.599 0.597
0.350 0.329 0.363 0.338
0.765 0.765 0.648 0.648
0.150 0.161 0.072 0.079
0.477 0.450 0.438 0.408
0.486 0.405 0.511 0.430
0.073 0.073 0.077 0.077
0.255 0.263 0.229 0.250
0.439 0.347 0.446 0.353
0.236 0.298 0.153 0.266
0.216 0.216 0.221 0.221
0.221 0.175 0.233 0.177
0.474 0.271 0.465 0.273
0.024 0.024 0.021 0.021

DOOOOOOOOOOOOOOOOOOOOOLOOOOOLOOOOOOOOOOOLOONOOOOOOOO
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Table B1 (contd)

Name Rmaz € €2 Band(e) V/o, V/a'e/2 ARe ARes2 FIS (Re) FIS (R./2)
(1) @ & @ (5) (6) 7 @

NGC4486A 1.96 0.224 0.224 G 0.379 0.379 0.351 0.351 F F
NGC4489 0.62 0.085 0.075 G 0.176 0.125 0.168 0.117 F F
NGC4494 0.48 0.173 0.173 G 0.219 0.219 0.212 0.212 F F
NGC4503 0.61 0.446 0.429 G 0.510 0.451 0.523 0.470 F F
NGC4521 0.89 0.566 0.482 G 0.794 0.566 0.682 0.534 F F
NGC4526 0.45 0.361 0.361 G 0.563 0.563 0.453 0.453 F F
NGC4528 1.15 0.392 0.129 G 0.112 0.116 0.096 0.102 S F
NGC4546 0.66 0.527 0.465 G 0.653 0.572 0.639 0.579 F F
NGC4550 0.88 0.649 0.633 G 0.122 0.072 0.105 0.061 S S
NGC4551 0.92 0.284 0.259 G 0.311 0.285 0.295 0.259 F F
NGC4552 0.46 0.047 0.047 G 0.051 0.051 0.049 0.049 S S
NGC4564 0.78 0.560 0.477 G 0.640 0.532 0.619 0.536 F F
NGC4570 0.70 0.626 0.551 G 0.586 0.470 0.603 0.498 F F
NGC4578 0.70 0.289 0.282 G 0.669 0.596 0.596 0.544 F F
NGC4596 0.56 0.254 0.254 G 0.310 0.297 0.297 0.280 F F
NGC4608 0.56 0.115 0.115 G 0.194 0.180 0.203 0.185 F F
NGC4612 0.75 0.204 0.196 R 0.428 0.345 0.407 0.324 F F
NGC4621 0.50 0.365 0.364 G 0.273 0.272 0.291 0.291 F F
NGC4623 0.64 0.673 0.648 G 0.660 0.602 0.598 0.564 F F
NGC4624 0.42 0.065 0.065 G 0.292 0.288 0.297 0.293 F F
NGC4636 0.25 0.094 0.094 G 0.039 0.039 0.036 0.036 S S
NGC4638 0.87 0.606 0.657 G 0.909 0.895 0.691 0.715 F F
NGC4643 0.61 0.249 0.199 G 0.321 0.323 0.255 0.254 F F
NGC4649 0.35 0.156 0.156 G 0.123 0.123 0.127 0.127 F F
NGC4660 1.39 0.441 0.315 G 0.603 0.518 0.553 0.475 F F
NGC4684 0.70 0.598 0.596 G 0.713 0.665 0.622 0.600 F F
NGC4690 0.96 0.266 0.257 G 0.149 0.130 0.151 0.123 S S
NGC4694 0.52 0.547 0.546 G 0.275 0.276 0.289 0.295 F F
NGC4697 0.37 0.447 0.447 G 0.363 0.363 0.322 0.322 F F
NGC4710 0.74 0.699 0.395 G 0.731 0.496 0.652 0.456 F F
NGC4733 0.74 0.060 0.060 G 0.096 0.088 0.086 0.076 F F
NGC4753 0.49 0.213 0.213 G 0.537 0.537 0.467 0.467 F F
NGC4754 0.68 0.480 0.480 G 0.445 0.395 0.467 0.418 F F
NGC4762 0.40 0.852 0.852 G 0.783 0.783 0.724 0.724 F F
NGC4803 2.02 0.282 0.266 S 0.192 0.063 0.181 0.054 F S
NGC5103 1.47 0.594 0.400 G 0.588 0.370 0.573 0.386 F F
NGC5173 1.71 0.133 0.124 G 0.164 0.110 0.168 0.106 F F
NGC5198 0.62 0.146 0.151 G 0.074 0.072 0.061 0.057 S S
NGC5273 0.61 0.108 0.116 G 0.554 0.512 0.517 0.482 F F
NGC5308 0.78 0.735 0.637 G 0.641 0.478 0.651 0.510 F F
NGC5322 0.56 0.307 0.304 G 0.126 0.121 0.073 0.067 S S
NGC5342 151 0.586 0.425 G 0.637 0.410 0.626 0.439 F F
NGC5353 0.77 0.552 0.541 G 0.689 0.544 0.618 0.532 F F
NGC5355 1.59 0.296 0.263 G 0.288 0.214 0.286 0.211 F F
NGC5358 1.32 0.592 0.395 G 0.675 0.461 0.610 0.442 F F
NGC5379 0.67 0.627 0.696 G 0.920 0.794 0.719 0.677 F F
NGC5422 0.68 0.604 0.537 G 0.588 0.475 0.600 0.501 F F
NGC5473 0.71 0.211 0.211 G 0.437 0.326 0.447 0.324 F F
NGC5475 0.86 0.697 0.568 G 0.965 0.711 0.759 0.638 F F
NGC5481 0.79 0.214 0.161 G 0.159 0.165 0.103 0.091 S S
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Table B1 (contd)

Name  Rpa: € €2 Band(e) V/o, V/Ue/2 ARe ARes2 FIS(Re) FIS (R./2)

@) @ 6 @ ©) ® O @ © @ (1

NGC5485 0.61 0.171 0.208
NGC5493 1.08 0.561 0.640
NGC5500 1.10 0.234 0.214
NGC5507 1.36 0.252 0.144
NGC5557 0.60 0.169 0.157
NGC5574 1.04 0.627 0.566
NGC5576 0.76 0.306 0.310
NGC5582  0.63 0.320 0.321
NGC5611  1.57 0.559 0.485
NGC5631  0.81 0.127 0.167
NGC5638 0.61 0.091 0.079
NGC5687 0.76 0.379 0.349
NGC5770 0.99 0.061 0.061
NGC5813 0.38 0.170 0.170
NGC5831 0.81 0.136 0.203
NGC5838  0.67 0.361 0.297
NGC5839 1.03 0.100 0.169
NGC5845 257 0.264 0.236
NGC5846  0.38 0.062 0.062
NGC5854 0.79 0.575 0.426
NGC5864  0.59 0.695 0.658
NGC5866  0.44 0.566 0.566
NGC5869 0.85 0.245 0.244
NGC6010 0.84 0.742 0.539
NGC6014 0.58 0.419 0.434
NGC6017  2.53 0.455 0.405
NGC6149 1.65 0.325 0.279
NGC6278  1.02 0.409 0.401
NGC6547 1.22 0.674 0.456
NGC6548 0.66 0.107 0.107
NGC6703  0.68 0.019 0.017
NGC6798 0.95 0.461 0.372
NGC7280 0.82 0.363 0.377
NGC7332 0.85 0.674 0.469
NGC7454  0.65 0.364 0.363
NGC7457 0.62 0.470 0.438
NGC7465 2.17 0.364 0.406
NGC7693 1.34 0.233 0.275
NGC7710 1.84 0.581 0.548
PGC016060 1.32 0.694 0.681
PGC028887 1.49 0.323 0.312
PGC029321 2.32 0.140 0.146
PGCO035754 2.60 0.275 0.333
PGC042549 1.57 0.369 0.450
PGC044433 3.00 0.335 0.184
PGC050395 1.58 0.233 0.240
PGC051753 1.54 0.549 0.538
PGC054452 1.17 0.189 0.175
PGCO056772 1.87 0.493 0.467
PGC058114 1.95 0.185 0.213

0.176 0.160 0.165 0.149
1.095 1.089 0.740 0.773
0.178 0.155 0.172 0.146
0.479 0.302 0.495 0.306
0.048 0.044 0.049 0.045
0.443 0.371 0.452 0.382
0.097 0.088 0.102 0.091
0.676 0.668 0.564 0.567
0.816 0.661 0.691 0.590
0.171 0.193 0.110 0.166
0.253 0.222 0.265 0.229
0.486 0.440 0.479 0.435
0.242 0.171 0.273 0.174
0.161 0.161 0.071 0.071
0.088 0.093 0.063 0.065
0.521 0.464 0.521 0.460
0.385 0.269 0.430 0.298
0.402 0.368 0.404 0.358
0.037 0.037 0.032 0.032
0.761 0.531 0.678 0.515
0.630 0.556 0.603 0.550
0.349 0.349 0.319 0.319
0.433 0.387 0.428 0.383
0.703 0.555 0.679 0.556
0.418 0.378 0.387 0.353
0.441 0.352 0.429 0.340
0.656 0.579 0.563 0.513
0.521 0.368 0.576 0.411
0.616 0.410 0.632 0.444
0.315 0.254 0.326 0.261
0.043 0.038 0.041 0.035
0.488 0.322 0.483 0.310
0.606 0.538 0.557 0.503
0.490 0.291 0.561 0.338
0.106 0.091 0.094 0.067
0.546 0.478 0.519 0.465
0.343 0.352 0.283 0.294
0.686 0.440 0.616 0.408
0.293 0.136 0.340 0.137
1.019 0.682 0.759 0.616
0.282 0.332 0.145 0.252
0.339 0.187 0.336 0.175
0.258 0.275 0.210 0.266
0.771 0.560 0.673 0.529
0.362 0.205 0.357 0.200
0.149 0.111 0.138 0.089
0.668 0.538 0.587 0.513
0.435 0.316 0.416 0.307
0.386 0.443 0.310 0.420
0.228 0.159 0.176 0.132
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Table B1 (contd)

Name  Rpa: € €2 Band(e) V/o, V/Ue/2 ARe ARes2 FIS(Re) FIS (R./2)
1) @ & @ (6) n @ O (10)
PGC061468 1.58 0.231 0.230 G 0.464 0.391 0.409 0.360 F F
PGCO071531 2.35 0.305 0.235 R 0.323 0.263 0.333 0.266 F F
PGC170172 2.08 0.195 0.372 G 0.287 0.192 0.324 0.218 F F
UGC03960 0.93 0.190 0.081 G 0.130 0.109 0.119 0.094 S F
UGC04551 1.59 0.137 0.137 G 0.252 0.205 0.277 0.214 F F
UGC05408 2.68 0.168 0.248 G 0.290 0.270 0.278 0.292 F F
UGCO06062 1.55 0.449 0.449 G 0.472 0.325 0.475 0.332 F F
UGC06176 1.58 0.252 0.330 G 0.670 0.447 0.585 0.426 F F
UGC08876 1.93 0.408 0.180 S 0.311 0.182 0.341 0.189 F F
UGCO09519 2.48 0.484 0.407 G 0.764 0.631 0.632 0.552 F F

Note. — Columns (1): Galaxy Name from the principal desigmatrom LEDA; (2): largest equiv-
alent aperture radius reached by ®&URON maps in units ofR.; (3) and (4): moment ellipticity
measured within one effective radilis and one half effective radiuB. /2, these being replaced by
the global ellipticity measured from the outer isophotasdalaxies with clear bars (see text) as in-
dicated by a "C” in column (5) of this table ; (5) "Band” refeis the source of the radial ellipticity
profiles, with G, R and S referring to the Green, Red and Saphamtometry, and "C” for galaxies
which have strong bars significantly affecting the measeranofe., and for which the outer ellip-
ticity measurement,;,, (see Paper Il) is used instead; (6) and{7p as measured within B. and
R./2; (8) and (9):Ar measured within IR, and R./2; (10) and (11) Fast (F) or Slow (S) Rotator
according the to thar ande values atR. andR. /2. The present table (B1) is also available from our

project website http://purl.com/atlas3d.
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