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ABSTRACT

We use the ATLASP sample of 260 early-type galaxies to study the apparentriatie mis-
alignment angley, defined as the angle between the photometric and kinemajiar raxis.
We find that 71% of nearby early-type galaxies are strictlgradd systems¥ < 5°), an
additional 14% havé° < ¥ < 10° and 90% of galaxies hawe < 15°. Taking into ac-
count measurement uncertainties, 90% of galaxies can lsdmyad aligned to better thaf,
suggesting that only a small fraction of early-type galaxie 10%) are not consistent with
axisymmetry within the projected half-light radius. We i€y morphological features such
as bars and rings (30%), dust structures (16%), blue nuctdanrs (6%) and evidence of in-
teractions (8%) visible on ATLA® galaxies. We use kinemetry to analyse the mean velocity
maps and separate galaxies in two broad types of regular amdegular rotators. We find
82% of regular rotators and 17% non-regular rotators, wiglal2xies that we were not able to
classify due to data quality. The non-regular rotators yoecally found in dense regions and
are massive. We characterise the specific features in the vedacity and velocity dispersion
maps. The majority of galaxies does not have any specificrfestbut we highlight here the
frequency of the kinematically distinct cores (7% of ga¢esjiand the aligned double peaks in
the velocity dispersion maps (4% of galaxies). We separalexies into 5 kinematic groups
based on the kinemetric features, which are then used tpmetehe ¢ — ¢) diagram. Most
of the galaxies that are misaligned have complex kinematicsare non-regular rotators. In
addition, some show evidence of interaction and might noinbequillibrium, while some
are barred. While the trends are weak, there is a tendentiatige values ofl are found in
galaxies at intermediate environmental densities and griteamost massive galaxies in the
sample. Taking into account the kinematic alignment anditnemetric analysis, the majority
of early-type galaxies have velocity maps more similar togpiral disks than to the remnants
of equal mass mergers. We suggest that the most common formachanism for early-type
galaxies preserves the axisymmetry of the disk progenétodstheir general kinematic prop-
erties. Less commonly, the formation process results iraial galaxy with much lower net
angular momentum.

Key words: galaxies: kinematics and dynamics — galaxies: elliptioal l@nticular — galaxies:
formation

1 INTRODUCTION 1989; | Jedrzejewski & Schechter 1989; Bender & Nieto 1990;
Bender et al._1994). Over the decade preceding the lates1200
picture emerged of elliptical galaxies exhibiting a ran§@roper-
ties with luminous objects having slow rotation, anisoicogeloc-
ity distributions, boxy isophotes and cores, taken to bécati/e
of triaxial figures, and less luminous galaxies having shdtm-
tened by rotation, isotropic velocity distributions, disikophotes
and cuspy cores, taken to be indicative of oblate figuresa(feyn-
thesis see Kormendy & Bender 1996).

The most straightforward evidence for triaxiality is theseb
vation of a misalignment between the galaxy’s angular mdoren
vector and the minor axis. In axisymmetric galaxies theseanes
are aligned. Stationary triaxial shapes support four mgjoes of
regular stellar orbits: box orbits, short axis tubes, inaed outer
long-axis tubes (de Zeelw 1985). Given that among the tubss i
also possible to have both prograde and retrograde orbg,am-
bination of these major families will result in the total ahay mo-
mentum vector pointing anywhere in the plane containind biog¢
long and the short axis of the system (e.q. Statler 1987 thErr
more, it is also possible to have a radial variation of thatie
weights assigned to different orbital families which wilgrise to
radially different kinematic structure and contribute be tradial
variation of the observed misalignment (see van den Bosah et
2008, for a detailed orbital analysis of a triaxial system).

In addition to the orbital origin of the misalignment betwee
the shape of the system and its internal kinematics, it ssdssible
* E-mail: dkrajnov@eso.org to observe a misalignment from pure projection effectsegithat
+ Dunlop Fellow the orientation of a triaxial galaxy towards an observeaisom.

The internal dynamics of early-type galaxies holds impartdues
about their formation. Looking at their morphological sture
alone, early-type galaxies appear to be simple and unifdum,
increasingly better observational technology and methualge
revealed much more complex systems rich in internal dynam-
ics and substructures. Crucial for this were the kinemate o
servations of early-type galaxies (lllingworth 1977; Desvet al.
1983;| Davies & lllingwortn 19€3; Bender 1988b; Bender & Niet
1990) and two significant discoveries that some ellipticals
tate slowly (Bertola & Capaccioli_1975; lllingwoith 1977na
that there are objects with significant rotation around the m
jor axis [(Davies & Birkinsham 1986, 1988; Franx et al. 1989;
Jedrzejewski & Schechter 1989). This showed that among-earl
type galaxies there are systems with triaxial figures, peErteven
slowly tumbling (van Albada et &l. 1982; Schwarzschild 1982d
their internal structure is not determined by their totalssyand
angular momentum alone (see the review/ by de Zeeuw & Franx
1991).

Although discoveries of galaxies with rotation around theg
axis were very exciting, the majority of galaxies seemedhimns
rotation around the apparent minor axis (Schechter & Guri®19
Efstathiou et al.| 1980; Davies etial. 1983; Dressler & Saadag
1983; | Davies & Birkinshaw, 1988; Bender 1988a; Franx et al.
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Hence, the angle at which the apparent minor axis of the veder
(projected on the sky) galaxy is seen will be different fréva angle

of the projected short axis of the galaxy (Contopdulos 1 38érk
1977; Kondratev & Ozernoi 1979). When this is combined with a
projection of the angular momentum vector, which dependthen
specific orbital structure, we expect that the misalignnoetiveen
the angular momentum vector and the principle axis will be ob
served regularly. This was beautifully illustrated|by #12{1991)
with the montage of velocity maps of a triaxial model viewead a
different projection angles.

The combination of the apparent orientation of the totalang
lar momentum, and the apparent shape of the system, candbouse
statistically constrain the intrinsic shape of early-tgadaxies as a
family of objects, including the case when figure rotatioprissent
(Binney! 1986). The first analysis of the apparent misaligmnag-
gle, defined asan ¥ = vmin/VUmaj, Wherevp,in andvmq; are
velocity amplitudes along the minor and major axis, was emesd
by Franx et al.|(1991). They compiled from the existing htere
all galaxies for which it was possible to estimdteeasonably well
and obtain their ellipticities. This compilation confirmtdht a ma-
jority of early-type galaxies indeed had small misaligniservith
a few cases showing long-axis rotation (rotation aroundnagr
(long) axis). In terms of intrinsic shape of early-type g#a, their
results showed a wide range of acceptable solutions imaudis-
tributions of only nearly oblate shapes, oblate and prataspes,
as well as purely triaxial shapes.

The SAURON survey (de Zeeuw et al. 2002) provided veloc-
ity maps reaching to about one effective radius for a sample o
nearby early-type galaxies. The survey confirmed the madlirgs
of the previous decades and established that many of therdyak
properties of early-type galaxies are related to a meadutieet
specific angular momentum, which was available for the finsét
from velocity and velocity dispersion maps (Emsellem ¢2804).
Based on their apparent angular momentum, the early-tylpziga
separate into slow and fast rotatars (Emsellem et al.|2Q0R¢re
slow rotators are weakly triaxial, but not far from isotropivhile
fast rotators are nearly axisymmetric, intrinsically #atand span
a large range of anisotropies (Cappellari et al. 2007).Heuntore,
the fast rotators are aligned, while slow rotators are rigaat
(Emsellem et &l. 2004; Cappellari etlal. 2007). This glolvapprty
is followed locally where fast rotators do not show radiahehes
in the orientation of the velocity maps, which is, howevgpital
for slow rotators|(Krajnovic et al. 2008).

In addition, the SAURON velocity maps of slow rotators ex-
hibit a variety of kinematic structures, such as kinematists,
kinematically distinct cores or showing no rotation at afhile the
velocity maps of fast rotators are kinematically more umfehow-
ing disk-like kinematics| (Krajnovic et &l. 2008). This g&gts that
the difference in the appearance of the velocity maps ofthes
types of galaxies is related to their internal structuresiara con-
sequence of their (different) evolution paths. The featwisible on
the kinematic maps are the end products of various processkis
is potentially useful to assess their relative importance.

The SAURON survey found 25% of slow rotators among
the nearby early-type galaxies. The SAURON sample, howéver
not representative of the luminosity function of earlydygalax-
ies and a question remains: what is the relative fractionatdyg
ies consistent with being axisymmetric? This question lievemnt
for our understanding of the importance of gas dissipatiothe
formation of early-type galaxies via hierarchical mergi@plli-
sionless mergers of roughly equal mass progenitors géynerar-
duce triaxial galaxies, while gas dissipation generatesiyex-
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isymmetric systems with disks (elg. Naab et al. 2006; Jestal.
2007; Hoffman et al. 2009). Observations of molecular, atand
ionised gas (Oosterloo et|al. 2002; Sarzi et al. 2006; Mdigdml.
2006; | Young et all 2008; Serra et al. 2008; Crocker et al. 12009
QOosterloo et al!_2010) suggest that the evolution of eaghet
galaxies is significantly influenced by gas reservoirs, btk or
bound to other galactic systems. The presence of gas ibgvie
sults in dissipation playing a major role in evolution.

The purpose of this work is three fold: (i) to analyse the
kinematic maps and images of the volume limited sample of
nearby early-type galaxies gathered by the ATERSSurvey
(Cappellari et al. 2010, hereafter Paper |), (ii) to chaasé quan-
titatively the morphological and kinematic features antetwine
their frequency, and (iii) to measure the kinematic misatignt
angle exploiting the completeness of the sample and the two d
mensional coverage of the kinematic data. Specifically, xptoee
the connection between the kinematic misalignment, thephradf
ogy and kinematic structures of nearby early-type galatiethis
respect, this papers follows Paper | and its main resultsised in
(Emsellem et al. 2011, hereafter Paper IlI)

In Section[2 we briefly describe the ATLAB sample and
the types of data used in this paper. In Secfibn 3 we chaiseter
the morphological and kinematical structures observetiérsam-
ple with more emphasis given to the latter. We separate -tgoky
galaxies based on their rotation, define various featurgbleion
the kinematic maps and identify galaxies according to tipeep-
erties. This is followed by definitions of kinematic and pdroetric
position angles, and the description of how these, as weleasl-
lipticity of the galaxies, were measured together with dimeste of
the uncertainty (Sectidd 4). The distribution of the kin¢gimanis-
alignment angle is shown in Sectibh 5, which is followed byisa d
cussion (Sectionl6) and conclusions (Sediibn 7).

2 SAMPLE AND OBSERVATIONS

The ATLAS®® sample and its selection is described in detail in
Paper I. Here we briefly outline the main properties. Our xzala
ies were selected from a parent sample of objects brighter th
Mgk < —21.5 mag and a local volume with radius @ = 42
Mpc using the observability criterion that the objects hawebe
visible from the William Herschel Telescope (WHT) on La Palm
|6 —29°| < 35, whered is the sky declination, excluding the dusty
region near the Galaxy equatorial plane. Galaxies wereteel@s-
ing the 2MASS extended source catalog (Jarrett/et al. 20dte
the classification of early-type galaxies was based on Vviespec-
tion of available imaging: SDSS and DSS colour images. Heze t
main selection criterion was the lack of spiral arms or daseb
in highly inclined galaxies, following the Hubble classiftion
(Hubblel 1936; de Vaucouleurs el fal. 1991) as outlined in Sgéd
(1961). The final sample contains 260 nearby early-typexgsda
Kinematic data used in this study were obtained using
the SAURON integral-field spectrograph (IES; Bacon et aD120
mounted on the WHT. SAURON is an IFS with a field-of-view
(FoV) of 33 x 41”. The observing strategy and the data reduction is
also described in detail in Paper I. The SAURON FoV, or masaic
of two SAURON pointings, was oriented along the major axis of
the galaxies such as to maximise the coverage. Typicallysreap
compass one effective radius although for the largest gadanly
half of the effective radius is fully covered (see Paper. The data
reduction follows procedures described in Bacon et al. 12@hd
Emsellem et al.| (2004). For 212 galaxies we used publiclyl-ava
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Table 1.A summary of morphological features in ATLAB.

Feature  Number DustDisk Filaments Blue features
1) 2 (3) 4) (5)
N 159 18[16] 81[7] 7[4]
B 35 201 1[0] 2[0]
R 13 3[2] 11[0] 2[0]
BR 30 1[1] 301 2[0]
S 9 010] 11[0] 1[0]
| 12 0[0] 6 [5] 1[0]

Notes: The total number of galaxies is 260; morphologicdl dust features
were not classified in 2 galaxies without SDSS or INT imag{®glumn (1):
morphological featured\ - no feature, regular shapB.- bar,R - ring, BR

- bar and ringS- shells,| - any other evidence for interaction. Column (2):
Number of galaxies with morphological features in Columyp Column (3):
Galaxies with dust disks. Column (4): Galaxies with dushfitats. Column
(5): Galaxies with blue colour features. Column (3-5): Withrackets is the
number of galaxies that only have the features listed indblatmn (a dusty
disk, dusty filaments or a blue feature)

able SDSS Data Release-band images (Abazajian et al. 2009).
For galaxies which were not observed by the SDSS we had imag-
ing campaigns using the Wide Field Camera on the Isaac New-
town Telescope on La Palma, alsoriband. There we observed
46 galaxies and the data reduction and calibrations arepiex$
in|Scott et al.[(2011). Finally, there were two galaxies ftiat we
were not able to obtairband images and in this study we used Two
Micron All Sky Survey (2MASS) K-band observations instead.

3 CHARACTERISATION OF MORPHOLOGICAL AND
KINEMATIC STRUCTURES IN THE ATLAS 3P
SAMPLE

In this section we describe morphological and kinematidufiess
found in ATLAS®P galaxies. We are primarily interested in high-
lighting the existence of bars, rings, shells or other et&on fea-
tures, as well as the existence of dusty disks or filamentang-s
tures on the images. We also analyse the mean velocity maps an
describe the kinematic features and their frequency in aom-s
ple. We point out the most significant features and accolylisart
galaxies in five kinematic groups which will be used in the s
the paper. Additional remarks, images of velocity maps effthl
sample and a table with the morphological and kinematicazhar
teristics of galaxies are presented in AppendicHs|A, ddnd D.

3.1 Morphological features

Our morphological characterisation is purely visual, ldems@SDSS
and INT r-band images, as well as the SDSS true colour (red-
green-blue) images (Lupton et al. 2004) when availablewsutio
not attempt to quantify the amount of dust, the structurehells
or tidal tails, or the properties of bars. Our goal is to measu
the frequency of obvious structures as they are visible anrou
band images. Occasionally, for confirmation of not cleadyag-
nisable bars, we also use information contained in absorgtnd
emission-line maps. A summary of morphological featuraméb
in ATLAS®P galaxies is given in Tabld 1, while the SDSS and INT
colour images of the galaxies are shown in Paper I.

Bars are detected in- 25% of the galaxies in our sample
(65 galaxies), while rings are seen 4n 17% of the sample (43
galaxies). Rings and bars often occur together, and abtfudflibe

barred systems have clearly visible rings, but there arerifed
systems with no obvious bar like structure. The rings in¢r®s-
tems resemble resonance rings (they do not appear as paak or
lisional rings). There are three cases of dusty and bluesilplgs
star forming, rings (NGC3626, NGC4324 and NGC5582). The to-
tal fraction of galaxies with bars and/or rings increase3(# (78
galaxies). This is still likely a lower limit, but if we cordgr only
galaxies with de Vaucouleurs type between -3 and 0 (175 galax
in ATLAS®P sample), 45% of galaxies have bars/rings in our sam-
ple. This is in an excellent agreement with a recent neaaiiaél
survey of barred SO galaxies (Laurikainen et al. 2009).

We looked for dust using the same r-band SDSS and INT im-
ages. We found 24 systems with dust in ordered disks, and20 sy
tems with filamentary dusty features, giving the total fiattof
dusty systems of 18%. An inspection of colour images revéals
galaxies (6%) with some evidence of blue colours, half ofclhi
are found in the nuclei and half in (circum-nuclear) ringsréiwe
report the obvious cases, and their number is likely a loveit |
only, but this does not influence the results of the papere Nuwre
are some well known cases of nuclear dust disks visible fimaoes-
based observations (e.g. NGC4261, Jaffe et al.| 1996), wiectio
not see on our ground-based images. We do not include thear in o
statistics. Similarly, we do not look for other morpholagjifeatures
below the spatial resolution of our images (e.g. nucleas)bar

Evidence for past interaction of various degrees are seen in
21 (8%) galaxies (based on our images from the SDSS and INT).
These objects are likely at different stages of intera¢tiut they
are mostly not actively merging systems. In particular,llshere
visible in 9 systems at our limiting surface brightness of 26
mag/arcset Evidence of past interactions are visible at all environ-
mental densities, but they do not occur in galaxies whicleludler
morphological perturbations (such as bars) at our surfaichtb
ness limit. In most cases, the interacting galaxies do nowstr-
dered dusty disks in the central regions. Filamentary czadiifes,
however, can be found in half of the interacting galaxies.pa-s
cific study of shells and other interaction features basedemper
MegaCam images will be a topic of a future paper in the series.

3.2 Kinematic structures

The majority of velocity maps of early-type galaxies in oamgple
show ordered rotation. More complex features, althougiseure
are not common. We use the mean velocity and the velocityedisp
sion maps to perform a complete description of kinematicstires
that occur in the early-type galaxies of our volume limitadhple.

3.2.1 Two types of rotation

We performed an analysis similarlto Krajnovic et al. (2008i)ng
kinemetrﬂ] (Krajnovict et al! 2006) on velocity maps. This method
consists of finding the best fitting ellipse along which thioggies
can be described as a function of a cosine change in the eiccent
anomaly. In that respect kinemetry is a generalisation atis-
tometry of surface brightness images (Carter 1978; .au8619
Bender & Moellenhoff 1987; Jedrzejewski 1987) to other motae
of the line-of-sight velocity distribution (the mean veltycvelocity
dispersion, etc.). This means that the stellar motionsgathis el-
lipse can be parametrized by a simple |&W= V.. cos(6), where

1 The IDL KINEMETRY routine be found

http://www.eso.orghdkrajnov/idl.

can on
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Vrot is the amplitude of rotation and is the eccentric anomaly.
Note that the same expression describes the motion of gadsclo
on circular orbits in a thin (inclined) disk (e!g. Schoenmaket al.
1997; Wong et al. 2004) and that, when kinemetry is appligtieo
velocity maps of thin gas disks, it achieves similar restdtshe
titted-ring method (e.g. Begeman 1987; Staveley-Smith/&t990);
Franx et al. 1994). There are, however, conceptual diffarenThe
tilted-ring method determines the best-fitting ellipse Iy a co-
sine function in a least-squares sense along an elliptat. pn-
stead, kinemetry performs a rigorous generalisation ofptigto-
metric ellipse fitting. It determines the best-fitting eflgpby min-
imising the Fourier coefficients up to the 3rd, except the(0)
term. This ensures a more robust fit and ensures that therlaghe
der Fourier terms are unaffected by the ellipse fit. Moreotrer
approach adopted by kinemetry allows the same method todak us
to fit both photometric and kinematic data. The method firstfit
the ellipse parameters, position anfjlg,, and flattening of the el-
lipse gxin. The velocity profile along the best fitting ellipse is then
decomposed into odd Fourier harmonics. The first okdés equiv-
alent toV;.,+, while the higher order terms show departures of the
velocity profiles from the assumed cosine law. Examples pir ty
cal kinemetric radial profiles of the 48 early-type galaXiesn the
SAURON survey, most of which are also part of ATLASsam-
ple, can be found in Appendix B of Krajnovic et al. (2008),ileh
examples of residual velocity maps obtained subtractingrkietry
fits are shown in Krajnovic et al. (2006).

Deviations from the cosine law can be quantified by measur-
ing the amplitude of thé:s harmonics. In practice it is better to
use a scale free measure which is given by dividiggvith local
rotationk,. In order to characterise each object, we use the radial
profiles to calculate the luminosity weighted average ragiok:,
following the prescription from_Ryden etlal. (1999). We exig
rings for which kinemetry was not able to find a good fit (i.ee th
ellipse flattening hits the boundary value). We estimateutieer-
tainty onks/k1 with a Monte Carlo approach by perturbing each
point of theks/k, radial profile based on its measurement error,
calculate the luminosity-weighted average and repeat tbeegs
1000 times. The uncertainty is the standard deviation oitbete
Carlo realisations. The values bf /k, are determined within one
effective radius or within the semi-major axis radius of taegest
best fitting ellipse that is enclosed by the velocity map.

We set a limit ofks/k1 < 0.04 for the velocity map to be
well described by the cosine law. The choice for this numiser i
somewhat arbitrary, but we based it on the mean uncertaimty o
ks/k1 for all galaxies & 0.03) and the resistant estimate of its
dispersion £ 0.01). Note that this is higher than the 2% used by
Krajnovit et al. [(2008), but the observations of the SAURS-
ple were of higher signal-to-noise ratio and lower averageett
tainty onks/k1 (0.015). If ks /k1 is larger than 4%, we flag the
velocity map as not being consistent with the cosine lawhia t
way we separate two types of rotations among early-typecgala

Galaxies of the first type, consistent with havikg/k1 <
0.04, have velocity maps dominated by ordered rotation. These we
call Regular Rotator¢RR). Galaxies of the second type, consistent
with k5 /k1 > 0.04 have velocity maps characterised by more com-
plex structures, including cases where rotation is notafebée. As
a contrast to the RR galaxies we call th&on-Regular Rotators
(NRR) galaxies. The majority of objects in the ATLAS sample
belong to the RR type (214 or 82%), while there are 44 (17%) ob-
jects of the NRR type. We were not able to classify two gakxie
(PGCO058114 and PGC170172) due to the low signal to noise rati
and an unfortunate position of a bright star.

© 2011 RAS, MNRASD00,[TH30

Table 2. A summary of kinemetric types and features in the ATBRSam-
ple.

Feature RR NRR Comment
NF 171 12 No Feature on the map
2M 36 0 Double Maxima in radial velocity profile
KT 2 0 Kinematic Twist
KDC 0 11 Kinematically Distinct Core
CRC 1 7 Counter-Rotating Core
20 4 7 Doube peak oa map
Lv 0 7 Low-Level velocity (non rotator)

Notes: The total number of galaxies is 260 and two galaxia® Wt un-
classified in terms of their kinematic features.

3.2.2 Kinemetric features

The majority of the velocity maps are dominated by orderdd-ro
tion, but there are several distinct features recognisabtée kine-
matic maps, especially among the galaxies of the NRR type. Th
diversity of the kinematic features suggest a variety ofrfation
processes at work in early-type galaxies. We wish to desc¢hibse
fossil records and quantify their frequency among the twation
types. As above, we use the kinemetry analysis within orectie
radius (or within the semi-major axis radius of the largesstHit-
ting ellipse that is enclosed by the velocity map) to defingoves
kinematic features occurring in our sample:

e No Feature(NF) velocity maps are flagged if the orientation of
the best fitting ellipsed, x:., is constant with radius (both for RR
and NRR type of rotation). In the case of NRR galaxies with ame
surable rotation[",;, can also change erratically between adjacent
rings.

e Double Maxima2M) have radial profiles of thg; parameter
characterised by a rapid rise of the velocity reaching a mari
value, which is followed by a decrease and subsequent adaliti
rise to a usually larger velocity. These velocity maximaadigned.

e Kinematic Twis(KT) is defined as a smooth variation Bf;,,
with an amplitude of at leadt0° over the map.

e Kinematically Distinct Coid (KDC) is defined when there is
an abrupt change if;,, with a difference larger thaB0®° between
adjacent components, akg drops to zero in the transition region.
We require that at least two consecutive rings have a sifiilar
measurement within the component.

e Counter-Rotating CoréCRC) is a special case of KDC where
the change iy, is of the order ofi80°.

o Low-level VelocityfLV) map is defined whei; < 5 km/s. In
these cases rotation is not measurable and kinemetry cdatest
mine the ellipse parameters.

e Doubles (20) are found by visually inspecting the velocity
dispersion maps. This feature is characterised by two offregbut
symmetric peaks in the velocity dispersion, which lie onrtiegor
axis of the galaxy. We require that the distance between ¢h&g
on the velocity dispersion map is at least half the effeatagius.

In principle, each map could be characterised by a combina-
tion of a few of the above features. Specifically, all feasureuld

2 There is some confusion in the literature on the naming afehénematic

structures. Both Decoupled/Distinct and Core/Comporemhs are used to
specify the same thing. We choose to use the combinationstindi Cores

in order to stress that they happen in the central regionseofalaxies but
they might not be dynamically decoupled from the rest of fretesm.
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Figure 1. Example of various features found on the mean velocity m&pdbAS 3P galaxies. From left to right, top to bottom: NRR/LV (NGC4§3#rt of
groupa, NRR/NF (NGC5557) part of group, NRR/CRC (NGC4472) and NRR/KDC (NGC4406) part of graydNRR/2r (NGC4528) part of groug, and
representing group RR/NF (NGC2974), RR/2M (NGC4026) and RR/KT (NGC4382). Athps are oriented such that the large scale photometric rme@pr
is horizontal. Values in the lower right corners show thegeaaf the plotted velocities in km/s. For definition of kinginaroups see Tablés 3.

occur both in RR and NRR galaxies, but this is generally net th 3.2.3 Five kinematic groups of early-type galaxies

case, as it can be seen in Tdble 2, which summarises the Kineme

features found in the ATLA® sample. This can be understood by N Sectio 3.2.11 we quantified two types of rotation preseetirly-
considering that any feature on the velocity map, espgciatise type galaxies, while in Sectign 3.2.2 we discussed all festuisi-
associated with the change Bf,., will disturb the map such that  ble on kinematic maps in our sample. In Paper 11l we sepasitexg

ks /k1 will increase. Unless those features are small (relative to  i€s according to their specific (projected) angular momenitito
R.), theks /k1 will be larger than 4% and, hence, the galaxy will fast and slow rotators. That separation is somewhat anpiired we
be classified as NRR. An exception is the 2M feature sincevtbet ~ Use the two types of rotations on the velocity maps (RR and NRR
maxima are aligned and thig /k; might increase only within the to empirically divide slow and fast rotators. In the restlu paper
region of the rotation dip (sée Krajnovic ellal. 2006, foamples of ~ We will continue to use the terminology of RR and NRR type of
the model velocity maps and their analysis). For a discassiodif- rotation, instead of Fast and Slow Rotators, but we emphabes
ferences between 2M, KD@g and CRC galaxies see Appenflik B. respective similarity between these definitions, althoiiggnot a
priori necessary that all RR galaxies are FR (see Paper IlI).

The majority of galaxies ar@egular Rotatorsvithout specific
features, while a minority of galaxies show a variety of kiratic
substructures. Given the fact that certain features do catran
one of the two types of rotation presents a constraint orxgdta-
mation. In order to facilitate the usefulness of these festuwe

';ures. The mean VIT Iocnly maps of“these more co.n?qplex. F'Q;mat' propose a system of five groups, which is based on reduction of
eatures are typically only marginally consistent withrigd non occurring features and blending of features with likstyilar

type. origin.

The number of galaxies with different features are evenly In Table3 we summarise the five groups. Note that in Table 3
spread among the NRR type. There are 18 (7%) galaxies thathav we used only features which occur in our sample, but the ficten
KDC or a CRC feature (11 and 7 objects respectively),1580) is thatgroup aconsists of galaxies which do not show any rotation,
do not show any features, %(3%) do not have any detectable while group bconsists of galaxies with complex velocity maps, but
rotation, while 7 have @ peaks on velocity dispersion maps. Itis  which do not show any specific featut®roup ccomprises kine-
possible that about a third of NRR/NF maps would be classified matically distinct cores, including the sub-group of casmbtating

As stated above, the majority of galaxies are of RR type and
they do not have any specific feature (66%). The second most co
mon feature (14%) are the aligned maxima on the velocity maps
(2M) and they occur only in the RR type. In a few cases, RR type
galaxies are also found to show KT (2), CRC (1) ard(3) fea-

RR/NF in lower noise velocity maps. Possible candidatekdec cores, whilegroup dhas galaxies with double peaks on the veloc-
NGC770, NGC4690, NGC5500, and NGC5576. In Elg. 1 we show ity dispersion maps. The most numerous isgheup € consisting
examples of the velocity maps dominated by the typical kietim of galaxies with simple rotation, and of galaxies with twigaéd
features. velocity maxima or with minor kinematic twists. In F{g. 1 wiek
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TYPES OF ROTATION

2M

CRC
NRR
44 (17%)
U
2 (1%)

RR
214 (82%
NF

KINEMETRIC FEATURES

KINEMATIC GROUPS

KToqy
F

€
209 (80%

f2(1%
a 7 (3%
b 12 (5%)
c19 (7%)

d 11 (4%)

Figure 2. Diagrams presenting the kinematic analysis of ATI3RSgalaxies Left. The frequency of two types of rotatiors: Regular RotatorRYBnd Non-
Regular Rotators (NRRMiddle. The kinemetric features. Only those features found in oore are shown. The numbers of galaxies are not shown for
clarity. They are given in Tablg] Right. The five kinematic groups comprising significant kinemefeatures. Letters-f are explained in Tablgl 3. In all
diagrams blue colour refers to ordered velocity maps thatbeadescribed by the cosine laws(k1 < 0.04) and red colour to the complex velocity maps
poorly described by the cosine laws(/k1 > 0.04). Objects which were not classified are represented by #engslice and marked with 'U’.

Table 3.Kinematic groups.

Group #of galaxies Feature
a 7 NRR/LV
b 12 NRR/NF
c 19 NRR/KDC, NRR/CRC, RR/CRC
d 11 NRR2co, RRRo
e 209 RR/NF, RR/2M, RR/KT
f 2 U

Notes: The last row is reserved for galaxies for which we weeable to
determine kinematic features and which remldirclassified

the typical kinematic features with the five significant kiratic
groups.

The three pie-chart diagrams in Fig. 2 visualise the frequen
of the two types of rotation, different kinemetric featueesl their
inclusion to significant kinematic groups. As mentionedopefthe
majority of early-type galaxies in the local universe ardesed,
Regular RotatorsThere are, however, a number of different kine-
metric features visible on the maps of the mean velocity ahdcv
ity dispersion, but they mostly occur Mon-Regular RotatorsFi-
nally, the last diagram shows the relative frequency of therfiost
significant kinematic groups in the ATLAS sample. Note that the
number ofe galaxies (209) is not equal to the number of RR sys-
tems (214). The reason is that that 1 RR/CRC and £RBAlaxies
were put together with other NRR/CRC and NRRKystems into
groupsc andd.

For a discussion on possible caveats of the kinemetric aisaly
we refer the reader to Appendix A, while in Appenflik C we show
the velocity maps of all ATLASP galaxies sorted in their kinematic
groups.

3.2.4 Linking morphology, kinematics and environment

Figure[3 shows a histogram of morphological features of AB'A
galaxies. We created four bins grouping objects with resoma
phenomena (including bars, rings and bars with rings),raate
tion features (including shells and other interaction ahgaristics),
dust/blue (including filamentary dust, dust disks and thes biu-
clear colours) and featureless galaxies with regular egdg mor-
phology. In the same histogram we added the frequency ofigala
of the five kinematic groups for a given morphological featut
is hardly surprising that in all morphological bins the mospre-

© 2011 RAS, MNRASD00,[TH30
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Figure 3. Histogram with the comparison of morphological and kinémat
features in ATLASP galaxies. The morphological features are binned into
Regular(featureless and regular shap&sgr/Ring(bars and/or rings)nter-
action (shells or other interaction features) andst/Blue(dusty filaments,
dusty disks or blue nuclear features). Hatched vertica Slaow the number
of galaxies having that morphological feature and being plone of the
five kinematic groups (a,b,c,d,e). The right hand axis i©iunits of total
number of galaxies in the sample.

sented are the galaxies of the grafRR galaxies), given that this
is also the most numerous group.

It is somewhat surprising that galaxies with evidence fogrin
action do not show more complex kinematics (only two galswie
from groupsb andc), which is probably due to the difference in the
dynamical state and time scales between the large (iniendea-
tures) and small scales (kinematics). The resonance prereoare
linked to disk dominated systems, and almost all galaxi#sigbin
show Regular Velocities. There are three exceptions of hwhite
deserves special attention: a barred NRR/LV (NGC4733)¢clwis
seen at very low inclination and, hence, likely an objectviit-
trinsic rotation. Dust or blue nuclear features are als@gmein
galaxies of all groups with complex kinematics, but only irear
two galaxies per group. In this group there is also a speaisg:ca
round NRR/lLVz%llaxy (NGC3073) which also has blue UV colours

7).
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Figure 4. The spatial distribution of kinematic groups of ATLAR galaxies. All galaxies with M < —21.5 mag (the parent sample) are shown: full spatial
distribution(top), the Virgo cluster galaxieghottom left) and a zoom in on the core of the Virgo clusfbottom right) . The legend on the top panel describes
the symbols on all plots showing galaxies in kinematic geoagno rotation),b (Non-Regular Rotators without special kinematic featyregkinematically
distinct cores, including counter-rotation cores$)2c peak galaxies), and (Regular Rotators). Spiral galaxies are shown as logaittismirals. The large
dotted circles on bottom left panel has a radius dfdr2l encompasses the same region as the dotted ellipse optparel. The Virgo cluster core is shown
by the solid circle centred on M87 with R = 0.5 Mpc.

Complex kinemetric features (groupsb, candd) are mostly As an illustration of the environmental influence on the kine
found in galaxies with typical, featureless, early-typephmlogies, matics of galaxies (and the membership to a specific kinemati
confirming the reputation of early-types that while looksimple, group) we show in Fid.]4 the distribution on the sky of all gala
they retain complex internal structure. All intrinsicalipn-rotating ies brighter than -21.5 mag in K band of the parent samplegiPap

galaxies (groum) are here, as well as the majority of galaxies with I; both ATLAS®P and spiral galaxies). The kinematic groups are
KDCs or just complex velocity maps. Galaxies with two peaks o distinguished by different symbols. The top panel showsthrth-

the velocity dispersion maps are also mostly found in this Bhis ern hemisphere and, excluding the Virgo cluster, it can be feat
suggests that any process that shaped these galaxies penédp  the spirals and galaxies from the groaghave a relatively simi-
along time ago. lar spatial distribution, while the galaxies with compleindmat-
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ics are found typically surrounded, in projection, by otgefax-
ies. Obvious exemptions are tvaogroup galaxies in the North-
ern part of the plot: NGC3073 (RA- 150°) and NGC6703 (RA
~ 280°). Three other galaxies are in less densely populated region
NGC5557 from groupb (RA ~ 210°), NGC661 from groum (RA

~ 25°) and NGC448 from grougd (RA ~ 20°). For NGC3073 and
NGC6703 there is evidence they are actually disks seen aintow
clinations|(de Vaucouleurs etlal. 1991; Emsellem &t al. 20gHile
both NGC448 and NGC661 have twopeaks in their velocity dis-
persion maps, but the separation between the peaks for NGIE66
below the imposed limit of 0.5 R making it a very small feature
(see Appendikd).

In the Virgo cluster the situation is alike: galaxies with BRe
rotation and spirals are similarly distributed, althouglras tend
to be further from the centre of the cluster. In contrast,ghkax-
ies with complex kinematics are mostly found in the very cofre
the cluster (R< 0.5 Mpc). Specifically, there are 11 galaxies from
groupsa, b, c andd and 8 of them are within 0.5 Mpc in radius

centred on the M87. The three outside are: NGC4489 (North of

the core), NGC4472 (South of the core) and NGC4733 (Eastkof th

The error on PA:, is defined as the smallest opening an-
gle that encloses the position angles of all the models fdachvh
the symmetrised and observed data are consistent withiosenh
confidence level. The acceptable confidence level was defiped
Ax? < 9 + 3V2N, whereAx? < 9 is the standardo level
for one parameter, and we included an additional t8xf2N to
account for théo uncertainties in>. The latter term becomes im-
portant when dealing with large datasets, as pointed ousimaar
context by van den Bosch & van de Ven (2009).

We produce 361 different bi-symmetrised maps with°
steps in position angle ranging from 0 180°. The actual un-
certainty depends also on bhin sizes, FoV, asymmetric cgeeoé
the galaxy and on velocity errors (see Secfion 4.3). In amidive
compare and verify our results with the radial profilesmfhﬂ
derived using kinemetry (see Sectibh 3). As was also shown in
Krajnovic et al. [(2006), the average luminosity weighied,, ob-
tained from kinemetry agrees well with the globalRAfor a typ-
ical velocity map.

core). NGC4472 and NGC4489 are both classified as CRC galax-4.2 Photometric Position angle and ellipticity

ies, but NGC4472 (or M49) is in a more densely populated envir
ment and it is the most massive galaxy of a small sub-groupewh
NGC4489 is in a region with a fewer larger galaxies. NGC4733,
also in a less densely populated region, was mentioned axoge
barred galaxy.

A version of Fig[4 showing the fast/slow rotators instead of
our five kinematic classes is presented_in Cappellarileail ¥,
hereafter Paper VII). We refer to that paper for a detailegsti-
gation of the connection between environment and kinematic
ETGs. In Paper VII, we find a clear excess of slow rotators é th
densest core of the Virgo cluster. The distribution of gaxvith
complex kinematics we find here (groum®, c andd) confirms that
the environmental effects on the internal dynamics arefsignt.

4 DETERMINATION OF KINEMATIC AND
PHOTOMETRIC POSITION ANGLES AND
ELLIPTICITIES

In this section we present methods for determining globlalesaof
the kinematic and photometric position angles as well agltbieal
ellipticity of galaxies. All values are tabulated in TabldD

4.1 Kinematic Position Angle

The global kinematic position angle (RA) is the angle which de-
scribes the orientation of the mean stellar motion on a vVigiotap.

It is usually defined as the angle between the north and theslrec
ing part of the velocity map (maximum values). If figure ragatis
absent, PA;,, is also perpendicular to the orientation of the appar-
ent angular moment Franx (1988). We measure it using theadeth
outlined in Appendix C of Krajnovit et al. (ZO(E)BriefIy, for any
chosen PA;,, we construct a bi-(anti)symmetric velocity map mir-
rored around an axis with the position angle;RA+ 90°. The best
PA..» is defined as the angle which minimises the difference be-
tween the symmetrised and the observed velocity maps.

3 We use an IDL routinerIT_KINEMATIC _PA.PRO publicly available on
http://www.purl.org/cappellari/idl.

© 2011 RAS, MNRASD00,[TH30

The photometric position angle (RA.:) measures the orientation
of the stellar distribution and it defines the position of &pparent
photometric major axis measured east of north. We derivg,RA
by calculating the moments of inertia of the surface brighgndis-
tribution from the SDSS and INT-band images. At the same time
the method provides the global ellipticiéy The PA,,: ande esti-
mated in this way are dominated by large scales. This is fabel
since we want to derive the orientation and the shape repEse

of the global stellar distribution, particularly to avoiaetinfluence
of the bars, which are usually restricted to small radii argdcam-
mon in our sample. For this reason, we also try to use thedarge
possible scales of the images.

We first determine the median level and the root-mean-square
(rms) variation of the sky in each image. We then use an IDtimeu
that measures the moment of indftin pixels that are a few times
the sky rms above the zero (a median sky level was subtraced f
the images). We masked the bright stars and companion galaxi
if present. As levels we use 0.5, 1, 3 and 6 times the sky rms. Th
standard deviation of the measurements at these level®dstas
estimate the uncertainties to PA: ande. The finale and PAjo:
are taken from the measurement obtained using pixels that 8ve
times the rms. In some cases most of the galaxy surface beght
is dominated by the bar, and in order to probe the underlyisi d
one has to encompass the faint outer regions. In these ases,
pending on the size of the bar, we use the measurements extbetin
lower sky cuts, 0.5 or 1 times the sky rms. In this way,RA was
typically measured between 2.5 to 3 effective radii.

We also fitted ellipses to the isophotes of our galaxies ard ob
tained radial profiles of the position andlg.: and the flattening
gphot USING the kinemetry code optimised for surface photometry.
We compared the results of the moment of inertia method \mith t
averages of the rings between the sky level and a level at&stim
the sky rms. The standard deviation of the differences batviee

4 Note that we differentiate between the global and local rkiaiic orien-
tation, PA.;,, andI'y;,, respectively, estimated with different methods. The
same applies for the photometric values.

5 The IDL routine is called FIND_.GALAXY.PRO and is a part
of the MGE package | (Cappellari_2002) that can be found on:
http://www.purl.org/cappellari/idl.
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Figure 5. Top: The uncertainty on the photometric position angRA,, o+,
as a function of ellipticity,Bottom: The uncertainty on the kinematic po-
sition angle,6PAx;,, as a function of the maximum rotational velocity
reached within the SAURON FoV. Horizontal lines on both parshow
mean uncertainty values for the region they cover. On theptoel:~ 9°
for e < 0.4 and~ 2° for e > 0.4. On the bottom panel~ 17° for
ET**® > 100 km/s and~ 3° for k7*** > 100 km/s. Black squares show
galaxies with bars and/or rings, orange upward pointirengies galaxies
with evidences for interactions, green downward pointimangles galaxies
with evidence for dust or blue nuclei, and other, regulastking early-type
galaxies are shown with blue circles.

two estimates for Ppy.: ande were2° and 0.03, respectively. A
special care should be given to the estimate, gfarticularly when
e ~ 0, as ellipticity values are bound>(0), which induces a posi-
tive bias at low ellipticities. We estimated this bias by sacting
round models with de Vaucouleurs’ profiles, using brightnesise
patterns and sky backgrounds similar to the observed gala&iur
tests suggest that the moments of inertia method affecestimate
of € by a positive bias of about 0.02.

4.3 Uncertainties on position angle estimates

The uncertainties for both RA, and PA.: are, generally, small,
as can be seen from F[g. 5. In the case of photometry (uppet)pan
there is an expected trend of larger errors with decreadlipgie

ity, since PA.: is not a defined quantity for a circle. Fer> 0.4
the mean measured uncertainty is just urizferwhile fore < 0.4
itincreases to just aboe. Most of the galaxies with larger uncer-
tainties are either barred/ringed, interacting or dussteys. Simi-
larly, in the case of kinematics (lower panel), there is arcteend of
increasing errors with decreasing maximum rotational ciglmb-
served within the SAURON field-of-view. The average undatia
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Figure 6. Top: An estimate of the photometric radial variation Io ;;‘*01}
plotted as a function of ellipticityBottom: An estimate of the kinematic
radial variation ofrYAR plotted as a function of the maximal rotational ve-
locity within the SAURON FoV(bottom). Dashed horizontal lines in both
plots are at°. Black squares are galaxies with bars and/or rings. Orange
upward pointing triangles are interacting systems. Gremwnevard point-
ing triangles are galaxies with evidence for dust or bludeiu©n the top
panel, regularly looking early-type galaxies are showrhviitue circles.
On the bottom panel, the red diamonds show galaxies fiply ¢ andd
kinematic groups with regular morphology. Galaxies from ginoupe with
regular morphologies are shown with blue circles.

on PA;, for systems withk*** > 100 km/s is just above3®,
while for £7"** < 100 km/s the mean error i$7°. The existence
of bars/rings or evidence for interaction does not influetheeac-
curacy of PA.;, determinations. Dust has some influence, but it is
the disappearance of rotation that causes the large umtiEsan
PALin.

Measurements by the moment of inertia method can be sys-
tematically biased by dust obscuration, interaction festshells,
tidal streams, accreted components), morphological fest{bars,
rings) and bright stars or companion galaxies. Most of olages
are dust free and when present, dust is mostly centrallyilalised.
Bright stars can be avoided in most cases by masking, whieh us
ally also works well on companion galaxies unless the pagseary
close. On the other hand, going out to large scales to avog] iva
creases the probability to detect shells and brighter tidakis in
other galaxies. It is possible to avoid both problems if ¢hemoa
priori set radius at which (P, €) are measured, but an optimal
one is chosen for each object instead. This, however, hastakbn
into account during the analysis of the data, and could beedvor
different purposes.

In the case of PA:.., the main sources of systematic errors lie

(© 2011 RAS, MNRASD00,[TH30
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Figure 7. From left to right: Histograms of the kinematic misalignrhangle, ellipticity and maximum rotational velocity. Thedtihand y axis is normalised to
the total number of galaxies, while the right hand y axis gitlee number of objects in each bin. In the right most histogthe shaded region is for galaxies

with € < 0.3.

in contamination by foreground stars, dust lanes, largesizie or

bad bins. The stars or bad bins can be masked leaving enough in

formation to determine PA.., while the dust affects the overall ve-
locity extraction. Dusty galaxies are uniformly distribdtover the
parameter ranges plotted in Hig. 5, and there is no eviddwceust
is affecting our measurements significantly. Large binsyewer,
mean a simple loss of spatial resolution and a degradatidhein
PAy., precision. We estimate that in about 5% of galaxies;;RA
might be affected to some degree by the lower spatial rasalut
This effect is accounted for in the quoted uncertainties.

Finally, the estimated uncertainties do not fully refle #t-
tual radial variation of the position angles; the extentsofhotal or
kinematic twists are only partially represented with ourigl un-
certainties, especially in the case of photometry wherertbasure-

ments are biased to the larger radii. On Eig. 6 we show a measur

of the position angle twists for both photometric and kinémdata
from the kinemetry analysis of the images and the velocitpsna
They were estimated as the standard deviation within. biRhe
SAURON FoV,I'Y/h andT'y/, for photometric and kinematic ra-
dial variations, respectively. In case of photometry (uppenel),
galaxies with largei’))} are typically barred, but there are also
interacting systems or galaxies with dust. Note that reguladis-
turbed, galaxies with larger);; mostly have small ellipticities,
which is also a consequence of the degeneracy in PA deteiiorina

for more round objects.

In the case of kinematics (lower panel) radial variations ar
seen almost exclusively in galaxies with NRR type of rotatio
which also have lower maximal rotational velocities. Thgatax-
ies typically harbour KDCs and CRCs featur€y £ aroundo®).
Note that for NRR galaxies with largey2® not all values should
be taken at their face values. The kinemetry results areafotst
in the regime when the rotation drops below the measurereeet |

and the ellipse parameters are poorly constrained.

We conclude this section by taking as the typical uncenaint
on PA,,.: and PA,;,, a value of5°. This is a small over-estimate
for flat and fast rotating systems, while somewhat less atedor
round and slow rotating galaxies, and we note that the typiozer-
tainty on PA,;,, is somewhat larger than the typical error on,RA.
We will use it as the representative uncertainty when therhgea-
surements are combined in the next section.

© 2011 RAS, MNRASD00,[TH30

5 KINEMATIC MISALIGNMENT

Based on the Franx etlal. (1991) definition we calculate the-ki
matic misalignment angl@ as the difference between the mea-
sured photometric and kinematic position angles:

sin U = | sin(PAphot —PAkin )| ()

In this way, ¥ is defined between two observationally related quan-
tities and it approximates the true kinematic misalignmeamgle,
which should be measured between the intrinsic minor axdslae
intrinsic angular momentum vector. In the above paransdtas,

¥ lies between 0 and 90and it is not sensitive to differences of
180° between PAyo: and PAy;y, .

In Fig.[d we show histograms of three quantities for galaxies
in the ATLAS®P sample. The kinematic misalignment angleis
remarkably uniform: 71 per cent of galaxies are in the firstith
¥ < 5°, with another 14 per cent with < ¥ < 10°, and in total
90 per cent of galaxies having < 15°. The remaining 10 per cent
of galaxies are spread ove5° with a few objects per bin. Before
exploring in more details below the remarkablear alignmenbf
early-type galaxies, we note a relatively flat distributajrelliptic-
ities and the broad distribution of the maximum rotatiorelbeity
centred at about 90 km/s.

The distribution of ellipticities of ATLASP galaxies is dif-
ferent from both distributions of ellipticities of 'elliggals’ and
'spirals’ measured in the SDSS data (Padilla & Strauss|2008)
galaxies span the ellipticity range from 0 to just above 08 i
that sense are similar to the apparent shape distributicpicels.
There is, however, an excess of round objects relative tdatiee
types and an excess of flat objects relative to the earlystfmen
samples analysed by Padilla & Strauss (2008). An in-depétyan
sis of the distribution of ellipticities in the ATLA® sample and its
inversion regarding the intrinsic shape distribution Wwéla topic of
another paper in this series.

The distribution of maximum rotational velocities can be de
scribed as a broad distribution around 90 km/s, and a taibfabs
with high velocities. Our sample is different from the saenpf
Franx et al.|(1991), where most of the galaxies have rotaktioe-
locity less than 100 km/s, with a peak-a#0 km/s. This is naturally
explained by the fact that their sample had galaxies with 0.3,
as it can be seen if we plot the histogram gf*K for only those
galaxies (shaded region on the last panel).
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In the top panel of Fid.]8 we show the kinematic misalignment
angle as a function of ellipticity for all galaxies in the gam (in
the second panel we show the same data, but without the emsr b
and ¥ in the range of) — 40°). The seven larger symbols plotted
as upper limits are the galaxies which do not show rotatidmetk
matic groupa). Their uncertainties on PA,, are typically~ 90°,
and their¥ are unconstrained, hence in this figure we plot them as
"upper” limits.

ternal structure. Misaligned galaxies with normal morplggl have
complex kinematics to which we turn our attention now.

The third from the top panel of Fif]l 8 shows the kinematic
misalignment angle for galaxies belonging to the kinemgtaup
e. These are all galaxies with simple regular rotations that ¢
be well described by the cosine law. These galaxies are yevenl
spread ine but are mostly found with small' and constitute
the majority of galaxies in the first bin of the kinematic mis-

While most of the galaxies are aligned, there is a dependencealignment histogram (left panel on F[d. 7). There are, h@anex

of ¥ one, in the sense that rounder objects are more likely to have
larger . At the same time, however, the uncertainties increase,
as shown in Section 4.3. In this section we want to scrutittise
galaxies with evidence for kinematic misalignment, andelgaon
the results of Fid.]5, we look in more details only at galaxigth
v > 15°.

In the two top panels of Fid.]8 we also highlight the po-
sitions of galaxies with different morphological featurédost
of the galaxies with resonance phenomena have siallhe
five most misaligned galaxies are: NGC502, NGC509, NGC2679,

few that are strongly misaligned (in the order of decreasi)g
NGC509, NGC3499, NGC502, NGC474, NGC4278, NGC2679,
NGC680 and NGC4268. Of these only NGC4278 was not pre-
viously mentioned. Although this galaxy is classified as a, RR
its kinematics show some peculiar signatures (SchechteudnG
1979; | Davies & Birkinshaw 1988; van der Marel & Frahx 1993;
Emsellem et al. 2004): the mean velocity is decreasing tsvere
edge of the SAURON FoV and we do not cover the full effective
radius. In that respect the rotation that we are seeing caislol
belong to a large KDC covering the FoV and it could change sig-

NGC4268 and NGC4733. NGC4733 was mentioned before (seenificantly outside the covered area (see discussion in Agipé).

Section[3.214). The other four galaxies are characterigeckla-
tively poor kinematic data quality. NGC502 and NGC2679 have

similar shapes to NGC4733, bur NGC2679 also has a prominent

ring. NGC509 and NGC4268 are interesting since they arerthe o
galaxies flatter than 0.3 with a significant misalignment.QNG68

This galaxy also shows a drop in the central velocity disparsAll
these suggest it is a special case and could be classified@€a K
The lower panel of Fid.]8 shows galaxies with complex kine-
matics and there is a significant number of strongly misalign
galaxies. We show again the galaxies from the kinematicfgeou

has evidence for a ring, while NGC509 has a peanut shape.bulge (no rotation) as upper limits since their actual positionthe ¥ — ¢

Except in the centralv 10" x 5", their velocity maps are dom-
inated by large bins with significant changes in velocitywssn
them, which can bias the determination ofi2Aand might explain
the unusually larg& of these flattened objects.

Dust or blue nuclear features are present in galaxies tleat ar
generally aligned; there are four galaxies in this clas$ waitsig-
nificant misalignment: NGC3073 (see Section 3.2.4), NGQ]122
NGC3499, NGC5631 and NGC5485. NGC1222 is an interacting
galaxy with complex dust features and most likely not a eéttib-
ject yet. NGC3499 has a twisted dust lane which is almostgrerp
dicular to the observed rotation. NGC5631 has a dust disbcass
ated with the rotation of the KDC, while NGC5485 is one of two
long-axis rotatof$in our samplel(Wagner etlal. 1988). It also has a
dust disk of~ 27" in size (just smaller than the effective radius of
28" and fully covering the SAURON FoV), which is oriented along
the minor axis making it a polar dust-disk aligned with thellat
rotation.

Similarly, there are five strongly misaligned galaxies with
interaction features: NGC474 (Turnbull et al. 1999), NGC68
NGC1222, NGC3499 and NGC5557. Of these, all but NGC1222
and NGC3499 are characterised by shells, while these sgstem
are also dusty. All other galaxies witly > 15° (NGC4261,
NGC4278, NGC4365 NGC4406, NGC4458, NGC5198,
NGC5481, NGC5813, NGC5831) have normal morphology
for early-types, but they, except NGC4278 (see below), rigko
kinematic group$ andc.

In conclusion, misaligned systems often have bars, ringst, d
and interaction features and there are indications thaetineor-
phological structures influence the measurements @f,RAThey
certainly highlight a complex and, in some cases, also tiadén-

6 Sometimes the long-axis rotation is also called the pralatation. In
general, the prolate rotation is characterised by therdiffee between the
global photometric and kinematic position angles«90°.

is unconstrained. A Kolmogorov-Smirnov (K-S) test (Presale
1992) rejects the hypothesis that the galaxies from geap the
panel above have the same distributiondofis the galaxies from
groupsb, candd on this panel (the probability that the distributions
are the same is 0.001).

Galaxies of the kinematic group (non-regular rotators with
no kinematic features) are found both among the aligned (@) a
misaligned (6) objects. Some of the most misaligned objfatiti
this group, such as the long-axis rotators NGC4261 and NG&54
A similar spread in¥ is found in galaxies of the kinematic group
¢, which comprises KDC and CRC systems. The only somewhat
misaligned CRC system is NGC4472 (= 14°), while the align-
ment of the KDC is rare. It happens in some of those KDC gasaxie
which do not have any rotation outside the core, when theioota
of the KDC is aligned with the global shape of the galaxy.

The final group of objects on this panel is grodif2c peak
galaxies). They are all aligned systems and except in twesdhey
are found only at > 0.4, where there are typically no misaligned
galaxies. Their velocity maps are often characterised mnies-
rotating components, and in terms of kinematic misaligrintieey
are similar to CRC galaxies (but see the discussion in AppéRd

We looked for dependence of kinematic misalignment angle
on both the environment and the galaxy mass, but found nagtro
correlations. Defining the measure of the environment asl¢me
sity inside a sphere containing the ten nearest galaxiesrRép
we found no statistical difference between théor galaxies in and
outside the Virgo cluster (a K-S test probability is 0.192n the
other hand, galaxies witlk¥ > 15° are often found in intermedi-
ate environments with the number densities ranging betWegh
— 0.1 Mpc 3. The kinematic misalignment does not depend on the
mass strongly, however, splitting the samplel@at’> M, yields
a K-S test probability of 0.007, suggesting that only the thnogs-
sive galaxies in our sample are more misaligned then otlstes)s.
Note that the group of most massive galaxies contains theritygj
of galaxies for which¥ is unconstrained, (i.e. non-rotators), which
were not used in the statistical tests.

(© 2011 RAS, MNRASD00,[TH30
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Figure 8. Distribution of the kinematic misalignment angle as a func-
tion of ellipticity . Top: All galaxies. Different morphological features are
shown with different symbols: green squares show galaxigshars and/or
rings, orange upward pointing triangles galaxies with dusiue nuclei, red
downward pointing triangles galaxies with interactiontéeas, black circles
galaxies without specific features. Large symbols withatarebars show
galaxies without detectable rotation (kinematic gr@pT he error bars are
the uncertainties of the R4,,. Middle Top: The same plot as above, but
whereW spans onlyl0° and without the error bars for claritiliddle Bot-
tom: The kinematic misalignment of galaxies in kinematic groefegular
rotators) and (unclassified kinematicsBottom: The kinematic misalign-
ment of galaxies with complex kinematic belonging to groupéno rota-
tion), b (non-regular rotators without special kinematic featyregkine-
matically distinct cores, including counter-rotation esy andd (20 peak
galaxies). On the bottom two plots the error bars are notgador clarity.
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6 DISCUSSION

The two most striking findings of this work are that (i) among
nearby early-type galaxies 82 per cent show ordered, regoia
tators and that (ii) 72 per cent are systems with an alignrbent
tween photometry and kinematics of less than 5 degreese \8hil
per cent are consistent with this value when the uncerésiraie
taken into account. There are only 10 per cent of galaxiel ait
large misalignment¥ > 15°). This finding contradicts the canon-
ical picture of early-type galaxies and in this section wsedss our
results in more detail.

6.1 Consequence of kinematic alignment of early-type
galaxies

The axial symmetry is the rule rather than an exception among
early-type galaxies, at least within one effective radukisT

is in contrast with the conventional view of early-type gala
ies, in particular ellipticals. Our understanding of thsiruc-
ture changed from considering ellipticals simple in shapm-
taining little gas or dust and dynamically uncomplicatece-on
component systems (e.g. Gott 1977) to being dynamicallypbexn
kinematically diverse and morphologically heterogenedes.
Binney |1982; Kormendy & Djorgovski 1989; de Zeeuw & Franx
1991;[ Jaffe et al. 1994; Faber etlal. 1997; Kronawitter €2600;
Emsellem et all 2004; Kormendy et al. 2009). The first system-
atic observations with integral-field spectrographs amdathalysis

of two dimensional kinematic maps confirmed the complexity o
early-type galaxies, but also showed that the traditioaphgation
into ellipticals and lenticulars is not able to distinguitste kine-
matic and dynamic difference among these objects (Emseiterh
2007; Cappellari et al. 2007). Specifically, half of ellgatis in the
SAURON sample were kinematically similar to lenticularsdan
a fraction of the other half showed signatures of triaxyalithe
ATLAS?P sample, comprising all early-type galaxies brighter than
Mgk < 21.5 and within D<42 Mpc, is the first sample which can
address this point statistically with IFS data.

The majority of early-type galaxies are still relativelyrgile
systems (groug with 80% of galaxies). Their velocity maps are
mostly featureless and similar to those of thin disks, algothey
might have multiple kinematic and morphological compogesutch
as inner disks, bars or rings. Their apparent angular maareset
typically aligned with the projected minor axis of the sieltis-
tribution, suggesting close to axisymmetric shapes. Gadafxom
group e, which show misalignments, are typically barred, have
dusty features (both of which can influence the measureni¢héo
position angles) or exhibit evidence for recent interaddi@.e. they
are either not fully settled systems and/or the measurenwérihe
position angles might be biased).

A minor fraction of early-type galaxies show complex kine-
matic maps and a variety of kinemetric features (groayds c and
d with ~ 20% of galaxies). They have multiple components with
appreciably different kinematic properties (e.g KDC), sosiow
no detectable rotation, while in others the rotation is @nésbut
it is quantitatively different (measured by kinemetry)rfrahe reg-
ular pattern of the majority of objects. Approximately haffthe
kinematically complex galaxies are significantly misaégnAs in
galaxies from group e, there are cases of dusty or integagtfax-
ies with large¥, but the majority of misaligned galaxies with com-
plex kinematics seem to be morphologically undisturbeceatsj
and the kinematic misalignment is an evidence for theixiaidig-
ure shapes.
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The median kinematic misalignment angle for our sample
is ~ 3° which is quite different from the predictions of hierar-
chical structure formation models (e.g. van den Bosch!&G02;
Bailin & Steinmetz 2004, 200%5; Croft etlal. 2009; Bett et &10),
although the comparison between the cosmological sinaulat-
sults and the observations can not be made directly givedithe
ferences in methods, probed regions and content of sintLizatd
observed galaxies. The comparison with thealues from the rem-
nants of mergers of equal mass disks shows that smallerigrisal
ments are found if the mergers are dissipational (Cox|etQit 2
Jesseit et al. 2009), where the increase of gas content toedtign
the angular momenta with the orientations of the minor axeseo
merger remnants (Hoffman et/al. 2010), but it also dependti®n
type of orbits of the merger and the actual Hubble type of tlee p
genitors |(Bois et al. 2011, Paper VII). Furthermore, the ments
of unequal mass mergers are typically aligned (Cox et al6200
Jesseit et al. 2009; Bois etlal. 2011), and they are likelgtsignifi-
cant among the formation processes for the formation of teegmt
day population of early-type galaxies.

Within 42 Mpc there are about 9% of misaligned early-type
galaxies, or less than 3% of the total galaxy populationsBhoig-
gests that the processes that result in the l&rgeeasured between
~ 1 (kinematics) andv 3 (photometry) effective radii can not be
very important for the formation of the majority of earlypy galax-
ies, although they are likely important at the high mass drntie
galaxy distribution.

6.2 Disks in early-type galaxies

The majority of early-type galaxies show RR type rotatidmare
acterised by velocity maps similar to those of inclined difik =
Vot cos(0)), having either featureless RR/NF velocity maps (66%
of the sample) or two-component RR/2M velocity maps (14% of
the sample). The vast majority of these galaxies are alsenhat-
ically aligned. Furthermore, bars and rings, which occudisks,
are found almost exclusively in galaxies with this type dhtmn.

As we show in Paper llI, the division into RR and NRR types
of rotation can be used to help separate the early-type igalato
fast and slow rotators, respectively. Cappellari et al0gd@nd Pa-
per Il show that fast rotators, or galaxies from the kinémgtoup
g, are consistent with being a single family of oblate objeasved
at different inclination angles. These results indicast BRR galax-
ies are, at least to a first approximation, made of flatteraguidly
rotating components which must be related in their origidigis.

Multi-wavelength observations show that gas is often prese
in early-type galaxies, and it is frequently settled in diskoth
large H, and small CO or ionised gas disks (e.g. Sarziet al.
2006;| Morganti et &ll._2006; Young et al. 2008; Serra et al.&200
Qosterloo et al. 2010). Other papers in this series willdisathese
aspects in more detail, but we stress that the gas is impddan
the evolution of many (if not most) early-type galaxies. tiiion,
the stellar population content of RR galaxies often showgsirdit
and flattened regions of increased metallicity suggestimkavith
regions of ordered rotatioh (Kuntschner et al. 2006, 2010).

The disk-like origin of kinematics is also visible in the hag-
order moments of the LOSVD, usually parameterised by Gauss-
Hermite moments, which describe the deviations from a Ganss
shape of the absorption-line profiles (van der Marel & Fia®93t
Gerhartl 1993). In Fi§]9, we show Gauss-Hermite moments sep-
arating the galaxies according to their kinematics and maggy,
plotting values for each spatial bin (spectra) of thosexgatawith
effective velocity dispersioa. > 120 km/s (151 galaxies). This se-

lection is made to avoid possible biases for galaxies witblose or
lower than the SAURON spectral resolution (see Paper | faailde
on the extraction of kinematics). The anti-correlationwasgn /.3
andV/o, which is indicative of disc kinematics (elg. Bender et al.
1994), is most strongly visible in galaxies belonging toRtekine-
matic class. Galaxies with the NRR type of rotation franibandc
kinematic groups, do not show such anti-correlation, aifothere

is a hint that among the groupgalaxies (KDC and CRC) there
are cases (or regions) with certdiffo — hs anti-correlation. It is
very interesting to see that galaxies with @eaks actually show the
anti-correlation. In general, the trends are governed égfiead in
V/o values: galaxies with the RR type of rotation have large val-
ues ofV/o, which is not the case for galaxies with the NRR type
of rotation. This property is illustrated in Paper Ill. Nateat in
this respecRo objects are different from other galaxies with com-
plex kinematics (groupa, bandc): the range o//o they cover is
smaller than in RR galaxies, but it is bigger than for NRR giais.

Bars are created from disk instabilities and it is expected
that the kinematics of galaxies with bars and/or rings alsons
the hs— V/o anti-correlation. There are, however, significant dif-
ferences between RR galaxies with and without resonanbes: t
extent of V/o is somewhat smaller in galaxies with bars/rings,
but there is also evidence for a correlation betwggrand V' /o,
which can be seen in the excess of points at negative/pe3itiv
and negative/positivés values. The existence of these correlated
points is related to the correlation between theand V, typi-
cal for barred galaxies and peanut bulges (Chung & Bureaé;200
Bureau & Athanassoula 2005)

Figure[10 shows, Gauss-Hermite moments of the LOSVD
for galaxies separated in the same way as in the previousefigur
Again there are some differences between galaxies with fharii
NRR type of rotation. In RR galaxies for lar§&/ o, h4 values are
typically smaller and positive, but the distribution is sgtnmetric.
This is especially noticeable for galaxies with bars/ringkile the
averages of thé, distributions are, in general, slightly positive.

The hs— V/o anti-correlation is reproduced in cosmologi-
cal simulation|(Naab et 8l. 2007), as well as in simulatiohsa-
jor mergers, where the amount of gas and relative mass ratios
(e.g. 1:1, 2:1, 3:1) determine shapes of the— V/o and hy —
V/o distributions that, generally, agree well with the obsgores
(Gonzalez-Garcia etlal. 2006; Naab etlal. 2006). Hoffmaaile
(2009) present the latest detailed predictions forfithe- V/o and
ha — V /o distributions for 1 to 1 disk mergers of varying gas frac-
tions (from 0 to 40 per cent). The major mergers simulati@psa-
duce some aspects of Fifis. 9 10. VHe — hs anti-correlation
in gas-rich mergers (starting from 15 per cent of gas) reseihie
distribution of points for galaxies of the grogvithout bars and/or
rings. Similarly, to some extent the quantitative shap® & — ha
diagrams for large gas fractions also resembles the olismrsaf
galaxies of the group without resonances. In both cases, however,
theV /o range is smaller in the simulation than in the observations,
with the simulations predicting overall a narrower digttibn for
hs and tails of positivehs values, which are not seen in the observa-
tions. It seems that the merger remnants do not rotate fasgérto
reproduce the population of the RR type galaxies, but rotatéast
to reproduce galaxies with the NRR type rotation, at leashiwi
one effective radius. In contrast, the products of the ctutsee dry
mergers of the remnants (of the initial 1:1 mergers with 20% a
40% gas) better reproduce the observations, especialfathéhat
theV/o is small.

One should also keep in mind that the similarities between
gas-rich merger remnants and RR type of galaxies probalsheco

(© 2011 RAS, MNRASD00,[TH30
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from the fact that these types of mergers produce orbitalcstr
tures (e.g. short axis tubes) qualitatively similar to thadlowed
in nearly axisymmetric potentials of galaxies with the RReyo-
tations [(Jesseit et al. 2005; Hoffman et al. 2010), but itisatear
that they create the full spectrum of observed objects antbag
population of early-type galaxies, suggesting that othecgsses
should also be addressed (¢.0. Naab et al.|2006).

In summary, the kinemetric analysis of the velocity maps
shows that the vast majority of early-type galaxies havé-liie
rotation. The distribution of kinematic misalignments gests that
the great majority of early-type galaxies are nearly axisyatric
or, if they are barred, are disk systems. Their kinematip@ribes
are only partially reproduced by equal-mass mergers. Tiessets
suggest that the disk origins of early-type galaxies rerimaprinted
on the entire object. Among the multiple processes that ceate
early-type galaxies, we need to identify a division betwésrse
that create, on the one hand, triaxial and, on the otherséclo)
axisymmetric, disk dominated, remnants.

6.3 Caveats

The measured kinematic misalignment angle suggests that mo
early-type galaxies are nearly axisymmetric systems. Tthis-
clusion is based on the global (average) values fo;RPAand
PA,rot NOt taking into account the local variations, and where
scales for measuring the global values are limited by ourins
ments: SAURON FoV of about 1 Rand the SDSS imaging reach-
ing about 3 R.

If one looks at objects individually, however, a number of
galaxies show local departures from axisymmetry, such asoph
metric and kinematic twists (e.g'y,," and I in Fig[). In
addition, at least 30% of galaxies are barred (or have lhreied
phenomena) in our sample. These objects are related tg thsks
they are not axisymmetric, where the departure from axisgtmm
depends on the strength of the perturbation. Finally, ttemgtkine-
matic misalignment in about 9% of galaxies argues for threxiai
shape of their figures. In all of these cases the internalaristri-
bution is likely more complex than the one described by arctixa
axially symmetric potential.

Our kinematic measurements are confined to the central parts
It is possible that observing kinematics even further o would
start measuring larger misalignments as suggested byestuadi
planetary nebulae around early-type galaxies (Coccatio/20@9),
although these and similar studies also find galaxies whagh(ap-
proximately) aligned (Coccato et|al. 2009; Proctor &t a2090lt is,
however, significant that we measure the kinematic and phetiac
position angles at different radii. To understand the fuglaming of
this result it is necessary to gather kinematic observatemvering
a few effective radii of a larger sample of galaxies.

7 CONCLUSIONS

We performed an analysis of the ground-basdxnd images and
the kinematic maps of 260 nearby early-type galaxies framvti-
ume limited ATLAS’® sample. We used the images to determine
the frequency of bars, interaction features and dust sirestas
well as to measure the global photometric position anglsitiom
angle of the major axis) and the apparent ellipticity of tlaag-
ies. 30% of nearby early-type galaxies have bars and/onasgo
rings. About 8% of galaxies show interaction features andfolly
settled figures at large radii at the surface brightnesg lihthe

SDSS images. Barred galaxies do not show interaction fesitatr
that level of the surface brightness. We also determineal laria-

tions of these parameters using isophote fitting incorpdrat the
kinemetry software. Typically the global position anglel &tliptic-

ity were measured encompassing the stellar distributidhimv.5

- 3 effective radii.

The kinematic maps are the result of SAURON observations
and they consist of maps of the mean velocity, the velocitpeti-
sion, and théhz andh, Gauss-Hermite moments. We used velocity
maps to measured the global kinematic position angle (tadiem
of the velocity map). This angle was estimated using full spap
which typically cover one effective radius, except for tlaegest
galaxies where they generally cover at least a half of theceffe
radius.

We analysed the velocity maps applying kinemetry and used
the information on the radial variation of the kinematic itios
angle, flattening of the maps, radial velocity profiles, anghar
order harmonic terms to describe the structures on the mags a
classify the galaxies according to their kinematic appszgaln
doing so, we also looked for specific features on the velatigy
persion maps. This resulted in a separation of galaxiegdiogpto
their rotation types: Regular Rotators (RR) and Non-ReagRla:
tators (NRR). The main difference between these galaxi¢isais
the former have velocity maps well described by the cosime la
(V' = V,cos(#)), typical for velocity maps of inclined discs. The
classification was done within R, or within the SAURON FoV if
smaller. The ATLASP sample separates into 82% (214) RR galax-
ies, 17% (44) NRR and 2 galaxies not classified due to low tyuali
data. This separation is used in Paper Il as a basis for aatepa
between fast and slow rotators. The kinematic differendevden
RR and NRR galaxies are also seen in the dependence of thex high
order Gauss-Hermite momentss(andhs) onV/o.

Using kinemetry we characterised various kinemetric fesstu
visible on the mean velocity maps and the velocity dispersio
maps, such asNo Feature(NF), Double Maxima(2M), Kine-
matic TwistgKT), Kinematically Distinct CoregKDC), Counter-
Rotating Core4CRC),Low-level VelocityfLV) and Doublec (20).

In principle, all features could occur in galaxies with b&R and
NRR type of rotation, but we find that RR galaxies are predomi-
nantly either described as NF (171) or 2M (36), while NRR gala
ies are relatively equally distributed among NF (12), LV, ®RPC
(11), CRC (7) an®o (7). Note that there are 5 exceptions to this
rule: 1 RR/CRC and 4 RRé galaxies.

In order to systematise the various kinemetric features we
group galaxies in 5 kinematic groups that encapsulate tret sigp-
nificant featuresa (NRR/LV galaxies)p (NRR/NF galaxies)¢ (all
KDC and CRC galaxiesyl (all 20 galaxies), ané (all RR galaxies,
unless they have KDC, CRC @b features). The most numerous is
groupe (209 galaxies) and the least numerous is grap galax-
ies). We show that the galaxies in group®, ¢, andd are typically
found in dense regions. This result is in agreement with tbe m
phology - density relation of Paper VII.

Based on the global values for photometric and kinematic po-
sition angles we derive the distribution of the apparentkiatic
misalignment angle¥), which is directly related to the angle be-
tween the apparent angular momentum and the projectioneof th
short axis, and hence related to the angle between thediatidm-
gular momentum and intrinsic short axis in a triaxial syst@rgen-
eral expectation is that a triaxial object will have a norozgsparent
kinematic misalignment angle.

Exploiting our IFS data we find that the large majority of the
galaxies are nearly aligned (71 % of galaxies h&vel 5°, while

(© 2011 RAS, MNRASD00,[TH30
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90% are consistent with being aligned taking uncertaintigsac-
count). Most of the misaligned galaxies have NRR type of-rota
tion, or have signatures of interactions at larger radii.etv fare
also barred.

The small kinematic misalignment found in the great major-
ity of early-type galaxies implies that they are axisymricetal-

for England. The SDSS was managed by the Astrophysical Re-
search Consortium for the Participating Institutions.sTpublica-

tion makes use of data products from the Two Micron All Sky-Sur
vey, which is a joint project of the University of Massachitsend

the Infrared Processing and Analysis Center/Californsditute of
Technology, funded by the National Aeronautics and SpaadriAd

though individual objects show evidence for triaxial stame bars.
These systems have velocity maps more similar to the spafaky
disks than to the remnants of equal mass mergers. The |pfieaa
to contribute to the formation of only a minor fraction of rea®
galaxies in the nearby Universe. Although our results alig Yar
the central baryon dominated regions of nearby galaxieg ord
conclude that the formation processes most often resulisik- d
like objects that maintain the (nearly) axisymmetric shapéhe
progenitors. Candidate processes for forming the largsidna of
early-type galaxies therefore include minor mergers, gasetion
events, secular evolution and environmental influenceshMess
frequently the formation process produces an object withiax-t
ial figure. Most likely this involves major mergers with or th
out gaseous dissipation. The division of galaxies into RRNRR
types and the kinematic groups, can be used to infer the f@ma
process experienced by a particular object.
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RAS, 198, 303 tom) for NGC3414(left) and NGC4191(right) . These galaxies have sim-
van den Bosch F. C., Abel T., Croft R. A. C., Hernquist L., Vghit  ilar apparent shapes (0.23 and 0.27, respectively) and Hmota counter-
S. D. M., 2002, ApJ, 576, 21 rotating components on the velocity maps. Their velocigpdision maps

van den Bosch R. C. E., van de Ven G., 2009, MNRAS, 398, 1117 are very different and NGC3414 is classified as NRR/CRC vHiC4191
van den Bosch R. C. E., van de Ven G., Verolme E. K., Cappellari @ NRR2o galaxy.
M., de Zeeuw P. T., 2008, MNRAS, 385, 647
van der Marel R. P, Franx M., 1993, ApJ, 407, 525
Wagner S. J., Bender R., Moellenhoff C., 1988, A&A, 195, L5 bins, and if the map is described by cylindrical rotationrgial
Wong T., Blitz L., Bosma A., 2004, ApJ, 605, 183 iso-velocities)I'x:» and/org will not be determined robustly, either
Young L. M., Bureau M., Cappellari M., 2008, ApJ, 676, 317 becoming fully degenerate or just poorly determined. Aipalar
consequence of this is that disk galaxies seen face on (atchn i
nation of nearly0°) could be misclassified as having the NRR type
of rotation and, specially, as NRR/LV galaxies. System#wiellar
APPENDIX A: KINEMETRIC ANALYSIS disks and significant amount of dust could be particularkcspti-
ble to this problem. They, however, are rare in our sampliedd,
there is evidence that only three galaxies (NGC3073, NGG4r@
NGC6703) might be misclassified in this way.

During characterisation of kinemetric features we styitl-
lowed the prescription given in Sectiohs 3]12.1 and 3.2.2 wad
did not correct afterwards for the possible misclassificetimen-
tioned above. We estimate that the largest relative comiziion
is indeed in the case of LV features, simply because of tlogir |
number. If the three galaxies from above are removed frommro
a, there would only be 4 (1.5%) non-rotators, making thesedibj
even more rare in the local Universe.

When using the kinemetric analysis one has to be aware of the
instrumental and method related sources of systematicserim
in-depth description of the method and its application oloaity
maps of early-type galaxies are presented in Krajnovit.€2806,
2008). Here, we briefly review the main sources of systenetic
rors. The instrumental effects come from the spatial cgyerar
the size of the field-of-view (FoV), and the spatial resantiThey
particularly influence the recognition of the large and sraehle
kinematic structures. The SAURON pixel scale is"@®&h a typi-
cal seeing of 1.5(full-width-half-maximum), and the nuclear struc-
tures of comparable sizes are not likely to be detected, Trhigar-
ticular, affects KDC, CRC and 2M kinemetric features. Foarex
ple, observations with OASIS, an IFS with higher spatiabhaison,
showed that the nuclear regions of NGC4150 and NGC4621 actu-
ally contain small CRC_(McDermid et ial. 2006).

On the other hand, for some galaxies the FoV of our obser-

APPENDIX B: REMARKS ON THE DIFFERENCES
BETWEEN 2M, KDC, 20 AND CRC GALAXIES

vations did not cover fully one effective radius. It is pddsithat There are two pairs of kinemetric features which deservesrabr
a full coverage (up to 1 B of some galaxies would reveal, more tention, especially in terms of differentiation betweearth They
generally, a different type of rotation, or, more specifica cer- are: 2M and KDC, an@s and CRC. The velocity maps with 2M

tain kinemetric feature. For example, NGC3607 or NGC42%8 ar feature could be considered consisting of a kinematicabyirdtt
classified as RR galaxies, but having a full 1 ®verage one may  component in the central region (core) and an outer comgpnen
characterise them as NRR/KDC galaxies. suggesting they are actually a subclass of KDC that happée to
The effects intrinsic to kinemetric analysis are relatedh® aligned and show RR type rotation. They are, however, saamfly
assumption that a velocity map is an odd moment of the LOSVD. different from the true KDC features. Firstly, if they woule: a
In other words, that there is a detectable rotation and Heaetare sub-class of KDCs than it can be expected that there shoudghbe
receding and approaching parts of the map. In order to @nstr  proximately the same number of 2M and CRC galaxies (CRCs are
the parameters of the best fitting ellip$&.{, andq) it is necessary also a subclass of KDC which is misaligned i&0° and hence a
that the velocity map resembles to some extent the classjital direct opposite to 2M). This is not true since there are 36 2l a
der diagram. If there is no rotation, if the velocity map issypin CRC galaxies. In addition, more than half of 2M galaxies (@€)
the sense that there is a large variation in velocity betveekacent cur in galaxies with bars and/or rings phenomena, which igh®e

© 2011 RAS, MNRASD00,[TH30
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case for KDC and CRC features. This indicates that the foomat
scenario is different for 2M and KDC galaxies.

Unlike all other kinemetric featuresg2galaxies are recog-
nised by looking at the velocity dispersion maps. The redson
that the velocity maps of galaxies with this feature haveover
appearances. The most common feature on the velocity maps ar
counter-rotating components (e.g. NGC448), but it is fusgio
have multiple sign reversals (e.g. NGC4528), or ordered &&-r
tion (e.g. NGC4473), or even no rotation in the central redimg.
NGC4550). The two peaks on the velocity dispersion mapshwhic
are aligned and occur on the major axis of the galaxies, aw; h
ever, always present. The velocity dispersion maps of, angple,
galaxies with the CRC features show a central increase (see
Fig[B1 for a comparison), and, most likely CRC a2l galaxies
have different formation scenarios.

There is compelling evidence that the peaks are signatures
of two counter-rotating disk-like structure. The most faraeex-
ample of these galaxies is NGC4550 which was shown to caofsist
two equal in mass stellar disks with opposite angular moaéiath
by studying the shape of the LOSVD (Rubin et al. 1992; Rix &t al
1992) and by constructing dynamical models (Cappellarilet a
2007). The latter study also showed that NGC4733¢agalaxy
which does not show evidence of a counter-rotation on thecitgl
map also consists of two components with opposite angular mo
menta. A similar configuration would also be the simplestiaxa-
tion for the consecutive changes in velocity sign in NGC4528
well as explain why 2 galaxies have both RR and NRR types of
rotation.

Most of 20 galaxies are flattened systems seen at high view-
ing angles, which introduces a bias since decreasing tliaation
also dilutes the signature in the velocity dispersion méyps ¢ee
Bois et al. [(2011) for maps dfo galaxies at various inclinations),
and their frequency of 4% is likely just a lower limit. In atdn,
we choose to identify objects with substantial mass in thentzr-
rotating disks, which is reflected in the increasing sepamabe-
tween the twar peaks. There are a few galaxies which show some
signatures of two peaks (e.g. NGC661, NGC4150, NGC7332), bu
they are not resolved well on SAURON velocity dispersion saap

APPENDIX C: THE MEAN VELOCITY MAPS OF
ATLAS 3P GALAXIES

APPENDIX D: TABLE WITH MAIN PROPERTIES OF
ATLAS 3P GALAXIES USED IN THIS PAPER

(© 2011 RAS, MNRASD00,[TH30
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Figure C1. Velocity maps of galaxies of the kinematic groeRegular Rotators). Contours are isphotes of the surfagatbess. Maps are Voronoi binned
(Cappellari & Copin 2003). All galaxies are oriented sucht e global photometric axis (BA,:) is horizontal and that the receding side is on the right. The
numbers in lower right corners show the range of the plot&doities in km/s. Ticks are separated 1y’. Figures with maps oriented north up and east to

the left are available on the project website: http://mar/atlas3d.
© 2011 RAS, MNRASD0Q
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Figure C1. — continued
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Figure C3. Same as in Fig._G1, but for galaxies of the kinematic gro(jeatureless NRR galaxies).
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A F Hecidli H f

Figure C4. Same as in Fig._Q1, but for galaxies of the kinematic gro@iiDC and CRC galaxies). Galaxies are oriented such thatebeding side of the
KDC is on the right.

Figure C6. The velocity dispersion maps of galaxies of the kinemataugd (as as in Fig_C5). Note two aligned peaks in the velocity elision which are
separated by at least half of the effective radius. Ovettgalocircles show one and half the effective radii. The nursilbelower right corners show the range
of the plotted velocity dispersions in km/s.
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Table D1. Propertied of ATLA® galaxies.

Name PA Lot € PAL:n N\ ks/k1 ke Morph  Dust KinStruct  Group
[deq] [deg] [deq] [km/s]

1) 2 (3) (4) (5) (6) (7) (8) 9) (10) (11)
IC0560 18.0+4.1 0.56+ 0.20 17.0+-8.2 1.0 0.036:-0.024 75.0 N N RR/NF e
IC0598 45+ 1.4 0.67+0.02 6.5+-45 2.0 0.026-0.017 108.4 N N RR/NF e
IC0676 59+ 77.2 0.25+0.09 18.5+12.2 126 0.034-0.045 82.3 BR F RR/NF e
IC0719 51.9+0.1 0.71+£0.01 46.0+26.8 5.9 0.294-0.129 26.9 N D NRR/2s d
IC0782 58.14+2.8 0.284:0.06 242.5:9.2 4.4 0.028:0.022 73.7 BR N RR/NF e
1C1024 26.94+0.7 0.64+-0.02 29.5+10.8 2.6 0.049-0.036 71.6 I F RR/NF e
IC3631 89.1+ 0.7 0.43+0.04 79.0+:89.8 10.1 0.155:0.151 15.1 N B RR/NF e
NGC0448 114.2t0.2 0.57+0.06 119.0:-2.8 4.8 0.050:-0.020 72.0 N N RR/2s d
NGC0474 177.87.9 0.12+0.06 326.5-75 31.3 0.063:0.022 70.9 S N RR/KT e
NGC0502 50.2-17.0 0.10+0.03 193.0+13.8 37.2 0.062-0.039 38.0 B N RR/NF e
NGCO0509 82. A4 2.2 0.64+0.07 130.5-16.0 47.8 0.094:0.064 56.3 B N RR/NF e
NGCO0516 43.9+-0.6 0.66+0.09 222.0+16.0 1.9 0.051-0.046 66.6 N N RR/NF e
NGC0524 47.4-25.5 0.05+0.03 40.5+£2.0 6.9 0.024H0.008 133.0 N N RR/NF e
NGCO0525 7.9-1.7 0.47+0.05 14.0+15.2 6.1 0.049:-0.031 59.6 N N RR/NF e
NGC0661 54.2-35 0.31+£0.01 236.0+-120 1.8 0.186:0.063 41.3 N N NRR/CRC c
NGC0680 156.85.2 0.22+0.01 359.5-3.8 22.7 0.028:0.010 111.6 S N RR/NF e
NGC0770 125+ 1.4 0.29+0.01 1945-11.8 2.0 0.124-0.042 419 N N NRR/NF b
NGC0821 31.2-13.6 0.35+0.10 325+35 1.3 0.01A0.008 83.7 N N RR/NF e
NGC0936 130.A 1.3 0.22+0.01 318.0:-0.5 7.3 0.038-0.006 203.6 B N RR/2m e
NGC1023 83.3-2.8 0.63+0.03 88.5+2.2 52 0.018:0.006 119.8 B N RR/NF e
NGC1121 10.H-0.3 0.51+ 0.04 9.0+-3.8 1.1 0.015-0.009 157.7 N N RR/NF e
NGC1222 150.3:t12.0 0.2840.08 43.0£9.2 727 0.239£0.153 34.1 I F NRR/NF b
NGC1248 99.9-0.8 0.15+£0.01 275595 4.4 0.034:0.027 69.5 B N RR/NF e
NGC1266 109.6t1.9 0.25+0.04 2945-7.0 4.9 0.026:-0.022 92.4 N F RR/NF e
NGC1289 96.6-3.2 0.41+£0.02 92.0+-10.0 4.6 0.176:0.056 42.0 N N NRR/CRC c
NGC1665 47.3-16.9 0.414+0.21 48.0£8.5 0.7 0.042£0.025 1121 R N RR/NF e
NGC2481 20.2-16.1 0.46+0.17 195+2.0 0.7 0.016-0.007 1525 N N RR/NF e
NGC2549 179.5:1.0 0.694+0.03 20+1.8 25 0.029-0.006 134.5 BR N RR/2m e
NGC2577 105.9:3.8 0.414+0.12 104.0:-2.0 1.9 0.010:-0.005 198.5 N N RR/NF e
NGC2592 49.4-4.8 0.21+0.01 58.5+3.2 9.1 0.014:0.008 148.0 N N RR/NF e
NGC2594 30.2-7.3 0.324+0.05 34045 3.8 0.020£0.009 119.7 N N RR/NF e
NGC2679 151.0t7.8 0.07+0.06 307.5£17.5 23,5 0.064-0.047 53.4 BR N RR/NF e
NGC2685 39.0-2.5 0.40+0.05 36525 25 0.018:0.010 109.4 N F RR/NF e
NGC2695 172.5-t1.6 0.28+0.01 173.5+-2.2 1.0 0.016:-0.006 168.3 N N RR/2m e
NGC2698 97.4-7.7 0.544+ 0.25 955+2.0 1.6 0.014-0.007 169.3 N N RR/NF e
NGC2699 46.8+ 4.7 0.14+0.03 230.0-48 3.2 0.02#40.013 87.3 N N RR/2m e
NGC2764 19.2-3.2 0.49+0.11 196.0+-6.8 3.2 0.025-0.021 103.8 I FB RR/NF e
NGC2768 91.6-2.1 0.574+0.06 925+35 0.9 0.034-0.011 1229 N N RR/NF e
NGC2778 44.3+ 6.2 0.204+0.02 455+48 1.2 0.038:0.012 117.2 N N RR/NF e
NGC2824 158.9:7.7 0.24+0.10 159.5+2.8 0.6 0.029-0.013 109.2 R D RR/NF e
NGC2852 154.3:t2.4 0.14+0.01 156.0:-4.8 1.7 0.015-0.013 107.0 N N RR/NF e
NGC2859 87.2-37.4 0.15+-0.01 264.0:-3.0 3.2 0.016-0.006 113.4 BR N RR/2m e
NGC2880 142.5-1.7 0.36+0.01 143.0:-3.2 0.5 0.023-0.010 136.8 B N RR/NF e
NGC2950 118.1#+3.5 0.41+0.03 114.0:-3.2 4.1 0.013-0.007 133.1 BR N RR/2m e
NGC2962 6.1+ 3.4 0.45+0.04 8.0+55 19 0.044-0.016 117.7 BR N RR/NF e
NGC2974 44255 0.37+0.03 43.0+£1.0 1.2 0.0040.003 231.1 N N RR/NF e
NGC3032 92.3t21.6 0.17+0.10 271.5:11.0 0.8 0.038:0.027 56.5 N DB RR/NF e
NGC3073 145.0-30.4 0.12+0.01 215.0£89.8 70.0 0.405:0.307 6.4 N B NRR/LV a
NGC3098 88.5-0.4 0.77£0.04 269.0£3.0 05 0.02+0.010 1221 N N RR/NF e
NGC3156 50.1H-1.0 0.50+0.01 485+55 1.6 0.028:0.023 78.3 N F RR/NF e
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Table D1 (cont'd)

Name PA ot € PAkin Y ks/k1 k7**®  Morph Dust KinStruct  Group
[deg] [deg] [deg] (km/s]

@) @) ®) (4) (5) (6) @) ®) 9) (10) (€]
NGC3182 136.8t5.2 0.20+0.02 320.5+7.0 3.7 0.054+ 0.024 70.5 N BR RR/NF e
NGC3193 5919.6 0.09+:0.02 181.0+45 4.9 0.04'A 0.014 69.6 N N RR/NF e
NGC3226 34.9-12.1 0.17£0.05 440+6.2 91 0.050+ 0.020 713 I N RR/NF e
NGC3230 112.8:0.5 0.61+0.03 289.5+3.2 3.3  0.028:0.009 221.3 BR N RR/NF e
NGC3245 1761 0.6 0.46+0.03 174530 16 0.015+ 0.006 181.3 N N RR/NF e
NGC3248 123.46.0 0.40£0.01 122090 14 0.043+ 0.023 87.4 R N RR/2m e
NGC3301 524 0.5 0.69+0.01 229.0+4.0 3.7 0.028 0.012  118.0 R N RR/2m e
NGC3377 46.3:-8.2 0.33+0.12 224.0+40 23 0.013+ 0.008 93.7 N N RR/NF e
NGC3379 68.2£2.3 0.13+0.01 251.0:-5.2 2.8 0.022+ 0.010 62.7 N N RR/NF e
NGC3384 53.061.9 0.50+0.03 228.0+3.2 50  0.018:0.006 114.9 B N RR/2m e
NGC3400 91.4:25 0.444+0.01 77.0£8.8 144  0.026t 0.027 97.2 BR N RR/NF e
NGC3412 154.660.3 0.44+0.01 157.5£58 35 0.026+ 0.016 93.8 B N RR/NF e
NGC3414 19.4:2.2 0.22£0.06 197575 1.9 0.159f 0.051 47.5 I N NRR/CRC c
NGC3457 162.5-10.4 0.01+0.01 334.0£38.2 8.5 0.154 0.124 131 N N RR/NF e
NGC3458 7.1+09 0.29£0.02 185535 16 0.018+ 0.010 132.5 B N RR/NF e
NGC3489 70.5£ 1.3 0.45+0.04 725£28 20 0.022:0.010 103.0 B DBR  RR/NF e
NGC3499 11622 0.13£0.16 50.0£12.0 384  0.054t 0.046 46.6 I F RR/NF e
NGC3522 113.3: 0.5 0.48+0.03 113.5£89.8 0.2 0.229t 0.170 19.2 N N NRR/KDC c
NGC3530 96.1 0.4 0.53+0.04 98.5£4.8 24  0.029:-0.018 107.2 N N RR/NF e
NGC3595 177.6:1.7 0.46+0.02 0515 29 0.041-0.018 93.4 B N RR/NF e
NGC3599 53.5-17.9 0.08£0.01 555+17.2 20 0.087 0.054 47.4 B N RR/NF e
NGC3605 19.4£ 0.1 0.40+0.13 198.0+11.0 1.4  0.036t 0.029 57.4 S N RR/NF e
NGC3607 124876 0.13£0.08 301.5-2.8 3.3 0.028+ 0.013 113.3 N D RR/NF e
NGC3608 82.0-23.7 0.20£0.04 265.5£35.2 3.5 0.19Gt 0.102 20.0 N N NRR/CRC c
NGC3610 1341149 0.19+0.04 1345+05 04  0.020t 0.004  166.5 S N RR/NF e
NGC3613 97.5£ 1.1 0.46+0.04 985£38 10 -1.00Gt-1.000 105.4 N N RR/NF e
NGC3619 48.6-12.4 0.09+ 0.08 525+ 3.0 3.9 0.058t 0.022 72.9 S FBR RR/NF e
NGC3626 161.7-3.2 0.33+0.05 339.5+32 22 0.023: 0.011  145.2 R D RR/2m e
NGC3630 36.9£ 0.2 0.66+:0.05 217.0:-2.8 0.1 0.024- 0.007 143.8 N N RR/NF e
NGC3640 88.5£6.2 0.15+0.02 271.5+3.0 3.0 0.019£0.009 114.2 [ N RR/NF e
NGC3641 56.8:-18.2 0.11£0.01 69.5£9.0 12.7 0.066+ 0.034 83.1 N N RR/INF e
NGC3648 72.3:t 0.1 0.444+0.03 2545+-3.0 22 0.018t+ 0.008 173.7 N N RR/NF e
NGC3658 30.2:3.6 0.16+0.01 2105+4.8 0.3  0.024-0.014 102.6 B N RR/INF e
NGC3665 30.9£2.0 0.22+0.01 2055+2.0 54  0.019£0.008 149.2 N D RR/NF e
NGC3674 30.9£ 0.2 0.64+0.02 31525 0.6 0.034+ 0.010 147.4 N N RR/2m e
NGC3694 117.A4 1.6 0.18£0.04 109.0+9.2 8.7 0.052+ 0.049 45.3 N B RR/NF e
NGC3757 151.2t6.9 0.15£0.02 160.5-158 9.3 -1.00Gt-1.000 28.1 BR N RR/NF e
NGC3796 124.4:0.3 0.40+0.01 1255+142 11 0.212+ 0.136 231 B N NRR/2s d
NGC3838 139.11.0 0.56+0.04 138535 0.6 0.02Gt 0.009  124.0 N N RR/NF e
NGC3941 11414 0.25+0.04 15.0+£35 33 0.017 0.007 120.3 BR N RR/NF e
NGC3945 158.1 11.7 0.35+0.17 1585-20 0.4 0.015t+ 0.007 193.5 BR FBR RR/2m e
NGC3998 136.3:4.6 0.22+0.06 1345+2.0 1.8 0.012:-0.006 186.7 N N RR/NF e
NGC4026  177.5: 0.2 0.75+ 0.02 15+3.0 4.0 0.024£0.006 139.9 N N RR/2m e
NGC4036 81.2t09 0.60+0.03 261.0+-1.0 0.2 0.011-0.004 241.2 N F RR/NF e
NGC4078 18.3: 0.8 0.56+0.09 192.0+1.5 6.3  0.022£0.008 132.2 N N RR/NF e
NGC4111 150.3: 0.3 0.79£0.02 149.5+22 0.8  0.0310.004 150.3 N N RR/2m e
NGC4119 111305 0.65+0.01 291.5+65 0.2 0.020+ 0.020 93.8 N D RR/NF e
NGC4143 144211 0.40+£0.04 3205t22 3.7 0.024+ 0.007  221.7 B N RR/2m e
NGC4150 146.3t1.1 0.33£0.01 1475-65 1.2 0.043f 0.024 72.3 N N RR/NF e
NGC4168 125420 0.17+£0.05 320.0+-89.8 14.6 0.3430.170 13.3 N N NRR/KDC c
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Table D1 (cont'd)

Name PA ot € PAkin Y ks/k1 k7**®  Morph Dust KinStruct  Group
[deg] [deg] [deg] (km/s]

@) @) ®) (4) (5) (6) @) ®) 9) (10) (€]
NGC4179 142.8:0.3 0.71+0.02 1435+22 0.7 0.025+ 0.006  157.9 N N RR/INF e
NGC4191 3.6:29 0.26£0.04 1825:48 11 0.424+ 0.144 20.3 N N NRR/2s d
NGC4203 13.2+2.2 0.11£0.03 194558 13 0.030+ 0.014 67.2 N N RR/NF e
NGC4215 174.8:0.1 0.64+0.01 172.0:55 2.8 0.019£ 0.013 101.5 BR N RR/2m e
NGC4233 175.804 0.55£0.01 174512 13 0.029+ 0.008  200.9 N F RR/NF e
NGC4249 91.8£ 8.8 0.05:0.01 94.0+£25.0 22 0.099t 0.069 35.9 N N RR/NF e
NGC4251 99.6:0.9 0.48+0.05 2775+3.0 15  0.022£0.008 134.3 B N RR/2m e
NGC4255 111.5£0.2 0.49+0.06 111.0£32 05 0.019+ 0.009 157.7 B N RR/NF e
NGC4259 142.A4 0.5 0.58+£0.03 146.0£6.2 3.3 0.28%+ 0.176 39.7 N N NRR/2s d
NGC4261 163.3t 1.9 0.16+0.03 57.0£25 73.7 0.087 0.029 88.6 N N NRR/NF b
NGC4262 156.661.6 0.12£0.01 329.0£35 7.6 0.025t+ 0.008 86.7 BR N RR/2m e
NGC4264 119.85.5 0.19£0.01 118.0£55 1.8 0.050+ 0.012 105.9 BR N RR/NF e
NGC4267 126.5:5.6 0.08+0.01 3045t6.5 2.0  0.043t0.015 88.7 B N RR/2m e
NGC4268 47313 055+0.04 25.0+16.8 223 0.063 0.032 121.5 R N RR/NF e
NGC4270 109.8 1.5 0.55+£0.04 282570 7.3 0.041-0.016 70.9 S N RR/NF e
NGC4278 39.5-2.8 0.09+0.01 10.0£ 4.2 29.5 0.035: 0.016 74.2 N N RR/NF e
NGC4281 87.6t1.0 0.51+0.04 85.0+15 26 0.010+ 0.004 217.8 N D RR/NF e
NGC4283 153.H14.7 0.04+£0.01 151.5£16.5 1.6 0.055t 0.038 27.8 N N RR/NF e
NGC4324 54210 0.56+0.03 238.0+52 3.8 0.042£0.018 111.6 R DBR  RR/2m e
NGC4339 15’482 0.07£0.01 17.0£108 1.3 0.044+ 0.030 63.0 N N RR/NF e
NGC4340 104.9£99 0.42+0.08 110.0£50 51 0.022+ 0.016 103.7 BR N RR/NF e
NGC4342 163.6t1.5 0.58+0.09 167.0+1.8 3.4  0.010t 0.005 168.2 N N RR/NF e
NGC4346 98.8£ 0.2 0.64+0.02 280.0+-35 1.2 0.020+ 0.010 130.0 N N RR/NF e
NGC4350 28.4:£05 0.60+0.12 295+£22 11 0.014+ 0.006 174.2 N N RR/NF e
NGC4365 40.9- 2.1 0.24+0.02 145.0£6.5 759  0.347 0.067 60.9 N N  NRR/KDC c
NGC4371 91541 048+0.10 270530 1.0 0.022+ 0.009 124.4 BR N RR/NF e
NGC4374 128.89.3 0.05+£0.01 351.5£89.5 427 0.566t 0.182 10.4 N N NRR/LV a
NGC4377 4.0+2.2 0.18+£0.02 0.5+£5.0 35 0.03# 0.016 97.9 R N RR/INF e
NGC4379 104917 0.16£0.00 283578 14 0.039+ 0.022 72.0 N N RR/NF e
NGC4382 12.3t11.0 0.25+0.07 19.5+48 7.2 0.025t+ 0.009 61.8 S N RR/KT e
NGC4387 143.4-2.1 0.37+0.03 331.0+1.0 7.6  0.029t 0.022 57.1 N N RR/INF e
NGC4406 118.1%# 3.7 0.31+0.06 199.5+12.0 814 0.09% 0.024 67.3 N N NRR/KDC c
NGC4417 48.6-0.5 0.65+£0.09 228.0+4.2 0.6  0.020t 0.010 121.8 N N RR/2m e
NGC4425 25.8: 0.4 0.67+0.04 210.0+82 4.2 0.044+ 0.029 72.0 B N RR/INF e
NGC4429 93.3t 1.6 0.52+0.04 86.5-25 6.8 0.024- 0.006 139.6 BR D RR/2m e
NGC4434 34471 0.06+0.01 207.0£115 7.7 0.06GE 0.040 44.6 N N RR/NF e
NGC4435 10.0£t2.0 0.32£0.05 192.5-1.8 25  0.020£0.006 162.3 N D RR/2m e
NGC4442 85.6£ 0.2 0.60+ 0.00 90.5£3.0 4.9 0.018t+ 0.007 99.7 B N RR/NF e
NGC4452 33.6t1.7 0.73+0.04 30.5£3.0 3.1 -1.00G6t-1.000 80.1 N N RR/INF e
NGC4458 4.9-35 0.08£0.02 25.0+29.2 201 0.374:0.172 39.4 N N  NRR/KDC c
NGC4459 105.3:1.9 0.21+0.03 280525 4.8 0.010+ 0.007 110.2 N D RR/2m e
NGC4461 8.1+ 0.4 0.61+0.01 11.5£3.2 34  0.023:0.010 136.3 BR N RR/NF e
NGC4472 1542446 0.19£0.03 169.0:55 143 0.19A 0.075 58.9 N N NRR/CRC c
NGC4473 92.2£1.2 0.43+0.03 92.0£3.8 0.2 0.062+ 0.010 68.2 N N NRR/2s d
NGC4474 79.4-2.2 0.42+0.16 79.0:6.8 0.4 0.06%: 0.027 74.4 N N RR/NF e
NGC4476 264 2.6 0.28+0.03 206.5+11.5 0.2 0.102t 0.065 43.9 N D RR/NF e
NGC4477 70.8£ 8.9 0.14+0.01 2525+-52 1.7 0.023+ 0.011 771 BR N RR/NF e
NGC4478 141.9-8.7 0.17£0.01 156.5-6.5 14.6 0.039t 0.015 54.3 N N RR/NF e
NGC4483 62.5-1.3 0.51+0.04 231.5£85 11.0 0.032:0.025 87.5 BR N RR/NF e
NGC4486  151.3: 3.5 0.16£0.06 197.5£57.8 46.2  0.484:0.197 5.9 N N NRR/LV a
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Table D1 (cont'd)

Name PA ot € PAkin Y ks/k1 k7**®  Morph Dust KinStruct  Group
[deg] [deg] [deg] (km/s]

@) @) ®) (4) (5) (6) @) 8) 9) (10) (€]
NGC4486A 5405 0.15+£0.01 6.0+85 0.6 0.03k0.020 75.8 N N RR/NF e
NGC4489 155.6-1.1 0.09£0.00 156.5£30.5 09 0.063t0.121 36.1 N N RR/CRC c
NGC4494 176.3 2.1 0.14£0.02 185.0£6.0 8.7 0.054:0.024 68.1 N N RR/2m e
NGC4503 8414 0.54+0.02 183.0+45 57 0.020.011 140.3 BR N RR/NF e
NGC4521 166.3: 0.2 0.73£0.01 349.0£28 2.7 0.013:t0.006 195.7 N N RR/NF e
NGC4526 113412 0.76£0.05 288518 52 0.024-0.003 205.0 N D RR/2m e
NGC4528 5.8£ 0.8 0.41+0.02 5.0+11.0 0.8 1.025£0.250 18.1 B N NRR/2s d
NGC4546 77.8:1.9 0.52+0.04 775£15 03 0.016:£0.004 197.0 N N RR/NF e
NGC4550 178.9-0.4 0.68+£0.01 358525 04 0.396t0.217 132 N N NRR/2s d
NGC4551 70.5- 1.0 0.25+0.02 247.0£10.0 3.5 0.034:-0.023 47.2 N N RR/NF e
NGC4552 132.6:1.2 0.11£0.01 119.5£52 125 0.08#0.035 305 N N NRR/NF b
NGC4564 48.5 0.3 0.53+0.04 49.0+2.8 05 0.013:0.007 1428 N N RR/NF e
NGC4570 159.3: 0.2 0.73+£0.03 1585t2.2 0.8 0.01x0.004 162.4 N N RR/NF e
NGC4578 32914 0.29+0.01 212040 0.9 0.024£0.012 1258 N N RR/NF e
NGC4596 119.8:13.8 0.25+0.02 125.0:-45 5.2 0.02A40.014 89.2 B N RR/2m e
NGC4608  111.5-44.9 0.07+0.20 287.5-8.8 4.0 0.050£0.025 43.8 BR N RR/NF e
NGC4612 145.9-6.4 0.32£0.04 328.0£85 21 O0.08A0.025 789 BR N RR/2m e
NGC4621 162.5- 3.6 0.32£0.11 344522 20 0.020:0.005 1156 N N RR/NF e
NGC4623 175505 0.67£0.04 175.06:85 0.5 0.04G£0.027 77.9 N N RR/NF e
NGC4624 1124 9.7 0.06£0.06 293.0£5.0 0.3 0.045£0.015 99.9 B N RR/NF e
NGC4636 144.2-1.2 0.23£0.06 267.0£89.8 57.2 0.302t0.224 9.8 N N NRR/LV a
NGC4638 1212 2.7 0.39£0.04 1245t15 3.3 0.015:0.006 154.6 N N RR/INF e
NGC4643 57.1#39.0 0.12+-0.15 48.0+-4.2 9.1 0.03G:£0.009 90.1 BR N RR/2m e
NGC4649 91.3t 3.6 0.16+:0.01 271.5-3.8 0.2 0.033:0.012 94.1 N N RR/NF e
NGC4660 96.9t 2.8 0.30+0.12 277.5-1.8 0.6 0.0110.004 147.9 N N RR/2m e
NGC4684 22.0£t 0.7 0.63+0.00 2045-50 25 0.02A40.017 785 N N RR/NF e
NGC4690 1514 2.9 0.29+£0.03 331.0£25.8 0.7 0.116:0.068 26.8 N N NRR/NF b
NGC4694 1425 0.5 0.52+0.08 324.5t19.2 2.0 0.099:0.088 27.1 N FB RR/NF e
NGC4697 67.2£3.9 0.32+:0.04 247520 0.3 0.014:0.006 111.4 N N RR/NF e
NGC4710 27.4£0.2 0.75+0.03 207.5-3.8 0.1 0.028£0.015 98.6 N D RR/INF e
NGC4733 1141 4.7 0.06+0.00 337.5-89.8 434 0.3820.287 6.3 B N NRR/LV a
NGC4753 85.4: 5.2 0.50+0.03 88.5+25 3.1 0.022:0.008 148.7 I F RR/2m e
NGC4754 21.2t0.3 0.48+0.01 206.0:-3.0 4.8 0.018:0.008 173.8 B N RR/NF e
NGC4762 29.6£ 3.2 0.83+0.10 30.0+15 0.4 0.048:0.011 136.7 N N RR/NF e
NGC4803 9.14+1.7 0.37£0.01 3.5+£222 56 0.118:0.098 355 N N RR/2s d
NGC5103 140.6: 45 0.35+£0.09 3185t4.0 2.1 0.045:0.019 103.3 N N RR/NF e
NGC5173 100.3t 1.4 0.13+£0.01 279.5-16.8 0.8 0.042£0.057 34.5 N B RR/NF e
NGC5198 14°A 3.7 0.17£0.02 465245 318 0.276£0.077 259 N N NRR/NF b
NGC5273 8910 0.16+0.02 190.5+7.0 1.6 0.035£0.024 65.0 N N RR/NF e
NGC5308 59.5£0.5 0.80+0.04 237.5-22 2.0 0.012£0.005 188.1 N N RR/2m e
NGC5322 91.811 0.36+£0.03 273.0+-7.2 12 0.488:0.172 733 N N NRR/CRC c
NGC5342 153.4£ 0.6 0.54+0.05 3325+25 09 0.03k0.014 146.1 N N RR/NF e
NGC5353 140.4-4.9 0.48+0.04 322.0£+1.0 1.6 0.012:0.005 244.3 B D RR/NF e
NGC5355 271117 0.32:0.01 29.0£140 19 0.056t0.040 495 I N RR/NF e
NGC5358 139.5: 0.3 0.62+0.01 318.0£8.2 15 0.03A0.022 852 N N RR/INF e
NGC5379 58.3t 2.2 0.66+0.01 61.0+10.0 2.7 0.029t£0.027 119.0 R FBR RR/NF e
NGC5422 152.3: 0.0 0.79£0.03 334.0£3.8 1.7 0.024-0.009 160.9 N D RR/NF e
NGC5473 154.2c 09 0.21+£0.01 157.5+3.2 3.3 0.03A0.010 170.9 BR N RR/NF e
NGC5475 166.2c1.9 0.70+£0.08 345.0+25 1.2 0.02x0.011 129.1 N N RR/NF e
NGC5481 110.6: 2.4 0.27£0.07 241.0£19.0 49.0 0.229%£0.136 489 N N NRR/KDC c
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Table D1 (cont'd)

Morphologies, features and alignment of early-type gadaxi 29

Name PArot € PAkin v ks /k1 ET***  Morph Dust KinStruct  Group
[deg] [deg] [deg] (km/s]

@) @) ®) (4) (6) (6) @) () 9) (10) (€)
NGC5485 0.9-36 0.26£0.04 259.0+6.8 78.1  0.084t 0.020 63.7 N D NRR/NF b
NGC5493 123.6t31.1 0.20+0.14 121.0:1.0 2.0 0.010G+ 0.003 217.8 I N RR/NF e
NGC5500 128.4-4.2 0.20£0.04 129.0£35.2 0.6 0.161 0.088 24.9 N N NRR/NF b
NGC5507 60.3t 0.5 0.47+0.02 60.5£3.5 0.2 0.027 0.009  164.1 N N RR/2m e
NGC5557 82.6-t3.8 0.16£0.04 336.0:-45 73.4 0.206t 0.102 20.5 S N NRR/NF b
NGC5574 624 150 0.48+:0.04 247.5:-11.8 438 0.043t 0.030 50.0 I N RR/NF e
NGC5576 89.6t2.6 0.31+0.02 277.0+16.5 7.4  0.133:0.045 30.3 N N NRR/NF b
NGC5582 28.8+1.7 0.35£0.05 205+28 0.7 0.012+ 0.009 135.5 R N RR/NF e
NGC5611 64.6:t2.0 0.55£0.09 244.0+3.0 0.6 0.009+ 0.008 139.2 N N RR/NF e
NGC5631 1374 64.8 0.07£0.02 119.0+8.8 18.7 0.323:t 0.165 58.9 N D NRR/KDC c
NGC5638 153.28.1 0.10£0.04 140.0+6.8 13.2  0.055: 0.025 82.3 N N RR/NF e
NGC5687 102.6:00.9 0.37£0.05 284.0+3.8 2.0 0.029+ 0.011 125.1 N N RR/NF e
NGC5770 34.8£36.6 0.06+0.09 42.0+142 7.2 0.071 0.056 47.6 BR N RR/NF e
NGC5813 133.2c2.0 0.27£0.03 1525+-8.0 19.3 0.225:0.071 91.6 N N NRR/KDC c
NGC5831 131.%+4.8 0.10£0.02 110.5£225 206 0.29% 0.144 30.1 N N NRR/KDC c
NGC5838 40.1 1.2 0.62+0.06 39.5+15 0.6 0.012£0.004 2129 B N RR/NF e
NGC5839 101.2£ 143 0.12-0.04 278.0:-6.0 3.2 0.026+ 0.016 93.9 BR N RR/NF e
NGC5845 138.3 13.1 0.31+0.09 321.0:35 2.7 0.023t 0.005 126.8 N N RR/2m e
NGC5846 53.3t1.9 0.08+:0.03 3125+34.5 79.2 0.26% 0.122 10.9 N N NRR/LV a
NGC5854 54.8: 0.1 0.68+£0.01 515+38 33 0.026+ 0.015 122.9 BR N RR/NF e
NGC5864 65.6- 0.5 0.68+ 0.02 75.0£52 94 0.03A- 0.016 133.6 B N RR/NF e
NGC5866 125.6t1.1 0.58+0.08 126.5+1.2 1.5 -1.00QGt-1.000 157.4 N D RR/NF e
NGC5869 115.8:4.2 0.32£0.07 113545 23 0.023t 0.012 105.8 S N RR/NF e
NGC6010 102.9: 0.1 0.75£0.05 1045:35 16 0.032+ 0.011 136.9 N N RR/NF e
NGC6014 156.6:91.9 0.12£0.02 147.0£85 9.6  0.033t 0.028 89.9 N DBR  RRINF e
NGC6017 137.5£ 545 0.11+0.08 1325-6.5 3.2 0.04A 0.016 89.1 N D RR/NF e
NGC6149 18.6:t1.0 0.32£0.01 201.0+4.2 3.0 0.018:0.014 85.0 N N RR/NF e
NGC6278 125.8:1.3 0.45£0.05 305.5:4.8 0.3  0.024-0.010 189.8 N N RR/NF e
NGC6547 131416 0.67£0.02 131515 0.1 0.024+ 0.008 159.7 N N RR/NF e
NGC6548 67.8£53.9 0.11+ 0.18 66.5-3.2 1.3 -1.000t-1.000 213.9 B N RR/NF e
NGC6703 69.0t 21.6 0.03+0.01 181.5-88.2 67.5 0.511 0.232 9.2 N N NRR/LV a
NGC6798 141,229 0.47£0.03 139.0£6.8 2.2 0.044+ 0.018 112.5 N N RR/2m e
NGC7280 742£03 0.36+£0.01 260.0:-55 58  0.027 0.016 97.8 B N RR/2m e
NGC7332 155.2- 0.9 0.74£0.04 152540 27 0.033t 0.012 93.2 N N RR/NF e
NGC7454 1458 1.2 0.26:£0.06 324.5:£40.0 1.3 0.204£ 0.126 251 N N NRR/NF b
NGC7457 124.8: 0.7 0.47+0.00 304.0£6.8 0.8  0.040t 0.031 72.8 N N RR/NF e
NGC7465 155.6t 1.1 0.33£0.02 166.5-29.0 115 0.125 0.044 62.8 I F NRR/KDC c
NGC7693 154.6: 3.5 0.24+£0.02 338.0+£13.0 4.0 0.052t 0.040 62.6 B N RR/NF e
NGC7710 1334 0.1 0.59+0.02 134.0+415 0.3  0.055 0.062 50.8 N N RR/2s d
PGC016060 156.# 0.9 0.72+£0.04 159.0+2.0 2.3  0.016:0.015 128.4 N N RR/NF e
PGC028887 32210 0.33+0.02 212.0£95 0.2 0.279+ 0.121 75.3 N N NRR/KDC c
PGC029321 47.8&6.2 0.12+0.01 56.5+37.0 8.7 0.059t 0.039 39.8 N F RR/NF e
PGC035754 78.+3.2 0.33£0.02 86.0+11.0 7.1 0.055t 0.041 54.5 N N RR/NF e
PGC042549 64409 0.39£0.01 241.0£6.0 3.7 0.035t+ 0.019 117.1 B N RR/NF e
PGC044433 14404 0.64£0.03 195542 1.1 0.022+ 0.022 62.6 N N RR/NF e
PGC050395 10.50.9 0.27£0.03 1855405 5.0 0.195t 0.151 16.5 N N NRR/CRC ¢
PGC051753 33.60.2 0.51+0.03 215588 1.9 0.026+ 0.022 86.7 N N RR/NF e
PGC054452 105.4 9.6 0.16+0.03 2785t 165 6.9 0.044:-0.033  46.1 R N RR/NF e
PGC056772 9.9¢17 045+0.02 191.0455 11 0.03% 0.025 69.5 N D RR/2s d
PGC058114 80.7£19.0 0.20+0.09 247.0+10.0 13.7 -1.00G@:-1.000 44.1 U U U f
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Table D1 (cont'd)

Name PA ot € PALin v ks/k1 kET***  Morph Dust KinStruct Group
[deg] [deg] [deg] (km/s]

@) @) (©) (4) ©) (6) @) () 9) (10 1y
PGC061468 102.5-8.7 0.28+0.06 105.0+11.5 2.5  0.044:0.035 59.4 N N RR/NF e
PGCO07153t 83.2+4.0 0.29+0.06 264.5-21.8 1.3 0.038t 0.038 49.9 U U RR/NF e
PGC170172 18342 0.09+0.00 18.0+89.8 05 -1.00Gt-1.000 39.7 B N U f
UGC03960 44116 0.28+£0.02 227.5-89.8 3.4  0.35Qt 0.259 21.6 N N NRR/NF b
UGCO04551 113.220.3 0.61+0.01 1135+55 0.3 0.03H 0.014 78.3 R N RR/NF e
UGCO05408 153.&:5.4 0.12+0.01 150.0+17.0 3.0 0.056t 0.080 42.1 B FB RR/NF e
UGC06062 23.6: 3.9 0.45+0.05 325£55 89 0.042£0.015 114.8 B N RR/NF e
UGCO06176 24.1#0.3 0.49+0.02 200.5-6.5 3.6 0.02H 0.017 116.1 BR FBR RR/NF e
uGC08876 24.0:0.2 0.63+0.04 2045-7.2 05 0.030t 0.023 60.9 R N RR/NF e
UGC09519 76.4-2.9 0.25£0.08 249.5t42 6.9  0.025:0.016 90.4 N F RR/NF e

Note. — Column (1): The Name is the principal designatiomfioEDA, which is used as standard designation.
Column (2): Global photometric position angle and the utaisty in degrees, measured East of North and within 2.5 {f3light radii.
Column (3): Global ellipticity and uncertainty, measureithin 2.5 - 3 half-light radii.
Column (4): Global kinematic position angle and the undetyan degrees, measured East of North at the receding parewelocity map.
Column (5): Kinematic misalignment angle in degrees. Intthe, the uncertainty values for the global kinematic aragke assigned to the
kinematic misalignment angle.
Column (6): Luminosity weighted average ratio of the hariad@rms obtained by kinemetry.
Column (7): Maximal rotational velocity reached within tBAURON field-of-view.
Column (8): Morphological properties of galaxiés: bar,R - ring, BR- bar and ringS - shellsl - other interaction featureU - unknown
Column (9): Dust feature® - dusty diskF - dusty filamentB - blue nucleusBR- blue ring. Combinations of these are possible.
Column (10): Kinematic structure: See Table 2 for detaibgulanation of all classes.
Column (11): Kinematic Groum - LV galaxies,b - NRR galaxies¢ - KDC and CRC galaxies - 20 peak galaxiess - all other RR galaxies,
f - unclassified galaxies.
Values of -1.0 in Cols. (5) and (6) are given to galaxies forohtkinemetry analysis was not successful. The two galaxitst did not have
SDSS or INT data and we used 2MASS K-band images to deterimnBA,..: ande. This table is also available from our project website
http://purl.com/atlas3d.
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