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ABSTRACT

Context. Ionized gas kinematics provide important clues to the dynamical structure of galaxies and hold constraints to the processes driving their
evolution.
Aims. The motivation of this work is to provide an overall characterization of the kinematic behavior of the ionized gas of the galaxies included in
the Calar Alto Legacy Integral field Area (CALIFA), offering kinematic clues to potential users of the CALIFA survey for including kinematical
criteria in their selection of targets for specific studies. From the first 200 galaxies observed by CALIFA survey in its two configurations, we
present the two-dimensional kinematic view of the 177 galaxies satisfaying a gas content/detection threshold.
Methods. After removing the stellar contribution, we used the cross-correlation technique to obtain the radial velocity of the dominant gaseous
component for each spectrum in the CALIFA data cubes for different emission lines (namely, [O ] λλ3726, 3729, [O ] λλ4959, 5007,
Hα+[N ] λλ6548, 6584, and [SII]λλ6716, 6730). The main kinematic parameters measured on the plane of the sky were directly derived from the
radial velocities with no assumptions on the internal prevailing motions. Evidence of the presence of several gaseous components with different
kinematics were detected by using [O ] λλ4959, 5007 emission line profiles.
Results. At the velocity resolution of CALIFA, most objects in the sample show regular velocity fields, although the ionized-gas kinematics are
rarely consistent with simple coplanar circular motions. Thirty-five percent of the objects present evidence of a displacement between the pho-
tometric and kinematic centers larger than the original spaxel radii. Only 17% of the objects in the sample exhibit kinematic lopsidedness when
comparing receding and approaching sides of the velocity fields, but most of them are interacting galaxies exhibiting nuclear activity (AGN or
LINER). Early-type (E+S0) galaxies in the sample present clear photometric-kinematic misaligments. There is evidence of asymmetries in the
emission line profiles in 117 out of the 177 analyzed galaxies, suggesting the presence of kinematically distinct gaseous components located at
different distances from the optical nucleus. The kinematic decoupling between the dominant and secondary component/s suggested by the ob-
served asymmetries in the profiles can be characterized by a limited set of parameters.
Conclusions. This work constitutes the first determination of the ionized gas kinematics of the galaxies observed in the CALIFA survey. The
derived velocity fields, the reported kinematic distortions/peculiarities and the identification of the presence of several gaseous components in
different regions of the objects might be used as additional criteria for selecting galaxies for specific studies.

Key words. galaxies: evolution – galaxies: kinematics and dynamics – galaxies: star formation – galaxies: spiral – techniques: spectroscopic –
galaxies: elliptical and lenticular, cD

1. Introduction

Galaxies in the Local Universe are the result of billions of years
of cosmic evolution. The study of their statistical and detailed
properties are therefore expected to explain the evolution of
galaxies. In particular, the analysis of the gas kinematics and
their interplay with other galaxy components (essentially the

⋆ Based on observations collected at the Centro Astronmico Hispano
Alemn (CAHA) at Calar Alto, operated jointly by the Max-Planck
Institut für Astronomie and the Instituto de Astrofísica de Andalucía
(CSIC).
⋆⋆ Appendices are available in electronic form at
http://www.aanda.org
⋆⋆⋆ Corresponding author: B. García-Lorenzo,
e-mail: bgarcia@iac.es

stellar components) allows us to infer the dynamical structure of
galaxies and to constrain the processes leading to their formation
and evolution (see, e.g., López-Sánchez 2010). These processes
include the role of interactions during the galaxy lifetime (see,
e.g., Méndez-Abreu et al. 2012, 2010; Aguerri et al. 2004),
the relative mass contribution of luminous and dark matter (see
Sofue & Rubin 2001, for a review), the presence of supermassive
black holes and their relationship with the large-scale properties
of the host galaxies (see Merritt & Ferrarese 2001, for a review),
the origin of kinematically decoupled components (see Bertola
& Corsini 1999, for a review) and of disk heating (Merrifield
et al. 2001, and references therein), the presence of pressure-
supported ionized gas in bulges (Cinzano et al. 1999; Bertola
et al. 1995), the fraction of quiescent and/or disturbed galaxies
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(e.g., Schawinski et al. 2010), or even the fraction of galaxies
supported by rotation (e.g., Weiner et al. 2006).

The advent of integral field spectrographs made it possible
for the first time to obtain two-dimensional kinematics of the
gas and stars and to overcome the difficulties associated with
the interpretation of one-dimensional velocity curves. The kine-
matics derived with the SAURON spectrograph (with a field of
view of 33× 41 arcsec2) have been found to be rarely consis-
tent with simple coplanar circular motions in early-type galax-
ies (Sarzi et al. 2006); in late-type objects, gas and stars are
decoupled in the inner central region (Ganda et al. 2006). The
ATLAS3D project (Cappellari et al. 2011), aimed at enlarging the
sample, also uses SAURON. The DiskMass Survey (Bershady
et al. 2010) uses the SparsePak (Bershady et al. 2004, 2005)
and PPak (Verheijen et al. 2004; Kelz et al. 2006) integral field
units with 1 arcmin FoVs and jointly analyses gas and stellar
kynematics for a sample of 30 nearly face-on spiral galaxies;
among other results they report that galaxy disks are submax-
imal and that disks with a fainter central surface brightness in
bluer and less luminous galaxies of later morphological types
are kinematically colder with respect to their rotational veloci-
ties (Martinsson et al. 2013).

All these issues will greatly benefit from a survey like the
Calar Alto Legacy Integral Field Area survey1 (Sánchez et al.
2012, S12 hereafter). CALIFA is devoted to the comparative
measurements of ionized gas together with other spectroscopic
properties. It is an Integral Field Spectroscopy (IFS) survey that
is acquiring spatially resolved spectroscopic information of a
diameter-selected sample of ∼600 galaxies (0.005 < z < 0.03),
with the same FoV as in the DiskMass survey. These galaxies
cover the color−magnitude diagram with a large enough num-
ber of objects per color/mag bin to enable statistical studies as a
function of galaxy type.

Studies based on gas kinematics, like the one presented in
this paper (the stellar kinematics will be presented in a forth-
coming paper by Falcón Barroso et al., in prep.), will be mainly
devoted to the analysis of gas velocity fields, and provide a first
estimation of the regularity of the assumed gravitational poten-
tial. For disk galaxies, departures from regular rotation can be
easily traced, and asymmetries can be interpreted in terms of the
observed morphology. The importance of disk heating can be es-
timated by measuring the emission lines widths. Strong velocity
gradients may be evidence of the presence of shocks; several line
components will be eventual tracers of several kinematical com-
ponents. This is the first of a series of works devoted to disen-
tangling the ionized gas behavior through a comprehensive and
homogeneous characterization of the main kinematic properties
of the galaxies observed by the CALIFA survey. This work tries
to promote the inclusion of kinematic criteria in the selection of
galaxies from CALIFA survey for specific works.

The structure of this article is as follows. In Sect. 2, we
summarize the observations, data reduction and main properties
of the sample. In Sect. 3 we describe the procedure to derive
the ionized gas velocity fields, the adopted methods to estimate
some kinematic parameters directly from the observed radial ve-
locities and the process to detect the presence of kinematically
distinct gaseous components from the observed emission line
profiles. In Sect. 4, we explore some dependences of the esti-
mated kinematic indicators with galaxy types. Finally, a sum-
mary of the results is given in Sect. 5.

1 http://califa.caha.es

2. Observations and data reduction

2.1. CALIFA survey2

The galaxies presented in this work are included in the CALIFA
survey mother sample (S12), that comprises 939 galaxies se-
lected from the SDSS DR7 (Abazajian et al. 2009). The main
selection criteria to build this sample are the angular isopho-
tal size (45′′ < D25 < 80′′, where D25 is the isophotal diam-
eter in the SDSS r-band) and the proximity of these galaxies
(0.005 < z < 0.03). These criteria are such that the selected ob-
jects represent a wide range of galactic properties such as mor-
phological types, luminosities, stellar masses and colors. Further
details on the selection criteria effects and a detailed charac-
terization on the CALIFA mother sample are explained in S12
(see also Walcher et al. 2014). CALIFA has already released the
first set of fully reduced, quality tested, and scientifically useful
data cubes for 100 galaxies to the astronomical community (see
Husemann et al. 2013, H13 hereafter).

2.2. Observations and data reduction

Detailed information of the observational strategy and data re-
duction are presented in both H13 and S12. In this section we
summarize the most important aspects regarding the observa-
tional setup and data reduction of the CALIFA galaxies.

Observations were carried out using the PMAS fiber Package
(PPak; Kelz et al. 2006) of the Potsdam Multi-Aperture
Spectrophotometer (Roth et al. 2005, PMAS) at the 3.5 m tele-
scope of the Calar Alto Observatory (Almería, Spain). Its main
component consists of 331 fibers each with a diameter of 2.′′7,
concentrated in a single hexagonal bundle covering a field-of-
view of 74′′ × 64′′, with a filling factor of ∼60% and a fiber-to-
fiber pitch of ∼3.6 arcsec (Kelz et al. 2006). In order to cover the
complete FoV and sample well the PSF, a dithering scheme of
three pointings has been adopted.

The objects analyzed in this work have been observed in two
spectral setups namely V500 and V1200. The V500 (V1200)
setup has a nominal resolution of λ/∆λ ∼ 850 (λ/∆λ ∼ 1650)
at ∼5000 Å (at ∼4500 Å) and its nominal wavelength range is
3745–7300 Å (3400–4750 Å). The exposure time is fixed for all
the observed objects. For the V500 setup a single exposure of
900 s per pointing of the dithering scheme is taken while for the
V1200 setup 3 or 2 exposures of 600 s or 900 s, respectively, are
obtained per pointing.

The data reduction is performed by a pipeline designed
specifically for the CALIFA survey. The detailed reduction pro-
cess is explained in S12, while improvements on this pipeline
are presented in H13 (current pipeline version: V1.3c). The usual
reduction tasks per pointing include cosmic rays rejection, opti-
mal extraction, flexure correction, wavelength and flux calibra-
tion, and sky subtraction. Finally, all three pointing are combined
using a flux-conserving inverse-distance weighting scheme (see
S12 for details) to reconstruct a spatially resampled data cube,
with a 1′′ × 1′′ sampling (see details in S12). The final FITS data
cubes include science data, propagated error vectors, masks, and
error weighting factors as described in H13.

2.3. The sample

The CALIFA project reached 200 galaxies observed with the two
setups V500 and V1200 (see Sect. 2.2 and S12 for details on

2 The data are available at
http://califa.caha.es/DR1/ webpage.
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Fig. 1. Distribution by morphological type of the galaxies in the sample.
We divide the galaxies into ellipticals (E), lenticulars (S0), and spirals
(Sa, Sb, Sc, and Sd). The fraction of non-barred spirals (A), weakly
barred spirals (AB), strongly barred spirals (B) is marked (see the top-
left corner legend in the plot). Colors indicate the fraction of interacting
and isolated galaxies in each morphological division.

setups) in January 2013. From these 200 objects, we selected
those galaxies with a minimum ionized gas contect/detection
established as follows: detection of the Hα emission line with
signal-to-noise ratio (S/N) ≥20 (after stellar background sub-
traction) in at least the number of spaxels (∼10) subtending the
effective angular resolution (∼3.7 arcsec, see H13) of the final
1 arcsec/pixel scale resampled data cube (S12). Given the large
number of spaxels to analyse and the variety of profiles, the S/N
of each emission line was just estimated from the peak of the line
and the standard deviation of a region nearby to the emission line
after the stellar continuum subtraction. We note that this quick
estimation of S/N depends to first order on the spectral resolu-
tion. However, the adopted criterion is intended to select galax-
ies with blocks of contiguous spaxels to afford a kinematic view
of the ionized gas, but any other ionized gas detection criteria
could be adopted for specific studies (see, e.g., Papaderos et al.
2013; Singh et al. 2013). The number of objects satisfying the
established minimum gas detection criterion is 177.

This sample of 177 objects spans all morphological types, as
Fig. 1 shows; the morphological type was inferred by combining
the independent visual classifications of several members of the
CALIFA collaboration (see Walcher et al. 2014). Because of the
CALIFA selection criteria (S12), a significant number (∼34%)
of the galaxies in this sample have high inclinations (elliptic-
ity ≥0.6). Inclinations were inferred from the outer regions of
the SDSS r-band images of the galaxies in the sample using the
standard task ellipse of IRAF3. The outer isophotes for most of
the galaxies in the sample cover a external region of the disk
free of the spiral arms; however, we cannot rule out that some
values for the inclination could be contaminated by other struc-
tures or asymmetries due to external disturbances. In addition,
we have not taken into account the fact that disks are not in-
finitely thin. Assuming an ellipticity of 0.83 (for UGC 10297) as
our minimum disk intrinsic thickness, only six galaxies (∼3%)
in our sample have errors in the inclination larger than 5 degrees
due to this effect. The CALIFA mother sample (S12; Walcher
et al. 2014) includes galaxies from quite different environments.

3 IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in
Astronomy (AURA) under cooperative agreement with the National
Science Foundation.

AGN (13)

LINERs (57)

SF (96)

Fig. 2. Emission-line diagnostic diagram for the optical nucleus spec-
trum of each galaxy in the sample. Only objects for which all re-
quired emission lines have signal-to-noise larger than three are shown
(166 galaxies). The demarcation lines of Kewley et al. (2001) (red
curve), Kauffmann et al. (2003) (dashed-blue curve), and Cid Fernandes
et al. (2010) (dotted-green straight line) are used to classify the galax-
ies into star forming (SF), active galactic nuclei (AGN), and LINER-
type galaxies, which are denoted with black, red, and green symbols,
respectively.

We visually inspected SDSS r-band images of CALIFA galax-
ies aiming to search for signatures of interactions (e.g., tidal
tails) and nearby companions (positions and redshifts taken from
NED4) with spatially projected separation ≤100 kpc (∼twice the
physical radius of the extendest object of the sample) and sys-
temic velocity difference ≤1000 km s−1 (Moreno et al. 2013).
These selection criteria basically identify ongoing one-to-one
galaxy interactions, mergers showing tidal features and compact
groups of galaxies, that we refer as interacting objects hereafter.
The sample analyzed in this work includes ∼40% of galaxies
identified as in interaction following these criteria. The remain-
ing objects in the sample will be referred as isolated galax-
ies, including: (1) objects with a low probability of environ-
mental effects over a Hubble time (e.g., Vettolani et al. 1986);
(2) minor mergers of large mass ratios (M1/M2) which has non-
visible effects on the morphology of the most massive galaxy
(M1); and (3) galaxies in the boundaries of groups. Different nu-
clear ionization mechanisms (nuclear types, hereafter), includ-
ing pure star formation (SF), low-ionization nuclear emission-
line regions (LINERS) and active galactic nuclei (AGN) are also
represented in this sample of 177 CALIFA galaxies. Nuclear
types were inferred from the location of each object in different
diagnostic diagrams (Baldwin et al. 1981; Veilleux & Osterbrock
1987): fluxes were obtained by fitting Gaussians to the emission
lines (after removing the stellar continuum) in the nuclear spec-
trum (data cube central spaxel, see H13) of each galaxy. Only
the 166 galaxies in our sample with a S /N > 3 in the required
emission lines for diagnostic diagrams have a nuclear type clas-
sification. Figure 2 shows the emission-line diagnostic diagram
which considers the [O ]/Hβ versus [N ]/Hα ratios for these
objects. The remaining galaxies not satisfying the S/N threshold
have assigned “indef” as their nuclear type.

4 Nasa/IPAC Extragalactic database. http://ned.ipac.caltech.
edu/
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Fig. 3. Spectra of different S/N (in the stellar continuum and ionized
gas) of NGC 2347 and NGC 5947 in the full spectral range (top and
botton panels) and in a range around Hα+[NII]. Black spectra corre-
spond to the data and green to the bestfit stellar continuum. Residual
spectra, including emission lines, are in blue.

In Table A.1, we list the galaxies in the sample to-
gether with their primary morphological characteristics, inter-
action/companion status and nuclear type obtained within the
CALIFA collaboration. Table A.1 also includes the systemic ve-
locity and photometric major position angles of each object ob-
tained from NED.

3. Measuring the ionized gas kinematics

The ionized-gas kinematics presented in this paper are measured
from pure emission-line data cubes resulting from the subtrac-
tion of the best stellar continuum fit to the original CALIFA
data (see some examples in Fig. 3). The bestfit stellar continuum
is obtained as a product of the stellar kinematics analysis of
the data as described in Falcón-Barroso et al. (in preparation).
The wavelength range of CALIFA observations includes many
bright emission lines (e.g., [O ] λλ3726, 3729 for V1200 mode
and Hα+[N ] λλ6548, 6584 or [O ] λλ4959, 5007 for V500
mode), which were masked during the fitting of the stellar con-
tinuum. The stellar kinematic results are not computed for each
spaxel of the data cube, but on Voronoi bins (see Cappellari
& Copin 2003) ensuring a minimun S/N in the continuum of
20 per bin. Only spaxels with S /N ≥ 6 in the stellar contin-
uum were used for binning (see details in Falcón-Barroso et al.,
in prep.). In order to extract the emission-line spectrum for each
spaxel in the data cube, the individual spectra belonging to a
given Voronoi bin were subtracted from the best stellar contin-
uum fit for that bin. In the process we used a low order polyno-
mial to ensure a flat continuum in the final emission-line data
cube. Voronoi bins comes from the merging of a number of
neighbouring spaxels in general not larger than the number of
spaxels subtending the effective angular resolution of the data
(except in the outer regions of the objects). Then, we do not
expect strong variations of the stellar populations within each
Voronoi bin.

3.1. Radial velocities

In order to obtain an integrated kinematic view of the ionized gas
of the CALIFA galaxies, we have adopted the cross-correlation

(CC hereafter) technique following the procedure proposed
in García-Lorenzo (2013, GL13 hereafter). We note that the
CC technique globally compares a problem spectrum with a
reference spectrum, quantitatively measuring their similarities.
This technique allows the dominant radial velocity of compo-
nents integrated along the line of sight to be derived for systems
with a variety of morphologies. Radial velocities are measured
on the pure emission-line data cubes without adopting any op-
timal binning. We employ a Gaussian profile to model the up-
per part of the peak of the CC function. Estimated uncertain-
ties in the location of the maximum of the CC function are
∼10 km s−1 from the covariance matrix of the standard errors in
the fitting parameters for both V1200 and V500 configurations.
Estimations of velocity dispersions for the ionized gas were also
obtained from the full-width-half-maximum of the CC function
for each spectrum at each selected spectral range. However, any
analysis of velocity dispersions goes beyond the scope of this
work.

The two-dimensional distribution of ionized gas was ob-
tained by integrating the signal in the spectral ranges se-
lected to apply the CC technique. Noise in the selected spec-
tral ranges affects the recovered emission line distributions
and therefore these maps could slightly differ from those ob-
tained by fitting Gaussians to emission lines in the spectra.
Four spectral ranges (in rest-frame wavelength) including the
bright emission lines [O ] λ3726, 3729, [O ] λλ4959, 5007,
Hα+[N ] λλ6548, 6584 and [SII]λλ6716, 6730, were selected
to infer the integrated ionized gas kinematics of the galaxies in
our sample (see Table 1). The reference spectrum needed for
the application of the CC technique was generated including as
many Gaussians as single emission lines are expected in each
spectral range selected to apply the technique (see Fig. 4). The
noise contribution was not included in the templates to avoid
degradation of the S/N when the CC function is computed. The
widths of the Gaussians were selected to be negligible compared
to the problem spectra in order to keep the spectral resolution
in the resultant CC function. The wavelength (or velocity) po-
sition of the required Gaussians to generate the template spec-
trum corresponds to the center of the emission lines at the red-
shift of the galaxies obtained from NED. Different weights (in
flux) were given to the Gaussians to account for fixed intensity
ratio between emission lines according to atomic parameters.
Because CC technique also account for differences/similarities
between reference and problem spectra, those parameters un-
fixed by atomic values could have an impact on the uncertainties
when determining radial velocities. Integrating the signal in nar-
row band filters (two pixels wide) centered on emission lines, we
estimated the intensity ratios of those emission lines not linked
by atomic parameters. The typical intensity ratio adopted to gen-
erate the reference spectra are indicated in Table 1.

Experiments using a set of different templates (with varying
velocity, dispersion and relative intensity of the input Gaussians
to generate the templates) were performed for the different se-
lected spectral ranges to assess for the uncertainties due to tem-
plate selection. The selection of unfixed intensity ratios, such as
[O ] λλ3726, 3729 or [S ] λλ6716, 6730, may have an impor-
tant influence, increasing when lines are significantly blended
(e.g., in the case of [O ] λλ3726, 3729). To mitigate this lim-
itation, we checked the average intensity ratios for each ob-
ject in the sample, adapting the input ratio consequently. In
same particular cases, the intensity ratios were even adapted
in regions of a few spaxels. In general, the uncertanties asso-
ciated with the template selection is ∼10 km s−1; in the worst
cases ([O ] λλ3726, 3729), the selection of the template may
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Fig. 4. Templates (solid line) generated including the appropiate number of Gaussians to simulate the emission lines in the four spectral ranges
selected to apply the CC technique. For each galaxy Gaussians are centered at the corresponding wavelength according to their redshift in NED.
Intensity ratio between emission lines were fixed according to atomic parameters. For those intensities unlinked to other lines, we checked the
typical ratios across the objects (see text and Table 1). Dotted lines correspond to the central spectrum of NGC 2347.

Table 1. Spectral rest-frame bands selected for applying the CC technique to derive the radial velocities of the dominant ionized gas component.

CALIFA mode Spectral range (Å) Emission lines Intensity ratio

V1200 3696−3759 Å [O ] λ3726+[O ] λ3729 [O ] λ3729/[O ] λ3726 ∼ 0.38−1.3
V500 4929−5037 Å [O ] λ4959+[O ] λ5007 [O ] λ5007/[O ] λ4959 = 3
V500 6508−6623 Å [N ] λ6548+Hα+[N ] λ6584 Hα/[N ] λ6584 ∼ 0.5−1.5

[N ] λ6584/[N ] λ6548 = 3
V500 6686−6761 Å [SII]λλ6716, 6730 [SII]λ6716/[SII]λ6730 ∼ 0.7−1.2

contribute to increasing the radial velocity uncertainties up to
40 km s−1, but this is only the case for a few spaxels. However,
it is important to point out here that these uncertainties refer to
individual spaxels, while we are exploring global trends in the
sense of coherent motions retrieved from hundreds of contigu-
ous spaxels.

In order to assess for statistical uncertainties, we employed
a Monte-Carlo simulation, deriving the different measurements
from many realizations of the input data by adding the formal
noise of the original data cubes (see H13 for error data cubes
details). The procedure was repeated five hundred times, result-
ing in five hundred different input data cubes for each object in
our sample. For each simulation we determined radial veloci-
ties only for those emission lines with an estimated S /N ≥ 6.
In this way, we do not have the same final number of simula-
tions per spectrum but we only consider those with a minimum

number of estimations of one hundred, applying the Shapiro-
Wilk test to check the normality of the distributions. Finally,
we take the average as the measurement of the radial velocity.
From the standard deviation we calculate the confidence inter-
val at the 95% confidence level, which indicate the reliability
of the measured radial velocities. In general, although these er-
rors vary from spectrum to spectrum and from object to object,
radial velocity measurements are accurate (95% confidence) to
within 40 km s−1 for [O ], 15 km s−1 for [O ], 22 km s−1 for
Hα+[N ], and 30 km s−1 for [SII] (see the standard deviation
two-dimensional distributions in Appendix C).

The error in the estimated radial velocity for each spectrum
is actually a combination of the three previous sources of un-
certainties: CC peak centroid, template selection and statistical
uncertainty, being the last the dominant in most of the spectra.
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The emission line profiles observed in galaxies arise mainly
from one gaseous component, although the presence of differ-
ent gaseous systems with different kinematics (as happens in the
central region of galaxies with a certain degree of activity) can
give rise to complex emission line profiles, showing blue/red
wings, shoulders or double peaks (see, e.g., Wang et al. 2011,
and references therein). These complex profiles are commonly
identified by visual inspection and their analysis requires a kine-
matic deprojection in components (see, e.g., Arribas et al. 1996).
Additionally, the CC function was also used to infer the presence
of complex emission line profiles in the analyzed spectra by trac-
ing line bisectors (see Sect. 3.3). Again the Monte-Carlo simu-
lation approach is used to estimate statistical uncertainties in the
calculation of bisectors. From the many realizations, we com-
pute average bisectors for each spectrum and calculated their
standard deviations at the different bisector levels. These stan-
dard deviations are then used to compute the confidence in-
terval (95% confidence level) which is taken as uncertainties
in tracing the bisectors. In general, bisector measurements are
accurate within 20 km s−1 (95% confidence) up to 40% bisec-
tor level (from the line peak to 40% of the peak intensity) for
[O ] λ5007 emission line with a S /N ≥ 10. For spectra with
an estimated S /N ≥ 20, the same accuracy is obtained for all the
bisector levels.

3.2. Direct estimation of kinematic parameters

Most of our sample galaxies with extended emission line dis-
tributions show a global receding-approaching velocity field
resembling that of rotating systems or, at least, ordered mo-
tions (see Appendix C). Nevertheless, departures from circu-
lar/ordered motions are evident in many objects in the form of
clear kinematic distortions in the velocity fields. For the sake
of uniformity in the analysis of the entire sample, a simple ap-
proach has been adopted to estimate the kinematic parameters
observed in the plane of the sky directly from the measured ra-
dial velocities. Hence we avoid using any kinematical model or
any assumption on internal dynamics or projection effects, and
follow the procedures described in Sects. 3.2.1, 3.2.2, and 3.2.3.
The adopted approach allows a rapid determination of the fre-
quency of kinematic distortions detected in the target galaxies in
the plane of the sky. Kinematic models are being applied for spe-
cific studies within the CALIFA collaboration (see, e.g., Holmes
2013).

Since enough gas is not always present, the distance from
the center over which the kinematic parameters are estimated
depends on each object, its surface brightness and its ionized
gas content. Moreover, the reader should take into account that
the sample includes many edge-on galaxies (ellipticity ≥0.6) and
the estimation of the kinematic parameters for these objects are
affected by projection effects or/and dust obscuration. Table A.2
includes the maximum radius (distance from the center) used to
estimate the kinematic parameters for each galaxy. In general,
the errors in the estimated parameters are taken as the standard
deviation of the parameters in that distance range.

3.2.1. Systemic velocity

The bulk motion of a galaxy is provided by its systemic velocity,
typically adopted as the radial velocity at the kinematic center.
At the CALIFA spatial resolution (see S12 and H13), the photo-
metric and dynamical centers should agree in position for most
of the objects (see Sect. 3.2.2). Hence, the systemic velocity

(Vsys hereafter) for the objects in our sample have been esti-
mated by averaging the radial velocities obtained in an aperture
of 3.7 arcsec in radius (corresponding to twice the full-width-
half-maximum of the CALIFA point-spread-function, see H13
for details) around the location of the optical nucleus (central
spaxel of the data cube, see H13 for details). The systemic ve-
locities were corrected from observed to heliocentric values us-
ing the correction in the header of each CALIFA data cube (see
Table 4 in H13 for keyword). The standard deviation of the radial
velocity measurements is taken as an indicator of the uncertainty
in the determination of the systemic velocity. Large standard de-
viations indicate a large variation of the velocities in the cen-
tral region of the objects. We note that the adopted aperture size
corresponds to quite different physical sizes on objects at dif-
ferent redshifts. Indeed, an aperture of 3.7 arcsec on the galaxy
at the lowest redshift in our sample (NGC 3057) corresponds to
376 parsec, while it covers almost 2.3 kpc for the largest red-
shift (NGC 6166NED01). Values of Vsys have been obtained
from [O ] (V [OII]

sys ), [O ] (V [OIII]
sys ), Hα+[N ] (VHα

sys ), and [SII]

(V [SII]
sys ). In Table A.3, we list these values for each object. Only

one galaxy (NGC 3158) has undetectable emission in the central
3.7 arcsec around the optical nucleus location. Indeed the emis-
sion in NGC 3158 (Vsys = 6989 km s−1 from NED) is concen-
trated in a region ∼20 arcsec northeast from its optical nucleus
and could correspond to a small companion at 7171 km s−1.

3.2.2. Kinematic center

For an ideal purely rotating disk galaxy, the rotation velocity
varies with radius from the kinematic center, which coincides
with the galactic center, and it is settled by the radial distribu-
tion of mass within the galaxy. The kinematic center of such a
galaxy has a zero rotation velocity, and it is the location of the
largest velocity gradient in the galaxy. Based on this idea and
in order to estimate the location of the kinematic center (KC
hereafter) of the sample galaxies, the average directional deriva-
tive of the Hα+[N ] velocity field was computed by calculat-
ing the average absolute difference of the obtained velocity for
each spectrum with the velocity of the surrounding regions. The
resulting image (velocity gradient image hereafter) emphasizes
those regions in the velocity field where the data are changing
rapidly. Therefore, for galaxies showing regular motions, the
peak of the average directional derivative image (velocity gra-
dient peak hereafter) should indicate the KC (Kutdemir et al.
2008; Arribas et al. 1997). This procedure works quite well for
regular velocity fields, with uncertainties smaller than the spaxel
size. For complex kinematics, more than a single velocity gra-
dient peak can arise in the gradient image, indicating several lo-
cations where radial velocities are changing rapidly. Indeed, in
many cases the velocity gradient distribution shows the optical
nucleus surrounded by a ring-like or a bar-like structure of large
velocity gradient values. The presence of several velocity gradi-
ent peaks in the velocity field of a galaxy is then identified as a
clear departure from pure rotation.

In order to estimate the position of the KC, a region of
10× 10 arcsec2 is selected around the largest velocity gradient
peak. Then, we select those positions with a velocity gradient
larger than the average velocity gradient inside this box. Finally,
the KC is estimated from the weighted average location of the se-
lected positions defining the peaks/structures of the velocity gra-
dient map, using as weights the velocity gradient value at each
location (see Fig. 5a, and b). Using the KC produces a more sym-
metric pseudo-rotation curve (see Sect. 3.2.3) than the optical
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Fig. 5. Examples of the estimation of the kinematic center (KC) position for NGC 2347, a galaxy with a single peak in the velocity gradient image
(panels a) and b)), and NGC 5947, an object with a ring structure in the central region of the velocity gradient distribution (panels c) and d)).
Left panels show the ionized gas velocity field (from Hα+[N ] following the procedure in 3.1) in the inner region of NGC 2347 (panel a)), and
NGC 5947 (panel c)). Right panels correspond to the average derivative of the Hα+[N ] velocity field for NGC 2347 (panel b)), and NGC 5947
(panel d)) normalized to their velocity gradient peaks. Green open squares indicate the velocity gradient pixels used to estimate the KC location
through the average of their positions weigthed by their gradient values. Contours from the stellar continuum are overlapped. The white plus sign
marks the location of the optical nucleus (peak of the stellar continuum) and the black circle indicates the estimated KC position.

nucleus or any of the locations with a large velocity gradient in
the velocity field. This is the reason why we have adopted this
procedure to estimate the location of the KC instead of just se-
lecting the position of the largest velocity gradient in the maps.
Uncertainties in the location of KCs are estimated assuming dif-
ferent radii – from the spaxel size to the PSF size (H13) – to
define the surroundings of each spaxel when deriving the gra-
dient images. Obviously, the detection of structures in the ve-
locity gradient images is limited to the spatial resolution of the
CALIFA data cubes.

The velocity at the KC (VKC hereafter) was estimated fol-
lowing the same procedure as for systemic velocities (see
Sect. 3.2.1), but with the aperture centered on the KC (see
Table A.2).

3.2.3. Position angle of kinematic axes

The position angle of the kinematic major axis provides the
mean orientation of the ionized gas velocity field. It is usually
defined as the angle between the north and the receding side of
the velocity field (e.g., Haan et al. 2009; Schoenmakers et al.
1997). For a rotating disk, the dependence of the kinematic ma-
jor axis on galactocentric distance is negligible. The average ori-
entation of the observed velocity fields (PAkin hereafter) can be
directly estimated from the polar position of the spaxels defin-
ing the kinematic line of nodes (Nicholson et al. 1992; Bland
et al. 1987) inferred as follows: (1) we plot the radial veloc-
ity of each spectrum/spaxel in a distance-velocity diagram, in
which the origin (reference point) is taken as the KC position
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Fig. 6. Left-panels: distance to the KC (in arcsec) versus the observed velocity for each spatial element of the CALIFA data cube for a) NGC 2347,
and c) NGC 5947. The blue squares indicate those spaxels with the largest difference in velocity respect to the radial velocity of the KC at each
radius, tracing a pseudo-rotation curve and defining a kinematic major axis. Green circles correspond to those spaxels with the lowest difference
in velocity to the KC selected to estimate the PAminor. Right-panels: the ionized gas velocity field (from Hα+[N ] following the procedure in 3) of
b) NGC 2347, and d) NGC 5947. Filled squares mark the spaxels with the largest absolute velocity difference with the KC velocity at each radius –
the same than those marked in blue open squares in a) and c). These spaxels trace the largest velocity gradient in the velocity field providing a
direct estimation of the kinematic major axis position angle. Filled green circles correspond to those spaxels with a similar velocity than the KC –
the same than green open circles in a) and c) – and tracing the kinematic minor axis.

(see Appendices A and C); (2) we select those spectra/spaxels
with the largest velocity differences and uncertainties smaller
than the typical velocity error (22 km s−1) with respect to VKC
as a function of radius (see Fig. 6a, c), which trace the observed
pseudo-rotation curve; (3) we locate the selected spaxels on the
velocity field (see Fig. 6b, d) to trace the kinematic line of nodes;
and (4) we average the polar coordinates (respect to the KC) of
the selected spaxels to obtain PAkin. This simplistic approach to
trace the kinematic major axis additionally allows us to deter-
mine the degree of symmetry of the velocity field by compar-
ing mean position angle from the receding side (PAkin,rec) with
that from the approaching side (PAkin,app). In a similar way, we
can estimate a mean position angle for the kinematic minor axis
(PAminor hereafter) by selecting those spectra with the lowest

velocity differences to VKC at any radius (see Fig. 6a, c) and
locating them on the velocity field (see Fig. 6b, d). Only those
spectra with a velocity difference smaller than the typical error
for Hα+[N ] velocities (22 km s−1) were considered to trace the
PAminor. In a pure rotating disk galaxy, the kinematic minor and
major axes are everywhere perpendicular (Binney & Merrifield
1998). Therefore, the comparison of mean position angles for
both axes also provides a parameter to account for kinematic
distortions in the velocity field and departures from rotation.

For a rotating disk galaxy, this procedure traces the kine-
matic major and minor axes. For a distorted velocity field, the
selected spaxels from the pseudo-rotation curve in the distance-
velocity diagram may not be necessarily aligned and defining a
clear direction on the velocity field. The reported position angles
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for kinematic major and minor axes in this work (see Table A.2)
actually corresponds to the average of the polar coordinates of
spaxels selected from the position-velocity diagram relative to
the adopted KC (see Sect. 4.1.2). The standard deviation (δPA
hereafter) will provide the degree of alignment of these positions
and then the agreement (or not) of the traced kinematic line of
nodes with the classical idea of kinematic axis. It is important to
note here that a rotating disk showing a variation of the inclina-
tion with galactocentric distance (tilted rings) will show a curved
kinematic major axis, instead of a straight axis. Indeed, the axis
curvature is related to the galactocentric variation of the disk in-
clination. The variation of PAkin as a function of a tilt follows the
relation:

tan Σ[i ± ∆i] = cos(i ± ∆i)/ cos(i) × tan Σ[i] (1)

where Σ[i] is the position angle of the major kinematic axis of
a flat rotating disk that is seen at an angle i and Σ[i ± ∆i] is the
corresponding position angle when the disk is tilted by ∆i. For
these rotating systems, the adopted PAkin approach will result in
larger standard deviations than for flat disks. Following Eq. (1),
a linear variation of 30◦ in ∆i from the center to the outer parts
of a tilted disk could increase the δPAkin up to ∼20◦ for high
inclined objects (i ≥ 60◦). When i ≤ 50◦, δPAkin will be smaller
than 10◦ for a similar ∆i galactocentric variation.

The accuracy in the estimation of the kinematic PA follow-
ing the procedure described is a complex function of the actual
position of the spatial elements of the CALIFA data cube set by
the image reconstruction (see S12 for details), the uncertainties
in determining the optical nucleus (taken at the data cube central
spaxel, see H13 for details), the errors in the location of the KC,
and the radial velocities uncertainties. As a reference, the accu-
racy in determining a defined position angle from a set of spatial
elements in the CALIFA data cube is smaller than 0.5 degrees.
Through the five hundred velocity fields for each object resulting
from the Monte-Carlo simulations, we account for statistical un-
certainties approaching the kinematic PAs. In general, PAkin and
PAminor and their standard deviations are accurate (95% confi-
dence) within 2 degrees. Regardless, the standard deviation of
the positions averaged to estimate PAkin is taken as the uncer-
tainty of this parameter.

3.3. Presence of kinematically distinct gaseous components

The presence of double/multiple gaseous components with dif-
ferent kinematics in galaxies is evident from the shape of the
emission line profiles in their spectra, showing asymmetries,
shoulders or double peaks. These features have been inter-
preted as due to rotating gaseous disks, outflows/inflows or dual
AGN (see, e.g., Fu et al. 2012, and references therein). The
[O ] λ5007 line is usually selected to look for double/multiple
gaseous components in the spectra of galaxies, since it is the
brightest unblended emission line in the optical range for typical
spectral resolutions (including CALIFA V500 data). Moreover,
only faint stellar features are present in the [O ] spectral region
and hence, [O ] is little affected by uncertainties in the sub-
traction of the stellar component, the opposite that in the case
of e.g., Hβ. A systematic search of double-peaked emission-line
profiles can be done by tracing the bisector of a single emission
line (e.g., [O ] λ5007) or the bisector of the CC peak function
(obtained when comparing a problem spectrum with a reference
created using a defined shape for the lines in the spectral range)
and studying the shape of these bisectors, in particular the de-
viation from the central position/velocity for different bisector
levels (GL13).

The spectral resolution of CALIFA is not the best to identify
dynamically distinct gaseous components, but the identification
of asymmetries in the emission line profiles will indicate where
such multiple components may exist. It should also be noted that,
because of the limited spatial resolution, beam-smearing of the
velocity gradient could translate into non-Gaussian line struc-
ture. In any case, the strength of these asymmetries could have
an impact when measuring emission line fluxes if these asymme-
tries are not taken into account (see Appendix B). The search-
ing for asymmetries in the emission line profiles of the galax-
ies in the analyzed sample has been performed by analyzing the
bisector shape of the CC peak function obtained when apply-
ing the CC technique to the [O ] λλ4959, 5007 spectral range
(from 4929 to 5036 Å in rest frame). The [O ] λλ4959, 5007
spectral range was selected instead of the single [O ] λ5007
emission line profile to mitigate the influence of any observa-
tional or instrumental signature (e.g., cosmic ray) not properly
removed during the data reduction process and affecting a single
emission line, since the CC technique will smooth out these fea-
tures providing an average profile shape. The reference spectrum
(template) was generated following the procedure described in
Sect. 3.1. It is important to note here that the level of noise in the
problem spectrum affects the detection of asymmetries (the tem-
plate is generated without noise). In Appendix B we analyze the
limits in the detection of double/multiple gaseous components
in CALIFA V500 data cubes through a single-Gaussian model
as a function of the S/N of the profile. Based on the results in
Appendix B, the searching of double/multiple gaseous compo-
nents through the asymmetries in the [O ] emission profiles
should be restricted to observed spectra with an estimated S/N
([O ] λ5007) ≥30 and over a 10% intensity of the peak (10%
bisector level). However, the Monte Carlo simulations in ap-
pendix B do not include the effects of the stellar subtraction that
could be playing a role in the observed [O ] profiles, mainly in
those with lower S/N. To mitigate the impact of uncertainties in
the stellar subtraction on the detection of multiple gaseous com-
ponents, we only will consider those spectra with a minimum
S/N of 40. We establish that a profile is actually asymmetric only
when the absolute differences between the central velocity pro-
vided by the CC function and the velocity at two bisector levels
(at least) are larger than the limits at each level established in
Appendix B (Eqs. (B.1) and (B.4)).

4. Results

Appendix A provides some structural parameters obtained
from NED (VNED

sys , and PANED) and from measurements within
the CALIFA collaboration (Table A.1). Appendix A also in-
cludes the kinematic parameters (see Sect. 3.2) estimated
from the Hα+[N ] velocity field (kinematic center positions,
velocities of kinematic center and position angles of kine-
matic axes) of each object in the sample (Table A.2). The
ionized gas velocity fields derived from [O ] λλ3726, 3729
(V1200 mode), [O ] λλ4959, 5007, Hα+[N ] λλ6548, 6584,
and [SII]λλ6716, 6730 (V500 mode) emission lines for the
177 galaxies with a minimum gas content/detection observed up
to January 2013 in the CALIFA survey in both V1200 and V500
configurations are shown in Appendix C. In the following, we
present the general kinematic properties of this sample.

4.1. Ionized gas distribution and velocity fields

For a general kinematic study of the ionized gas of galaxies in
the CALIFA Survey, only spectra in the CALIFA data cubes with
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Fig. 7. a) Comparison of the systemic velocities obtained from
NED and those estimated from the Hα+[N ] radial velocities (see
Sect. 3.2.1) for the objects in the sample. Error bars in the horizontal
axis correspond to the velocity uncertainties provided by NED. These
velocity uncertainties and the standard deviation of the averaged radial
Hα+[N ] velocities of each object were combined to calculate the er-
ror bars for the vertical axis. b) Comparison of the systemic velocities
derived from Hα+[N ] and [O ] emission lines for the objects in the
sample. Error bars in the horizontal axis correspond to the standard de-
viation of the averaged radial velocities to estimate VHα

sys for each object.
Error bars for the vertical axis were calculated from the standard devia-
tion of Hα+[N ] and [O ] radial velocities. In both panels, blue dots
correspond to objects identified as galaxies in interaction (see Sect. 2.3
and Table A.1)

a S /N ≥ 6 in both the stellar continuum and ionized gas are
considered (see Sect. 3). With these criteria, Hα+[N ] emission
is detected in at least 5% of the spatial elements (about 4420
in the resampled data cube, see S12 for details) on all galax-
ies in our sample. The simultaneous detection of [O ], [O ],
Hα+[N ], and [SII] emission lines was positive for 152 objects
(86%). The galaxies in the sample show a large variety of ion-
ized gas two-dimensional distributions and, in general, their ve-
locity fields show a global pattern of receding and approaching
velocities (see Appendix C).

4.1.1. Systemic velocity

The derived VHα
sys and systemic velocities taken from NED (VNED

sys
hereafter) are in good agreement (see Fig. 7a). The weighted
mean of VNED

sys − VHα
sys is 8.6 km s−1, using as weights the er-

ror bars in Fig. 7, which were derived from the standard de-
viation of the radial measurements and the published velocity
uncertainties for VNED

sys . For 175 of the 176 objects in the sam-
ple with Hα+[N ] in the central region, the discrepancies be-
tween VNED

sys and VHα
sys can be attributed to differences in the pro-

cedures to determine them. Indeed, velocities in NED come not
only from ionized gas but also from stellar or H  observations,
velocities that can be significantly different. VNED

sys could corre-
spond to the velocity at the optical nucleus or to the brightest
zone of each object, which could be far of the nucleus. Indeed,
the large difference of 115 km s−1 in VNED

sys −VHα
sys , corresponding

to NGC 0160, is well explained if VNED
sys comes from the brighter

emission knots at the southwest of its nucleus. Only the derived
VHα

sys for NGC 6166NED01 presents a large discrepancy (larger
than 1200 km s−1) with its VNED

sys . The SDSS r-band image for
this object shows several peaks and the center of the CALIFA
data cube is located at the brightest, leaving the others at the
southwest. These knots actually correspond to at least three ob-
jects: NGC 6166A at VNED

sys = 9271 km s−1; NGC 6166B at
VNED

sys = 8104 km s−1; and NGC 6166C at VNED
sys = 9850 km s−1.

At the southwest of the CALIFA data cube center, Hα+[N ] ve-
locities (with an average VHα+[NII] of 9238 km s−1) are in agree-
ment with the NED values for NGC 6166A. The average velocity
of the brightest knot (CALIFA data cube center) is 8048 km s−1,
in agreement with VNED

sys for NGC 6166B.
According to the adopted S/N threshold, [O ] emission

is not detected in the central 3.7 arcsec of 15 galaxies (see
Table A.3). For the remaining galaxies, VHα

sys and V
[OIII]
sys are

in good agreement (see Fig. 7b), 〈VHα
sys − V

[OIII]
sys 〉 = 2.2 ±

24.8 km s−1. For nine objects, absolute differences range from
50 to 78 km s−1. The poor S/N of [O ] emission lines in the
central region of NGC 0499 (VHα

sys − V
[OIII]
sys ∼ −63 km s−1),

NGC 6063 (VHα
sys − V

[OIII]
sys ∼ 53 km s−1), UGC 08234 (VHα

sys -

V
[OIII]
sys ∼ −59 km s−1), and UGC 08267 (VHα

sys − V
[OIII]
sys ∼

−67 km s−1) could explain these differences. The discrepancies
for the other five objects (NGC 6394, NGC 7466, UGC 03253,
UGC 06036, and UGC 11717) could be associated with nuclear
activity, as in the case of a broad line region affecting the per-
mitted (Hα) emission lines and/or the presence of strong out-
flows producing double peaked profiles. Indeed, NGC 6394 and
NGC 7466 are classified as Seyfert 2 galaxies (Véron-Cetty &
Véron 2010; Greenhill et al. 2009). We were unable to find pub-
lished work on nuclear activity in UGC 03253, UGC 06036,
or UGC 11717, although according to the emission-line diag-
nostic diagram for the most central spectrum (see Sect. 2.3),
UGC 03253 is a star forming galaxy, while UGC 06036, and
UGC 11717 are LINERS. Indeed, UGC 03253 and UGC 11717
have clear evidence of asymmetric [O ] profiles in the central
region (see Sect. 4.2), suggesting the presence of several gaseous
systems.

Systemic velocities derived from [SII] (V [SII]
sys ) are also in

good agreement with VHα
sys values: 〈VHα

sys − V
[SII]
sys 〉 = −0.9 ±

23.4 km s−1. We have omitted all objects with redshifts ranging
from 5933 to 6588 km s−1 in this comparison for which [SII] pro-
files are affected by a poor subtraction of the bright sky line at
6863.97 Å. No [SII] emission is detected in the central region of
21 objects (see Table A.3).

With the adopted S/N thresholds and using the V1200 data
cube from CALIFA, [O ] λλ3726, 3729 emission is not de-
tected in the central region of 12 galaxies (see Table A.3). For the
remaining objects, we found 〈VHα

sys − V
[OII]
sys 〉 ∼ −25 ± 60 km s−1.

Different elements contribute to this discrepancy: (1) the relative
strengths of the [O ] λλ3726, 3729 emission lines, with ratios
ranging from 0.35 – for high electronic density regions – to 1.5
– for low electron density zones (e.g., Pradhan et al. 2006), and
the strong blending of the two lines in almost all central spec-
tra produce a large number of different [O ] observed profiles;
(2) [O ] is more affected by dust obscuration than Hα+[N ];
and (3) the subtraction of the stellar continuum under the [O ]
doublet is tricky because it is close to the blue border of the
CALIFA V1200 spectral range. All these factors complicate the
definition of an adequate template for the [O ] λλ3726, 3729
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spectral range (see Sect. 3), affecting the determination of the
radial velocities.

4.1.2. Velocity gradients: estimating the location
of the kinematic center

The two-dimensional distribution of radial velocities derived
from Hα+[N ] spectral range allows the derivation of a veloc-
ity gradient image for most of the galaxies in the analyzed sam-
ple. As we already noted, the gradient image should present a
clear peak at the KC for a purely rotating galactic disk. With
this idea in mind, we have divided our set of galaxies accord-
ing to the structures of the velocity gradient images: multiple
peaks/structures can be due to different factors, including the
presence of dynamically distinct components (e.g., a bar), whose
study is beyond the scope of this work. We refer as Multi veloc-
ity Gradient Peak (MGP hereafter) to those galaxies showing
several velocity gradient peaks or clear structures in the veloc-
ity gradient map. Single velocity Gradient Peak (SGP hereafter)
indicates galaxies with a conspicuous velocity gradient peak,
sometimes surrounded by faint structures or secondary peaks of
much lower intensities. Galaxies in the SGP class should cor-
respond to systems dominated by rotation, while MGP galax-
ies to objects presenting circular and non-circular motions at the
velocity resolution of the CALIFA data. We lack a reliable ve-
locity gradient map for a subset of 26 galaxies: (1) for 14 ob-
jects5 Hα+[N ] emission is not extended enough in the central
region to derive a velocity gradient image; for 7 edge-on galax-
ies6 the information perpendicular to the galaxy plane/disk is
not enough to identify peaks or structures; and 4 spiral galaxies7

show a patchy-distributed emission in the central ten arcsecs. We
classify these objects as unclear velocity gradient peak (UGP
hereafter) galaxies. The optical nucleus is taken as reference to
estimate the kinematic axes (when possible) for this subset of
objects. Table A.2 includes the classification according to the
structures in their Hα+[N ] velocity gradient maps (SGP, MGP
or UGP) as result of combining the independent visual identifi-
cation of several members of the CALIFA collaboration.

The KC location was estimated from their velocity gradient
images as explained in Sect. 3.2.2. Figure 8a shows the shifts be-
tween the derived KC position and the optical nucleus (ON here-
after) taken at the CALIFA data cube central spaxel (see H13).
The ON was adopted as the KC for the UGP objects, and hence
UGP galaxies are at the coordinate origin in Fig. 8a. We adopted
the original spatial fiber size of the CALIFA survey (2.7 arcsec,
see Sect. 2.2) as the minimum distance to report an offset be-
tween ON and KC. None of the SGP galaxies present ON-KC
offsets larger than 2.7 arcsec (see Fig. 8a). For 10 MGP galaxies
(see Table A.2) KC and ON are shifted a distance larger than
2.7 arcsec. 6 of these 10 objects are marked interacting galaxies
(see Table A.2). A possible ON-KC offset is found for a subset
of 52 galaxies of the sample (20 SGP and 32 MGP), with an
ON-KC distance in the range between 1.35 arcsec (half of the
original fiber size) and 2.7 arcsec. 22 of these objects (9 SGP
and 13 MGP) were also identified as interacting systems (see
Fig. 8b). At the CALIFA spatial resolution, ON and KC are in
agreement for 47 SGP and 43 MGP galaxies.

5 Namely NGC 0160, NGC 0499, NGC 3158, NGC 6146, NGC 6154,
NGC 6166NED01, NGC 6338, NGC 7236, NGC7550, NGC 7671,
UGC 00335NED02, UGC 08234, UGC 10695 and UGC 11958.
6 IC 2095, MCG-01-54-016, NGC 6081, UGC 04722, UGC 6036,
UGC 08250, and UGC 10650.
7 NGC 5720, NGC 6032, UGC 01938, and UGC 11649.
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Fig. 8. a) Location of the estimated KC positions relative to the CALIFA
data cube central spaxel (optical nucleus location, see H13) for all the
galaxies in the sample. Filled squares correspond to SGP galaxies, while
open squares to MGP objects (see text). Those objects identified as
galaxies in interaction (see Table A.2) are in blue. Labels correspond
to objects with ON-KC offsets >2.7 arscec. The arrow points to the lo-
cation of the ON-OK for NGC 3991, indicating its ON-KC offset in
parentheses. The solid-line circle marks the size of the original spatial
sampling (fiber size) of the CALIFA observations centered on the co-
ordinate origin (optical nucleus location for each object, see H13). The
dashed-line circle corresponds to twice the size of the original spatial el-
ement in CALIFA, which delimits the region between an offset (out of
the dashed-circle) or possible offset (annular region between the solid-
circle and the dashed-circle). b) Distribution of galaxies as a function of
the distance (in arcsec) between ON and KC. Pattern styles and colors
indicate bar and interacting status, respectively, as in Fig. 1. Numbers
over each bin represent the fraction of objects of the sample in each bin.
The relative fraction of interacting galaxies in each bin is indicated in
parentheses.

Offsets between ON and KC are reported for many differ-
ent galaxies (e.g., for local tadpole galaxies Sánchez Almeida
et al. 2013; for bulgeless disk galaxies Neumayer et al. 2011; for
Wolf-Rayet galaxies López-Sánchez & Esteban 2009; for dwarf
elliptical galaxies Binggeli et al. 2000; for AGN Mediavilla &
Arribas 1993). Such offsets could be due to dust obscuration,
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which produce velocity fields and rotation curve gradients usu-
ally smoother than those for intermediate inclinations or almost
face-on galaxies (Epinat et al. 2008). Offsets could be also due
to actual displacement of a compact nucleus from the dynamical
center (Miller & Smith 1992; Levine & Sparke 1998). The ion-
ized gas is only a small fraction of the total mass of a galaxy, and
it can be quite sensitive to non-axisymmetric perturbations (such
as interactions, bars or feedback from massive stars) that could
drive large ON-KC offsets. Indeed, nine of the ten galaxies in
our sample with ON-KC distance >2.7 arcsec have weak/strong
bars and/or interactions (either or both) and only one (IC 0776)
seems to be a single and non-barred galaxy. IC 0776 is a pecu-
liar late-type spiral galaxy displaying a large-scale asymmetry
in its morphology. Its velocity field, at the CALIFA spectral and
spatial resolutions, follows a general trend of receding and ap-
proaching velocities, with a quite distorted minor kinematic axis;
its velocity gradient distribution (see Appendix C) is far from
the expected single velocity gradient peak for a rotating system,
suggesting that non-gravitational perturbations (may be warps
and/or a minor merger) play a dominant role. For the galaxies
(52 objects) with a possible ON-KC offset (ON-KC distance in
the range 1.35−2.7 arcsec), 36 show signs of interaction and/or
bars. The remaining 17 galaxies8 are apparently single late-type
spirals (Sbc type or later types) showing visual morphological
lopsidedness, 8 of them with an ellipticity larger than 0.6. At the
CALIFA spatial resolution, nuclear activity is unrelated to the
origin of ON-KC displacements. Only 18 of the 62 objects with
ON-KC offset larger than 1.35 arcsec are LINERS or AGN.

The velocities derived for the KC (see Table A.2) are in good
agreement with VHα

sys , with 〈VHα
sys − VKC〉 = 0 ± 23 km s−1. Only

three objects (namely, NGC 0169, NGC 3991, and UGC 03995)
show a discrepancy larger than uncertainties. These galaxies
present a large offset (>3.5 arcsec) between ON and KC.

4.1.3. Kinematic internal misalignment

We have traced the kinematic line of nodes and derived their
mean PAkin,rec and PAkin,app (see Sect. 3.2.3) for 166 of the galax-
ies in our CALIFA subsample. The Hα+[N ] distribution ex-
tends <2.7 arcsec (original spaxel diameter) or shows a patchy
distribution in the remaining objects (see Table A.2). The differ-
ence between PAkin,rec and PAkin,app should be 180 degrees for
a pure rotating disk system but, for many of the objects in the
sample, this difference is far from this value. The misalignment
of these two approaches of the mean position angle of the kine-
matic major axis is given by:

sinψ =
∣

∣

∣

∣
sin
(

PArec
kin − PAapp

kin

)

∣

∣

∣

∣
(2)

with ψ in the range between 0◦ and 90◦ degrees (Franx et al.
1991). We adopt ψ > 10◦ to define a kinematic lopsidedness in
terms of the major kinematic axis. A similar limit was previously
used to report misalignments between the photometric and kine-
matic axes in spiral (Kutdemir et al. 2008) and early-type galax-
ies (Krajnović et al. 2011). Almost 82% of the objects with ψ es-
timation present internal kinematic misalignments smaller than
10◦ (∼77% of the objects in the full sample). Only 30 galaxies
show ψ > 10◦ along the major pseudo-axis from the receding to
the approaching sides of the velocity fields, reaching a maximum
value at around 65◦ for ARP 220 (see Fig. 9a).

8 NGC 5633, NGC 5732, NGC 6063, NGC 6155, NGC 6301,
UGC 00005, UGC 00148, UGC 00841, UGC 03899, UGC 03969,
UGC 07145, UGC 09892, UGC 10972, UGC 11262, UGC 12054, and
UGC 12816.

During a major merger, complex kinematics could arise
as a result of the tidal forces (e.g., Kronberger et al. 2007;
Rampazzo et al. 2005). The full analyzed sample (177 galax-
ies) includes 71 objects (∼40%) identified as interacting galax-
ies (see Sect. 2.3). Only 21 of these systems present a clear
internal asymmetry in the velocity fields (ψ > 10◦). The rest
of the objects showing ψ > 10 ◦ are apparently isolated galax-
ies. The degree of symmetry of a velocity field may also be af-
fected by the presence of dust lanes, spiral arms, bars, warps,
outflows/inflows, shocks or nuclear activity, minor mergers or
even interactions with difuse objects (see, e.g., Fridman et al.
2005; Fathi et al. 2005; Wong et al. 2004; López-Sánchez 2010).
Their kinematics imprints could range from ∼10 km s−1 (see
Wong et al. 2004, for radial inflows) to a few hundred of km s−1

(for outflows from an AGN, see, e.g., Arribas et al. 1996).
Small-scale perturbations (in the spatial and/or velocity spaces)
are smoothed or even undetectable depending on the spatial
and spectral resolution of the observations. At the resolution of
CALIFA V500 data cubes (see Sect. 2.2), we find a similar pro-
portion of galaxies with kinematic misalignments in barred and
unbarred galaxies (see Fig. 9b). The proportion of kinematic lop-
sided in terms ofψ (ψ > 10◦) seems to be slightly larger for inter-
acting galaxies (21/61) than for AGN/LINER galaxies (15/63).
However, the 5 objects with ψ > 40◦ are AGN/LINERs, and 4
of them are galaxies in interaction. Moreover, it is important to
highlight that 12 of the 15 AGN/LINER objects with ψ > 10◦ are
also classified as interacting/merger galaxies. This proportion is
much larger than those AGN/LINER galaxies in interaction with
ψ < 10◦ (16/48).

As already mentioned (see Sect. 3.2.3) the standard devia-
tion (δPAkin hereafter) of the positions used to estimate the kine-
matic major axis indicates the degree of their alignment on the
velocity field and their correspondence or not with a straight
kinematic line of nodes (a negligible dependence on galactocen-
tric distance of the major kinematic axis). The larger the δPAkin
is the larger departure for pure rotation. Figure 9c shows the
largest δPAkin (maximum δPAkin at receding and approaching
sides of the velocity field) for each galaxy as a function of mor-
phological ellipticity. We note that we are estimating kinematic
parameters on the plane of the sky plane (directly from observed
radial velocities) and δPAkin should show a dependence like in
Eq. (1). Figure 9c includes δPAkin curves as a function of elliptic-
ity for selected δPAkin at face-on. Many objects (mainly edge-on)
present much larger δPAkin than expected, may due to the pres-
ence of dust lanes, warps, outflows/inflows inducing apparent or
real vertical motions. UGC 10650 is the object presenting the
largest δPAkin (in its approaching side). UGC 10650 seems to be
an edge-on galaxy with a similar appearance to tadpole objects.
At the spatial and spectral resolution of CALIFA, UGC 10650
shows a quite chaotic velocity field, not compatible with simple
rotation (see Appendix C). On the other side, the face-on galaxy
NGC 2347 presents the lowest δPAkin values (at the receding and
approaching sides), suggesting that rotation is the dominant mo-
tion. Indeed, in terms of δPAkin, NGC 2347 seems to be the most
symmetrical of the face-on galaxies in our sample.

Almost 42% of the studied objects present δPAkin (at the
receding and/or approaching sides) larger than 15 degrees (see
Fig. 9d), while ∼8% have δPAkins larger than 30 degrees. 45%
of the objects with δPAkin larger than 15 degrees are apparently
isolated galaxies (31/69), but 22 of them present a bar or/and
nuclear activity. Half of the remaining isolated galaxies with
δPAkin > 15◦ are edge-on and vertical motions in the disks
and/or dust obscuration could be the responsible of the observed
kinematic distortions. Poor gas content, the presence of hidden
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Fig. 9. a) Misalignment (ψ) of the major kinematic position angles estimated from the receding (PAkin,rec) and approaching (PAkin,app) sides of the
velocity fields for each galaxy as a function of the integrated stellar masses for the CALIFA galaxies in the sample (stellar masses are from Walcher
et al. 2014). Labels indicate those objects with ψ > 20◦ degrees. Blue dots correspond to objects identified as galaxies in interaction (see Sect. 2.3
and Table A.1). b) Histogram of the kinematic misalignment of the major kinematic pseudo-axes estimated from the receding and approaching
sides of the velocity fields. The fraction of non-barred and barred galaxies is indicated as in Fig. 1. Colors indicate here the nuclear type of the
galaxies (AGN+LINER or SF+INDEF). Numbers indicate the total number of objects in each bin, including the number of interacting galaxies in
parentheses. c) Largest standard deviation of the positions used to estimate the kinematic axes position angles (receding and approching sides) for
each galaxy as a function of the ellipticity. Blue dots correspond to interacting galaxies. Labels indicate those objects with δPAkin > 30◦ degrees.
Dashed lines draw the projection effects on δPAkin. d) Histogram of δPAkin. Colors and filled lines are the same as in b).

bars or a past interaction with a satellite object could explain the
kinematic distortions of the other half non-barred isolated galax-
ies showing δPAkins larger than 15◦.

The orthogonality of the kinematic pseudo-axes also pro-
vides an approach to the distortions in a velocity field. Figure 10a
shows the difference respect to normal (ψ+ hereafter) calculated
from the average kinematic minor and major PA through:

ψ+ = 90 − arcsin (|sin (PAkin − PAminor)|) . (3)

We took the average of PAkin,rec and PAkin,app as PAkin in this
equation. We only estimated the kinematic minor axis for a re-
duced number of objects (93 galaxies) because of the limited
extent of the ionized gas along this direction (mainly galaxies
with ellipticity larger than 0.6). ∼70% of the galaxies (65 of 93)
in this subsample have ψ+ < 10◦, while only 10 (of 93) de-
viate from normality more than 20◦ (see Fig. 10a and b). 75%
(21 of 28) of the objects with ψ+ > 10◦ are barred galaxies, 12
of them also have an AGN/LINER type nuclear spectrum and
even 9 of them show signatures of interactions. Only NGC 7819
shows ψ+ > 10◦ being an apparently isolated and unbarred
galaxy with a nuclear spectrum compatible with star formation
(see H13). An additional indicator of large distortions in the mi-
nor kinematic axis is the standard deviation of the angles aver-
aged to estimate PAminor (δPAminor hereafter). ∼62% of the ob-
jects (58 of 93) present δPAminor < 15◦. Only 6 of 93 galaxies

have δPAminor > 30◦, identified the 6 as interacting galaxies with
nuclear activity (AGN/LINER).

4.1.4. Photometric to kinematic pseudo-axes misalignment

The photometric position angles of the galaxies in the sample
were obtained from NED (PANED hereafter). Most of PANED cor-
respond to estimations from Ks images from 2MASS, but some
of the PANED comes from other sources (see NED). The average
of PAkin,rec and PAkin,app (see Sect. 4.1.4) is taken as the orien-
tation of the velocity fields (PAkin). Following Eq. (2), we esti-
mated the misalignment (ψNED hereafter) between photometric
(PANED) and kinematics (PAkin) maps orientations. Figure 11b
shows the histogram of ψNED for 162 objects in our sample
(those with both PANED and PAkin values). ∼57% of the objects
(93/162) are in the first two bins (ψNED < 10◦), while 21% of the
galaxies (34/162) present ψNED > 20◦, with the maximum mis-
alignment reaching ∼87◦ for UGC 11649. The visual inspection
of UGC 11649 broad band images reveals a strong bar cross-
ing the galaxy and almost perpendicular to the apparent rotation
axis of its velocity field (see Appendix C). Indeed, 45 of the
69 objects with ψNED > 10◦ are barred galaxies, and half of
the objects with ψNED > 20◦ have strong bars (see Fig. 11b). We
find an excess of early-type galaxies with photometric-kinematic
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Fig. 10. a) Misalignment respect to the normal (ψ+) of the minor and major kinematic angles estimated for each galaxy directly from the measured
radial velocities as a function of the integrated stellar masses for the CALIFA galaxies in the sample (Walcher et al. 2014). Labels indicate those
objects with ψ+ > 20◦ degrees. Blue circles correpond to objects identified as galaxies in interaction (see Sect. 2.3 and Table A.1). b) Histogram
of misalignment of the minor and major kinematic pseudo-axes respect to perpendicularity. The fraction of non-barred and barred galaxies is
indicated as in Fig. 1. Colors indicate here the faction of galaxies in each bin and bar strength of the nuclear type of the galaxies (AGN+LINER or
SF+INDEF). Numbers indicate the total number of objects in each bin, including the number of interacting galaxies in parentheses. c) Standard
deviation of the positions used to estimate position angle of the minor kinematic axis for each galaxy as a function of the ellipticity. Blue dots
correspond to interacting galaxies. Labels indicate those objects with δPAminor > 30◦ degrees. d) Histogram of δPAminor. Colors and filled lines
indicate the same than in b).

misalignments, with 9 of the 10 ellipticals and S0 galaxies in this
subsample showing ψNED > 10◦ (for 6 of them ψNED > 20◦).
The largest misaligment for the early-type galaxies corresponds
to NGC 7671 (ψNED ∼ 86◦), morphologically classified as an
S0 galaxy and forming a pair with NGC 7672 (placed at ∼98 kpc
from NGC 7671 and with a difference in systemic velocity of
∼−118 km s). It is important to note that 8 of the 10 early-types
(E+S0) galaxies in this subsample of 163 objects are involved in
dynamical interactions (according to the established criteria in
Sect. 2.3), and 9 show a LINER type nuclear spectrum. It is also
important to point out that most of the early-type galaxies in the
sample have a limited extent of ionized gas (<20 arcsec).

For a homogeneous dataset of photometric position angles,
we fitted the isophotes of the SDSS r-band images of the galax-
ies in the sample by ellipses using the standard IRAF task ellipse
(Jedrzejewski 1987), deriving the radial variation of photomet-
ric position angles and ellipticities. We defined an external pho-
tometric position angle (PAout hereafter) by averaging the outer
isophotes. PAout represents the global stellar structure but could
be affected by close companions. We also calculated the mor-
phological position angle at one effective radius for each galaxy
(PAre hereafter), which can account for internal morphological
structures such as bars. PAout and PAre are listed in Table A.1.
These two approaches of the photometric position angles are
also used in Falcón-Barroso et al. (in prep.) for the statistical

analysis of the stellar kinematics of a sample of CALIFA galax-
ies and in Barrera-Ballesteros et al. (2014) for the comparison of
stellar and ionized gas kinematic for a sample of non-interacting
galaxies. Figure 11 shows the comparison of these photometric
position angles with the orientation of the velocity fields follow-
ing Eq. (2).

Similar statistical results are obtained when comparing PAre

and PAkin (ψre hereafter) to those obtained for ψNED. We have
an excess of barred galaxies (48 of 78) with ψre > 10◦ and
also an excess of early-type galaxies with large misaligments
(8 of 10). Moreover, 18 of the 28 objects in interaction with nu-
clear activity (AGN or LINER) present inner morpho-kinematic
misaliments (ψre > 10◦). On the other hand, the misalignment
between kinematics and PAout (ψout hereafter) is quite small for
a large number of objects in the sample (see Fig. 11e and f):
129 of 162 objects (∼80 %) have ψout < 10◦, and in total
∼89% of galaxies present ψout < 15◦ (in agreement with re-
sults in Krajnović et al. (2011) for early-type galaxies). ψout is
larger than 10◦ for only 14 of the galaxies with a weak/strong
bar (∼24% of the barred galaxies in the sample). Otherwise,
19 of the 33 galaxies with ψout > 10◦ present some degree
of nuclear activity (∼31% of the AGN+LINER objects in the
sample), while 23 of the objects with ψout > 10◦ are iden-
tified as interactions (∼40% of the interacting galaxies in the
sample), 14 of them having also nuclear activity. Indeed, half
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Fig. 11. a) Misalignment (ψNED) of the photometric position angles (from NED) and the major kinematic position angles (estimated from the
average of the estimations at the receding (PAkin,rec) and approaching (PAkin,app) sides of each galaxy). b) Histogram of the morpho-kinematic mis-
alignment ψNED. The fraction of non-barred and barred galaxies is indicated as in Fig. 1. c) Misalignment (ψre ) of the photometric position angles
at one effective radius and the major kinematic position angles (PAkin). d) Histogram of the morpho-kinematic misalignment ψre . d) Misalignment
(ψout) of the photometric position angles at the external isophotes and the major kinematic position angles (PAkin). e) Histogram of the morpho-
kinematic misalignment ψout. In a), c), and e), blue circles correpond to objects identified as galaxies in interaction (see Sect. 2.3 and Table A.1). In
b), d), and f), colors indicate the fraction of galaxies in each bin and bar strength of the nuclear type of the galaxies (AGN+LINER or SF+INDEF).
Numbers indicate the total number of objects in each bin, including the number of interacting galaxies in parentheses.

of the galaxies with nuclear activity and in interaction show
ψout > 10◦. Again, the largest excess of galaxies showing pho-
tometric and kinematic misalignments correspond to early-type
objects (E+S0), with 7 of the 10 early-type galaxies in the sam-
ple having ψout > 10◦. However, we note that all the objects with
strong morpho-kinematic misaligments (ψout > 40◦) are inter-
acting galaxies (see Fig. 11f). Barrera-Ballesteros et al. (2014)
study the morpho-kinematic misaligments (as well as the stellar-
ionized gas kinematic misaligments) for a sample of interacting
galaxies.

4.2. Presence of kinematically distinct gaseous components

The presence of asymmetries in the observed spectra can be
studied for 122 galaxies, ∼69% of the galaxies in the ana-
lyzed sample, those satisfying the S/N threshold (S /N ≥ 40 in
[O ] λ5007, see Sect. 3.3). Obviously, the total number of spec-
tra with estimated S/N larger than 40 varies from object to object,
from a minimum of three to more than thousand spatial elements
of the CALIFA data cubes. We assume three contiguous spectra
as the minimum number of spaxels to define a region.
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Asymmetries are detected in 117 objects at different bisec-
tor levels with absolute velocity shifts respect to a Gaussian bi-
sector (| ∆Vb |) larger than the limits estimated in Appendix B
(F∆Vb(S/N), Eqs. (B.1) and (B.4)) for noise induced asymme-
tries in CALIFA profiles. We classified the detected asymmetries
into three categories according to the number of bisector levels
at which the profiles appear asymmetric:

• Class A: |∆Vb| is larger than F∆Vb (S/N) in more than five bi-
sector levels. In general, class A profiles correspond to asym-
metries first detected over a 30% of the peak intensity level.
• Class B: |∆Vb| is larger than F∆Vb (S/N) in a number of bi-

sector levels between 3 and 5. Frequently, class B profiles
correspond to asymmetries first detected at intensity levels
between 20% and 30% of the intensity peak.
• Class C: |∆Vb| is larger than F∆Vb (S/N) only in two bisec-

tor levels. Commonly, class C corresponds to profiles with
asymmetries in the 10% and 15% bisector levels.

Moreover, we can classify the detected asymmetries according
to the maximum deviation of the bisector from a Gaussian (∆Vb),
adopting the following types:

• Type 0: max(| ∆Vb |) − F∆Vb (S/N) ≤ F∆Vb(S/N) km s−1;
• Type 1: F∆Vb(S/N) < max(| ∆Vb |) − F∆Vb (S/N) ≤ 2 ×

F∆Vb (S/N);
• Type 2: max(| ∆Vb |) − F∆Vb (S/N) > 2 × F∆Vb (S/N) km s−1.

Following these divisions, we have nine different categories
of asymmetries in the profiles (namely, A0, A1, A2, B0, B1,
B2, and C0, C1, and C2) depending on the bisector velocity
deviation from a Gaussian and bisector level at which the asym-
metry is first detected. In Appendix B, we explored the parame-
ter space of two kinematically distinct gaseous components pro-
ducing asymmetric emission profiles, founding that classes and
types result from a complex combination of the parameters (ve-
locity, velocity dispersion and intensity) of each gaseous com-
ponent contributing to a particular emission line profile.

Class C profiles are found in the spectra of 108 objects. In
∼79% of the objects (92 of 117), we detect class B profiles,
while only 25 galaxies have class A profiles. Obviously, a sin-
gle galaxy can present spectra of different asymmetry classes
depending on the kinematics of the gaseous systems from region
to region. Table A.3 indicates the classes and types of asym-
metric profiles detected for the different galaxies. The presence
of several gaseous components in the rest of the objects of our
sample and/or at additional spectra cannot be ruled out, but we
are not able to detect them at the resolution and depth of the
CALIFA data cubes. These two facts could also be masking any
trend on the presence of multiple gaseous systems with galaxy
types. Indeed, asymmetric emission line profiles are found in
spiral galaxies but also in elliptical galaxies. We stress that most
elliptical galaxies in the sample do not satisfy the S/N threshold
to look for asymmetries. Neither the interaction with a nearby
galaxy nor the presence or absence of a bar (strong or weak)
seems to be associated with the detection of asymmetries in the
emission line profiles of the galaxies in the sample.

Asymmetries in the [O ] profiles are found in regions
around the nuclear zone (up to 2 kpc), in compact regions out of
the nuclear zone but also in dispersed regions all over the galax-
ies. Figure 12 presents the distribution of profiles according to
the detected asymmetry class, indicating the fraction of them
located at different distances from the galaxy center. Although
all categories of asymmetries in the profiles are found at dif-
ferent scales in the analyzed objects, in general asymmetries in
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Fig. 12. Distribution of asymmetries detected in the [O ] profiles
according to the classes defined. We indicate the fraction of spectra
located at different distances from the galaxy center (as coded in the
plot). Colors indicate the proportion of profiles with detected asymmet-
ric types according to bisector deviation from a Gaussian (as coded in
the plot) in each division.

the emission line profiles for spectra coming from the central
regions suggest brighter secondary components with respect to
the dominant than the secondary features for spectra in the outer
regions of the galaxies. Moreover, the difference in velocity be-
tween the dominant and the secondary components seems to be
also larger for spectra in the central region than those in the outer
parts. However, from a model of two Gaussian (see Appendix B)
we found that many combinations of the parameters character-
izing each component can result in an specific class and/or type
asymmetric profile. Commonly, asymmetric emission line pro-
files detected out of the circumnuclear region are generally in
clouds surrounding bright emission knots and/or at bright emis-
sion regions. At the spatial resolution of the CALIFA survey
many of the emission knots could lumps of unresolved emission
knots.

Complex emission line profiles in the central region of
galaxies have been commonly interpreted as bi-polar outflows
driven by starbursts or AGN radiation pressure (see, e.g., Shen
et al. 2011; Monreal-Ibero et al. 2010; Heckman et al. 1981).
Multicomponent emission line profiles are also observed in
many luminous H  regions associated with the expansion of
bubbles produced by stellar winds from massive stars (e.g.,
Rozas et al. 2007; López-Sánchez et al. 2007). Luminous
H  regions emission line profiles are characterized by a cen-
tral peak and one or two high velocity features that could
be associated with the asymmetries detected in the CALIFA
[O ] λλ4959, 5007 profiles according to the observed veloc-
ity shifts (see, e.g., Relaño et al. 2005). Multiple massive star-
forming clumps have been also suggested as the origin of
complex profiles in dynamically young host galaxies (Amorín
et al. 2012). The presence of a nearby galaxy or a small satel-
lite companion (in interaction or not) could also explain the
observation of complex emission line profiles depending on the
orientation respect to our line of sight. Even in absence of kine-
matically distinct gaseous components, complex emission line
profiles could result from beam-smearing of the velocity gradi-
ents within the observation aperture. A detailed analysis of the
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origin of asymmetric emission line profiles for each galaxy in
our sample is far from the scope of this work but could be the is-
sue of a future dedicated work. The main intention here is to in-
dicate the presence of multiple gaseous systems in the objects to
users of the CALIFA database. As we already mention, the pres-
ence of secondary gaseous systems could give rise to complex
emission lines, and such deviation from a Gaussian profile could
have an impact on the calculation of parameters from emission
line fluxes (see Appendix B).

5. Summary and conclusions

In this paper we present a basic analysis of the ionized gas kine-
matics of the galaxies in CALIFA. Our main results and conclu-
sions are summarized by the following items.

• At the spatial and spectral resolution of CALIFA, the ion-
ized gas velocity fields of the galaxies in the sample present,
in general, the typical pattern of receding and approaching
velocities.
• Systemic velocities derived from different emission lines are

in good agreement and they are compatible (within uncer-
tainties) to values in NED.
• Almost half of the galaxies in the sample have clear struc-

tures in the velocity gradient maps, indicating clear depar-
tures from rotation at the resolution of CALIFA.
• We find evidence of displacements between the photometric

and kinematic centers for 35% of the objects in the sam-
ple. The largest offsets mainly correspond to galaxies in
interaction.
• The major kinematic position angles estimated from the re-

ceding and approaching sides of the velocity fields suggest a
kinematic lopsided in 17% of the galaxies in the sample. A
significant fraction of these galaxies correspond to interact-
ing objects with nuclear activity (AGN or LINER).
• Deviations larger than 15◦ in tracing the major kinematic

axes are found in almost 40% of the analyzed objects, in-
dicating clear departures from pure rotation.
• Deviations (>10◦) from the normal between the minor and

major kinematic axes are mainly associated with the pres-
ence of a bar in the objects .
• We find an excess of early-type galaxies (E+S0) showing

photometric-kinematic misaligments.
• Evidence of the presence of kinematically distinct gaseous

systems are found in 69% of the galaxies in the sample.
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Appendix A: Tables

In this appendix, we summaryze the main photometric parame-
ters of the galaxies in the sample (Table A.1) obtained (within
the CALIFA collaboration) from SDSS r-band images of the
galaxies in the sample (see Walcher et al., in prep., for details).
In Table A.1 columns correspond to:

– Columns [1] and [2]: object and CALIFA unique ID number
for the galaxy, respectively.

– Columns [3] and [4]: systemic velocity and position angle of
the apparent major axis obtained from NED.

– Columns [5]: effective radius in arcsec of the disk estimated
as detailed in Sánchez et al. (2014).

– Columns [6]: radial distance (in units of the effective radii)
used to estimate the large-scale photometric position angles
(in column 8) and ellipticities (in Col. 9).

– Columns [7] and [8]: morphological position angles at one
effective radius (PAre) and at the largest scale of the SDSS
images (PAout). Both measurements were inferred from the
SDSS r-band image of the galaxy using the IRAF task
ellipse.

– Column [9]: ellipticity of the outer isophotes of the SDSS
r-band image obtained using the IRAF task ellipse.

– Column [10]: identification of the galaxy as isolated (I G),
interacting/merging (IoM G), or group of galaxies (GoG; see
Sect. 2.3 for criteria on this division). Here, we divide the in-
teracting sample analyse in the work (pair of galaxies, small
groups of galaxies and mergers with tidal features) in IoM G
and GoG just for reference to future works.

– Column [11]: morphological type from visual classifica-
tion performed by the CALIFA collaboration (see H13 and
Walcher et al., in prep., for details).

– Column [12]: bar strength of the galaxy as an additional
outcome of the CALIFA visual classification (see H13 and
Walcher at al., in prep., for details). We divided the galax-
ies into non-barred (A), weakly barred (AB) and strongly
barred (B).

– Column [13]: nuclear type of the object indicating the main
ionization mechanisms in the central region determined
through diagnostic diagrams (see Sect. 2.3). SF, LINERS
and AGN indicate pure star formation, low-ionization nu-
clear emission-line regions and AGN, respectively. INDEF
indicates that the nuclear type could not be inferred (see
Sect. 2.3).

In Table A.2 we include the kinematic parameters directly de-
rived from the measured radial velocities of the Hα+[N ] emis-
sion lines for each galaxy. Each column corresponds to:

– Column [1]: CALIFA ID number for the galaxy.
– Column [2]: classification of the galaxy according to the

structures in the velocity gradient map obtained from the
Hα+[N ] velocity field. SGP, MGP, and UGP indicate
Single, Multi and Unclear velocity Gradient Peak (see
Sect. 4.1.2).

– Columns [3] and [4]: position (in arcsec) of the kinematic
center (right ascension [4], and declination [5]) relative to
the central spaxel of the CALIFA data cube (see Table 4 in
H13 for keyword) (see Sect. 3.2.2).

– Column [5]: average velocity (in km s−1) in an aperture of
3.7 arcsec in radius centered at the location of the kinematic
center. Errors correspond to the standard deviation of the av-
erage radial velocities.

– Columns [6] and [7]: position angle of the major kinematic
pseudo-axis estimated from the receding ([6]) and approach-
ing ([7]) sides of the velocity field and taking the reference
position at the kinematic center. Errors correspond to the
standard deviation of the polar coordinates of the spaxels
tracing these axes (see Sect. 3.2.3).

– Column [8]: position angle of the minor kinematic pseudo-
axis. Errors correspond to the standard deviation of the polar
coordinates tracing this axis (see Sect. 3.2.3).

Table A.3 includes the systemic velocities derived from different
emission lines through a 3.5 arcsec aperture in radius on the zero
reference spaxel (galactic nucleus) of each CALIFA data cube
(see Sects. 3.2.1 and 4.1.1). Table A.3 also indicates the class and
type of asymmetries detected in the [O ] emission line profiles
in each object (see Sects. 3.3 and 4.2). Each column in Table A.3
corresponds to:

– Column [1]: object.
– Columns [2]−[5]: sytemic velocities derived from: [2] [O ]

(V [OII]
sys ); [3] [O ] (V [OIII]

sys ); [4] Hα+[N ] (VHα
sys ); and [5]

[SII] (V [SII]
sys ) emission lines.

– Columns [6]−[8]: class and types of asymmetries detected in
the [O ] profiles (see Sects. 3.3 and 4.2).
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Table A.3. Types and classes of asymmetries detected from the [O ] emission line profiles.

Name V
[OII]
sys ± σV

[OII]
sys

V
[OIII]
sys ± σ

V
[OIII]
sys

VHα
sys ± σVHα

sys
V

[SII]
sys ± σV

[SII]
sys

Asymmetries

(km s−1) (km s−1) (km s−1) (km s−1) Class A Class B Class C
(types) (types) (types)

ARP220 5455 ± 42 5370 ± 42 5350 ± 53 5354 ± 59 A0–A2 –B1– C0–C2
IC 0540 2159 ± 44 2103 ± 33 2067 ± 24 2083 ± 27 – – C0 C1–
IC 0776 2510 ± 15 2449 ± 10 2454 ± 10 2457 ± 12 – B0 B1 B2 C0 C1 C2
IC 0944 6947 ± 48 6961 ± 68 6961 ± 81 7023 ± 42 – – –
IC 1199 4782 ± 52 4681 ± 44 4710 ± 51 4702 ± 58 – – –
IC 1256 4776 ± 31 4716 ± 32 4694 ± 30 4700 ± 29 – A2 –B1– C0–C2
IC 1683 4864 ± 59 4797 ± 47 4838 ± 55 4817 ± 57 – – –
IC 2095 2956 ± 6 2824 ± 6 2833 ± 5 2833 ± 5 – B0 B1– C0 C1 C2
IC 2247 4314 ± 33 4261 ± 65 4278 ± 60 4290 ± 52 – – C0 C1 C2
IC 2487 4342 ± 31 4312 ± 25 4269 ± 21 4287 ± 18 – – B2 –C1 C2
IC 5309 4308 ± 51 4138 ± 28 4130 ± 29 4134 ± 27 – – – C2
IC 5376 5040 ± 29 4996 ± 45 4992 ± 41 5027 ± 39 – – –
MCG-01-54-016 2957 ± 10 2897 ± 7 2903 ± 7 2901 ± 8 –A1– –B1 B2 C0 C1 C2
NGC 0001 4658 ± 54 4522 ± 60 4552 ± 71 4528 ± 69 – – –
NGC 0023 4633 ± 68 4562 ± 64 4570 ± 85 4567 ± 83 A0 A1– B0–B2 C0 C1 C2
NGC 0036 6004 ± 53 5981 ± 46 5957 ± 50 – – – –
NGC 0160 5344 ± 57 – 5083 ± 173 – – – –
NGC 0169 4674 ± 36 4674 ± 50 4629 ± 39 4641 ± 44 – –B1– C0 C1 C2
NGC 0192 4219 ± 53 4159 ± 45 4151 ± 96 4166 ± 94 – B0 B1– C0 C1–
NGC 0214 4571 ± 62 4485 ± 34 4485 ± 37 4490 ± 23 – – –C1–
NGC 0234 4560 ± 28 4419 ± 20 4418 ± 31 4419 ± 30 – – C0 C1 C2
NGC 0257 5298 ± 66 5224 ± 32 5221 ± 69 5243 ± 72 – – –C1–
NGC 0444 4855 ± 23 4826 ± 24 4808 ± 17 4814 ± 23 – – B2 –C1 C2
NGC 0477 5906 ± 31 5881 ± 16 5855 ± 35 5859 ± 36 – B0 – –C1–
NGC 0496 6123 ± 29 6029 ± 31 6032 ± 27 6038 ± 27 – –B1– –
NGC 0499 4502 ± 29 4434 ± 45 4371 ± 35 4395 ± 40 – – –
NGC 0776 4922 ± 30 4843 ± 15 4853 ± 20 4863 ± 16 – B0 B1– C0–C2
NGC 1056 1645 ± 34 1567 ± 36 1570 ± 47 1568 ± 46 – B0 B1– C0 C1 C2
NGC 1167 4945 ± 31 4914 ± 27 4866 ± 34 4873 ± 42 – B0 – –
NGC 1349 6655 ± 29 6566 ± 26 6562 ± 22 – – – –
NGC 1542 3790 ± 40 3705 ± 41 3701 ± 36 3702 ± 36 – – –
NGC 1645 4916 ± 62 4790 ± 75 4791 ± 52 – – – –
NGC 2253 3611 ± 27 3531 ± 22 3580 ± 30 3558 ± 33 – B0–B2 C0 –
NGC 2347 4448 ± 75 4419 ± 82 4403 ± 90 4399 ± 88 – – C0 C1 C2
NGC 2410 4703 ± 79 4647 ± 139 4638 ± 115 4643 ± 111 A0 A1 A2 B0 – C0 –
NGC 2449 4904 ± 61 4893 ± 70 4885 ± 91 – – – –
NGC 2623 5579 ± 38 5414 ± 68 5460 ± 60 5478 ± 57 A0 – B0 – –
NGC 2639 3220 ± 36 3195 ± 36 3174 ± 36 3190 ± 37 – – –
NGC 2906 2098 ± 45 2127 ± 59 2116 ± 58 2128 ± 68 –A1– – B2 C0 C1 C2
NGC 2916 3693 ± 17 3649 ± 23 3657 ± 24 3659 ± 16 A0 – B0 B1 B2 C0 –
NGC 3057 1568 ± 16 1518 ± 8 1532 ± 4 1517 ± 6 A0 A1– B0 B1 B2 C0 C1 C2
NGC 3106 6174 ± 39 6197 ± 35 6172 ± 42 6224 ± 39 – – –
NGC 3158 – -999 ± -999 – 7103 ± 12 – – –
NGC 3160 6847 ± 54 6823 ± 69 6827 ± 67 6867 ± 71 – – B2 –
NGC 3303 6188 ± 9 6182 ± 21 6181 ± 24 6227 ± 18 A0 A1– B0 B1 B2 C0 –
NGC 3614 2398 ± 28 2325 ± 25 2310 ± 21 2320 ± 24 – –B1– –C1–
NGC 3991 3362 ± 8 3221 ± 6 3223 ± 4 3223 ± 4 –A1 A2 B0 B1 B2 C0 C1 C2
NGC 4003 6565 ± 64 6585 ± 73 6631 ± 92 6547 ± 85 – – –
NGC 4047 3528 ± 41 3388 ± 42 3392 ± 45 3393 ± 41 – – C0 C1 C2
NGC 4185 – – 3871 ± 50 – – – –
NGC 4210 2764 ± 38 2694 ± 9 2676 ± 34 2687 ± 4 – B0 – C0 –
NGC 4470 2325 ± 6 2337 ± 11 2343 ± 10 2345 ± 11 – B0 B1 B2 C0 C1 C2
NGC 4676A 6773 ± 22 6559 ± 67 6567 ± 78 6552 ± 79 – –B1 B2 –C1 C2
NGC 4676B 6556 ± 66 6510 ± 68 6519 ± 73 6514 ± 66 –A1– –B1 B2 C0 C1 C2
NGC 4711 4143 ± 35 4069 ± 17 4071 ± 29 4077 ± 31 – –B1– C0 –
NGC 5000 5725 ± 19 5553 ± 21 5556 ± 16 5553 ± 15 – – C0–C2
NGC 5205 1808 ± 44 1739 ± 40 1728 ± 32 1766 ± 30 – – –
NGC 5216 2960 ± 56 2918 ± 42 2910 ± 45 2915 ± 43 – –B1– C0 –
NGC 5378 3091 ± 55 2943 ± 47 2938 ± 57 2957 ± 69 – A2 –B1 B2 –C1–
NGC 5394 3555 ± 18 3440 ± 11 3433 ± 10 3436 ± 11 – B0–B2 C0 C1 C2
NGC 5406 5476 ± 45 5365 ± 57 5413 ± 53 – – – –

Notes. We also include the systemic velocity derived from different emission lines ([O ],[O ], Hα+[N ] and [SII].
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Table A.3. continued.

Name V
[OII]
sys ± σV

[OII]
sys

V
[OIII]
sys ± σ

V
[OIII]
sys

VHα
sys ± σVHα

sys
V

[SII]
sys ± σV

[SII]
sys

Asymmetries

(km s−1) (km s−1) (km s−1) (km s−1) Class A Class B Class C
(types) (types) (types)

NGC 5485 2044 ± 54 1923 ± 54 1898 ± 84 1908 ± 102 – – –
NGC 5633 2407 ± 31 2327 ± 27 2310 ± 28 2316 ± 29 – –B1 B2 C0 C1 C2
NGC 5682 2348 ± 17 2282 ± 21 2290 ± 21 2277 ± 20 – B0 B1 B2 C0 C1 C2
NGC 5720 7738 ± 50 7765 ± 56 7722 ± 39 – – –B1– C0 –
NGC 5732 3872 ± 33 3752 ± 26 3759 ± 33 3762 ± 31 – B0 B1 B2 C0 C1 C2
NGC 5947 5951 ± 37 5896 ± 25 5918 ± 24 5917 ± 33 – B0 B1 B2 C0 C1 C2
NGC 5966 4549 ± 66 4517 ± 50 4514 ± 61 4521 ± 63 – – –
NGC 5971 – -999 ± -999 3334 ± 59 3384 ± 52 – – –
NGC 6032 4313 ± 25 4288 ± 32 4278 ± 16 4296 ± 19 – – C0 C1–
NGC 6060 4351 ± 56 – 4412 ± 72 – – – –
NGC 6063 – 2792 ± 45 2845 ± 24 2858 ± 21 – – C0–C2
NGC 6081 5101 ± 51 5040 ± 68 5025 ± 65 5027 ± 38 – – –
NGC 6146 8811 ± 69 8783 ± 61 8826 ± 70 8771 ± 15 – – –
NGC 6154 6093 ± 47 5997 ± 42 5970 ± 39 6036 ± 84 – – B2 C0 –
NGC 6155 2484 ± 17 2395 ± 20 2388 ± 17 2393 ± 17 – – C0 C1 C2
NGC 6166NED01 9315 ± 40 – 8043 ± 27 – – – –
NGC 6168 2573 ± 12 2518 ± 14 2515 ± 9 2516 ± 10 – B0 B1 B2 C0 C1 C2
NGC 6278 – 2808 ± 45 2770 ± 48 2777 ± 40 – – –
NGC 6301 – -999 ± -999 8364 ± 49 – – – –
NGC 6310 3502 ± 23 3395 ± 33 3395 ± 24 3415 ± 24 – –B1 B2 – C2
NGC 6314 6640 ± 82 6578 ± 46 6592 ± 91 6593 ± 173 – – –
NGC 6338 8156 ± 64 8159 ± 61 8125 ± 60 8116 ± 74 – – –
NGC 6394 8495 ± 24 8451 ± 20 8520 ± 30 8485 ± 27 – B0 B1 B2 C0 C1–
NGC 6478 6774 ± 72 6779 ± 48 6779 ± 76 6832 ± 109 – – –
NGC 6497 6082 ± 48 6063 ± 73 6067 ± 71 6347 ± 44 – – – C2
NGC 6762 2966 ± 46 2926 ± 52 2963 ± 49 2927 ± 56 – – C0 C1 C2
NGC 6941 – 6216 ± 54 6228 ± 54 – – – –
NGC 6978 6004 ± 37 5996 ± 64 5965 ± 57 6067 ± 81 – – –
NGC 7025 4953 ± 126 4942 ± 134 4919 ± 146 – – – –
NGC 7047 5851 ± 38 5774 ± 34 5750 ± 39 5760 ± 37 – – –
NGC 7236 – -999 ± -999 7866 ± 88 – – – –
NGC 7311 4552 ± 55 4503 ± 78 4475 ± 64 – – – –
NGC 7321 7106 ± 64 7061 ± 43 7038 ± 65 7073 ± 40 –A1– B0 B1 B2 C0 C1 C2
NGC 7466 7536 ± 42 7540 ± 28 7478 ± 77 7464 ± 87 – –B1 B2 C0 C1–
NGC 7489 6250 ± 21 6214 ± 23 6218 ± 49 6235 ± 38 – B0 B1 B2 C0 C1 C2
NGC 7536 4801 ± 109 -999 ± -999 4649 ± 14 4646 ± 20 – B0 B1 B2 C0 C1 C2
NGC 7549 4689 ± 49 4655 ± 30 4660 ± 41 4665 ± 40 – B0 B1– C0 C1 C2
NGC 7550 5123 ± 34 5066 ± 32 5060 ± 31 5069 ± 27 – – –
NGC 7591 5071 ± 59 4934 ± 72 4931 ± 109 4952 ± 100 – –B1– C0–C2
NGC 7608 3631 ± 17 3489 ± 20 3479 ± 10 3483 ± 8 – – –
NGC 7625 1712 ± 172 1572 ± 30 1604 ± 33 1587 ± 33 –A1 A2 B0 B1 B2 C0 C1 C2
NGC 7653 4344 ± 28 4253 ± 26 4251 ± 42 4254 ± 33 – B0 B1– C0 C1–
NGC 7671 3976 ± 59 3886 ± 85 3860 ± 89 – – – –
NGC 7691 4155 ± 22 – 4009 ± 10 4008 ± 9 – – –
NGC 7722 4050 ± 52 4025 ± 50 4005 ± 87 4026 ± 86 – – –
NGC 7738 6762 ± 68 6681 ± 58 6707 ± 82 6727 ± 93 – B0 B1– C0 –
NGC 7782 – 5332 ± 122 5299 ± 101 5282 ± 59 – – –C1 C2
NGC 7800 1860 ± 7 1704 ± 4 1710 ± 5 1710 ± 5 – –B1 B2 C0 C1 C2
NGC 7819 5042 ± 34 4936 ± 52 4939 ± 48 4942 ± 50 – A2 B0 B1 B2 –C1 C2
UGC 00005 7262 ± 52 7240 ± 18 7282 ± 45 7221 ± 34 – –B1 B2 C0 C1 C2
UGC 00036 6283 ± 88 6274 ± 75 6296 ± 91 6304 ± 65 – – –
UGC 00148 4242 ± 20 4160 ± 23 4169 ± 29 4152 ± 26 – A2 – B2 C0 C1 C2
UGC 00312 4394 ± 11 4321 ± 10 4323 ± 8 4318 ± 7 – B0 B1 B2 C0 C1 C2
UGC 00335NED02 5541 ± 67 5391 ± 43 5392 ± 59 5359 ± 4 – – –
UGC 00841 5604 ± 32 5540 ± 30 5546 ± 24 5550 ± 24 – – –
UGC 01057 6422 ± 28 6325 ± 47 6319 ± 34 6328 ± 26 –A1 A2 B0 B1 B2 C0 C1 C2
UGC 01938 6384 ± 30 6405 ± 50 6393 ± 32 6398 ± 30 – –B1– C0 C1 C2
UGC 02405 7755 ± 46 – 7725 ± 58 7714 ± 49 – – –
UGC 03107 8364 ± 81 8326 ± 40 8327 ± 49 8336 ± 55 – B0 – C0 –
UGC 03253 4151 ± 27 4060 ± 42 4121 ± 31 4117 ± 39 – A2 – –
UGC 03899 3911 ± 11 3859 ± 9 3863 ± 12 3864 ± 12 – –B1 B2 C0 C1 C2
UGC 03944 4006 ± 22 3889 ± 20 3906 ± 29 3888 ± 31 – B0 B1 B2 C0 C1 C2
UGC 03969 8108 ± 38 8120 ± 50 8101 ± 46 8103 ± 48 – –B1 B2 –
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Table A.3. continued.

Name V
[OII]
sys ± σV

[OII]
sys

V
[OIII]
sys ± σ

V
[OIII]
sys

VHα
sys ± σVHα

sys
V

[SII]
sys ± σV

[SII]
sys

Asymmetries

(km s−1) (km s−1) (km s−1) (km s−1) Class A Class B Class C
(types) (types) (types)

UGC 03973 6596 ± 27 6596 ± 11 6591 ± 25 6600 ± 36 – B0 B1– C0 C1–
UGC 03995 4834 ± 42 4757 ± 21 4734 ± 34 4737 ± 46 A0 A1 A2 B0 B1 B2 C0 C1–
UGC 04132 5189 ± 54 5192 ± 58 5179 ± 73 5181 ± 70 – –B1 B2 C0 C1 C2
UGC 04659 1860 ± 46 1742 ± 21 1729 ± 11 1734 ± 18 – – C0 C1 C2
UGC 04722 1840 ± 13 1760 ± 12 1763 ± 8 1765 ± 7 – B0 B1 B2 C0 C1 C2
UGC 05358 3004 ± 16 2948 ± 14 2953 ± 10 2942 ± 12 – –B1 B2 C0 C1 C2
UGC 05359 – – 8446 ± 55 8455 ± 87 – –B1– –
UGC 05396 5486 ± 38 – 5376 ± 26 5372 ± 26 – – C0 –
UGC 05498NED01 6299 ± 59 6271 ± 74 6281 ± 47 6310 ± 45 – – –
UGC 05598 5688 ± 35 5669 ± 56 5671 ± 45 5651 ± 40 – –B1 B2 C0 C1 C2
UGC 05771 7440 ± 48 7406 ± 77 7413 ± 66 7326 ± 48 – – –
UGC 06036 6512 ± 82 6495 ± 68 6562 ± 67 6455 ± 10 – – –
UGC 07012 3081 ± 23 3071 ± 19 3075 ± 22 3079 ± 23 A0 – B0 B1 B2 C0 C1 C2
UGC 07145 6679 ± 35 – 6628 ± 38 6604 ± 43 – – –
UGC 08234 – 8192 ± 57 8133 ± 78 – – – –
UGC 08250 5280 ± 16 5252 ± 22 5240 ± 14 5239 ± 16 – B0 B1 B2 C0 C1 C2
UGC 08267 7220 ± 95 7278 ± 74 7211 ± 49 7197 ± 41 – – –
UGC 08733 2381 ± 9 2322 ± 11 2319 ± 11 2323 ± 11 – B0 B1 B2 C0 C1 C2
UGC 08778 3287 ± 34 3227 ± 37 3216 ± 28 3224 ± 25 – – –
UGC 08781 7617 ± 44 7533 ± 45 7519 ± 43 – – – –
UGC 09067 7867 ± 47 7862 ± 55 7846 ± 70 7841 ± 71 – – B2 –C1 C2
UGC 09476 3336 ± 37 3235 ± 18 3259 ± 27 3262 ± 30 – – C0 C1–
UGC 09665 2669 ± 22 2530 ± 16 2533 ± 16 2534 ± 18 – –B1 B2 C0 C1 C2
UGC 09873 5704 ± 24 5569 ± 31 5591 ± 23 5593 ± 22 – – –
UGC 09892 5771 ± 28 5644 ± 35 5651 ± 32 5649 ± 28 – – –C1–
UGC 10205 6562 ± 51 6530 ± 41 6499 ± 59 6483 ± 65 – – –
UGC 10297 2443 ± 22 2316 ± 15 2308 ± 8 2311 ± 8 – –B1 B2 C0 C1 C2
UGC 10331 4506 ± 9 4462 ± 9 4466 ± 6 4467 ± 9 –A1– B0 B1 B2 C0 C1 C2
UGC 10384 5020 ± 27 4962 ± 33 4964 ± 37 4966 ± 36 – B0 B1 B2 C0 C1 C2
UGC 10650 3100 ± 5 2963 ± 7 2969 ± 4 2971 ± 3 – –B1 B2 C0 C1 C2
UGC 10695 8297 ± 83 8258 ± 76 8245 ± 80 8265 ± 85 – –B1 B2 – C2
UGC 10710 8336 ± 61 8351 ± 52 8356 ± 66 8355 ± 64 – B0 – C0 C1–
UGC 10796 3110 ± 18 3059 ± 12 3062 ± 12 3065 ± 13 – B0 B1– C0 C1 C2
UGC 10811 – 8744 ± 97 8728 ± 82 – – – –
UGC 10905 7740 ± 68 7780 ± 71 7754 ± 101 – – – –
UGC 10972 4722 ± 52 4651 ± 25 4675 ± 21 4642 ± 23 – – –C1 C2
UGC 11228 5805 ± 53 5780 ± 72 5741 ± 76 5733 ± 62 – – –
UGC 11262 5662 ± 38 – 5518 ± 41 5506 ± 28 – –B1– C0 C1 C2
UGC 11649 3888 ± 58 3760 ± 72 3754 ± 74 3765 ± 53 – – B2 –
UGC 11680NED01 7672 ± 305 7796 ± 15 7760 ± 80 7745 ± 65 – – –C1–
UGC 11717 6310 ± 88 6379 ± 84 6301 ± 95 6317 ± 79 A0 – – C0 C1–
UGC 11792 4900 ± 24 4736 ± 33 4741 ± 36 4744 ± 35 – – B2 –
UGC 11958 7817 ± 27 7851 ± 14 7829 ± 23 7830 ± 16 – – C0 C1 C2
UGC 12054 2068 ± 13 2030 ± 14 2033 ± 12 2068 ± 9 – –B1 B2 C0 C1 C2
UGC 12185 6625 ± 51 6562 ± 34 6539 ± 45 6520 ± 36 – B0–B2 C0 C1 C2
UGC 12224 3645 ± 24 – 3501 ± 9 3509 ± 10 – – C0 C1–
UGC 12274 7655 ± 44 7623 ± 56 7613 ± 59 – – – –
UGC 12308 2259 ± 24 2214 ± 13 2213 ± 13 2218 ± 11 A0 – B0 B1– C0 C1 C2
UGC 12494 4289 ± 12 4144 ± 14 4141 ± 13 4142 ± 12 – B0 B1 B2 C0 C1 C2
UGC 12519 4417 ± 39 4383 ± 23 4374 ± 22 4372 ± 21 – –B1 B2 C0 C1 C2
UGC 12816 5348 ± 32 5245 ± 29 5258 ± 31 5259 ± 31 – – B2 C0 C1 C2
UGC 12864 4737 ± 6 4685 ± 17 4676 ± 9 4674 ± 12 – –B1 B2 C0 C1 C2
VV488NED02 4999 ± 22 4927 ± 21 4916 ± 22 4923 ± 31 A0 A1 A2 B0 B1 B2 C0 C1 C2
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Appendix B: Presence of double/multiple gaseous

components: detection limits for CALIFA V500

spectra

The capability of detecting double-peaked/multi-component
emission-line profiles in the spectra of galaxies strongly depends
on the spectral resolution as well as on its S/N. In this appendix
we analize the capabilities and limitations of the CALIFA V500
data for such detection.

B.1. Noise influence

For an ideal Gaussian profile, the difference in velocity between
the peak and the bisector velocity at any intensity level (∆Vb
hereafter) is zero, but the presence of noise and the limited spec-
tral resolution of the data would be perturbing this behavior.
Figure B.1 shows two examples of a Gaussian model for a sin-
gle and a double-component emission line profiles for the same
spectral resolution than CALIFA V500, including the shape of
their bisectors. We note the difference between the actual bi-
sector (blue line in Fig. B.1) and the ideal bisector of a single
non-perturbed Gaussian (dotted line in Fig. B.1). In order to de-
termine the limits on the detection of double/multiple gaseous
components in the CALIFA V500 spectra, an isolated emis-
sion line (e.g., [O ] λ5007) has been modeled through a sin-
gle Gaussian profile using the same spectral sampling than the
CALIFA V500 configuration. The width of this Gaussian pro-
file was selected to be the instrumental FWHM (6 Å, see H13)
and a set of central wavelengths were selected to cover the red-
shift range of CALIFA (from 1000 to 9000 km s−1 in steps of
500 km s−1). Each of these single-emission line profiles were
perturbed by normally-distributed, pseudo-random noise with
a mean of zero and a standard deviation of one, obtaining a
set of single-Gaussian profiles of S/N ranging from 5 to 110.
The S/N was estimated from the ratio of the flux at the peak of
the perturbed Gaussian profile and the standard deviation in the
continuum. Simulations assume a negligible impact on the line
profile of the underlaying stellar continuum subtraction.

The bisectors of each profile (1.5 × 106 in total) were traced
at twenty intensity levels (from 5% to 100% of the intensity peak
in steps of 5%), providing the shift in velocity at each intensity
level respect to an unperturbed Gaussian bisector (∆Vb hereafter,
see Fig. B.1). Figure B.2 shows the dependence of the measured
∆Vb on S/N for the set of single-Gaussian profiles generated. It is
clear that a single Gaussian profile at the resolution of CALIFA
V500 data could appear as an asymmetric profile at some degree
depending on its S/N and the intensity level at which the bisector
velocity is measured. Curves drawn in Fig. B.2 at positive and
negative ∆Vb delimit the region of ∆Vb derived from the differ-
ent spectra in these single-Gaussian experiments. That is, all the
∆Vb at a selected bisector level (for a single-Gaussian emission
line) are within the region defined by the curves in Fig. B.2 as-
sociated with that bisector level. Therefore, if the bisector of an
unknown emission line profile is traced and ∆Vb at a particular
bisector level is in the region between the curves associated with
that bisector level in Fig. B.2, we cannot say anything about the
presence or not of double components. However, we are confi-
dent that an observed profile is the result of at least two gaseous
components if a ∆Vb is measured at a particular bisector level
beyond the curves associated with that level in Fig. B.2. For ex-
ample, if we have an emission line profile of S /N ∼ 60 and
we have measured a ∆Vb of 50 km s−1 at the intensity level of
10% of the peak (10% bisector level), we do not know if we

actually have a single or a double component profile, but if we
measured a ∆Vb of 50 km s−1 in the same emission line profile
at the intensity level of 75% of the peak (75% bisector level) we
are confident that we have a double/multiple components.

For S/N between 40 and 90, ∆Vb curves can be approched
at first order by a linear function of S/N (F∆Vb (S/N) hereafter),
with the linear coefficients parametrized in terms of bisector lev-
els. Then, for practical applications of searching kinematically
distinct gaseous components in V500 CALIFA spectra through
unblended emission lines, the F∆Vb (S/N) limits at a particular
bisector level can be approached through

F∆Vb (S/N) = A(l) + B(l) × S/N for 40 <∼ S/N <∼ 90, (B.1)

where, l denotes the bisector level, and the polynomial functions
of the second degree A(l) and B(l) are

A(l) = 107.6 − 2.12 × l + 0.0135 × l2 (B.2)

B(l) = −0.816 + 0.0204 × l − 1.26e − 4 × l2. (B.3)

The ∆Vb curves in Fig. B.2 are almost constant for S /N >∼ 90,
constant value that is approximately the F∆Vb (S/N) at S /N = 90
for each bisector level. Then:

F∆Vb (S/N) ∼ F∆Vb (90) for S/N >∼ 90, (B.4)

With this simple approach of the ∆Vb curves in Fig. B.2, we have
a probability smaller than 0.6% of having a ∆Vb associated with
a single Gaussian profile beyond the limit provided by F∆Vb (S/N)
at any bisector level and any S /N ≥ 40.

B.2. Parameter space for asymmetries in CALIFA emission
line profiles

If we could isolate and observe a single gaseous system in a
galaxy, we could derive its parameters (flux, velocity and veloc-
ity dispertion) from the ideal Gaussian profiles of its spectrum.
The presence of two or more gaseous systems with distinct kine-
matics along the line of sight would result in complex emission
lines in the spectra of the observed object. These profiles can
show blueshifted or/and redshifted wings, shoulders and/or dou-
ble peaks, shapes that are a complex functions of the parameters
characterizing each gaseous component.

In this section we explore the parameter space (relative in-
tensity, velocity and velocity dispersion) of two gaseous systems
associated with the different profiles classes and types defined
in Sect. 4.2. With this aim, we have used a two Gaussians func-
tions to model [O ] emission line profiles from two gaseous
components.We performed a set of experiments playing with the
input parameters: (1) the central wavelength of the main com-
ponent, covering the CALIFA redshift range (from ∼1000 to
∼9000 km s−1) in steps of 100 km s−1; (2) the FWHM of the main
component, changing from 60% to 100% in steps of 10% of the
CALIFA V500 instrumental FWHM (6 Å, see H13); (3) the rel-
ative intensity ratio of the secondary (Is) and dominant (Id) com-
ponents, varying from 0.1 to 0.9 in steps of 0.1; (4) the relative
difference in velocity (∆V) between both components, ranging
from 0 to 800 km s−1 in steps of 10 km s−1; and (5) the FWHM
difference (in Å) of the secondary and dominant components,
spaning from 0 to 3 in steps of 0.5. We only generated redshifted
asymmetries, assuming that blueshifted profile will follow a sim-
ilar parameter space but with negative difference in velocity be-
tween the main and the secondary components. The resultant
profiles were perturbed by normally-distributed, pseudo-random
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Fig. B.1. a) Single-Gaussian model (including random noise) of an single emission line (S /N ∼ 45) for CALIFA V500. The bisector of a symmetric
profile should remain at constant velocity (or wavelength) for all intensity levels, dividing it into two equal parts; any existing asymmetry between
the base and the peak of the line will remain reflected in the shape of the bisector. The dotted vertical line corresponds to the bisector of an ideal
symmetric Gaussian profile, while the blue line is the actual bisector of the modeled profile, which deviates from the ideal bisector due to noise
and velocity sampling. Dashed lines only indicate some intensity levels (in percentage of the intensity peak) that are refered to as “bisector levels”.
b), b1) Resultant profile (black line) from the combination of two Gaussian components. Both Gaussians profiles have similar velocity dispersions,
a flux ratio of 0.3 and a velocity shift of 300 km s−1 (red and green dashed curves). The blue line is the bisector of the resultant profile and the
dotted vertical line is the same as in a). b), b2) Zoom of the profile in b1). Horizontal dashed lines indicate the difference in velocity between the
central velocity (traced by the dotted line) and the velocity at different bisector levels (∆Vb).
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Fig. B.2. Noise-induced asymmetries limits, as a function of the S/N, of the difference in velocity between the peak and selected bisector levels
(in percentage of the intensity peak, as indicated in the plot) for V500 CALIFA spectra derived from a large number of modeled single-Gaussian
profiles. The ∆Vb obtained for each selected bisector level are within the curves for that bisector. Any ∆Vb beyond these curves should be indicating
the presence of secondary gaseous components.
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Fig. B.3. Examples of the parameter space for two Gaussians combined to model asymmetric emission line profiles of the types and classes defined
in this work (see Sect. 4.2). Lines encicle the region of possible values of the | ∆V | and Is/Id parameters resulting in an asymmetric profile of the
classes a) A0, A1, and A2, b) B0, B1, and B2, and c) C0, C1, and C2 indicated by colors. Each plot includes the velocity dispersion ranges for the
secondary (σs ∼ [120−334] km s−1) and dominant (σs ∼ [90−154] km s−1) components used to model the profiles.

noise with a mean of zero and a standard deviation of one, ob-
taining S/N values from ∼40 to ∼100. We classified the simu-
lated profiles showing asymmetries according to the classes and
types defined in Sect. 4.2. Asymmetries classes/types result from
many combination of the parameters of both Gaussian compo-
nents. Figure B.3 shows some examples of the possible combina-
tions for relative velocity (| ∆V |) and intensity (Is/Id) providing
asymmetric profiles for a range of velocity dispersions for the
dominant and secondary components.

From the modeled profiles we can also estimate the uncer-
tanties when fitting an asymmetric profile with a single Gaussian
model. With this aim, we fit a single Gaussian to all the asym-
metric profiles and we compared its flux with the total flux of
the two Gaussians forming the modeled profile. For simplicity,
noise was not included in these tests. For A0, B0, C0 and C1
profiles, uncertainties in the estimated flux induced using a sin-
gle Gaussian instead of two Gaussians components are smaller
than 0.5% for any combination of the two Gaussians parameters.
For A1, B1, and C3 profiles, uncertainties can reach 4%, being
smaller than 0.5% in average. Uncertainties larger than 10% in
flux can be induced fitting a single Gaussian to B2 and A2 pro-
files when the absolute difference in velocity between the two
components is larger than 300 km s−1. For B2 and A2 profiles
coming from two Gaussian with |∆V | ≤ 300 km s−1, flux uncer-
tainties are smaller than 3% when approching the profile by a
single Gaussian.

Appendix C: Atlas of ionized gas velocity fields

for CALIFA galaxies

In this appendix we present the kinematic maps derived from
the CALIFA datacubes for objects in the analyzed sample.
In each plot we include narrow band recovered images from
the datacubes for [O ] λλ3726, 3728, [O ] λλ4959, 5007,
Hα+[N ] λλ6548, 6584, and [SII]λλ6716, 6730 emission lines
and their velocity fields. We also show the gradient velocity
maps obtained from the Hα+[N ] velocity fields, the pseudo-
rotation curves and the location of spectra showing asymmet-
ric profiles, indicative of the presence of kinematically distinct
gaseous systems. Panels in each figure correspond to:

(a) Narrow band images (stellar continuum subtracted) of
(1) [OII]; (2) [OIII]; (3) Hα+[N ]; and (4) [SII] obtained by

integrating the signal in selected spectral bands (see Sect. 3).
Maps are normalized to the flux of their brightest spaxel.
Contours correspond to the stellar component distribution as
traced by a continuum map made from the total flux of the
best stellar fit in the spectral range 3800−7000 Åin logarith-
mic scle (minimum value is −1.65 dex, and step between
countours is 0.15 dex).

(b) Velocity field obtained by averaging the obtained radial
velocities from Monte Carlo simulations. Radial veloci-
ties were inferred from cross-correlation in the (1) [OII];
(2) [OIII]; (3) Hα+[N ]; and (4) [SII] spectral ranges (see
Sect. 3).

(c) Standard deviation of the radial velocities for each spaxel
from Monte Carlo simulations for (1) [OII]; (2) [OIII];
(3) Hα+[N ]; and (4) [SII] emission lines (see Sect. 3).

(d) Sloan Digital Sky Survey r-band image of the object. The
hexagonal area drawn is the CALIFA field of view.

(e) Velocity gradient map obtained from the Hα+[N ] velocity
field in (b3). Green cross indicate the location of the kine-
matic center (see Sect. 3.2.2).

(f) Distance to the kinematic center (in arcsec) versus the ra-
dial velocity for each spectra of the CALIFA data cube with
a S/N larger than the threshold. Blue open squares trace
the pseudo-rotation curve. Green circles correspond to those
spaxels with the lowest difference in velocity to the KC se-
lected to estimate the minor kinematic axis (see Sect. 3.2.3).

(g) Location (black squares) of the spectra tracing the pseudo-
rotation curve in (f) on the Hα+[N ] velocity field and trac-
ing the major kinematic pseudo-axis (the same than those
marked in blue open squares in (f)). Filled green circles cor-
respond to those spaxels with a similar velocity than the KC
(the same than green open circles in (f)) and tracing the mi-
nor kinematic axis.

(h) Location on the Hα+[N ] narrow-band image of the spectra
showing asymmetric [O ] λλ4959, 5007 profiles. Green,
yellow and black squares correpond to profile classes A, B,
and C, respectively.

Maps for emission lines not reaching the detection/content
threshold (see Sect. 3) are missing in the panels. Only a sample
of these figures is included here; the full version will be available
by request.
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Fig. C.1. Summarizing results for IC 2487.
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Fig. C.2. Summarizing results for IC 0540.
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Fig. C.3. Summarizing results for IC 0776.
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Fig. C.4. Summarizing results for IC 0944.
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Fig. C.10. Summarizing results for IC2 487.
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