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IV. Gas kinematics of spiral galaxies in intermediate redsh ift clusters and in the
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ABSTRACT

Aims. We trace the interaction processes of galaxies at intermediate redshift by measuring the irregularity of their ionizedgas kine-
matics, and investigate these irregularities as a functionof the environment (cluster versus field) and of morphological type (spiral
versus irregular).
Methods. We obtain the gas velocity fields by placing three parallel and adjacent VLT/FORS2 slits on each galaxy. To quantify
irregularities in the gas kinematics, we use three indicators: the standard deviation of the kinematic position angle (σPA), the mean
deviation of the line of sight velocity profile from the cosine form which is measured using high order Fourier terms (k3,5/k1) and the
average misalignment between the kinematical and photometric major axes (∆φ). These indicators are then examined together with
some photometric and structural parameters (measured fromHST and FORS2 images in the optical) such as the disk scale length,
rest-frame colors, asymmetry, concentration, Gini coefficient andM20. Our sample consists of 92 distant galaxies. 16 cluster (z∼ 0.3
andz ∼ 0.5) and 29 field galaxies (0.10 ≤ z ≤ 0.91, mean z=0.44) of these have velocity fields with sufficient signal to be analyzed.
To compare our sample with the local universe, we also analyze a sample from the SINGS survey.
Results. We find that the fraction of galaxies that have irregular gas kinematics is remarkably similar in galaxy clusters and in the
field at intermediate redshifts (according toσPA ≈ 10%, k3,5/k1 ≈ 30%,∆φ ≈ 70%). The distribution of the field and cluster galaxies
in (ir)regularity parameters space is also similar. On the other hand galaxies with small central concentration of light, that we see in
the field sample, are absent in the cluster sample. We find thatfield galaxies at intermediate redshifts have more irregular velocity
fields as well as more clumpy and less centrally concentratedlight distributions than their local counterparts. Comparison with a SINS
sample of 11z∼ 2 galaxies shows that these distant galaxies have more irregular gas kinematics than our intermediate redshift cluster
and field sample. We do not find a dependence of the irregularities in gas kinematics on morphological type. We find that two different
indicators of star formation correlate with irregularity in the gas kinematics.
Conclusions. More irregular gas kinematics, also more clumpy and less centrally concentrated light distributions of spiral field galax-
ies at intermediate redshifts in comparison to their local counterparts indicate that these galaxies are probably still in the process
of building their disks via mechanisms such as accretion andmergers. On the other hand, they have less irregular gas kinematics
compared to galaxies atz∼ 2.

Key words. galaxies: evolution – galaxies: kinematics and dynamics – galaxies: clusters: individual: MS 0451.6–0305, MS 2137.3-
2353, MS 1008.1-1224, Cl 0412-65 – galaxies: spiral

1. Introduction

Galaxy clusters are important laboratories for understanding the
origin of different morphological types of galaxies. The main
reason for that is the relation between local galaxy densityand
morphological type (Dressler 1980). For nearby rich clusters,
the spiral galaxy fraction decreases from 80% in the field to
60% in the cluster outskirts and to virtually zero in the core
region. This relation is redshift dependent and while the frac-
tion of elliptical galaxies (∼ 15%, Vogt et al. 2004) does not

⋆ Based on observations collected at the European Southern
Observatory (ESO), Cerro Paranal, Chile (ESO Nos. 74.B–0592 &
75.B-0187) and observations of the Hubble Space Telescope (HST No
10635).

change with redshift, the S0 fraction increases with decreas-
ing redshift and the spiral fraction, on the contrary, decreases
(Couch et al. 1998). The fraction of spirals with no current star
formation activity is significantly larger in clusters thanin the
field (van den Bergh 1976; Poggianti et al. 1999; Couch et al.
2001; Goto et al. 2003; Verdugo et al. 2008; Sikkema 2009).
Also, distant clusters have a larger fraction of star forming galax-
ies compared to nearby clusters (Butcher & Oemler 1978, 1984;
Ellingson et al. 2001; Kodama & Bower 2001). It is well es-
tablished with these observational studies that spiral galaxies
have been transformed into S0s mostly in denser regions of
the universe. Then the question is what are the physical pro-
cesses that are responsible for this morphological transforma-
tion. Several mechanisms have been proposed such as gas strip-

http://arxiv.org/abs/1007.3293v1
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ping mechanisms: ram pressure stripping (Gunn & Gott 1972;
Quilis et al. 2000; Kronberger et al. 2008; Kapferer et al. 2008,
2009), viscous stripping (Nulsen 1982) and thermal evapora-
tion (Cowie & Songaila 1977); tidal forces due to the cumulative
effect of many weak encounters: harassment (Richstone 1976;
Moore et al. 1998); removal of the outer gaseous halos by the
hydrodynamic interaction with the intracluster medium (ICM)
plus the global tidal field of the cluster: starvation (Larson et al.
1980); mergers and strong galaxy-galaxy interactions which are
efficient when relative velocities are low, and therefore, they
mostly occur in galaxy groups or in the outskirts of clusters
(Makino & Hut 1997). It is known that cluster galaxies loose
gas because of their interactions with the ICM and as a result,
their star formation gets switched off. Local studies show that
cluster galaxies are deficient in neutral hydrogen comparedto
their field counterparts and that becomes significant withinthe
Abell radius (Davies & Lewis 1973; Giovanelli & Haynes 1985;
Gavazzi 1987, 1989; Solanes et al. 2001). The HI distribution
of these galaxies frequently shows asymmetries and displace-
ment from the optical disk as well (Gavazzi 1989; Cayatte et al.
1994; Bravo-Alfaro et al. 2000; Vogt et al. 2004). It was pro-
posed that passive spiral galaxies in clusters might be the in-
termediate phase before becoming an S0 (van den Bergh 1976).
Later on, it was argued that S0’s can not be formed by remov-
ing gas from disks of spirals via mechanisms such as ram pres-
sure stripping, since S0’s have systematically larger bulge sizes
and bulge to disk ratios (B/D) compared to spiral galaxies in
all density regimes (Burstein 1979; Dressler 1980; Gisler 1980
but see also Aragón-Salamanca 2008). Tidal interactions (e.g.
harassment) on the other hand are expected to trigger gas ac-
cretion into the circumnuclear regions (Moore et al. 1996) and
therefore increase the bulge size and B/D ratio. Therefore, S0’s
might have formed via minor mergers, harassment or a combina-
tion of the two (Dressler & Sandage 1983; Neistein et al. 1999;
Aguerri et al. 2001; Hinz et al. 2003).

All these discussions are pointing out that studying stellar
populations and morphologies of cluster galaxies is crucial in
understanding the interaction processes. What about theirkine-
matics? In the Virgo cluster, for example, half of 89 spiral galax-
ies that were observed by Rubin et al. (1999) turned out to have
disturbed gas kinematics. Mergers and tidal processes suchas
harassment are capable of causing disturbances also in stellar ve-
locity fields (Moore et al. 1999; Mihos 2004). ICM-related pro-
cesses on the other hand, even ram-pressure stripping are insuf-
ficient to be able to affect stellar kinematics of spiral galaxies
(Quilis et al. 2000). Some attempts have been made to evaluate
the effectiveness of the interaction processes as a function of lo-
cation in the galaxy cluster. Dale et al. (2001) measured Tully-
Fisher Relation (TFR) residuals for 510 cluster spirals andcon-
cluded that they do not show a dependence on distance from
the cluster center. Moran et al. (2007b) constructed the TFRin
bothKS andV bands for 40 cluster, 37 field spirals at intermedi-
ate redshift and found that the cluster TFR exhibits significantly
larger scatter than the field relation in both bands and the resid-
uals do not show a clear trend withR/Rvir . They found that the
TFR residuals do not correlate with the star formation rate and
dust content. They also checked whether central surface mass
density of galaxies, which can be used to probe the action of ha-
rassment, shows a trend as a function of radius. They found that
it shows a break at approximately 1Rvir , outside of which spirals
exhibit nearly uniformly low central density values. They argue
that a combination of merging in the cluster outskirts with ha-
rassment in the intermediate and inner cluster regions might ex-

plain both the TFR scatter and the radial trend in density which
persist up to 2Rvir .

As discussed above, galaxy evolution in clusters is rather
complex, since there are several interaction mechanisms in-
volved. To understand the nature of these mechanisms, it is
important to examine together morphological and kinematical
properties of cluster galaxies. In this series of papers we make
use of both gas velocity fields and high resolution images of
galaxies in four intermediate-redshift clusters and theirfield to
do that. Most studies in the literature rely on long-slit data for
identifying kinematical disturbances. Using a velocity map en-
ables us to have a more accurate measure of the kinematical
(ir)regularity. A velocity field can be decomposed into veloc-
ity, position angle and inclination of circular orbits at each ra-
dius (see Krajnović et al. 2006). The deviation of the kinematic
major axis (KMA) around its mean value and the misalignment
between KMA and the photometric major axes (PMA) both in-
dicate kinematical disturbance. We also make a simple rotating
model that has the mean position angle and inclination of the
observed velocity map. The residual of the observed and the
simple rotating map is fitted with high order Fourier terms and
the squared sum of these terms is used as another indicator. We
measure these irregularity indicators for both field galaxies and
cluster members and compare them with each other to search for
the environmental imprint on gas kinematics. We then combine
this information with the morphological and photometric prop-
erties of these galaxies and investigate whether certain character-
istics make galaxies more sensitive to environmental effects. We
also use the relations between intrinsic galaxy propertiesand ef-
ficiency of interaction processes, that are known from theory, to
investigate which mechanisms are at work on the cluster galaxies
in our sample.

We also investigate the evolution of field galaxies by study-
ing their gas kinematics as a function of redshift. We mea-
sure the irregularities in their gas kinematics both at intermedi-
ate redshifts and in the local universe and compare them with
each other. These results are then compared with the studies
of spatially resolved gas kinematics at similar or higher red-
shifts: Shapiro et al. (2008, hereafter S08) analyzed gas veloc-
ity fields and velocity dispersion maps of 11 galaxies atz ∼ 2,
observed with SINFONI, and classified these systems into two
categories: merging and non-merging. They found that more
than 50% of these galaxies are consistent with a single rotat-
ing disk interpretation. With FLAMES at the VLT, Yang et al.
(2008, hereafter Y08) studied 63 intermediate-mass field galax-
ies at 0.4 < z< 0.75. Using spatially resolved gas kinematics of
these objects, (2′′ × 3′′ field of view) they find that both velocity
fields and velocity dispersion maps of 26% of these galaxies are
incompatible with disk rotation.

Spatially resolved velocity fields are essential for quantify-
ing irregularities in the kinematics. Because the inclination and
the position angle of the orbits at each radii can be assessed
and the velocity profile along each orbit can be analyzed and
compared with a simple rotating case. For Tully-Fisher stud-
ies the main problem with the long slit data is the fact that it
can be misleading in case the kinematic and photometric axes
are misaligned. The conventional way of obtaining the spatially
resolved spectra is using integral field (IFU) spectroscopy(e.g.
S08, Y08, Puech et al. 2008). We use another approach and place
three parallel, adjacent VLT/FORS2 slits on each galaxy. This
novel method has the advantage that we can explore the velocity
fields up to large radii (≈ 3′′, which corresponds to 16 kpc at
z= 0.4) and it is more efficient than IFUs in terms of observing
time. The spatial sampling along the minor and major axes is 1′′
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Table 1.Basic galaxy cluster information.

name z ref Rvir ref σ ref LX ref dynamical state ref N
(h−1 Mpc) kms−1 (1044ergs−1)

MS 0451.6-0305 0.540 (1) 1.17 (5) 1371 (7) 10.19 (10) relatively relaxed (12) 4
MS 2137.3-2353 0.313 (2) 1.95 (6) 960 (9) 7.97 (10) relaxed (13) 5
MS 1008.1-1224 0.3061 (3) 1.18 (5) 1042 (8) 2.29 (10) non-relaxed (14) 5
Cl 0412-65 0.507 (4) 0.62 (5) 700 (4) 0.16 (11) 2

References: (1): (Donahue 1996b); (2): (Stocke et al. 1991); (3): (Yee et al. 1998); (4): (Dressler et al. 1999); (5): (Girardi & Mezzetti 2001);
(6): (Allen et al. 2003); (7):(Carlberg et al. 1996); (8):(Borgani et al. 1999); (9):(Kneib et al. 1995); (10): (Luppinoet al. 1999); (11): (Smail et al.
1997); (12): (Donahue 1996a); (13): (Jeltema et al. 2005); (14): (Athreya et al. 2002).
The last column (N) gives the number of galaxies in each cluster that are used in the kinematical analysis.

Fig. 1. Distribution ofHα luminosities of both our galaxies and
a local sample from SINGS.

and 0.′′25 respectively. We described our method and presented
the analysis of our MS 0451 sample in Kutdemir et al. (2008,
hereafter Paper III). Here, we include in our analysis galaxies
in three more intermediate redshift clusters and their field. A
plan of the paper follows. In Sect. 2, we describe our sample and
the improvements in our data reduction technique in comparison
with Paper III. In Sect. 3, we explain the analysis of the data.
In Sect. 4, we discuss our results and compare them with the
literature. Sect. 5 summarizes the results and our conclusions.

Throughout this paper, we assume that the Hubble con-
stant, the matter density and the cosmological constant are
H0 = 70 km s−1 Mpc−1, Ωm = 0.3 andΩλ = 0.7 respectively
(Tonry et al. 2003).

2. Sample and data properties

2.1. Sample

Our sample includes four galaxy clusters which have different
properties (Table 1). To be able to compare the galaxies that
experience similar environmental conditions, we scale cluster-
centric distance by each cluster’s virial radius. It is known that
even galaxy clusters at the same redshift can be very different
from one another. Two well-studied rich clusters in the local uni-
verse, Coma and Virgo are a good example for that. While Coma
is dynamically relaxed and spiral poor, Virgo on the contrary is
unrelaxed and spiral rich (Poggianti 2006).

Here we give some information about each cluster in our
sample: MS 0451 is a massive cluster with very high X-ray lu-
minosity. 28% of its spiral population are passive (Moran etal.
2007a); MS 1008 is a very regular and rich cluster (Lewis et al.

1999; Luppino et al. 1999); MS 2137 is a rich and dynamically
relaxed cluster (Jeltema et al. 2005); Cl 0412 (F1557.19TC)is
a poor cluster that is not well-studied. Our cluster selection de-
pended on the availability of their HST/WFPC2 imaging when
the project was initiated in 1999. See Ziegler et al. 2003, here-
after Paper I and Jäger et al. 2004, hereafter Paper II for more
detailed information about the sample selection.

During the target selection, we gave priority to galaxies from
our previous studies, both in field and cluster environments, that
have detectable emission lines for extracting velocities.Further
objects were drawn from a catalog provided by the CNOC sur-
vey (Ellingson et al. 1998) with either redshift information or
measured (g-r) color that matches expectations for spiral tem-
plates atz≈ 0.5. If there was an unused slitlet in the MXU setup,
and no suitable candidate was available, a galaxy was pickedat
random. For our analysis, we also use a sample from SINGS as
a local reference for comparison (see Paper III). SINGS galaxies
are a diverse set of local normal galaxies (Kennicutt et al. 2003).
Daigle et al. (2006)’s subsample that we use in our analysis con-
sists of galaxies that have star forming regions, so that their Hα
kinematics could be extracted. We excluded from our analysis
the galaxies in this sample that have luminosities that are very
different from the luminosities of our intermediate redshift sam-
ple, so that the two samples have comparable stellar masses.In
Fig. 1, we compare theHα luminosities of galaxies in our sam-
ple and in the local sample.Hα luminosities of the galaxies in
our sample were calculated using the available emission lines in
their spectra as explained in Sect. 3.3. Since the galaxies in our
sample were selected mainly based on the strength of their emis-
sion, several of them have largerHα luminosities, and therefore,
higher star formation rates than the galaxies of the local sample.
This raises the question whether our sample is biased towards
disturbed galaxies, since perturbations are expected to trigger
star formation and consequently increase the strength of emis-
sion lines. The Kolmogorov-Smirnov (K-S) test of these distri-
butions does not indicate a significant difference between theHα
luminosities of the two samples (Table 2). However, we check
our results by repeating the analysis for a subsample that isin
the sameHα luminosity interval as the local sample.

We presented the analysis of our MS 0451 sample in Paper
III. We give the basic information about the rest of the sample
in Table 3. The first character of a galaxy name indicates the
sample (1:MS 0451 ; 2:MS 1008 ; 3:MS 2137 ; 4:Cl 0412).
The second character is “C” for cluster members and “F” for
field galaxies. The last part of the name assigns a number to
each galaxy. We identified galaxies with redshifts between 3σ
below and above the cluster redshifts as cluster members. Only
for MS 0451, which was analyzed in Paper III, we used the red-
shift interval defined by Moran et al. (2007b) using the redshift
distribution of over 500 objects. That gives an interval which
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Table 2.K-S statistics ofHα luminosities of our sample and the
local sample.

D P
log(Hα luminosity) 0.23 0.580

D: K-S statistics specifying the maximum deviation betweenthe cumu-
lative distribution of theHα luminosity for the local and intermediate
redshift samples; P: significance level of the K-S statistics.

is ∆z = 0.006 larger on both sides than what the 3σ defini-
tion gives. For Cl 0412, Dressler et al. (1999) determined cluster
membership using the redshift distribution of 22 galaxies.The
redshift interval they define selects the same galaxies as the 3σ
criterion to be cluster members.

In Sect. B in the Appendix, we give some information about
each galaxy. In case the galaxy has emission lines, we present:

a– the HST-ACS image of the galaxy in theF606W (broad V
band filter);

b– rotation curves of different emission lines (and for some
cases based on the absorption lines) extracted along the cen-
tral slit without correction for inclination and seeing;

c– position angles of kinematic and photometric axes as a func-
tion of radius;

d– rotation curves extracted along the central slit and the kine-
matic major axis;

e– velocity field obtained using the strongest line in the
spectrum;

f– normalized flux map of the line used for constructing the
velocity field;

g– velocity map reconstructed using 6 harmonic terms;
h– residual of the velocity map and the reconstructed map;
i– simple rotation map constructed for position angle and ellip-

ticity fixed to their global values;
j– residual of the velocity map and the simple rotation model;
k– position angle and flattening as a function of radius;
l– k3/k1 andk5/k1 (from the analysis where position angle and

ellipticity are fixed to their global values) as a function of
radius.

2.2. Spectroscopic data

Our observations were spread across 5 nights in October and
November 2004 for Cl 0412 (seeing 0.′′57 (FWHM)); 7 nights in
December 2004 and February 2005 for MS 1008 (seeing 0.′′73);
5 nights between May and July 2005 for MS 2137 (seeing 0.′′76).
Each sample was observed using three masks and the integration
time of each mask was split into three exposures. Even in cases
where all three exposures were taken during the same night, the
frames were not perfectly aligned, therefore, we completedthe
reduction of each frame before combining them.

The spectral data reduction was done in the same way as
explained in Paper III, apart from using a different sky subtrac-
tion method, which improved the results considerably. In Paper
III, the sky is modelled in spectra that are interpolated along
the X axis for wavelength calibration. Here we use the algo-
rithm described in Kelson (2003) which is based on modelling
the sky in the original data frame as a function of the rectified
coordinates. Modelling the sky before applying any rectifica-
tion/rebinning to the data reduces the amount of noise that is
introduced to the data during the sky-subtraction process (see
also Milvang-Jensen et al. 2008). To quantify the difference, we

reduced one of our spectra using both the old and the new meth-
ods. We averaged 15 spatial rows, that are far from the galaxy
spectrum, and therefore include sky-line residuals only. Athird
order polynomial was fitted to and then subtracted from this dis-
tribution across the wavelength axis and the root mean square of
the counts was calculated for both spectra. A comparison of the
two shows that the noise is 30% less in case we use the new sky
subtraction method.

To be able to compare theHα emission line fluxes of our
sample with the local sample, we applied a rough flux calibra-
tion to our data. We used the spectrum of a star that we observed
together with our MS 0451 sample for the calibration of all our
data, since they were observed with the same instrument. The
star that we used isU082501208341 in the PMM USNO-A2.0
catalogue of Monet et al. (1998). We transformed the B and R
magnitudes of the star given in the catalog onto the standard
Johnson-Cousins system using the conversions provided by
Kidger (2003).

2.3. Photometric data

Environmental effects on how a galaxy evolves depend on its
intrinsic properties. For example it is known that harassment
is more efficient on low central surface mass density galaxies
(Moore et al. 1999). In this context, it is important to test
whether the abnormalities that we see in gas kinematics of a
galaxy correlate with its photometrical properties. To investigate
this issue, we use both VLT/FORS2 and HST/ACS images.
We obtained imaging of the MS 1008, MS 2137 and Cl 0412
samples in the ACS/F606W filter while we exploited existing
imaging of MS 0451 in the ACS/F814W filter from the ST−ECF
HST archive. Ground based images were taken in theB, V,
R and I filters for the whole sample. The FORS2 filters B, V
and I are close approximations to the Johnson-Cousins (Bessell
1990) photometric system while the R filter is a special filterfor
FORS2 that is similar to the Cousins R1.

3. Analysis

3.1. Photometry

Surface photometry analysis, magnitude measurements, extinc-
tion and k-correction were done in the same manner as explained
in Paper III. We have not applied an internal dust (inclination)
correction. Galactic extinction and k-correctedMB magnitudes,
rest-frameB− V, V − R andR− I colors of the galaxies in our
sample are given in Table C.1 in the Appendix.k-correction was
done using the kcorrect algorithm by Blanton & Roweis (2007).

Abraham et al. (1994) defined concentration and asymmetry
parameters to be able to do the morphological classificationof
galaxies in a quantitative and automated way. The first parameter
quantifies how concentrated the light distribution of an object is,
and it is larger for earlier type galaxies. The second parameter
measures how asymmetric the light distribution of a galaxy is
and becomes larger for later type galaxies. We use slightly dif-
ferent definitions for asymmetry and concentration parameters
than in Paper III. Here we give the new definitions that are based
on Abraham et al. (1996) and Conselice et al. (2000). The con-
centration is the ratio of the flux withinG1, the area inside the

1 The FORS2 filter curves are given at
http://www.eso.org/instruments/fors/inst/Filters/curves.html

http://www.eso.org/instruments/fors/inst/Filters/curves.html
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Table 3.Basic galaxy information.

ID z d NED name Type Type-Ref. Type z z-Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2C1 0.2958 0.7 PPP 001575 Sb-Sc 1 Irr/Pec 0.2968 1
2C2 0.3115 1.0 PPP 001149 Sb-Sc 1 S/Pec 0.2963 1
2C3 0.3024 0.9 PPP 000726 Sb-Sc 1 S 0.3026 1
2C4 0.2975 0.6 – – Irr/Pec –
2C5 0.2981 0.2 PPP 000847 Sc-Irr 1 Irr/Pec 0.2935 1
2C6 0.3121 0.1 [SED2002] 049 – Irr/Pec –
2C7 0.3136 0.9 PPP 000596 Sc-Irr 1 Irr/Pec 0.3120 1
2C8 0.3164 0.9 PPP 001521 Sb-Sc 1 Irr/Pec 0.3176 1
2C9 0.3082 0.7 PPP 001560 E 1 E 0.3076 1
2C10 0.3093 0.9 PPP 001378 E 1 S0/E 0.3077 1
2C11 0.3049 0.8 PPP 001673 E 1 S 0.3049 1
2C12 – 0.7 FPG 0100 NED02 E 1 S 0.3134 1
2F1 0.6792 – – – Irr/Pec –
2F2 0.2082 – – – S/S0 –
2F3 0.6809 – – – Irr/Pec –
2F4 0.6857 – – – S –
2F5 0.4642 – PPP 000566 – S0 0.4644 4
2F6 0.1669 – PPP 001815 Sc-Irr 1 S 0.1675 1
2F7 0.4021 – – – Irr/Pec –
2F8 0.6781 – – – Irr/Pec –
2F9 0.4352 – – – Irr/Pec –
2F10 0.3632 – FPG 0100 NED01 Sc-Irr 1 Irr/Pec 0.3645 1
2F11 0.3618 – PPP 001627 – S 0.3623 4
2F12 0.3220 – PPP 000772 Sc-Irr 1 S 0.3216 1
2F13 – – – – Irr/Pec –
2F14 – – – – Irr/Pec –
2F15 – – – – – –
2F16 – – – – – –
2F17 – – – – Irr/Pec –
2F18 0.1413 – – – E –
2F19 0.0052 – – – S0 –
2F20 0.4247 – PPP 001823 – S 0.4256 4
2F21 0.2381 – – – S0 –
3C1 0.3095 0.7 – – S –
3C2 0.3152 0.7 [SED2002] 072 – Irr/Pec –
3C3 0.3095 0.7 [SED2002] 065 – S –
3C4 0.3164 0.2 [SED2002] 009 – S –
3C5 0.3172 1.0 – – S –
3C6 0.3155 0.7 – – Irr/Pec –
3C7 0.3230 0.9 – – S –
3C8 0.3137 0.9 – – S0 –
3C9 0.3141 0.9 – – S –
3F1 0.4528 – – – S/Pec –
3F2 0.1501 – – – Irr/Pec –
3F3 0.1951 – – – Irr/Pec –
3F4 0.5675 – [SED2002] 069 – Irr/Pec –
3F5 0.2859 – – – Irr/Pec –
3F6 0.2822 – – – Irr/Pec –
3F7 0.1876 – – – S –
3F8 0.5037 – [SED2002] 053 Irr 2 S –
3F9 0.1880 – [SED2002] 141 – Irr/Pec –
3F10 0.7498 – – – E –
3F11 0.8872 – – – S0 –
3F12 – – [SED2002] 121 – E –
3F13 0.4421 – [SED2002] 104 E/S0 2 S –
4C1 0.5027 0.1 – – S –
4C2 0.5085 1.3 – – Irr/Pec –
4C3 0.5099 0.6 – – Irr/Pec –
4F1 0.2918 – – – Irr/Pec –
4F2 0.8478 – – – S/Pec –
4F3 0.8916 – – – Irr/Pec –
4F4 0.3599 – [DSP99] 024 – Irr/Pec 0.3600 3
4F5 0.6073 – – – S –
4F6 0.6071 – [DSP99] 017 Sc 3 S 0.6060 3
4F7 0.6083 – [DSP99] 023 – Irr/Pec 0.6080 3
4F8 0.4335 – [DSP99] 022 – S 0.4331 3
4F9 0.4737 – [DSP99] 021 – Irr/Pec 0.4738 3
4F10 0.5478 – – – Irr/Pec –
4F11 – – – – Irr/Pec –
4F12 0.5481 – – – S –
4F13 0.4993 – – – Irr/Pec –
4F14 0.5646 – – – S –

Column (1): object ID; Col. (2): redshift; Col. (3): projected distance from the cluster center in Mpc; Col. (4): name of the galaxy in Nasa
Extragalactic Database (NED); Col. (5): morphological type of the galaxy; Col. (6) the reference for the morphologicaltype; Col. (7): eye-ball
morphological classification (this paper); Col. (8): redshift of the galaxy; Col. (9) the reference for the redshift.
References: (1): (Yee et al. 1998);(2): (Stanford et al. 2002);(3): (Dressler et al. 1999); (4): (Jäger et al. 2004). NED names given in column (4)
begin with “MS 1008.1-1224:”, “MS 2137.3-2353:” and “F1557.19TC:” for object IDs in the first column that begin with “2”,“3” and “4” respec-
tively. For galaxies 2F13, 2F14, 2F17, 2F15, 2F16, 3F12 and 4F11 the redshift could not be determined. Different possibilities for identification
of the emission line visible in their spectra rules out that these galaxies are cluster members.
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Table 4.Eye-ball morphological classification of the MS 0451 sample.

ID 1C1 1C2 1C3 1C4 1C5 1C6 1C7 1C8 1C9 1C10 1C11
Type S S S/S0 S S0 Irr/Pec S Irr/Pec Irr/Pec Irr/Pec E
ID 1F1 1F2 1F3 1F4 1F5 1F6 1F7 1F8 1F9 1F10 1F11
Type Irr/Pec S Irr/Pec Irr/Pec S S Irr/Pec S S0 Irr/Pec Irr/Pec

Fig. 2. Distribution of morphological parameters for our sample and the local sample. a: Concentration parameter. b: Asymmetry
parameter. c: Gini coefficient. d:M20 index.

1σ isophote of the sky level andG2, the region which has the
same axis-ratio asG1, but has a major-axis size that is 0.3 times
the major-axis size ofG1:

C =

∑

i, j∈G2
I i j

∑

k,l∈G1
Ikl
· (1)

The asymmetry parameter A is the normalized residual of a
galaxy image and its 180 degrees rotated counterpart. It is cal-
culated within the 1σ isophote of the galaxy (Eq. 2). The central
pixel for the asymmetry measurement is determined by shifting
the galaxy on a 50× 50 grid and finding the minimum A. The
asymmetry of a blank area was measured in the same way in
the vicinity of the object to correct for the contribution ofthe
background noise.

A =

(
∑

i, j |I (i, j) − I180(i, j)|
∑

i, j |I (i, j)|

)

−

(∑

k,l |B(k, l) − B180(k, l)|
∑

i, j |I (i, j)|

)

· (2)

We measure two additional parameters that we did not use in
Paper III: the Gini coefficient and theM20 index (Abraham et al.
2003; Lotz et al. 2004). The Gini coefficient quantifies the non-
uniformity in the light distribution and strongly correlates with
the concentration index for local galaxies. Since the Gini coeffi-
cient has no dependence on the definition of the center of an ob-
ject (Eq. 3), it is often used as an alternative to the concentration
parameter in studies of high-redshift galaxies, a large fraction of
which are peculiar.

G =













1

| f |n(n− 1)













n
∑

i=1

(2i − n− 1)| fi |, (3)

where| fi | are the absolute flux values of a galaxy’s constitutent
pixels sorted in increasing order,| f | is their mean value and n is
the number of pixels.

The M20 index is based on the total second-order moment
MTOT, which is the flux in each pixelfi multiplied by its squared
distance to the galaxy center, summed over all pixels of the
galaxy (Eq. 4).

MTOT =

n
∑

i=1

Mi =

n
∑

i

fi((xi − xc)2 + (yi − yc)2) · (4)

Fig. 3.Distribution of galaxies in our sample and a local sample
from SINGS on theA−C plane. Their morphological types, that
are determined by our eye-ball classification (Table 3, Col.7.),
are indicated with different symbols as shown in the legend. The
dash-dotted green lines are the selection limits separating differ-
ent morphological types determined by Menanteau et al. (2006).
The borders that are adjusted by minimizing the amount of con-
tamination from different types in each region are shown with
black dotted lines.

xc andyc are the coordinates of the galaxy center which are
determined in a way to minimizeMTOT. M20 is the normalized
second order moment of the brightest 20% of the galaxy’s flux
(Eq. 5). To computeM20, the pixels are ordered such that i in-
creases with decreasing flux, andMi is summed over the bright-
est pixels until the integrated value reaches 20% of the total
galaxy flux:

M20 = log(
∑

i Mi

Mtot
)while

∑

i

fi < 0.2 ftot · (5)

M20 correlates with the square of the distance of the brightest
regions of a galaxy from its center, which makes it sensitiveto
merger signatures.M20 is smaller for centrally concentrated ob-
jects (early types) and increases in case of off-center light con-
centrations, spiral arms, bright nuclei, bars, etc.

We present the asymmetry, concentration, Gini andM20 pa-
rameters of our galaxies in Table C.1 in the Appendix. The same



E. Kutdemir et al.: Internal kinematics of spiral galaxies in distant clusters 7

Table 5.Photometric parameters for the SINGS sample.

ID A C G M20

(1) (2) (3) (4) (5)
NGC0628 0.31 0.31 0.45 -1.54
NGC3031 0.18 0.42 0.57 -2.33
NGC3049 0.27 0.50 0.76 -2.29
NGC3184 0.27 0.32 0.53 -1.45
NGC3521 0.29 0.61 0.70 -2.41
NGC3938 0.34 0.48 0.66 -1.83
NGC4536 0.25 0.34 0.50 -1.50
NGC4569 0.21 0.50 0.65 -1.88
NGC4579 0.14 0.58 0.70 -2.48
NGC4625 0.36 0.71 0.74 -1.81
NGC4725 0.24 0.40 0.54 -2.41
NGC5055 0.15 0.52 0.63 -2.13
NGC5194 0.35 0.26 0.47 -1.42
NGC5713 0.32 0.65 0.83 -2.13

Column (1): object ID; Col. (2): asymmetry index; Col. (3): concentra-
tion index; Col. (4): Gini coefficient; Col. (5):M20 index.
We could not obtain reliable measurements of the photometric parame-
ters of NGC3621, NGC4236, NGC2976 and NGC7331 because of the
large number of stars and artifacts on the images, thereforethey are not
used in our analysis.

parameters for the SINGS galaxies are given in Table 5. We ap-
plied a K-S test to the asymmetry, concentration, Gini andM20
distributions of the local versus distant field samples as well as
the distant cluster versus field samples. Only the galaxies for
which we have spectroscopic redshifts (see Table 3 here and
Table 1 in Paper III) and that were classified as late types (spiral
or irregular) according to our eye-ball classification (Table 3 and
Table 4) were used in this analysis. Galaxy 2F19 was also ex-
cluded since it is not distant (z= 0.0052). The results are given in
Table 6 and the distributions are shown in Fig.2. The distantclus-
ter and field samples have significantly different distributions for
the concentration, Gini andM20 parameters. For the asymmetry,
the difference between the two samples is considerable, but not
very significant. The distributions of the local and distantfield
samples are significantly different for theM20 and concentration
parameters. The difference is large for the Gini coefficient while
the significance level of the statistic is not very high. The asym-
metry distributions are similar for the two samples.

The rest-frame wavelength of the ACS images of our sam-
ple corresponds to the B band, therefore we used blue KPNO,
CTIO, Palomar and Isaac Newton images of the SINGS galax-
ies for the measurements. These images were convolved with a
point spread function and then rebinned to have the same see-
ing and pixel size in kpc as the HST images of our sample at
the mean redshift of our clusters (z = 0.4). The asymmetry and
concentration parameters can be used for morphological classi-
fication. We present our galaxies and local galaxies from SINGS
on theA − C plane together with our eye-ball classification of
their morphologies in Fig. 3. Selection limits which separate
different morphological types on the plane, as determined by
Menanteau et al. (2006), are shown on top of this plot. The bor-
ders are then adjusted by minimizing the amount of contamina-
tion from different types in each region.

3.2. Kinematics

We analyze the gas kinematics of our whole sample in the
way that was described in Paper III, using a sample from SINGS
as a local reference for comparison (see Paper III). As stated in

Table 6. K-S statistics of the morphological parameters of our
sample and the local sample.

D P
distant galaxies: cluster versus field

M20 0.36 0.013
Gini 0.46 0.000
A 0.31 0.048
C 0.50 0.000

field galaxies: distant versus local
M20 0.50 0.011
Gini 0.43 0.048
A 0.18 0.898
C 0.48 0.017

D: K-S statistics specifying the maximum deviation betweenthe cumu-
lative distribution of the morphological parameters for distant galaxies:
cluster versus field and for field galaxies: distant versus local; P: signif-
icance level of the K-S statistics. In this analysis, only the galaxies for
which spectroscopic redshifts are available (see Table 3 here and Table 1
in Paper III) and that are late morphological types (spiral/irregular) ac-
cording to our eye-ball classification (see Table 3 and Table4) were
used. Galaxy 2F19 was also excluded since it is not distant (z= 0.0052).

the introduction section, we look for indications of disturbance
in velocity fields to be able to examine environmental effects.
There are three parameters that we use for quantifying theseab-
normalities:
a– the standard deviation of the kinematic position angle (σPA);
b– the average misalignment between the photometric and kine-

matic axes (∆φ);
c– the mean deviation of the velocity field from a simple rotat-

ing disk (k3,5/k1).

The line of sight (LOS) velocity profile of a simple rotat-
ing disk is a cosine function (Krajnović et al. 2006). Our last
(ir)regularity parameter measures the deviation from the cosine
form that can be represented with the third and the fifth order
terms of the Fourier series. The exact definition of each of the
(ir)regularity parameters is given in Paper III. Their values for
each galaxy are listed in Table 7. Examination of the data shows
that in some special cases these measurements have to be ex-
cluded from the analysis (explained in Sect. 3.8).

3.3. Star Formation Rates

Here we analyze the star formation properties of the galaxies in
our sample. We use the total fluxes of available emission lines
in the spectra to measure the star formation rates (SFR). Thelu-
minosities are calculated using these fluxes and corrected for ex-
tinction following Tully & Fouqué (1985). The inclinations are
measured from our HST/ACS imaging (Table C.2). For a com-
parison between different extinction corrections, we have ap-
plied the definitions of Giovanelli et al. (1994) and Tully etal.
(1998), which makes a factor of 10% difference at most in
SFRs. Tully & Fouqué (1985) better matches the extinction law
(Cardelli et al. 1989) for reasonable values of E(B-V). Starfor-
mation rates that rely on [OII]3727 orHα line were calculated
applying Kennicutt (1992) and forHβ, case B recombination
was assumed, which implies a factor 2.86 difference in com-
parison withHα. Note that we have not corrected theHβ lumi-
nosities for underlying stellar absorption. For the calculations
based on [OIII]5007 we have followed Maschietto et al. (2008)
and Teplitz et al. (2000).
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Table 7. Parameters quantifying the (ir)regularity of the gas
kinematics measured for our sample.

ID Rmax σPA ∆φ k3,5/k1 Vasym

(1) (2) (3) (4) (5) (6)
1C7 13.8 23 68± 26 0.32± 0.20 0.25± 0.08
1C8 20.9 2 9± 6 0.06± 0.05 0.08± 0.02
1C9 9.2 19 66± 20 0.10± 0.03 0.13± 0.02
1C10 11.7 9 14± 9 0.26± 0.08 0.19± 0.08
1F2 10.5 2 35± 37 0.08± 0.02 0.08± 0.02
1F3 10.0 7 39± 9 0.07± 0.05 0.05± 0.02
1F4 5.5 21 18± 20 0.30± 0.19 0.21± 0.10
1F5 11.3 5 46± 9 0.08± 0.03 0.09± 0.03
1F6 4.4 29 57± 44 0.27± 0.18 0.20± 0.21
1F7 14.1 3 0± 11 0.05± 0.02 0.06± 0.01
1F10 8.4 8 1± 7 0.25± 0.05 0.23± 0.10
1F11 1.′′7 5 18± 5 0.05± 0.02 0.20± 0.16
2C3 9.7 21 47± 60 0.11± 0.04 0.10± 0.04
2C5 7.5 5 38± 37 0.06± 0.06 0.02± 0.02
2C6 8.8 15 84± 14 0.10± 0.03 0.12± 0.04
2C7 8.3 6 61± 18 0.09± 0.09 0.03± 0.02
2C8 7.6 4 77± 17 0.16± 0.08 0.11± 0.05
2F1 14.2 6 73± 5 0.06± 0.03 0.08± 0.04
2F2 4.2 6 72± 34 0.09± 0.08 0.12± 0.14
2F3 14.4 17 1± 34 0.12± 0.05 0.17± 0.08
2F4 8.0 7 24± 35 0.06± 0.01 0.07± 0.03
2F5 11.3 37 4± 36 0.06± 0.01 0.10± 0.07
2F6 4.6 9 62± 13 0.13± 0.08 0.11± 0.06
2F9 7.4 8 22± 8 0.18± 0.13 0.17± 0.12
2F10 11.6 7 37± 10 0.09± 0.04 0.11± 0.03
2F11 17.0 43 29± 49 0.83± 0.83 1.05± 1.86
2F12 11.4 3 30± 36 0.07± 0.02 0.05± 0.02
2F15&16 1.′′9 19 – 0.77± 0.50 2.38± 6.15
3C3 12.2 4 3± 4 0.17± 0.11 0.13± 0.05
3C4 12.7 8 1± 9 0.15± 0.05 0.08± 0.03
3C5 7.5 7 84± 7 0.07± 0.03 0.11± 0.10
3C6 6.5 11 52± 8 0.10± 0.07 0.18± 0.11
3C7 8.8 3 46± 2 0.09± 0.05 0.20± 0.13
3F3 3.7 5 48± 5 0.11± 0.02 0.10± 0.07
3F6 6.7 3 55± 3 0.16± 0.18 0.15± 0.13
3F7 4.8 9 97± 25 0.06± 0.04 0.06± 0.03
3F8 13.2 4 17± 37 0.20± 0.05 0.30± 0.43
3F9 7.7 9 46± 9 0.13± 0.02 0.13± 0.11
4C2 7.4 3 65± 2 0.08± 0.01 0.07± 0.04
4C3 8.9 13 63± 12 0.22± 0.14 0.14± 0.03
4F3 15.0 9 40± 20 0.07± 0.03 0.14± 0.03
4F4 10.8 8 60± 9 0.82± 1.21 0.57± 0.64
4F5 16.5 9 17± 32 0.07± 0.04 0.04± 0.02
4F6 10.7 6 28± 31 0.12± 0.05 0.09± 0.04
4F7 27.5 29 7± 53 0.20± 0.06 0.17± 0.05
4F8 14.5 18 39± 31 0.18± 0.09 0.10± 0.03
4F9 8.7 3 55± 3 0.07± 0.05 0.05± 0.02
4F12 6.4 12 24± 18 0.29± 0.16 0.17± 0.07
4F13 9.1 2 53± 6 0.10± 0.11 0.04± 0.03

Column (1): object ID; Col. (2): maximum radius for which thekine-
matic parameters could be calculated. The conversion from arcsecond
into kpc was done as explained in Wright (2006); Col. (3): standard
deviation of the kinematic position angle (σPA); Col. (4): mean mis-
alignment between the kinematic and photometric position angles (∆φ);
Col. (5): meank3,5/k1 of the analysis done while fixing the position an-
gle and the ellipticity to their global values; Col. (6):Vasymparameter of
S08 measured as described in Sect. 4.6. The error is the standard devia-
tion of the parameter in the range of observations.
For 1F11 and 2F15&16, the spectroscopic redshifts are not avail-
able, therefore we giveRmax of these objects in arcseconds.k3,5/k1

of galaxy 1F5, ∆φ of the galaxies that haveǫ ≤ 0.1 (galax-
ies 1F2, 2F4, 2F12 and 4C3) and all parameters for galax-
ies 1F10, 2F5, 2F11 and 2F15&16 are rather meaningless as explained
in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the rest,
therefore they are excluded from the analysis.

Fig. 4. SFR versus stellar mass for our sample and the local
sample from SINGS. The SFR-stellar mass relation based on
z ∼ 1 galaxies from GOODS Elbaz et al. (2007) and the local
relation from Salim et al. (2007) are overplotted for comparison.
The stellar masses of the SINGS galaxies are calculated using
their MB and B-V as explained in Bell et al. (2005).

Fig. 5. Specific star formation rate versus rest-frame B-V color
for our sample and the local sample from SINGS.

In Fig.4, we plot the SFR versus stellar mass for the galaxies
in our sample. A comparison with the relations forz ∼ 1 and
z∼ 0 galaxies and the SINGS local sample shows that SF prop-
erties of the galaxies in our sample cover a wide range and some
galaxies have higher star formation rates than thez∼ 1 relation.
It should be noted that this relation has a large intrinsic scatter
at all redshifts. In Fig.5 we show specific SFR versus rest-frame
B-V which follows the expected trend.

Since we calculated the star formation rates using the inte-
grated flux from three adjacent slits that cover a galaxy, aperture
effects are negligible. On the other hand, we are forced to use
different emission lines for calculating SFRs due to the differ-
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ent rest-frame wavelength coverage of the spectra from galaxies
at different redshifts. The conversions that are used for this pur-
pose are likely to cause some systematic errors (Moustakas et al.
2006). To check for our sample, how successful it would be to
use a constant factor for conversion from one emission line flux
to the other, we plot the frequency distribution of emissionline
flux ratios in Fig. 6. This exercise shows that the uncertainty
in Hα luminosities (Table 8) that is caused by these differences
(sigma of the distribution) is about a factor 2.

3.4. Frequency Distribution of the Kinematic Irregularities

In Fig. 7 d, e and f, we show the frequency distribution of each
(ir)regularity parameter for the field and cluster galaxiesin our
sample. The same information for local galaxies is given above
each plot for comparison (Fig. 7 a, b and c). Cluster and field
galaxies are distributed in a similar manner in the (ir)regularity
parameters space. Both cluster and field galaxies populate re-
gions inside and outside the area where regular velocity fields
of local galaxies are located. The Kolmogorov-Smirnov (K-S)
test of the distributions also confirms that field and clusterpop-
ulations are not significantly different from one another (see
Table 9). Here we discuss the origin of the largest parameterval-
ues: The two galaxies that have the largestσPA values are 1F6
and 4F7. 1F6 has a kinematically decoupled core, therefore,it
is probably a merger remnant (Paper III, Fig.B.13). 4F7 seems
to be a merger too. The residual of its velocity field and recon-
structed velocity map reveals the existence of a counter-rotating
component in the outer part (see Fig.B.49.g and j). There are
tidal structures visible on its HST image as well (Fig.B.49.a).
The largest∆φ belongs to 3F7 which has a strong bar (Fig.B.40).
Although the kinematic and the photometric position angles
match quite well in the disk region, the extent of the observed
velocity field does not go far outside the bar (see Fig.B.40.a,c,e),
therefore, this galaxy has a very large∆φ value.∆φ clearly has
an important contribution of a bar in case of two other galaxies
in our sample: 1F6 and 2C3. So a large∆φ either indicates a mis-
alignment between the stellar disk and the kinematic axis ofthe
gas, or the presence of a bar.

In Sect. 3.1, we determined the morphological type of the
galaxies by our eye-ball classification (Table 3 & Table 4). Here
we check how the (ir)regularity parameter values of different
morphological types are distributed (Fig. 8) and find that irregu-
larities in gas kinematics of spiral and irregular/peculiar galaxies
are very similar (see Table 10 for the K-S test results).

3.5. Dependence On the Clustercentric Distance

All cluster members in our sample, except for 4C2, are well in-
side the virial radius, where both tidal processes and ICM-related
mechanisms are effective. In Fig. 9, we show the distance of each
galaxy from the cluster center in projection (in virial radii) and
plot that against (ir)regularity parameters. There are quite a few
galaxies within half a virial radius from the center, that are be-
low the irregularity threshold ofk3,5/k1 andσPA. 69±11% of the
cluster galaxies are regular according to both of these parameters
while most of them have large∆φ values. The fraction of galax-
ies within 1Rvir that have regular gas kinematics according to all
the three criteria is 13± 8%.

Table 8.Hα luminosities.

Name LHα/1040[ergs/s] Line
(1) (2) (3)
1C7 100 O[II]3727
1C8 20 Hβ
1C9 100 O[II]3727
1C10 100 Hβ
1F2 20 Hβ
1F3 20 Hβ
1F4 40 Hα
1F5 100 Hα
1F6 10 Hα
1F7 600 O[II]3727
1F10 20 O[III]5007
2C3 10 Hβ
2C5 10 Hβ
2C6 30 O[II]3727
2C7 20 O[III]5007
2C8 9 Hα
2F1 30 Hβ
2F2 1 O[II]3727
2F3 100 O[II]3727
2F4 10 O[II]3727
2F5 7 O[II]3727
2F6 30 Hα
2F9 9 O[III]5007
2F10 100 O[III]5007
2F11 9 Hα
2F12 30 O[II]3727
2F15&16 – O[II]3727
3C3 50 Hα
3C4 30 O[III]5007
3C5 20 O[III]5007
3C6 9 O[II]3727
3C7 15 O[III]5007
3F3 2 O[III]5007
3F6 30 Hα
3F7 30 Hα
3F8 40 O[II]3727
3F9 30 Hα
4C2 20 O[II]3727
4C3 8 O[II]3727
4F3 300 O[II]3727
4F4 100 O[III]5007
4F5 100 O[II]3727
4F6 50 O[II]3727
4F7 200 O[II]3727
4F8 60 O[III]5007
4F9 80 O[III]5007
4F12 200 O[II]3727
4F13 100 O[III]5007
NGC0628 50
NGC2976 3
NGC3031 14
NGC3049 –
NGC3184 15
NGC3521 20
NGC3621 60
NGC3938 15
NGC4236 4
NGC4536 50
NGC4569 20
NGC4579 30
NGC4625 –
NGC4725 –
NGC5055 30
NGC5194 70
NGC5713 –
NGC7331 50

Column (1): galaxy ID; Col. (2):Hα luminosity; Col. (3): emission line
that is used for calculating theHα luminosity.
The errors inHα luminosities are estimated to be∼ 50% based on the
width of the histograms in Fig. 6.
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Fig. 6.Histograms of the emission line flux ratios

Fig. 7. Histograms of the mean misalignment between kinematic and photometric major axes (∆φ), meank3,5/k1 and standard
deviation of kinematic position angle (σPA). The local sample is given in panel. (a), (b) and (c). Our sample is given in panel (d), (e)
and (f). In panel (g), (h) and (i) we show the galaxies in our sample that haveHα luminosities in the same interval as the local sample.
The regularity borders, that are indicated on each plot, were determined in Paper III using the local sample except for the peculiar
galaxies and Virgo members.∆φ of the galaxies that haveǫ ≤ 0.1 (galaxies 1F2, 2F4, 2F12 and 4C3 in “this sample”, NGC 628,
NGC 3184, NGC 3938 and NGC 5713 in the local sample),k3,5 of galaxy 1F5 (this sample) and all parameters for galaxies 1F10,
2F5, 2F11 and 2F15&16 (this sample) are doubtful as explained in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the
rest, therefore, they are excluded from the histograms.

3.6. Correlations

Here we measure the correlations of the irregularity parameters
with the Hα luminosity, with each other and with some photo-
metric parameters using an outlier resistant linear regression fit-
ting technique (Table 11).

3.6.1. Correlations With Hα Luminosity

Hα luminosities are listed in Table 8. In case theHα line was out-
side the observed wavelength interval, we converted the fluxes of
available emission lines toHα flux as explained in Sect. 3.3.

For the cluster members, we find significant correlations be-
tween thelog(LHα) and two indicators of kinematical irregular-
ities: σPA and k3,5/k1 (Fig.10, a and b). Hα emission mainly
stems from HII regions and it indicates star formation (e.g.
Kennicutt et al. 1994). B-V color and Hα luminosity are ex-
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Fig. 8. Histograms of the mean misalignment between the kinematic and photometric major axes (∆φ), the meank3,5/k1 and the
standard deviation of the kinematic position angle (σPA) for spiral versus irregular/peculiar galaxies in the local sample (top) and
in our sample (bottom). The morphological types are determined by our eye-ball classification (see Table 3 and Table 4)∆φ of the
galaxies that haveǫ ≤ 0.1 (galaxies 1F2, 2F4, 2F12 and 4C3 in “this sample”, NGC 628, NGC 3184, NGC 3938 and NGC 5713 in
the local sample),k3,5 of galaxy 1F5 (this sample) and all parameters for galaxies 1F10, 2F5, 2F11 and 2F15&16 (this sample) are
doubtful as explained in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the rest; therefore, they are excluded from the
histograms.

Table 9.K-S statistics of (ir)regularity parameters of the cluster
and field galaxies in our sample.

D P
σPA 0.18 0.874
k3,5/k1 0.18 0.856
∆φ 0.32 0.209

D: K-S statistics specifying the maximum deviation betweenthe cumu-
lative distribution of the given parameter for cluster and field galaxies
in our sample; P: significance level of the K-S statistics.
Note: k3,5/k1 of galaxy 1F5,∆φ of the galaxies that haveǫ ≤ 0.1
(galaxies 1F2, 2F4, 2F12 and 4C3) and all parameters for galax-
ies 1F10, 2F5, 2F11 and 2F15&16 are excluded from the calculations
as explained in Paper III for the MS 0451 sample and here, in Sect. 3.8
for the rest.

pected to anti-correlate with each other for a given morphologi-
cal type since galaxies with bluer B-V colors have a larger ratio
of blue to red stars, and therefore, a better capability of ioniz-
ing the gas to form HII regions (Cohen 1976). However, dust
extinction can weaken this correlation. For our data, we find
a weak anti-correlation between these two quantities only for
cluster members (Fig.10, c). The irregularity parameters become
larger for bluer galaxies. However the trends are very weak (see
Table 11).

3.6.2. Correlations Between (Ir)regularity Parameters

To be able to use the (ir)regularity parameters as a tool to dis-
tinguish disturbed velocity fields from regular ones, it is nec-
essary to determine a threshold value for each of them. We
did that by measuring each parameter for local, regular veloc-
ity fields from SINGS (see Paper III, Sect. 4). In Fig. A.1 in the

Table 10.K-S statistics comparing the kinematic (ir)regularity
parameters of the galaxies in our sample classified as spiralor
irregular/ peculiar using their photometry.

D P
σPA 0.15 0.995
k3,5/k1 0.10 1.000
∆φ 0.25 0.786

D: K-S statistics specifying the maximum deviation betweenthe cumu-
lative distribution of the given parameter for spiral and irregular galax-
ies in our sample; P: significance level of the K-S statistics.
Note: k3,5/k1 of galaxy 1F5,∆φ of the galaxies that haveǫ ≤ 0.1
(1F2, 2F4, 2F12 and 4C3) and all parameters for 1F10, 2F5, 2F11
and 2F15&16 have been excluded from the calculations as explained
in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the rest.

Appendix, we show how the galaxies in our sample and in the
local sample are distributed in the plane of one parameter ver-
sus another. Regularity borders that are defined using the local
galaxies are indicated on each plot. We find a weak correlation
betweenk3,5/k1 andσPA (see Table 11) which agrees with what
we found in Paper III using only the MS 0451 sample. If we look
at the galaxies that have largek3,5/k1 andσPA parameters, most
of them show signs of an additional kinematic component in the
residual of the simple rotating model and the original velocity
field (residual maps are presented in Sect. B, part (j) of eachfig-
ure). These galaxies are 1F4, 1F6, 4F7 and 4F8. In all cases, the
existence of a secondary component is clear in the residual map.
k5 is sensitive to extra kinematic components andσPA is sensitive
to their misalignment with the main component. Therefore, the
outliers of thek3,5/k1 versusσPA plot mostly consist of velocity
fields that have multiple kinematic components. This explains
the weak correlation between these two parameters.
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Fig. 9. (Ir)regularity parameters versusR/Rvir . The regularity
threshold of each parameter is shown with a dashed line. # sym-
bol indicates the galaxies that are not used in correlation mea-
surements. 4C2 is excluded because the correlations are mea-
sured inside 1Rvir . 4C3 is excluded from the correlation mea-
surement of∆φ since it hasǫ ≤ 0.1 (see Sect. 3.8).Top:
meank3,5/k1 versusR/Rvir . Middle: mean misalignment between
kinematic and photometric axes (∆φ) versusR/Rvir . Bottom:
standard deviation of kinematic position angle (σPA) versus
R/Rvir .

3.6.3. Correlations With Photometric Parameters

Apart from the Gini coefficient, M20, photometric asymmetry
and concentration parameters that are defined in Sect. 3.1, the
methods we use for measuring the morphological/photometric
parameters are explained in Paper III. Photometric and morpho-
logical parameters of the galaxies in our sample are given in

Table 11.Linear Pearson correlation coefficients.

σPA − k3,5/k1 ∆φ − σPA k3,5/k1 − ∆φ
c+f 0.5 (Fig. A.1,a) 0.0 0.0

σPA − R/Rvir ∆φ − R/Rvir k3,5/k1 − R/Rvir
c 0.1 0.2 0.4

Rd − k3,5/k1 Rd − σPA Rd − ∆φ
c+f 0.2 0.3 –0.4
c 0.1 0.5 (Fig. 11,b) –0.1

MB − k3,5/k1 MB − σPA MB − ∆φ
c+f 0.0 –0.1 0.4
c –0.3 –0.5 (Fig. 11,c) 0.1

A− k3,5/k1 A− σPA A− ∆φ
c+f –0.2 0.1 –0.1
c –0.1 0.2 0.0

C − k3,5/k1 C − σPA C − ∆φ
c+f 0.0 –0.1 0.2
c 0.1 0.0 –0.2

log(LHα) − k3,5/k1 log(LHα ) − σPA log(LHα ) − ∆φ
c+f 0.1 0.1 –0.1
c 0.8 (Fig. 10,b) 0.8 (Fig. 10,a) 0.0

z− k3,5/k1 z− σPA z− ∆φ
f 0.1 0.0 0.1

(B− V) − k3,5/k1 (B− V) − σPA (B− V) − ∆φ
c+f –0.1 –0.2 –0.2
c –0.2 –0.1 –0.2

(V − I ) − k3,5/k1 (V − I ) − σPA (V − I ) − ∆φ
c+f 0.0 0.2 0.0
c 0.4 0.2 0.1

(R− I ) − k3,5/k1 (R− I ) − σPA (R− I ) − ∆φ
c+f –0.1 –0.2 0.0
c –0.3 –0.3 –0.2

Gini − k3,5/k1 Gini − σPA Gini − ∆φ
c+f –0.1 0.0 0.3
c 0.2 0.1 0.1

M20 − k3,5/k1 M20 − σPA M20 − ∆φ
c+f 0.1 0.2 0.0
c 0.1 0.3 0.5 (Fig. 11,a)

log(M∗[M⊙]) − k3,5/k1 log(M∗[M⊙]) − σPA log(M∗[M⊙]) − ∆φ
c+f –0.3 –0.2 –0.4
c –0.2 0.0 –0.3

The figures where∆φ of the galaxies that haveǫ ≤ 0.1
(galaxies 1F2, 2F4, 2F12 and 4C3 in “this sample”, NGC 628,
NGC 3184, NGC 3938 and NGC 5713 in the local sample),
k3,5/k1 of galaxy 1F5 (this sample) and all parameters for galax-
ies 1F10, 2F5, 2F11 and 2F15&16 (this sample) are doubtful asex-
plained in Paper III for the MS 0451 sample and here, in Sect. 3.8 for
the rest. Therefore, they are excluded while calculating the correlation
coefficients. For the calculation of the correlations with the redshift,
only field galaxies were used, so the results do not have the bias of the
environment.

Table C.1 and Table C.2 respectively (see Paper III, Table C.2
for the morphological parameters of the MS 0451 sample.). The
(ir)regularity parameters of the local sample galaxies aregiven in
Paper III, Table 3. Their photometric parameters are given here,
in Table 5.

To focus on the effects of the interactions that take place
only in clusters, we now restrict ourselves to our cluster sam-
ple, where most galaxies are within half a virial radius fromthe
cluster center. In this region, mergers are rare, while harassment
and ICM related mechanisms such as ram pressure stripping are
expected to be effective (Moore et al. 1997). We give the cor-
relation measurements of the cluster members that are located
within 1Rvir from the cluster center in Table 11. The parameters
that correlate with each other are plotted in Fig. 11 and discussed
in Sect. 4.5.

3.7. The Fraction of Irregular Gas Kinematics

We quantified irregularities in gas kinematics using three differ-
ent parameters, and for each of them, we compared the num-
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Fig. 10. a)Hα luminosity versus standard deviation of kinematic position angle (σPA). Correlation coefficient for cluster members
is 0.8. b) Hα luminosity versus meank3,5/k1. Correlation coefficient for cluster members is 0.8. c) Hα luminosity versus B-V color
for our sample and the local sample. Correlation coefficient for cluster members is−0.5. Correlations are shown on top of each plot.

Table 12.Irregularity fraction.

fracσPA frac∆φ frack3,5/k1 fracany fracall

(1) (2) (3) (4) (5)
field & cluster 11± 5 % 68± 7 % 32± 7 % 80± 6 % 4± 3 %
only field 10± 6 % 65± 9 % 32± 9 % 76± 8 % 3± 3 %
only cluster 13± 8 % 73± 11 % 31± 12 % 88± 8 % 6± 6 %

Column (1): fraction of irregular velocity fields accordingto σPA crite-
rion; Col. (2): fraction of irregular velocity fields according to∆φ cri-
terion; Col. (3): fraction of irregular velocity fields according tok3,5/k1

criterion; Col. (4): fraction of irregular velocity fields according to at
least one of the three criteria; Col. (5): fraction of irregular velocity
fields according to all the three criteria together.
Poisson errors are given for each fraction.
Note: k3,5/k1 of galaxy 1F5,∆φ of the galaxies that haveǫ ≤ 0.1
(1F2, 2F4, 2F12 and 4C3) and all parameters for 1F10, 2F5, 2F11
and 2F15&16 have been excluded from the calculations as explained
in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the rest.

ber distribution of field and cluster galaxies. Now we will look
at the fraction of galaxies that have irregular gas kinematics.
Fractions that are measured for each irregularity type separately
and also without distinguishing between the three types aregiven
in Table 12. We obtain very similar fractions of irregular gas
kinematics for cluster and field environments. Each irregularity
parameter gives a very different fraction compared to the others,
which will be discussed in Sect. 4.3.

3.8. Special Cases

Here we explain the cases that we exclude from our analy-
sis. For the same information on the MS 0451 sample, see
Paper III, Sect. 4.1. For face-on galaxies, photometric posi-
tion angle measurements are very uncertain. Since LOS veloc-
ities are very small in such cases, the effect of noise becomes
more pronounced in velocity fields. This causes∆φ to be un-
reliable. Therefore, we excluded such cases from our analysis
(2F4, 2F11, 2F12, 4C3). Among those, 2F11 is an extreme case
which is completely excluded from the analysis (see Fig.B.29.e).
The other galaxies that we did not use in our analysis are 2F5,
2F15&16. 2F5 does not have any signal in the upper slit, which
affects the measurements. Looking at the iso-velocity lines on
the receding side (Fig.B.23.e), it looks as if the highest posi-
tive velocities are located in the top right corner, which ismiss-
ing on the map. 2F15&16 (see Fig.B.33) are at the same red-
shift, however it is not clear what kind of objects they are and
the emission line they have could not be identified. The veloc-
ity field includes information from both, but most of it comes
from 2F15. The [OIII]5007 velocity field of 4F4 (see Fig.B.46.e)

looks quite disturbed, although the flux map of the same emis-
sion line looks rather regular. Emission from this galaxy isvery
strong and therefore, we can rely on its (ir)regularity parameters.

4. Discussion

4.1. Frequency Distribution of the Kinematic Irregularities

We analyze together gas kinematics and stellar photometry of
spiral galaxies in clusters and in the field. We find that the frac-
tion of galaxies that have irregular gas kinematics is very similar
in our cluster and field samples. These two samples also give a
very similar frequency distribution of each (ir)regularity param-
eter. When interpreting the results we have to consider thatour
sample selection is based on the emission line flux of galaxies.
A comparison of our sample with a local sample from SINGS
shows that some galaxies in both our cluster and field samples
have higherHα luminosities, and therefore, higher star forma-
tion rates (Fig.1). In some of these cases, high star formation
activity might be the result of some type of interaction. It has
to be considered, however, thatHα luminosity of a galaxy can
also increase due to facts that are unrelated to interactions such
as regular starbursts (Kennicutt 1998).

In Fig. 7 (g), (h) and (i) we show how the subsample of
galaxies that haveHα luminosities within the same interval as
the SINGS sample is distributed in the (ir)regularity parameters
space. The field galaxies that are populating the high irregular-
ity end of the plots are not necessarily the ones with highHα
luminosities. So, independent from whether the high star forma-
tion galaxies are included or not, the distribution of cluster and
field galaxies in irregularity space is very similar. The majority
of the field galaxies in our sample are more irregular than local
field galaxies according to at least one of the three (ir)regularity
criteria. This is the case even if we take into account only the
ones that haveHα luminosities within the same interval as the
SINGS sample, which are mostly in the interval 0.1 ≤ z ≤ 0.5.
This could be the result of a higher occurence of disk build-
ing processes such as mergers and accretion events at these red-
shifts. Using N-body simulations, Gottlöber et al. (2001)inves-
tigate the relative major merger rate of the population of cluster,
group and isolated halos as a function of redshift. They find that
for cluster galaxies, the relative merger rate increases with red-
shift while it decreases for isolated galaxies. Atz ∼ 0.5, they
find the major merger rate in the field to be two times as high as
that in clusters (see Gottlöber et al. 2001, Fig. 9).

In the local universe, evidence has been accumulating,
mainly from HI studies, on the importance of cold gas accretion:
A large number of galaxies are accompanied by gas-rich dwarfs
or are surrounded by HI cloud complexes, tails and filaments
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Table 13.Possible dynamical pairs.

Pair Projected distance [kpc] ∆ V [km/s]
2F10 & 2F11 262 420
4F10 & 4F12 737 90
4F5 & 4F6 842 60
4F6 & 4F7 775 360
4F5 &4 F7 1170 230

Column (1): Names of the galaxies; Col. (2): the projected distance be-
tween them; Col. (3): the difference between their radial velocities.

(Sancisi et al. 2008). Most of the high-velocity clouds around the
Milky Way are now widely accepted to belong to its halo and di-
rect evidence for infall of intergalactic gas (Wakker et al.2007,
2008). Recently, accretion of satellites has also been revealed by
studies of the distribution and kinematics of stars in the halos
of the Milky Way and of M31. The discovery of the Sgr Dwarf
galaxy (Ibata et al. 1994) is regarded as proof that accretion is
still taking place. It is also possible that the warped outerlay-
ers, lopsidedness and the extra-planar gas, which are very com-
mon features in galaxies, are related to the accretion process.
Observational results suggest cold gas accretion to be a likely
formation mechanism for the polar disks (Bravo-Alfaro et al.
2004; Stanonik et al. 2009). Simulations support this picture
(Macciò et al. 2006).

The radial velocity difference and angular separation of some
galaxies in our sample suggest that they may be gravitationally
bound to each other. Since we do not have the spectra of the ob-
jects surrounding the galaxies in our sample, we can not make
a definite statement of whether they are group members or not.
The number statistics in Huchra & Geller (1982) show that ve-
locity dispersions up to 400kms−1 and sizes up to 2 Mpc are
likely (with median values of 155kms−1 and 0.7 Mpc) for galaxy
groups. For galaxy pairs, it is expected that at least 35 percent of
the ones with projected separation of less than 20h−1 kpc and
velocity difference of less than 500kms−1 are physically bound
(De Propris et al. 2007). On the other hand there are several in-
teracting pairs with a projected separation of around 50h−1 kpc
(Barton et al. 1999; Patton et al. 2000). Lambas et al. (2003)find
that star formation in galaxy pairs is significantly enhanced over
that of isolated galaxies with similar redshifts in the fieldfor pro-
jected separations less than 25h−1 kpc and velocity differences
of less than 100kms−1.

Based on this information, the galaxies in our sample that
might be gravitationally interacting with each other are listed
in Table 13. The average values of each irregularity parameter
for these galaxies (excluding the unreliable values that are men-
tioned in Paper III for the MS 0451 sample and here, in Sect. 3.8
for the rest) arek3,5/k1 = 0.15,σPA = 13 and∆φ = 23. Among
these galaxies, 4F7 has a very largeσPA and 4F12 has a very
high k3,5/k1. Excluding the galaxies in Table 13 from the com-
parison between the irregularity distributions of the cluster and
field galaxies (see Sect. 3.4) does not change the results (see
Table 14).

4.2. Frequency Distribution of the Morphological Parameters

In Sect. 3.1 we compare the distributions of some morphologi-
cal parameters: asymmetry, concentration,M20 and Gini coeffi-
cient for distant cluster versus field samples as well as for local
versus distant field samples (see Fig.2 and Table 6). We find a
significant difference between the distribution of the concentra-
tion, the Gini coefficient and theM20 parameter for the cluster

Table 14.K-S statistics of (ir)regularity parameters of the cluster
and field galaxies in our sample, excluding possible dynamical
pairs.

D P
σPA 0.21 0.740
k3,5/k1 0.20 0.791
∆φ 0.30 0.317

D: K-S statistics specifying the maximum deviation betweenthe cumu-
lative distribution of the given parameter for cluster and field galaxies
in our sample excluding the galaxies in Table 13; P: significance level
of the K-S statistics.
Note: k3,5/k1 of galaxy 1F5,∆φ of the galaxies that haveǫ ≤ 0.1
(galaxies 1F2, 2F4, 2F12 and 4C3) and all parameters for galax-
ies 1F10, 2F5, 2F11 and 2F15&16 are excluded from the calculations
as explained in Paper III for the MS 0451 sample and here, in Sect. 3.8
for the rest.

versus field galaxies at intermediate redshifts, in the sense that
the cluster sample lacks galaxies with low concentration index.
This might be due to the activity of interaction processes such as
harassment which causes matter to migrate towards the center.

The local and distant field samples are also different: the
concentration, the Gini coefficient and theM20 index all sug-
gest that local galaxies have a more centrally-concentrated and
less clumpy light distribution with respect to the distant galaxies.
This is consistent with what we find studying gas kinematics:it
looks as if field galaxies at intermediate redshifts are still in the
process of building up their disks.

4.3. The Fraction of Irregular Gas Kinematics

In Y08, the [OII] doublet velocity fields of 63 field galaxies,that
are atz = 0.4 − 0.75 and that haveMstellar ≥ 1.5 × 1010M⊙,
are analyzed. They classify galaxy kinematics based on an eye-
inspection of the gas velocity map, gas velocity dispersionmap
and high resolution image together. Their study of velocityfields
however is limited to 2′′×3′′ field of view while it can be as large
as∼ 3′′ × 6′′ in our case. They call a galaxy “rotating disk” if
its velocity field has an ordered gradient, the photometric and
the kinematic major axes are aligned and the velocity disper-
sion map has a single peak close to the kinematic center. If the
velocity dispersion map has no peak or has a peak that is offset
from the center while the other criteria are satisfied, they classify
the case as “perturbed rotation”. If both the velocity dispersion
map and the velocity map deviate from the regular case, they
classify it as “complex kinematics”. Deviation from the regular
case for a velocity field corresponds here to an irregular veloc-
ity gradient and/or a misalignment between the photometric and
kinematic axes. Therefore, when the three indications we use are
at the level of being detectable by eye within the central part of
a galaxy, its kinematics can be classified as complex according
to this scheme. Even then they find that 26% of their sample
have velocity fields and velocity dispersion maps that are both
incompatible with disk rotation. When we calculate the irregu-
larity fractions of the field galaxies in our sample that are within
the same redshift interval as their sample, we find 10± 9% (ac-
cording toσPA), 60± 15% (∆φ), 30± 14% (k3,5/k1). Their result
is very close to what we find using thek3,5/k1 criterion. However
it should be noted that most of the galaxies in our sample are less
massive (see Table C.1, Column 8).

It is known from the local Universe that most galaxies in
the central parts of galaxy clusters lack gas. To be able to study
velocity fields of galaxies, priority was given to emission line
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Fig. 11.(Ir)regularity parameters versus some photometric quantities. For each plot, the line shows the correlation between the given
parameters. The local galaxies are not used in correlation measurements, but shown as a reference in each plot. The namesthat are
written in red and italic belong to the galaxies that are excluded from the correlation as explained in Paper III for the MS0451
sample and here, in Sect. 3.8 for the rest.a: M20 index versus the mean misalignment between the photometricand kinematic
major axes (∆φ) (correlation coefficient=0.5). The thick green line shows the correlation obtained excluding the cases where the
∆φ value mainly indicates a clumpy light distribution or a bar instead of an abnormality in the position of the kinematic axis. The
galaxies for which this is the case are indicated with # symbol next to them. Measuring the correlation after excluding these galaxies
gives the same result.b: The disk scale length (Rd) versus the standard deviation of the kinematic position angle (σPA) (correlation
coefficient=0.5). The standard deviation ofσPA is measured within equalRd intervals that are indicated with horizontal error bars
and the meanσPA in each bin is given with a rectangular green symbol while thedeviation from the mean is given with vertical error
bars.c: Absolute magnitude in theB band (MB) versus the standard deviation of the kinematic position angle (σPA) (correlation
coefficient= −0.5).

galaxies in our sample selection. Therefore, most cluster galax-
ies in our sample are perhaps just infalling and have not been
severely affected by the cluster environment yet. This would ex-
plain the similarity between the gas kinematics of cluster and
field galaxies in our sample.

We usek3,5/k1, σPA and∆φ to trace the effects of the inter-
action processes on gas kinematics. We find that the irregularity
fractions measured using each of these parameters are very dif-
ferent from one another:σPA gives a value around 10%,k3,5/k1
∼ 30% and∆φ ∼ 70% for both cluster and field galaxies. This
may have a number of different reasons. One is the effect of
lower spatial resolution for intermediate redshift galaxies. Our
simulations in Paper III, Appendix A, indicate that small scale
irregularities may be smeared out as a result of the resolution ef-
fects. A misalignment between the stellar disk and the rotation
plane of the gas on the other hand is unlikely to be affected much
by low resolution. One should also realize that not all galax-
ies with high∆φ are irregular. For example, galaxies with bars
can have larger∆φ values. Also, some galaxies in the local uni-
verse are found showing regular kinematics with an HI polar disk
(perpendicular to the stellar disk) (van Gorkom & Schiminovich
1997; Stanonik et al. 2009). Petrosian et al. (2002) observed 18
blue compact dwarf galaxies and for 8 of these they found strong
misalignments between the photometric and kinematic position
angles although the isovelocity contours do not indicate strong
irregularities in gas motions. There are even merger remnants in
the local universe that have very regular gas velocity fieldssuch
as NGC 3921 (Hibbard & van Gorkom 1996).

4.4. Correlations With the Hα Luminosity

Larger irregularities (k3,5/k1 and σPA) we find for higher
log(LHα) probably show that galaxies which have more irregular
gas kinematics have higher star formation rates. These correla-
tions are valid only for cluster members (see Fig.10). According
to models, most interaction processes in clusters increasestar
formation activity at the beginning, before they eventually sup-
press it. Gravitational interactions are expected first to trig-
ger nuclear gas infall. Models by Fujita (1998) show that in-

creased star formation activity is expected in case of harass-
ment, since high-speed encounters between galaxies cause gas
to accumulate to centers of galaxies. Ram-pressure stripping,
which is the hydrodynamic interaction between the hot ICM
and the cold ISM, leads to an increase of the external pres-
sure, shock formation, thermal instabilities and turbulent mo-
tions within the disk. Evrard (1991) and Bekki & Couch (2003),
for example, show that all these events increase cloud-cloud col-
lisions and cloud collapse, and therefore, enhance star forma-
tion activity. However, in case of ram-pressure stripping,there
are not many observations supporting this picture. Some exam-
ples in A1367 that experience ram-pressure stripping are CGCG
97-023, where enhanced star formation activity per unit mass,
compared to galaxies of similar type and luminosity is con-
firmed (Gavazzi et al. 1995), CGCG 97-073 and CGCG 97-
079 (Boselli & Gavazzi 2006). Models of Fujita (1998) and
Fujita & Nagashima (1999) that quantify the variations of the
star formation activity, show that on short timescales (∼ 108 yr)
in high-density, rich clusters, the star formation activity can in-
crease by up to a factor of 2 at most. But on longer timescales,
removal of the HI gas leads to a decrease of the fuel feeding
the star formation, and galaxies become quiescent (Fujita 1998;
Fujita & Nagashima 1999; Okamoto & Nagashima 2001).

4.5. Correlations With Photometric Parameters

We find a weak correlation betweenM20 and ∆φ for cluster
members (Fig. 11a).M20 becomes very large in case the galaxy
light has a clumpy distribution. Since clumpiness is mainly
caused by star forming regions, it means that galaxies that have
irregular gas kinematics have more star formation.M20 also in-
creases towards later types. Since galaxies that have high mass
concentration (earlier types) are more resistant to tidal mecha-
nisms, the correlation we find is expected as a result of this fact
as well. The concentration parameter on the other hand, which
is another indicator of galaxy type, does not give any correlation
with the irregularity in gas kinematics. Therefore, the substruc-
tures must be the main cause of the correlation that we find.
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We need to note that∆φ cannot be considered as a pure in-
dicator of interactions since it is sensitive to bars that are mis-
aligned with the disk. Even though the formation of a bar can
be triggered by environmentally induced gravitational instabil-
ities, such as tidal interactions between galaxies and the clus-
ter potential well, it can also just be the result of a misalign-
ment between the disk and the triaxial halo of the galaxy itself
(Kodama & Smail 2001; Bekki & Freeman 2002). Since a bar
is not necessarily formed by an interaction process, we remea-
sured the correlation of∆φ with the other parameters excluding
the cases where we see that a bar has an important contribution
to the∆φ value (3F7, 1F6 and 2C3). The results remained the
same.

We find a correlation between the disk scale length andσPA
(Fig. 11b). However, what we see on the plot is an increasing
deviation ofσPA values with increasingRd rather than a corre-
lation. While small galaxies are all regular, there are bothreg-
ular and irregular cases among larger galaxies. It is known that
some interaction processes are more effective on larger galaxies
such as interactions between galaxies and the cluster potential
well, viscous stripping and thermal evaporation. Tidal interac-
tions between galaxies, on the other hand, are more efficient on
smaller galaxies (Byrd & Valtonen 1990). What we see in our
data might be an indication of the activity of some of the first
group processes in the central 1Rvir of the clusters in our sample.

We find that MB and σPA anti-correlate with each other
(Fig. 11c) showing that more massive galaxies have more irreg-
ular gas kinematics. Since larger galaxies are also more massive
(Trujillo et al. 2004), the interpretation of this correlation is the
same as the correlation that we find for the disk scale length.
One or a combination of the following mechanisms might be ef-
fective on the cluster members in our sample: viscous stripping,
thermal evaporation and tidal interactions between galaxies and
the cluster potential well.

We investigated whether morphological peculiarities corre-
late with irregularities in the gas kinematics. Among the galaxies
that have irregular/peculiar morphology according to our eye-
ball classification (see Table 3 and Table 4), there is no trend to-
wards larger kinematical irregularities (see Fig. 8). We find very
similar distributions of the irregularity parameters for spirals and
irregular/peculiar galaxies (Table 10). We also do not find a cor-
relation between the photometric asymmetry and irregularities in
the gas kinematics. Neichel et al. (2008) on the other hand find
a good agreement between their morphological and kinematical
classifications.

For the correlations that we find for cluster galaxies, where
theσPA parameter is involved, it should be considered that there
are only two galaxies that are slightly above the irregularity
threshold ofσPA (Fig.11b&c). Therefore, although we discuss
the possibility of these correlations being a result of cluster spe-
cific interaction mechanisms, this is not a strong result.

4.6. Comparison With High Redshift Studies

S08 uses a method that is based on kinemetry to distinguish
merging and non-merging systems. They quantify the asymme-
tries in both the velocity field and the velocity dispersion map
of ionized gas. Using the measurements of these two parameters
for template galaxies, they determine where merging and non-
merging systems are located on the plane of these parameters
versus each other and define a criterion to distinguish them from

one another:Kasym =

√

V2
asym+ σ

2
asym = 0.5. We measured the

Vasym parameter of our velocity fields (Table 7) and compared

Fig. 12. Number distribution of theVasym parameter that is de-
scribed in S08.a: Galaxies and the templates in S08 that are clas-
sified as disk and merger.b: The galaxies in our sample that are
classified as regular or irregular depending on theirk3,5/k1 val-
ues. The galaxies that have doubtfulk3,5/k1 values as explained
in Paper III for the MS 0451 sample and here, in Sect. 3.8 for the
rest are excluded from this histogram.c: z∼ 2 SINS galaxies in
S08 that are classified as disk and merger.

these with theVasym of the merging and non-merging galaxies
and models in S08 (see Fig. 12). The quality of our sigma-maps
is not satisfactory for an analysis. However, the possibility that
σasymandVasymgive contradictory results is very low (see Fig. 5
in S08). Therefore, we useVasymalone with the purpose of mak-
ing a comparison between the methods. To measure a global el-
lipticity and a global inclination, which are used while measur-
ing theVasymparameter, we calculate the median of their values
outside half the full width at half maximum of the seeing.

If we look at the Vasym distribution of our galaxies, we
see that most of them are located in the region of the non-
merging galaxies, as defined by S08 (Fig. 12a, b).Vasym is simi-
lar tok3,5/k1 and a comparison between these parameters for our
galaxies shows that they correlate with each other (Fig. 13,cor-
relation coefficient=0.86). On the other hand, the classification
thresholds are quite different for the two criteria. Following S08,
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Fig. 13.Vasymparameter that is described in S08 versusk3,5/k1.
Data points that are far out of the general distribution are shown
separately, on top of the main plot. # sign indicates the galaxies
for which, both parameters are unreliable (see Sect. 3.8). These
galaxies are not used in the correlation measurement.

most of our objects would be regular while many more galax-
ies are classified as irregular with our method. This is visible
in Fig. 12 where theVasym distribution of our galaxies is given
together with non-mergers and mergers in S08. Classification
of these galaxies according to thek3,5/k1 criterion is indicated
on the same plot. While the method of S08 aims at separating
mergers from non-mergers, it would not fulfill our requirement
of tracing the imprints of environmental processes. 4F7 (inthe
non-merger region withVasym=0.17) is a good example to ex-
plain that since the deviation of the position angle, the residual
map of the velocity field and the simple rotating disk model and
also the galaxy image itself provide signs of a merger.

We find that thez∼ 2 galaxies in S08 are more irregular than
our complete sample that includes both cluster and field galaxies
in 0.10≤ z≤ 0.91 (see Fig. 12b and c). The K-S test results show
that the maximum deviation between these two distributionsis
59% and the probability that the samples are similar is 0.002.

5. Summary and conclusions

Using gas velocity fields, we trace the activity of interaction
processes both in galaxy clusters and in the field. To measure
the irregularities in velocity fields, we use three different indi-
cators: the standard deviation of the kinematic position angle
(σPA), the mean deviation of the LOS velocity profile from a co-
sine function which is measured using high order Fourier terms
(k3,5/k1) and the average misalignment between the kinematical
and photometric major axes (∆φ). A regularity threshold for each
of these parameters is defined using local field galaxies from
SINGS. 16 cluster members (z∼ 0.3 and z∼ 0.5) and 29 field
galaxies (at 0.10 ≤z≤ 0.91) are then analyzed and studied with
respect to the local galaxies in the field and compared with each
other to evaluate the effect of interaction processes on gas kine-
matics.

Our analysis shows that distant field galaxies have more
irregular gas kinematics than their local counterparts. This
suggests a higher frequency of disk-building processes such
as accretion events and mergers in the distant universe.
Morphological properties of these galaxies lead us to the same
conclusion. The concentration, the Gini coefficient and theM20
index measurements indicate that distant field galaxies aremore
clumpy and less centrally concentrated than local field galaxies.

We make a comparison between gas kinematics of our inter-
mediate redshift sample and the z∼ 2 sample of S08 using the
Vasymparameter, which is defined in S08 to distinguish merging
and non merging systems. We find that our sample, that includes
both field and cluster galaxies within 0.10≤ z≤ 0.91, have more
regular gas kinematics than the z∼ 2 galaxies.

Y08 shows that a large fraction of spiral galaxies with
Mstellar ≥ 1.5×1010M⊙ atz= 0.4−0.75 have irregular gas kine-
matics. When they exclude these galaxies with irregular kine-
matics, they find no evolution in the scatter and the slope of the
K-band TFR (Puech et al. 2008). Our analysis shows that a large
fraction of less massive distant spirals at a median redshift of
z= 0.36 also have irregular gas kinematics.

We find that cluster and field galaxies are distributed in a
similar manner in the (ir)regularity parameters space. We also
measure the fraction of irregular velocity fields. For each pa-
rameter, we find remarkably similar fractions for cluster mem-
bers and field galaxies. This shows that the cluster galaxiesin
our sample are not severely affected by the cluster environment.
Galaxies in the central parts of clusters are expected to have an
imporant fraction of their gas stripped via interaction processes
and it is difficult to obtain velocity fields of these galaxies, espe-
cially at high redshifts. Therefore, it is probable that some clus-
ter galaxies in our sample, for which the velocity fields could be
analyzed, are just infalling. If this is the case, that explains the
similarity we find between the gas kinematics of cluster and field
galaxies. On the other hand, a comparison between the morpho-
logical properties of the cluster and field galaxies in our sam-
ple reveals a clear difference between them: the cluster sample
lacks galaxies with low concentration index. This might be due
to the activity of interaction processes such as harassmentwhich
causes matter to migrate towards the center. We compare the gas
kinematics of spiral and irregular galaxies as well and find no
significant difference between these morphological classes.

We find that galaxies with higherHα luminosities have
largerk3,5/k1 andσPA values. In addition to that, galaxies with
more substructures have larger average misalignment between
their kinematic and photometric axes (∆φ). Since substructures
mostly are star forming regions, all these correlations mean that
galaxies which have more irregular gas kinematics have highstar
formation rates. This is consistent with the theory since most in-
teraction mechanisms in clusters increase star formation activity
at the beginning, before they eventually supress it.
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Appendix A: Relations between kinematic
(ir)regularity parameters
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Fig. A.1. (Ir)regularity parameters versus each other. The regularity threshold of each parameter is shown with a dashed line. The
galaxies in the local sample are used only for determinationof the regularity thresholds as explained in Paper III. Theyare not
used in correlation measurements. The galaxies that are excluded from the correlation as explained in Sect. 3.8 are indicated with
their names on the plot.a: standard deviation of the kinematic position angle (σPA) versus meank3,5/k1. The correlation we find
between the two for our cluster+field sample (correlation coefficient=0.5) is indicated on the plot. Data points that are far out of the
general distribution are shown separately, on top of the main plot. b: standard deviation of kinematic position angle (σPA) versus
mean misalignment between kinematic and photometric axes (∆φ). c: meank3,5/k1 versus mean misalignment between kinematic
and photometric axes (∆φ). Data points that are far out of the general distribution are shown separately, on the right side of the main
plot.
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Appendix B: Individual galaxies
Here we present some figures showing the data and its analysis
for each object in our sample. The HST image and the velocity
field of each galaxy have the same orientation (the slit position is
parallel to thex-axis). The velocities and the positions are given
with respect to the continuum center of the galaxies.

B.1. Cluster galaxies
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Fig. B.1. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. e)Hα velocity field.f) Normalized Hα flux map.

Fig. B.2. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. e)Hβ velocity field.f) Normalized Hβ flux map.
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Fig. B.3. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hβ velocity field.f.1) Normalized [OIII]5007 flux map.f.2) Normalized Hβ flux map.g) Velocity
map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map
constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.4. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the centralslit.
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Fig. B.5. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hβ velocity field. f) Normalized Hβ flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.



E. Kutdemir et al.: Internal kinematics of spiral galaxies in distant clusters, Online Material p 9

Fig. B.6. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.7. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) [OIII]5007 velocity field. f.1) Normalized [OII]3727 flux map.f.2) Normalized [OIII]5007 flux
map.g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple
rotation map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple
rotation map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and
ellipticity are fixed to their global values) as a function ofradius.
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Fig. B.8. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.9. a)HST-ACS image of the galaxy in theV band.e)Hα velocity field.f) Normalized Hα flux map.
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Fig. B.10. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. e)Hβ velocity field.f) Normalized Hβ flux map.
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Fig. B.11. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.12. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.13. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hα flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.14. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.15. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hα flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.16. a.1)HST-ACS image of the galaxy in theV band.a.2) This cluster galaxy does not have emission lines. The spectra
include an emission line from the galaxy below the target that is seen in the HST image. The redshift of this galaxy could not be
determined from the composite spectrum.a.3)FORS2 image of the galaxies. Parallel lines represent the bottom slit which gives a
composite spectrum of both galaxies together.b) Rotation curve of the galaxy that is below the target. It is obtained from the slit
positioned inbetween the two galaxies (see a.3). Velocities were measured with respect to the velocity at the continuumcenter of
the bottom slit. Signal level in the other two slits was not high enough to obtain a rotation curve.
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Fig. B.17. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OII]3727 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.18. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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B.2. Field galaxies
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Fig. B.19. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hβ velocity field. f) Normalized Hβ flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.



E. Kutdemir et al.: Internal kinematics of spiral galaxies in distant clusters, Online Material p 24

Fig. B.20. a)HST-ACS image of the galaxy in theV band.c) Position angles of kinematic and photometric axes as a function
of radius.d) Rotation curves extracted along the central slit and the kinematic major axis.e) Velocity field constructed using the
emission line which could not be identified.f) Normalized flux map of the emission line which could not be identified.g) Velocity
map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map
constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.21. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.22. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.23. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.24. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.25. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit.

Fig. B.26. a)HST-ACS image of the galaxy in theV band.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.
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Fig. B.27. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.28. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hα flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.29. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.30. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.31. a)HST-ACS image of the galaxy in theV band.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.

Fig. B.32. a)HST-ACS image of the galaxy in theV band.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.
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Fig. B.33. a)HST-ACS image of the objects in theV band.c) Position angle of the kinematic axis as a function of radius.d) Rotation
curves extracted along the central slit and the kinematic major axis. e) Velocity field of the emission line which could not be
identified. The map belongs to 2F15 and 2F16 together.f) Normalized flux map of the emission line which could not be identified.
The map belongs to 2F15 and 2F16 together.g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity
map and the reconstructed map.i) Simple rotation map constructed for position angle and ellipticity fixed to their global values.
j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening as a function of radius.l) k3/k1 and
k5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as a function of radius.
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Fig. B.34. a.1)HST-ACS image of the galaxy in theV band.a.2)Image showing the galaxy together with its companion.b) Rotation
curves of different emission lines extracted along the central slit.e) [OIII]5007 velocity field.f) Normalized [OIII]5007 flux map.

Fig. B.35. a)HST-ACS image of the galaxy in theV band.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.
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Fig. B.36. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field. f) Normalized [OIII]5007 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.37. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.

Fig. B.38. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit.
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Fig. B.39. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.40. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.41. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OII]3727 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.42. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central slit
and the kinematic major axis.e) Hα velocity field. f) Normalized Hα flux map.g) Velocity map reconstructed using 6 harmonic
terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position angle and
ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and flattening
as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global values) as
a function of radius.
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Fig. B.43. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit.

Fig. B.44. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit.
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Fig. B.45. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.46. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field. f) Normalized [OIII]5007 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.47. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.48. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.49. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f) Normalized [OII]3727 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.50. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OIII]5007 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.51. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field. f) Normalized [OIII]5007 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.52. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit.

Fig. B.53. a)HST-ACS image of the galaxy in theV band.e) Velocity field constructed using the emission line which could not be
identified.f) Normalized flux map of the emission line which could not be identified.
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Fig. B.54. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OII]3727 velocity field.f.1) Normalized Hβ flux map.f.2) Normalized [OII]3727 flux map.
g) Velocity map reconstructed using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation
map constructed for position angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation
map.k) Position angle and flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity
are fixed to their global values) as a function of radius.
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Fig. B.55. a)HST-ACS image of the galaxy in theV band.b) Rotation curves of different emission lines extracted along the central
slit. c) Position angles of kinematic and photometric axes as a function of radius.d) Rotation curves extracted along the central
slit and the kinematic major axis.e) [OIII]5007 velocity field. f) Normalized [OIII]5007 flux map.g) Velocity map reconstructed
using 6 harmonic terms.h) Residual of the velocity map and the reconstructed map.i) Simple rotation map constructed for position
angle and ellipticity fixed to their global values.j) Residual of the velocity map and the simple rotation map.k) Position angle and
flattening as a function of radius.l) k3/k1 andk5/k1 (from the analysis where position angle and ellipticity arefixed to their global
values) as a function of radius.
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Fig. B.56.V band HST-ACS image of galaxies that have very weak or no emission.
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Appendix C: Photometric tables
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Table C.1.Photometric parameters for the whole sample.

ID α δ MB B− V V− R R− I Mstellar[M⊙] A C G M20

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
1C1 04:54:02.2 -02:57:10 -21.06 0.76 0.61 0.61 2.7e+10 0.21 0.41 0.59 -2.06
1C2 04:54:17.2 -03:01:56 -20.91 0.68 0.59 0.55 1.7e+10 0.09 0.38 0.51 -2.19
1C3 04:54:18.6 -03:01:03 -20.68 0.52 0.50 0.37 7.7e+09 0.13 0.41 0.59 -2.04
1C4 04:54:17.6 -02:59:23 -20.37 0.42 0.44 0.21 3.2e+09 0.18 0.43 0.64 -1.37
1C5 04:54:01.5 -02:59:24 -20.82 0.79 0.62 0.64 3.4e+10 0.19 0.57 0.69 -2.26
1C6 04:54:01.3 -02:59:22 -20.59 0.46 0.49 0.42 8.3e+09 0.26 0.48 0.61 -2.24
1C7 04:54:05.0 -02:59:40 -22.45 0.23 0.36 0.13 5.0e+09 0.38 0.31 0.53 -1.23
1C8 04:54:04.4 -03:00:14 -21.68 0.48 0.49 0.40 1.4e+10 0.29 0.32 0.48 -1.60
1C9 04:54:15.0 -03:00:22 -21.76 0.26 0.36 0.17 4.3e+09 0.41 0.38 0.58 -1.48
1C10 04:54:17.7 -03:02:29 -20.05 0.18 0.36 0.07 1.1e+09 0.21 0.40 0.55 -1.74
1C11 04:54:10.3 -03:00:46 – – – – - 0.20 0.40 0.65 -2.24
1F1 04:54:02.7 -02:58:41 -20.97 0.47 0.46 0.35 1.4e+10 0.24 0.25 0.43 -1.27
1F2 04:54:03.8 -02:59:19 -21.96 0.43 0.46 0.32 1.4e+10 0.28 0.32 0.54 -1.43
1F3 04:54:14.9 -02:58:17 -20.66 0.26 0.37 0.15 2.0e+09 0.35 0.32 0.53 -1.24
1F4 04:54:07.8 -03:00:33 -18.78 0.28 0.29 0.30 3.8e+08 0.25 0.45 0.58 -1.88
1F5 04:54:10.0 -03:00:28 -19.95 0.35 0.37 0.36 1.7e+09 0.22 0.35 0.58 -1.97
1F6 04:54:18.9 -03:00:05 -18.56 0.39 0.41 0.28 2.8e+08 0.17 0.32 0.47 -1.74
1F7 04:54:02.3 -02:58:10 -21.64 0.40 0.43 0.31 2.1e+10 0.56 0.23 0.47 -1.32
1F8 04:54:10.4 -03:00:47 – – – – 2.9e+10 0.26 0.28 0.51 -1.41
1F9 04:54:10.2 -03:01:57 -20.15 0.74 0.49 0.51 1.4e+10 0.15 0.61 0.71 -2.42
1F10 04:54:00.5 -02:58:15 -19.67 0.33 0.39 0.22 1.4e+09 0.23 0.26 0.40 -1.42
1F11 04:54:20.6 -03:00:16 – – – – - 0.21 0.36 0.54 -1.93
2C1 10:10:29.0 -12:37:34 -19.90 0.62 0.47 0.45 5.3e+09 0.24 0.37 0.58 -1.20
2C2 10:10:20.5 -12:39:03 -20.77 0.64 0.52 0.49 1.3e+10 0.43 0.41 0.60 -1.38
2C3 10:10:46.8 -12:40:32 -21.22 0.60 0.47 0.45 1.4e+10 0.25 0.46 0.60 -2.05
2C4 10:10:25.9 -12:38:29 – – – – – 0.22 0.38 0.51 -1.78
2C5 10:10:36.7 -12:40:04 -20.27 0.56 0.51 0.49 7.6e+09 0.50 0.33 0.54 -1.41
2C6 10:10:35.4 -12:39:59 -19.44 0.96 0.66 0.73 7.1e+09 0.16 0.26 0.45 -1.18
2C7 10:10:22.4 -12:40:53 -19.86 0.35 0.43 0.31 3.0e+09 0.22 0.48 0.64 -2.02
2C8 10:10:24.3 -12:37:44 – – – – – 0.28 0.49 0.64 -1.81
2C9 10:10:28.6 -12:37:37 -19.99 0.79 0.49 0.53 8.3e+09 0.12 0.42 0.51 -2.24
2C10 10:10:45.9 -12:38:31 -19.28 0.75 0.49 0.51 5.9e+09 0.10 0.43 0.54 -2.15
2C11 10:10:27.8 -12:37:07 -19.93 0.88 0.51 0.60 1.5e+10 0.13 0.54 0.66 -2.58
2C12 10:10:30.6 -12:37:23 -21.31 0.79 0.50 0.54 3.0e+10 0.15 0.41 0.59 -1.96
2F1 10:10:44.8 -12:38:31 -20.85 0.27 0.38 0.15 3.9e+09 0.60 0.32 0.56 -0.97
2F2 10:10:38.2 -12:38:14 -18.78 0.93 0.54 0.64 3.4e+09 0.09 0.41 0.53 -2.04
2F3 10:10:41.3 -12:39:21 -21.14 0.39 0.41 0.22 6.9e+09 0.33 0.30 0.51 -1.38
2F4 10:10:41.5 -12:39:19 -21.14 0.65 0.56 0.53 4.0e+10 0.18 0.41 0.53 -2.14
2F5 10:10:31.8 -12:41:03 -21.36 0.90 0.65 0.70 3.6e+10 0.10 0.41 0.53 -2.26
2F6 10:10:44.0 -12:36:35 -18.68 0.50 0.40 0.45 1.6e+09 0.15 0.34 0.53 -1.71
2F7 10:10:34.2 -12:37:27 -16.55 0.53 0.55 0.54 5.1e+08 0.29 0.18 0.39 -0.75
2F8 10:10:46.4 -12:40:36 -19.93 0.62 0.47 0.43 1.2e+10 0.17 0.13 0.32 -0.77
2F9 10:10:33.4 -12:37:13 -20.40 0.72 0.55 0.56 1.0e+10 0.24 0.32 0.47 -1.64
2F10 10:10:30.2 -12:37:26 -20.48 0.53 0.49 0.41 4.1e+09 0.26 0.23 0.43 -1.18
2F11 10:10:33.8 -12:37:19 -21.60 0.65 0.50 0.49 6.9e+09 0.25 0.19 0.35 -1.19
2F12 10:10:42.7 -12:40:21 -21.02 0.48 0.44 0.36 8.0e+09 0.28 0.39 0.54 -1.92
2F13 10:10:36.4 -12:40:09 – – – – – 0.16 0.12 0.35 -0.77
2F14 10:10:36.9 -12:39:58 – – – – – 0.28 0.16 0.34 -1.03
2F15 10:10:20.5 -12:39:03 – – – – – – – – –
2F16 10:10:20.2 -12:39:01 – – – – – – – – –
2F17 10:10:32.2 -12:40:58 – – – – – 0.39 0.14 0.42 -1.10
2F18 10:10:25.9 -12:38:28 – – – – 2.7e+09 0.20 0.57 0.67 -2.42
2F19 10:10:38.9 -12:38:22 -10.28 1.23 0.77 0.85 – 0.17 0.55 0.62 -2.55
2F20 10:10:40.4 -12:36:31 -20.89 0.84 0.62 0.65 3.2e+10 0.14 0.45 0.57 -2.40
2F21 10:10:37.2 -12:39:57 -18.15 0.91 0.53 0.63 2.4e+09 0.13 0.38 0.51 -2.05
3C1 21:40:16.1 -23:37:10 -17.46 0.69 0.69 0.73 1.7e+09 0.08 0.33 0.48 -1.64
3C2 21:40:05.2 -23:40:44 -19.24 0.69 0.68 0.73 1.4e+10 0.33 0.33 0.51 -1.45
3C3 21:40:16.2 -23:37:13 -19.07 0.84 0.72 0.78 9.3e+09 0.12 0.36 0.54 -1.94
3C4 21:40:15.7 -23:38:53 -20.66 0.79 0.71 0.76 5.0e+10 0.39 0.46 0.55 -2.29
3C5 21:40:24.2 -23:36:51 -18.93 0.30 0.55 0.51 6.6e+09 0.24 0.26 0.43 -1.23
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ID α δ MB B− V V − R R− I Mstellar[M⊙] A C G M20

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
3C6 21:40:21.9 -23:41:46 -19.54 0.50 0.63 0.65 9.2e+09 0.41 0.45 0.60 -1.99
3C7 21:40:05.9 -23:36:45 – – – – – 0.18 0.31 0.44 -1.88
3C8 21:40:28.1 -23:40:27 – – – – – 0.20 0.54 0.65 -2.37
3C9 21:40:06.9 -23:37:01 -18.48 1.08 0.77 0.84 4.9e+09 0.33 0.36 0.60 -1.44
3F1 21:40:02.9 -23:37:49 -20.27 1.13 0.78 0.85 7.2e+10 0.22 0.40 0.56 -2.16
3F2 21:40:27.1 -23:38:07 – – – – – 0.26 0.28 0.54 -1.51
3F3 21:40:24.9 -23:41:45 -17.39 0.54 0.64 0.67 3.0e+09 0.24 0.49 0.67 -1.35
3F4 21:40:17.9 -23:38:15 -20.20 0.75 0.70 0.75 3.3e+10 0.40 0.21 0.46 -0.97
3F5 21:40:05.6 -23:36:40 -17.90 0.12 0.47 0.32 7.6e+08 0.26 0.44 0.64 -1.98
3F6 21:40:18.8 -23:38:21 -17.89 0.43 0.60 0.60 1.6e+09 0.13 0.31 0.49 -1.76
3F7 21:40:15.8 -23:36:30 -17.22 0.19 0.50 0.40 1.7e+09 0.29 0.38 0.58 -1.92
3F8 21:40:07.1 -23:40:25 -20.28 0.83 0.72 0.78 6.0e+10 0.32 0.24 0.44 -1.16
3F9 21:40:22.8 -23:39:24 -16.79 0.28 0.55 0.50 1.7e+09 0.16 0.32 0.47 -1.74
3F10 21:40:06.4 -23:36:54 -22.93 0.69 0.60 0.57 3.4e+10 0.11 0.54 0.64 -2.66
3F11 21:40:05.9 -23:36:45 -22.30 0.81 0.49 0.56 1.8e+11 0.22 0.62 0.72 -2.49
3F12 21:40:19.2 -23:38:26 – – – – – 0.12 0.50 0.60 -2.19
3F13 21:40:11.7 -23:38:10 – – – – – – – – –
4C1 04:13:13.8 -65:48:56 -20.04 0.46 0.46 0.29 4.4e+09 0.20 0.26 0.50 -1.53
4C2 04:12:36.6 -65:49:52 -20.57 0.45 0.45 0.28 5.3e+09 0.29 0.41 0.60 -1.68
4C3 04:12:56.4 -65:51:13 -20.38 0.56 0.52 0.46 1.2e+10 0.21 0.41 0.62 -1.39
4F1 04:12:51.7 -65:50:43 -18.86 0.35 0.41 0.23 1.0e+09 0.29 0.48 0.63 -1.54
4F2 04:13:13.2 -65:49:24 -20.79 0.35 0.36 0.26 4.8e+09 0.28 0.61 0.72 -1.84
4F3 04:12:43.1 -65:52:02 -21.72 0.45 0.40 0.34 2.6e+10 0.48 0.33 0.53 -1.15
4F4 04:13:10.4 -65:52:20 -19.74 0.33 0.41 0.21 2.1e+09 0.38 0.33 0.57 -1.13
4F5 04:12:57.1 -65:52:49 -21.70 0.47 0.47 0.37 1.9e+10 0.25 0.19 0.40 -0.95
4F6 04:12:28.3 -65:50:30 -21.00 0.49 0.48 0.37 1.2e+10 0.23 0.30 0.43 -1.88
4F7 04:12:46.4 -65:51:28 -21.39 0.34 0.41 0.18 4.3e+09 0.44 0.19 0.44 -1.20
4F8 04:12:36.8 -65:53:07 -20.84 0.42 0.45 0.31 6.0e+09 0.33 0.24 0.41 -1.08
4F9 04:12:50.6 -65:47:45 -20.17 0.33 0.40 0.18 2.0e+09 0.32 0.32 0.47 -1.59
4F10 04:12:36.6 -65:47:60 -20.03 0.28 0.38 0.16 1.4e+09 0.48 0.30 0.48 -1.01
4F11 04:12:55.8 -65:49:38 – – – – – 0.12 0.23 0.38 -1.49
4F12 04:12:47.6 -65:53:35 -22.05 0.46 0.47 0.37 1.7e+10 0.35 0.26 0.43 -0.99
4F13 04:13:07.1 -65:47:17 -20.00 0.31 0.40 0.16 1.5e+09 0.37 0.24 0.46 -1.04
4F14 04:12:43.5 -65:51:42 -21.07 0.44 0.46 0.34 9.2e+09 0.38 0.22 0.36 -1.27

Column (1): object ID; Cols. (2, 3): RA and Dec (J2000); Col. (4): rest frame, galactic-extinction corrected Johnson-B magnitudes (k-correction
applied using thekcorrect algorithm by Blanton & Roweis (2007)); Cols. (5−7): galactic extinction and k-correctedB − V, V − R andR− I
colors measured from the FORS2/VLT images (The FORS2 filters B, V and I are close approximations to the Bessel (Bessell 1990) photometric
system while R filter is a special filter for FORS2); Col. (8): Stellar mass (measured using thekcorrect algorithm by Blanton & Roweis (2007));
Col. (9): asymmetry index; Col. (10): concentration index;Col. (11): Gini coefficient; Col. (12):M20 index.
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Table C.2.Morphological parameters for the MS 1008, MS 2137 and Cl 0413samples.

ID comp F606W Re/Rd(kpc) n q PA
(1) (2) (3) (4) (5) (6) (7)
2C1 exp disk 20.57± 0.00 4.14± 0.01 – 0.15± 0.00 61.22± 0.05
2C2 exp disk 20.62± 0.00 3.17± 0.03 – 0.68± 0.00 61.64± 0.67
2C3 exp disk 19.86± 0.00 5.15± 0.03 – 0.87± 0.00 -11.41± 1.36
2C4 exp disk 22.66± 0.01 2.37± 0.08 – 0.46± 0.01 -84.68± 0.99

Sérsic bulge 23.15± 0.02 1.07± 0.02 0.49± 0.01 0.40± 0.00 -79.40± 0.44
2C5 exp disk 20.55± 0.01 2.39± 0.02 – 0.83± 0.00 71.68± 1.82
2C6 exp disk 21.13± 0.00 5.36± 0.03 – 0.16± 0.00 -4.39± 0.08
2C7 exp disk 21.29± 0.02 1.54± 0.01 – 0.73± 0.01 -30.79± 1.14

Sérsic bulge 21.72± 0.03 2.13± 0.03 1.89± 0.03 0.23± 0.00 -20.02± 0.13
2C8 exp disk 21.46± 0.01 1.42± 0.01 – 0.64± 0.00 -48.14± 1.20

Sérsic bulge 22.34± 0.03 1.05± 0.02 1.55± 0.05 0.28± 0.01 -75.94± 0.46
2C9 exp disk 21.43± 0.06 5.21± 0.12 – 0.73± 0.02 43.26± 2.12
2C10 exp disk 21.50± 0.04 2.90± 0.03 – 0.55± 0.00 -13.84± 0.41

Sérsic bulge 22.64± 0.13 0.94± 0.17 3.44± 0.39 0.69± 0.01 -20.33± 1.58
2C11 exp disk 21.47± 0.01 3.92± 0.05 – 0.07± 0.00 23.44± 0.05

Sérsic bulge 20.98± 0.01 2.10± 0.06 4.63± 0.07 0.49± 0.00 21.09± 0.38
2C12 exp disk 19.92± 0.00 3.30± 0.01 – 0.38± 0.00 54.83± 0.10
2F1 exp disk 22.06± 0.01 2.08± 0.01 – 0.34± 0.00 -59.02± 0.24
2F2 exp disk 21.26± 0.01 2.25± 0.02 – 0.55± 0.00 -37.44± 0.41

Sérsic bulge 22.15± 0.03 3.62± 0.00 6.64± 0.23 0.59± 0.01 -37.83± 1.75
2F3 exp disk 21.80± 0.01 3.50± 0.06 – 0.66± 0.01 53.34± 0.98
2F4 exp disk 22.31± 0.04 1.99± 0.03 – 0.92± 0.02 7.72± 8.31

Sérsic bulge 23.30± 0.26 1.80± 1.04 8.00± 2.30 0.55± 0.04 -80.62± 2.45
2F5 exp disk 21.62± 0.02 5.85± 0.11 – 0.61± 0.01 55.29± 1.34

Sérsic bulge 20.56± 0.06 21.20± 2.19 8.00± 0.22 0.65± 0.01 49.96± 0.74
2F6 exp disk 20.18± 0.00 2.21± 0.01 – 0.40± 0.00 -51.62± 0.13
2F7 exp disk 24.39± 0.03 1.61± 0.06 – 0.21± 0.01 27.67± 0.78
2F8 exp disk 22.72± 0.03 5.37± 0.23 – 0.41± 0.01 -16.63± 1.58
2F9 exp disk 21.62± 0.01 3.45± 0.05 – 0.33± 0.00 -42.86± 0.38
2F10 exp disk 20.87± 0.00 6.08± 0.04 – 0.19± 0.00 -79.34± 0.10
2F11 exp disk 20.13± 0.01 5.64± 0.05 – 0.94± 0.01 -18.94± 5.13
2F12 exp disk 19.84± 0.00 2.77± 0.01 – 0.94± 0.00 -69.08± 1.84
2F13 exp disk 23.79± 0.05 0.′′76± 0.′′05 – 0.30± 0.02 63.86± 1.62
2F14 exp disk 22.25± 0.06 0.′′55± 0.′′03 – 0.74± 0.00 85.43± 0.00
2F17 exp disk 24.33± 0.02 0.′′16± 0.′′01 – 0.63± 0.02 -88.64± 3.00
2F18 exp disk 22.45± 0.04 0.71± 0.02 – 0.85± 0.02 61.53± 6.92

Sérsic bulge 20.62± 0.01 1.38± 0.05 5.32± 0.12 0.91± 0.01 45.36± 3.13
2F19 exp disk 21.22± 0.01 0.07± 0.00 – 0.79± 0.01 76.85± 1.27

Sérsic bulge 21.68± 0.01 0.02± 0.00 1.77± 0.03 0.74± 0.00 -33.67± 0.67
2F20 exp disk 20.94± 0.00 3.80± 0.03 – 0.43± 0.00 -84.05± 0.22

Sérsic bulge 22.26± 0.01 0.67± 0.01 1.23± 0.03 0.85± 0.01 -25.12± 2.00
2F21 exp disk 23.31± 0.07 1.63± 0.08 – 0.57± 0.03 -9.64± 2.74

Sérsic bulge 21.78± 0.03 4.99± 0.61 4.59± 0.32 0.68± 0.01 77.47± 1.58
3C1 exp disk 22.86± 0.01 1.19± 0.02 – 0.43± 0.00 -85.27± 0.56
3C2 exp disk 20.40± 0.00 3.81± 0.02 – 0.45± 0.00 63.61± 0.16
3C3 exp disk 20.91± 0.00 2.74± 0.01 – 0.41± 0.00 -30.27± 0.13

Sérsic bulge 24.05± 0.03 0.65± 0.02 0.99± 0.06 0.66± 0.02 19.67± 3.16
3C4 exp disk 19.76± 0.02 4.25± 0.03 – 0.51± 0.00 81.07± 0.21

Sérsic bulge 20.11± 0.04 2.33± 0.15 4.73± 0.15 0.35± 0.00 74.28± 0.12
3C5 exp disk 20.70± 0.00 3.83± 0.02 – 0.65± 0.00 26.97± 0.46
3C6 exp disk 20.83± 0.00 2.42± 0.01 – 0.60± 0.00 -36.02± 0.28
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ID comp F606W Re/Rd(kpc) n q PA
(1) (2) (3) (4) (5) (6) (7)
3C7 exp disk 21.58± 0.01 3.59± 0.03 – 0.36± 0.00 84.27± 0.24

Sérsic bulge 25.08± 0.05 0.67± 0.02 0.40± 0.08 0.76± 0.03 59.11± 7.07
3C8 exp disk 21.38± 0.01 2.30± 0.02 – 0.25± 0.00 -0.15± 0.10

Sérsic bulge 21.91± 0.01 0.41± 0.01 2.36± 0.06 0.77± 0.01 -0.01± 1.27
3C9 exp disk 22.04± 0.01 1.51± 0.01 – 0.21± 0.00 57.93± 0.12
3F1 exp disk 20.76± 0.09 4.53± 0.35 – 0.47± 0.02 88.06± 2.63
3F2 Sérsic 23.86± 0.01 0.37± 0.01 0.49± 0.03 0.86± 0.01 21.10± 4.63
3F3 exp disk 21.21± 0.01 1.52± 0.01 – 0.52± 0.00 -85.25± 0.40
3F4 Sérsic galaxy 22.07± 0.04 4.27± 0.23 3.69± 0.11 0.92± 0.01 63.62± 5.77
3F5 exp disk 22.91± 0.08 0.62± 0.01 – 0.56± 0.01 -22.48± 1.33

Sérsic bulge 23.08± 0.09 0.88± 0.06 3.09± 0.33 0.74± 0.02 -42.64± 6.24
3F6 exp disk 21.96± 0.01 2.16± 0.02 – 0.30± 0.00 -69.12± 0.20
3F7 exp disk 20.78± 0.01 3.34± 0.04 – 0.65± 0.01 -12.81± 0.82
3F8 exp disk 20.47± 0.00 5.28± 0.03 – 0.64± 0.00 82.54± 0.43
3F9 exp disk 20.85± 0.01 2.98± 0.01 – 0.34± 0.00 64.12± 0.15
3F10 exp disk 21.80± 0.05 7.51± 0.18 – 0.89± 0.02 -64.26± 8.70

Sérsic bulge 19.46± 0.02 17.68± 0.75 8.00± 0.11 0.60± 0.00 -32.79± 0.24
3F11 exp disk 22.63± 0.03 2.74± 0.03 – 0.13± 0.00 44.70± 0.13

Sérsic bulge 21.14± 0.01 3.00± 0.09 7.05± 0.18 0.56± 0.01 45.90± 0.47
3F12 exp disk 22.63± 0.07 0.′′79± 0.′′03 – 0.34± 0.01 37.03± 0.71

Sérsic bulge 21.64± 0.05 0.′′54± 0.′′04 4.02± 0.13 0.63± 0.01 35.39± 0.70
4C1 exp disk 22.16± 0.01 2.99± 0.03 – 0.27± 0.00 25.29± 0.21
4C2 exp disk 21.88± 0.00 1.67± 0.01 – 0.59± 0.00 -56.86± 0.40
4C3 exp disk 22.40± 0.01 2.38± 0.06 – 0.86± 0.01 39.80± 3.35

Sérsic bulge 22.63± 0.03 2.01± 0.01 0.20± 0.01 0.87± 0.01 57.35± 1.61
4F1 exp disk 22.15± 0.00 1.14± 0.01 – 0.74± 0.01 -14.87± 1.05

Sérsic bulge 23.03± 0.01 0.71± 0.00 0.48± 0.02 0.43± 0.00 -6.59± 0.49
4F2 exp disk 24.75± 0.11 0.36± 0.01 – 0.11± 0.18 24.15± 1.65

Sérsic bulge 23.27± 0.01 0.72± 0.01 1.87± 0.08 0.81± 0.01 -36.89± 3.40
4F3 Sérsic galaxy 22.51± 0.01 4.13± 0.05 0.85± 0.02 – 0.79± 0.01 -32.88± 1.64
4F4 exp disk 21.71± 0.01 3.66± 0.03 – 0.28± 0.00 59.17± 0.23
4F5 exp disk 20.84± 0.00 6.46± 0.03 – 0.82± 0.01 -34.24± 1.22
4F6 exp disk 21.71± 0.04 4.68± 0.07 – 0.60± 0.01 60.91± 0.72

Sérsic bulge 23.60± 0.29 4.00± 1.18 2.63± 0.34 0.69± 0.03 -66.50± 4.63
4F7 exp disk 21.57± 0.01 5.98± 0.05 – 0.40± 0.00 69.82± 0.25
4F8 exp disk 20.59± 0.00 6.25± 0.04 – 0.67± 0.00 13.23± 0.48

Sérsic bulge 24.26± 0.27 2.73± 1.66 8.00± 2.54 0.24± 0.03 84.10± 1.66
4F9 exp disk 21.71± 0.00 3.21± 0.00 – 0.22± 0.00 16.39± 0.00
4F10 Sérsic galaxy 22.64± 0.01 5.84± 0.06 0.84± 0.02 0.17± 0.00 42.87± 0.14
4F11 exp disk 22.64± 0.01 0.′′54± 0.′′01 – 0.31± 0.00 -40.26± 0.44
4F12 exp disk 20.39± 0.02 7.42± 0.04 – 0.71± 0.00 -41.83± 0.61
4F13 exp disk 21.84± 0.01 4.48± 0.04 – 0.30± 0.00 27.72± 0.22
4F14 exp disk 21.14± 0.01 5.85± 0.05 – 0.78± 0.01 -32.58± 1.13

Column (1): object ID; Col. (2): component; Col. (3): total magnitude; Col. (4): effective radius of the bulge/scale length of the disk; Col. (5):
Sérsic index of the bulge profile; Col. (6): flattening; Col.(7): position angle of the disk measured from North through East.
The photometric zero point of the magnitude measurements isZF606W

p = 26.398. The parameters of 2F14 are unreliable since there is a diffraction
spike on top of it. The HST image of 3F7 is incomplete and therefore, its parameters are also unreliable. The disk scale length of these galaxies
is not used in the analysis. 3F13 could not be analyzed because of the diffraction spike on the image. Col. (4) is given in arcseconds incase the
redshift of a galaxy is unknown.
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