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1 INTRODUCTION

ABSTRACT

We present an observational study of the impacts of interactions on the stellar population in
a sample of galaxy pairs. Long-slit spectra in the wavelength range 3440-7300 A obtained
with the Gemini Multi-Object Spectrograph (GMOS) at Gemini South for 15 galaxies in
nine close pairs were used. The spatial distributions of the stellar population contributions
were obtained using the stellar population synthesis code STARLIGHT. Taking into account the
different contributions to the emitted light, we found that most of the galaxies in our sample are
dominated by young/intermediate stellar populations. This result differs from the one derived
for isolated galaxies, where the old stellar population dominates the disc surface brightness.
We interpreted such different behaviour as being due to the effect of gas inflows along the
discs of interacting galaxies on the star formation over a time-scale of the order of about
2 Gyr. We also found that, in general, the secondary galaxy of a pair has a higher contribution
from the young stellar population than the primary one. We compared the estimated values of
stellar and nebular extinction derived from the synthesis method and the How/HB emission-line
ratio, finding that nebular extinctions are systematically higher than stellar ones by about a
factor of 2. We did not find any correlation between nebular and stellar metallicities. Neither
did we find a correlation between stellar metallicities and ages, while a positive correlation
between nebular metallicities and stellar ages was obtained, with older regions being the most
metal-rich.
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taken from the Sloan Digital Sky Survey Data Release 7 (Abazajian
et al. 2009), found a clear enhancement of the SFR for galaxies

Interactions and mergers of galaxies have a deep influence on the star
formation pattern and on the chemical enrichment of the interstellar
medium of these objects.

It is well known that interacting galaxies show enhanced
star formation compared with isolated galaxies (e.g. Larson &
Tinsley 1978; Sekiguch & Wolstencroft 1992; Donzelli & Pastor-
iza 1997; Barton, Geller & Kenyon 2003; Woods & Geller 2007;
Scudder et al. 2012; Patton et al. 2013). Enhancement of the star
formation rate (SFR) has been observed as being a function of
the separation of close-pair galaxies. In fact, Patton et al. (2013),
using spectroscopic data of about 211000 star-forming galaxies
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with projected separations up to 150 kpc, the strongest enhance-
ments being for separations lower than ~20 kpc (see also Barton,
Geller & Kenyon 2000; Lambas et al. 2003; Nikolic, Cullen &
Alexander 2004; Scudder et al. 2012; Casteels et al. 2013; Satya-
pal et al. 2014). The effect of the interaction on the SFR seems to
be more pronounced for galaxy pairs that are low-mass (Woods
& Geller 2007; Krabbe et al. 2008) and gas-rich (Chien et al.
2007).

SFR enhancements are accompanied by other events such as per-
turbations in the radial velocity field and dilution of the metallicity
gradient. Interaction-induced flows of gas with low metallicity from
the outer parts of the disc of a galaxy can decrease the metallicity in
the inner regions and modify the radial abundance gradients. In fact,
Krabbe et al. (2008), Kewley et al. (2010), Rupke, Kewley & Chien
(2010) and Rosa et al. (2014), analysing spectroscopic data of H 1t
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Table 1. Observed sample.

System name Individual names Designation « (2000) 6 (2000) PA (°) Ax(A) EB-YV) NS (kpe)
AM 1054-325 ESO 376-1G 027 AM 1054A 10"56™5852 —33h09m528 71 4280-7130 0.084 -
ESO-LV 37660271 AM 1054B 1056 59.0 —3309 39 77 4280-7130 0.083 17
AM 1219-430  ESO 267-1G 041 AM 1219A 1221573 —43 2005 162,341 3350-7130 0.109 -
FAIRALL 0157 AM 1219B 1222 04.0 —432021 25 3350-7130 0.110 33.7
AM 1256-433 ESO 269-1G 023 NEDO1 AM 1256B 125857.6 —4350 11 292,325 4280-7130 0.091 91.6
AM 1401-324 ESO 384-G 041 AM 1401A 1404 14.7 —330132 294,41 3350-6280 0.078 234
AM 2030-303 ESO 463-1G 003 NEDO1 AM 2030A 203356.3 —302241 75 4280-7130 0.070 -
ESO 463-1G 003 NEDO02 AM 2030B 203359.7 —302229 75,22 4280-7130 0.060 -
ESO 463-1G 003 NEDO03 AM 2030B 203359.7 —302223 22 4280-7130 0.060 40.5
AM 2058-381 ESO 341-G 030 AM 2058A 2101 39.1 —3804 59 42,125,350 3350-7130 0.050 -
ESO 341-G 030 NOTESO1 AM 2058B 2101 39.9 —380553 94,350 3350-7130 0.050 44
AM 2229-735 AM 2229-735 NEDO1 AM 2229A 2233437 —734047 134,161 4280-7130 0.037 24.5
AM 2306-721 ESO 077-G 003 AM 2306A 2309393 —7101 34 238,190 3350-7130 0.030 -
ESO 077-1G 004 AM 2306B 2309 44.5 —72 00 04 118,190 4280-7130 0.030 52.6
AM 2322-821 ESO 012-G 001, NGC 7637 AM 2322A 232627.6 —815442 59,28,318 3450-7130 0.181 -
ESO 012-G 001 NOTESO1 AM 2322B 2325554 —815241 318 3350-7130 0.179 33.7

Notes. Column (1): system identification from the Arp-Madore catalogue (Arp & Madore 1987). Column (2): individual galaxy names from ESO/Uppsala
catalogue (Lauberts 1982; Lauberts & Valentijn 1989), New General Catalogue (Dreyer 1888) and spectroscopic survey of southern compact and bright-nucleus
galaxies of Fairall (1979). Column (3): adopted designation. Columns (4) and (5): equatorial coordinates for the centre of each observed galaxy. Columns

(6)—(9): slit position angles, spectral wavelength coverage, B — V colour excess and nuclear separation between components.

regions located in galaxy pairs, found shallow metallicity gradients.
In particular, Rosa et al. (2014) found a break in the oxygen gradi-
ent (generally used as metallicity tracer) at a certain galactocentric
distance in four interacting galaxies of their sample: AM 1219A,
AM 1256B, AM 2030A and AM 2030B. Interestingly, these au-
thors reported that the extreme SFR values estimated from the Ho
emission-line fluxes (minimum SFR for AM1219A and AM2030B
and maximum for AM 1256B and AM 2030) are located very close
to the oxygen gradient break zones. Rosa and collaborators also
suggested that, for the AM1219A and AM2030B systems, the min-
imum values of the SFR and break zone could be associated with
corotation radii.

Determinations of SFR based on Ho emission-line fluxes give
information on the ionizing star-forming clusters. To access the
history of the stellar population, we should perform studies
based on stellar population synthesis. Studies of the spatial
distribution of the stellar population components in interacting
galaxies yield important insights on the effects of the interac-
tion on the kinematics of the galaxies involved, allowing us
to know the periods during which bursts of star formation oc-
curred, as well as the stage of the interaction (Krabbe et al.
2008).

In the previous articles of this series, we presented observa-
tional studies of the spatial variation of electron density (Krabbe
et al. 2014, hereafter Paper I) and metallicity (Rosa et al. 2014,
hereafter Paper II) of H 11 regions located in a sample of interact-
ing systems of galaxies. In the present work, we used these data
to obtain the stellar population across the discs of these galaxies
and to study the impacts of the interaction on the stellar popula-
tion of the galaxies in our sample. The main goals of our study are
as follows.

(i) To estimate the main epoch of star formation along the disc
of the interacting galaxies.

(i1) To analyse the relation between stellar population distribu-
tions and the metallicity of the gas phase.

(iii) To investigate the relation between the age of the dominant
stellar population and several nebular parameters (e.g. metallicity,
extinction).
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This article is organized as follows. In Section 2, we summarize
the observations and data reduction. In Section 3, the method used
to perform the stellar population synthesis is described. Section 4
presents the detailed results of the stellar population synthesis. A
discussion of our results is given in Section 5, while our conclusions
are presented in Section 6.

2 OBSERVATIONAL DATA

The present study is based on long-slit spectroscopy of a sample of
nine systems of galaxies in interaction, obtained with the Gemini
Multi-Object Spectrograph (GMOS) attached to the 8-m Gemini
South telescope. Spectra in the range of 34507130 A were obtained
with two settings with the B600 grating, a slit width of 1 arcsec and a
spectral resolution of ~5.5 A. The blue setting provided wavelength
coverage from 34506280 A and the red setting 4280-7130 A, both
with about the same spectral resolution.

In Table 1 we listed basic information for the observed galax-
ies: the name of the galaxy system, the names of the individual
galaxies, our abbreviated designations, the celestial equatorial co-
ordinates (J2000), the slit position angles, the wavelength range
of the spectra, the Galactic extinction E(B — V) as listed in the
NASA/IPAC Extragalactic Database (NED)' of each galaxy and
the nuclear separation (NS) between the individual galaxies of the
pairs. Detailed information about the galaxy systems and the slit
positions observed for the objects in this sample was provided in
Papers I and II, with the exception of the AM 1401-324 system,
which was not included in the previous works because the wave-
length coverage does not include the [N 1] A6584-A emission line.
For the AM 1401-324 system, the spectra were taken at two slit
positions on the sky (PA = 294° and PA = 41° ), with the goal of
observing the nucleus and the brightest regions of the main galaxy
of the system (see Fig. A1). The secondary galaxy of the AM 1401—
324 system was not observed.

The data reduction followed the standard procedure and was
discussed in detail in Papers I and II. Basically, the spectra comprise

!http://ned.ipac.caltech.edu/
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the flux contained in an aperture of 1 x 1.152 arcsec?, which,
considering a spatially flat cosmology with Hy = 71 km s~' Mpc™!
(Wright 2006) and the distances to the systems of our sample (see
Paper II), corresponds to apertures from ~200 to ~1100 pc on the
galaxies plane. The spectra taken on red and blue settings were
combined by applying a median filter with the IRAF task LSCOMBINE.

3 STELLAR POPULATION SYNTHESIS

In order to obtain the stellar population contribution of our sample
of interacting galaxies, we used the STARLIGHT stellar population
synthesis code (Cid Fernandes et al. 2004, 2005, 2007; Mateus
et al. 2006; Asari et al. 2007), which is discussed in detail in Cid
Fernandes et al. (2004, 2005). Briefly, the code fits the observed
spectrum (O,) of a galaxy using a combination of simple stellar
populations (SSPs) obtained from evolutionary synthesis models by
Bruzual & Charlot (2003). These models are composed of spectra
with a resolution of 3 A across the wavelength range 3200-9500 A
with a wide range of metallicities. STARLIGHT assumes the Padova
1994 tracks, as recommended by Bruzual & Charlot (2003), and
an initial mass function (IMF) by Chabrier (2003) for stars with
masses between 0.1 and 100 M.

The synthetic spectrum M, is solved by STARLIGHT according to
the following equation:

Ny
M, = M,, ijbj,x | ® G(v,, 0,), (D

j=1

where bj, ; is the reddened spectrum of the jth SSP normalized
at Ao = 5870 A; r, = 107944 ~4%) ig the extinction term; ®
represents the convolution operator; G(v,, o) is the Gaussian dis-
tribution used to model the line-of-sight stellar motions, centred at
velocity v, and with a dispersion o,; M, is the synthetic flux at
the normalization wavelength; and x is the population vector. The
population vector represents the fractional contribution of the SSPs
in terms of age and metallicity (¢;, Z;) over the synthetic flux at 4.
These spectral components can also be expressed as a function of
the mass of the population, represented by the vector m.

The fit between the observed and modelled spectra is calculated
with the support of an algorithm that searches for the minimum
value of

N,
X2 v ok, Ay, Myg) = [w (0, — My)T, )
=1

where w} ' is the error in O, . Emission lines and spurious pixels are
excluded from the fits, establishing w; = 0. The intrinsic reddening
is modelled by sTARLIGHT as due to foreground dust, using the extinc-
tion law of Cardelli et al. (1989), with Ry, = 3.1 and parametrized
by the V-band extinction, Ay = RyE(B — V). The SSPs considered
in this work take into account 15 ages, + = 0.001, 0.003,0.005,
0.01, 0.025, 0.04, 0.1, 0.3, 0.6, 0.9, 1.4, 2.5, 5, 11 and 13 Gyr, and
three metallicities, Z=0.2, 1 and 2.5 Z¢), summing up N, = 45 SSP
components. The stellar spectra of the SSPs were convolved with an
elliptical Gaussian function to achieve the same spectral resolution
as the observed one, transformed into the rest frame, normalized
to 25870 A and corrected by foreground Galactic extinction as in
Schlegel, Finkbeiner & Davis (1998).

The sTaRLIGHT code provides individual population vectors. How-
ever, according to Cid Fernandes et al. (2005), the individual com-
ponents of x are very uncertain. To troubleshoot this problem, Cid
Fernandes et al. (2005) proposed that the population contribution
should be combined in age bins. Following the prescription of these
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authors, the population vectors are binned according to the flux
contribution into young, x, (t < 4 x 107 years), intermediate-age,
X (4x 107 <r<2.5x 10° years), and old, x, (f > 2.5 x 10° years)
components, which have uncertainties lower than 0.05, 0.1 and 0.1,
respectively, for signal-to-noise ratio S/N > 10. The same bins are
to be used for the fractional contribution to the stellar mass m (imy,
mi, m,). The quality of the fitting result is quantified by the pa-
rameters x> and adev. The latter gives the relative mean deviation
[(0;, — M,)|/0; over all fitted pixels between the observed and
model spectra.

4 RESULTS

In Table 2, the stellar population results are presented for the regions
located along the disc of each galaxy in our sample. These regions
are the same as considered in Papers I and II. Fig. 1 shows an
example of the results of the synthesized spectrum and the pure
emission for the nuclear region of AM 1219A and AM 1219B,
while the results for the nuclear regions of the other objects in our
sample are shown in Appendix F (Figs F1 and F2). The results of the
synthesis are summarized in Table 2 for the individual spatial bins
in each galaxy, stated as the percentage contribution of each base
element weighted by flux and mass. In Fig. 2, the contribution of the
stellar population components along the slit position of AM 1054A
and AM 1054B is shown. The nominal centre of each slit was chosen
to be the continuum peak at 15870-A flux. The remaining synthesis
results are shown in Appendix F (Figs F3—-F11), where the regions
with intersection at the spectrograph slit positions are highlighted
in the plots by different fill patterns. In Fig. 3, the synthesis results
for AM 1219A and AM 1256B are plotted as a function of the
galactocentric radius R normalized by R,s (galactocentric distance
with surface brightness of 25 mag arcsec~2; see table 2 of Paper II).
In what follows, the results for each system are discussed separately.

4.1 AM 1054-325

This system is composed of a main spiral galaxy (hereafter
AM 1054A) and a companion galaxy (hereafter AM 1054B).
AM 1054A is an optically bright spiral in the early stages of merging
(~85 Myr; Mullan et al. 2011). As can be seen in Fig. 2 (top panel),
the population synthesis results indicate that the light along the disc
of AM 1054A is mainly dominated by a young stellar population
component (t < 4 x 107 yr), with a non-negligible contribution
from an intermediate population. This spatial profile corresponds to
a slit position crossing the supposed ‘second’ nucleus (or starburst
region?) of AM1054 A (see Paper I).

In the bottom panel of Fig. 2, we can see that AM 1054B is
mainly dominated by the old stellar population component, in the
contribution of both light and mass, with a mean value of 62 per cent
for light and 84 per cent for mass. The intermediate stellar popula-
tion contributes significantly for this galaxy, with a mean value of
about 30 per cent for a light-weighted context and 16 per cent for a
mass-weighted one.

4.2 AM 1219-430

This system is composed of two galaxies, a main spiral galaxy
(hereafter AM 1219A) and a secondary one (hereafter AM 1219B).
The primary galaxy presents a normal arm to the south-west and
a strong tidal arm, with several H 1 regions along it. AM 1219B
has a bright nucleus with smooth open spiral arms. A bridge of
material connecting both galaxies and a lens structure in addition

MNRAS 467, 27-49 (2017)
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Table 2. Stellar population synthesis results for the AM 1054A galaxy. Results for the whole sample of galaxies are available in the electronic version.

Position (kpc) Xy (per cent) x;j ( per cent) X, ( per cent) my (per cent) m; ( per cent) mg (per cent) x? adev Ay (mag)

AM 1054A
—0.564 80.3 13.9 0.5 52.9 39.0 8.1 0.8 4.54 0.37
—0.282 68.7 17.1 10.8 14.0 8.4 77.6 0.9 2.85 0.33
0.000 70.5 15.1 114 13.1 12.7 74.2 0.9 2.28 0.40
0.282 59.5 19.9 16.5 5.4 4.3 90.3 0.8 2.58 0.19
0.564 68.5 17.2 13.0 7.3 7.7 85.0 1.3 3.00 0.12
0.846 75.4 21.1 0.8 53.0 40.5 6.5 1.2 2.99 0.46
1.128 57.4 38.8 0.0 17.7 82.3 0.0 0.6 3.84 0.16
1.410 35.5 58.2 0.0 3.1 96.9 0.0 1.0 4.94 0.00
1.692 42.7 43.1 0.0 22.8 77.2 0.0 1.1 4.13 0.34
1.974 50.6 34.2 8.1 7.2 11.8 81.0 0.7 4.23 0.22
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Figure 1. Stellar population synthesis for the nuclear region of AM 1219A and AM 1219B. For each object, we plotted in the top panel the observed (in black)
and synthesized spectra (in red) and in the bottom panel the pure emission spectrum corrected for reddening. The main absorption and emission features have
been identified.
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to the bulge and disc of AM 1219B were reported by Hernandez-
Jimenez et al. (2014). A rough estimate of the stellar population
based on equivalent widths of absorption lines and on the contin-
uum for the integrated spectrum of these galaxies shows that both
components have a strong flux contribution from stellar populations
younger than 10% years (Pastoriza, Donzelli J & Bonatto 1999). For
the main galaxy, the estimations obtained in Paper I for electron
densities show an increase of these towards the outskirts of this
galaxy (R/R,s ~ 0.5). Interestingly, in this region an oxygen abun-
dance break, which could be associated with a corotation radius,
was obtained in Paper II.

The distribution of the stellar population in both galaxies is
shown in Fig. F3. Three different slit positions were observed in
AM 1219A: PA = 162° and PA = 341° along the north—south

direction, crossing the nuclei and the disturbed arm, respectively,
and PA = 70° in the north-east—south-west direction, crossing two
very bright Hu regions. For AM 1219B, we only have observations
with PA = 25°crossing its nucleus.

For the slits with PA = 162° and PA = 70°, the light emit-
ted by AM 1219A is dominated by the contribution of the young
stellar component (~54 per cent), with a significant contribution
(~35 per cent) from the old component. The intermediate stellar
population is absent around the closest zone to the nucleus mapped
by the slit with PA = 70°. This very bright zone (see fig. 1 of Pa-
per II) corresponds to the continuum peak of an H 11 region complex.
The stellar population spatial profile associated with this slit position
seems to indicate an increase in the young stellar component towards
this H 1 region complex. Considering the slit with PA = 341°, we
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can see that the intermediate stellar population dominates the light,
with 56 per cent on average, followed by the young component, with
26 per cent on average. One possible interpretation of these results
is that the intermediate stellar component could be associated with
the perigalacticum passage. Preliminary estimations indicate that
it occurred about 220 Myr ago (Hernandez-Jimenez et. al., private
communication). Hence, along the disturbed arm, most of the stellar
population could have been triggered during the perigalacticum pas-
sage, with a lower reservoir of gas remaining to form the younger
generation of stars than in the other mapped parts of the galaxy,
consequently decreasing the current star formation rate. As can be
seen in Fig. 3, no variations of stellar population were found along
PA = 341°. It is interesting to note that the zones sampled by two
different slits, which are marked in Fig. F3, show estimations of their
stellar population ages in reasonable agreement with each other.
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The stellar population estimated for AM 1219B is roughly homo-
geneous along the observed slit. In terms of light-weighted fraction,
the stellar population is distributed, on average, in three popula-
tion components: 23 per cent young, 39 per cent intermediate and
40 per cent old.

Taking into account the contribution of different stellar popula-
tions to the mass, we found that in both components of this system
the old stellar population is clearly the dominant component.

4.3 AM 1256-433

This system is composed of three galaxies, from which we only
observed the secondary galaxy (hereafter AM 1256B). A break in
the oxygen abundance gradient was obtained in Paper Il at R/R,s &~
0.27, which suggested that this break could be associated with a
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corotation radius. Interestingly, at about the same position the max-
imum star formation rate was found (see Paper II).

As can be seen in Fig. F4, the stellar population is predominantly
composed of the intermediate component, on average 70 per cent,
for both slit positions. We observed variations of the stellar pop-
ulation across the galaxy, which in general are not dependent on
position, with the exception of the region between 4 and 7 kpc
along PA = 325°. In this region, the young component increases
while the intermediate one decreases. This could probably be due
to the slit not being completely aligned with the curved arm. In that
area, the slit crosses the arm and therefore a young population is
observed.

For PA = 292° and a distance of about 18 kpc from the centre of
AM 1256B in the north-west direction (see fig. 1 of Paper I), there
is aregion where the young population represents about 80 per cent
of the 15870-A flux. In this zone, there is an H 1 region with

an age estimated by Ferreiro & Pastoriza (2004) of about 6 Myr,
in agreement with our estimation. For this slit position, the light-
dominant population is also mainly the intermediate one. In four
cases, the old population contribution to the light is comparable to
or even greater than that of the intermediate population. Analysing
the mass contribution, we found that in the inner zone the old popu-
lation dominates. The intersection of the spectrograph slit positions
(marked in Fig. F4) shows stellar population estimations in good
agreement, mainly for the light.

4.4 AM 1401-324

The main galaxy of this system, AM 1401A (ESO 384-G 041), has
a very bright nucleus and an arm giving the appearance of a ring.
Its companion is the smaller galaxy AM 1401B (ESO 384-G 041

MNRAS 467, 27-49 (2017)
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NOTES01/PGC682060). Only the primary galaxy was observed. In
Fig. A1 the slit positions are shown.

The results of the stellar population synthesis for AM 1401A are
presented in Fig. F5. AM 1401A is completely light-dominated by
intermediate stellar populations, with a contribution to the 15870-A
flux of about 50-75 per cent in the central region and higher than
90 per cent in the outer regions. For the slit that crosses the nucleus
(PA = 294°), there is a spatial variation of the stellar population
and the light contribution of the intermediate one decreases towards
the centre of the galaxy. The fraction of the old stellar population
component is found to be increasing from the outer regions to the
centre.

4.5 AM 2030-303

This is a system formed by a spiral galaxy as the main component
(hereafter AM 2030A) and probably a triplet of irregular galax-
ies (see fig. 1 of Paper II) as the secondary component (hereafter
AM2030B). Two different slit positions were used to acquired the
data for this system: PA = 22° and PA = 75°. The first slit maps a
complex of H 11 regions located in an outer arm of AM 2030A and
crossing one of the irregular galaxies of AM 2030B. The second
slit maps part of the secondary triplet complex.

For AM 2030A, we found a light-dominant stellar population
with young/intermediate age, summing up more than 90 per cent of
the optical flux at 15870 A (see Fig. F6). This result is expected,
because the slit crosses a complex of H 11 regions, the age of which is
estimated by Ferreiro & Pastoriza (2004) as about 6.5 Myr. As can
be seen in Fig. F7, the AM 2030B spatial profile is derived mainly
from two distinct regions along PA = 22°: one towards the north-
east side and another towards the south-west, with measurements
from ESO 463-IG 003 NEDO3 and ESO 463-1G 003 NEDO02, re-
spectively. ESO 463-1G 003 NEDO3 is light-dominated by a young
stellar population, with a significant contribution of the old stellar
population in a couple of bins. On the other hand, ESO 463-1G 003
NEDO?2 is light-dominated by an intermediate stellar population,
with a significant contribution of old and young populations. For
PA = 75°, the stellar population of AM 2030B is distributed mainly
in young and intermediate populations. The spectra obtained from
regions at the intersection of the slits presented low signal-to-noise
ratios (S/N < 10) and therefore they were not used to perform the
synthesis.

4.6 AM 2058-381

This system is composed of a two-arm spiral galaxy as the
main component and an irregular one as the secondary, hereafter
AM 2058A and AM 2058B respectively. The stellar population
distributions in flux and mass of both components are shown in
Fig. F8.

AM 2058A is dominated by an intermediate population compo-
nent except for the inner zone, where the dominant component is the
older one. For the slit positions that cross the centre of this galaxy
(PA = 42° and PA = 350°), systematic variations are observed for
the intermediate stellar component, i.e. its contribution to the flux
is increasing outwards. On the other hand, a decrease in the older
component can be seen in both contributions, flux and mass, from
the centre to the outer regions. A small contribution (generally neg-
ligible) from the young population is observed. Along the spatial
profile of PA = 125°, we found two two zones in which the young
stellar component is prominent: one at ~3 kpc towards the south-
east and another at ~7.5 kpc towards the north-west. As can be seen
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in fig. 1 of Paper I, these regions are located in one spiral arm and
therefore we expect to observe a young population.

It can be seen in the bottom right panel of Fig. F8 that AM 2058B
is dominated mainly by the contribution of the intermediate stellar
population component in light as well as in mass, with mean values
of 69 per cent and 74 per cent, respectively. No significant variations
along the spatial profile are present in this galaxy.

4.7 AM 2229-735

AM 2229-735 is a system composed of a main spiral galaxy (here-
after AM 2229A) interacting with a smaller disc galaxy (hereafter
AM 2229B). Spectra obtained along AM 2229B are very noisy
(S/N « 10) and they were not considered.

The contribution of the different stellar population components
along the disc of AM 2229A for the two distinct slits is shown in
Fig. F9. For both slit positions, there is a zone, the behaviour of
which is noticeable. For PA = 161°, in the region between —4 and
—8 kpc (hereafter called region A), the light and mass are mainly
dominated by the young and intermediate populations. The same
behaviour is shown by the zone between 0 and —3 kpc (hereafter
called region B) for PA = 134°. These areas are marked in Fig. B1
and correspond to two complexes of H 1 regions. The origin of these
complexes is probably related to interaction between the galaxies
of this pair.

4.8 AM 2306-721

This pair is formed by a spiral galaxy (hereafter AM 2306A) and
an irregular galaxy companion (hereafter AM2306B). As can be
seen in Fig. F10, the optical fluxes of both galaxies are dominated
mainly by the intermediate population component.

AM 2306A shows systematic variations for old and intermediate
stellar components along the two slit positions observed. While
the intermediate component is decreasing towards the centre of the
galaxy, the old component is increasing. Likewise it can be seen that
the young stellar population is increasing towards the outer regions
of AM 2306A. This behaviour is more conspicuous for the regions
mapped with the slit with PA = 238°, for which the more significant
contributions from the young stellar component are located between
—11 and —6 kpc and from 10-12 kpc, which corresponds to the
regions on the spiral arms. Krabbe et al. (2008) derived the stellar
population for this interacting system using the stellar population
synthesis method developed by Bica (1998). This method employs
the equivalent widths of several spectral absorption features and the
measured continuum fluxes at different wavelengths, comparing
them with those of a model computed from a base of simple stellar
population (SSP) elements with known ages and metallicities. Our
estimated stellar populations are in good agreement with the results
previously obtained by Krabbe et al. (2008). In the case of the slit
with PA = 190°, this increment towards the outer zones is also
observed, although the variation of the light contribution from the
young population is not so significant.

Interestingly, for AM2306B there is a completely different be-
haviour. Around the centre of this galaxy, we can see that the old
stellar population dominates the mass content, although the inter-
mediate and young populations dominate the light. Towards the
north-west of the galaxy, there is a zone, between ~3.5 and 8 kpc
(PA = 118°), without an old stellar population component. At about
3 kpc, there is a zone for which the old stellar population dominates
the mass content and around it (mapped by both slits) there are zones
completely dominated (in mass and light) by the intermediate and



young stellar populations. Probably, this enhancement of stellar
formation was triggered by the strong interaction with AM2306A.

4.9 AM 2322-821

The system AM 2322-821 (see fig. 1 of Paper II) is composed of
a spiral galaxy classified as SA(r)c, showing disturbed arms (here-
after AM 2322A), in interaction with an irregular galaxy (hereafter
AM 2322B). Four slit position angles were used to map this system:
PA = 59° crossing the nucleus of AM2322A; PA = 28° crossing
the main body of the primary but not across the nucleus (an offset of
about 8 arcsec north-west, NW, from the nucleus); PA = 60° map-
ping the NW spiral arm of the main component, located between the
main and secondary components; PA = 318° along the main axis
of the secondary component AM 2322B and also along the north-
east (NE) spiral arm of AM 2322A. As pointed out in Paper II, the
spectra obtained using PA = 60° present low signal-to-noise ratio
(S/N < 10). Therefore they were not used to perform the synthesis.
Indeed, the spectra from the regions located in the intersections of
the slits present low signal-to-noise ratio and therefore they were
not considered in the synthesis.

The distribution of the stellar population in both galaxies of the
AM 2322-821 system is shown in Fig. F11. The contribution to the
light by the stellar populations is heterogeneous in AM 2322A for
the three slit positions considered (PA = 28, 59, 318°). There are
no hints of age gradients along this galaxy: the young, intermediate
and old populations contribute significantly to the optical flux at
15870 A. It is worth noting that the mass is clearly dominated by
the old stellar population component in the majority of the zones.

The light emitted by AM2322B is dominated by the young stellar
population component in all of the galaxy except at its centre,
where the contributions of the three populations are comparable.
This young component shows a systematic variation along the slit,
increasing outwards. In the outskirts, the old component barely
contributes to the light, although it clearly dominates the mass all
along the galaxy.

The stellar population in this system was studied by Krabbe
et al. (2011) using the same data and a similar methodology to
that in this work. Even though they considered four population-
vector components, the results in both works are compatible. The
contribution of the young population in AM 2322B was related to
the perigalactic passage occurring at ~90 Myr after perigalacticum
(Krabbe et al. 2011).

5 DISCUSSION

5.1 Stellar population distribution

One of the main effects of interactions on the evolution of galaxies
is to modify the stellar formation history of the objects involved.
Our results, presented in the previous section, indicate that the
light at 25870 A emitted by most of the galaxies in our sample is
dominated by young/intermediate stellar populations, i.e. by stellar
populations with ages lower than 2 x 10° years. A similar result was
derived for other interacting galaxies by Dametto et al. (2014), who
used near-infrared data to investigate the spatial distribution of the
stellar populations in three interacting starburst galaxies. Indeed,
young star clusters (ages lower than 300 Myr) have been found in
tidal tails of interacting galaxies (e.g. Bastian et al. 2003; de Gris
et al. 2003; Mulia, Chandar & Whitmore 2015). In contrast, in the
discs of isolated galaxies the light is dominated by an older stellar
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population. In fact, Morelli et al. (2015) investigated the properties
of the stellar populations in the discs of ten spiral galaxies, mostly
not belonging to interacting systems. These authors found that the
old stellar populations (ages higher than 4 Gyr) usually dominate
the disc surface brightness. The difference in the light-dominant
population between interacting and isolated galaxies could be due to
the induced gas inflow, which increases the bursts of star formation
along the disc during and after the interaction.

Another important issue is to investigate the differences between
the stellar populations in the main and secondary galaxies belonging
to interacting systems. Numerical simulations by Cox et al. (2008)
showed that, during the interaction process in minor mergers, the
fractional SFR enhancement is higher in the secondary galaxy, due
to it being more susceptible to the tidal forces induced by the interac-
tion. This theoretical result was confirmed by observational studies
of the minor mergers AM 2306721 by Krabbe et al. (2008) and
NGC 77714+NGC 7770 by Alonso-Herrero et al. (2012). Inspection
in Figs F8, F10 and F11 shows clearly that the secondary galaxies
of the systems AM 2058-381, AM 2306-721 and AM 2322-821
have higher contributions of young stellar populations than the pri-
mary galaxies. For systems AM 1054-325 and AM 1219-430, an
opposite result is derived (see Figs 2 and F3, respectively). How-
ever, the secondary galaxy of the system AM 1219-430 and the
primary one of AM 1054-325 have few positions with available
synthesis results. Moreover, only AM 1054B has an old population
(t > 2 x 10° years) as the main source of the flux at 25870 A. In
fig. 1 of Paper I, we can see that this object has an elliptical form,
the old population predominant being in it.

It is largely accepted that the growth of spiral galaxies follows
the inside-out scenario, in the sense that inner regions of the disc
are the most chemically evolved and present a higher percentage of
old population than the outer regions (see e.g. Mélla & Diaz 2005;
Brook et al. 2012; Few et al. 2012; Pilkington et al. 2012; Minchev
et al. 2014). In fact, recently Gonzdlez Delgado et al. (2015), by
using the data of the CALIFA survey (Sdnchez et al. 2012), ob-
tained the radial structure of the stellar population properties of 300
galaxies, mostly not interacting, and found negative age gradients,
in agreement with an inside-out growth of galaxies. Other support
for the assumption that spiral galaxies are formed following the
inside-out scenario is that negative metallicity gradients are gener-
ally observed in isolated spiral galaxies (e.g. Pilyugin, Vilchez &
Contini 2004; Dors & Copetti 2005; Sanchez et al. 2014; Pilyugin
et al. 2015). For interacting galaxies, the metallicity gradients are
modified by the gas flow and these objects present gradients signif-
icantly flatter than the ones observed in isolated galaxies (see e.g.
Paper II and references therein). Moreover, it is unclear whether
negative age gradients, which are the imprints of the inside-out
scenario, are maintained in interacting galaxies.

In Figs C1-C3, the logarithm of the average of the stellar pop-
ulation age weighted by the light contribution of each population
(log[Ageiigni]) versus the galactocentric distance R/R»s for our sam-
ple of objects is shown. Agejign, gives information about the globally
averaged star formation history in each galaxy (Gonzalez Delgado
et al. 2015). Taking into account the expected perturbations in a
galaxy suffering stellar formation triggered by an external agent,
we note that, for most spiral components (AM 1219A, AM 1256B,
AM 1401A, AM 2058A, AM 2306A and AM 2322A) of the in-
teracting pairs belonging to our sample, Agejign, decreases with the
increase of galactocentric distance, indicating that the interactions
seem do not destroy the global imprints of galaxy formation, con-
sidering the inside-out scenario. AM 1054A and AM 2229A, both
spiral galaxies, do not show this behaviour; however, for AM 1054A
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the slit crosses only their inner region and AM 2229A is a spiral,
but very disturbed.

In Paper II, we found oxygen abundance breaks along the discs
of galaxies AM 1219A, AM 1256B, AM 2030A and AM 2030B
at galactocentric distances R/R;s between 0.2 and 0.5. In particu-
lar, for AM 1219A and AM 2030B we found a minimum in the
instantaneous star formation rate (SFR) close to the break region
and for AM 1256B and AM 2030A maximum values were de-
rived. In particular, AM 1219A also presents a minimum value of
the metallicity in the break region, which could be associated with
a corotation radius, in agreement with the scenario proposed by
Mishurov, Lépine & Acharova (2002). As can be seen in Fig. 3, we
do not find variations of the stellar population associated with the
corotation radius.

5.2 Stellar versus nebular extinction

The stellar population synthesis process gives us the extinction from
the continuum, Ay[Synthesis]. We derive the nebular extinction
Ay[Nebular] from the Ha/HB emission-line ratio, adopting the
Calzetti, Kinney & Storchi-Bergmann (1994) law:

(HO{/Hﬂ)«)hs:|
(Ho/HB)in |

where (Ha/HpB)obs and (Ha/HB)iy, are the observed and intrinsic
ratios, respectively. We adopted the theoretical value of 2.86 for the
intrinsic emission-line ratio (Osterbrock & Ferland 2006).

A comparison between the synthesis and the nebular extinctions
is plotted in Fig. D1 and was performed for the objects in our sample.
As can be seen in this figure, the nebular extinctions are higher than
the stellar ones, up to about twice. These results are in agreement
with those published earlier by Calzetti et al. (1994), Asari et al.
(2007), Martins et al. (2013) and Dametto et al. (2014) and were
interpreted by Calzetti et al. (1994) as a result of the fact that the

Ay [Nebular] = 7.96 log [ 3
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hot (young) ionizing stars are associated with dustier regions than
the cold stellar population.

5.3 Gas versus stellar parameters

We compared the nebular and stellar metallicities for our sample of
galaxies, in order to search for a relation between these two quan-
tities. We assume the oxygen abundance as a nebular metallicity
estimator. For our sample, we estimated the oxygen abundances in
Paper 11 using empirical calibrations based on strong emission lines
and the stellar metallicity was obtained from the synthesis results.

Fig. E1 shows the nebular abundance versus stellar metallicity.
As can be seen, there is no correlation between nebular and stel-
lar metallicities. Similar results were found by Cacho et al. (2014)
in a study of gaseous-phase metallicities and stellar populations in
the centres of barred galaxies. In a study of stellar populations us-
ing Sloan Digital Sky Survey galaxies, Cid Fernandes et al. (2005)
stated they had found a correlation between mass-weighted stellar
metallicities and nebular oxygen abundances, although the disper-
sion is very large, with a Spearman rank correlation coefficient (R)
of 0.48.

We also compared nebular and stellar metallicities as a function
of stellar age. These comparisons are plotted in Fig. E2. As can
be seen in the bottom panel of this figure, there is no correlation
between stellar metallicities and stellar ages. In contrast, a relation-
ship between nebular metallicities and stellar ages is found (see the
upper panel of Fig. E2), in the sense that older regions are more
metal-rich.

We analysed some properties of the nebular gas and the stellar
populations belonging to the central region (1 kpc in diameter) of the
galaxies. A comparison of the contribution (to the light) of the young
stellar population component and the estimated oxygen abundances
with the mass ratio between the components (Msccondary /Mprimary)
was performed (see the upper and lower panels of Fig. 5, respec-
tively). The mass-ratio values were taken from Ferreiro & Pastoriza
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(2004). We also compared the nuclear separation between the com-
ponents and the estimated oxygen abundances with the contribution
(to the light) of the young stellar population component (see the
upper and lower panels of Fig. 6, respectively). We did not find
any correlation between the parameters studied. However, a more
statistically significant sample is needed to reach any conclusive
result.

6 CONCLUSIONS

We present an observational study of the stellar population in inter-
acting galaxies using a synthesis method. Long-slit spectra in the
spectral range 3440—7300 A were obtained with the GMOS at Gem-
ini South for 15 galaxies in nine close pairs. The stellar population
contribution was obtained using the STARLIGHT stellar population
synthesis code. The main results are summarized below.

(i) The contribution of the stellar components in relation to the
optical flux at 25870 A for most of the galaxies in our sample
— AM 1054A, AM 1219A, AM 1256B, AM 1401A, AM 2030A,
AM 2030B, AM 2058A, AM 2058B, AM 2306A, AM 2306B and
AM 2322B - is dominated by young/intermediate stellar popula-
tions.

(i) No variations in the stellar population components were
found for AM 1219A, AM 1256B, AM 2030A and AM 2030B
at the oxygen-gradient break zones, which could be associated with
corotation radii (see Paper II).

(iii) We compared the stellar extinction (Ay[Synthesis]) given
by the population synthesis method with the nebular extinction
(Ay[Nebular]) estimated from the He/HB emission-line ratio. We
found that, for most of the objects, the nebular extinction is higher
than the stellar extinction by up to about a factor of two.

(iv) No correlation was found between nebular and stellar metal-
licities.

(v) We compared the nebular and stellar metallicities as a func-
tion of stellar age. No correlation between stellar metallicities and
stellar ages was found and a positive correlation between nebular
metallicities and stellar ages was obtained, showing, as expected,
that older regions are more metal-rich.

(vi) For the central regions of the galaxies studied, we did not
find any correlation between the mass ratio and the contribution of
the young stellar population component to the light or the estimated
oxygen abundances. Neither did we find any correlation between
the contribution of the young stellar population to the light and the
nuclear separation of the pairs or the estimated oxygen abundances.
However, more observations are needed to confirm these results.
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APPENDIX A: OBSERVED SLIT POSITIONS OF AM 1401-324

AM14071A

AM1401B

Figure Al. Slit positions for AM 1401-324, shown overimposed on the GMOS-S ¥ acquisition image.

APPENDIX B: REGIONS A AND B OF AM 2229-735

Figure B1. Image regions A and B of AM 2229735, shown overimposed on the GMOS-S # acquisition image.
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APPENDIX C: LOGARITHM OF THE AVERAGE OF THE AGE OF THE
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Figure C1. Logarithm of the average of the age of the stellar population (log[Ageign]) weighted by the flux contribution of each population versus the
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Figure C2. As Fig. C1, but for other objects as indicated.
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APPENDIX D: GAS AND STELLAR PARAMETERS
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Figure D1. Comparison between extinction obtained from the stellar population synthesis (Ay[Synthesis]) and nebular extinction estimated from the He/HfS

emission-line ratio (Ay [Nebular]) for the objects in our sample.
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APPENDIX F: STELLAR POPULATION SYNTHESIS
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Figure F1. Stellar population synthesis for the nuclear regions of AM 1054A, AM 1054B, AM 1256B, AM 1401A, AM 2030B and AM 2058A. Top panel:
the observed spectrum is plotted as a black line and the synthesized spectrum as a red line.The main absorption and emission features have been identified.
Bottom panel: pure emission spectrum corrected for reddening.
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