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ABSTRACT

Context. Luminous and ultraluminous infrared galaxies (LIRGs andRJEs) are key cosmological classes since they account for
most of the co-moving star formation rate densitgat 1 — 2. It is then important to have detailed studies of local daspf their
counterparts for understanding the internal and dynamicalesses taking place at high-

Aims. To characterize the two-dimensional morphological, etimn and kinematic properties of LIRGs and ULIRGs we areyiag

out an optical integral field spectroscopy (IFS) survey ofldz < 0.26) samples.

Methods. In this paper we present optical (3800-7200A) IFS with thésBam multi-aperture spectrophotometer (PMAS) of the
northern hemisphere portion of a volume-limited (2758200 km s*) sample of 11 LIRGs. The PMAS IFS observations typically
cover the centrat 5kpc and are complemented with our own existHf§I/NICMOS images.

Results. For most LIRGs in our sample, the peaks of the continuum asd@g., Hr, [N n]16584) emissions coincide, unlike what
is observed in local, strongly interacting ULIRGs. The oakgeptions are galaxies with circumnuclear rings of stan&gion where
the most luminous H emitting regions are found in the rings rather than in theleiuaf the galaxies, and the displacements are
well understood in terms of flerences in the stellar populations. A large fraction of thelei of these LIRGs are classified as
LINER and intermediate LINERIII, or composite objects, which is a combination of starfation and AGN activity. The excitation
conditions of the integrated emission depend on the relatntributions of Hi regions and the @iuse emission to the line emission
over the PMAS FoV. Galaxies dominated by high surface-lnigés Hi regions show integrated irlike excitation. A few galaxies
show slightly larger integrated [N16584Ha and [Su]16717,673Ha line ratios than the nuclear ones, probably because of more
contribution from the dfuse emission. The dldvelocity fields over the central few kpc are generally cdesis at least to first order,
with rotational motions. The velocity fields of most LIRG®aimilar to those of disk galaxies, in contrast to the highdyturbed
fields of most local, strongly interacting ULIRGs. The pedkhe Ha velocity dispersion coincides with the position of the raurd
and is likely to be tracing mass. All these results are simidahe properties of ~ 1 LIRGs, and they highlight the importance of
detailed studies of flux-limited samples of local LIRGs.
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1. Introduction classes. These IR-selected galaxies are the main comotritot
. the co-moving star formation rate density of the universesafl
In recent years deep cosmological surveys have been exyreme|paz et al. 2002; Le Floc'h et al. 2005; Pérez-Gonzateal.e
successful in identifying large samples of higlgalaxies using 2005; Caputi et al. 2007).
specific wavelengths (e.g., UV, optical, infrared, subimidter)
or combinations of them. Luminous infrared galaxies (LIRGS Because these highsamples are so numerous, mo$oes
with infrared 8— 1000um luminositiesLig = 10'* — 10'2L,, concentrate on characterizing their integrated propersach
see Sanders & Mirabel 1996) and ultraluminous infraredgalaas stellar masses, star formation rates, average ages,etatd m
ies (ULIRGs, with IR luminositied g = 10*? — 103L,, see licities. However, to understand fully how galaxies formasu
Lonsdale, Farrah, & Smith 2006) are significant cosmoldgicavolved, one needs spatially resolved information to sthejr
kinematics, stellar populations, the star, gas, and dwsstiloli-

* Based on observations collected at the German-Spanié@ns. as well as the gas excitation conditions. At highis has

Astronomical Center, Calar Alto, jointly operated by the sMa been done for opticall)V selected galaxies using integral field

Planck-Institut fur Astronomie Heidelberg and the Ingtit de sSpectroscopy (IFS). These works find clumpy fhorpholo-
Astrofisica de Andalucia (CSIC). gies with relatively well-ordered velocity fields that arensis-
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tent with the presence of large diskszat 2, while other sys- 2. Observations
tems are better explained as merger candidates (see@sie-"
Schreiber et al. 2006; Genzel et al. 2006, 2008; Wright et &1. The Sample

gggﬁ)z'éozl;@;r é?;lr'ltzlggg;nd atintermediate redshiRagch We observed the majority of the northern hemisphere gadaxie

] (see Table 1) from the volume-limited representative samopl

In the local universe LIRGs and ULIRGs are much less nigcal LIRGs of Alonso-Herrero et al. (2006). This sample was
merous than at higl-and a large amount of work has alreadgrawn from thelRAS Revised Bright Galaxy Sample (RBGS,
been done to characterize their properties using opticg-it  Sanders et al. 2003). The Alonso-Herrero et al. (2006) sampl
spectroscopy (e.g., Heckman, Armus, & Miley 1987; Armuss |imited in distance (velocities of 27505200 km s* or dis-
Heckman, & Mlley 1989; Kim et al. 1995, 1999; Veilleux ettances ofd ~ 35- 75 Mpc for the assumed Cosmo|ogy) [Ye)
al. 1995, 1999; Wu et al. 1998; Heckman et al. 2000; Rupk@at the Pa emission line at rest-frame wavelengti825.m
Veilleux & Sanders 2005; Chen et al. 2009). The majority afould be observed with the NICMOS F190N narrow band fil-
optical and near-IR IFS works have so far focused on smalt sager (see Sect. 2.3 and Alonso-Herrero et al. 2000a, 2006ifor f
ples of (U)LIRGs or individual galaxies (e.g., Arribas, @@, details). Arp 299, the most luminous system in this LIRG sam-
& Clements 2001; Murphy et al. 2001; Lipari et al. 2004a,B5le, was observed with the IFS INTEGRAL instrument and an-
Colina, Arribas, & Monreal-Ibero 2005; Monreal-lbero, Aras,  alyzed in detail by Garcia-Marin et al. (2006). For theesak
& Colina 2006; Garcia-Marin et al. 2006; Reunanen, Tatcorzompleteness we will include Arp 299 (ldgg /L) = 11.88) in
Garman, & Ivanov 2007). The work of Shapiro et al. (2008) hage discussions presented in Sects. 4, 5, and 6. Our sample of
recently highlighted the importance of having local tentga | IRGs covers a range in infrared luminosities of log(/Lo) =
for understanding the internal and dynamical processesgaki1.05-11.88. The average infrared luminosity of the full sample
place at highe. We note, however, that care is needed wheRorthern and southern hemispheres)is = 2.1 x 10! L, or
comparmg_local IR luminosity matched galaxies with hlgé;ys- log(Lir/Le) = 11.32. Except for Arp 299, which is a strongly
tems. For instance, at~ 2 the mid-IR spectra of star-forminginteracting system, the rest of the northern hemispheresisiR
ULIRGs are more similar to those of local starbursts and LSRGn this sample are apparently isolated galaxies, weaklgrint
than to those of local ULIRGs (Farrah et al. 2008; Rigby et acting systems (e.g., NGC 7469, NGC 7771) and galaxies with

2008; Alonso-Herrero et al. 2009). One possible explandio small companions but no clear morphological signs of intera
that in highz ULIRGs star formation is taking place over largefion (e.g., NGC 6701, see Marquez et al. 1996).

scales, a few kpc, than in local ULIRGs where most of the in-

frared emission arises from sub-kpc scale regions (e.dgferSo

et al. 2000). In contrast intermediate redshift~ 0.7) LIRGs 2.2. PMAS Optical Integral Field Spectroscopy Observations
appear to be experiencing similar starburst phases to tifdse _ ) _

cal LIRGs (Marcillac et al. 2006). We thus need to understaiye obtained optical IFS of 11 LIRGs using PMAS on the 3.5m

(U)LIRGs and compare them with those of distant IR-selectégPain) during three observing runs: November 2005, May$200
galaxies. and December 2006. The PMAS observations were taken with

. the Lens Array Mode configuration which is made of axl56
We recently started an optical IFS survey of a represenigyay of microlenses coupled with fibers called hereaftaxsp

tive sample of approximately 70 nearty/ £ 0.26) LIRGs and g5, we used the”L magnification which provides a field of view
ULIRGs (see Arribas et al. 2008). The general goal of this syizqvy of 168 x 16”. We used the V300 grating with a dispersion
vey is to provide a two-dimensional, as opposed to integrat f1.67 A pixel'! and an approximate spectral range of 3400 A.

or nuclear, characterization of the physical and dynangpoad ;
cesses taking place in local LIRGs and ULIRGs. As discussgge wavelength range covered by the observations was approx

in detail by Arribas et al. (2008), we are conducting this- Sulmately 3800- 7200 A. The approximate spectral resolution of

vey using three dierent optical IFS instruments in both thdh€ Spectra in the & 2 binned mode is 6.8 A full width half
northern and the southern hemispheres. These are: VIMOS [P8Ximum (FWHM, see also Sect. 3.1).

Févre et al. 2003) on the VLT, the INTEGRAMWYFFOS sys-
tem (Arribas et al. 1998; Bingham et al. 1994) on the Willia
Herschel Telescope, and the Potsdam multi-aperture spécty
tometer (PMAS, Roth et al. 2005) instrument on the 3.5 m telghe total integration time for each galaxy was split inteethor
scope at Calar Alto (Spain). In this paper we present an atkagrr individual galaxy exposures (see Table 1), each of Whic
of the IFS observations obtained with PMAS for the northelifaving between 400 and 10005s. Given the relatively small FoV
hemisphere portion of the volume-limited sample of LIRGs &ff PMAS in the Lens Array configuration and the large extent
Alonso-Herrero et al. (2006), which is part of the largenveyr of the galaxies, we obtained a separate sky integrationgoh e

of Arribas et al. (2008). Additionally, we are observing @+e galaxy, interleaved with the galaxy observations and withra-
resentative sample with near-infrared IFS (Bedregal €2G09) parable single exposure time of 900 or 1000s. For all thexgala
using SINFONI (Eisenhauer et al. 2003) on the VLT. ies we obtained one pointing, except for NGC 7771 for which we

The paper is organized as follows. Sect. 2 gives detailsen fi0k two pointings to cover the approximate centrat 2816”
sample, the observations and the data reduction. Sects8rgse €gion.
the analysis of the PMAS IFS data. Sects. 4, 5, and 6, discuss Table 1 gives for each target the observing campaign, inte-
the general results on the morphologies of the emissiors lingration times for the individual galaxy exposures and nunolbe
and continuum, the nuclear and integrated 1D spectra, and #xposures, integration time, seeing conditions for eath sk,
kinematics of the ionized gas, respectively. The discusaitd as well as the airmasses of the observations. The typicalgsee
summary of this work are givenin Sect. 7. Throughout thisgpapconditions of the observations varied between’0ahd 1.7,
we usedHg = 75km st Mpc. depending on the observing campaign.

M2.1. Observing procedure
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Table 1. Log of the PMAS Observations.

Galaxy Dist logLir Date Galaxytint Skytiy  Airmass Seeing Conditions
(2) (2 (3) (4) (5) (6) (7) (8) (9)
NGC 23 50.6 11.05 7 Nov 2005 31000 1000 1.06 D-12 P
MCG +12-02-001 64.3 11.44 18 Dec 2006 x4800 1000 1.47 1.7 NP
UGC 1845 62.0 11.07 8 Nov 2005 »3900 900 1.05 Bn-20 NP
NGC 2388 57.8 11.23: 7 Nov 2005 x31000 1000 1.04 B-11 P
MCG +02-20-003 67.6 11.08: 17 Dec 2006 x800 1000 1.60 1.2 NP
IC 860 59.1 11.17: 29 May 2006 »4800 1000 1.03 1.7 NP
NGC 5936 60.8 11.07 30 May 2006 4800 1000 1.17 1.5 NP
NGC 6701 56.6 11.05 30 May 2006 x1400+ 4 x 600 800 1.09 1.3 NP
NGC 7469 65.2 11.59 8 Nov 2005 »3900 900 1.15 1.2 NP
NGC 7591 65.5 11.05 8 Nov 2005 x31000 1000 1.32 1-12 NP
NGC 7771-E 57.1 11.34 7 Nov 2005 X500+ 2 x 1000 1000 1.15 0.8 P
NGC 7771-W cee e 7 Nov 2005 3x 1000 1000 1.06 0.8 P

Notes.— Column (1): Galaxy. For NGC 7771 we took twéelient pointings to cover the approximate centrdl 28L6” region of the galaxy,
as explained in the text. Columns (2) and (3): Distance (ircMgnd IR luminosity (in L) taken from Sanders et al. (2003) for tHRAS
RBGS. Column (4): Date of the observations. Column (5):dra&on time (in seconds) of the galaxy observations af&radiding bad data sets.
Column (6): Integration time (in seconds) of the sky obstows. Column (7): Airmass at the beginning of the obseovatColumn (8): Typical
seeing conditions (in arcseconds) of the observationsvdfvialues of the seeing are given they correspond to the hiegirand the end of the
observations. Column (9): Observing conditions. P: Phetoim NP: Non-photometric.

" Hp'broad' " HB'narrow

a ThAr lamp for the Nov 2005 and May 2006 campaigns, and a
HgNe lamp for the Dec 2006 campaign. Additionally through-
out the nights we observed spectrophotometric standarsltsta
correct for the instrument response, and to flux calibra@tta.

We note, however that conditions were non-photometricdor s
eral nights in all the campaigns (see Table 1).

arcsec

&

5 0 -5 5 0 -5

2.2.2. Data reduction

The PMAS data were reduced using a set of customized scripts
under the IRAH environment. The first step of the data reduc-
tion was to determine and subtract the bias level. Next,gusin
arcsec arcsec reference internal continuum lamp exposures, we identifiet]
traced the location of each of the 256 spectra along the dispe
sion direction of the CCD. Once we extracted the individual
spectra, the third reduction step was the wavelength edidor,
which we carried out using a model obtained from arc lamp ex-
posures. We checked the wavelength calibration againstikno
sky emission lines and measured a median standard dewvidtion
1.8, 2.0, and 1.8A for the Nov 2005, May 2006, and Dec 2006
observing runs, respectively. The fourth step was to cofoec
the sensitivity variations by creating a response imageguisi-
ternal calibration lamp images and a sky flat exposure. Attt

a relative flux calibration was performed using standarddta
servations. The next step was to combine théedént galaxy
exposures (a minimum of three) for each individual pointing
improve the signal-to-noise ratio and to remove cosmic.ralys

sky subtraction was done on a spaxel-by-spaxel basis using f
Fig.2. PMAS maps of the d and Hr emission lines of each galaxy its own sky observation. The final step was talbuil
NGC 7469 fitted using two components, broad (left panels) atfte data cubes and rotate them to the north up, east to the left
narrow (right panels). Orientation is north up, east to #ife | orientation.

The images are shown on a square root scale.

arcsec

Ha broad

5 0 -5

arcsec arcsec

2.3. HST/NICMOS Observations

The HST/NICMOS observations were obtained with the

During each night we obtained calibration arcs and lam ; ; ;
and flat-fields. Since PMAS is located at the Cassegrain fdlcursﬁICMOS NIC2 camera, which has a pixel size of 0.07nd a

is affected by the changing flexures of the telescope when track- \RaF software is distributed by the National Optical Astoomy
ing the targets. Therefore, we obtained individual arc ameri Observatory (NOAO), which is operated by the Association of
nal lamps exposures for eaclffdient pointing, when applicable Universities for Research in Astronomy (AURA), Inc., in pevation
before and after culmination of the target. The lamps usa@ wevith the National Science Foundation.
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Table 2. Nuclear and Integrated observed (not corrected for extingtine ratios.

Galaxy Type Size [OlHB [Oll/Ha [NH]/He [SH]/Ha
€] &) 3 4 ®) (6) )
NGC 23 Nuclear  0.28 1.52 0.091 0.87 0.48
Integrated 4.5 0.58 0.044 0.57 0.33
MCG +12-02-001  Nuclear 0.31 0.67 0.029 0.44 0.30
Integrated 5.8 0.61 0.030 0.42 0.35
UGC 1845 Nuclear  0.30 2.07 0.090 1.09 0.33
Integrated 3.2 1.33 0.065 0.72 0.28
NGC 2388 Nuclear  0.28 0.32 0.029 0.63 0.22
Integrated 5.1 0.60 0.066 0.56 0.30
MCG +02-20-003  Nuclear  0.33 0.67 0.054 0.63 0.37
Integrated 6.5 0.65 0.046 0.45 0.43
IC 860 Nuclear  0.29 e . 7.81 3.85
NGC 5936 Nuclear  0.30 0.32 0.031 0.63 0.22
Integrated 4.7 0.24 0.034 0.48 0.25
NGC 6701 Nuclear  0.27 0.68 0.065 0.72 0.35
Integrated 5.2 0.62 0.054 0.67 0.35
NGC 7469 Nuclear  0.32 9.96 0.13 4.10 0.39
Integrated 6.1 3.53 0.048 0.55 0.30
NGC 7591 Nuclear  0.32 0.98 0.11 0.96 0.41
Integrated 5.1 0.85 e 0.85 0.59
NGC 7771 Nuclear  0.28 0.22 0.032 0.40 0.21
Integrated 8.0 0.42 e 0.55 0.43

Notes.— Column (2): PMAS type of 1D spectra. Column (3): langhysical size in kpc covered by the PMAS extraction apestdor the
nuclear and integrated spectra using the distances givSahgers et al. (2003) for thRASRBGS. Columns (4), (5), (6), and (7): Observed (not
corrected for extinction aridr stellar absorption) line ratios=or NGC 7469 the line ratios correspond to the narrow compisngf the hydrogen
recombination lines.

FoV of ~ 195" x 19.5”. Details on the observations and data rggarameters when fitting multiple emission lines ({IN6548,
duction procedures can be found in Alonso-Herrero et aD§20 Ha, [N 1]16584, and [$]16717,6731). Additionally for each
For this paper we make use of théAm continuum observa- of the two sets of lines we imposed that the lines had the same
tions and the continuum-subtracted?mages for comparison width. We did not attempt to correct the maps of thgdthission

with the PMAS data. The only additional step needed for tHime for the presence of #in absorption, which is observed in
NICMOS images was to rotate and trim them to match the oriost of the spectra of the sample of LIRGs (see also Sect. 3.2)

entation and FoV, respectively, of the PMAS images. The angu The spectral maps of the emission line fluxes, as well as the

lar resolution of the NICMOS data is approximatel3 ¥ and maps of the central wavelength (or velocity field), an¢br ve-

0'18".(FWHM) for the 16,m continuum and Raimages, re- locity dispersion) were only constructed for those spawéisse

spectively. integrated line flux was 8 above the local continuum, where

6 was the standard deviation of the fitted local continuum. We

; found that the emission lines of all galaxies were adeqyéitel

3. IFS Data Analysis ted with one component (Fig. 1), except for NGC 7469, a well-

3.1. Spectral maps known Seyfert 1 galaxy, for which we fitted the hydrogen re-
. o . combination lines using a broad and a narrow component. The

We .cpnstruct.ed spectral maps of the brightest emissiors |Ir‘|,ﬁaps of both components are shown in Fig. 2.

by fitting the lines to Gaussian functions and the adjacent co o - )

tinuum to straight lines, on a spaxel-by-spaxel basis. Teao The_ uncertainties of the measured velo.cmes and veIpcﬂy

we developed our own routines which make use of the IDIdispersions depend on the errors in measuring the centnoid a

based MPFITEXPR algoritHfrdeveloped by Markwardt (2008) W|dth_of the emission line, which in turn_depend on the signal

to measure in an automated fashion the central wavelerigth, t0-noise of the spaxel, and the systematic errors (e.gwétve-

width of the Gaussians{ = FWHM/2.35), and integrated flux length calibration, see Sect. 2.2). The typical errors irasoe-

for each emission line. Using this algorithm we were alse &bl ing the widths of the Gaussians when fitting the-+HN u] lines

fix the relative wavelengths and line ratios according torago Were 10%. The maps of the observed Melocity dispersion
(oobs) Were corrected for the instrumental resolution,{) us-

2 httpy/www.purl.comneympfit ing o? = o2, .— o2 .. For each observing campaign we measured
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Fig. 3. (a) Maps of the observeddelocity field (left panels) and the velocity dispersiomfri panels). The latter has been corrected

for the instrumental resolution. The zero points for theudlocity fields are set at the location of the peak of the 62GAtinuum
emission as marked with the crosses for each galaxy. Otienta north up, east to the left.

the instrumental resolution on a spaxel-by-spaxel bagiguke In addition to fitting the brightest emission lines for each

observations of the arc emission lines at a wavelength d¢tosegalaxy, we constructed a continuum image centered at

that of Hx. The median instrumental resolution across the deteg200 A by summing up the continuum spectra over a rectangular

tor near H is oins = 2.9+0.2 A for all three observing runs. The pand width of approximately 17 A. Fig. 1 shows the continuum

Ha velocity fields and the maps of thextvelocity dispersion are maps for our sample of LIRGs. The peak of the optical con-

shown in the left and right panels, respectively, of Fig. 3. tinuum emission is marked with a cross for each galaxy on the
PMAS maps in this figure as well as in Figs. 2 and 3.

Since the emission lines observed in IC 860 are faint, we As explained in Sect. 2.1.1, for NGC 7771 we took two
decided to fit the k+[N 1] and the [S1] lines (HB, [Om]A5007 separate pointings to cover the approximate centrdl>286”
and [O1]216300 were not detected) manually usemot within  region of the galaxy. The systematic error of telescofisets
RAF Without any constraints. The spectral maps for this galaxyith PMAS is given by the astrometric accuracy of the PMAS
are shown in Fig. 1f. As can be seen from this figure, theaHd Acquisition and Guiding (A&G) system, which has been deter-
[Su] lines are only detected in the nuclear regions, whereas tméned to be QL1966+ 0.0004’/pixel (Roth et al. 2005). As the
[N 1] 26584 emission line is more extended. A&G system is an integral part of the instrument, systematic
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Fig. 3. Continued.

offset errors are negligible. The statistical accuracy of tite-a shown on a square root scale to maximize the contrast between
guider is a fraction of a pixel, and the canonical value.l8’0 diffuse and bright regions.

r.m.s. (Roth, 2009, private communication). Thus, we ubed t

offsets commanded using the PMAS acquisition images to con-

struct mosaics of the emission line and continuum maps, ds we

as the Hr velocity fields and maps of the velocity dispersion. The observed H velocity fields for all the LIRGs in our

Fig. 1 shows for the 11 LIRGs in our sample the PMAS mapsmmple except for IC 860 are shown in Fig. 3. For NGC 7469
of the brightest optical emission lines, thiST/NICMOS con- we show the [Ni]16584 velocity field instead, as that ofoH
tinuum subtracted Raimages, together with images of the stelis afected by the uncertainties associated with fitting the broad
lar emission at~ 6200A (PMAS) and at 5um (NICMOS). and narrow components. The zero points of the velocity fields
Since the PMAS images do not have astrometry, the PMAS aag set at the peak of the 6200 A continuum emission. The only
NICMOS images were registered by using the peaks and shaprseption is NGC 7771 where the zero pointis placed at the po-
of the continua for reference. For the typical distancesof osition that makes the velocity field gradient symmetric, drnsl
galaxies the FoV of the PMAS observations cover the centgbproximately coincident with the peak of the near-infdazen-
4.3-5.3kpc, except for NGC 7771 for which the PMAS mosaicinuum. Table 3 gives the measured lgz for the nuclei of our
cover approximately the centralBkpcx 4.5 kpc. The maps are sample of LIRGs.
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Fig.3. (b) As Fig. 3a. The velocity field and the map of the velocitypdirsion for NGC 7469 are for the [j16584 emission line
instead of h.

3.2. Extraction of 1D spectra tra. In Table 2 we give for each galaxy the approximate phys-
ical size along the major axis of the galaxy of the outer con-
For each galaxy we extracted two 1D spectra: the nuclear Spg,,m isophote used for the integrated spectra. Note et t
trum and the integrated spectrum. The nuclear spectra-cort_@m integrated is used in the sense of integrated specéa ov
spond to the spaxel at the peak of the 6200 A continuum emigia PMAS FoV, and the integrated spectra do not encompass the
sion. The physical size covered by the nuclear spectrunvengi yhole galaxy (see e.g. figure.set.8 of Moustakas & Kennicutt
for each galaxy in Table 2, and it is typically the approxienatynog for a comparison with one of the galaxies in our sample,
central 300 pc. For reference the nuclear spectra o_f Kim.et Ricc 23). Typically our integrated spectra cover the cerfiral
(1995) an_d Veilleux et al. (1_995) were extracted with a lmeg, 8kpc along the major axis of the galaxy, depending on the
physical size of 2kpc (see discussion in Sect. 5). alaxy, but for most galaxies they include the centrab kpc
The integrated spectrum of each galaxy was extracted @se Table 2). The integrated spectra of those galaxies\ase
defining ~ 6200A continuum isophotes and then summingnder non-photometric conditions (Table 1) may Beated by
up all the spaxels contained within the chosen externalicontimperfect sky subtraction, but this does néfeat the measure-
uum isophote. The external isophotes (plotted for all gain  ments of the brightest emission lines. The full nuclear spere
Fig. 1) were selected to cover the PMAS FoV as much as p@srown in Fig. 4 for each LIRG in the sample. In the same figure
sible, without compromising the quality of the extracte@sp
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we present in the insets the blue part of the integrated mpedtIRGs the PMAS Hr images are also sensitive to more dif-
to emphasize the fierences between the underlying absorptidiuse low surface-brightness emission. This extended éwniss
features and the fHland [Om] 45007 emission lines in the nu-can be seen almost over the entire PMAS FoV (e.g., NGC 5936
clear and integrated spectra. Fig. 1g and NGC 6701 Fig. 1h), and beyond, as shown by other

The fluxes of the brightest emission lines of the nuclear amebrks for a few galaxies in common with our sample (Marquez,
integrated spectra were measured manually usohgt within - Masegosa, & Moles 1999; Dopita et al. 2002; Hattori et al.
IRAF and were compared with the automated flux measureme@4). It is only the two galaxies with the most compact naicle
used for constructing the spectral maps (see Sect. 3.1¢pexdar emission, IC 860 (Fig. 1f) and to a lesser degree UGC 1845
for NGC 7469. In the case of the manual measurements {¥g. 1c), that also show relatively compack ldmission.

did not impose any constraints on the line widths and ratios The fact that ik and Pa morphologies are in general similar
when measuring the [M16548, Hr and [Nu]16584, and the suggests that over the PMAS FoV and with the PMAS angular
[Su]216717,6731 lines. For the nuclear and integrated spectesolution the extinctionfBects on K are not severe, except in
of NGC 7469 we used the method and restrictions describedlire very nuclear regions. Indeed, Alonso-Herrero et al0620
Sect. 3.1. We find a good agreement between the manual émdthe galaxies in common with this work measured average
the automated measurements of the nuclear values. Thetargegtinctions to the gas oAy ~ 2 — 4mag over the Raemit-
differences (up te- 30%) are for the [@[21630QH« line ratio, ting regions (a few kpc). Similar values of the extinctionreve
whereas for the other line ratios thefdrences are always of lessfound by Veilleux et al. (1995) from the Balmer decremente Th
than 15%. As done for the spectral maps, we did not attemptRMAS H3 maps are similar to those ofaHalthough they are
correct for the presence offHn absorption. The observed (notmore dfected by extinction arnidr the presence of #in absorp-
corrected for extinction) line ratios for the nuclear anégrated tion, especially in the nuclear regions (e.g., UGC 1845 Edq.
spectra are given in Table 2. MCG+02-20-003 Fig. 1e, NGC 7591 Fig. 1j).

In general the overall morphology of the brightest forbidde
lines ([Nu]16584, [Su]116717,6731) shows a reasonable corre-
lation with that of Hr. On smaller scales, however, soméet-
The optical and near-infrared continuum images (Fig. 1¢aév ences are already apparent in Fig. 1. For instance, in NGC 23
the presence of bright nuclei, and a large number of star clBEig. 1a) all the optical emission lines except fow ldnd H3
ters in the nuclear regions as well as along the large scakd sppeak in the nucleus, whereas the brightest regions of hgarog
arms. The star clusters are only unveiled by the higher angulecombination line emission ¢H Pax), which trace the sites of
resolution of the NICMOS images, which is typically a fewsenon-going star formation, are in the circumnuclear ring af §br-
of parsecs for our sample of LIRGs. There is a good overall canation. There are also small scaléfeiences between theaH
respondence, on scales of a few hundred parsecs (the PMAS spal [Ni] 16584 emissions of the nuclei and therldegions For
tial resolution), between the optical and the near-infilastellar example, some of the extra-nucleankiegions of NGC 2388
continua as mapped out by the PMAS 6200 A and the NICMdSig. 1d) and MCG+02-20-003 (Fig. 1e) appear to have lower
1.6um emissions, respectively. This indicates that for the mfN n]16584Ha ratios than their nuclei. This is a well known
jority of these LIRGs the féects of extinction on the contin- behavior of galaxies (Veilleux & Osterbrock 1987; Kenntgcut
uum morphologies are not overly severe, except for the nuclkeel, & Blaha 1989; Sarzi et al. 2007). The small scaledi
of the galaxies (Alonso-Herrero et al. 2006). This is cigaden ences of the dierent emission lines in LIRGs are more apparent
in NGC 7771 where the peaks of the optical and near-infraré@m the spatially resolved properties of the optical liagas of
continua appear displaced by a few arcseconds (see Figs.thik sample of LIRGs and will be discussed in detail in a forth
and 3). This is probably due to the highly inclined naturehig t coming paper (Alonso-Herrero et al. 2009, in preparation).
galaxy, as well as the diversity of stellar populations aattpy Although the limited angular resolution of the PMAS contin-
extinction present in the ring of star formation (Daviesp#do- uum and gas maps does not allow us to resolve all the morpho-
Herrero & Ward 1997; Smith et al. 1999; Reunanen et al. 2000)gical details seen in the NICMOS images, the general behav
Another example with large fierences between the optical andor is the same. For the majority of the LIRGs in our sample the
near-infrared continuum emission is Arp 299, and we refer tipeaks of the stellar and thextyjas emissions are coincident and
reader to Alonso-Herrero et al. (2000a) and Garcia-Metri@. located in the nuclear region. The few cases of displacesnent
(2006) for a full discussion. tween the stellar and thed-peaks are found in those LIRGs with

The PMAS Hr and the NICMOS Pa emissions are well circumnuclear rings of star formation without Seyfertwaityi In
correlated, and both trace the nuclear emission as well M&C 23 (Fig. 1a) and NGC 7771 (Fig. 1k) the stellar emission
the emission from bright, high surface-brightness Hegions peaks in the nuclei, whereas the brighteatdhd Pa emission
(Fig. 1). The high angular resolution of the NICMOSePian-  are in luminous Hr regions in the rings. These displacements
ages resolves with exquisite detail the sites of the yoursjas are likely to be due to dierences in the stellar populations. That
forming regions in the central regions of LIRGs. These high, the youngest regions and thus brightesténitting regions
surface-brightness hiregions can be either located in the cenare in the rings, whereas the nuclei contain older stellgr po
tral 1 - 2 kpc or spread out throughout the disk of the galaxiedations. The latter is clearly demonstrated by the preseric
(see Alonso-Herrero et al. 2006 for more details). strong absorption features (Balmer line seriesKHCall lines)

Since the NICMOS Raand nearby continuum images werén the nuclear spectra of these two galaxies (Fig. 5). In dsec
taken with narrow-band filters, and a relatively small pisige, of NGC 7469, which also shows a bright circumnuclear ring of
they are not very sensitive to theflilise low surface-brightnessstar formation (see Genzel et al. 1995; Diaz-Santos eD8l7 2
emission. This may also be due to the fact that in LIRGs the ddnd references therein), the peaks of the stellar and gasiemi
fuse emission dters much less extinction than the brighttie- — are coincident with the nuclear AGN.
gions (see Rieke et al. 2009 and references therein). The?MA In contrast to the majority of the LIRGs in this volume-
Ha images show emission from thenHegions, at lower angu- limited sample, in the interacting LIRG Arp 299 the peakshaf t
lar resolution than the NICMOS images. Additionally, for sho observed warm ionized gas are displaced from the stelldespea

4. Morphology of the stellar and gas emissions
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Fig.3. (c) As Fig. 3a. In the case of NGC 7771 the asterisk marks tk#ipo that makes the velocity field gradient symmetric, and
it is approximately coincident with the peak of the nearanéd continuum and the maximum of the velocity dispersion.

typically by~ 1.4 kpc (see Garcia-Marin et al. 2006). In local inBPT diagrams the fraction of composite objects appears to
teracting ULIRGs the displacements between the continundn ebe smaller. However, Kdimann et al. (2003) did not pro-
gas emissions are common and even larger, typicathdXkpc vide an empirical separation between AGN and star-forming
and in some exceptional cases as large &kpc (Colina et al. galaxies in the diagrams involving the [Ja630QH« and the
2005; Garcia-Marin et al. 2009). Theffédrences in the stellar [Su]116717,6731Ha ratios, so we cannot assess whether galax-
and gas distributions in ULIRGs are understood in terms ef tles are composite or not using those two diagrams.

more extreme fects produced by the interaction processes on
the spatial distribution of the ionizing sources and thespnee
of large amounts of dust in the nuclear regions.

Using all three BPT diagrams and the V&O87 classical
boundaries (thin lines in Fig. 5) we find that only two nuclei
in our sample of LIRGs show pureiHlike excitation (that is,
classified as Ht using all three BPT diagrams), five have an in-
termediate LINEFRH i classification, two fall in the LINER re-
gions, and one nucleus is classified as a Seyfert galaxy {uppe
We used the standard optical diagnostic diagrams (BPT dr@nels of Fig. 5, see also Table 3). This large fraction of-com
grams, Baldwin, Phillips, & Terlevich 1981) to classify ga! Posite objects (i.e., star formation and AGN activity) is allw

ies into the Hi-like, LINER, and Seyfert spectral types. For th&nown property of samples of infrared-bright galaxies (eix
spectral classification of the nuclear and integrated iagtive et al. 1995; Kewley et al. 2001b; Chen et al. 2009), regasdiés
used two diferent sets of boundaries in the optical line ratio dwhat boundaries are used for classifying galaxies.

agrams. The first are the classical semi-empirical bouadarfi

5. Nuclear versus integrated spectral classification

: : We cannot provide a conclusive classification for IC 860 be-
Veilleux & Osterbrock (1987, V&O87 hereatter), which haliet cause the emission lines in the blue part of the spectrum are

added advantage of making the comparison with previouﬂsesmhot detected (note the stronggtabsorption, Fig. 4). The high

on these LIRGs easier. The V&O87 boundaries are shown{y 116584Hq and [Su]116717,6731He line ratios could indi-
Fig. 5. The s.econd set includes the latest empirical andéheo E:ate] a Seyfert or ng\IE]R classification, but the correctiaruio-
ical boundaries .der|ved by Kéimann et al_. (2(.)03) and Kewley erlying stellar K absorption would decrease significantly the
et al. (2001a, b; 2006), and are shown in Fig. 6. Kewley et bserved line ratios in this galaxy
(20014a, b) modeled AGN and starburst line ratios to provige t '
oretical boundaries in these diagnostic diagrams. Thenekfi A large fraction of the LIRGs in this sample show a strong
the so-called maximum starburst lines above which the Ere rcontribution from an evolved stellar population as indéchby
tios cannot be explained by pure star formation. f@ann et al. the presence of absorption features (Balmer line series H
(2003) and Kewley et al. (2006) derived empirical boundsairie Call lines) in the blue part of the spectra (Fig. 4). Althoumh
these diagrams to separate HLINERs and Seyfert galaxies us-detailed modeling of the stellar populations is beyond tiupse
ing large samples of galaxies drawn from the Sloan Sky Oligitef this paper, we can attempt to correct thaiffd5007Hg ratio
Survey (SSDS). We will refer to this second set of boundaesfor the presence of an evolved stellar population for thadaxg
theoreticglSSDS. ies located near the AGNII boundaries. These are NGC 23,
We did not attempt to correct the line ratios for extinctionJGC 1845, and NGC 7591 (Fig. 6). Our preliminary model-
The dfects of extinction on the spectral classifications should fireg indicates that a combination of intermediate-(% Gyr) and
moderately small because the lines involved in the linesatre young 10 Myr) stellar populations with a measured equiva-
in most cases close in wavelength. lent width of H3 in absorption of~ 4A would produce accept-
The first result worth noticing is that when using theable fits to their spectra. This is within the averagedtellar ab-
[Om]A5007HB vs. [Nu]16584Ha diagram and the theoreti- sorption corrections obtained by Moustakas & KennicutO@0
calSSDS boundaries (Fig. 6 and Table 3), a large fraction fifr a sample of nearby star-forming galaxies. The approtema
the LIRG nuclei are classified as composite, and thus they @&fects of correcting the observed [@15007Hg for underly-
likely to contain a metal-rich stellar population and an AGNhg stellar absorption are shown as arrows in the upper panel
(see Kewley et al. 2006). It is also possible that some ofethesf Fig. 6. The corrections for the other line ratios involyiHa
composite objects have an added contribution from shock exeuld be smaller. As can be seen from this figure, this correc-
cited emission (from supernovae) associated with an adgarg stion does not change fundamentally the result that theskeinuc
burst (see Alonso-Herrero et al. 2000b). If we use all threppear to be composite in nature.
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Table 3. Spectral classifications of the nuclear and integratedtspec

Galaxy Type Classical V&087 Boundaries Theorefi88DS Boundaries Adopted
[01] [NI] [Sl1] (o]l [N [Sl1]

1) 2 3 4 ®) (6) ) 8 ©)

NGC 23 Nuclear L L L HIIL  AGN/Composite  HIIL  Composite
Integrated HIl LHI Hil HIl Composite Hil HIl

MCG +12-02-001 Nuclear HIl HIl Hil HIl Composite Hil HIl
Integrated HIl HIl Hil Hil Composite Hil Hil

UGC 1845 Nuclear L L Il Sy/L AGN Sy/HIl  Composite
Integrated  YHII L Hil Sy/HIl  AGN/Composite HIl Composite

NGC 2388 Nuclear Hil YHII Hil HIl Composite Hil HIl
Integrated HIl LHI Hil HIl Composite Hil HIl

MCG +02-20-003  Nuclear  HIl  L/HII L/HI HIl Composite HIl HIl
Integrated HIl HIl LHI HIl Composite Hil HIl

IC 860 Nuclear S L/Sy? L/Sy? S AGN? L?

NGC 5939 Nuclear Hil YHII Hil HIl Composite HIl HIl
Integrated HIl LHII HIl HIl HIl HIl HIl

NGC 6701 Nuclear L L Il HIl /L Composite HIl Composite
Integrated  YHII L L /HI HIl Composite Hil HIl

NGC 7469 Nuclear Sy Sy Sy Sy AGN Sy Sy
Integrated  SgHII Sy Sy/HIl Sy/Hll Composite SyHIl  Composite

NGC 7591 Nuclear L L L L AGNComposite  HIIL  Composite
Integrated e L/HII L/HII e AGN/Composite  IHII  Composite

NGC 7771 Nuclear HIl HIl HIl HIl HIl HIl HIl
Integrated - -- L/HIl L/HII e Composite HIl Hil

Notes.— Column (2): PMAS type of 1D spectra. Columns (3), &M (5): Spectral classification based on thel]@5007Hg vs. [01]1630Q0Ha,

[N n]26584Ha, and the [S1]216717,673Ha diagrams, respectively and the classical boundaries of 8&@ the BPT diagrams. The clas-
sifications are, HHHII galaxy, L=LINER, and Sy=-Seyfert. Galaxies classified as Composite are likely to benabination of AGN activity
and star formation. The classifications take into accouatithr uncertainties reported by Kewley et al. (2001a) for the mmaxn starburst
lines. Columns (6), (7), and (8): As Columns (3), (4) and (8) bising the latest theoreti¢aSDS boundaries. Column (9): Adopted spectral
classification.

We have seven galaxies in common with the work of Veilleuibution of extra-nuclear high surface-brightness Iegions
et al. (1995). Our nuclear classifications are in good agee¢m(see Hr morphologies in Fig. 1) to their integrated emission.
with theirs. The only two exceptions are NGC 23 and NGC 670Eor the other galaxies there is no general trend, as the inte-
which we would classify as LINEfRIII with the V&O87 bound- grated line ratios depend on the relative contribution of td-
aries, or as composite using the theoret®88DS boundaries. As gions and diuse emission to the total line emission over the
explained in Sect. 3.2 we extracted our nuclear spectrathith PMAS FoV (Alonso-Herrero et al. 2009, in preparation). For
smallest possible physical sizes allowed by the PMAS sgaxéistance, the integrated line ratios of NGC 7771 show larger
(~ 300 pc, Table 2), whereas Veilleux et al. (1995) used linefi¥ n]16584Ha and [Su]116717,6731Ha line ratios than the
sizes of 2 kpc for extracting their nuclear spectra. As casdam nuclear ones, whereas the nuclear and integrated linesratio
from Fig. la and 1h, the Veilleux et al. (1995) aperturesidedd other galaxies (e.g., MC&2-20-003) remain approximately
a large number of H regions in the ring of star formation of constant or slightly more similar to those ofittegions.
NGC 23 and in the inner spiral structure of NGC 6701. This Finally, we show an example of the power of optical IFS
readily explains the H-like classification given by Veilleux et in identifying different excitation conditions. For NGC 7469 we
al. (1995). also extracted the spectrum of anihegion in the circumnu-
The BPT diagrams for the integrated emission over tidear ring of star formation, located at about @est from the
PMAS FoV are presented in the lower panels of Figs. 5 amdicleus (Fig. 4). Itis clear that the line ratios are typigiaH u-
6. The integrated line ratios of the four galaxies whose nlike excitation and are not contaminated by the nearby $eyfe
clei are classified as LINERs using the V&087 boundaries nowicleus (i.e., no broad components are present in the hgdrog
fall in the Hu region or in the intermediate LINER i region. recombination lines).
A similar situation is seen for NGC 7469 for which the inte- Summarizing, the comparison of the nuclear and integrated
grated line ratios move toward the composite area in all diaetivity classifications, together with the spatial distition of
grams. This is well understood in terms of the increased cdhe bright emission lines (in particulamiallowed us to isolate
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Table 4. Gas kinematic results. Santos et al. 2007 for NGC 7469). TherMelocity field of the
inner~ 10" of NGC 7771 has a major kinematic axis aligned

Galaxy CZnucHa AVia TnucHa with the approximate orientation of the circumnuclear rofg
(1) 2) €) (4) star formation (east-west direction), whereas the outkrcity
NGC 23 44959 -215,+236 139+ 17 field appears to have a major kinematic axis in better agraeme
Mgg Iéféoz'om gg’é g _%(7“13? ﬂz 1?’ with that of the large scale continuum emission. This kindesf
NGG 2388 4093 9 :157’:163 115+ 15 locity fields with symmetric plistortjons can be assoc_iate?tihw
MCG +02-20-003 495G 9 _141:+110 96+ 13 the presence of a warped disk. It is also wor;h mentioning tha
IC 860 4146+ 13 there is dynamical evidence that NGC 7771 is weakly interact
NGC 5936 398413  —66,+179 66+ 15 ing with NGC 7770 (Keel 1993) and is located in a group of
NGC 6701 3946- 13 -41,+102 92+ 16 galaxies.
Hgg ;gg? 44?;&99 __1117%12??15 1%2;113; Another example of a centraldHvelocity field that deviates

NGC 7771 43349  -181.+199  106: 14 from perfect rotation is that of NGC 6701. This galaxy shows a
complex overall morphology, with the presence of a largéesca

Notes.— Column (2)Czuere is the Hr velocity of the nucleus, defined Dar, an inner isophote twist produced by a spiral like inieg r

as the peak of the 6200 A continuum, except for NGC 7771 whése i (S€& Marquez et al. 1996, and the continuuBin image in
refered to the position that makes the velocity field gragsgmmetric Fig. 1h), a perturbed rotation curve, and a small companion
(see text and Fig. 3c). Column (v, is the Hr peak-to-peak velocity likely to be responsible for some of these properties (Mam
range over the PMAS FoV. Column (4ucHe IS the nuclear 1 ve- et al. 1996). As seen in other galaxies in our sample, the ma-
locity dispersion (corrected for instrumentaliezts). All measurements jor kinematic axis of the k velocity field appears to be better
are in km s, and are not corrected for inclination gadangular reso- aligned with the photometric axis of the galaxy A14, Vogt
lution effects. et al. 2004) rather than with the orientation of the nucléghh

*For IC 860cz,, is from [Nu]16584 and [S1]116717,6731. We note surface-bri P e P :
- -brightness emissiond®amission, which is seen in an
that NED quotes a value of 3347 kmtdrom 21 cm Hi measurements, almost north-south orientation.

whereas our value of the velocity is confirmed by measuresngfrthe
mid-infrared emission lines witlpitzer/IRS (Pereira-Santaella et al. Arp 299 the most luminous galaxy in our sample and a
2009, in preparation). strongly interacting system shows very complicated véjoci
“For NGC 7469 the measurements are fromi[A6584. fields (both of neutral and ionized gas, see Garcia-Marad.e
2006), not only at the interface between the two galaxies, bu
) R ) ) also in the nuclear regions of the two members of the system.
and quantify the dferent ionization sources (nuclei, and circuMyoreover, the velocity fields of the ionized gas in Arp 299 do
nuclear Hl_reg|or!s and dfuse emission) contributing to the ob-q¢ appear to be dominated by ordered virialized motiore-pr
served emission in galaxies (see also Alonso-Herrero 08B, apy as a result of the interaction between the two galaaess

in preparation). the case of most ULIRGs.
As can be seen from Fig. 3 for most LIRGs in our sample the
6. lonized Gas Kinematics peak of the K velocity dispersion coincides with the peak of the

optical and near-infrared continuum emission (i.e., theleus),
The velocity fields of the emission lines over the centralkpe  and thus the velocity dispersion is likely to be tracing masee
(typically 5kpc) are mostly consistent with rotation (seg.B) nuclear Hr velocity dispersions are between 66 and 144 ks
for all the galaxies in the sample. We note that even on the-phyTable 4). The largest velocity dispersions of the ionizas gre

ical scales probed by PMAS-(300 pc), some velocity fields associated with three of the nuclei classified as LINERs had t
appear to show some peculiarities. However, itis clearttieste  Seyfert galaxy NGC 7469.

velocity fields are more similar to those of disk galaxied¢éa-
Barroso et al. 2006: Daigle et al. 2006) than to those of local
ULIRGs (Colina et al. 2005: Monreal-lbero et al. 2006). Th
large scale continuum major photometric axis and thenthjor

kinematic axis are broadly in agreement with each othem(s

In the case of galaxies with circumnuclear rings of star for-
ation, we find that the gas velocity dispersions in the riangs
ess than in the nuclear regions. This is consistent witHittte
é’Qgs of Falcon-Barroso et al. (2006) for the same type ofugal

in projection) in the majority of our LIRGs. The ionized gaéeS and was interpreted as an indication for the presencegs |
peak-to-peak velocities of LIRGs (over the centrab kpc) are  2mounts of cold gas from which stars have recently formed.

typically between 200 and 400 kimrs(see Table 4), whereas in ~ There are only a few measurements of the stellar velocity
ULIRGs with tidally induced flows the gas peak-to-peak velocdispersion of LIRGs. From near-infrared CO absorptionfiestt
ties can be as high as 600 kit $Colina et al. 2005). the stellar velocity dispersions are between 60 and 160kms
Three galaxies in our sample show circumnuclear rings (Bhier, Rieke, & Rieke 1996; Hinz & Rieke 2006), similar teth
star formation. The centralddvelocity field of NGC 23 is con- range of Hr velocity dispersions measured for our LIRGs. The
sistent with rotation, with the major kinematic axis aligneith only LIRG in our sample with a stellar velocity dispersionane
the major axis of the galaxy rather than with the orientatbn surement is NGC 7469, for which Onken et al. (2004) obtained
the ring of star formation as seen imHFig. 1a). A similar situ- o, = 142+ 16 kms? from the calcium triplet, in good agree-
ation is observed for NGC 7469, where thei[]N6584 velocity ment with our measurement from the ionized gas. The velocity
field has a major axis similar to that of the continuum, altfloit ~ dispersions of LIRGs are in general similar to or slightlgde
is asymmetric towards the north-west direction. This asytnn than the typical nuclear gas and stellar velocity dispesiof
was already reported in the rotation curve along the majmr aXxJLIRGs (Colina et al. 2005; Dasyra et al. 2006). This suggest
of the galaxy by Marquez & Moles (1994). In both galaxiess it that at least some LIRGs have comparable dynamical masses to
likely that most of the mass in the central region is in rekdti  those of ULIRGs, although a detailed modeling is needed-to as
evolved stars rather than in young ionizing stars (see alaa-D sess this issue.
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7. Discussion and Summary The Hx velocity fields over the central few kpc covered

the PMAS observations are generally consistent, at teast

b

This is the first paper in a series presenting PMAS optical ”'_fgst order, with rotational motions. The observed Melocity
observations of the northernlhemisphere portion of thendelu amplitudes (peak-to-peak) are between 200 and00 km st
limited (v = 2750~ 5200 km s°) sample of local LIRGs defined ajthough the velocity fields of some LIRGs show some peculiar
by Alonso-Herrero et al. (2006). This sample is in turn pdrt Qties, they are not as perturbed as those of most local, gl am
the larger IFS survey of nearby & 0.26) LIRGs and ULIRGS teracting ULIRGs. In that respect, the velocity fields of ¢ieis-
assembled by Arribas et al. (2008). In this paper we predentgon |ines of our sample resemble those of disk galaxies¢Ral
the observations and data reduction of the PMAS obsen&tioarroso et al. 2006: Daigle et al. 2006). In most LIRGs in our
The PMAS observations cover the central’ 2616” (typically sample the peak of thed-velocity dispersion coincides with the
the central 5 kpc) with spaxels of lin size, and a spectral rangeéneak of the optical and near-infrared continuum emissia, (i
~ 3800~ 7200 A. The PMAS IFS data were complemented witthe nucleus). Thus, the velocity dispersion is likely to taging
our own existing near-infrarellST/NICMOS observations of mass and provides further support for rotation. The nudtear
the 16 um continuum and the Reemission line. The main goal velocity dispersions are in the rang@uch. = 66 — 144kms?
of this paper is to present an atlas of the observations aad #hd are similar to the stellar values measured from neeaied
general IFS results of the sample of LIRGs and compare therm absorption features measured for other LIRGs. The LIRG
with local ULIRGs. nuclei with the largest H velocity dispersions are those classi-

On the physical scales probed by the PMAS IFS300 pc) fied as LINERs and the Seyfert 1 nucleus of NGC 7469.
the optical and near-infrared stellar morphologies ardairfor . . o
most galaxies, indicating that extinction is not playing ajon Throughout this paper we discussed the ionized gas and stel-

role for this sample of LIRGs, except in the innermost region'ar dis_,tri_butions, excitation conditions and kinemati¢saovol-
Similarly, there are no major morphologicafidirences between UMe limited sample of LIRGs. We also showed that the proper-
Par and Hr. The HST/NICMOS Par and PMAS Hy observa- ties of this §ar_np|e of LIRGs, and in par‘qcular, their kindits
tions are complementary, with the former revealing in grat /€ more similar to those of disk galaxies, rather than tegho
tail (physical scales of a few tens of parsecs) the morplieso of local, strongly interacting ULIRGs. Our LIRGs are parteof

of the high surface-brightnessiHegions, and the latter beingflu and volume limited sample drawn from tHRASRBGS of
sensitive not only to ht regions but also to éiuse emission with Sanders et al. (2003). As a consequence, our sample is predom
lower surface brightness. inantly composed of low-luminosity LIRGs with an average IR

Iéjminosity of logLr/Ls) ~ 1132 for the full sample (north-
ern and southern hemispheres, see Alonso-Herrero et &@).200
Sanders & Ishida (2004) demonstrated thatlgg(Lo) ~ 11.50
marks the transition between samples being dominated lry dis
laxies and merger dominated samples. In the Sandersdalshi
004) sample of LIRGs, most objects at lbg(/L,) < 1140
are spiral galaxies with no signatures of a major interactiod
pairs of galaxies, whereas at lag{/L,) > 11.70 most objects
gure strongly interacting equal mass galaxies with oveitapp
Plisks. The similarities of our sample with normal disk galax
les are then well understood because our sample is mostly com
posed of disk galaxies and galaxy pairs not undergoing agtro
interaction (Sect. 2.1).

In the majority of the LIRGs in our sample the peaks of th
continuum and gas (e.g.,ak1 [N 1]16584) emissions coincide.
This contrasts with local interacting ULIRGs, where therexte
effects of the interaction processes on the ionizing mechanis
and the distribution of dust can cause displacements batw
the peaks of continuum and gas emission of typically£kpc
(Colina et al. 2005: Garcia-Marin et al. 2009). The onlgeagp¢
tions in the LIRG sample are galaxies with circumnucleagsin
of star formation (NGC 23 and NGC 7771) and the strongly i
teracting galaxy Arp 299. In the case of the galaxies with ci
cumnuclear rings of star formation, the most luminowuséthit-
ting regions are found in the rings rather than in the nudléie
galaxies, and the displacements are well understood irstefm
differences in the stellar populations. In Arp 299 the displace- At intermediate redshiftsz(~ 1) LIRGs are the main con-
ments are due to the high extinctionsfeved by the nuclear tributors to the star formation rate density (Elbaz et aD20
regions (see Alonso-Herrero et al. 2000a and GarciasMdml. e Floc'h et al. 2005; Pérez-Gonzalez et al. 2005; Capudi.e
2006). 2007). Moreover, these~ 1 LIRGs are mostly classified as spi-

Using standard BPT diagrams we compared the excitaticad galaxies (Bell et al. 2005: Melbourne et al. 2005, 2008hw
conditions of the nuclear and integrated (over the PMAS FoW)e star formation smoothly distributed in the disks of théag-
1D spectra of the LIRGs in our sample. Only two nuclei showes as seen for our sample of LIRGs. There is also a strong-evol
pure Hu-like excitation using the classical V&0O87 boundariegjon in galaxy kinematics at < 1, but still about half of the line
and one has a Seyfert nucleus. The rest are classified as LINERitting population at these redshifts, which are mostRRGE,
or intermediate LINERH 11, using the V&O87 boundaries, orhave rotating disks (Puech et al. 2008; Yan et al. 2008). &Vhil
alternatively as composite objects using the theorg8&IDS local and distant LIRGs may have self regulated star foromati
boundaries. We also found that a large fraction of the nucles in disk galaxies (see Bell et al. 2005), it is clear thait thtar
show evidence for a strong contribution from an evolved- stédbrmation rates are at least a factor of ten or more higher itha
lar population (absorption features). There is no geneeadt spirals. Locally the central regions of LIRGs are found totain
for the excitation conditions of the integrated emissionewh a large population of giant HIl regions not observed in ndrma
compared with the nuclear excitation, as the former depersfsral galaxies (see Alonso-Herrero et al. 2006). Thisetogr
on the relative contributions of H regions and the fluse with a higher star formationfeciency of the dense gas in local
emission to the line emission over the PMAS FoV (Alonsd:IRGs (Gracia- Carpio et al. 2008) may explain the high &iar
Herrero et al. 2009, in preparation). That is, galaxies dateid mation rates of LIRGs when compared to normal disk galaxies.
by high surface-brightness Hregions show integrated id  Studying the spatially resolved properties of flux-limiteam-
like excitation, whereas galaxies with moréfdse low surface- plete samples of local LIRGs may help us understand if the sim
brightness emission tend to show slightly largen]N6584Ha ilarities withz < 1 LIRGs stem from the same physical processes
and [Su]116717,673H« line ratios. and comparable evolutionary states.
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Summarizing, we demonstrated the ability of optical IFS tBeckman, T. M., Armus, L., & Miley, G. K. 1987, AJ, 92, 276
spatially resolve the dlierent ionization sources contributing toHeckman, T. M., Lehnert, M. D., Strickland, D. K., Armus, 10GD, ApJS, 129,

the observed emission of LIRGs, as well as to study their—kinﬁin

matic properties. Full detailed studies of the extinctierci-
tation conditions, stellar populations, and kinematic&IBRGs
and ULIRGs will be presented in forthcoming papers.
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Fig. 4. PMAS spectra (plotted in arbitrary units) of the nuclei of tpalaxies in the sample. Additionally, for each LIRG theeins
shows the blue part of the integrated spectrum so that theratien features as well as thegtdnd the [Qu] 215007 emission lines

can be clearly seen. In the case of NGC 7469 we also show iowe rFight panel the full spectrum of aniHegion located in the

circunmnuclear ring of star formation.
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Fig. 4. Continued.
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Fig.5. BPT diagrams for the PMAS nuclear (upper panels) and thgrated (lower panels) emission of the LIRGs in our sample.
The thin lines are the classical boundaries of Veilleux &egdistock (1987) for the H region, LINER, and Seyfert excitation.
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Fig.6. Same as Fig. 5 but showing the so-called “maximum starbuestl (thick solid lines), defined by Kewley et al. (2001ajrfr
theoretical modeling as the lines above which line ratiomoabe explained by star formation alone. We also show thararal
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Fig. 1. (a) NGC 23. The middle and bottom panels are the PMAS obsdnatdcorrected for extinction) maps of the brightest
emission lines: |4, [Om]A5007, [O]16300, Hy, [N u]16584, and the sum of the [$116717, 6731 lines. The #imap has not
been corrected for stellar absorption. The upper left pentde map of thedST/NICMOS Pa emission line. The maps of the
PMAS 6200A and thé4ST/NICMOS 1.6 um continuum emission are the upper right and the upper mipihels, respectively,
both representing the stellar emission. The cross on the PMAps shows the location of the PMAS 6200 A continuum peak. Du
to the lack of absolute astrometry of the PMAS observatittieisPMAS continuum peak is not shown on the NICMOS images. The
horizontal bar in the Rapanel represents the 2kpc linear scale used by Kim et al5)1&@%d Veilleux et al. (1995) for extracting
their nuclear spectra. The contour shown on the PMAS coatmmnap corresponds to the external isophote used for exigabie
integrated 1D spectra (see Sect. 3.2). The orientatioredftlages is north up, east to the left. All the images are showarsquare
root scale.
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Fig. 1. (b) As Fig. 1a but for MCG+12-02-001.
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Fig. 1. (c) As Fig. 1a but for UGC 1845.
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Fig. 1. (d) As Fig. 1a but for NGC 2388.
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Fig. 1. (e) As Fig. 1a but for MCG-02-20-003.
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Fig. 1. (f) As Fig. 1a but for IC 860. The B [Om]45007 and [Q]16300 emission lines are not detected in this galaxy.
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Fig. 1. (g) As Fig. 1a but for NGC 5936.
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Fig. 1. (h) As Fig. 1a but for NGC 6701.
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Fig. 1. (i) As Fig. 1a but for NGC 7469; there is dST/NICMOS NIC2 P& image available for this galaxy. The PMA3Hnd
Ha maps shown in this figure were constructed by fitting one carapbto the lines (see text and also Fig. 2).
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Fig. 1. (j) As Fig. 1a but for NGC 7591.
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Fig. 1. (k) As Fig. 1a but for NGC 7771. The PMAS mosaics were constdiwith the east and west pointings done for this galaxy
and they cover approximately the central’2816"” region.
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