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Integral field spectroscopy of a sample of nearby galaxies:
ll. Properties of the H 1 regions
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ABSTRACT

In this work we analyze the spectroscopic properties of gelamumber of Hi regions,~2600, located in 38 galaxies. The sample
of galaxies has been assembled from the face-on spiral®iPItNGS survey and a sample described in Marmol-Queralt®1(20
henceforth Paper 1). All the galaxies were observed usitgghal Field Spectroscopy with a similar setup, coveringrtiptical
extension up to-2.4 dfective radii within a wavelength range fron8700 to~6900A.

We develop a new automatic procedure to deteatrelgions, based on the contrast of the ktensity maps extracted from the
datacubes. Once detected, the procedure provides us witintdgrated spectra of each individual segmented regiototal, we
derive good quality spectroscopic information 62600 independent H regiongcomplexes. This is by far the largest nearby 2-
dimensional spectroscopic survey presented on this kinelgddns up-to-date. Even more, our selection criteria atdsgt guarantee
that we cover the regions in an unbiased way, regarding tiasgampling.

A well-tested automatic decoupling procedure has beereapfa remove the underlying stellar population, deriving nain proper-
ties (intensity, dispersion and velocity) of the strongastssion lines in the considered wavelength range (cogdrim [Ou] 13727

to [Su] 16731). A final catalogue of the spectroscopic propertieheée regions has been created for each galaxy. Additional in
formation regarding the morphology, spiral structure, ijasmatics, and surface brightness of the underlyingastetbpulation has
been included in each catalogue.

In the current study we focused on the understanding of teeage properties of the idregions and their radial distributions. We
found that, statistically, there is a significant changehefibnization conditions across the optical extent of tHaxges. The fraction

of Hu regions located in the intermediate ionization range ineasital BPT diagram is larger for the central regiang (0.25r),
than in the outer ones. This is somehow expected, if therodfjthis shift is due to the contamination of non-starforgiianization
sources (e.g., AGN, Shocks, post-AGB stars, etc.), thatraoore frequently in the center of the galaxies.

We find that the gas-phase oxygen abundance and éhegdivalent width present negative and positive gradiespectively. The
distribution of slopes is statistically compatible withandom Gaussian distribution around the mean value, if tialrdistances
are measured in units of the respectivieetive radius. No dference in the slope is found for galaxies offelient morphologies:
barrednon-barred, grand-desififocculent. Therefore, theffiective radius is a universal scale length for gradients éretfolution of
galaxies.

Other properties have a larger variance across each objetigalaxy by galaxy (like the electron density), withoulesac charac-
teristic value, or they are well described by the averageevalther galaxy by galaxy or among thdfeient galaxies (like the dust
attenuation).

Key words. techniques: spectroscopic — galaxies: abundances —ftarstion — galaxies: ISM — galaxies: stellar content

1. Introduction

* Based on observations collected at the Centro Astronsmid¥gbular emission lines from bright-individualitfegions have
Hispano Aleman (CAHA) at Calar Alto, operated jointly by thtax-  been, historically, the main tool at our disposal for theedlir
Planck Institut fur Astronomie and the Instituto de Astsifa de Mmeasurement of the gas-phase abundance at discrete ppatial
Andalucia (CSIC). sitions in galaxies. A good observational understandinthef
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Fig. 1. Flow chart of HIExpLoRER, the algorithm developed to select, segregate, and extimspectra of the individual tregions for the analyzed
galaxies.

distribution of element abundances across the surfaceasbye Hitherto, most studies devoted to the chemical abundance of
galaxies is necessary to place constrains on theories aftial extragalactic nebulae have only been able to measure the firs
chemical evolution. The same information is crucial todedc- two moments of the abundance distribution: the mean metal
curate star formation histories of and obtain informatiortlee abundances of discs and their radial gradients. Indeedt mos
stellar nucleosynthesis in normal spiral galaxies. of the observations targeting nebular emission have beele ma
Several factors dictate the chemical evolution in a galsxy, with single-aperture or long-slit spectrographs, resgltin a
cluding the primordial composition, the content and digttion small number of galaxies studied in detail, a small number
of molecular and neutral gas, the star formation historyHlSF of Hu regions studied per galaxy, and a limited coverage of
feedback, the transport and mixing of gas, the initial mass{ these regions within the galaxy surface. The advent of Multi
tion (IMF), etc (e.g. LOpez-Sanchez 2010; Lopez-Sanchez @bject Spectrometers and Integral Field Spectroscopy) (S
Esteban 2010, and references therein). All these ingrediem-  struments with large fields of view noviters us the opportunity
tribute through a complex process to the evolutionary hissmf to undertake a new generation of emission-line surveysdas
the stars and the galaxies in general. Accurate measurgmienon samples of scores to hundreds ofi Fegions and full two-
the present chemical abundance constrain tfieréint possible dimensional (2D) coverage of the discs of nearby spirabgeda
evolutionary scenarios, and thus the importance of detengi
the elemental composition in a global approach, amofigreint In the last few years we started a major observational pro-
galaxy types. gram to understand the statistical properties of tdgions, and
Previous spectroscopic studies have unveiled some aspéatsnveil the nature of the reported physical relation)gi$FS.
of the complex processes at play between the chemical ab@ihis program was initiated with the PINGS survey (Rosales-
dances of galaxies and their physical properties. Althahghe Ortega et al. 2010), which acquired IFS mosaic data of a numbe
studies have been successful in determining importartioela of medium size nearby galaxies. In Sanchez et al. (2011) and
ships, scaling laws and systematic patterns (e.g. luntyrosiRosales-Ortega et al. (2011), we studied in detail the ahgas
metallicity, mass-metallicity, and surface brightnesswetallic- and Hu regions of the largest galaxy in the sample (NGC 628).
ity relations Lequeux et al. 1979; Skillman 1989; Vila-Gs& We then continued the acquisition of IFS data for a largerpdam
Edmunds 1992; Zaritsky et al. 1994; Tremonti et al. 200k of visually classified face-on spiral galaxies (Marmol-Cal&
tive yield vs. luminosity and circular velocity relationsafhett et al. 2011, hereafter Paperl), as part of the feasibiliiglists
2002; abundance gradients and tffeetive radius of disks Diaz for the CALIFA survey (Sanchez et al. 2012). The spatially re
1989; systematic ffierences in the gas-phase abundance gsmlved properties of a typical galaxy in this sample, UGCR83
dients between normal and barred spirals Zaritsky et al4;19%vas presented by Viironen et al. (2012). Face-on galaxies ar
Martin & Roy 1994; characteristic vs. integrated abundanceore suitable to study the spatial distribution of the prtpse
Moustakas & Kennicutt 2006; etc.), they have been limited yf H n regions: (i) they are identified and segregated more easily;
statistics, either in the number of observed kgions or in the (ii) their spatial distribution is less prompt to the errarduced
coverage of these regions within the galaxy surface. by inclination dfects; (iii) they are lessfected by dust extinc-



Table 1. Main properties of the analyzed galaxies
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Name RA Dec Class z B: B-V My Vit Incl PA re Type Arms
1) (2) 3 4 (5) ® @ ® (9 (10 @11) (@12 @13 (14
2MASXJ131953 13:19:35.9 +53:30:09.8 Sh 0.0248 16.14 0.72 -20.1 51 28.0 55 9.7 L NC
CGCG071-096 13:00:33.2 +10:07:47.8 Sb(r) 0.0239 15.04 0.79 -21.3 125 45.0 220 10.7/L | NC
CGCG 148-006 07:44:57.4 +28:55:39.0 Sc 0.0234 1555 0.75 -20.7 180 405 250 10.3 L NC
CGCG 293-023 02:30:21.5 +56:47:29.5 SBb 0.0156 15.63 0.99 -19.8 325 19.6 100 6.9 L NC
CGCG430-046 23:00:46.2 +13:37:07.9 Sc 0.0243 1521 0.86 -21.5 168 42.1 160 11.0 L NC
IC 2204 07:41:18.1 +34:13:55.9 Sab 0.0155 16.03 0.93 -194 49 241 58 15.5/E | AGN
MRK 1477 13:16:14.7 +41:29:40.1 SBa(r) 0.0207 15.32 0.47 -205 144 59.0 100 7.9 L CN
NGC99 00:23:59.5 +15:46:13.7 Sc 0.0177 14.12 0.62 -21.4 79 337 40 19.9 L NC
NGC 3820 11:42:04.9 +10:23:03.3 Shc 0.0203 15.42 0.95 -20.8 95 416 205 8.5 L NC
NGC 4109 12:06:51.1 +42:59:44.3 Sa 0.0235 15.05 0.98 -21.3 132 44.0 220 7.5 E NC
NGC 7570 23:16:44.7 +13:28:58.8 Sa 0.0157 13.96 0.81 -21.6 81 657 130 21.6/E | NC
UGC74 00:08:44.7 +04:36:45.1 Sc 0.0131 13.84 0.85 -21.1 135 38.3 130 24.6 L (s)
UGC 233 00:24:42.7 +14:49:28.8 SBhcD 0.0176 14.64 0.62 -20.7 161 41 150 6.9 L NC
UGC 463 00:43:32.4 +14:20:33.2 SABc 0.0148 1355 0.85 -22.0 134 40.0 40 20.6 L (s)
UGC 1081 01:30:46.6 +21:26:25.5 Sc 0.0104 13.87 0.83 -20.6 82 220 130 31.2 L (s)
UGC 1087 01:31:26.6 +14:16:39.0 Sc 0.0149 14.86 0.69 -20.2 74 21.6 60 19.1 L (s)
UGC 1529 02:02:31.0 +11:05:35.1 Sc 0.0155 1436 1.01 -21.5 166 454 132 17.8 L (s)
UGC 1635 02:08:27.7 +06:23:41.7 Shc 0.0115 14.66 0.96 -20.2 71 326 220 24.0 L NC
UGC 1862 02:24:24.8 -02:09:445 SABc 0.0046 13.87 0.83 918.68 49.4 25 67.5 L (s)
UGC 3091 04:33:56.1 +01:06:49.5 SABc 0.0184 1524 0.88 -20.7 236 39.1 100 5.2 L (s)
UGC 3140 04:42:54.9 +00:37:06.9 Sc 0.0154 13.33 0.97 -22.2 68 31.2 40 16.7 L AC09
UGC 3701 07:11:42.7 +72:10:09.5 Sc 0.0097 15.04 0.87 -194 76 0.0 85 22.6 L (s)
UGC 4036 07:51:54.7 +73:00:56.5 SABb 0.0116 13.00 0.98 -21.8 73 246 125 30.6 L 2AC1
UGC4107 07:57:01.9 +49:34:02.5 Sc 0.0117 13.88 1.06 -21.1 84 197 40 19.2 L (s)
UGC 5100 09:34:38.6 +05:50:29.9 SBb 0.0184 14.88 1.02 -214 326 69.8 100 11.2/L 1 (s)
UGC 6410 11:24:.05.9 +45:48:39.9 SABc 0.0187 14.66 0.78 -21.1 185 44.2 100 16.5 L NC
uGC 9837 15:23:51.7 +58:03:10.6 SABc 0.0089 13.80 0.57 -20.1 90 23.2 145 30.8 L (s)
UGC 9965 15:40:06.7 +20:40:50.2 Sc 0.0151 14.40 0.72 -20.8 137 224 73 17.8 L (s)
UGC 11318 18:39:12.2 +55:38:30.5 Shc 0.0196 1356 0.72 -22.2 77 21.0 72 28.7/L 1 (s)
UGC 12250 22:55:35.9 +12:47:25.1 SBb 0.0242 14.37 1.04 -224 435 55.8 73 26.2/L | NC
UGC 12391 23:08:57.2 +12:02:52.9 SABc 0.0163 13.75 0.77 -21.8 112 27.2 40 24.9 L AC2
PINGS galaxies
NGC 628 01:36:41.7 +15:47:01.0 Sc 0.00219 970 056 -21.3 101 349 100 1222 L AC9
NGC 1058 02:43:30.0 +37:20:29.0 Sc 0.00173 1196 0.62 -19.3 115 19.6 100 45.0 L AC3
NGC 1637 04:41:28.2 -02:51:29.0 Sc 0.00239 1156 0.64 -19124 31.1 131 48.7 L AC5
NGC 3184 10:18:16.8 +41:25:27.0 SABc 0.00194 1041 0.58 -20.6 108 24.2 117 109.3 AC9
NGC 3310 10:38:45.8 +53:30:12.0 SABb 0.00331 11.28 0.35 -20.5 158 312 237 37.9 LC1A
NGC 4625 12:41:52.7 +41:16:26.0 SABm 0.00203 13.03 0.57 -184 105 46.1 73 255 L 4AC
NGC5474 14:05:01.6 +53:39:44.0 Sc 0.00098 11.48 0.49 -185 40 50.2 100 58.5 L AC2

Notes:(1): Galaxy name from NED, the NASAPAC Extragalactic Databasht(tp://nedwww.ipac.caltech.edu/). (2)-(3): Right ascension
and declination coordinates in J2000 Equinox, expressadita of RA (hh mm ss) and Dec (dd mm ss). (4): Morphologycpésyobtained from
NED and Hyperleda (Paturel et al. 2003ttp://leda.univ-1lyonl. fr) following the Third Reference Catalogue of Bright Galax{®C3)
classification (Corwin et al. 1994http://vizier.u-strasbg. fr/viz-bin/VizieR?-source=VII/155). (5): Redshift values from NED.
(6): B-band magnitude calculated from Hyperleda. (7): (Bevlors obtained from Hyperleda expressed in magnitu@$y: V-band absolute
magnitude derived from the B-band absolute magnitude extrated from Hyperleda, and the (B-V) color described before. (9): Rotation
velocity in units of km st from NED. (10): Absolute value of the inclination angle derived from Hperleda. (11): Position angle values from
our own analysis as described in the text, units are deg(&2k. Effective radius from this work, units are arcsecs. (13): Ddkssification
(L: Late, E: early, I: intermediate) according to the Laarilen et al. (2010) criteria. (14): Spiral arm classificatiollowing the classes proposed
by Elmegreen & Elmegreen (1987), when not avalaible we us®®3 classification.

tion along the line of sight within the galaxy and (iv) it is neo associate the detectedutlegions to diferent spiral arms aralr

easy to identify their association with a particular spaah.

to the intra-arm region. The main spectroscopic propeofidise

In this article we focus on the study of the properties of theatalogued Hi regions and the morphological structure of each
Hu regions for the face-on spiral galaxies observed so far. §@laxy are described in Sect. 6.1.1 and 6.1.2. The maintsesiul
Sect. 2 we summarize the main properties of the analyzed-galfur analysis are included in Sect. 7, where we describe &e st
ies. In Sect. 3 we present the automatic algorithm developedistical properties of the H regions (Sect. 7.1), and their radial
detect, segregate and extract the integrated spectra dafifthe gradients (Sect. 7.2). The conclusions of this study aresorted
ferent Hu regions within a datacube; a comparison between thieSect. 8. In the appendix, the publicly accessible catasg
results derived with this method and those provided witlepthof the properties derived for the analyzed HIl regions are de
published ones is shown in Sect. 4. In Sect. 5 we describe Siibed in Sect. A, and an empirical correction to decormatei
analytical method to define the presence and location oélspithe [N I[] emission on narrow-banddimages is proposed in
arms within a galaxy. The method has been tested and useést. B.
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Fig. 2. IFS-based it maps derived for three representative galaxies of the safoplor images), together with the detected tégions shown as
black segmented contours. The regions plotted in grey e lba®e removed from the final catalogue after a sanity-cheekaliow SN, quality
problems in the extracted spectra, amdfected by vignetting féects.

2. Sample of galaxies scribed in Paper | and Rosales-Ortega et al. (2010). Thedifain

. . . ference is that for the first sample a single pointing stratesing
Table 1 lists the sample of galaxies analyzed in the curtadys 4 githering scheme was applied, while for the largest gataaf
including for each object, its name, central coordinatesr-m e p|NGS survey, a mosaic comprisingfeiient pointings was
phological classification, redshift, and some additiomdbi-  eqyired. This is due to thefiiérences in projected size, consid-
mation that we will describe later. The sample of galaxies h@ying the diferent redshift range of both samples: for the first
been selected from two available datasets: (1) the IFS paive one corresponds te0.01-0.025, while for the second one cor-
nearby galaxies described in Paper |, which comprs#s of e5p0nds t0-0.001-0.003. Therefore, in both cases the covered
the galaxies analyzed here, and (2) galaxies selecte.d fem fie|4-of-view (FoV) corresponds to a similar optical size, ef-
PINGS survey (Rosales-Ortega et al. 2010), accountind®r ke qie radii, in general (theffective radius is classically defined
remaining~15% of the galaxies. In both cases we selected g 1he radius at which one half of the total light of the sysiem
sually classified face-on galaxies, with a relatively utpdred emitted).
spiral structure.

The sample is dominated by late-type spirals (31 out of The observational setups allow us to cover the optical wave-
38), according to the classification criteria by Laurikaire al. length range, sampling many of the most important emission
(2010), shown in Table 1. Therefore, we lack the statistées fines for Hu regions, from [Qi] 13727 to [Su] 16731. Details on
quired to analyze possibleffBrences in the properties ofiHe-  the observing strategy, setups, reduction and main chaisct
gions between latearly-type spirals. About 40% of the galaxiesics of the dataset are described in Paper | and Rosaleg&ete
show evidence of a bar (based on its visual classificatitedi® | (2010). The final dataset comprises 38 individual ddiasy
Table 1), although only in a few of them this feature cleadyd  one per galaxy, with a final spatial sampling ¢fgixel for most
inates the morphology of the galaxy (e.g. UGC 5100). Regardiof the galaxieShe datacubes were created using the inter-
the structure of their spiral arms, the sample includes achix polation scheme described in Sanchez et al. (2012), devel-
grand-design spirals (e.g. NGC 628), or clearly flocculer@ oped for the CALIFA survey. Despite of the original fiber
(e.g., UGC9837 Viironen et al. 2012). Although it is by nasize (2.7/fiber), the three pointing dithering scheme allows
means a statistically well defined sample, we consider that i to increase slightly the final resolution. The selectedffsets,
representative of the average population of spiral gasaki¢he with values corresponding to a fraction of the fiber-size, al
local Universe. lows to cover the gaps between adjacent fibers too. In aver-

Both sub-samples of galaxies were observed using siraige natural seeing conditions of-1” (Sanchez et al. 2007a),
lar techniques (IFS), using the same instrument (PMAS in tiisis technique allows to provide a final spatial resolution 6
PPAK configuration, Roth et al. 2005; Kelz et al. 2006), cowWHM ~2” for this instrument (Sanchez et al. 2007b). The
ering a similar wavelength range3700-6900A), with similar size of the spaxel was selected as the largest convient piie!
resolutions and integration times. The data reduction veas pthe sample this resolution element, 2 pixels per FWHM, i.e.,
formed using the same procedure (R3D, Sanchez 2006a), asld¢pixel. Due to the large size of the IFS mosaics of NGC 628
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Hllexplorer vs. REGION

Table 2. Detected HIl regions within our sample.

200F "7 rrrTTTTTT rrrTTTrrT T B
Galaxy N Ny Nug Frie  OHe THiI oy
E 1) 2 G @ 6 (© M ®
100} 2MASXJ1319-53 19 18 14 125 0.93 1648 1.42
F CGCG071-096 27 27 22 165 170 1538 1.45
CGCG 148-006 40 29 26 152 133 1415 1.37
2 CGCG 293-023 19 18 8 136 1.25 10.29 1.02
g o CGCG 430-046 33 24 23 183 158 15.33 0.96
o 1C 2204 59 59 30 157 1.74 10.17 0.95
é MRK 1477 8 8 7 246 277 1452 0.68
NGC 99 63 63 62 177 189 1143 1.01
F NGC 3820 18 16 15 162 147 1256 1.04
-100}- NGC 4109 15 15 15 175 175 1568 0.85
r NGC 7570 50 50 27 165 204 10.25 0.78
UGC74 91 78 65 1.28 1.03 8.01 0.79
UGC 233 49 49 26 189 202 1099 1.20
_200: : UGC 463 85 83 80 1.79 1.77 9.14 0.87
200 o UuGC 1081 90 87 81 129 1.32 6.25 0.92
ARA (arcsec) uGC 1087 82 81 76 1.21 0.92 891 0.92
UGC 1529 116 77 52 165 1.34 9.19 094
Fig. 3. Comparison between theiHregion catalogue of NGC 628 ob- UGC 1635 8 84 84 091 054 6.64 0.72
tained by HIkxpLorer using IFS data (grey contours, 286 regions) and UGC 1862 56 55 53 119 106 269 0.20
the (modified) Fathi et al. (2007) catalogue obtained withi& using ~ UGC 3091 68 66 61 1.09 073 1108 118
a traditional v narrow-band image (blue circles, 180 regions). Only UGC 3140 87 86 8 162 151 928 0.96
those regions within the FoV of the IFS data have been coreide UGC 3701 80 69 53 146 124 655 051
UGC 4036 104 104 79 1.67 1.73 7.48 0.84
uGC4107 68 68 61 145 141 7.65 0.68
_ _ UGC 5100 28 28 20 161 171 11.89 108
and NGC 3184, the two largest galaxies observed with PINGSyGc 6410 62 61 60 1.33 120 11.98 1.02
and the fact that they were not observed using a dithering UGC 9837 65 64 64 137 141 595 0.85
scheme for all the pointings, we set the spatial sampling to UGC 9965 68 67 65 155 145 9.81 0.91
2”/pixels. In this case, the final resolution is larger than the  UGC 11318 76 75 62 156 141 1253 165
original size of the fiber, due to the interpolation kernel. A~ UGC 12250 8l 41 21 146 112 1471 1.06
rough estimation indicate that the final spatial resolutionis _YGC 12391 91 84 71 154 145 1021 089
FWHM ~3.5-4". PINGS

. . . NGC 628 373 366 282 270 2.89 287 0.33
On average the physical spatial sampling ranges betweenl\ztaGC 1058 331 258 179 269 283 147 0.11

few hundreds of parsecs (for the nearest galaxies) to alinost\gc 1637 297 297 251 246 289 1.35 014
kpc (for the more distant onesjjo derive this physical scaleit NGc3184 169 169 124 2.86 294 331 0.36
is required to adopt a certain distance modulus. Consisteiht NGC 3310 203 130 121 393 425 253 0.33
with values reported in Table 1, we adopted the distance NGC 4625 66 49 46 310 3.11 183 0.25
modulus provided by Hyperleda, which can be easily derived NGC5474 122 121 95 274 291 113 0.14

from the values listed in the table using the equation:
Notes (1) Name of the galaxy used along this article; (2) numbetesf

_ tected Hll regions; (3) number of HIl regions with good gtiatipectra,
mod= Bt~ My - (B-V) (1) as described in the tex4) number of HIl regions with H 8 emission
line detected at 3r significance (5) median value of the &lintensity

where modis the distance modulus, defined as: derived from the narrow-band images in-10erg s* cm?; (6) stan-
dard deviation of the H intensity in the same; (7) median value of the
mod=5logD,) + 25 @) estimated radii of the HIl regions in units of 100 pc (we neechote

that the size derived by HikrLorer is an ill-defined parameter for our

_ _ _ _ ) _ dataset) ; (8) standard deviation of the previous estimagdi, in the
and D is the luminosity distance in Mpc. The derived same units.

scale can be compared to the physical diameter of a well-know

Huregion in our Galaxy, i.e. the Orion nebula{Bpc), or to the . .

extent of those which are considered prototypes of extaatjal 3. Extraction of the H uregions

giant Hu regions, such as 30 Doradus~B00 pc), NGC604 The segregation of H regions and the extraction of the cor-
(D~460 pc) or NGC 5471 (BP1 kpc) as reported by Oey et al.responding spectra is performed using a semi-automatic pro
(2003) and Garcia-Benito et al. (2011). Thus, given the tndeedure, named HikeLorer?. The procedure is based on some
sampling in the physical size of therHegions in our data, we pasic assumptions: (a)Hregions are peakigolated structures
cannotuse it to derive direct estimates of the optical esiteof  with a strong ionized gas emission, clearly above the cantim
these regions. In other aspects, like the depth, coveredsithn  emission and the average ionized gas emission across the/gal
of the galaxy, projected resolution and wavelength covert® (b) Hu regions have a typical physical size of about a hundred
data provided by both samples are very similar. or a few hundreds of parsecs (e.g. Gonzalez Delgado & Perez
1997; Lopez et al. 2011, Oey et al. 2003), which correspomds t

0 The adopted modulus for each galaxy is included in the fina-ca
logs, described in the Apendix A ! http://www.caha.es/sanchez/HII_explorer/
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a typical projected size at the distance of the galaxies efia fdid not get any optimal solution. The main reasons were that (
arcsec. our data have a much coarser resolution than the one provided
The algorithm requires a set of input parameters: (i) a lifgy narrow-band imaging (even from ground-based telesgppes
emission map, with the same world-coordinate system (WC&) reconstructed IFU map have a strong cross-correlatisg no
and resolution as the input datacube (preferentially arektis- among nearby interpolated pixels and (3) none of the preced-
sion line map); (ii) a flux intensity threshold for the peakiem ing codes provide a final segmentation map usable to extract t
sion of each Hi region; (iii) a maximum distance to the peakntegrated spectra of theiHegions from the datacubes in a con-
location for a pixel associated with eachitegion; (iv) a rela- venient way.
tive threshold with respect to this peak emission of the mum We experimented with the use of HibLorer On a Hr

intensity of each ht region; (V) an absolute threshold of the minnarrow_band image provided by the SINGS |egacy survey for
imum intensity corresponding to eachutegion. All these pa- NGC 628 (Kennicutt et al. 2003). A visual inspection of the se
rameters can be derived from either a visual inspectioaaiad |ected regions with those shown by Thilker et al. (2000)j-ind
statistical analysis of the dlemission line map. The algorithmcates that although we detect similar regionsgktilorer tends
produces as an output a segmentation FITS file describing tBedefine regions of mostlgqualsize. This is expected, since
pixels associated to eachuttegion, designated with a runningsor the spatial resolution the maximum size allowed for e@ch
index starting with 1 (e.g. the primaryiHregion ID in this ar-  gion is reached before that imposed by the ratio of local kpe
ticle), with the zero reserved to areas not associated with gntensity. Our code was never meant to provide a partigularl
Hu region (i.e. regions free of emission or below the absoluggliable measure of the projected size, as in our data thipa
threshold described above). eter is ill-defined. Specifically, H regions can be significantly
The segregation algorithm is based on a simple iterative pgmaller than the resolution element size. In Sect. 4 we ptese
cedure, summarized in the flow chart shown in Fig. 1. As a firglantitative comparison with methods available in theditere.

step the algorithm looks for the brightest pixel within theis- Once tested the procedure, we applied it to our IFS data.

sion line map. Its location is stored as the peaktral coordinate irst, we create a Hlintensity map for each object by co-adding
of a new Hir region, associated with a certain running index (Ilﬁ] 4

number). After this, the adjacent pixels are aggregatedhio t e flux intensity within a square-shaped simulated filtar-ce
H region if all of the following criteria are fulfilled: (i) theiis-  (€red at the wavelength ofH(6563A), with a width of 60 A.

tance to the centrgdeak pixel is below the selected limit; (ii) the.The adjacent continuum for each pixel was derived by averag-

flux at the pixel is above the relative threshold with respect mhgﬂthde Ilgé Etfns'tth'thm two ?lr:]ula_r p_ar|1ds red_l:hz_ind qu_e-
the peak emission; (iii) the flux at the pixel is above the altso S"''€ | A Trom the center of the Initial one. This contin-
flux threshold described before. Whenever any of theseriariteUUM INtensity is then subtra(_:teq from the tensity to derive
are not fulfilled the aggregation procedure stops, the 1D lpem a continuum-subtracted emission Ilne map. The central wave
is increased by one, all the aggregated pixels are'maslimhd Iength _of all these bands hasf been sh|ft_ed to the observex:fra
the peak-identificatfon procedure is repeated. The overatle- taking into account the redshift of the object. The sepanatbe-

dure stops whenever no new peak is detected above the selefg€n the filters and the filter widths are large enough tocavoi
peak-intensity threshold. any possible error in the derivation of therlihtensity map due

The outcome of the procedure is illustrated in Fig. 2 whef@ Kinematic sh|.fts. . ) ) ) .
we show: (i) the input emission line map, in this case thehp ~ However, this k intensity map is contaminated with the ad-
corresponding to a set of galaxies and (ii) the correspandéa  jacent [Nu] emission lines, and it is not corrected for the emis-
rived segmentation map. Despite the simplicity of the deecr Sion of the underlying stellar population (see AppendixBdo
algorithm it is clearly seen that (1) it is able to detect hit discussion on the topic). A cleanertemission map can be
H i regions that can be identified by eye, and (2) it producegigrived using emission-liigtellar population decoupling pro-
reliable segmentation map. The black segmented areasitadi€edures (e.g., Rosales-Ortega et al. 2010; Sanchez etldl; 20
those regions with good dua”ty spectra, while the grey ones Méarmol-Queralto et aI 2011;.Sénch_ez et aI 2012) Thisnallo
dicate those with poor extracted spectra. The actual pureedus to recover much fainter emission line regions on top oeund
to detect and reject those ones is described later. In additie lying strong absorption features. However, in most caseseth
procedure provides with a mask where all the Hegions are emission line regions do not correspond with classical ie-
flagged out. This mask is important to define the areas wherdi@ns and are associated with other ionization processgs (e
is possible to study the flise gas emission. Kehrig et al. 2012, , and references there in). On thg othaaqi,ha

There are other publicly accessible packages for the autBe adopted procedure resembles as much as possible tsie clas
matic selectiofsegregation of ht regions in the literature (e.g. ¢@l procedure used to detectitiegions, which will allow us to
Hilenor, Thilker et al. 2000; Raion, Fathi et al. 2007), that Make a better comparison with previous results.
in principle could be adapted for the main purpose of the cur- As the main goal of the current study is to extract the spec-
rent study. However, these packages are strongly focus#teontroscopic properties of the idregions, we applied HikpLorRER
analysis of narrow-band images, of much higher spatialuesoadopting the following input parameters for all the galaxi@)
tion, where the Hi regions areclearly resolved. In some casesa minimum flux density for the peak intensity of anitegion
the procedure requires a detailed knowledge of the obseref2 101" erg st cm2 arcsec?; (i) a minimum relative flux
tional procedure (number of frames co-added, ADU of the CCIy the peak intensity for associated pixels correspondirtye
etc.). For example, Hbhor uses object recognition techniques tdame Hr region of 10% and (i) a maximum distance to the
make a first guess at the shapes of all sources and then atlowddcation of the peak of 3:5(7” for NGC 628 and NGC 3184).
departure from such idealized seeds through an iteratiwe-gr The maximum distance was selected using and iterative ggoce
ing procedure. In essence, this algorithm is similar to the omaximizing the number of detections when compared with a vi-
used by Skrractor (Bertin & Arnouts 1996), for the detection sual inspection, and do not allow to segment clearly single H
and segregation of galaxies in crowed fields. We experindentegions. Then, we extracted a single spectrum for eachmegio
with these packages before developing our own code, but twe co-adding all the spectra in the original cubes with thraesa
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Fig. 4. Continuum map of four representative galaxies of the fuligle (color images), together with a contour plot of theirtensity map (both
in arbitrary units). The solid lines show the location of itientified spiral arms as a result of the fitting procedurdt side panels show galaxies
with clearly defined spiral arms, while right side panelsvgigalaxies with poorly identified ones.

identification index (ID) in the the derived segmentationpmaband image, and its standard deviation. Due to tfffedint red-
The final spectra are stored in the so-called row-stackettrispe shift range, there is a wide variance in the median flux inten-
(RSS) format Sanchez et al. (2004), which comprises a 2D spsity of the Hr emission, much larger than the absolute luminos-
tral image, with the spectrum corresponding to eaahregion ity as we will describe later. Since we are selecting tegions
order by rows (each one corresponding to the considered IB)ich physical size is slightly smaller than our typicalakes
and an associated position table which records the bamceht tion element, this implies that we are actually not aggliegat
each Hi region (based on theddintensity). This format allows large number ofeal H i regions in each detected complex. Our
us to visualize individual spectra of iHegions and their spatial comparisons with higher resolution narrow-band images con
distribution using standard techniques (e.g., E3D, Sanehal. firms this suspicion. Finally, we have included in the talhle t
2004). The ID is a unigue identification index that will be dsemedian radius of the regions, defined as A/, where A is

to identify the Hu regions hereafter (including the tables, figurethe area within a region (Rosales-Ortega et al. 2011). Weldho
and on-line material). state clearly here that the physical scale is an ill-defirerdm-

eter in our survey, due to two reasons: 1) the coarse spatial s

Table 2 summarizes the results from this analysis. It shovting compared to the expected size ofi Fegions, these can be
for each galaxy, the number ofitregions detected, the numbei;jgnificantly smaller than the resolution element size arihe

of regions with good quality extracted spectra, the median Hyqopted procedure to detect and segregate the regionslyname
flux intensity as directly measured from the IFS-based marro
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Table 3. Derived parameters for the modelled spiral arms.

Galaxy QF N A B C
(1) 2 @ (4)
2MASXJ131953 1 2 10 3.0 11.0
CGCG071-096 1 2 26 1.0 6.7
CGCG 148-006 1 2 9 1.0 6.1
CGCG293-023 0 2 27 1.0 7.7
CGCG430-046 0 2 6 1.0 4.7
IC 2204 1 2 18 1.5 7.7
MRK 1477 0 2 26 0.2 1.6
NGC 99 1 2 20 1.0 4.5
NGC 3820 0 4 17 1.0 2.6
NGC 4109 0 2 8 1.0 5.0
NGC 7570 1 2 50 0.9 9.0
UGC74 1 2 22 1.0 4.2
UGC 233 1 2 22 1.0 6.7
UGC 463 0 3 26 1.0 3.6
uUGC 1081 1 2 36 1.0 5.3
UGC 1087 0 2 20 1.0 6.0
UGC 1529 0 2 13 1.0 4.2
UGC 1635 0 2 16 1.0 5.2
UGC 1862 1 2 56 1.0 7.7
UGC 3091 0 5 29 1.0 1.4
UGC 3140 1 2 26 1.0 4.7
UGC 3701 0 2 20 1.0 2.9
UGC 4036 1 2 27 1.0 3.1
uUGC4107 1 3 20 1.0 4.2
UGC5100 1 2 55 2.0 16.6
UGC 6410 1 2 27 1.0 6.7
uGC 9837 0 4 27 1.0 2.6
UGC 9965 0 2 29 1.0 5.3
UGC 11318 1 2 25 1.0 5.8
UGC 12250 1 2 17 1.0 6.2
UGC 12391 0 2 30 1.0 45
NGC 628 1 2 58 50 440
NGC 1058 0 2 50 1.0 4.1
NGC 1637 0 3 26 150 54.0
NGC 3184 1 2 170 15.0 70.0
NGC 3310 1 2 14 1.1 2.5
NGC 4625 0 1 23 1.0 9.7
NGC 5474 0 2 60 1.0 7.6

Notes (1) Galaxy name used along this article; (2) quality flaghedf t
analysis of the spiral arms:=lwell defined arms, & arms not well-
defined; (3) number of arms detected with our modelling; A4)B,
C parameter of the spiral model, described in Sect. 5, equdétiby
Ringermacher & Mead (20094 is in units of arcsed is a dimension-

less parameter, ar@is in units of radians'.

the introduction of an angular upper size limit to the contins
emission region. Only for the galaxies at lower redshif,dlzes
of the Hu regions are of the order of the expected one ~X00

pc.

we will refer indistinctively to these segmented regiondHas
regiong. Therefore, our results are not useful to analyze addi-
tive/integrated properties on individualitregions, like the K
luminosity function, but are perfectly suited for the stuafyine
ratios, chemical abundances and ionization conditions.

In total, we have detected 3107uHegions, 2573 of them
with good spectroscopic information. To our knowledge this
by far the largest 2-dimensional, nearby spectroscopicddion
survey ever accomplished.

4. Comparisons with previous selection methods to
detect H 1 regions

In order to assess quantitatively the degree of segmentat®m
vided by HllexpLorer With respect to other traditional idregion
catalogues generators, we performed a comparison betieen t
Hu region catalogues of NGC 62B/GC 3184 and NGC 5474
obtained with HikxrLorer and those reported in the litera-
ture.

For NGC 628 we used théHa image extracted from the IFS
data with a resolution of 2 arcspixel and a FoV of 6 arcmin,
and the one produced by the REGION software in Fathi et al.
(2007) (hereafter Fa07), obtained from a narrow-baadrhage
with a resolution of 0.33 arcsggixel and a FoV of~ 11 arcmin.
Similar comparisons could be performed with any other pack-
age created to segregateilregions (e.g. HlIRor, Thilker et al.
2000). We selected this one because Fa07 provided pubtiely a
cessible catalogues.

The full Fa07 catalogue has 376 regions of which 299 are
within the FoV of our IFS data. However, the public Fa07 cata-
logue reports only the position and the full-width at halfxina
mum (FWHM) of each Hi region, not the actual shape obtained
by the software, and this leads to significant overlaps when t
REGION catalogue is plotted over the galaxy image. Taking
this into account and considering théfdrence in resolution be-
tween the two Kt images, we created a modified version of the
Fa07 catalogue in order to make a fair comparison. The maddifie
Fa07 catalogue was obtained in an iterative way. First wk too
the first region of the catalogue and calculated its distérmoa
the rest of the regions. Those regions for which the distarase
less or equal to the sum of their radii were considered as-a sin
gle region. In this case, the involved regions are removeuoh fr
the original catalogue and a new entry is added with cootdina
and size corresponding to the luminosity weighted meane®f th
merged regions, the process is repeated for the rest of the ca
alogue entries in an iterative manner. We obtain 180 regions
the modified Fa07 catalogue of NGC 628.

Fig. 3 shows the comparison between the modified Fa07 cat-
alogue and the HikrLorErR SEgMeENtation map. The blue circles
correspond to the modified Fa07 catalogue, while the grey con

In practice, our segregatediHregions may comprise sev-tours to the 286 segmented regions obtained byxdibrer for
eral classical ones, in particular for the more distantxjata NGC 628 based on the IFS data. We note that, apadibrer
Detailed simulations on thefect of resolution loss have showndetects and segments more regions than Fa07, except fer thos
us that on average each selected regiom a0.02 may com- cases in which the fference in spatial resolution (0.33 vs. 2
prise 1-3 Hi regions from the ones selected from low redshitircsegpixel) prevents further segmentation; b) There is a nearly

galaxiesz ~0.002 (Mast et al., in prep.frollowing Lopez et al.
(2011), the considered Hr regions would have a size of a
few to several hundreds of parsecs, based on their dllu-
minosity, detailed in Section 7.1, Table 7. Thererefore, th
results from the simulations are expected, due to the typida
size of an extragalactic Hi region and the lose of physical
resolution at the higher redshifts. i.e. we are selecting k+

1:1 correspondence of regions detected in Fa07 with respect
to HllexrLoreRr, the incompleteness of Fa07 with respect to
HIlexpLoreR IS 5%; ) 19% of the regions in HikpLorer have

2 or more regions of the modified Fa07 catalogue, which is sim-
ply due to the dierence in resolution. We have checked visually
the extracted spectra of the additional lHegions detected by
our algorithm, and inspected the original narrow band imeagk

regions antbr Hu aggregations (note that throughout this pape¢hey seem to be real idregions, clearly distingued from the low
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surface brightnessfiluse gas. The performance of ENbLorer  cally large number of h regions, with homogeneously derived

compared with REGION is remarkable, considering both thapectroscopic properties, and with a good characterizafithe

the narrow-band H image used to generate the Fa07 catalogs&ucture of the spiral arms has not allowed to give a conaus

is deeper than the image extracted from the IFS data, and thaswer to these questions so far.

HIlexpLORER ruUNs in a completely automated way. In the following we attempt to give a good description of the
The Hu regions of NGC 3184 and NGC 5474 were stud- structure (number, shape, radial path) of the spiral armdstan

ied by Bradley et al. (2006) using REGION (hereafter B06). define a procedure to associata kegions with each spiral arm

For NGC 3184, the catalogue obtained by B06 contains 576andor classify them as inter-arm ones. We adopt the prescrip-

H u regions of which 209 are within the FoV of our IFS data. tion proposed by Ringermacher & Mead (2009) to describe the

Like the Fathi et al. (2007) case for NGC628, the BO6 cat- general shape of the spiral arms. This formalism descries t

alogues report only the dfset from the galaxy centre and radial path of any spiral arm using the formula:

the total area of the region, not the actual shape obtained

by the software, which leads to significant overlaps when the A

REGION BO06 catalogue is plotted over a RA vs. Dec plane re) = log(Btan@/2C)) )
using an dfective radius derived from the B06 catalogue.

Therefore, we applied the same methodology for a fair com- This function intrinsically generates a bar in a continyous

parison obtaining a modified BO6 catalogue for this galaxy, fixed relationship relative to an arm of arbitrary windingesp.
imposing a He luminosity threshold of log(Ln,) > 37.96 Ais simply a scale parameter whilg together withC, deter-
erg st (the minimum luminosity detected by HllexpLorer  mines the spiral pitch. Roughly, larg@rresults in tighter wind-
at this redshift). The level of completeness is 73%, i.e. re- ing. GreateiB results in larger arm sweep and smallerbalge,
gions detected byHIlexpLorer With respect to BO6 (note that while smallerB fits larger baftbulge with a sharper barm junc-
in the majority of cases there is a 1:1 correspondence); in 15 tion. ThusB controls the “batbulge-to-arm” size, whil€ con-
cases 2 or more BO6 regions are found within 1 segmentedtrols the tightness much like the Hubble scheme. Speciglesha
area by HllexpLorer. However, in 5 cases 2 hi regions by such as ring galaxies with inward and outward arms are also de
HIlexpLorRER correspond to 1 region found by B06, while 13 scribed by the analytic continuation of the same formulagtvh
regions detected byHIlexpLorer are not present in the BO6 is particularly useful to analyze the diversity of spiraustures
catalogue. within our sample.

In the case of NGC 5474, the original BO6 catalogue con-  The previous formula describes the radial path in the phys-
tains 165 Hu regions, of which 98 are within the FoV of the ical plane of the disk for each spiral arm. To describe thé ful
IFS data. For this galaxy, we worked directly with the pub- observed spiral structure, for a galaxy with arms, it is re-
lished catalogue without further modifications for a better quired to project it at the observed plane (taking into actthe
visual comparison. There was no need to apply a luminosity inclination and position angle), and to abd copies of the con-
threshold since all the regions were above the minimum lu- sidered arm, rotated by an angle of A8f degrees with respect
minosity observed by the regions segmented kil expLorER,  to the precedent one.
log(L o) ~ 36.6 erg s*. We note thatHIl expLorer detects and The optimal parameters that describe the current spitat-str
segments more regions than B06, except for those cases inure (N, A, B andC) have been derived using an interactive
which the difference in spatial resolution prevents further fitting algorithm that is based on two simple assumptiony: (1
segmentation. The level of completeness (regions detect®d the spiral arms trace the location of the stronger ¢inission
HllexpLorer compared to the BO6 catalogue) is of 90% (in- and continuum emission. i.e., the integrated intensitpgithe
cluding 1:1 correspondence and multiple BO6 HII regions arm should be maximized; and (2) thaitfegions are more fre-
within one HllexpLorer SegmMentation), but interestingly 31 quently clustered around the spiral arms. i.e., the digtdrom
regions detected byHIl expLorer are not found in the BO6 cat-  each region to the nearest spiral arm should be minimizee. Th
alogue, which is surprising given the that the Hr image used analytical parameters of the spiral arms are then derivedda
to generate the BO6 catalogue is deeper than theddnap ex- on these assumptions and using as inputs (i) a broad band im-
tracted from the IFS data. age of the galaxy. The SDS$band image in most of the cases

This exercise shows that HNpLorer is capable of perform- (extracted from the SDSS imaging survey, York et al. 2000, ,
ing an excellent H region extraction for the resolution of ourand Paperl), and when not feasible teand one, from our
IFS data, and that the generated catalogues are compaaable 6wn observations (Paper 1), or literature data (Rosalgsgaret
even more fiicient) than those generated in a traditional wayl. 2010); (ii) the spatial distribution of H regions derived by
based on narrow-bandiHmaging. HIlexpLorer; and (iii) a few simple assumptions of the number
of arms and the scale-length of the possible bayarttie initial
ring, based on the visual inspection of the images. In géneea
selected the spiral structure with the smallest possibhetrar of
A fundamental question regarding the star-forming regions spiral arms that fulfill the criteria.
galaxies is whether their distribution and properties dejpen We are aware that the formalism adopted here to describe
their association (or not) with a particular spiral arm. Tain the analytical structure of the spiral arms is clearly netrost
questions are directly connected with this one: (i) whethere mathematically exact one. However it is useful for the udtien
are azimuthal variations within the spectroscopic praperof goal of our study, i.e. to determine how many spiral armsmare i
the Hu regions, which would possibly reflect non-radiaffdi- a considered galaxy and if a certaimifegion belongs to an arm
ences in the galaxies evolution, maybe induced by non secusanot. A more analytical description of the spiral arms esgely
processes, and (ii) whether the properties of the intertdnm out of the scope of the current study.
regions are dferent than those of theidintra-arms ones, which Table 3 lists the results of this analysis, including, foclea
will reflect a possible dferential evolution associated with ramgalaxy, its name, the number of derived spiral arms, a flag in-
pressure in the spiral arms. The lack of a sample with a 8tatiglicating the reliability of the results, and the parametdrthe

5. Analytical characterization of the spiral arms
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Table 4. General properties derived for the 10th brighest HII regiaithin UGC9837.

ID RA Dec Xobs Y obs X res Y res R 0 N a F Darm Dsp esp Vrot L Ha

1) (2 3) @ 6 6 @O @© (9 (10) (11) (129 (13) (14 (15) (16)

UGC9837-001 230.9689 58.0583 240 193 04 68 6.8 86.5 2 1 5 2442 4.6 26350 39.75
UGC9837-002 230.9611 58.0549 -29.7 69 46 -45 65 3156 4 119 1232 -3.0 27151 39.56
UGC9837-003 230.9636 58.0579 -12.5 179 45 00 45 0.0 4 1 0 6295 -134 2723.2 3942
UGC9837-004 230.9661 58.0574 4.6 160 21 29 36 53.3 3 1 0.66.2 29 2680.2 39.35
UGC9837-005 230.9650 58.0580 -25 181 33 18 38 29.1 3 1 7 4219 4.6 2694.1 39.24
UGC9837-006 230.9670 58.0479 109 -183 -43 -03 43 1844 1 3.0 2205 59 2602.2 39.17
uGC9837-007 230.9673 58.0559 13.1 108 03 3.7 38 85.8 3 0 1 7350 -205 2639.4 39.27
UGC9837-008 230.9625 58.0540 -20.1 40 30 -31 44 3138 4 06.4 78.4 11.7 2702.2 38.96
UGC9837-009 230.9623 58.0588 -21.0 211 6.0 -1.1 6.1 3493 31 6.3 220.5 79 2737.6 38.99
UGC9837-010 230.9644 58.0596 66 240 48 19 5.1 21.3 3 1 6 1nN43.2 3.8 27127 39.13

Notes (1) Unique ID of the HIl region; (2) Right ascension of thel Hgion, in degrees, for the J1200 equinox; (3) Declinatibthe HIl region,
in degrees, for the J1200 equinox; (4) Relative right asoarfsom the center of the galaxy, in arcsecs; (5) Relativdidation from the center of
the galaxy, in arcsecs; (6) Deprojected X coordinate froecénter, in kpc; (7) Deprojected Y coordinate from the aentekpc; (8) Deprojected
distance to the center, in kpc; (9) Deprojected positiorlegrig degrees; (10) ID of the nearest spiral arm, used tocéstsoa HIl region with a
particular arm; (11) Flag indicating if the HII region is alty associated to the corresponding spiral arm (1) or Net({@) Minimum distance
to the nearest spiral arm, in arcsec; (13) Spiralcentrimde®, i.e. distance along the nearest spiral arm from thieicen arcsec; (14) Angular
distance to the nearest spiral arm, in degré&s) Velocity of the ionized gas derived the fitting to the K emission line of the HIl region,
in km/s; (16) Decimal logarithm of the dust corrected absolute lurimosity of He, in units of erg s™. The full catalogue of Hu regions for
this object and the remaining ones discussed along this adie are listed in Appendix A, including the errors of the velaity and the Ha
luminosity.

radial path for each arm, according to the described fornAjla 6. Deriving the main spectroscopic properties of

B andC. The quality flag is 1 for those galaxies with a clearly the H i regions

distinguised spiral structure and a well defined set of param

ters to describe them, and for those galaxies without a veell d.1. Decoupling the emission lines from the underlying
fined spiral structure (flocculent). Fig. 4 shows four exaesyuf stellar population.

the derived spiral structure for the galaxies in our samiple,
cluding two cases with well defined spiral structure (NGC 6
and UGC 1081), one without a clear defined spiral struct
(NGC 1637) and a clear flocculent case (UGC 9837).

i1 region, the underlying continuum must be decoupled from
he emission lines for each of the analyzed spectra. Sediral
ferent tools have been developed to model the underlyirg ste
lar population, &ectively decoupling it from the emission lines
(e.g., Cappellari & Emsellem 2004; Cid Fernandes et al. 2005
Ocvirk et al. 2006; Sarzi et al. 2006; Sanchez et al. 2007a;
Koleva et al. 2009; MacArthur et al. 2009; Walcher et al. 2011
Sanchez et al. 2011). Most of these tools are based on the same
principles, i.e., they assume that the stellar emissionasesult
of the combination of dferent (or a single) simple stellar pop-

We associated H regions to the nearest spiral arm by comulations (SSP), aridr the result of a particular star-formation

puting the minimum distance between the centroid of therét  history, whose emission is redshifted due to a certain Byiste
gion and the radial distribution of the considered arm. Tleam Vvelocity, broadened and smoothed due a certain velocipedis
of these distances is then used as a scale-length to separatsion and attenuated due to a certain dust content.
tween Hi regions clearly associated with an arm, and possible For the particular case of theiHregions, the main purpose
inter-arm ones. A final flag is included in the correspondiatg ¢ of this analysis is to provide a reliable subtraction of the u
alogue table describing the coordinates of the detecteddd derlying stellar population. For doing so, we performedra-si
gions, indicating the nearest arm and the relative distavite ple but robust modeling of the continuum emission. We use the
respect to the median one. Table 4 illustrates the resutiisf troutines described in Sanchez et al. (2011) and Rosaleg®rt
analysis. It shows, for one single galaxy (UGC 9837), theabset al. (2010), which provided us with certain parameters de-
lute, relative, polar and deprojected coordinates of thieright-  scribing the physical components of the stellar populatieng.,
est Hu regions, together with identification of the nearest spirbiminosity-weighted ages, metallicities and dust att¢ionato-
arm, the Cartesian and angular distance to this arm anspihe gether with the systemic velocity and velocity dispersianjl a
ralcentricdistance (i.e. the distance to the center along the spisat of parameters describing each of the analyzed emissim |
arm). In addition, we included in this table the systemimeel (intensity, velocity and velocity dispersion). A simpleS&m-
ity and absolute luminosity of &ifor each Hi, derived on basis plate grid was adopted, consisting of three ages (0.09,dnd0
of the emission line fitting described in Section 6.1.1. &mi 17.78 Gyr) and two metallicities (0.0004 and 0.03). The mod-
parameters are derived for all thenHegions in the dferent els were extracted from the SSP template library provided by
galaxies, as indicated in Appendix A. To our knowledge, this the MILES project (Vazdekis et al. 2010)jhe two considered
the first attempt to perform an analytical association of td- metallicities are the most metal poor and most metal rich
gions to a particular arm ayat to an inter-arm area in a surveywith the largest coverage range in ages, within the consid-
mode. ered library. The oldest stellar population was selected toe-

Zg extract the nebular physical information of each indixt
u
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Fig. 5. Spectra of three typical hregions for two diferent galaxies, NGC 628 (left panels), and UGC 1081 (righefs. The panels correspond,
from top to bottom, to the brightest, average and faintastégions with good quality data for each particular objetie $pectral range shows all
the emission lines analyzed in this article . From top todmtteach panel shows the integrated spectra of the conditlereegion (solid-black),
together with the best model for the underlying stellar pation (solid-red), and the pure-gas spectra (solid-bllige two boxes show a zoom
of the same plots at thegind Hr wavelength range.

produce the reddest possible underlying stellar populatin, with both extreme metallicities. No appreciable dfference
mostly due to larger metallicities than the one consideredn  was found between using this one or the youngest one §0
our simplified model, although it is clearly older than the Myr). Finally, we selected an average stellar population, ©
accepted cosmological time of the Universe. Our youngest~1Gyr, required to reproduce the intermediate-to-blue stel
stellar population is the 2nd youngest in the MILES library lar populations, and to produce more reliable corrections é
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Table 5. Emission line ratios with respect tgdHand H3 line intensity for the 10th brighest HIl regions within UGE3r.

D F(HB) [ON3727 [ON5007 [O1[6300 Ha [NIT6583 Hel6678 SNB717 [SN6731

H H H H H H H H
UGC9837-001 20.660.75 1.2& 5.05 4.44 8.20 0.0& OITOZ 4.44 O.2ﬁ7 0.2& (f.ll 0.06 0[.301 0.34 0[3.03 0.2% Oﬁ.OS
UGC9837-002 36.080.66 2.460.07 2.04£0.06 0.0&0.01 3.3%0.17 034012 0.0%0.01 0.4&0.03 0.330.03
UGC9837-003 29.280.63 2.940.13 1.030.04 0.0&0.02 3.120.21 0.550.16 0.0%0.01 0.65%0.04 0.450.04
UGC9837-004 25.1#0.57 3.140.13 124005 0.1%0.02 3.180.21 0.550.15 0.020.01 0.620.04 0.440.04
UGC9837-005 13.000.51 3.040.26 0.85%0.07 0.1%0.04 354031 0.620.19 0.0&0.01 0.640.08 0.520.08
UGC9837-006 19.400.54 3.040.13 1.7£0.08 0.0&0.04 3.040.21 0.38&0.13 0.020.01 0.5@0.05 0.3%20.04
UGC9837-007 13.990.54 29%0.19 14&0.10 0.1&¢0.03 35&0.29 0.5&¢0.17 0.040.01 0.6%0.06 0.450.06
UGC9837-008 12.0¢0.45 3.530.27 0.9420.07 0.120.04 3.040.28 052019 0.020.01 0.7%0.07 0.5} 0.06
UGC9837-009 9.320.48 2.1&0.14 3.520.23 <o 3.3%0.27 022011 0.04001 0.3&0.06 0.290.06
UGC9837-010 13.460.51 3.520.23 1.3%0.09 0.1&0.05 3.3&¢0.29 052019 0.04001 0.730.07 0.520.06

Notes Hg fluxes are in units of 1% erg s* cm2; All line intensities have been derived after subtracting tinderlying stellar population, but
without any further correctionThe full catalogue of emission line ratios for the Hi regions analyzed in this object and the remaining ones
discussed along this article are listed in Appendix A.

Table 6. Emission line equivalent with of the strongest emissioadianalyzed, for the 10th brighest HIl regions within UGCR83

ID Equivalent Width
[om HpB [omn [on H o [NI] Hel [si

A3727 45007 16300 16583 16678 16717+ 6731
uUGC9837-001 -80622.1 -83.817.6 -367.%:208.1 -8.&¢1.2 -503.6497.3 -29.6334 -6.30.3 -69.57.1
UGC9837-002 -102#40.3  -53.36.4 -113.4195 -6.&05 -269.6945 -30.2134 -3.&0.2 -69.25.5
UGC9837-003  -66819.1 -22.&2.1 24812 -2.20.2 -96.5% 119 -16.32 -1.40.1 -34.6: 1.3
UGC9837-004 -66823.8 -23.22.2 -31.¢19 -3.203 -101.6134 -17.936 -0.80.1 -34.61.4
UGC9837-005 -4296.7  -14.61.4 -12.206 -1.9:0.3 64178 -12.323 -1.10.2 -22.10.8
UGC9837-006  -76229.8 -30.&2.5 5443 -3k07 -129.231.3 -16.355 -0.%0.3 -38.1: 1.8
UGC9837-007  -51210.7 -21.%:2.4 -31.223 -2.6:04 -97. 2186  -13.537 -180.1 -30.2 1.3
UGC9837-008  -558185 -15.21.7 -15.%: 0.7 -2.4:0.3 -59.%59 -11.820 -0.50.1 -25.2: 0.8
UGC9837-009 -4027.3 -22.%29 -80.% 111 -2.614  -109.6 12.6 8519 -1.303 -21.51.2
UGC9837-010 -53416.2 -16.5%1.7 -22£15 -4.005 -72.79 11423 -0.2-0.2 -28.1+1.4

Notes All the listed equivalent widths are in units of A. The full catalogue of equivalent widths for the Hu regions analyzed in this object
and the remaining ones discussed along this article are listl in Appendix A.

the underlying stellar absorptions (Paperl). This library is emission line. Note that by subtracting a stellar continmomoalel

clearly insufficient to describe in detail the nature of all the stederived with a set of SSP templates, we are already takiog int

lar populations and star formation histories. Howeverpitars account (and correcting for, to a first order) the contributbf

the parameter space of possible stellar populations weligim underlying absorption, which is particularly importantire Hx

to describe them at to 1st order, providing a clean residiiefi{ and H3 lines.

mation of the ionized gasvenmore, with a combination of As discussed in Paper |, there aréfglient issues that may

the considered templates it is possible to reconstruct anyfo affect the final quality of the individual spectra in the datazsib

the SSP of the full MILES library within an accuracy similar  (uncleaned cosmic rays, trace problems, low transmisdiend|j

to our photometric uncertainty (~10%, Paperl). Therefore, spectra near to the edge of the FoV and vignetting). These qua

to include any other template is redundant for the main pur- ity issues, that fiect a reduced number of spaxels, propagate

pose of this analysis. along the segregation, extraction and “stellar continual@an-
Fig. 5 illustrates the results of the fitting procedure faeth ing processes, and therefore they mdieet the final quality

Hu regions (the brightest, the average and the faintest one oiinthe “pure emission” spectra of therHregions. In order to

terms of Hr luminosity) extracted from two typical galaxiesminimize the impact of these issues on the final sample of H

(NGC 628 and UGC 1081). The figure shows for each td- spectra, we have performed an automatic quality check. Only

gion the extracted spectrum (black line), together withlihst those “pure emission” spectra fulfilling the following @niita are

multi-SSP model for the stellar population (red line), ahd t flagged as good quality data:

pure nebular emission spectrum (blue line).

1. The derived intensity for & is above zero or below three
times that of the brightest Hregion based on the narrow-
band image intensity. The contrary may happen in case of

To derive the properties of the stronger emission linesatiete problems with the fitting procedure, or problems with one

in the stellar-population subtractedpectra, each line was fit-  or a few spectra of those that were co-added to derive the

ted with a single Gaussian, coupled with the systemic vloci integrated spectrum (like a cosmic rays).

and velocity dispersion of eferent emission lines when needed2. The fraction of spectral pixels with negative values ia th

(e.g., for doublets and triplets). This procedure providemith original spectra, i.e. prior to the subtraction of the uhgder

the intensity, systemic velocity and velocity dispersiondach ing stellar continuum, is lower than 10%. The contrary may

6.1.1. Deriving the main properties of the emission lines
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Fig. 6. Left-panel:Ha velocity field derived from the analysis of themHegions for UGC 9965Central-panel:Best model fitted to the velocity
map using a simple arctan velocity curve, and fitting theiiration, position angle and maximum rotational velodRight-panel:Residual of the
subtraction of the model to the velocity map. Each plottetitsyl in each panel represent an individuai Fegion. The circles represent those
H u regions below the Kdtmann et al. (2003) demarcation line in ttlassicalBPT diagram (Baldwin et al. 1981), and the squares corretspon
to those ones located in the intermediate region betweetitiesand the Kewley et al. (2001) one, as described latenérteéxt. The size of the
symbols are proportional to theaHntensity.

happen in the outer regions of the galaxies, if there is argnge centred in the line and in two adjacent ones corre-
problem with the sky subtraction. sponding to the continuum), we make use of the results from
3. The fraction of spectral pixels in the “pure emission”spe our fitting analysis. We derive the equivalent width by divid-
tra of the Hu region with a value below the median flug1l ing the emission line integrated intensities by the underlging
within the wavelength range between 3900 and 65004, iseantinuum flux density. We estimated the continuum as the
maximum three times lower than the median of this fractiomedian intensity in a band-width of 1004, centred in the
for all the Hu regions in the same galaxy. This criterion idine, using the gas-subtracted spectra provided by our fittig
used to remove spectra stronglffezted by the vignetting procedure. With this method we can estimate the equivalent

effect, which dfects only~30% of the data (Paperl). width of nearby lines, which contaminate the measurements
4. The derived intensity for & is more than five times of this parameter using the classical method.
above the background noisehcy, estimated asrpack = Table 5 illustrates the result of this analysis. It shows,do

6300-6500 FWHMine, where (i) 06300-6500 iS the standard syb-set of Hr regions in a particular galaxy (UGC 9837) thg H
deviation of the continuum intensity once subtracted the Ufhe intensity and relative flux of some of the most prominent
derlying stellar component for the wavelength range betwegmission linegfable 6 reports the equivalent widths for the
6300 and 6500A(i.e., a continuum adjacent @)Hand (i) corresponding emission lines and regionsThe same parame-
FWHMine is the full width at half maximum derived for theters are derived for all the Hregions in the dferent galaxies,
emission line, as described before. as indicated in Appendix A.

The remaining regions are flagged out, masked, and the cor-
responding spectra are set to zero. The criteria were basedédL.2. Structural parameters of the galaxies
iterative experiments on the data, and visual inspectibhsio- _ )
dreds of spectra, before and after subtracting the unaerlyiTo understand the fundamental properties of therégions and
continuum. A|th0ugh the fraction of ﬂagged_Mected Spectra the.”' relation with the overall leVO|utI0n of gaIaX|eS, It ne-
change from object to object, on average this final cleanfng guired to characterize the main structural parameters eseth
fects~15% of the Hi regions, as can be seen in Tabl&mally, galaxu?s. We have collected the available information iblisu
only those Hu regions with measured H3 emission line de- collections like NEDttp://ned.ipac.caltech.edu/)and
tected at>3c significance were considered for further anal- Hyperledakttp://leda.univ-1lyonl. fr/). Table 1 already
ysis (e.g. Marino et al. 2012), although they were not masked contains the most relevant parameters for the current stody
out and their spectra were not set to zero. This criteria was cluding the morphological type, the redshift, the integas-
included to consider only those regions with good line diag- Pand magnitude and the B-V color. All the galaxies in the sam-
nostic ratios and well defined Balmer ratio, both required in  Ple are spirals by selection, butfigirent kinds of spiral galaxies
further analysis. It further reduces the number of selected are covered, including galaxies with and without bars, xjet
H u regions by ~5% on average, although is some cases theshowing rings, etc. The observBeband magnitude is14 mag,
fraction is much larger (see Table 2) Due to the size of our In average. However, the galaxies selected from the PINGS sa
original sample and the pseudo-random selection nfrejions  Ple are in general brighteB(~11 mag). As expected, galaxies
that are &ected by these issues, we consider that this last cledy@ve blue colorsg — V ~0.8 mag), although with a consider-
ing process will have little fect in the overall statistical signifi- able dispersion. The covered absolute magnitudes range fro
cance of our survey. My ~ —23 mag to~ —18 mag. In summary, the sample covers

Once derived the emission line intensities, we estimatetypical members of the so-called blue cloud, from typicahst
their corresponding equivalent width for each Huregionand ~ dard spiral galaxies to almost dwarfs.
line. For doing so, instead of using the classical procedure  The listed information was complemented with additional
(i.e., measuring the flux within a narrow-band wavelength parameters, like the maximum rotation velocity, the irafion,
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the position angle and thefective radius (defined as the radius The surface brightness profile was then fitted using a pure
at which one half of the total light of the system is emittedgxponential profile, following the classical formula,

derived from the analysis of the data presented here. Ttte firs

three parameters were derived from the modeling of the gas Ve= lo exp[-(r/rq)] (5)
locity pattern extracted from the thentemission line fitting for

the Hu regions, described in previous sections. The wide spatiherelo is the central intensity, ang; is the disk scale-length
coverage and high/N of the Hx emission line in the integrated (Freeman 1970), using a simple polynomial regression dittin
spectra for each region guarantee a good determinatior o&th Prior to this analysis, a visual inspection is performecetmove
locity pattern. The rotation curve was fitted using a simptézm  the inner-most values of the SB profile, strongfieated by see-

model (Staveley-Smith et al. 1990), ing effect, andor not following a linear relation due to the pres-
ence of other components like the bulge /amdbars.
ot The scale-length is used to derive thigeetive radius, de-

2v,

V(1) = Vsys+ arctang-r - c) (4)  fined as the radius at which the integrated flux is half of thalto
one, by integrating the previous formula, and deriving tla+

where vys is the systemic velocity of the gas ang, is the tion:
asymptotic rotation speed of the disccharacterizes the slope
of v(r) in the inner part of the galaxy, is the distance to the fe = 1.67833¢ (6)
rotational center, and is the parameter that characterizes an . ,
offset in the rotation axis of the galaxy. A model of the veloci:ihe results of these analyses are included in Table 1. Irmgeer
map was created by re-projecting the best fitting arctan-furfe dgrlved mclmatmn_agrees with the v_|suz_il sglecnorﬂm‘
tion, taking into account the position angle and inclinatidthe 9alaxies as face-on spirals. The average inclinaties8&, and
galaxy. We fitted to the data following a similar proceduréres ONly two galaxies have an inclination larger thart @AGC 7570
one described in Sanchez et al. (2012), usigg-aninimization and UGC 5100). This conflrms_our visual <_:IaSS|f|cat|qn as-face
algorithm included in FIT3D (Sanchez et al. 2006b). on ga{axu.es. The: average maximum rotational veI00|tly190

As an initial guess for the fitting, the position angle andiinc KM S W'tq a wide range of values, betwees0 km s - and
nation were derived from the isophotal analysis describegt| ~300 km s (values which are typical for spiral galaxies, e.g.,
in this section, and the maximum rotational velocity wasteet Persic et al. 1996). Note that thffective radius ranges between
half of the maximum dference in velocity from receding to ap-~1-> @nd~5.5 kpc.
proaching velocities. For all the galaxies the rotatiorestter
is fixed to the location of the peak intensity in thieband im-
age created from the datacubes. The parancassiixed to zero
(i.e., itis assumed that there is nfiset between the rotation andin this section we analyze both the mean statistical pragseof
photometric centers). Theysis fixed to the median value of thethe Hu regions and explore the possible regular patterns in their
gas velocities for those Hregions located in the inner regionsradial variations.

(r <0.5rmax Wherermax is the maximum distance to the center
for all the Hu regions).

Finally vio; ands are fitted, together with the position angle7'
and inclination of the galaxies;q; is fitted within a range be- Despite the many dierent spectroscopic studies in extragalac-
tween~0.3 and 6 times the maximum velocityfidirence among tic H i regions, we still do not have the understanding of which
the Hu regions, ands s fitted between 0.1 and 10 arcsédFig.  are the statistical spectroscopic properties of these aamstar-

6 illustrates a typical result of this analysis, showing dpartic- forming regions. This is a fundamental problem that it is tlyos
ular galaxy (UGC 9837) the ddvelocity map, the best fit model, due to the lack of big statistical samples, and the reducetbeu
and the residual. Despite the low inclination of the galaxie of coherent compilations. The lack of a well defined setof
most of the cases it is possible to obtain a good model. In megél values for the most frequent parameters, like the diagnosti
of the cases the residual velocities ranges betwsidhkm s, Jine ratios (e.g., [@u]/HB andor [N 1]/He), ionization strength,
~15% of the maximum rotational velocity. This is expected dugust attenuation arar electron density is a clear limitation to
to random motions in the galaxies, compare e.g. Anderseln etuderstand if a particular set ofiHegions is difterent from the
(2008); Neumayer et al. (2011). average, and if dierent at which significance level. To address

The dtective radius was derived based on an analysis of ttils question a statistically significant, large sample af id-
azimuthal surface brightness (SB) profile, derived basedlon gions is required, with well derived spectroscopic paramset
liptical isophotal fitting of the ancillarg-band images collected over a large sample of star-forming galaxies dfetfient types.
for the galaxies (extracted from the SDSS imaging survegk YoAn additional requirement is good spatial coverage, nosdia
etal. 2000, and Paper ). When these ancillary images n@re towards the outer (bright) ki regions, which is a common bias
available we used thB-band (Paperl). In order to homogenizeén this kind of studies. Despite the large number of Kegions
the dataset, both sets of SBs were transformed t8thand us- catalogued in this work, the current sample is still incoat@to
ing the averagg - B color for each galaxy. When both band im-address this fundamental question. We will require a sample
ages where available a comparison between the directlyeterithe one that will be provided by a survey like CALIFA (Sanchez
and the estimated surface brightness profile was perforfingd, et al. 2012), without selectiorffects by galaxy types. However,
ing no significant dierences in the average gradient. We notge current catalogue of idregions is good enough to derive the
here that the observel andg-bands sample a range of wavestatistical properties of these regions for a sub-set cges:
lengths betweer4150-4750A and-4450-5210A, respectively, quiescenton highly disturbed, field, average luminosity spiral
due to the redshift range of the sample. Therefore, themiis-a galaxies.
herent imprecision in the intrinsic wavelength range is timial- Among the several dierent spectroscopic parameters de-
ysis. scribing Hir regions, we have analyzed a set of them based on

7. Analysis and results

1. Statistical properties of the Hi regions
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Fig. 7. Left panel:[Om] A5007HB vs. [Nu] 16583Ha diagnostic diagram for the average properties of therebions galaxy by galaxy listed

in Table 7. The error bars indicate the standard deviatiomfthe mean valueMiddle panel:Similar diagnostic diagram for all the emission
line regions detected by the described analysis with goadityumeasurements of both parameters (2230 regions). dloe itcnage and contours
show the density distribution of these regions. The first@onindicates the mean density, with each consecutive rereasing by four times
this mean value. The Kdlimann et al. (2003) (red solid-line) and Kewley et al. (2001)¢ dashed-line) demarcation curves are usually invoked
to distinguish between star-forming regions (below thes@dl-line), and other source of ionization, like A@Kockgpost-AGB (above the blue
line). Regions between both lines are considered intemtedines, indicating a mixed origin for the ionization. Theebars at the top-left
indicate the typical (mean) errors for the considered lates.Right panel:Similar diagram, including only the 124 regions at the cdreach
galaxy ¢ < 0.5re, i.e., at~ 0.25r¢ in average). The fraction of regions in thitermediate location is clearly higher.

the strongest detected emission lines: (i) lpMMthe equivalent to determine whether a particular (spiral) galaxy devidtes
width of the Hr emission line. This parameter is directly rethe average population (i.e., it is metal rich or poor/andt is
lated to the fraction of very young stars (L0 Myr), and can more or less dusty), or as the anchor point of chemical evolu-
be used to estimate the aging process of the ionizing popien of ionized gas along cosmological tim8he Hu regions
lation; (ii) Ay, the dust attenuation derived from thex#ig discussed here have a range of &lluminosities between 18’
Balmer decrement. To derive it the extinction law by Caideland 10* erg s, with a well defined bell-like shape centrer
et al. (1989) was assumed, wily, =3.1, and the theoretical at 10°%%*%6 erg s, Therefore, most of our regions corre-
value for the unobscured line ratio for case B recombinadion spond to intermediatgluminous ones, as indicated in Section
Ha/HB = 2.86, for Te=10,000K anch.=100cnT?® (Osterbrock 2. These Hu regions are expected to have a typical size of
1989); (iii) two typical diagnostic line ratios, [@] A5007HB few to several hundreds of parsecs, at the edge of our spatial
and [Nu] 16583Ha, that define the nature of the ionizatiorresolution or below.

source; (iv) the ionization parameter, estimated agoldg= For some parameters the mean value is well defined (i.e., it
—3.02-0.80l0g,([O 11]/[O 111])), @ measurement of the strengthshows a dispersion around the mean value of the order of the
of the ionization radiation (Diaz et al. 2000); (v) the oxygeestimated error). Thus it is a good characterization of e c
abundance, 12log(O/H), derived using the O3N2 indicatorsidered property of the ionized gas. However, it is impdrtan
defined by Pettini & Pagel (2004), that estimates the gas g@member that the variations within the considered distigns
richment; (vi) ki, the Stromgren radius of the iHregions reflect changes in the physical conditions of the ionizeduneb
(Osterbrock 1989), i.e., a hint of the size of the Fegions based |ae, either within each galaxy, or galaxy by galaxy. To iitage
on pressure equilibrium considerations, and (wi)the electron this efect we present in Fig. 7 three panels showing the classi-
density derived from the [§] doublet line ratio, i.€., & proxy to cal [Om]/Hg vs. [Nul/Ha BPT (Baldwin et al. 1981) diagnostic
the density of the ionized gas (e.g., Osterbrock 1989). diagram for (i) the average values shown in Table 7; (ii) fadi t
Table 7 shows the mean values and standard deviationseaiission line regions detected using the procedure destiib
the considered parameters for tha Fegions of each galaxy, to- previous sections; and (i) those emission line regionated at
gether with the mean value for all the galaxies. Based on thig center of the galaxies & 0.5r). In each panel, we include
analysis, it is possible to describe two kind of behaviorsone the Kautfmann et al. (2003) and Kewley et al. (2001) demar-
hand, some of the parameters have a large variation objectdafion curves. These curves are usually invoked to disishgu
object (e.g., EW[H], rui), reflecting the dierent physical con- between star-forming regions, and other sources of idioizat
ditions of Hu regions in individual galaxies. On the other handike AGN/Shockgpost-AGBs. The location within both curves is
there are parameters with a well defined mean value and lithHermally assigned to a mix origin for the ionization @mrcon-
variation object-by-object, and even region by region.(éfge tamination by diferent sources of ionization. Since our sample
dust attenuation, the ionization parameter and the oxygen-a is dominated by H regions, most of the regions lie in the de-
dance). i.e., despite of the manyfdrences between the considmarcation region corresponding to star-forming areabpatgh
ered galaxies (luminosity, morphology, color), and thegitgl a few of them are located in the so-called intermediate regio
conditions in each Hi region, it is possible to define a statisti-There are clear éierences galaxy by galaxy, reflecting changes
cally meaningfuktandardmean value for certain spectroscopién the average oxygen abundance and ionization strength. On
parameters. the other hand, it is clear that for the regions located incére
Due to the particular sample of galaxies studied here, atet of the galaxies the fraction of emission line regionadyin
the large number of H regions explored, we consider that thesthe intermediate region is larger. This is expected sinesdfare
values define the average physical conditions afrelgions for the regions more likely to be contaminated by other ionorati
spiral galaxies in the Local Universe. They can either belussources than star-formation: e.g., central low-intensiGNs,
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Table 7. Typical physical parameters of the ionized gas derived for the densd galaxies

Galaxy Lo EWi, Ay %l Ll U O/H Fan Ne
1) (2 3 4 ©) (6) ) )] ©
2MASXJ131953 40.3+0.6 288+6.7 14+03 014+016 -0.72:0.11 -3.84:0.34 8.48:0.08 28+6.1 -
CGCG 071-096 40.8 0.6 -35.0£9.2 1.4+05 -0.04+0.23 -0.48:0.10 -3.71+0.21 859:0.10 1.9+1.8
CGCG 148-006 40.8 0.5 -24.0+54 15+0.6 -0.13+0.24 -0.41+0.09 ... 8.66+0.10 e e
CGCG 293-023 39.205 -20.7+45 15+0.2 -0.20+0.14 -0.45:0.10 -4.06+0.15 8.67+0.05 1.6+1.5 0.1+ 2.6
CGCG 430-046 40.5 0.5 -31.4+7.6 15+04 -0.26+0.19 -0.43+0.07 ... 8.70+0.08 e e
IC 2204 39.7+ 0.6 -20.6+4.9 16+05 -0.23+0.24 -0.36+0.05 ... 8.75+0.08 e 2.0+45
MRK 1477 41.0£1.4 -39.1+17.7 1.4+04 -0.04+0.10 -0.31+0.11 -3.45:0.31 8.64+0.02 8.1+3.5 e
NGC 99 39.6:0.6 -41.0+12.3 1.2+05 0.13+0.20 -0.65:0.12 ... 8.47+0.10 e
NGC 3820 40.2: 0.3 -19.063.2 0.9+1.2 -0.60+0.13 -0.45:0.02 -3.78:0.13 8.79:+0.04 3.5+1.0
NGC 4109 40.4: 0.7 -17.7+3.0 19+04 -0.37+0.21 -0.39+0.06 -3.93:+0.13 8.78:0.09 3.8£2.0 e
NGC 7570 39.5: 0.7 -16.4+3.6 1.4+0.7 -0.24+0.16 -0.40+ 0.04 .- 8.71+0.04 e 1.6+ 9.4
UGC 74 39.2: 0.5 -125+35 1.3+0.5 -0.47+0.18 -0.36+0.07 8.77+ 0.05 27+38
UGC 233 40.0: 0.8  -34.0:+104 1.3+05 0.02+0.14 -0.46+0.14 8.58+ 0.08 e
UGC 463 39.7: 0.5 -23.6+49 16+04 -0.60+0.14 -0.41+0.06 8.79+ 0.04 0.4+ 3.6
UGC 1081 38.2 0.4 -12.9+3.6 1.1+04 -0.31+0.17 -0.37+0.08 8.73+ 0.07 0.4+15
UGC 1087 39.1£ 0.3 -21.9+5.8 1.0+0.5 -0.24+0.18 -0.42+0.08 8.67+ 0.08 3.0+4.7
UGC 1529 40.0: 0.5 -12.6£2.6 1.7+05 -0.49+0.22 -0.40+0.06 8.77+0.08 11.2+20.4
UGC 1635 38.8: 0.4 -11.2+22 14+0.6 -0.36+0.16 -0.37+0.07 8.73+ 0.06 23+35
UGC 1862 38.1£ 0.4 -10.6+3.0 15+0.5 -0.18+0.19 -0.55+0.08 8.61+ 0.06 1.4+18
UGC 3091 39.3:0.5 254+ 7.6 13+04 -0.22+0.28 -0.47+0.14 8.67+0.14 11+24
UGC 3140 39.8:0.5 -23.2+52 1.6+04 -0.43+0.22 -0.40:0.06 8.76+ 0.05 1.8+4.3
UGC 3701 39.3:0.3 -26.3:8.6 1.6+0.5 -0.03+0.15 -0.55:0.12 8.57+ 0.07 1.7+ 2.0
UGC 4036 39.8:0.5 -12.3+3.7 15+0.5 -0.33+0.28 -0.33:0.08 8.78+ 0.06 2.7+3.3
UGC 4107 39.% 0.5 -195+35 15+0.5 -0.25+0.20 -0.44+0.04 ... 8.69+0.06 e 28+2.1
UGC 5100 39.9: 0.7 -19.5+46 1.2+0.4 -0.05+0.24 -0.33:0.10 -3.58+0.39 8.72+0.10 2.9+25 .
UGC 6410 39.% 0.5 254+ 57 13+05 -0.25+0.21 -0.48:0.09 -3.68+0.27 8.65:0.09 1.2+0.7 e
UGC 9837 38205 -295+12.0 0.7+04 0.07£0.26 -0.76+0.18 -3.53:0.45 8.48:0.14 0.4+0.2 0.5+ 2.7
UGC 9965 39.% 0.3 -27.3:89 17+05 -0.10+0.33 -0.54+0.14 -3.76:0.29 8.62+0.14 1.4+0.7 45+12.1
UGC 11318 40.3: 0.5 -343+7.9 18+04 -050+0.26 -0.42+0.08 -3.68+0.24 8.76:+0.07 2.0+1.1 e
UGC 12250 39.6:0.5 -21.0+3.7 12+05 -0.41+0.10 -0.37+0.05 ... 8.75+0.03 e e
UGC 12391 39.% 0.3 -21.5+4.7 14+04 -0.37+0.18 -0.48+0.06 ... 8.70+0.07 3.9+21.8
NGC 628 38705 -50.4+26.7 1.1+05 -0.40x0.28 -0.55t0.09 -3.75:029 8.68:0.10 0.5+05 0.5+ 3.1
NGC 1058 38205 -24.8+11.7 1.0£04 -0.33:+0.33 -0.50+0.12 -3.82+0.27 8.70:+0.12 0.5+0.3 0.4+ 2.3
NGC 1637 38.8:0.5 -19.0+6.7 1.3+0.4 -052+0.29 -0.39+0.10 -3.84:+0.25 8.79:+0.08 0.5+0.8 1.5+ 2.6
NGC 3184 39.204 -43.0:15.7 1.3+05 -0.64+0.29 -0.49+0.07 -3.79:+0.27 8.80:+0.08 1.0+0.6 0.7+ 2.7
NGC 3310 39.8:0.8 -133.0:51.8 0.2+0.2 0.26+0.12 -0.70:+0.12 -3.31+0.44 8.42+0.07 1.0+1.4  05+1.8
NGC 4625 39.3: 0.4 -24.6+6.0 0.6+0.4 -055+0.15 -0.51+0.04 -3.81+0.16 8.75:0.05 1.0+0.3 0.3+ 1.8
NGC 5474 38.4:0.4 -64.6+28.0 0.7+04 0.17+0.20 -0.91+0.10 -3.49+0.44 8.39:0.08 0.3+0.2 0.2+ 3.0
Mean 395:06 -28.4x208 13:+04 -0.25:0.23 -047£013 -3.71x0.18 8.67+0.10 19+18 19+23

Notes The table shows the median values and standard deviatitims following physical parameters: (1) Decimal logaritbfithe dust corrected
luminosity of Hy in erg s*; (2) Equivalent width of the pure ddemission line expressed in A(values decontaminated frenutiderlying stellar
absorption); (3) Dust attenuation derived from the/Hg line ratio; (4) [OllI]A5007Hg line ratio, in decimal logarithm scale; (5) [NAB583IHa
line ratio, in decimal logarithm scale; (6) lonization paweter; (7) Oxygen abundance, 4®g(O/H), derived using the O3N2 indicator; (8)
Stomgren radius calculated for the HIl regions in units d parsecs; (9) Electron density in units of 100 electronspér

Shocks, post-AGB stardt is beyond the scope of this arti-
cle to determine the real nature of this ionization in the cen
tral regions. This will require a more detail analysis and the
use of other more suitable diagnostic diagrams like [NIlJH«
vs. [SHl]/Ha and/or [NIl] /Ha vs. [SI1]6717,673Ha, to dis-
tinguish between HIl regions, SNR and PNe. We just want
to emphasize that if there is any possible contamination, ik
will more likely a ffect only the central regions. This clearly
indicates a change in the ionization conditions galaxy bsvga

and across the optical extension of each galaxy. One may wdiC 4109 (at~100 Mpc).
der whether the describedidirences are induced by the errorsin

the represented parameters. However, most probably thistis
the case. The typical error is represented as an error-tihein
central panel of the figure, showing that it is smaller thandis-
persion of values found (in particular for the range ofi]fHa

values sampled).

16

optical extension of the galaxies.

Another possible explanation is that the large range of
redshifts/distance has an ffect in variation of some proper-
ties due to our coarse resolution. This could be the case for
the differences found for the Stémgren radius or the luminos-
ity of H « for some galaxies, like NGC 628, at a distance 6f9
Mpc and Mrk 1477, at a distance of~90 Mpc. However, this
cannot be the only explanation, since there are other galax-
ies with large difference in both parameters at lower rela-
tive cosmological distance, like UGC 6410 (at80 Mpc), and

In summary, although the mean values listed in Table 7 are
somehow representative of the average ionization comditiio
each galaxy, they do not show the complete picture, singe the
are clegfexpected variations of the ionizing condition across the
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log (03NR)
log (N20R2)

log (RR3) log (R23) log (03NR2)

Fig. 8. Left-panel:Distribution of the O3N2 vs. R line ratios for all the 1142 H regions with detected [@ 13727 emission line. The image and
contours show the density distribution of both paramefns. first contours is at the mean density, with a regular sigaaif four times this value
for each consecutive contour. The red-dashed line showbesiefit found using a 2nd-order polynomial function betw#entwo considered
parameters. The light-blue solid-circles indicate the imedalues of both parameters, with their correspondingdsted deviations represented
as error bars, for consecutive bins of 0.1QA@3N2. The black solid line shows the relation expected betwsth parameters when they are
used to derive the same oxygen abundance, assuming therftrernal. (2004) fit for R; and the Pettini & Pagel (2004) calibration for O3N2.
The dot-dashed blue line shows the same relation, if theexydpundance derived based o Ras 70% of the one derived using the Tremonti
et al. (2004) fitCentral panel:Similar plot for the distributions of the N202 line ratio \R;3, for the same hi regions. In this case the light-blue
solid-circles indicate the median values and correspansgiandard deviations of the parameters for consecutive dfi®.10 inAN202. Right
panel: Similar plot for the distribution of the N2 line ratio vs. O2NThe blue solid circles indicate the median values of battameters, with
their corresponding standard deviations, for consectiing of 0.10 inAO3N2. The red dashed-line shows the best fit found using aofuhel
polynomial function between both parameters. In the tha®e[s the typicdinedian errors of the represented parameters are représente
black error-bar.

7.1.1. Strong-line calibrators of the oxygen abundance However, this index is double valued, with twdidrent calibra-
tions for low metallicity (12+ log(O/H)<8.1) and high metal-
One of the fundamental parameters that can be derived frem figity (12 + log(O/H)>8.4) Hu regions. There is an ill-defined
spectroscopic analysis of Hregions is the oxygen abundanceregime where regions with the samgsR> 0.7) value have oxy-
Oxygen is one of the easiest elements to measurainegions, gen abundances thatfidir by almost and order of magnitude
due to the strength of its emission lines in the optical weneth (e.g., see Figure Al in Lopez-Sanchez & Esteban 2010). Katio
range. This is fortunate, since O is arprocess element madesuch as O3N2 (Alloin et al. 1979; Pettini & Pagel 2004), N202
directly in short-lived massive stars (dominant imkegions). It (van Zee et al. 1998; Dopita et al. 2000), N2 (van Zee et al.
is a good proxy of all heavy elements, comprisirg0% of all  1998; Pettini & Pagel 2004; Denicol6 et al. 2002), and many

the metals by mass in all the Universe. Therefore, it is adindpthers, were introduced in an attempt to solve this ambjgmit
mental parameter to understand the evolution of the stelipr  the derived abundances:

ulations galaxy-by-galaxy and atftérent locations within the

same galaxy.

Accurate abundance measurements for the ionized ga8N2 = ([0 1m1] 15007Y1(Hp) (8)
in galaxies require the determination of the electron tem- I([N 1] 16584)1(Ha)
perature (T) in this gas which is usually obtained from,,, _ (N 1] 16584) )
the ratio of auroral to nebular line intensities, such as ~ 1([011] 13727)
[Om] 14363[Om] 214959,5007 (Osterbrock 1989). It is well [([N 11] 16584)
known that this procedure isfficult to carry out for metal-rich N2 = —————— (10)

galaxies since, as the metallicity increases, the elet¢tnmper- H(He)

ature decreases (as the cooling is via metal lines) and theadu Some of these indicators are strongljeated by the dust at-
lines eventually become too faint to measure. Therefor, caenuation, like N202 and &, and should be determined af-
brators based on strong emission lines are used. Lopeh&anger correcting it. Others are less sensitive to dust attimmia
et al. (2012) has recently presented a revision on tfferént Furthermore, empirical calibrations based on direct et of
methods, showing their main problems, and illustratingimol  the electron temperature of the ionized gas systematipatly
ranggconditions then can be applied. In particular they descriRgie oxygen abundances which are systematically 0.2-x4 de
the most widely used methods in large galaxy surveys, thyat rgower than those derived using calibrations based on phietoi
on the measurement offtérent strong emission lines (and lingzation models (e.g. Lopez-Sanchez et al. 2012).
ratiF)S) inthe Hr region spectrum and empirical calibrations with To derive the main statistical properties of the oxygen abun
regions of well-known oxygen abundance. dance, we adopted the O3N2 ratio. This ratio is less depeénden
One of the first strong emission line methods was proposed the adopted correction for the dust attenuation, andames
by Pagel et al. (1979). It relies upon the ratio ofif013727 and sion lines covered by our wavelength range for all the gefaxi
[Om] 2114959,5007 with respect toithe so-called R ratio:  in the current sample. Like the N202 indicator, it relies ba t
use of the intensity of [M]. In the high metallicity regime —
12+log(O/H)=8.3— nitrogen is produced by both massive and
(O] 43727)+ 1([O111] 214959 5007) intermediate-mass stars (e.g. Pilyugin et al. 2003) anaéden
- 1(Hp) (7 nitrogen is essentially a secondary element in this meitli

Ros
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to the solely oxygen-basedRratio. Only the Hr regions with
detected [Qi] 13727 emission line have been included in this
plot (1142 individual regions). In each panel it is shownithe
age and contours of the density distribution of both paranset
The red-dashed lines show the best fits found using a 2nd-orde
polynomial function between the two considered parameters
The light-blue solid-circles indicate the median valueoth
parameters, with their corresponding standard deviatiepie-
sented as error bars, for consecutive equally spaced bihd ®f
dex of the parameters shown. In all cases the distributioas a
similar to the ones previously described in the literatiegeen

the considered estimators goadtheir derived abundance (e.g.
van Zee et al. 1998; Yin et al. 2007; Rosales-Ortega et all 01
However, in none of the precedent studies the distributayes

8.8

12+log(0/H) center +0.15

8.4

s 9 10 1 shown with such a large statistical sample.
In the three cases there is a clear correlation between the me
log (Mass,/Mo) dianyhigh dense distribution of both parameters. The corraiatio

Fig. 9. Relation between the stellar mass, in units of the solar esass's Str(_)n_ger for N20_2 vs. B E_ind for.N2 YS' O3N2 thafn for the
and the oxygen abundance at the central regibrs@.2 ro), using the remaining oneThe flrst of thl_s relations is well described by
03N2 calibration, for the galaxies considered in the cursandy (solid @ 2rd order polynomial function:

circles). The black-solid line shows the relation found Iogriionti et al.

(2004) for the star-forming galaxies in the SDSS sampleected for

the mismatch between their suggested calibrator and thentlyused log N202 = 0.15- 0.97 log Rz — 0.39[log Ro3]? (11)
here (i.e.,—0.15 dex). The grey-dashed lines show tker and ~20-
range around this relation. The dispersions of each parameter around the best fit

curve are o202 ~0.11 andores ~0.17, respectively. The dis-
persion in the y-axis is very similar to the typical (mean) ef
regime. The [Ni]/Ha ratio will therefore become stronger withrors of the corresponding line ratio, enz2o2 ~ 0.07. This in-
on-going star formation and evolution of galaxies, untirywe dicate that most of the dispersion is due to the errors in the
high metallicities are reached, i.e. 43g(O/H)>9.0, where derived line ratios, and not in a physical dependence with a
[N 1] starts to become weaker due to the very low electron teitfird parameter.
perature caused from strong cooling by metal ions. However, The second relation is also well described by a 2rd order
N2 is an indirect estimator that may depend on the ionizati@®lynomical function:
strength.

We should remember here that fe'50% of our targets
[On] 13727 was not covered by the observed wavelength ran$fg N2 = 0.46 - 0.121og O3N2- 0.19[log O3N2f (12)
and thereforethe fraction of H 1t regions with R,z and N202 o . .
line ratios is just half of the total number of regions, since For this distribution, the dispersions of each parameter
both rely on this emission line The direct estimate based orffound the best fit curve areon, ~0.10 andoogne ~0.32,
the electron temperature is of less use. The fraction ofret espectively. Once more, the dispersion in the y-axis is ver
gions with reliable measurements of the the auroraifQ4363 Similar to the typical (mean) errors of the corresponding
is just ~10%. This line is either too faint or is blended #md line ratio, en> ~ 0.17. Again, this indicates that most of the
strongly dfected by the Hg 14348 atmospheric light po||uti0rdlsperSI0n is due to the errors in the measured line ratios,
emission line, and evemHin most of the cases. Due to that wéather than a unknown relation with a third parameter.
consider O3N2 the best estimator for the purpose of the gurre  Finally, the correlation is less tight for the the O3N2 and
study. In general it is considered that this estimator ighalr R23 parameters, with a broader dispersion and a tail for
the range betweenl< log O3N2 <1.9 (e.g. Yin et al. 2007). R23 > 0.7.In this case a 2nd order polynomial function de-
However it becomes less reliable for metallicities lowearth Scribe will enough
;SIZI()).g(O/H)<8.3 (e.g. Yin et al. 2007; Lopez-Sanchez et alog 03N2= 0.18— 3.76 log Ros + 5.88[l0g Rog]? (13)

It is beyond the scopeof the current study to make a de-However, the dispersion around the best curve is largetier t
tailed comparison of the oxygen abundances derived usig th3N2 parametergosne ~0.62, but similar for the R one,
different proposed methods, in a similar way as it was preseniggh; ~0.17. This dispersion cannot be explained only by the
by Kewley & Ellison (2008); Lopez-Sanchez et al. (2012)arger typical (mean) error of the represented line ratgs, ~
However, it is a good sanity check to compare between somegaf anderos ~ 0.3, respectively), and most probably indicates a
the most frequently used ones. This comparison will helpus fieal diferenceand/or a dependence with a third parameter
understand (1) if the I regions described here are in the valiglike the ionization strength).
range for the adopted metallicity indicator; (2) which dre teal Tremonti et al. (2004) proposed a non linear fit of the oxygen
differences in using one indicator or another; and (3) how aceibundance for the &3 indicator that is nowadays widely used.
rate is the adopted correction for the dust attenuatiomesive Assuming that this calibration derives a similar oxygenrabu
can compare indicators withfiierent degree of dependency omjance than the one proposed by Pettini & Pagel (2004) is is pos

the adopted correction. sible to derive the following relation between both paramet
Fig. 8, shows the comparison between O3N2, N202 and N2
indicators, all of them using the [] 16584 line, with respect y = —1.406+ 0.987x + 0.825x? + 1.396x° (14)
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where:y = logO3N2 andx = logRy3. This relation has a Despite the strength of the considered correlation and how
similar shape than the one described before for the rangeitahatches with our current understanding on galaxy evoiyti
values corresponding to G<5R»3 <1, however it isoffsetby there are a few caveats on how the MZR is derived: (i) The oxy-
~0.15 dex in B3 and~ —-0.5 dex in O3N2. The oxygen abun-gen abundance used by Tremonti et al. (2004) was derived as-
dance derived using both indicators agrees if it is assuima&d tsuming a Bayesian approach based on simultaneous fits to all
the Tremonti et al. (2004) relation overestimate the abooéda the most prominent lines assuming the results provided by ph
by ~30%. The diference is due to the photoionization modtoionization models. However, as explained before thest-me
els adopted by Tremonti et al. (2004), as discussed in Lopexs systematically overestimate by 0.2—0.4 dex the oxygen-a
Sanchez et al. (2012). Correcting for thafelience, the derived dances derived using the Te-based calibrations(Lopezkean
relation between O3N2 and,Ragrees with the one found with et al. 2012); (ii) the calibrator was derived fornHegions, but
our dataset (blue dashed-dotted line in Fig. 8). Therefine, applied to integrated apertures in galaxies. Althoughwigely
oxygen abundance derived using the Pettini & Pagel (200d) amsed, it is is not firmly tested if this procedure is validi)(ihe
Tremonti et al. (2004) calibrators do not provide consisten apertures of the considered spectra coverti@i@int optical ex-
sults, as already pointed out in previous studies (e.g. r-opaent for each galaxy, due to the fixed aperture of the SDSS fiber
Sanchez et al. 2012). However, the discrepancy is in the zespectra (3).
point of the adopted calibration, rather than in the actahles So far, there has been no majdiicet to test the reported rela-
for the indicators. The dispersion is tighter fogsR< 0.7, i.e., tion using spatially resolved spectroscopic informatiike the
the parameter range for which the oxygen abundance is net done provided by the current analysis. The nurydiatistics of
ble valued. For values of B larger than 0.7 we found that theour analysis, galaxy-by-galaxy, is reduced, and we can sty
discrepancy with the derived relation shows a trend withidhe if our results are consistent with the derived relation. ldeer, it
ization parameter, being larger at lower valuetlof will be a first step towards a stronger statistical resué ttould
Kewley & Ellison (2008) performed a comparison betweebe provided with the large sample currently under obsesmati
the oxygen abundance derived usinfijetient strong line indica- by the CALIFA survey (Sanchez et al. 2011).
tors, based on analysis of large sample of SDSS spectrarof sta We derive the luminosity mass of the considered galaxies us-
forming galaxies. They derived a set of transformation far t ing the integrated-band magnitudes®3 — V colors and the av-
different analyzed indicators, includingdRand O3N2. These erage mass-luminosity ratid//L) described in Bell & de Jong
transformation are consistent with the ones presented faere (2001). This derivation is less accurate than the one destri
the range of abundance for which their are valid (see Tabte 3in Tremonti et al. (2004). However, it should be enough fer th
Kewley & Ellison 2008). purpose of this analysis, considering that the derMgt has an
In summary, it seems that (i) N202 andsRndicators pro- expected scatter 6f0.15 dex (Bell & de Jong 2001). As an addi-
vide statistically similar empirical information on the ymen tional cross-check we also derived the dynamical mass. \&e us
abundance, i.e. measuring one or the other in the considetieel éfective radius ), the maximum rotational velocity:)
range of parameters will yield a similar estimation of the-ox listed in Table 1, and the classical formdla
gen abundance, when a consistent calibration is used. On the
other hand, O3N2 providesftirent information than the other
two indicators, when dealing with individual regions, evemen
consistent calibrators are used; (ii) the range of valugsreal
by the O3N2 indicator for the Hregions of our sample is within
the values where this indicator is reliable (as indicatefnag;
and (iii) the lack of outliers in the N202 vs.,Rdistribution
indicates that we have adopted a good correction for the d
attenuation.

r eVrot
G

We note here that this mass is indeed the dynamical mass at a
particular radius (roughly twice thdfective one), and therefore,
the derived values should be taken with caution for any &rrth
rpretation. As expected the dynamical mass is slighttyer

an the stellar mass, since the first considers the totad wfas
the galaxyHowever, both masses agree withir0.2 dex for
~90% of the objects Similar results have been recently re-
7.1.2. Mass-Metallicity Relation ported for the same sort of galaxies, using more sophisticat
rivations of the stellar masses (Gerssen et al. 20123.¢omi-
tent result strengthens the validity of our derived reass

Figure 9 shows the distribution of the oxygen abundance at

. . the center of the galaxies vs. the stellar masses descrijecktb
up into stars, and the later reflecting the gas reprocessstély/ g yygen abundance has been derived extrapolating tree rad

and arB/ gxchan%g ofhgas Eetween th.e. galax;l/ andl Es.ﬁpg’irﬂpédients found for each galaxy (see Sec. 7.2), to the cdiaer
ment. Understanding how these quantities evolve with tive a1, 4 ison, we estimate the central abundance using the ave

in refation t?ho?e anothﬁ:éls central todlind_ersta;m?ngftl}mpgl age of the metallicity values within 0rg using the O3N2 cal-
processes that govern thaeiency and iming Of star formation jy ator, for those galaxies with Hregions at this distance (20

in galaxies. out of 38). Both values agree within the errors. We prefers® u
= : Ghe extrapolation of the derived gradient, since they hawet

lar mass and_gas-phase metallicity (MZR) spanning over 3 ?fi’spersion, and they can be derived for more galaxies éle.,
ders of magnitude in stellar mass and a factor of 10 in metalli, MRk 1477). We include in Fig 9 the relation between both
Ity. Th|§ correla_tlon has been interpreted asa dlrecf[ addef guantities derived by Tremonti et al. (2004), correctedtfer
the anticorrelation between metal loss with baryonic mase, - yigmatch between their calibrator and the currently used he

the ubiquity of galactic winds and theiffgiency in removing ;e ‘0 15 dex). The derived central abundance and steisses
”?eta's from low-mass galaxies. Adqmonal Interpretaieon- ¢4 e galaxies analyzed here are consistent with thigioala
sider that the observed mass-metallicity relation is duwertwre

general relation between stellar, gas-phase metallicitysiar 2 http://www.astro.virginia.edu/class/whittle/
formation rate (Lara-Lépez et al. 2010; Mannucci et al. 2010 astr553/Topic05/Lecture_5.html

Mayn = (15)

- d
Stellar mass and metallicity are two of the most fundamem;car
physical properties of galaxies. Both are metrics of thexgal
evolution process, the former reflecting the amount of geledd
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Table 8. Results of the analysis of the radial gradients of a set gigntées.

Parameter M Teor o, medq, 0. er, medg o, er

(1) 2 6B @ ® &, O ® (9 (10

I 25 098 002 2164 084 026 168 001 023
B-V 25 050 022 087 020 030 -020 015 0.27
T (100 pe) 11 061 024 257 025 030 -048 020 0.6

12+logi(OH) 25 060 025 884 013 030 -012 0.11 0.27
10010(EWhal) 25 057 021 095 032 025 051 028 022
logio(NIl]/Ha) 25 054 0.24 -0.41 013 0.30 -0.10 0.13 0.27
logio([OIl]/HE 25 053 0.28 -059 032 025 029 026 022

log(U) 11 035 024 -393 029 004 009 012 0.08
ne (100 cnrd) 22 021 013 248 7.79 026 031 067 0.24
Ay (mag) 25 017 017 160 088 025 -029 052 0.22

Notes (1) Parameter which gradient is analyzed, @ARAM= a + b = R/Re (2) Number of galaxies fulfilling the criteria (q >30 regions);
(3) median value of the derived correlation fia@ents for the analyzed gradient; (4) standard deviatich@ferived correlation cdigcients; (5)
median value for derived zero-points for each galaxy; @ydard deviation of the derived zero-point; (7) medianresfdhe derived zero-points;
(8) median value of the derived slopes for each galaxy; é)dsrd deviation of the derived slopes; (10) median errtmeflerived slopes.

showing a similar distribution: about 75% of the galaxieslar Despite of the several filerent studies describing these ob-
cated at less thanlo of the scaled relation. servational events, there is a large degree of discrepataekn
the actual derived parameters describing the gradieftsofe
. ] of the gradient; (ii) average value and dispersion of the-=zer
7.2. Radial gradients point and (iii) scale-length of the truncation. In genethis is
mostly due to diferent observational biases and historical meth-

It is well known that dfferent spectroscopic properties ofiH ods to perform the analysis: (i) most of the studies lack @@ro

{ﬁg'gptiséﬁgwsgmngf\t/ﬁgsgogsra?ﬁ;?:fst?: areoa)l( Of:r'fkl mlaXstatistical number of analyzed iHregions per galaxy; (ii) in
EVS[H ] etc, ), show a stronp radial radie.r?t.,tha);?n average iflany ©ases the samples cover mosily the outer regicARAR
dicate(sy Ehat .m’ore evolved n%etal ric?\ stellar1 onulati I(?— With a lack of H regions in the inner ones; (iii) there is no uni-

; o ’ pop form method to analyze the gradients. In some cases the phys-
cate.d in the center of galaxies, and less evolved, metalqress ical scales of the galaxies (i.e., the radii in kpc) are uged.
Z’[ea;nztgflolgr?(; (r)enfzsre(r?é%é Ztr?gilrr)]/) e_}_ﬁilé (1)%22}2%21':%2” Marino et al. 2012). In others the scale-length are norradliz

" ' 9 ) . . to the Rs radii, i.e., the radii at which the surface brightness
consistent with the our current understanding of the foionat in the B-band reach the value of 25 magcsed (e.g. Rosales-
and evolution of spiral galaxies (e.g. Tsujimoto etal. 20B0d 005 ot 1. 2011). Finally, a much more reduced number of
rgferences the_reln). Gas accretlon_brlngs gas into ther A€ studies tries to normalize the scale-length based onfteetre
gion, where it f'rSt. reaches _the required density to ignae farr- radii (described in Sec. 6.1.2). Diaz (1989), in one of thdiest
mation. Thus the inner regions are populated by older saas, .. - tions of Hi regions already showed that thgeetive ra-
they hav_e sﬁered afaster gas reprocessing, and galaxies EXP&ilis is the best one to normalize the abundance gradients. Th
ence an inside-out mass growth (e.g. Matteucci & FrancdS 1 is somehow expected since it is directly related with theamas

Boissier & Prantzos 1999). Both the extinction-correctelbrc - ; :
gradients in nearby galaxies, Mufioz-Mateos et al. (2007, aconcentra‘uon and reflects how fast the gas is recycledfiardi

; ; . o ent galaxies. Despite its benefits, it is the least used ohighw
weak dependence of the mass-size relation with redshiffi([or T af . .
et al. 2004; Barden et al. 2005; Trujillo et al. 2006) supjaort has produced an ill-defined set of definitions for these gradi

inside-out scenario for the evolution of disks Itis importa}nt to remember here th_at both the physical schle
o i R the radial distance ayr the normalized one to an absolute pa-
Pure.|n5|de-out growth |s®cted b_y internal and exterr}alrameter like thdRys radius, although they are widely used, could
events, like bars aridr galaxy interaction and mergers, whichhot produce useful gradients to compare galaxy to galangesi
induce radial migration. In principle, radial migratiofiects the jn poth cases the derived gradient is correlated with either

stellar populations more strongly, since they are dynaliyicagcale-length of the galaxy of its absolute intensity.
more susceptible to thefects that produce migration (interac-

tions, bars, etc.). The overall result is a change in theestfp
the surface brightness profile and colors of these galaries (
Bakos et al. 2008). However, gas clumps, lika Fegions, may
also be &ected (e.g. Minchev et al. 2012). The nffeet of these
processes is a possible flattening of the radial gradienbaad We used our catalogue of iHregions to characterize the radial
truncation at outer regions, where some of these propéeigs gradients of the physical properties of thelfegions. For each
oxygen abundance) show values that are expected at more irgedaxy we derive the correlation déieient, and the slope and
regions. This change in the slope of the radial gradientgfier zero-point of a linear regression; for the radial distribntwe
abundance has been reported by several authors (e.g. iBrestgrived each of the parameters discussed in the previods sec
et al. 2009; Marino et al. 2012; Bresolin et al. 2012). If tro@-  tion. The radial distance is normalized to thEeetive radius of
gration is an #icient mechanism to intermix the gas and stellarach galaxy, listed in Table 4. Only those galaxies with adgoo
population properties of galaxies, and even to enrich therin sampling of the radial distribution of Hregions have been con-
galactic medium (Sanchez-Blazquez et al. 2009, foffi@edint sidered. To do so, we adopted two criteria: (i) the galaxyutho
explanation to the surface-brightness truncation). comprises more than 30 individualiHregions, and (ii) there

7.3. Analysis of gradients galaxy by galaxy
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Fig. 10. Summary of the analysis of the gradients of a set of physicgigrties of the Hk regions in the considered galaxies. Each panel shows,
from left to right, (i) the distribution of correlations cfiieients of a each of the considered parameter (from top toiotthe surface brightness,
the oxygen abundance and the dust attenuation) with regp#w radial distance; (i) the distribution of the zerd#gs of the linear regression
and (iii) the distribution of the slope of the same regrassithe orange solid line represents, for each of the last fatodrams, the expected
histogram in case of a Gaussian distribution of the datajnaisg the mean and standard-deviation of the distributfarach analyzed parameter,
and sampled with same bins.

should be equally distributed along the sampled regieh g individual derived slopedry). In addition to the physical pa-
Reo). rameters of the ki regions discussed in the previous section we
have included, for comparison purposes two propertiessodfithh
erlying stellar population, that are well known to cortelaith
e radial distance: thB-band surface brightnesgg), and the

i(fs ():Ocvslt'geligds{?g'r)] dtaTr?j gg&z?orﬁ(t?ihcgrrﬁﬁig: ;?gepn;?m B-V color. The table is ordered by the strength of the corretatio
cor/y T T - y ) for the physical parameters of theiHegions.
(med), with its standard deviatioru(,), and the mean error of Py P ey

each individual zero-poinggr,), together with the median slope  The overall analysis is illustrated is Fig. 10, where we show
(med), its standard deviatiorot), and the mean error of eachthe distribution of the correlation cfiients, zero-points, and

Table 8 summarizes the result of this analysis. It inclufites,
each of the considered parameters, the actual number of-ga
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Fig. 11. Left panel:Radial distribution of the equivalent width ofoHin logarithm scale of its absolute value), once scaled émtlerage value at
the dfective radius for each galaxy. The image and contours shewéhsity distribution of hi regions in this parameter space. The first contour
indicates the mean density, with a regular spacing of fouesi this value for each consecutive contour. The light-bblil-circles indicate the
mean value (with its corresponding standard deviationesgrted as error bars), for each consecutive radial bi® 46 R. The solid line shows
the average linear regression found for each individuabgglas listed in Table 8. The red dashed line shows the agtgadssion found for all the
H u regions detected for all the galaxies. The average errdreoétjuivalent width of H for the Hu regions represented in this plot is shown by a
single error bar located at the top-left side of the paR@ht panel:Similar radial distribution for the oxygen abundance dediusing the O3N2
indicator, once scaled to the average value at ffective radius for each galaxy, following the same formate Blierage error of the derived
oxygen abundance (without considering systematic erisis)own by a single error bar located a the top-right siddefpanel. The right-side
scale shows the corresponding value for the O3N2 indica@tw.solid-orange square indicate the average abundanbe ebtar neighborhood,
at the distance of the Sun to the Milky-Way galactic centeefiective radius).

slopes for each individual galaxy, for three particulargmae- quence of the time evolution of theiHregions (aging, enrich-
ters: (i) the surface brightness, as an example of a straggly ment, lose of strength and expansion), those later onesadre n
related parameter; (ii) the oxygen abundance, i.e., tlomgtst strongly dfected by this overall evolution.

correlated parameter for the ionized gas; and (iii) the @ust

tinction, a parameter with no gradient in most of the cases. F

highly correlated parameters the mean value, shown in Tabl&.4. Universal gradients

is not enough to characterize their behavior.

There are parameters that show a statistically significamnt cFor those properties showing a strong correlation, it isagu
relation with the radial distance, >0.5, andr¢r <0.3). These important to understand if the gradient is universal, witbur
parameters are the Stromgren radii, the oxygen abunddree,range of explored parameters. Inspecting the histogramasrsh
equivalent width of K and the classical ionization diagnosin Fig. 10 and the values for the slopes listed in Table 8, we ca
tic line rations ([Om]/HB and [Nu]/He). The first correlation conclude that all the parameters showing either a cleaelzorr
may indicate that the H regions are larger towards the centetion or a trend show well defined slopes, taking into accooat t
However, we have to be cautious about this statement, sisceaonsidered errors for the measured parameters. For the-equi
do not have a direct estimate of the actual size of theégions, alent width of Hr and the oxygen abundance a Lilliefors-test
and the Stromgren radii are based on particular radiatioi egindicates that the histogram of the slopes of the gradiergs a
librium conditions (Osterbrock 1989). We need to recalleheconsistent with a Gaussian distribution (Lilliefors 196This
that since many of ouso-calledHu regions, are indeed, i implies that we can define a characteristic value for theeslop
aggregates, this radius should be considered agfactive ra- and that we do not find a population of galaxies with slopes in-
dius The next two correlations show that the more metal riatonsistent with the normal distribution. To illustratesthiesult
and evolved stellar populations are located in the inneéprsy  we show in Fig. 11 the radial distribution of two of the param-
in agreement with expectations. The remaining two gradient eters with stronger correlation: (i) the equivalent widthHx
dicates that in general the strength of the ionization igdain and (ii) the oxygen abundance. We include all the tgions
the outer than in the inner regions. Finally, the ionizafia in our catalogue<2600). For doing so, a globatfset has been
rameter shows a weaker trend, in the way that less powenful tdpplied galaxy by galaxy to normalize the equivalent widill a
regions are located in the central areas, while the stromges the abundance affective radius. Thisfiset was derived by sub-
are located in the outer regiortdowever, this result has to be tracting the value derived by the individual regressiorhrme-
taken with care, since the correlations are weak and the ion- dian value listed in Table 8. A new regression is estimatedlfo
ization parameter depends both on the electron density and the dataset of ki regions. Both the average regression listed in
the number of ionizing photons, which may present also ra- Table 8 (red dashed-line), and the regression for the fatipda
dial gradients. (black solid-line), has been included. It is clear that booin-

Finally, there are parameters with little dependence wvhith trelations are very similar, which support our claim thaté¢his
radial distance, like the dust attenuation and the eledemsity. a universal slope for the gradient of either the equivaladtiw
If the radial gradient of the parameters discussed beforg, (eand the oxygen abundance when the radial scale is normalized
oxygen abundance afmt equivalent width of k) is a conse- by the dfective radius.
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Fig. 11 shows that the scatter around the described corre- Fig. 11 shows that for the spatial scale which is well sam-
lation, ~0.6 dex, is much larger than the average error of eapled by our catalogue of Hregions (k 2rg), the mean value
individual measurement;0.15 dex, for the case of the equiva-of the analyzed properties follow the described distritnutiFor
lent width of Hx. However, in the case of the oxygen abundanceadii larger than-2 effective radii, the mean abundance and H
both values are very similax0.2 dex. If we interpret this scatterequivalent width seem to be slightlyfeet, with values compat-
as a typical coherent scale-length, we can conclude thitdrsteible with more inner regions~( 1 rg). Although this seem to
populations with similar star-formation histories aretdigmited agree with previous results reporting a flattening on thegexy
at a wider radial ranges than the corresponding ionized gas wabundance, and even with the migration as a possible explana
similar oxygen abundance. Thus, the possible intermixdua-t tion, we have to take this result with a lot of caution. Theye i
dial migrations (or similar ects) d@fects strongly the stars thanjust a hand-full of Hi regions sampled by our catalogue in this
the ionized gas, as expected. A larger relative scatteeiptbp- spatial regime (less than a 1%), and therefore the resalbtis
erties of the stellar population compared with the oxygamab significant. On the other hand, it seems that there is a decrease
dance ones was reported even in our Galaxy (e.g. Friel 1995)of mean oxygen abundance in the inner regions of the galaxies

For the particular case of the oxygen abundance, the saff€-3 ), compared with the expected value extrapolating the
caveats expressed in Sect. 7.1.1 have to be taken into accégRorted correlation. This decrease is not due to the aimoeda
here. We derive the abundance using the O3N2 empirical astirfdicator used, since we detect it using either O3N2 grdRe.
tor (Pettini & Pagel 2004), calibration which has a certainge ndeed, this decrease was already detected in individuakga
of validity. Due to that we included the corresponding sadle i€S like in NGC 628 (Sanchez et al. 2011; Rosales-Ortegh et a
O3N2 values to illustrate that we are in the range where Hiis ¢2011). o o .
ibrator provides reliable results. We repeated the armlysing We explored the possibility of a statistical origin of this e
the Ry calibrator, deriving similar results for the radial gradifect, by analyzing the distribution of oxygen abundancexyl
ent. However, there is a larger scatter in this distribytinostly by galaxy. However, we found that this decrease is prese2fl in
due to the larger error bar of our derivation of oxygen abuff the 28 galaxies with H regions detected in the central region.
dance based on this later method, and the lower numbenof 1A lower slope in the abundance gradient may induce tfiece

regions with measured [ 13727 emission line{50% of the However, we found no significantfiierence in their gradients,
total sample). with respect to the average values.

Finally, we have explored which would be the actual location

Despite these caveats, the main result are valid: i.e.ether . . :
seems to be a universal radial gradient for oxygen abundar?igéhe solar neighborhood in the proposed abundance grtadien

when normalized with thefiective radii of the galaxies. This Shown in Fig. 11. For the distance of the Sun to the centereof th

; ; : ; Milky way we adopted the value deduced by Eisenhauer et al.
resuilt apparently contradicts previous ones, in which tapes id2003), of 7.94.0.42 kpc. The value of the disk scale-length,

characteristics of the galaxies. Vila-Costas & Edmund92)9 and therefore thefiective radius, is still controversial, with large
' giscrepancies betweentdirent results. The more likely value is

shows that barred spirals have a shallower gradient than nol 5 kpc (.e.ro ~7.6 kpc), although a dispersion larger than

.H Il h hat thi RO .
barred ones. However, we must recall here that this stathe{\ kpc is expected (van der Kruit & Freeman 2011). Therefore

are based, in general, in gradients on physical scalesdgxe. i.Ee Sun would be at1.1 dfective radius of the Galactic cen-

kpc™h), not in normalized ones. A slight decrease in the sc X . -
ter between the €ierent slopes is appreciated by Vila-Costa r. We note that the abundance in the solar neighborhodstis a

& Edmunds (1992) and Diaz (1989), when the scale-length H{gder debate (Asplund .2007)'. The current convention isithat
normalized by the disk-scale, which agrees with our resws 1S around~8.7, with a dispersion 0+0.2 dex (Asplund et al.

conjecture that both results would come into agreementeif thC06)- Adopting this scale-length and abundance the alaual
size-luminositymorphological type relation was considered. cation of the solar ne.|ghbor.hood W.OUId be just at the average
location from our derive radial gradient (orange squareigh F

In order to make an independent cross-check we analyzefl ‘considering that the oxygen abundance has been scaled t
the distribution of gradients among our galaxies for ba(l e gverage value at théective radius, it is interesting to note

galaxies) and un-barred ones (28 galaxies). No signifiadiietd 4t our galaxy behaves as the average for typical spirakigs.
ence is found between the distributions, or between anyesfth

and the one comprising the full sample of galaxies; on th&sbas
of at-test analysis, the probability of beingfi@irent was 63.1%
in the worst case. In addition to this test we repeated the-co

parison for those galaxies with and without well definedalpir|n this article we have analyzed thenHegions of a sample of
arms (see Table 3). The nature of flocculent spirals is stil u3g nearby galaxies. The sample has been constructed sglecti
Clear, although_the star formation in these g_alaXleS (aB[hth the almost face-on Spira| ga|axies presented in Paper |$|am.d
fore, the Hi regions) may not be connected with density wavegar ones extracted from the PINGS survey Rosales-Ortegh et
but rather with diferentlally rotating galactlc disks (egEfremO\(Z()lo) In both cases, the ga|axies have been observed using
etal. 1989). They could be produced also due to gravitationa |FS, using the same instrument and sampling similar waggen
stabilities in the stars due to interactions (e.g. Toom@)9We ranges with similar resolutions. The IFS data cover moshef t
found no diferences among the distributions of slopes for bo@ptical extension of these galaxies, up-3-2.5 dfective radii,

kind of galaxies. with enough @\ for the purpose of this study.

Finally, for the Grand Design galaxies (i.e., those galaxie We presented HikLorer, an automatic method to detect and
with two clearly defined spiral arms listed in Table 3), we resegregate ki regiongaggregations based on the contrast of the
peated the analysis of the gradients for the teégions located Hea intensity maps extracted from IFS datacubes. Once detected
at each spiral arm. Despite of the lower number statisties, whe procedure provides us with a segmentation map that & use
found not significant dierence between the gradients for eacto extract the integrated spectra of each individual tégion.
spiral arm. The method has been compared successfully with other codes

§1 Summary and Conclusions
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available in the literature for NGC 628, the largest galaixy (  The Hu regions catalogues of this analysis will be made pub-

projected size) included in the sample. licly available for a better use on the astronomical comryuni
In total, we have detected 3107iHlegions, 2573 all of them (see Appendix A andtp://ftp.caha.es/CALIFA/early_

with good spectroscopic information (i.e60 Hu regions per studies/HII/tables/).

galaxy). This is by far the largest nearby, 2-dimensionat$-

scopic survey presented for this kind of regions up-to-dawen Qﬁ'ﬁl?;vfudgeé?ﬁ?i‘ﬁ'se trho"%‘g'c‘t the director of CEFCA, Dr. M. Moles, for his

more, our se_lectlon C”.tena and dataset _guarantee t.hat.)w c We thggk the\ﬁabiﬁda{d , Disefio , Acceso y Mejordunding program,

the galaxies in an unbiased way, regarding the spatial $801pl |c1s-2009-10, for funding the data acquisition of this pj
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Appendix A: Catalogues of the H 1 regions

The results of the overall analysis on the properties of thed+
gions is compiled in three fierent catalogues per galaxy, each
of them comprising dferent information. The nomenclature
of each catalogue isable.HII.TYPE.GALNAME. csv (for the
coma separated version) anble.HII.TYPE.GALNAME. txt
(for the space separated ones), WHEYBE correspond to each
of the following typescoords (coordinates of the H regions),
flux (fluxes of the stronger emission lines) BW (equivalent
width of the stronger emission lines)ALNAME corresponds to
the galaxy name as listed in Table 1.

The catalogues are stored in the CALIFA public ftp server:
ftp://ftp.caha.es/CALIFA/early_studies/HII/
tables/ The content of each table is described in the
following sections.

A.l. coords tables

They include all the information regarding the location atk
H u region within the galaxy, and additional information redyar
ing their relation with the galaxy morphology, kinematiaeda
the Hx luminosity. The tables have the following columns:

1. ID, unique identifier of the K region, including the name
of the galaxy §AME) and a running indextif\), in the form:
NAME-NNN.

2. RA, the right ascension of theiHregion.

3. DEC, the declination of the K region.

4. Xobs, the relative distance in right ascension to the center of
the galaxy, in arcsec.

5. Yobs, the relative distance in declination to the center of the
galaxy, in arcsec.

6. Xres, the deprojected and derotated distance in the X-axis
from the center, in kpc.
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Fig. A.1. Left-panel:Spatial distribution of the [@i]/HB line ratio along the spatial extension of the UGC 1081 galdryived from the analysis
of the Hu regions. Each symbol corresponds to a kegion, its filling color corresponding to the shown paranescaled as displayed in the
right-size color-table. Red symbols correspond to tdgions associated with arm 1, and black ones corresporitbse tassociated with arm 2
(where the indexing of the arms was selected in arbitrary)w@sey symbols representitregions without a clear association with a particular
arm, following the criteria described in Sect. 5. The cisalepresent those idregions below the Kdimann et al. (2003) demarcation line in the
BPT diagram shown in Fig. 7, and the squares correspondsde tines located in the intermediate region between tteatid the Kewley et al.
(2001) one. The size of the symbols are proportional to thdrtensity. Right-panel:Similar spatial distribution for the absolute value of the
equivalent width of i in logarithm scale. Symbols are similar to those describedfe left panel.

10.
11.
12.
13.
14.
15.
. e_vely,, error of the Hy rotational velocity, in kmst.

17.

18.

. Yres, the deprojected and derotated distance in the Y-axis

from the center, in kpc. 5.

kpc. 7.

. Theta, the deprojected position angle of tharkegion, in

degrees. 8.
Narm, the ID of the nearest spiral arm. 9.
Interarm, @ flag indicating if the Hi region is most probably 10.
associated to a particular arm, 1, or most likely an intem-ad 1.
region, 0. 12.
Dmin-arms the minimum distance in arcsec to the nearest spital.
arm. 14.
Darm, the spiralcentric distance, i.e., the distance in arcsEée
along the nearest spiral arm. 16.
Thetaarm, the angular distance in degree to the nearest spial
arm. 18.
vely,, the Hy rotational velocity, in km s'. 19.
20.
log10(Ly,), decimal logarithm of the dust corrected lumi-
nosity of Hy, in using of Erg s?.

e_logl0®(Ly,), error of the decimal logarithm of the dust
corrected luminosity of H, in using of Erg s'.

A.2. flux tables

They comprise the fluxes and ratios of the stronger emission
lines detected in each idregion, as derived from the analysis
described in Sect. 6.1. They include the following columns:

1.

2.
3.

26

ID, unique identifier of the ht region, described in the pre-
vious section.

Fluxyy, observed flux of I8, in units of 101 erg s cm2.
e_Fluxyg, error of the observed flux of# in units of 10
ergstcm.

rat_OII_Hb , [On] 23727HgG line ratio.
e_rat_OII_Hb, error of the [Q1] 13727Hp line ratio.

. R, the deprojected and derotated distance to the center,6nrat_O0III_Hb, [Om] A5007HS line ratio.

e_rat_OIII_Hb, error of the [Qn] A5007HA line ratio er-
ror.

rat_OI_Hb, [O1] 4630QHA line ratio.

e_rat_OI_Hb, error of the [Q] 1630QHA line ratio.
rat_Ha_Hb, Ha/HB line ratio.

e_rat_Ha_Hb, error of the Hy/Hg line ratio.

rat_NII_Hb, [N u] 16583Hg line ratio.

e_rat_NII_Hb, error of the [Nu] 16583Hp line ratio.
rat_He_Hb, Hel 6678HA line ratio.

e_rat_He_Hb, error of the Hel 66788 line ratio.
rat_SII6717_Hb, [Su] 16717Hp line ratio.
e_rat_SII6717_Hb, error of the [Si] 16717Hg line ratio.
rat_SII6731_Hb, [Su] 1673YHp line ratio.
e_rat_SII6731_Hb, error of the [Si] A673YHp line ratio.
BPT_type, flag indicating the location of the ionized gas re-
gion in the classical BPT [@]/HB vs. [N1u]/Ha diagnostic
diagram shown in Fig. 7, with the following values: (0) loca-
tion undetermined, due to the lack of any of the required line
ratios with sdficient SN for this analysis; (1) region located
below the Katfimann et al. (2003) demarcation line, i.e., cor-
responding to a classical star-formingitiegion; (2) region
located in théntermediate area within the Kafimann et al.
(2003) and the Kewley et al. (2001) demarcation lines, i.e.;
(3) region located above the Kewley et al. (2001) demarca-
tion line, i.e., corresponding to the area expected fromgpei
ionized by an AGN anfbr a shock.
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A.3. EW tables and therefore, the deriveciHuminosity and SFR. Despite of the
fact that the [Ni]/Ha line ratio present a strong variation across
e field for star-forming galaxies (e.g. Sanchez et al. 2ahd

ig 7), it is generally assumed an average correction.

The most commonly used corrections for entire galaxies are
those derived by Kennicutt (1983) and Kennicutt & Kent (1283
Spectrophotometric [N]/Hea ratios of individual extragalactic
Hu regions from the literature (see Kennicutt & Kent 1983
and references therein) were compiled from 14 spiral galax-
ies (mostly of type Sc) and 7 irregular galaxies. The average
Ha/(Ha + [N 1]) ratio was found to be fairly constant, spanning
the ranges 0.780.12 for the spirals, and 0.98.05 for the ir-
regulars (Kennicutt 1983). In terms of the ratio if\Ntotal/Ha
this corresponds to a median value of 0.33 for spirals an8 0.0
forirregulars. These values were calculated by finding thel{
totajHa ratio of the brightest H regions, averaging for each
galaxy and then determining the mean value for spiral aedqrr
ular types. This implicitly assumes that alliHegions have the
same proportion of [M]-total to He emission as those regions
measured. We have already illustrated that this may not &e th
case in general, e.g., Fig. 7. However, recent results shatv t
the total integrated spectra of galaxies may have a strgNg€r
emission than the one reported before, with a large variditie
ratios for diferent galaxy types Kennicutt (1992).

_Jansen (2000) already showed that there is a trend of the av-

age [Ni]/Ha ratio with galaxy luminosity. In their study, the
ries ratios for galaxies brighter thang= —19.5 are in agree-

ment with the values found by Kennicutt (1992), but fainkert

this a striking trend is seen towards much lower values & thi

ratio. A similar trend is found by Gavazzi et al. (2004).

They comprise the equivalent width, in Angstroms, of th
stronger emission lines detected in each tegion, as derived
from the analysis described in Sect. 6.1. They include the fo
lowing columns:

1. ID, unique identifier of the H region, described in the pre-
vious section.

. EW_0II, equivalent width of [Qi] 13727.

e_EW_OIT, error of the equivalent width of [@] 13727.

EW_Hbeta, equivalent width of the Blemission line.

e_EW_Hbeta, error of the equivalent width of

EW_OIII, equivalent width of [Qu] 25007.

e_EW_OIIT, error of the equivalent width of [@] 25007.

. EW_01I, equivalent width of [G@] 16300.

. e_EW_01I, error of the equivalent width of [@ 16300.

10. EW_Halpha, equivalent width of K.

11. e_EW_Halpha, error of the equivalent width of &l

12. EW_NII, equivalent width of [Ni] 26583.

13. e_EW_NIT, error of the equivalent width of [IN] 16583.

14. EW_SII, equivalent width of the [8] 116717,6731 doublet.

15. e_EW_SII, error of the equivalent width of the

[Su] 216717,6731 doublet.

CONOUAWN

An example of the use of the parameters listed in these ta
bles is shown in Fig. 6, and in the analysis performed in Se
6.1.2. Fig. A.1 shows an example of the two dimensional di
tribution of the properties included in the described cajaks,
which makes use of the manyfiirent properties studied for the

Hu regions. To our knowledge the only attempt to make a correction
across the optical extension of each galaxy is the one inted|
Appendix B: Empirical correction of the [N i by James et al. (2004). In this study they used the spatiti-dis
contamination in H « narrow band images bution of the [Ni]/He line ratio, instead of an average correction

for all the entire galaxy. However, their estimations of dhtri-

The Hy luminosity observed in spiral and irregular galaxiebution of the line ratio are based on physical principlebeat
is believed to be a direct tracer of the ionization of the rintethan in direct measurements.
stellar medium (ISM) by the ultraviolet (UV) radiation whiés Making use of our extensive catalogue of individual emis-
produced by young high-mass OB stars. Since only high-masin line regions, we have explored possible empiricalemrr
short-lived, stars contribute significantly to the intdégthioniz- tions that allow us to perform spatially resolved correasio
ing flux, this luminosity is a direct tracer of the star forioat across the optical extension of each individual galaxy. der
rate (SFR), independent of the previous star formatiorohjist ing so we correlated the measuredifH« line ratios for each
This is why dust-corrected ddluminosity is one of the most individual region with diferent parameters easy to address us-
widely used observables to derive SFR in galaxies. ing broad-band photometry, like thexHintensity,B andV-band

Among the several methods used to derive thellininos- magnitudesB — V colors and radial distance relative to the ef-
ity and its distribution across the optical extension of glaéax- fective radius.
ies, narrow-band image is by far tltheapesbne in terms of Among the dfferent explored linear relations, the one with
telescope time and complexity. Thus, it is the most fredyenistronger correlation cdicient ¢ ~0.5), and better defined zero-
used too (e.g., James et al. 2004; Pérez-Gonzalez et al).20Q8int and slope, was the one with tBe- V color:
The technique is rather simple: (i) the galaxy is observeadgus
both a narrow-band filter centered at the wavelength@fdd log,; ([N 11]/Ha) = —0.64.0.20 + 0.36.018(B — V) (B.1)
a broader filter covering a wider range around the same wave-
length range; (ii) The broad-bandimage is used to correthto Fig. B.1, left panel, shows the distribution of [ijyH« line
underlying continuum and provide a relative flux calibrataf ratios along thé8 — V color for all the detected kHregions. The
the continuum subtracted narrow-band image; (iii) by penfo image and contours show the density distribution in thisepa
ing a flux calibration of the broad-band image it is possible tof parameters, together with a solid line showing the besifit
have an accurate calibration of the decontaminate@miission linear regression described before. This relation can bd as a
map. simple proxy of the [Ni]/Ha line ratio, and used to decontami-

One of the major limitations of narrow-bandimaging is nate the describedddnarrow-band images.
contamination by the [N] line doublet, which can hardly be  We applied the proposed correction to the Rarrow-band
derived from a single narrow-band imaging (e.g. James et imhages described in Sect. 3, to demonstrate its improvenvent
2005). Most frequently used narrow-band filters have a widthclassicalsingle correction over the entire galaxy. We derive
of ~50-80A, and in most of the cases the emission from ttier each detected H region the corresponding flux in theoH
[N ] 2116548,6583 contaminate the derived ldmission map, narrow-band images, using the segmentation maps proviged b
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Fig. B.1. left panel: Distribution of the [Nu]/Ha line ratio along theB — V color for all the detected H regions. The image and contours show
the density distribution in this space of parameters. Tt& @ontour is at the mean density, with a regular spacing af fimes this value for
each consecutive contour. The solid line shows the actgatssion found between the two represented parameigins panel: Histograms of
the relative diference between thedHntensity derived from the narrow band images describecert. S, and the ones derived from the fitting
technique over the extracted spectra, described in Sécb&ore (blue-solid histogram) and after (red-shade&iam) applying the correction
from the [Nu] contamination based on the correlation shown in the laftgp.

HllexpLorer (Ha'™9). Then, we obtain the relativeffierence be- both of them and a third parameter not considered here. A pos-
tween thiscontaminatedliux and the real kit flux measured us- sible origin of this connection could be a co-evolution ottho
ing the fitting procedure describe in Sect. 6.1. The meanevalcomponents of the H regions. The study of this connection,
of this difference is~0.28+0.19, which is consistent with the that we will address in future works, lieyond the scopeof the
typical average correction found in the literature (e.@nKicutt current analysis.

1983). Fig. B.1, right panel, shows a solid-blue histogrdithe

relative diference between thedHlux derived from the narrow-

band images, and the ones derived using the emission lineg fitt

procedure after applying this average correction.

The derived correction is then applied on the same data using
a iterative processes. In each iteration e V color is used to
guess the [M]/Ha line ratio. This ratio, together with the decon-
taminated Kt flux derived from in the previous iteration, is used
to derive the [Ni1] intensity. Finally, this intensity is subtracted to
the original contaminatedd{™ intensity to derive a new decon-
taminated flux. For the first iteration it is assumed that tteni-
sity decontaminated by the average correction is a gootirggar
estimation of the i flux. After three iterations the decontami-
nated Hr flux converge with a few percent. Fig. B.1, right panel,
shows a hashed-red histogram of the relativBedénce between
the the Hy flux derived from the narrow-band images, and the
ones derived using the emission line fitting procedure afer
plying the proposed correction. It is clear that the newdgistm
has a lower dispersion that the previous one, with a stardiard
viation of ~0.15. The proposed correction improves the accuracy
of the derived K intensity by a a60%, in average.

The dfect of this correction is stronger when analyzing
the spatial distribution of the &l emission angr the relative
strength of the SFR. As we already indicated thei[¥a ratio
tends to decrease with the radius. Therefore, an averageceor
tion would overestimate theddemission and the SFR in the in-
ner regions, and underestimate it in the outer ones. Indeeds
authors have corrected the image-basedlbixes for [Nu] con-
tamination using available spectroscopical data of setbEtn
regions within the galaxy (e.g. L6pez-Sénchez & Estebai8200

So far, we did pay no attention to the possible physical con-
nections between the explored parameters. The descritzed re
tion may indicate a physical connection between the camti
of the ionized gas and the ionizing stellar population, dneen
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