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ABSTRACT

We present Rband surface photometry for 170 of the 203 galaxies in GHARRsendi
H-Alpha survey of SPirals, a sample of late-type galaxiesafbich high-resolution Fabry-
Perot H maps have previously been obtained. Our data sehirooted by new Rband
observations taken at the Observatoire de Haute-Prov€tdB), supplemented with Sloan
Digital Sky Survey (SDSS) archival data, obtained with thggose of deriving homogeneous
photometric profiles and parameters. Our results inclugbdhd surface brightness profiles
for 170 galaxies andygriz profiles for 108 of these objects. We catalogue several param
eters of general interest for further reference, such ad toagnitude, effective radius and
isophotal parameters — magnitude, position angle, alltgtand inclination. We also perform
a structural decomposition of the surface brightness pofising a multi-component method
in order to separate disks from bulges and bars, and to absleevmain scaling relations
involving luminosities, sizes and maximum velocities.

We determine the Rband Tully Fisher relation using maximum velocities dedsolely
from Ha rotation curves for a sample of 80 galaxies, resulting inopeslof —8.1 &+ 0.5,
zero point of —3.0 4+ 1.0 and an estimated intrinsic scatter @28 + 0.07. We note that,
different from the TF-relation in the near-infrared dedver the same sample, no change in
the slope of the relation is seen at the low-mass end (foxgaavith V,,,... < 125 km/s).
We suggest that this different behaviour of the Tully Fistedaition (with the optical relation
being described by a single power-law while the near-iefildoy two) may be caused by
differences in the stellar mass to light ratio for galaxiéw,,,.. < 125 km/s.
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1 INTRODUCTION of galaxies to understand whether (and possibly how) lighdes
mass.

The kinematic decomposition of velocity fields of spiralayal
ies is the general method to map their distribution of dark-ma
ter (e.g.. van Albada et al. 1985; van Albada & Saricisi 198K
1986; Kassin, de Jong, & Weiner 2006). However, the stellassn
distribution is poorly constrained, and the under-detaedistellar
mass-to-light ratio (M/L) translates into degeneracieshsas the
disk-halo and the cusp-core problems, that prevent uniquerd-
positions. In this context, high resolution, accuratetiotacurves,
such as the observed by the Gassendi H-Alpha survey of Spi-
+ Based on observations performed at Observatoire de HaoleiRe, rals gGHASP), are necessary to alleviate the problem (Dutton et al.
France 2005).
t Corresponding author: carlos.barbosa@usp.br Previous works have supported the scenario of cored dark mat

Historically, spiral galaxies have performed a criticalerin the
studies of the dark matter. Observations of the outer flaitiart
curves in spiral galaxies (e!g. Rubin, Thonnard, & Ford )9i&8e
focused the attention to the then overlooked missing madsgm
(see, e.g. Zwicky 1987), that stresses the fact that moshaf we
see (light) is just a fraction of what we would like to obsefwess).
A critical further step, yet to be accomplished, is to unterd the
connection between ordinary and dark matter in the innéonsg
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ter profiles (e.g._ Spano etlal. 2008), but studies on the mydie
errors and larger, homogeneous samples, are still needeahto
firm these results. This series of papers ondhk&spP survey has
the goal of imposing tighter constraints on the study of aastter
distributions in spiral galaxies. In this paper, we builceswrsurface
photometry data set for 128HASP galaxies in the Rband, ob-
served over the years at the Observatoire de Haute-Proyeneg
which provides the basis for the determination of stellassea
in forthcoming work. Additionally, we complement this datéth
public Sloan Digital Sky Surveysps9 data in order to obtain
ugriz photometry for 108cHASP galaxies as well as to increase
the R.-band data to 170 galaxies:(84% of the survey).

Besides the surface brightness profiles, we also compile a ho

mogeneous photometric catalogue including several phetiion
guantities of general interest, such as magnitudes, simkisapho-
tal properties. In addition, we perform a multi componeghtide-
composition in order to separate the light from the disks (oain
interest to dynamical decomposition) from other composisnth
as bulges and bars. Finally, we perform a first set of apjdioat
to our data set by determining important scaling relatioith -
minosity, size and velocity of galaxies, and by deriving Thgly
Fisher relation in the Rband.

This paper is organized as follows. Tle1ASP sample is
briefly outlined in Sectiofil2. Following this, the detailstb& ob-
servations, data reduction and calibration are shown ini@€8.
In Sectior % we present the methods used for the determimatio
the surface brightness, PA, ellipticity and integrated nitagle pro-
files, and we detail the process of multi component decortiposi
In Section[b, we test our results against other similar woakel
we check the internal consistency of our results. FinatlySec-
tion[d we derive several scaling relations involving lunsity size
and rotation velocity using the decomposition resultshwjecial
emphasis on the Rband Tully-Fisher relation.

2 THE GHASP SAMPLE

The GHAsPsample consists of 203 spiral and irregular galaxies in
the local universe for which high-resolutionnHnaps have been
observed with Fabry-Perot interferometry (Garrido et 8022,
2003; | Garrido, Marcelin, & Amram_2004; Garrido et al. 2005;
Spano et al. 2008; Epinat et al. 2008; Epinat, Amram & Marceli
2008; Epinat et al. 2010; Torres-Flores €tlal. 2011). TSP
sample was initially designed to be a subsample of the Wastier
survey (WHISP|, van der Hulst, van Albada, & Sancisi 2001 hwit
the goal of providing a local universe reference for kingosaand
dynamics of disk-like galaxies.

The GHASP sample was designed to cover a large range of
morphological types, including ordinary, mixed-type ararrbd
galaxies, thus excluding only early-type galaxies becadfisbeir
low Ha content, as illustrated in Figufé 1. The photometric sam-
ple presented here is built with data coming from two sources
Photometric R-band data was obtained by tleiAsP collabora-
tion at theoHP over the last decade for 128 galaxies. To enlarge
the sample, we also take advantage of the public datasettfrem
seventh Data Release (DR7) of thess(Stoughton et al. 2002),
which provides imaging and calibration in five pass bandg-{z)
for 108 of our galaxies. By the combination of both data se¢sare
able to obtain photometry of a total of 1@}AsPgalaxies, which
are listed in tabl€]1l with details about the observation. ey,
we note that, on average, the data observed at OHP in Rl
goes about half magnitude deeper than the SDSS data.
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Figure 1. Frequency of galaxy morphological types of thaaspsample
according to the Hyperleda classification, separated itiosescconsidering
only ordinary spirals (59 galaxies), mixed types (52), &dr(70), irregulars
(29) and lenticulars (2).

Table2. List of observational runs in which the:Bhotometry of th&sHASP
galaxies was obtained atHp.

Run Dates Number of
Galaxies observed

(1) 2002 Mar 7th - Mar 13rd 29

(2) 2002 Oct 28th - Nov 10th 38

(3) 2003 Mar 8th - Mar 9th 17

(4) 2003 Mar 29th - Apr 6th 22

(5) 2003 Sep 22nd - Sep 28th 25

(6) 2003 Oct 21st - Oct 25th 6

(7) 2008 Jun 2nd - Jun 4th 11

(8) 2009 Oct 23rd 1

(9) 2010 Mar 19th - Mar 21st 16

3 DATA REDUCTION
3.1 Datafromthe oHP observatory

Broadband imaging for 128 galaxies in the-Band was obtained
with the 1.2m telescope at the Observatoire de Haute-Pceven
(oHP), France, in several observation runs as presented in Table
[2. The images have a field of view of 11.7° x 11.7’, taken with a
single CCD with 1024 x 1024 pixels, resulting in a pixel side o
0.685 arcsec'.

Basic data reduction was performed V\nithuﬂ tasks, includ-
ing flat-field, bias subtraction and cosmic-ray cleaningades of
the same galaxy are then aligned and combined for the casies wi
roughly the same smallest seeing FWHM, estimated fromtisdla
field stars. Photometric stability check and zero pointbration
was obtained by the observation of several standard starstfre
catalog of Landdlt (1992) in different times during the rtigylcon-
sidering the mean airmass correction coefficient of 0.145He
R.-band [(Chevalier & llovaisky 1991), and no colour term.

The determination of the sky level is the greatest sourceof u
certainty for surface brightness profiles and magnitudesif@éau
1996). For this purpose, we adopt the method of estimatieg th
background by selecting sky “boxes” on the images, whichvare
sually selected areas where the galaxy and stellar lightibation
is minimal, and use those regions to calculate a smoothcautfs-

1 IRAF is distributed by the National Optical Astronomy Obserwato
which is operated by the Association of Universities for &sh in As-
tronomy (AURA) under cooperative agreement with the NatidBcience
Foundation.
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Table 1. Photometric sample of the GHASP survey. The printed versamtains only an abridged version of the table, with the iaing material available
online as supplementary material. (1) Galaxy name. (2-@hRascension and declination of the galaxies accordinggd®ED database (4-5) Morphological
classification according to the Hubble type and to the de daletrs numerical type from the Hyperleda database. (GpBée to the galaxies according to
Epinat et al.|(2008). (7) Shows if the galaxy is in the SDSSLEBOHP R -band observation log, including the runs, total exposime &nd the seeing.

OHP observation log.

Galaxy « [ Morphology = Morphology  Distance SDSS Runs  Exptime FWHM
(J2000) (J2000) t (Mpc) (s) (arcsec)
(1) (2 (3 4 (5) (6) ) (8) 9) (10)
UGC 89 00h09m53.4s  +25d55m26s SBa 1.24+0.6 64.2 no 2,5 600 2.7
UGC 94 00h10m25.9s  +25d49m55s Snab 2.44+0.6 64.2 no 5,6 3300 2.3
IC 476 07h47m16.3s  +26d57m03s SABb 4.2+26 63.9 yes — — —
UGC 508 00h49m47.8s  +32d16m40s SBab 1.54+0.9 63.8 no 5 3600 2.3
UGC 528 00h52m04.3s  +47d33m02s SABb 29+ 1.1 12.1 no 2 1500 1.9
NGC 542 01h26m30.9s  +34d40m31ls Sbpec 2.8+39 63.7 yes — — —
UGC 763 01h12m55.7s  +00d58m54s SABm 8.6+ 1.0 12.7 yes 2,5 600 3.1
UGC 1013 01h26m21.8s  +34d42mills SB(r)b pec 3.1 £0.2 70.8 yes 2,5 5100 25
UGC 1117 01h33m50.9s  +30d39m37s Sc 6.0+ 0.4 0.9 no 5 4500 2.7
UGC 1249 01h47m29.9s  +27d20mO00s SBmpec 8.8 +0.6 7.2 no 2 1800 2.1
UGC 11951 22h12m30.1s  +45d19m42s SBa 1.14+0.8 17.4 no 2 2100 2.6
UGC 12060 22h30m34.0s  +33d49m1lls 1B 9.9+0.5 15.7 no 6 6000 2.5
UGC 12082 22h34m10.8s +32d51m38s SABm 8.7+£0.8 10.1 no 6 3000 3.7
UGC 12101 22h36m03.4s  +33d56m53s Scd 6.6 £0.9 15.1 yes 2 1800 1.9
UGC 12212  22h50m30.3s  +29d08m18s Sm 8.7+0.5 155 yes 2 1800 2.2
UGC 12276 22h58m32.5s  +35d48m09s SB(la 1.1+0.5 77.8 no 2 2700 2.0
UGC 12276c  22h58m32.5s  +35d48m09s S? 5.1+5.0 77.8 no 2 2700 2.0
UGC 12343 23h04m56.7s  +12d19m22s SBbc 4.4+0.9 26.9 no 2,5 1500 2.7
UGC 12632  23h29m58.7s  +40d59m25s SABm 8.7+£0.5 8.0 no 5 4500 2.4
UGC 12754 23h43m54.4s  +26d04m32s SBc 6.0£0.4 8.9 no 2 1200 2.3

ing thelRAF packageMsSURFIT with polynomials of order 2, which
is subtracted from the original images. This process reguit an

homogeneous background for which the typical residualdstah
deviation is in the range 0.5-1% of the sky level.

We have modeled the Point Spread Function (PSF) of our im-
ages using theRAF PSFMEASUREtask. We selected bright, un-
saturated stars across the fields using the baskIND, and then
modeled their light profiles using a circular Moffat functi(Moffat
1969), given by

PSHr) = ﬂw;; {1 + (2)2] -’ )

where the radial scale length and the slopes are free parame-
ters, which can be related to the seeing by the relation F\WHM
200/21/8 — 1 (see alsd_Trujillo et all_2001). This method has
proved to be suitable in our case due to the presence of edend
wings in the PSFs. Overall, the typical seeing of our obsama

is FWHM=3 arcsec, with the parametexs 3 and FWHM having
mean statistical uncertainties of 1.7%, 9% and 3% respagtiv

3.2 Datafrom sbss

To increase the number of galaxies in our photometric samphe
R.-band, we usesbssDR7 (Abazajian et al. 2009) archival data
for 108 GHAsPgalaxies we found in the database and transformed
SDSSugriz data into Rwith a multi-band scaling relation (more
details in section 4]1). Among these 108 galaxies, 66 haegzen
observed in the OHP, thus 42 new ones are added to the fina-phot
metric sample. Calibrations and the PSF of the images aainalat
directly from the data products of the survey. We performeéwa

sky determination for each image for consistency with thapéetl

method for Rimages, and also because a few authors have pointed
out errors in the sky determinations on images with brightxges

in early sbssreleases (e.0. Bernardi eflal. 2007; Lauer gt al.|2007;
Lisker et all 2007).

4 DATA ANALYSIS
4.1 Surface photometry

We study the photometric properties of the sample usingré-t
tional method of elliptical isophote fitting (Kent 1984 ; deeiewski
1987). Surface brightness (SB) profiles of the galaxies voére
tained using therRAF task ELLIPSE, which provides a number of
parameters that describe the light of the galaxy as a fumctiche
semi-major axis (which we simply refer to as the radisinclud-
ing the ellipticity €), position angle (PA) and the curve of growth,
which quantifies the total apparent magnitude inside eaxqihiste.

Masks for foreground and background objects were produced
interactively in two steps. Firstly, most objects in the gaa were
detected and masked out with SERACTOR (Bertin and Arnouts
1996). Other important sources not detected by the progsaot
as saturated stars and stars/galaxies superposed to todegal
of interest were then masked durimgLIPSE runs. Finally, we
checked the results inspecting the residual image prodogsdb-
tracting an interpolated model of the galaxy produced wfith t
taskBMODEL. This process was carried out several times for each
galaxy until no bright sources were observed in the regykimb-
tracted images except for spiral arms and/or bars of thexgalet
masked on purpose.

The centre of each galaxy was defined in a first iteration of
ELLIPSEand later was set fixed for all other iterations. The posi-
tion angle and ellipticity of the isophotes were usually fse¢ to
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vary as a function of the radial distance, as usually donéater
type galaxy photometry (e.g. Balcells etlal. 2003; MacArtial.
2003; McDonald, Courteau, & Tully 2009), but in a few cases we
were forced to fix the geometric parameters in part or in thelevh
galaxy in order to obtain convergence for the photometry.tke
sDssdata, we adopt this method in the r-band images, due to/its rel
atively high signal-to-noise ratio in thegyriz system, but we fix the
position angles and ellipticities accordingly to the r-dgrarame-
ters in the other pass bands in order to obtain consisteoticl

Uncertainties for the SB profiles include the isophote deter
mination error given b¥LLIPSE, the photon counting statistics of
the detector, and the sky level subtraction uncertaintygdied in
quadrature. All profiles are corrected for the Galactic gooeind
extinction using the dust reddening maps of Schlegel el 8bg),
assuming a dust model with constant selective extinctioB.bf
and relative extinction for the different pass bands adogrtb ta-
ble 6 ofl Schlegel et all (1998). However, we do not attempiafor
correction of the SB profiles for the more uncertain problérihe
galaxies’ internal extinction.

Finally, to obtain R-band SB profiles fronsDssdata, we use
a slightly modified version of the relation derived |by Jesteal.
(2005), given by

@)

wherep(r) represents the surface brightness profile at radis
the pass band indicated in the subscripts. The equatioreakas
originally derived for stellar photometry, so we have tdsts ac-
curacy in surface photometry by the comparison of OHP SB pro-
files, obtained directly in the Rband, with profiles derived from
the SDSSugriz bands using a sample of 54 galaxies for which the
geometric parameters of both data sets are similar. Thé#¢sese
presented in Figurgl 2, which shows the difference of the lpsofi
as a function of the OHP surface brightness profiles relatiibe
sky level, which varies in the OHP observations, from onexgal
observation to another. The red line shows the running RNf&rdi
ence between the profiles, indicating that the error in tbegss of
transforming between the photometric systems is-0f.08 mag
arcsec? in the regions brighter than the sky level, 0.15 mag
arcsec ? for the regions down to two magnitudes fainter than the
sky, and~ 0.4 mag arcsec? for the regions 5 magnitudes fainter
than the sky level.

We present a sample of SB profiles for a variety of morpho-
logical types in Figuré&l3, including also the ellipticity daposi-
tion angle variations. All surface brightness profiles arailable
in electronic format. In the next section, we detail otheatmued
R.-band photometric properties derived from SB profiles irs thi
section.

ur(r) = 0.42u4 (1) — 0.38ur(r) + 0.96u; (r) — 0.16,

4.2 Integrated and isophotal photometry in the R.-band

For the R-band SB profiles derived in this work, we obtained a
number of properties of the galaxies which are of generakast
by fixing a reference isophotal level. In the case of thebBnd, the
isophotal level of 23.5 mag arcséés usually used as reference,
because it corresponds to an aperture similar to the B-lsapthote
of 25 mag arcset. However, this level was reached for only 72%
of our surface brightness profiles. Therefore, in order tivile a
more complete catalogue for our sample, we also use theatalph
level of 22.5 mag arcsé&cto provide parameters for 98% of the
sample.

We measured the isophotal radiusi.{), position angle
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Figure 2. Difference between gsurface brightness profiles for OHP and
SDSS data for 54 galaxies in common to both samples as a danofi
the OHP SB profile relative to the sky level. Profiles for #m@ssgalaxies
are obtained using equatidil (2). Each blue line represkatditference in
the surface brightness profiles of a single galaxy profile gamison. The
dashed red lines indicates the running RMS difference keivitige profiles.

(PAiso), ellipticity (eiso) and apparent magnitudeng iso) directly
from the SB profiles, with uncertainties estimated by Mon&l€
simulations of perturbations of the profile according tarthecer-
tainties. Also, the inclination of the galaxies is estintedt a given
isophotal level as (Tully & Fisher 1988)

(1 —&is0)® — 48
12—¢2

wherego = 0.2 is the intrinsic flattening of edge-on disks (e.g.
Haynes & Giovanelli 1984; Courteau 1996).

We also measured the total (asymptotic) apparent magusitude
of the galaxiesir,tota1), Which were calculated by the extrapo-
lation of the curve of growth of the SB profiles using a deiixat
method similar to_Cairds et al. (2001). However, this mdtfailed
in cases of galaxies for which the curve of growth did not evge.

In these cases, we used the last isophote total magnitudéritege
a lower limit to the total magnitude. Also using the curve ahth,
we measured the effective radius of the galaxigs)( which is de-
fined as the radius containing 50% of the total light of theaggl
In the cases where we have not obtained a safe total magnitede
then estimated the lower limits of the effective radius. ehtainties
in these parameters are also based on Monte Carlo simwdation

Table[3 presents a sample of the results for the isophotall lev
of 22.5 mag arcséc The complete catalogue, and the catalogue
for the isophotal level of 23.5 mag arceare provided in the sup-
plementary material.

©)

COS liso =

4.3 Multicomponent Decomposition

In our forthcoming work (Pineda et al. in preparation), wampto
study the kinematic properties of a subsamplesafsp galaxies
with specific photometric properties depending on the iredam-
portance of the disks in comparison with bulges and barsrdaro
to separate the SB brightness profiles into different strattom-
ponents, we proceed to a multicomponent decompositionedbh
profiles.

For that purpose, we use a parametric profile fitting method
which includes as many components as necessary to sepagate t
photometric components — disks, bulges, bars, spiral demsand
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Figure 3. Examples of surface brightness profiles in thelidnd, position angle and ellipticity profiles for six gakscfor which data are available both for
the OHP and for the SDSS data sets. The surface brightnefiigpare presented in different colours for each band agugr the upper right labels, and
uncertainties are not presented for the sake of clarity.rifigdelle and lower panels of each galaxy show the positioneaaugdl ellipticity profiles respectively,
with gray representing the r-band results and black reptieggthe R-band geometry. All profiles are corrected for the Galaatieground extinction
according to the dust maps|of Schlegel etlal. (1998).

nuclear sources. Ideally, one could use a complete 2D fititogt- we have in our sample and the varied decomposition compsnent
ter describe the non axisymmetric components, like thebodthe we included. The structural parameters for all galaxiesliated
reliability of the 1D method to recover the structural paesens is in Table[4. In the next section, we give some details on the use
comparable to 2D, at least for the disk component (MacArétad. parametrizations for the different components.

2003), and also allows the estimation of the integrated qntas
with good accuracy.

We have performed the decomposition in all-Band pro- 4.3.1 Disks
files in thecHAasP OHP sample. We developed a Python routine
which performs a weighted chi-square minimization betwten
data and a model using the Levenberg-Marquardt algoritta®, (s
eg..Press et &l. 1992), using a PSF convolution of the modéts w
a Moffat function (see sectidn_3.1). The input model is sehma

Since early works of Pattersan (1940) and de Vaucouleurs&(19
the intensity profile of disks have been mostly describeddiynple
exponential law,

ually according to the observation of photometric featurethe I;(r) = Ipexp (_ﬁ) , @)
SB profile and the images of the galaxies. Also, the obsenvaf h

the varying ellipticity and position angle as a function bétra- whereIy is the central{ = 0) intensity of the disk and is the
dius usually hinted for the different structural sub comgrats of a disk scale length. Usually, we refer to the central intgrisiterms
galaxy. Figur€¥ presents examples of structural decortiposif a of surface brightness using the relation = —2.5log Io. For the

sample of twelve galaxies, illustrating the variety of musfogies case of exponential disks, the total apparent magnitudieés dpy
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Table 3. Isophotal and integrated photometric parameters baRd. The printed version contains only an abridged versfdhe table, and the remaining
material is available online. (1) Galaxy name. (2) Data seu(3-7) Position angle, ellipticity, inclination, radiand apparent integrated magnitude at the
isophote of 22.5 mag arcseé. (8) Effective radius. (9) Total apparent magnitude.

Galaxy Data PA2 5 €22.5 122.5 r22.5 MR,22.5 50 MR total
(arcsec) (degree) (degree) (arcsec) (mag) (arcsec) (mag)
(1) (2 (3 4 (5) (6) ) (8) 9)

UGC 89 OHP —27+11 0.22+£0.03 40+£3 41£2 11.60 £ 0.03 19+5 11.4+£0.1
UGC 94 OHP —84+£2 0.30£0.02 46+ 1 28 +1 13.12 £ 0.03 167 12.7+0.4
IC 476 SDSS —-79+3 04+£0.1 52+9 16 £2 14.7£0.1 > 10.0 < 14.53
UGC 508 OHP —61+4 0.11£0.05 28+ 7 67+1 11.174+£0.03 40+1 10.91 +£0.08
UGC 528 OHP 52+ 2 0.03 £0.02 13£3 65 £3 10.16 = 0.01 21+1 10.10 £ 0.04
NGC 542 SDSS —-34+2 0.73£0.01 79.1+£09 23+£2 14.39 £ 0.05 12+6 14.24+0.6
UGC 763 OHP —-75+£23 0.12£0.02 29+3 57T+4 11.61 £0.06  47+£5 11.1+£0.2
UGC 763 SDSS —-79+35 0.12£0.08 29+ 10 56 £ 6 11.7£0.1 > 39.0 < 11.46
UGC 1013 OHP 80+£2 0.62+0.01 70.6+0.7 53+1 12.03 £0.01 27T+ 4 11.7+£0.1
UGC 1013 SDSS 80+3 0.64£0.01 7224+08 51+£5 12.17+0.04 23+3 11.9+0.1

UGC 12082 OHP 18+2 0.42+£0.01 56.1+0.9 19£3 15.0£0.2 49+ 23 12.8 £0.5
UGC 12101 OHP —-50+2 0.53+£0.01 642+08 51+£2 12.50 £0.03 29+2 12.32 £ 0.09
UGC 12101 SDSS —-50+3  0.52£0.02 64+ 1 49+4 12.66 £ 0.06 28 £ 21 12.3+0.9

UGC 12212 OHP —-80+5 0.36 £0.02 52+1 14+1 15.8 £ 0.2 27+ 26 14£2
UGC 12212 SDSS —-71+2 0.3+ 0.01 46.8+0.8 12£5 15.9£0.6 > 16.0 < 14.77
UGC 12276 OHP —47+6 0.23+£0.01 40.8+09 30+£1 13.00 £ 0.03 19+5 12.6 £0.2
UGC12276c OHP  82+2 0.45+£0.01 58.3£0.7 7T£1 17.0£0.2 > 5.0 < 16.62
UGC 12343 OHP 38+2 0.30 £0.03 47+£2 102+1 10.33+£0.03 71+£9 10.2+£0.2
UGC 12632 OHP 22+2 0.53 £0.05 64 + 4 24+5 14.8 £0.3 66 + 59 13+1

UGC 12754 OHP —-13+3 0.29+£0.01 46 £1 89+£3 11.16 £0.03 47+2 10.9+0.1

Table 4. Decomposition parameters for tieeiAsp sample in the Rband obtained at the OHP observatory. The printed versiatats only a sample of
the table, and the remaining material is available onlibgQalaxy name. (2-4) Parameters for the Sérsic functidsulgfes, bars and other components. (5)
Visual classification of the components. (6-10) Paraméterthe disks according to the broken exponential funct{@a) Classification of the disks regarding
to the type of breaks, according to the scheme of Erwinle28D§, see text for details). (12) Magnitude of the centrahfource.

Seérsic Disk PS
Galaxy jres Te n type ¥ h; ho T [+ Type Mps

(mag arcsec 2) (arcsec) (mag arcsec 2) (arcsec) (arcsec) (arcsec) (mag)

(1) (2 (3) 4 (5) (6) () (8) 9) (10) (11) (12)

UGC 89 16.7 + 0.1 2.3 +0.1 1.0 £ 0.1 bulge 21.5 £+ 1.0 35+ 25 — — — Type | —
20.3 £ 0.2 19+1 0.2 +0.1 bar — — — — — —
23+ 1 29+ 5 0.11 4+ 0.07 bar — — — — — —
UGC 94 18.7 + 0.3 0.8 +0.3 1.6 +0.3 bulge 20.3 £ 0.1 14.0 £ 0.8 — — — Type | —
20.79 + 0.09 8.3+0.4 0.14 4+ 0.09 bar — — — — — —
UGC 508 18.6 + 0.2 3.4+0.1 2.65 + 0.04 bulge 19.60 &+ 0.04 26.2 +£ 0.2 — — — Type | —
23.69 + 0.08 20.2 £ 0.3 0.05 + 0.05 bar — — — — — —
21.19 £+ 0.06 7.6 £0.3 0.22 4+ 0.02 bar — — — — — —
UGC 528 19.0 + 0.2 5.4+ 0.6 2.7+ 0.3 bulge 18.6 = 0.2 19+ 2 — — — Type | —
19.8 + 0.2 13.1 £ 0.8 0.1 0.2 arms — — — — — —
20.3 £ 0.4 22+ 1 0.15 4+ 0.09 arms — — — — — —
UGC 763 28.0 £ 0.3 311 + 183 5.3 +£0.3 bulge 19.99 4+ 0.06 25+ 2 — — — Type | —
23+ 2 18+ 9 0.05 4+ 0.06 bar — — — — — —
UGC 12276 21.1 £ 0.1 5.4+ 0.2 2.56 4+ 0.01 bulge 20.24 £+ 0.09 14.0 + 0.1 7.0+ 0.3 45.0 £ 0.1 1.0+ 0.2 Type Il —
27.36 £+ 0.05 0.1 4+0.1 6.59 4+ 0.04 bar — — — — — —
UGC 12276¢ 22.74 + 0.09 0.0 0.1 2.99 4+ 0.08 bulge 20.60 + 0.09 3.6 0.2 — — — Type | —
UGC 12343 20.9 +£0.4 12+ 3 2.9+0.3 bulge 19.2 + 0.1 30+ 3 — — — Type | —
21.7+ 0.4 56 + 3 0.2 +0.1 bar — — — — — —
UGC 12632 23.1 £ 0.2 2.9+ 0.6 0.05 4+ 0.08 nucleus 22.1 +£0.1 58 + 4 — — — Type | —
23.4+0.2 9.8+ 0.4 0.10 4+ 0.02 bulge — — — — — —

UGC 12754 20.36 + 0.07 11.8 +0.4 0.43 4+ 0.04 bar 20.6 +£ 0.2 56 + 7 — — — Type | 15.7 + 0.2
22.4+0.4 24+ 1 0.05 4+ 0.06 bar — — — — — —

disks, and more recently deviations at very low surfaceHhbrig

b ness have been observed, including upward bends (e.g. Etaln
Maisk = —2.5 log (27r[0h E) , (5) 2005).
whereb/a = 1 — ¢ is the minor-to-major axis ratio of the galaxy. Based on these observations, Erwin etlal. (2008) proposed a

However, deviations from a simple exponential disk were reviewed classification of disks in three categories: Typsirh-
already noticed by Freeman (1970), specially in the form of ple disks well described by exponential disks; Type Il, digkth
truncations or breaks in the inner profiles of galaxies. tate downward truncations; and Type lll, disks with upward bends
van der Kruit & Searle/ (1982) also noticed breaks at largé odd A local census of disk properties performed|/by Pohlen & Tialiji
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Figure 4. Examples of structural decomposition for two galaxies ef @HASP sample in thefband, UGC 89 and UGC 10897. For each galaxy, we present
seven panels, containing (a) surface brightness profildstair decomposition components, (b) fitting residual},psition angle profile, (d) ellipticity

profile, (e) R-band image, (feLLIPSEmModel and (g) residual sigma image.

(2006) of late-type galaxies (Sb-Sm) estimated the fraatiolype

| galaxies to be only 10%, while 60% are classified as Type Il
and 30% are Type |l according to this new classification sehe
Therefore, an updated profile for the disks is here adopteshexrer
breaks are clearly observed, by using broken exponentidilgs;,
given by (Erwin et al. 2008)

RI=
2

-

La(r) = SIo exp (-%) A1l +expla(r—m)]} (77~ Re) |
(6)

wherel) is the central intensity of the disk,; andh, are the inner
and outer disk scale length respectively,is the break radiusy

is the sharpness of the disk transition between the inneoatet
region (where lown: means a smooth transition from the inner to
the outer disk and highh means an abrupt transition), asdis a
scaling factor given by

S =[1+exp(—ary)]

@)

For the broken disks in our sample, the total luminositiesewe
calculated numerically, given that a solution by the inaigin of
equation[(b) is beyond the scope of this work.

In Table[4, we include a classification of the disks according
our observations. However, it is important to notice thagliis may
occur at different radial distances, with different phgsimterpre-
tations: inner breakgi. ~ 23 mag arcsec?) may be related to star
formation, while outer breaks:¢ ~ 27 mag arcsec®) may indi-
cate a real drop in the stellar mass density (Martin-Naveral.
2012). Therefore, our classifications are restricted tortban lim-
iting surface brightness of 24.5 mag arcséc

4.3.2 Other components

Apart from the disk, several other components are obseiveldd-
ing bulges, bars, arms, rings and lenses. We included tlorspa
nents in the decomposition using a Sérsic function (SESE8),

given by
1/n
) )

wherer. is the effective scale of the component (for which 50% of
the light is withinr.), I. is the intensity at the effective radius,
and n is the Sérsic index. The teri, is not a free parameter,
but a function of the Sérsic index due to the parametrinatib
the function at the effective radius instead of at the certr@ur
calculations, we adopted the expressions#pmresented in the
Appendix [Al] ofiMacArthur et al.[(2003). In a first order apgr
imation, b, =~ 2n — 0.33, although the error may be considerable
for n < 0.5. For simplification, we also rescale the effective inten-
sity to surface brightness using the expression= —2.51og I..

In the case of equatiof](8), the total magnitude is giver| bwt(iC
1991; MacArthur et dl. 2003)

whereI'(z) is the complete gamma function of a variableThe
Sérsic profile is a generalization of other commonly usedfilpr
functions, such as the exponential for= 1, a Gaussian fon = 1
and a de Vaucouleurs’s profile (de Vaucoulgurs 1948nfot 4.
Moreover, the Sérsic index can also be used as an indichtheo
kind of component that is being observed. For example, irofiie

Iy(r) = I exp <—bn [(:

®)

e

2wl r2ebrnl'(2n) b
b2 a

Msersic = —2.5 log ( 9)

a
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tical and near-infrared wavelengths, Fisher and Drory (20tave
shown thatn < 2 may indicate a pseudobulge, whereas> 2
may indicate a classic bulge for the spheroidal compondgs.
sides, bars have typically ~ 0.7 (Gadotli 2011). In the Tabléd 4,
where the decomposition results are presented, we inclodssi-
fication of the Sérsic function components according tovikaal
inspection of images and profiles, such as bulges, bargdensd
spiral arms.

In 35 galaxies, a nuclear source is also detected, which may
be related to different physical processes, such as aneagtiv
cleus or a stellar concentration. We have tested two appesdor
parametrizing these components, using either a Sérsipcoemt
or a single delta function with a peak at= 0. In 12 cases, the
former approach resulted in a better description of theaus;lbe-
cause they have slightly larger FWHM than that of the modelle
PSF and/or because of the different shape of the nucleaceour
compared to a star. These components are described assiircleu
tabled % in the column 5. For 23 galaxies, however, the lgter a
proach of using a delta function resulted in a better desoripf
the nucleus in these cases. This delta function has only reee f
parameter, the magnitude of the sourge,(), and its profile is of
a field star which is described as a Moffat function. Thesatpoi
source magnitudes are included in the last row of Table 4.

5 PHOTOMETRICINTERNAL CONSISTENCY AND
LITERATURE COMPARISON

In this section we make a series of tests on our photometric re
sults to verify their consistency and to compare them withilsir
results in the literature. We have already made an interoradis-
tency check of our SB profiles in Figuré 2, where we observatl th
the SB profiles fronsDssdata are similar to those observed with
direct measurements in the.fRand. Our SB profiles can also be
compared with those derived for twelve galaxies in commath wi
de Jong and van der Kruit (1994) in the-Band, as shown in Fig-
ure[d, where black and red lines show the difference betwaen o
and the literature data for theHP andsDssdata sets respectively.
To make a proper comparison, we have fixed the position amgle a
the ellipticity of the galaxies to mimic the method of thosghers
instead of using free position angle and ellipticity as ictea[4.].
We also limited the comparison to regions greater than thge
of our images.

The most deviant case is UGC 4256, but the internal consis-
tency of our results for two different data sets indicate®ssjble
systematic offset in the data of de Jong and van der|Kruit4199
for this galaxy. The deviation in the outer region of UGC 508
can be explained by the limited field of view in the images of
de Jong and van der Kruit (1994) which cuts part of the galaxy.
In this case, it is also possible to see a large variation ef th
isophotes fainter than 21 mag arcseuthin the observations of
de Jong and van der Kruit. Finally, the problematic case ofCUG
10445 for theoHP data can be explained by the relatively short ex-
posure time for this object, including only one image, whaffects
the accuracy of the sky subtraction. Apart from these remadhe
overall picture is a good agreement with de Jong and van det Kr
(1994), which is in turn in agreement with several other argfin
the literature.

In Figure[®, we show the internal consistency of the isoghota
and integrated photometric parameters derived from therSies
by the comparison of the results obtained with ther andsbss
data sets, including position angle, ellipticity, integdmagnitude
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r Other authors - SDSS <
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=} 100 :’ ’ Kassin, de Jong & Pogge (2006) v -

2 E4 A Amorin et al. (2007) /‘A/' ]

- -_ ¢ .

2 10.5E ///’ = -

I 11.0F t/’ * 3

?D r P2 ]

g 1L5F e i 3

£ 12.0 E - z =

E s 32 3

125 .7 -

13.0:4T|||||||||||||||||||||||||||||||||||||:
13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0
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Figure 7. Comparison of total apparent magnitudes with the litera-
ture. Coloured symbols indicate the comparisons with datéhée R.-
band, including the works of Heraudeau & Simizn (1996). @iR&z et al.
(2003),/ Kassin, de Jong, & Pogge (2006) and Amorin let al0720Gray
symbols indicate the comparisons with magnitudes in passidaim-
ilar to Rcwith our magnitudes both for theDss (circles) and OHP
(crosses) samples. This later data include magnitudes |ffimkson et al.
(1989),[ Tully et al. [(1996), James et al. (2004), Cabrengeta& Garzon
(2004),| Taylor et &l.| (2005). Doyle etial. (2005). Hernandeledo et al.
(2007), | Noordermeer and van der Hulst (2007), Thomas eti2008),
Hernandez-Toledo & Ortega-Esbfi (2008). Matthews & U¢aA08) and
Kriwattanawong et al! (2011). The dashed line representalitg between
measurements.

and radius at the isophote of 22.5 mag/arésaud also effective
radius and total magnitude. We also display the mean rdgififua
ference & A >)and its standard deviatior (A)) for each param-
eter, resulting in compatible measurements in both dasava#tin
one standard deviation.

In Figure[T we compare our total magnitudes with data
in the literature. There are just a few works in the literatur
for which total magnitudes are measured in the-land, so
we also include in the figure measurements in similar filters
in the literature without any additional correction or extola-
tion, which are displayed as gray symbols, including Tutlale
(1996), | James et al.| (2004), Cabrera-Lavers & Garzon (2004
Taylor et al. (2005), Doyle et all (2005), Hernandez-Toletlal.
(2007), Thomas et al. (2008), Hernandez-Toledo & OrteghrE
(2008), | Matthews & Uson | (2008) and__Kriwattanawong et al.
(2011). However, specially relevant is the comparison itbper
R.magnitudes, which we highlight in Figuré 7 using coloureahsy
bols for the works of Heraudeau & Simien (1996), Gil de Padlet a
(2003)/ Kassin, de Jong, & Pogge (2006) and Amorin et aD720
The number of overlapping galaxies with.RBand data is
scarce, only 12 galaxies, but those are in good agreemeht wit
most previous works, specially with the more recent survey o
Kassin, de Jong, & Pogge (2006).

In the top panel of Figurel 8, we compare our isophotal radius
with the results of James et al. (2004). As the referencehisop
tal levels are different, there is a systematic offset inittopho-
tal radius in the sense that results from our work are systema
cally smaller than those from James et al., but still theie ¢good
correspondence between the two datasets. In the bottonh gfane
Figure[8, we show that the ellipticities are also well catetl, as
expected, because at both reference isophotal levelsshésdihe
dominant component in the light of the galaxy, and has a gmpl
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Figure 8. Comparison of our isophotal radius (above) and ellipti¢tre-
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between measurements.

geometry that does not vary drastically between these asisb
Finally, in figure[9, we compare the isophotal position asglad
inclinations with the results from theddmap analysis of Epinat et
al. 2008, which demonstrate that our analysis producestsabat
are similar even to other tracers of the galaxy shape sudteags.

6 SCALING RELATIONS

Scaling relations contain important information about phgsical
processes regarding galaxy formation and evolution, argbs®
important constraints to models that attempt to descriloh sib-
jects (Courteau et al. 2007). In this section, we derive thetrsig-
nificant scaling relation involving luminosities, sizesdamtation
curve velocity for each of the two most basic structural congnts
of the galaxy, the bulge and the disk, and also for the whdkxga
In sectiof 6.]1, we show how we correct the sizes and lumiessit
for the effects of distance, inclination and dust attermmatand in
sectior 6.2 we show how we estimate the scaling relationsedn
tion[6.3 we present the main results and in sedfich 6.4 wepexpl
the Tully-Fisher relation in greater detail.
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Figure 9. Comparison of our isophotal position angles (above) ankhmc
tions (below) with those derived from theaHvelocity fields of Epinat et
al. 2008. Filled (hollow) points represent data from OHP $&), and the
dashed line represents the equality between measurements.

6.1 Correction for the effects of inclination and distances

We use all galaxies in tablé 4 with a bulge component accgridin
our classification in the decomposition. Disk apparent ritadas
(muaisk) are calculated using equatidn (5) or by numerical intégmnat

in the case of broken profiles for the disks, while bulge lussities
(muuige) are calculated using equatidd (8). The absolute magrstude
of these components are then obtained using the equations

Muisk = muisk — d1 — d2(1 — cos i)d3 —b5log D — 25,
Mbulge = Mbulge — bl — b2(1 — COS i)bs — 510g D — 25,

(10)
(11)

where the internal extinction coefficienis = 0.60, b, = 1.33,
bs = 1.75,d1 = 0.15, d2 = 1.09 andds = 2.82 are obtained
by linear interpolation from Table 1 of Driver etlal. (2008 fthe
R.-band . = 647nm), D is the distance in Mpc according to
Epinat et al.|(2008), and the inclinatiens taken from the gas ve-
locity field analysis in_ Epinat et al. (2008), if available,foom the
isophotal analysis otherwise. Individual distance erames rarely
available, and we adopt a value2i% for all objects.

The total luminosity of each galaxy is estimated by its total
magnitude according to the analysis of the curve of growtthef
SB profiles (see sectidn_4.2). In this case, we obtain thelateso



magnitude of the galaxied\(r tota1) from the apparent total mag-
nitudes (nr.tota1) USING the expression

MR jtotal = MR total — As(R) — 5log D — 25, (12)

where A;(R) is the internal extinction correction given by

Tully et all (1993)

A;(R) =log(b/a) x {1.15 + 1.88 (log 2Vimax — 2.5)} . (13)

Hereb/a is again the minor-to-major axis ratio abflax is the max-
imum velocity of the Ky rotation curve derived from the velocity
field analysis from Epinat et al. (2008).

We compare these luminosities with the physical sizes df eac

component, using the scale length of disk$, (or the inner disk
length in the cases of broken disks, the effective radiubebulge
(re) and the effective radius of the galaxys€). We do not attempt
to correct the sizes of the components for extinction, ancmhg
rescale the sizes according to the distance. Finally, wehesge-

locity Vmax @s inl Epinat et all (2008) as our dynamical tracer, ex-

cluding galaxies for which the flat part of the rotation cuwas
not reached in the velocity field analysis of the:Hbservations.

6.2 Fitting method

We assessed the statistical significance of pairs of luritiass
sizes and velocities using the Spearman’s rank correlaibeffi-

cientr, which is a measurement of the strength of the correlation

of two variables, and the associated p-vahhich indicates the
probability of obtaining a result at least as extreme as treeab-
tained from a random distribution, both indicated in the dsat
the top of each panel. For 18 cases, we obtained correlatiiths

p < 0.1%, for which we calculated scaling laws considering the

direct and inverse cases. The relations, displayed in tha fof
dashed lines in Figufe 10, were calculated as in the follgwiie
consider a linear relation in the form of

yi = ax; + f, (14)

where each galaxy is represented by the ingexis the slope of
the relation angb is the zero point. We then performed@ min-
imization considering the measurement uncertainties th tari-
ables, considering also an intrinsic scattgr,for the relation (see
Tremaine et al. 2002), using the relation

N
2= ) (yi — B — ami)®
YN-2 el +a%el, +ef’

(15)

whereN is the number of galaxies of the sample= N — 2is the

number of degrees of freedory,; ande,; are the parameter uncer-

tainties. The presence of the variables in both the numeaatbin
the denominator of relatiof (IL.5) makes the equation nagalirand

most common methods of minimization, such as the Levenberg-

Marquardt algorithm (Press etial. 1992), may have problenobt
tain convergence. To obtain stable solutions, we used theaic
tive method described by Bedregal et al. (2006), which cisisn
solving equation[{15) for a fixed value ef, and then update,
by multiplying for x2 elevated to a power df/3, until obtaining

x2 = 1. This method failed in only two cases, as show in table

[B, because either the dispersion is too low affd< 1 or if the
dispersion was too high. The uncertainties for the coefitsigvere
estimated using the bootstrapping method.
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6.3 Results

Figure[I0 shows the resulting relations among luminosisees
and velocities for 62 galaxies selected in the previous@ectVe
adopt different colouring for the panels above and belowdibig-
onal according to the strength of the bar and to the morpliolog
cal classification respectively. However, we could not gttitese
correlations in subsamples due to the low statistics aftedidg
the data in those classes, and our quantitative resultdl aeteded

to the complete photometric sample. The summary of therggali
laws is shown in tablgl5, where we sort the relations by dearga
Spearman’s coefficients.

All equations in tablé]5 can be used as a way of obtaining
approximate physical parameters for one given measureasgent
well as for constraining models of galaxy formation at the-cu
rent cosmic time. Out of the 21 pairs of parameters, we observ
that only three combinations have relatively low correlatcoeffi-
cients. This indicates that most of the spiral galaxy prigerare
somehow linked. Although there are many possible propettiat
shape galaxies, such as different mass, angular momentandea
spite secular evolution effects, such as those which may fars,
there is still a great similarity among spirals which isldil be
explained. Also, this large number of correlations resttie inter-
pretation of the correlations individually, and certaialy}compre-
hensible interpretation will be possible only with a morengbete
model of galaxy evolution (see Shen et al. 2010). Neversiselse
are going to briefly discuss a few of the scaling laws that teen
observed here and previously in the literature, with theeption
of the Tully-Fisher relation (Tully and Fisher 1977), whisle ad-
dress with greater detail [N 6.4.

The relation (q) between the sizes of bulges and disks
was obtained previously by other authors (Courteaulet 8619
Aguerri et al! 2005) and may have important clues for galaxy f
mation scenarios. Courteau et al. (1996) argue that diskslgh
have been formed earlier than bulges and, therefore, theepro
ties of the bulges are linked to their host disks. Due to tha-re
tively low Sérsic indices of the bulges, these are inddeslylito be
pseudobulges (Fisher and Driory 2008), which are formed by-se
lar evolution of the disks and, therefore, correlations agnthese
parameters naturally arise in a scenario of secular evolutiisfa-
voring scenarios of decoupled size relation such as bulyesed
by mergers. We have found that the median value.gh. is 0.14
considering all galaxies, which is in agreement to the \&loehe
literature (for instance, Laurikainen etlal. 2010).

The luminosity of bulge is also of importance to understasd i
origin. Bulge luminosities and sizes are expected to careehs al-
ready indicated in equatioE](Qabmge x r2, and indeed there is a
strong correlation as shown in equation (). Moreover, thig®lu-
minosity is correlated to all other measured propertiebefdisks,
to the whole galaxy and also to the rotation velocity. Themef
the properties of the bulges we observe in late-type gadafi¢che
local universe are probably the result of secular evolutioterest-
ingly, the bulge luminosity is also correlated with the supassive
black hole masse$s (Kormendy & Richstone 1995), illustratire
important role of the bulges to understand the processealaky
formation yet to be fully understood.

Another parameter that correlates strongly with almosthai|
others is the luminosity of the galaxy, as shown in equati@)s
(b), (), (g) and (j). The importance of the total luminosiglso
observed by Courteau et/ al. (2007), may indicate that thgobar
portion of the galaxy has a pivotal role in the appearanceatzbg
ies: it is connected with the gravitational potential trgbuhe ve-
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Table5. Scaling relations with statistical significance abowef@r the luminosities, sizes and velocity of the galaxies itlvo basic subcomponents, bulges
and disks, ranked by decreasing Spearman'’s rank coeficient The first column indicates the identification of the relatiThe second column indicates
the variables involved in the relation, as well as the catieh coefficients and their p-values. The third columndatis the direct and inverse relations. The

fourth column shows the intrinsic scatter of the relation.

ID Parameters Relation €0
@ &) (©) 4)
@) MR totar Mdisk Misk = (0.98 + 0.03) MR totg+ (—0.6 £ 0.7) —
Ir| = 0.96,p=3-107%" MR tota= (1.02 £ 0.04) Mgy + (0.6 + 0.8) —
(b) log Vimax-MR total MR total = (=80 + 0.7) log Vmax + (=3 + 1) 0.37+0.05
Ir| = 0.88,p=6-10"2"  log Vmax = (—0.12 £ 0.01) MR tog + (—0.2+0.2)  0.04 £ 0.01
(c) log Vmax-MdiSk Mdisk = (—7.1 + 0.8) log Vmax + (—5 + 2) 0.31 4+ 0.07
7| =0.85,p=2-10"1%  log Vimax= (—0.13 £ 0.01) Mg + (—0.6 £0.3) 0.04 £+ 0.01
(d) log r50-log h log h = (0.88 £ 0.07) log 750 + (0.00 % 0.04) 0.132 £ 0.003
7| =0.85,p=4-10"18 logrso = (0.93 & 0.06) log h + (0.11 & 0.03) 0.135 £ 0.004
(e) log r50-Mgisk Myisk = (—4.7+0.3)logrs0 + (—18.1 £ 0.2) 0.61 +0.03
7| =0.83,p=9-10"17 logrso = (—0.18 £ 0.02) MyjgK + (—3.2 £ 0.3) 0.12£0.01
® MR totar Mbulge Mpyjge = (1.1 £ 0.1) MR totai+ (5 £ 3) 1.1140.02
Ir|=082,p=2-10"1 Mg (o= (0.65 £ 0.06) Mpyyjge+ (9 £ 1) 0.84 £ 0.02
(9) log r50-MR total MR total = (—4.4+0.5)log 50 + (—18.1 +0.3) 0.88 +0.02
Ir| =0.78,p=9-10"1  logrso = (=0.16 + 0.02) MR totg+ (—2.7 £ 0.3) 0.167 £ 0.005
(h) log Vmax-MbL"ge Mbulge = (-9+1)log Vmax+ (2 £ 2) 1.17 £0.07
Ir| =0.76,p=7-10""  log Vmax = (~0.08 £ 0.01) M ge+ (0.8 £ 0.2) 0.107 £ 0.007
0) log h-Mgjisk Myisk = (—4.3 £0.4)log h + (—18.6 £ 0.2) 0.86 & 0.02
|7 =0.72,p=3-10"11  logh = (—0.16 £ 0.02) Myjgk + (—2.8 £ 0.4) 0.165 4 0.006
@) MR totarlog h log h = (—0.15 % 0.02) MR totg|+ (—2.5 £ 0.3) 0.181 4 0.004
Ir| =0.72,p=5-10""" MR tota)= (—4.3 + 0.6) log h + (—18.4 £ 0.3) 0.98 £ 0.01
(k) Mdisk'Mbnge Mbulge =(1.0+ O'I)Mdisk +(3.0£3.0) 1.42 +0.03
Ir| =0.69,p=4-10"19  Mgjsk = (0.55 £ 0.09) Mpjge + (—11.0 £ 2.0) 1.03 £0.02
o log re-Mpyige Mpyige= (—4.1£0.6)logre + (=19.6 £0.1) 1.41 £0.02
Ir|=0.67,p=3-10"" logre = (~0.14 £ 0.02) Mpige + (~2.9 £ 0.3) 0.262 & 0.004
(m) log Vimax-log rso log 750 = (1.1 £ 0.2) log Vmax + (—1.8 = 0.4) 0.204 =+ 0.007
|| =0.65,p=1-10"%  logVimax= (0.5 & 0.1)logrso + (1.95 & 0.06) 0.134 £ 0.005
(n) log Vinaxlog h logh = (1.0 £ 0.1) log Vmax + (—1.7 £ 0.3) 0.205 = 0.008
|| =0.63,p=3-10"9  logVimax= (0.46 £ 0.06) log h + (1.98 = 0.04) 0.141 4 0.004
(0) log h-Mpyige Mpyige= (—4.6 £0.8)logh + (~16.3 £ 0.4) 1.66 £ 0.02
Ir| =0.60,p=3-10"°7  logh = (-0.09 £ 0.01) Mpyjge + (~1.1 £ 0.3) 0.231 £ 0.002
) log T50-Mbu|ge Mbulge = (—3.7+0.8)logrs0 + (—16.6 & 0.5) 1.83 £ 0.02
Ir| =0.53,p=1-10"%  logrso = (—0.08 £ 0.02) Mppyjge + (—0.8 £ 0.4) 0.260 =+ 0.004
C)] log h-log e logre = (0.8 £0.3) logh + (—0.6 £ 0.2) 0.41 £ 0.01
|r| =0.48,p=9-10"% logh = (0.3 £ 0.2)logr. + (0.62 & 0.03) 0.28 4 0.01
(6] log r50-log re logre = (0.6 +0.2) log r50 + (—0.5 £ 0.1) 0.362 £ 0.002
7| =0.41,p=1-10"9 logrso = (0.3 +0.1)logre + (0.68 + 0.02) 0.275 £ 0.003
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locity, but has a more direct link with the size (or shape) fa& t
galaxy.

Other photometric relations well documented in the litera-
ture include the relation (k) between bulge and disk lumitiess
(Laurikainen et dl. 2010), and (f) which relates bulge anelti-
minosities|(Carollo et al. 2007). The rotation velocity bétgalax-
ies is usually studied in comparison with integrated phatwyn
such as given in relation (b), the Tully-Fisher relationd &ime size-
velocity relation (m) also studied by Courteau et lal. (20G¥)w-
ever, here we show that the rotation velocity also stronglyez
late with the luminosity and size of the disk component, aswh
in relations (c) and (n), which is expected because the disk-i
sponsible for the majority of the light of the galaxy. Intstiagly,
however, the luminosity of the bulge also correlates with itb-
tation velocity, as shown in relation (h), indicating thiae tbulge
properties have a dynamical link with the galaxy that hdsts i

6.4 Tully-Fisher relation

The Tully-Fisher relation (hereafter TF relation, TullybRisher
1977) is the most important scaling relation for disk gadaxiand

it has been used for several purposes including distaneendigia-
tions and, historically, as a way of measuring the Hubblestat.
The TF relation relates the maximum velocity of the rotatiarve,
Vmax With the total magnitude of the galaxies in the form of a power
law. The TF relation has already been measured iGthespPsam-

ple previously by Torres-Flores etal. (2011) in the ne#naied
bands H and K, so here we add to those results the opticbBRd.
We adopt the following parametrization

‘/Inax
M,\:ou-log< )—0—[‘3}\, (16)

km/s
where M, is the absolute total magnitude in the passbanth,.x
is the maximum velocity of the rotation curve, and g, are the
slope and the zero point of the TF relation. Both the slopethad
zero point of the Tully Fisher relation are of importance dese

Table 6. Regression coefficients for the. fand Tully-Fisher relation using
the total asymptotic magnitude and the total isophotal ritage including
80 and 72 galaxies respectively.

Relation QR Br €0
Total asymptotic magnitude

TF —81+05 —3.0+£1.0 0.28+0.07

Inverse TF —84+£0.7 —-2.0£2.0 0.28+0.08
Total isophotal magnitude

TF —89+06 —-1.0£1.0 0.33+0.06

Inverse TF  —9.3 £0.7 0.0+ 2.0 0.34 +0.08

tion of equation[(15) as described in secfiod 6.3. Also, thealled
inverse Tully-Fisher relation (Schechter 1980) coeffitseare cal-
culated as follows. We calculated the coefficientsand 5’ by in-
terchanging the variables, = y; in equation[(I#), and then cal-
culated the inverse TF relation using the relations= 1/’ and

B = —B'/a’. The summary of the results for the TF relation and
the inverse TF relations is presented in Table 6.

The TF relation is not just an important tool for measur-
ing distances of galaxies, but it is also crucial to hightigino-
cesses of galaxy evolution, for instance, by comparing theer
lation of different morphological types. Spiral galaxies/g a sin-
gle TF relation, but lenticular and elliptical galaxies BaM- rela-
tions which run approximately parallel when compared toadpi
(Bedregal et al. 2006; De Rijcke et al. 2007). We observe ttheat
TF relation of spirals in the fband is well defined for almost all
galaxies, with only two exceptions that are worth discupsMGC
12276, marked in the figufe1l1 with a yellow halo, does not seem
to have any special feature to be offset from the TF relagorgne
possibility to explain its position is that the distance he galaxy
is not accurate. We have used the value of 78.8 Mpc from Epinat
al. (2008) for consistency with the previous works, whicthis ex-
pected value according to the systematic velocity usindHilieble
flow. However, Pedreros & Madore (1981) have estimated the di
tance to this galaxy of 40 Mpc using the ring size, which irapin
a difference oks1.5 magnitudes that is enough to bring the galaxy

they may be used either as constraints or as tests for moflels o much closer to the TF relation. The galaxy with a red halo in fig

galaxy formation and evolution.

To produce a suitable sample for this specific relation, we se
lect the galaxies according to the following criteria. Wenowe
galaxies with inclinations greater thaf°due to their high in-
ternal extinction, and also galaxies with inclinations Berahan
20°because of their higher uncertainty in the determinatiothef
rotation curve velocity. We also exclude galaxies with ssien ve-
locities lower than 3000 km's' due to possible peculiar velocities
affecting the Hubble flow, except for the cases where morea-acc
rate distance indicators were used, such as Cepheids amared
branch distances. Finally, as we are only dealing withuélocity
fields, we use the analysis lof Epinat et al. (2008) to excluden f
the sample galaxies for which the maximum rotation velogty
not achieved according to their classification of the maps.ude
our two absolute magnitude estimators, the asymptatg (o¢a1)
and the isophotal N/ 23.5) as the probe of the galaxy luminos-
ity, resulting in samples with 80 and 72 galaxies respelgtihdost
galaxies ofGHASP sample are not part of clusters of galaxies, so
we consider that our TF relation is basically probing thedfigh-
vironment, although the expected difference of the TF i@fhain
different environments is mild_(De Rijcke et al. 2007; Mod¢ak
2012).

The TF relation in the Rband is shown in Figufe11. To cal-
culate the regression coefficients, we have usedythminimiza-

ure[11, NGC 4256, has a peculiar morphology of a single arm and
an asymmetric rotation curve, which may be the cause to nieve t
galaxy off the TF relation defined by relatively more relaxsgi-

rals. In this case, star formation may have been triggereehtly

as a response to a gravitational field, resulting in a redtilumi-
nous object compared to the TF relation.

The slope and the zero point of the-Band TF relation in
our work are in agreement with those previously derived itiee-|
ature| Tully and Pierce (2000), for instance, determinedsfope
and zero point for a sample of 115 galaxies in four nearbyteias
with velocities derived from HI line widths, and by not coahei-
ing errors in both variables nor the intrinsic scatter of tslation,
they have foundvg = —7.65 andBr = —4.3, which is consis-
tent with our results within 2 sigmas. On the other hand, ¥ien
(2001) has derived the TF relation for the Ursa Major clugsing
the inverse relation without intrinsic scatter, and fixihg uincer-
tainties in 0.05 mag for the magnitudes and 5% in the vekitn
this framework, they found slopes ranging from -7.1 to -3 aero
points ranging from -3.15 to 2.81 for their various sampieisich
is similar to our inverse TF relation parameters.

The TF relation in the infrared pass bands is important be-
cause these wavelengths are reliable tracers of the stedlases.
Torres-Flores et all (2011) have used theasp sample to derive
the TF relation in the H and K bands using 2MASS survey data
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Figure 11. Tully-Fisher relation for the Rband forGHAsSP galaxies considering (a) the total asymptotic magnitude, (.t.1, and (b) the isophotal total
magnitude inside the isophote of 23.5 mag arcSedhe gray line in panel (a) indicates the results from Sakall €2000). In the top panel of each figure,
the black dashed line indicates the direct TF relation tgsand the best fit-10 3, while the red dashed line indicates the inverse TF relatisnilts. The
bottom panels indicates the colour of the galaxies usindltband total magnitudes used for the TF relation in Torresdd et al.[(2011) inside the isophote
of 20 mag arcsec?. The colour of each galaxy reflects the colourbar scale iruffper panels, separating objects according to their neaiariorphology.
The two objects highlighted with a halo are NGC 12276 (ye)lawd NGC 4256 (red), which for different reasons are offsghé TF relation (see text for

details).

(Skrutskie et gl. 2006) as well as stellar and baryonic Té&tiahs,
and using a method similar to ours, they have obtained slopes
ag = —10.844+0.61 andax = —11.07£0.63 and zero points of
Br = 1.97+1.36 andf, = 2.27+1.39 for the H and K bands re-
spectively. As expected, the.®and slope is greater than the slope
in the near-infrared band (elg. Verheilen 2001). Howevee, ion-
portant feature observed in the infrared is a break in thecTdion

for galaxies withlog V.2 < 2.2, in the sense that galaxies below
this velocity are under luminous related to the expected 8l&-r
tion for bright galaxies. This break in the TF relation is noticed

in the R.-band. This difference in the shapes of the near-infrared

R.-band integrated photometric parameters, presented ile [Bab
which are consistent with other works in the literature. thiése
results are public and will be available in digital formatfa Fabry
Perot repository it t p: // cesam [ am fr/ f abryperotl

We perform multi component structural decompositions @ th
R.-band, presented in Tablé 4, with the goal of separating the
disk component from bulges, bars, lenses and nuclear syuase
a preparation to our forthcoming paper on the kinematic ogn
sition of GHASP velocity fields, which will be compared with the
photometric work.

Finally, we have applied new photometric data to observe

and optical TF at the low-mass regime can be understood if one bulges, disks and global scaling relations among lumiressisizes

inspects the bottom panels of Figliré 11, which show the atiic
near-infrared colours of the galaxies as a function of thgimam

rotation velocities. These panels show a flat colour distidim ex-
cept for the galaxies witf;,.x < 125 km s71, indicating differ-
ent mass-to-light ratios these galaxies. These low massmegsare
bluer than more massive galaxies, indicating younger thjenat
may have been forming stars recently, and this effect frutisiy
compensates for the difference in the stellar mass to ligtibs,
causing the differences in the shapes of the near-infrarddpti-

cal TFs at low masses.

7 SUMMARY AND CONCLUSION

This study provided photometrically calibrated surfaciglitiness
profiles of GHASP galaxies, with 170 profiles in the.Fband and
108 in thesbssbands u,g,r,i and z. From these data, we derived

and velocities in the Rband. We derived expressions for 18 scal-
ing relations, which may be used to constrain models of galax
formation and evolution. In particular, we studied the Y#isher
relation using velocities derived solely fronnHnaps fromGHASP.

We have obtained slopes and zero points that are consistémt w
previous findings in the literature in the.f®and for cluster galax-
ies, reinforcing the idea that the Tully Fisher relation ésigcally a
relation between the total stellar content and the grawitat po-
tential, which is barely affected by the environment andphes-
ence of photometric substructures.
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