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ABSTRACT

We present the global optical photometry of 246 galaxies in the Local Volume Legacy (LVL)
survey. The full volume-limited sample consists of 258 nearby (D < 11 Mpc) galaxies whose
absolute B-band magnitude span a range of —9.6 < Mp < —20.7 mag. A composite optical
(UBVR) data set is constructed from observed UBVR and Sloan Digital Sky Survey ugriz
imaging, where the ugriz magnitudes are transformed into UBVR. We present photometry
within three galaxy apertures defined at UV, optical, and IR wavelengths. Flux comparisons
between these apertures reveal that the traditional optical R25 galaxy apertures do not fully
encompass extended sources. Using the larger IR apertures, we find colour—colour relationships
where later type spiral and irregular galaxies tend to be bluer than earlier type galaxies. These
data provide the missing optical emission from which future LVL studies can construct the
full panchromatic (UV-optical-IR) spectral energy distributions.

Key words: galaxies: dwarf—galaxies: irregular—Local Group-—galaxies: photometry —

galaxies: spiral.

1 INTRODUCTION

The Local Volume Legacy (LVL) survey has provided large data
sets which include ultraviolet (UV; Lee et al. 2011) non-ionizing
stellar continuum, Ha nebular emission (Kennicutt et al. 2008),
and infrared (IR; Dale et al. 2009) dust emission of hundreds of
local galaxies. Due to the volume-limited nature of LVL, the galaxy
sample consists of large spirals and a few elliptical galaxies, but
mostly low-mass dwarf and irregular galaxies where 52 per cent of
the sample has a stellar mass less than 10° Mg (Dale et al. 2009).
These data have produced insights into the extreme environments
of low-mass galaxies.

LVL IR studies have established and characterized monochro-
matic IR star formation rate indicators which break down for low-
luminosity galaxies due to decreased amount of dust (Calzetti et al.
2010). Furthermore, Dale et al. (2009) observed large scatter in the

* E-mail: dcook12@uwyo.edu
1 Deceased.

© 2014 The Authors

mid-to-total IR flux ratios for low-mass galaxies and that they ex-
hibit low-IR/UV flux ratios compared to starburst galaxies. These
results indicate that the reprocessing of UV photons by dust in low-
mass galaxies is different than in normal or starbursting galaxies.
The study of Lee et al. (2009) utilized the LVL Ha and UV
catalogues to compare these two star formation rate tracers and
found a discrepancy in lower mass systems (see also, Meurer et al.
2009). The underprediction of the He star formation rate in low-
mass galaxies has consequences on a wide range of fundamental
galaxy properties (e.g. initial mass function, stellar models, etc.)
and has given rise to a new paradigm of research investigations
(i.e. stochastic star formation; Barnes, van Zee & Skillman 2011;
Fumagalli et al. 2011a; Fumagalli, da Silva & Krumholz 2011b;
Cook et al. 2012; da Silva, Fumagalli & Krumholz 2012; Eldridge
2012; Koda et al. 2012; Weisz et al. 2012; Andrews et al. 2013;
Barnes, van Zee & Dowell 2013; Bauer et al. 2013; Hermanowicz,
Kennicutt & Eldridge 2013; da Silva, Fumagalli & Krumholz 2014).
These previous LVL studies have provided information on the star
formation and interstellar dust properties of local galaxies, but the
full spectral energy distribution (SED) is incomplete. The optical
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Table 1. Column 1: Galaxy name; galaxies where the photometry has been removed is denoted
with a fsymbol. Column 2 and 3: J2000 right ascension and declination used for centring the R25
apertures of Table 2 which are based on the RC3 catalogue values. Column 4: distance in Mpc from
Kennicutt et al. (2008). Column 5: RC3 Morphological T-type from Kennicutt et al. (2008). Column 6:
Milky Way foreground extinction from Schlegel, Finkbeiner & Davis (1998). Column 7: absolute
B-band magnitude derived from the apparent magnitude of this study using the distance of column 4;
these magnitudes have been corrected for Milky Way foreground extinction using column 6 and the
reddening curve of Draine (2003). The full table is available online.

General galaxy properties

Galaxy RA Dec. D T EB-YV) Mp
name J2000.0) (J2000.0) (Mpc) (mag) (AB mag)
M 6) 3) @ ©) &)
WLM 00:01:58.16 —15:27:39.3 0.92 10 0.04 —13.56
NGC 0024 00:09:56.54 —24:57:47.3 8.13 5 0.02 —17.46
NGC 0045 00:14:03.99 —23:10:55.5 7.07 8 0.02 —18.19
NGC 0055t 00:14:53.60 —39:11:47.9 2.17 9 0.01 -
NGC 0059 00:15:25.13 —21:26:39.8 5.30 -3 0.02 —15.62
ES0410-G005 00:15:31.56 —32:10:47.8 1.90 —1 0.01 —11.34
SCULPTOR-DE1 00:23:51.70 —24:42:18.0 4.20 10 0.02 —11.00
ES0294-G010 00:26:33.37 —41:51:19.1 1.90 -3 0.01 —11.09
1C1574 00:43:03.82 —22:14:48.8 4.92 10 0.02 —14.05
NGC 0247 00:47:08.55 —20:45:37.4 3.65 7 0.02 —18.31

light significantly contributes to the overall emission of a galaxy, and
therefore provides invaluable constraints for modelling a galaxy’s
full SED. In addition, due to the fewer technical obstacles involved
in ground-based optical observations, examining relationships be-
tween optical properties and properties derived from either UV or
IR is a practical and useful endeavor.

This paper presents the global photometry of the LVL optical ob-
servations. The full panchromatic (UV-optical-IR) SEDs are con-
structed and comparisons between optical and physical properties
are explored in a follow-up study (Cook et al. 2014b).

2 SAMPLE

The LVL sample consists of 258 of our nearest galaxy neighbours
reflecting a statistically complete, representative sample of the local
Universe. The sample selection and description are detailed in Dale
et al. (2009), but we provide a brief overview here.

The LVL sample was built upon the samples of two previ-
ous nearby galaxy surveys: ACS Nearby Galaxy Survey Treasury
(ANGST; Dalcanton et al. 2009) and 11 Mpc He and Ultravio-
let Galaxy Survey (11 HUGS; Kennicutt et al. 2008; Lee et al.
2011). The final LVL sample consists of galaxies that appear out-
side the Galactic plane (|b| > 20°), have a distance less than 11 Mpc
(D < 11 Mpc), span an absolute B-band magnitude of —9.6 < Mj
< —20.7, and span an RC3 catalogue galaxy type range of —5 <
T < 10. Although the galaxy morphology composition is diverse,
the LVL sample is dominated by dwarf galaxies due to its volume-
limited nature. The full LVL sample and basic properties are listed
in Table 1.

3 DATA

In this section, we describe the optical observations presented in
this study. Furthermore, we describe procedures for removal of
contaminating sources, define three elliptical apertures used for
photometry, and present the subsequent optical photometry within
these apertures.

MNRAS 445, 881-889 (2014)

3.1 UBVR data

We have obtained UBVR ground-based data from 1-2 metre class
telescopes located at Cerro Tololo Inter-American Observatory
(CTIO), Kitt Peak National Observatory (KPNO), Vatican Ad-
vanced Technology Telescope (VATT), and the Wyoming Infra-Red
Observatory (WIRO).

Although each telescope has its own characteristics, the collection
of optical images has a median pixel scale of 0.5 arcsec pixel~! with
a standard deviation of 0.1 arcsec pixel ™' and a median seeing of
1.4 arcsec with a standard deviation of 0.4 arcsec. In addition, the
median exposure times for the UBVR filters are 2700, 1800, 1260,
and 840 s, respectively.

All data reduction was performed with standard 1raF tasks. Each
image was bias- and dark-subtracted, and flat-fielded. Dome flats
were used only when skyflats were not available. Calibration stars
were taken several times a night and were used to correct fluxes
to zero airmass, calculate photometric zero-points, and calculate
first-order colour corrections.

The 5o limiting magnitude for a point source using the measured
seeing as the aperture (2x FWHM of the point spread function) was
calculated via the standard deviation of sky values within several
sky regions selected to avoid bright stars. The median 5o limit-
ing magnitudes for all images are 22.8, 23.6, 23.1, and 22.6 mag
with a standard deviation of 0.77, 0.79, 0.71, 0.78 mag for UBVR,
respectively.

3.2 SDSS data

We have also downloaded SDSS ugriz imaging taken from SDSS
DR?7 (Sloan Digital Sky Survey; Abazajian et al. 2009). For each
galaxy, mosaic images were constructed using the utility swarp
(Bertin et al. 2002), sky-subtracted, and photometrically calibrated
to the AB magnitude system; note that the SDSS magnitudes are
corrected for AB magnitude offsets as prescribed by the DR7 data
release website.!

Uhttp://www.sdss.org/dr7/algorithms/fluxcal.html
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The 50 limiting magnitudes of the SDSS mosaics were calcu-
lated in an identical manner to that of our UBVR data resulting in
point source detection limits of 21.6, 22.8, 22.4, 21.9, 20.4 mag
with a standard deviation of 0.23, 0.20, 0.17, 0.17, 0.21 mag for
ugriz, respectively. These limiting magnitudes are in good agree-
ment with the 95 per cent completeness limits quoted in the SDSS
DR7 documentation.

3.3 Removal of contaminating sources

To prepare the optical data for photometry, contaminating sources
(e.g. background galaxies and foreground stars) were identified and
masked within the galaxy apertures studied here (see Section 3.4).
We utilize the contaminant regions identified by Dale et al. (2009) as
an initial catalogue. These regions were identified based on Spitzer
Space Telescope IR colours and high resolution Hubble Space Tele-
scope (HST) images when archival HST images were available (i.e.
not available for all LVL galaxies.). These contaminant regions
were overlaid on to each optical image, visually inspected, and the
contaminant region sizes were adjusted to account for the relative
apparent brightness of each source.

Although the work of Dale et al. (2009) compared the LVL IR im-
ages to high-resolution HST images, contaminating optical sources
are not always detectable at IR wavelengths and hence may not have
been recorded as contaminating sources. Furthermore, new HST ob-
servations since the publication date of Dale et al. (2009) are avail-
able to identify additional contaminating sources. For these reasons,
we have compared our optical data to all available HST single-
band images and multi-band colour images via the Hubble Legacy
Archive.? HST images were visually checked for sources with spiral
structure, extended profiles, and optical colours indicating a back-
ground galaxy, and sources with diffraction spikes indicating a fore-
ground star. The new contaminant regions were tailored to each opti-
cal image and added to the modified contamination source catalogue
of Dale et al. (2009). With an updated contaminating source cata-
logue, each contaminant was removed through an interpolation of
the surrounding local sky using the IRAF task IMEDIT. The region files
which define these contaminating sources are available online or
by request.

3.4 Galaxy apertures

We perform global photometry on the LVL optical images within
three apertures defined at UV, optical, and IR wavelengths. The
optical apertures are taken from the RC3 catalogue (de Vaucouleurs
et al. 1991) as tabulated by the VizieR catalog (Ochsenbein, Bauer
& Marcout 2000),> and are defined as isophotal ellipses with a
surface brightness of 25 mag arcsec™? in the B-band filter. The
optical apertures are listed in Table 2. The other two apertures were
chosen to provide direct flux comparisons with two previous LVL
studies which have defined separate elliptical apertures.

The Spitzer Space Telescope 1R elliptical apertures of Dale et al.
(2009) were chosen to encompass the majority of the emission seen
at GALEX UV (15002300 A) and Spitzer IR (3.6-160 wm) wave-
lengths. In practice, these apertures were usually determined by the
extent of the 3.6 pm emission given the superior sensitivity of the
3.6 um array coupled with the relatively bright emission from older

2 http://hla.stsci.edu/hlaview.html
3 http://vizier.u-strasbg.fr/

Table 2. The LVL global photometry within the optical R25 apertures. Column 1: the galaxy name; galaxies where the photometry has been removed is denoted with a f symbol. Columns 2 and 3: the semimajor

and semiminor axis of the R25 apertures in units of arcseconds. Column 4: the position angle of the R25 apertures in units of degrees measured east of north. Columns 5, 6, 7, and 8: the UBVR magnitudes of each

galaxy with errors. Columns 9, 10, 11, 12, and 13: the ugriz magnitudes of each galaxy with errors. The full table is available online.

LVL global optical photometry 883

Photometry within R25 apertures

PA.
(deg)

Galaxy

(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

(arcsec)

(arcsec)

13)

12)

an

(10)

©)]

®)

@)

(6

5

3 “

(@)

(€]

10.93 £0.03
11.46 £ 0.03
10.58 £0.03

11.10 £0.03
11.58 £0.03

11.50 £0.03
12.20 £ 0.03
11.21 £0.03

4.0

119.4
40.5

344.4
172.6
255.3

WLM

46.0

NGC 0024

15.29 £0.03 14.52 £0.03 14.20 £ 0.03 14.04 £0.03 14.11 £0.03

12.31 £0.03
14.58 £0.03
14.97 £0.03
14.24 £0.03
8.87 £ 0.03

10.73 £0.03
12.59 £0.03
14.35 £0.03
9.10 £ 0.03

13.21 £0.03
15.32 £0.03
15.76 £ 0.03
14.73 £0.03
9.61 £0.03

11.92 £0.03
14.01 £0.03
15.25 £0.03
10.11 £ 0.03

142.0
108.0
127.0
54.0
6.0
175.0
174.0

176.7
168.7
39.5

314

21.2

233

207.5

970.8
78.9
39.5
32
64.1

641.4

NGC 0045
NGC 0055+
NGC 0059
ESO410-G005
SCULPTOR-DEI
ES0294-G010
IC1574

NGC 0247

MNRAS 445, 881-889 (2014)
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a) Fuv

Figure 1. Inverted images for the LVL spiral galaxy NGC 2403 in four filters: FUV, B, 3.6 um, and 24 pm, for panels a, b, ¢, and d, respectively. We perform
photometry in the three apertures overlaid in each panel: optical R25 (green-solid line), IR (red-dashed line; Dale et al. 2009), and UV (cyan-dashed line; Lee
et al. 2011). To make direct comparisons across UV-IR, we present optical fluxes within the IR apertures. The IR apertures have been visually checked to
ensure that they are adequately large to encompass all of the optical and typically all of the UV and IR emission

stellar populations at this wavelength. However, in several instances
the emission between 1500 and 2300 A or at 160 pm wavelengths
were spatially more extended, and thus these wavelengths were used
to determine the IR apertures. The resulting median ratio of IR-to-
optical semimajor axes is 1.5 (see Figs 1 and 2); the IR apertures
are listed in Table 3.

The GALEX UV elliptical apertures of Lee et al. (2011) were
defined as an isophotal ellipse outside of which the photometric
error was greater than 0.8 mag or the intensity fell below the
sky level. The resulting median ratio of UV-to-optical semima-
jor axes is 2.3 (see Figs 1 and 2). The UV apertures are listed in
Table 4.

Figs 1 and 2 show all three apertures overlaid on to UV, opti-
cal, and IR images for a spiral and dwarf galaxy, respectively. The
dashed-cyan, solid-green, and dashed-red ellipses represent the UV,
optical, and IR apertures, respectively. The IR and UV apertures
are generally larger and encompass more extended features com-
pared to the optical apertures which are most notable in panels (a)
and (b) of Fig. 2. There are at least three features in panel (b) of
Fig. 2 which extend past the R25 aperture (more clearly seen in
the UV image of panel a) but not past the UV or IR apertures.
The later part of the next section shows that the global fluxes mea-
sured within the R25 apertures tend to be lower compared to the
relatively similar global fluxes measured within both the UV and
IR apertures.

MNRAS 445, 881-889 (2014)

3.5 Photometry

There are six galaxies (BKO6N, DDO078,IC5152, IKN, NGC 0404,
and UGC07242) which are removed from this analysis due to con-
taminating light from bright nearby stars. These bright stars are
either inside or in such proximity to all three galaxy apertures that
the contaminating light could not be cleanly edited or a large frac-
tion of the galaxy’s light needed to be masked in order to remove
the star. The photometry of these galaxies was deemed uncertain
and was subsequently removed from this analysis. Furthermore,
there are five galaxies (SMC, LMC, NGC 0055, NGC 0300, and
NGC 0598) whose optical data were not obtained due to their large
angular size. In addition, no optical observations were obtained for
the galaxy MCG-05-13-004. There are no fluxes listed for these 12
galaxies in Table 2, 3, or 4. The remaining 246 galaxies have been
observed in at least two optical filters and constitute the LVL optical
sample.

Photometry was carried out via the IRAF task IMCNTS where sky
apertures far from the galaxy were visually selected in each image
to avoid any sources. A 3o clipping routine was used to calculate
the final sky values. The photometric uncertainties were calculated
in a manner similar to the IRAF task PHOT:

A(ap)? * sky?
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Figure 2. Inverted images of the LVL dwarf galaxy UGC05666 where the panels and ellipses are the same as Fig. 1.

where f(A) is the galaxy’s flux in units of counts, A(ap) is the area of
the galaxy’s aperture in units of pixels squared, sky is the standard
deviation of the sky values per pixel, and A(sky) is the area of the
sky apertures in units of pixels squared. The first term in equation (1)
is the Poisson error, the second term is the scatter in the sky values
within the galaxy’s aperture, and the third term is the uncertainty in
the mean sky brightness.

The UBVR data were originally calibrated to the Vega magnitude
system, but were transformed to the AB magnitude system via
the prescription of Blanton & Roweis (2007). The original Vega
system calibration applied a first-order colour correction. We have
characterized the calibration errors (e.g. zero-point and colour term
errors) of all UBVR photometry at ~2-3 per cent and have added a
conservative 3 per cent in quadrature to the instrumental errors of
equation (1).

The SDSS data are calibrated to the AB magnitude system where
the SDSS DR7 documentation has characterized the calibration
accuracy to be 3 per cent.* Consequently, we have added a 3 per
cent calibration error to the instrumental errors of equation (1). The
photometry for UBVR and ugriz within the optical, IR, and UV
apertures are listed in Tables 2, 3, and 4, respectively. These data
have not been corrected for Galactic foreground extinction and are
presented in the AB magnitude system.

4 http://www.sdss.org/dr7/algorithms/fluxcal html

There is a single non-detection for all optical images in the SDSS
u-band for UGCA133. The magnitude for this data point is set
as the upper limit for a point source defined in Section 3.1. The
u-band photometry listed for this galaxy in Tables 2, 3, and 4 has no
error listed and the limiting magnitude is preceded by a ‘>’ symbol
indicating an upper limit.

We also examine how the global flux of a galaxy changes when
measured within different apertures (i.e. UV, optical R25, or IR). To
make comparisons between the three apertures used in this study, we
take the difference of the magnitudes listed in Tables 2, 3, and 4 and
plot the resultant as histograms in Fig. 3. However, we present only
the V-band photometric differences since all other band-pass his-
tograms exhibit similar overall structure. These histograms graphi-
cally present comparisons between the fluxes measured within the
IR and R25 apertures (IR-R25; unshaded), the UV and R25 aper-
tures (UV-R25; shaded with diagonal lines), and the UV and IR
apertures (UV-IR; shaded grey).

The peak of the IR-R25 and UV-R2S5 histograms are offset from
a zero magnitude difference to brighter IR and UV fluxes by similar
amounts (0.1-0.3 mag). This offset indicates that both the IR and
UV apertures encompass more flux compared to the optical R25
apertures. For example, a visual inspection of panel (b) in Fig. 2
shows at least three features outside of the R25 aperture (also seen
in the UV image of panel a) which are contained within both the
UV and IR apertures. Furthermore, the UV-IR histogram is peaked
around a magnitude difference of zero indicating that both the UV

MNRAS 445, 881-889 (2014)
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Figure 3. The V-band global magnitude differences measured within the
IR and optical R25 apertures (IR-R25; unshaded), the UV and R25 aper-
tures (UV-R25; shaded with diagonal lines), and the UV and IR apertures
(UV-IR; shaded grey). The peak of both the UV-R25 and IR-R25 magni-
tude differences show that the UV and IR apertures encompass more flux
compared to the optical R25 apertures by 0.1-0.3 mag.

and IR apertures encompass roughly the same amount of optical
flux. This suggests that the R25 apertures, which are traditionally
used to define a galaxy’s spatial extent, do not fully encompass a
galaxy’s extended features.

3.6 UBVR + SDSS composite sample

This study aims to compile a complete UBVR data set for all galax-
ies; however, not all galaxies have been observed in all UBVR filters.
The galaxies with missing UBVR observations can be supplemented
with SDSS ugriz observations. Table 5 lists the number of galaxies
with UBVR observations in Column 2 and the number of galaxies
without UBVR observations but with available ugriz observations
in Column 3. The supplemental SDSS will require a transforma-
tion into UBVR magnitudes. We transform ugriz magnitudes into
UBVR magnitudes instead of UBVR into ugriz since there are more
observed UBVR data.

In the final composite UBVR optical data set, all observed UBVR
data were retained and only the missing UBVR data were supple-
mented with transformed ugriz data. For example, if a galaxy has

Table 5. Explanation of galaxy sample statis-
tics used in this study — Column2: the num-
ber of observed galaxies for each UBVR filter
listed in column 1; Column 3: the number of
galaxies without observed data but with SDSS
data available in each filter; Column 4: the total
number of galaxies in the combined observed
UBVR and transformed ugriz data set (i.e. the
sum of columns 2 and 3).

LVL composite sample
Filter =~ # Observed #SDSS  # Total

()] (@) (3) “

U 132 96 228
B 185 60 245
1% 129 106 235
R 188 57 245
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been observed in the B and R filters, the available ugriz magnitudes
were transformed into only the U and V magnitudes resulting in an
observed BR and a transformed UV data set. Column 4 in Table 5
presents the total number of galaxies in the composite (observed
UBVR plus transformed ugriz) LVL sample.

Transformations were carried out via the prescription of Cook
et al. (2014a). These transformation equations were derived using
LVL galaxies with both ugriz and UBVR observations. Previous
SDSS transformations derived from Landolt+Stetson calibration
stars (e.g. Lupton et al. 2004; Jester et al. 2005) and galaxy templates
(Blanton & Roweis 2007) yield increased scatter around transfor-
mation relationships and significant offsets (>0.1 dex) in UBVR
observed-only colour—colour LVL trends. However, the study of
Cook et al. (2014a) derives transformation relationships with sig-
nificantly less scatter and no apparent offset in UBVR observed-
only colour—colour LVL trends. For a full description of the ugriz
to UBVR transformations using galaxy-wide integrated colours, see
Cook et al. (2014a).

4 RESULTS

In this section, we present properties of the UBVR composite sample
constructed from observed UBVR and transformed SDSS ugriz data.
We find relationships between optical colours.

To make direct photometric comparisons, we have chosen to
present figures based on the fluxes within one aperture: the IR
apertures of Dale et al. (2009). These apertures are chosen for the
following reasons: (1) the IR apertures yield similar global fluxes
to those of the UV apertures, both of which exhibit greater fluxes
compared to the fluxes measured within the R25 apertures (see
Section 3.5); (2) there are fewer galaxy apertures (N = 234) defined
in the UV catalogue of Lee et al. (2011) compared to the number
of IR apertures (N = 255) published in Dale et al. (2009). The
IR apertures have been visually checked to ensure that they are
adequately large to encompass all of the optical emission.

The figures in this section present absolute magnitudes. These
magnitudes are corrected for Milky Way foreground extinction
using the Schlegel et al. (1998) maps tabulated by the NASA/IPAC
Extragalactic Database® assuming the Draine (2003) extinction
curve and a reddening law of Ry = 3.1. The E(B — V) values
from Schlegel et al. (1998) are listed in Table 1.

Figs 4 and 5 show two optical colour—colour diagrams for the
composite ‘UBVR’ LVL data set. These relationships show a general
positive trend between different colours, where later type spiral and
irregular galaxies tend to be bluer than earlier type galaxies. While
this morphological trend exists in both colour—colour plots, there is
significant overlap in the colours of different galaxy types.

5 SUMMARY

This study has constructed a homogenized UBVR data set for 246
LVL galaxies from newly obtained UBVR imaging and compiled
SDSS ugriz data. We transformed ugriz magnitudes into UBVR
magnitudes when observed UBVR data were not available. Com-
paring the global optical fluxes between the UV apertures of Lee
et al. (2011), the IR apertures of Dale et al. (2009), and the optical
R25 apertures reveal that the traditionally defined R25 optical ex-
tent of a galaxy does not encompass the extended features of many
LVL galaxies. The optical properties for the LVL sample measured

3 http://ned.ipac.caltech.edu/
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Figure 4. A colour—colour plot for the LVL composite UBVR data, where
the absolute magnitudes of each bandpass has been corrected for Milky Way
foreground extinction. The error bars above the legend represent the median
errors of all data plotted. There is a positive relationship with significant
overlap between different galaxy types. However, earlier type galaxies tend
to be redder in colour.
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Figure 5. A colour—colour plot similar to that of Fig. 4, where the absolute
magnitudes of each bandpass has been corrected for Milky Way foreground
extinction. There is a positive relationship with significant overlap between
different galaxy types. However, earlier type galaxies tend to be redder in
colour.

within the IR apertures show relationships between different opti-
cal colours (Figs 4 and 5), where earlier type galaxies tend to show
redder colours.

A follow-up publication (Cook et al. 2014b) utilizes these optical
data to construct the full panchromatic (UV-optical-IR) LVL SEDs
of the LVL sample. These SEDs facilitate an analysis of how phys-
ical properties (e.g. SFR, metallicity, dust, etc.) affect the observed
properties of the LVL galaxy sample.

ACKNOWLEDGEMENTS

We thank the anonymous referee for helpful comments. Support for
this work, part of the Spitzer Space Telescope Legacy Science Pro-
gram, was provided by National Aeronautics and Space Administra-
tion (NASA) through contract 1336000 issued by the Jet Propulsion

MNRAS 445, 881-889 (2014)

Laboratory, California Institute of Technology under NASA con-
tract 1407. This research has made use of the NASA/IPAC Extra-
galactic Database, which is operated by JPL/Caltech, under contract
with NASA. IRAF is distributed by the National Optical Astronomy
Observatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement
with the National Science Foundation.

Funding for the SDSS and SDSS-II has been provided by the
Alfred P. Sloan Foundation, the Participating Institutions, the Na-
tional Science Foundation, the U.S. Department of Energy, the
National Aeronautics and Space Administration, the Japanese
Monbukagakusho, the Max Planck Society, and the Higher Ed-
ucation Funding Council for England. The SDSS Web Site is
http://www.sdss.org/.

The SDSS is managed by the Astrophysical Research Consor-
tium for the Participating Institutions. The Participating Institu-
tions are the American Museum of Natural History, Astrophysical
Institute Potsdam, University of Basel, University of Cambridge,
Case Western Reserve University, University of Chicago, Drexel
University, Fermilab, the Institute for Advanced Study, the Japan
Participation Group, Johns Hopkins University, the Joint Institute
for Nuclear Astrophysics, the Kavli Institute for Particle Astro-
physics and Cosmology, the Korean Scientist Group, the Chinese
Academy of Sciences (LAMOST), Los Alamos National Labora-
tory, the Max-Planck-Institute for Astronomy (MPIA), the Max-
Planck-Institute for Astrophysics (MPA), New Mexico State Uni-
versity, Ohio State University, University of Pittsburgh, University
of Portsmouth, Princeton University, the United States Naval Ob-
servatory, and the University of Washington.

REFERENCES

Abazajian K. N. et al., 2009, ApJS, 182, 543

Andrews J. E. et al., 2013, ApJ, 767, 51

Barnes K. L., van Zee L., Skillman E. D., 2011, AplJ, 743, 137

Barnes K. L., van Zee L., Dowell J. D., 2013, ApJ, 775, 40

Bauer A. E. et al., 2013, MNRAS, 434, 209

Bertin E., Mellier Y., Radovich M., Missonnier G., Didelon P., Morin B.,
2002, in Bohlender D. A., Durand D., Handley T. H., eds, ASP Conf.
Ser. Vol. 281, Astronomical Data Analysis Software and Systems XI.
Astron. Soc. Pac., San Francisco, p. 228

Blanton M. R., Roweis S., 2007, AJ, 133, 734

Calzetti D. et al., 2010, ApJ, 714, 1256

Cook D. O. et al., 2012, ApJ, 751, 100

Cook D. O. et al., 2014a, MNRAS, 445, 890

Cook D. O. et al., 2014b, MNRAS, 445, 899

da Silva R. L., Fumagalli M., Krumholz M., 2012, ApJ, 745, 145

da Silva R. L., Fumagalli M., Krumholz M. R., 2014, preprint
(arXiv:1403.4605)

Dalcanton J. J. et al., 2009, ApJS, 183, 67

Dale D. A. etal., 2009, ApJ, 703, 517

de Vaucouleurs G., de Vaucouleurs A., Corwin H. G., Jr, Buta R. J., Paturel
G., Fouqué P., 1991, Third Reference Catalogue of Bright Galaxies.
Volume I: Explanations and references. Volume II: Data for galaxies
between 0 and 12", Volume III: Data for galaxies between 12" and 24"
Springer-Verlag, Berlin

Draine B. T., 2003, ARA&A, 41, 241

Eldridge J. J., 2012, MNRAS, 422, 794

Fumagalli M., da Silva R., Krumholz M., Bigiel FE, 2011a, in Treyer
M., Wyder T., Neill J., Seibert M., Lee J., eds, ASP Conf. Ser.
Vol. 440, UP2010: Have Observations Revealed a Variable Upper
End of the Initial Mass Function? Astron. Soc. Pac., San Francisco,
p. 155

Fumagalli M., da Silva R. L., Krumholz M. R., 2011b, ApJ, 741, L26

220z Iudy Gz uo sasn O 1S - SYND Aq 806+86/1.88/1/Sti/d[01HE/SBIUW/WOD dNO"DlWSpEdE//:Sd)Y W4 papeojumoQ


http://www.sdss.org/
http://arxiv.org/abs/1403.4605

Hermanowicz M. T., Kennicutt R. C., Eldridge J. J., 2013, MNRAS, 432,
3097

Jester S. et al., 2005, AJ, 130, 873

Kennicutt R. C., Jr, Lee J. C., Funes José G. S. J., Sakai S., Akiyama S.,
2008, ApJS, 178, 247

Koda J., Yagi M., Boissier S., Gil de Paz A., Imanishi M., Donovan Meyer
J., Madore B. F.,, Thilker D. A., 2012, ApJ, 749, 20

LeeJ. C. et al., 2009, ApJ, 706, 599

LeeJ. C.etal, 2011, ApJS, 192, 6

Lupton R., Blanton M. R., Fekete G., Hogg D. W., O’Mullane W., Szalay
A., Wherry N., 2004, PASP, 116, 133

Meurer G. R. et al., 2009, ApJ, 695, 765

Ochsenbein F., Bauer P., Marcout J., 2000, A&AS, 143, 221

Schlegel D. J., Finkbeiner D. P., Davis M., 1998, ApJ, 500, 525

Weisz D. R. et al., 2012, ApJ, 744, 44

LVL global optical photometry 889

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online ver-
sion of this article:

(http://mnras.oxfordjournals.org/lookup/suppl/doi: 10.1093/mnras/
stul580/-/DC1).

Please note: Oxford University Press is not responsible for the
content or functionality of any supporting materials supplied by

the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

This paper has been typeset from a TEX/IATEX file prepared by the author.

MNRAS 445, 881-889 (2014)

220z Iudy Gz uo sasn O 1S - SYND Aq 806+86/1.88/1/Sti/d[01HE/SBIUW/WOD dNO"DlWSpEdE//:Sd)Y W4 papeojumoQ


http://mnras.oxfordjournals.org/lookup/suppl/doi:10.1093/mnras/stu1580/-/DC1
http://mnras.oxfordjournals.org/lookup/suppl/doi:10.1093/mnras/stu1580/-/DC1

