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ABSTRACT

We present photometrically calibrated images and surface photometry in the B, V, R, J,H, and K bands of 25, and
in the g, r, and K bands of five nearby bright (B0

T < 12:5 mag) spiral galaxies with inclinations of 30�–65� spanning
the Hubble sequence from Sa to Scd. Data are from The Ohio State University Bright Spiral Galaxy Survey, the Two
Micron All Sky Survey, and the Sloan Digital Sky Survey Second Data Release. Radial surface brightness profiles
are extracted, and integrated magnitudes are measured from the profiles. Axis ratios, position angles, and scale
lengths are measured from the near-infrared images. A one-dimensional bulge/disk decomposition is performed on
the near-infrared images of galaxies with a nonnegligible bulge component, and an exponential disk is fit to the
radial surface brightness profiles of the remaining galaxies.

Subject headings: galaxies: fundamental parameters — galaxies: general — galaxies: photometry —
galaxies: spiral — galaxies: stellar content

Online material: machine-readable tables

1. INTRODUCTION

The main uncertainty in the determination of the distribution
of dark matter in galaxies from their rotation curves stems from
the poorly known stellar mass distribution of galaxies (e.g.,
Verheijen 1997). In the currently fashionable picture of galaxy
formation in a cold dark matter universe, both dark and lumi-
nous matter are expected to make a measurable contribution to
the total mass in the inner parts of bright spiral galaxies. The
relative contributions of luminous and dark matter have so far
been poorly constrained due to uncertainty in the mass scaling
of the stellar component, and the ensuing degeneracies between
the stellar mass and dark matter contributions (e.g., Barnes et al.
2004). Recently, it has been shown that the uncertainty in the
stellar component can be reduced by the inclusion of multiband
photometry, preferably with at least one near-infrared passband
to abate the effects of dust on the determination of the stellar
populations present (Bell & de Jong 2001).

The color versus mass-to-light ratio relations of stellar pop-
ulations described by Bell & de Jong (2001) are affected by dust
attenuation. It is known from detailed dust models (e.g., Disney
et al. 1989; Gordon et al. 2001; Witt et al. 1992) that the effects
of dust on the surface brightness profiles and integrated magni-
tudes of galaxies (extinction and scattering) are regulated by the
geometry of stars and dust in the galaxies. Because this geom-
etry is unknown, we cannot know the exact effects of dust on the
galaxies’ surface brightness profiles and integrated magnitudes.
However, to first order, errors in the dust reddening estimates
are not expected to strongly affect the masses derived from broad-
band colors of stellar populations. The dust will systematically

both redden and extinguish galactic light, making a galaxy ap-
pear dimmer and to have a larger stellar mass-to-light ratio than
it should. These effects work in opposite directions, so that er-
rors in extinction corrections lead only to small errors in the
derived stellar masses. The effects of dust on the derivation of
stellar masses from photometry will be discussed in depth in a
subsequent paper (Kassin & de Jong 2005, hereafter Paper II ).
With a better determination of the stellar mass distribution,

one can place tighter constraints on the dark matter component
of galaxies by comparing the luminous components of a gal-
axy (stars and gas) to total dynamical mass distributions derived
from rotation curves. In this paper, we present optical and near-
infrared photometry for a sample of galaxies that have rotation
curves available in the literature. We use these data, along with
surface brightness profiles from Verheijen (1997), the Sloan
Digital Sky Survey Second Data Release (SDSS DR2; Abazajian
et al. 2004), and the TwoMicron All Sky Survey (2MASS; Jarrett
et al. 2000, 2003; Cutri et al. 2000) to determine the distribu-
tions of luminous and dark matter for 34 galaxies in Paper II.
With these data in hand, we will also investigate the angular mo-
mentum content of the 34 galaxies in S. A. Kassin et al. (2006,
in preparation, hereafter Paper III ).
Historically, galaxies have been studied with broadband pho-

tometry at optical wavelengths, while more recent studies have
extended into the near-infrared.Whereas optical bands are most
sensitive to young Population I blue stars, which account for
only a small fraction of the total stellar mass of a galaxy, near-
infrared bands give a much better census of the older stars, which
play a greater role in determining the stellar mass of a galaxy.
Moreover, the extinction due to dust is much less at near-infrared
than at optical wavelengths. Extinction at the near-infrared
K-band is only about 10% of that at the optical B band (Martin
&Whittet 1990).Numerous studies have focused on near-infrared
photometry of local spiral galaxies (e.g., de Jong & van der Kruit
1994; Héraudeau & Simien 1996; Gavazzi et al. 2003; Knapen
et al. 2003; Jarrett et al. 2003). However, of these, only the
Verheijen (1997) sample of both high and low surface bright-
ness galaxies in Ursa Major includes dynamical information.
The sample presented here encompasses noninteracting, large,
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bright, spiral galaxies, for which most theories of galaxy for-
mation and evolution make predictions, and which are useful
for probing the spiral galaxy Hubble sequence.

This paper is organized as follows. The details of our sample
selection, observation, reduction, and calibration are discussed
in xx 2–4. The calculation of physical parameters for each of the
galaxies is discussed in x 5. Our photometry and radial surface
brightness profiles are compared with those in the literature in
x 6. Distances are calculated in x 7, and a very brief summary of
our data is presented in x 8. Throughout this paper we adopt a
Hubble constant of H0 ¼ 70 km s�1 Mpc�1. When distance-
dependent quantities have been derived from the literature, we
have converted them using this value of H0.

2. SAMPLE SELECTION

The sample encompasses a total of 30 galaxies from The Ohio
State University Bright Spiral Galaxy Survey (OSUBSGS;
Eskridge et al. 2002), 2MASS, and the SDSS DR2, which span
the Hubble sequence of spirals from Sa to Scd for bright gal-

axies (B0
T < 12:5 mag). Table 1 lists all the galaxies in the

sample, their morphological class, �B ¼ 25 mag arcsec�2 iso-
photal diameter (D25) from de Vaucouleurs et al. (1991, here-
after RC3), D25 measured from data in this paper, heliocentric
radial velocity (Vhel), and adopted distance. Uncertainties inD25

due to both errors in fits to the exponential disks and zero-point
calibrations are typically �500. Parameters of the five galaxies
from the Verheijen (1997) sample that will be used in the sub-
sequent analyses are also listed. Of the galaxies studied in this
paper, 25 have imaging in at least one band from the OSUBSGS,
12 have at least one band from 2MASS, and 5 have optical im-
aging from the SDSS DR2. We use 2MASS K-band data to flux
calibrate the OSUBSGS near-infrared images, and in some
cases to replace them. For one galaxy, NGC 3319, quality im-
aging atK is not available, so we use a 2MASSH-band image to
calibrate its H-band image from the OSUBSGS.

The OSUBSGS is a sample of nearly 200 nearby bright spiral
galaxies. Galaxies in this survey were chosen from the RC3 to
have 1� TRC3 � 7, where TRC3 is the mean numerical Hubble

TABLE 1

Basic Parameters of the Sample Galaxies

Galaxy RC3 Type

D25 (RC3)

(arcsec)

D25 (This Paper)a

(arcsec)

Vhel

(km s�1)

Distance

(Mpc)

NGC 157........................ SAB(rs)bc 250 253 1668 21.6

NGC 289........................ SAB(rs)bc 308 238 1628 19.9

NGC 488........................ SA(r)b 315 332 2272 31.0

NGC 908........................ SA(s)c 362 350 1498 18.9

NGC 1087...................... SAB(rs)c 223 219 1519 20.7

NGC 1090b .................... SB(rs)bc 239 230 2758 37.9

NGC 1241...................... SB(rs)b 169 177 4052 55.5

NGC 1385...................... SB(s)cd 203 208 1493 19.3

NGC 1559...................... SB(s)cd 208 249 1292 15.8

NGC 1832...................... SB(r)bc 154 184 1937 27.3

NGC 2090...................... SA(rs)b 294 291 . . . 12.3c

NGC 2139...................... SAB(rs)cd 158 171 1843 26.2

NGC 2280...................... SA(s)cd 379 378 1906 27.5

NGC 2841b .................... SA(r)b 488 483 . . . 14.1c

NGC 3198b .................... SB(rs)c 511 298 . . . 14.5c

NGC 3223...................... SA(r)bc 244 246 2895 43.6

NGC 3319...................... SB(rs)cd 370 364 . . . 14.3c

NGC 3521b .................... SAB(rs)bc 658 486 805 9.4

NGC 3726...................... SAB(r)c 370 398 866 21.7

NGC 3893d .................... SAB(rs)c 268 236 967 23.6

NGC 3949e .................... SA(s)bc 173 176 . . . 20.7

NGC 3953e .................... SB(r)bc 415 424 . . . 20.7

NGC 3992e .................... SB(rs)bc 455 532 . . . 20.7

NGC 4051...................... SAB(rs)bc 315 306 . . . 15.2

NGC 4062...................... SA(s)c 244 273 769 10.8f

NGC 4138e .................... SA(r)0+ 144 154 . . . 20.7

NGC 4651...................... SA(rs)c 239 229 805 18.3f

NGC 4698...................... SA(s)ab 239 241 1002 19.1f

NGC 5371...................... SAB(rs)bc 262 320 2553 45.1

NGC 5806d .................... SAB(s)b 185 193 1359 26.4

NGC 6300...................... SB(rs)b 268 430 1110 14.5

NGC 7083...................... SAB(rs)c 233 276 3109 40.5

NGC 7217...................... (R)SA(r)ab 233 224 952 15.9

NGC 7606...................... SA(s)b 322 279 2233 29.4

a Typical uncertainties are �500.
b All imaging is from SDSS DR2 and 2MASS.
c Distance measured from HST observations of Cepheid variable stars, so no heliocentric velocity is listed.
d All imaging is from Verheijen (1997) and 2MASS.
e All imaging is from Verheijen (1997). Distance is taken as the HST Key Project distance to the Ursa Major

cluster (Sakai et al. 2000), so no heliocentric velocity is listed.
f Galaxies that have a triple-valued solution for the Virgo infall calculation. The chosen solution is the one that is

the closest to the calculated Tully-Fisher distance ( given Wr and H�0.5 from Tully 1988).
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stage index as tabulated in the RC3, B0
T � 12 mag, D25 � 6A5,

where D25 the apparent major isophotal diameter measured
at �B ¼ 25 mag arcsec�2, and �80� < � < þ50�, where � the
declination (due to the pointing limits of the Cerro Tololo Inter-
American Observatory [CTIO] 1.5 m and the Lowell Obser-
vatory Perkins 1.8 m telescopes). We imposed a few additional
criteria to select galaxies from the OSUBSGS: galaxies were
required (1) to be noninteracting; (2) to be within an optimal
inclination range (�30�–65�) in order to reduce the effect of
dust extinction and reddening, while still being able to obtain
accurate kinematical information; (3) to have Galactic latitudes
where the absorption due to our Galaxy is quantified in Schlegel
et al. (1998); (4) to have a photometric optical calibration in
the OSUBSGS; (5) to have a photometric near-infrared cali-
bration in the OSUBSGS or the 2MASS; and (6) to have a ro-
tation curve available from the literature.

Galaxies were selected from the SDSS DR2 and 2MASS
surveys if they had (1) sufficient quality imaging to create a high
signal-to-noise ratio (S/N) surface brightness profiles at g, r,
and K, and (2) B0

T < 12 mag to satisfy the selection criterion of
the OSUBSGS, and to satisfy the requirements for galaxies to
be selected from the OSUBSGS.

3. OBSERVATIONS AND REDUCTION
FOR THE OSUBSGS GALAXIES

Data for the OSUBSGS were obtained during a large number
of observing runs with six telescopes of apertures between 0.9
and 1.8 m during the period 1993–2000. Table 2 lists the tele-
scope, instrument, and detector used for each final image in our
sample, along with the date each image was taken. The obser-
vations were made by the OSUBSGS team and their students,
as well as by a professional observer (R. Aviles) hired by the
project at CTIO. For details about the telescopes and instru-
ments used and the manner in which the observations were taken,
see Eskridge et al. (2002).

4. PHOTOMETRIC CALIBRATION

4.1. OSUBSGS and 2MASS Galaxies

OSUBSGS observing nights were judged to be photomet-
ric in three stages. First, at the telescope the observer made a de-
cision based on the weather and acquired standard star images if
the night was apparently photometric. Second, the standard star
data were reduced and, if it was verified that the residuals be-
tween the observed and cataloged standard star magnitudes did
not change during the night, was flagged as possibly photomet-
ric. Finally, the photometric zero points for contiguous nights
were checked for consistency. If the zero points for a night were
not consistent with adjoining nights, and there was no change to
the observing setup (i.e., instrument changes between nights)
that could account for the difference, then the night was judged
to be nonphotometric, and images from those nights were ex-

cluded from further consideration. If the zero points for a
night were consistent with adjoining nights, and there was no
change in the observing setup, then the night was judged to be
photometric.
For the optical photometric calibration, equatorial standard

star fields from Landolt (1992) were observed at a range of air
masses to derive photometric transformations onto the Kron-
Cousins BVR system. Photometric zero points, air mass terms,
and B� V color terms were calculated for each night with the
fitparams task in IRAF. For each night, a photometric solution
was fit to the standard star observations which included both air
mass and B� V color terms. Standard star observations that
were outliers to this solution were examined and generally were
found to be problematic due to factors such as cosmic-ray con-
tamination, bad pixels, bad columns/rows, or because some stars
were imaged near the edges of the detectors. The uncertainties
given include those in the photometric calibration, in the mea-
surement of instrumental magnitudes (which are dominated by
sky variation), and that due to the fact that a galaxy does not color
correct like a star (unless each pixel of its image were individ-
ually color corrected).
OSUBSGS J-, H-, and K-band images were photometrically

calibrated with data from 2MASS. An attempt was made to use
standard stars from the list of Carter & Meadows (1995), but due
to ambiguities in the data we decided to calibrate them against
the 2MASS database instead. To calibrate the 2MASS images,
the zero points listed in the 2MASS image headers were applied
to the images.
The quantities J2MASS, H2MASS, and KS , 2MASS were trans-

formed to JCIT,HCIT, andKCIT in order to calibrate theOSUBSGS
near-infrared images that are on the CIT photometric system.
The transformations used are the ones tabulated on the 2MASS
Web site5 (where we leave out a color term that contributes as
0.001 mag):

JCIT ¼ KS;2MASS þ (0:019 � 0:004); ð1Þ

JCIT ¼ KCIT þ
(J � KS)2MASS þ 0:02

1:068
; ð2Þ

HCIT ¼ KCIT þ (H � KS)2MASS� 0:034: ð3Þ

We calibrated the near-infrared OSUBSGS images to the
2MASS images by comparing surface brightness profiles of
galaxies extracted from both surveys in the same manner. We
explain in detail the extraction of these profiles in Paper II. Sur-
face brightness profiles from the OSUBSGS were calibrated to
2MASS profiles by finding the best-fit combination of a sky de-
termination and magnitude zero point that allows for the small-
est difference between the profiles. The OSUBSGS profiles

TABLE 2

Observational Details for the OSUBSGS

Galaxy Bands Date Telescope Camera Detector

NGC 157.................... BVR 1995 Oct 29 CTIO 0.9 m CFCCD Tek 1K no. 2

JH 1995 Oct 08 Perkins 1.8 m OSIRIS NICMOS3

K 2MASS . . . . . . . . .

Note.—Table 2 is published in its entirety in the electronic edition of the Astrophysical Journal Supplement.
A portion is shown here for guidance regarding its form and content.

5 See http://www.astro.caltech.edu /�jmc/2mass/v3/transformations/.
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generally have poorer sky measurements, but they have higher
signal-to-noise ratios in their inner parts and extend to larger
galactocentric radii essential for the subsequent analysis. On
average, the OSUBSGS infrared images have limiting sur-
face brightnesses of �2 mag arcsec�2 fainter than those from
2MASS. However, in some cases, the 2MASS images are of
better overall quality than the OSUBSGS images. In those
cases, we adopt the 2MASS image for the final data set. The cal-
ibration was done by plotting the calibrated flux from a 2MASS
profile against the instrumental counts from an OSUBSGS
profile. A straight line was fit to these data. The slope of this line
determines the bootstrap zero point necessary to calibrate the
OSUBSGS image, and its intercept determines the sky offset
multiplied by the zero point. This procedure works well since,
for a typical galaxy in the sample, the near-infrared color terms
are small (�1%).

The photometric zero-point calibration of the 2MASS gal-
axies is accurate to �2%–3% (Cutri et al. 2000). However, as
warned in Appendix A of Jarrett et al. (2000), a small fraction of
the galaxies may be affected by high-frequency background
variations, causing the photometric error to increase. This does
not appear to be the case in those galaxies presented here. The
sky variation in our near-infrared images causes a further �2%
uncertainty in the photometric calibration. In total, the near-
infrared calibrations are uncertain to �4%.

4.2. SDSS DR2 Galaxies

For the SDSS DR2 images, the zero-point calibration is ac-
curate to �2% in both SDSS r and SDSS g� r (Lupton et al.
2001); the sky variation in our galaxy images causes a further
�2% uncertainty. In total, the zero-point calibration is uncertain
by �4%. For these SDSS DR2 galaxies, we applied the zero
points and extinction terms as given in the ‘‘best TsField’’ FITS
table.

5. SURFACE BRIGHTNESS PROFILES AND PHYSICAL
PROPERTIES OF THE GALAXIES

5.1. Axis Ratios and Position Angles

In order to create surface brightness profiles, we first de-
termined the axis ratio and position angle of each galaxy. (For
galaxies with SDSS DR2 and 2MASS images, we adopted the
position angles and axis ratios used in the literature for measur-
ing their rotation curves.) Axis ratios and position angles were
measured from H-band images of the galaxies. The H band was
chosen to measure physical parameters, because near-infrared
wavelengths trace most of the stellar mass in galaxies, and our
H-band images generally have higher signal-to-noise than our J
or K images. For each H-band image of a galaxy, ellipses were
fit with increasing semimajor axis from the galaxy’s center. This
was done with the profile command in the XVista6 package,
which uses a modification of Kent’s (1983) implementation of
the azimuthal Fourier moments technique as described by Lauer
(1985). The resulting plots of position angles and axis ratios
of the ellipses versus radius were examined by eye, and a posi-
tion angle and inclination were chosen for each galaxy at radii
where the galaxy’s disk was exponential (usually between 2 and
3 scale lengths). As a check on the adopted parameters, an ellipse
with the chosen axis ratio and position angle was plotted over
the H-band image and visually inspected. This procedure was

repeated until the parameters derived for each galaxy passed a
visual inspection. The goal was to find the parameters that best
follow the main structure of the galaxies’ stellar mass distri-
butions. Themeasured axis ratio is converted into an inclination
angle, i, under the assumption that the disks are intrinsically
circular (q ¼ cos i, where q is the ratio of minor and major
axes). The final position angles and inclinations adopted for the
galaxies are presented in columns (7) and (8) of Table 3. The
typical errors in the position angles and inclinations are both
approximately �5�.

5.2. Radial Surface Brightness Profiles

To extract surface brightness profiles for each of our sample
galaxies, we used the XVista command annulus. The SDSS
DR2 galaxies were first aligned to theWorld Coordinate System
so that they were aligned with their respective 2MASS images.
The annulus command computes a radial surface brightness
profile by finding the median surface brightness per pixel in el-
liptical annuli of increasing distance from the center of a galaxy.
We chose to calculate the median (instead of the mean) surface
brightness in order to avoid foreground stars and effects such as
bad pixels, which tend to corrupt the average statistic. Ellipse
parameters were predetermined for each galaxy, as discussed in
x 5.1, and centers were defined as the pixel in the nucleus with
the highest surface brightness.

The resulting surface brightness profiles for each galaxy are
presented in Figure 1, alongside their B- and K-band images (Ks

for 2MASS images) to allow for comparison of surface bright-
ness profiles with morphological properties. The profiles have
been corrected for Galactic extinction using Schlegel et al. (1998).
The galaxies NGC 1090, NGC 2841, and NGC 3198 have SDSS
DR2 images in which almost half of the galaxy is not present, as
can be observed in the g-band images in Figure 1. This is also
the case, but to a much lesser extent, for NGC 3521. We use the
areas common to all passbands to create color profiles.

Total magnitudes and magnitudes within the �B ¼ 25 mag
arcsec�2 isophotal radius (R25) were measured by integrating
the surface brightness profiles to R25, extrapolating the profiles
with an exponential function when necessary. The resulting
magnitudes are listed in columns (4) and (5) of Table 3 along
with magnitudes from the literature in column (7) for compar-
ison. Note that Verheijen’s (1997) K 0-band measurements have
not been converted to KCIT since the difference between the two
bands is small (�0.05 mag for typical mean J � H colors). The
seeing for each image is listed in column (3) of Table 3; the
typical error in the seeing is �0B2.

5.3. Bulge/Disk Decompositions

The radial surface brightness profiles in the H or K band
for each of the galaxies were decomposed into bulge and disk
components following de Jong (1996) and Knapen et al. (2003;
see also MacArthur et al. 2003). The bulge component was fit
using a generalized Sérsic (1968) profile of the form

�(R) ¼ �e þ 2:5bn
R

Re

� �1=n
� 1

" #
ð4Þ

where n is the bulge shape parameter (n ¼ 4 for a de Vaucouleurs
r1/4 law, n ¼ 1 for an exponential disk), Re is the effective ra-
dius, �e is the surface brightness at Re, and bn is a normalization
factor depending on n that ensures that half of the integrated
light is within Re. Only n, Re, and �e are free parameters. The

6 XVista is based on Lick Observatory Vista and maintained by a loose
consortium of die-hard users at http://ganymede.nmsu.edu /holtz /xvista.
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TABLE 3

Measured Galaxy Parameters

Magnitude

Galaxy

(1)

Band

(2)

Seeing

(arcsec)

(3)

Totala

(4)

Uncertainty

(5)

Literature (Total)

(6)

P.A.

(deg)

(7)

i

(deg)

(8)

NGC 157........ B 1.3 11.16 0.03 11.29 � 0.03,b 11.00 � 0.12c 43 45.6

V 1.1 10.54 0.03 . . .

R 1.0 10.02 0.03 . . .

J 2.6 8.48 . . . . . .
H 2.6 7.81 . . . . . .

K 2.9 7.59 . . . . . .

NGC 289........ B 2.0 11.05 0.03 11.72 � 0.13c 148 49.1

V 1.8 10.44 0.03 10.38 � 0.07,d 10.99 � 0.03c

R 1.4 10.01 0.03 . . .

J 1.9 8.81 . . . . . .

H 1.5 8.24 . . . . . .

K 1.6 7.98 . . . . . .
NGC 488........ B 1.6 11.08 0.10 11.15 � 0.13c 10 47.2

V 1.5 10.17 0.04 . . .

R 1.8 9.57 0.07 . . .

J 2.4 7.86 . . . . . .
H 2.6 7.07 . . . . . .

K 2.4 6.90 . . . . . .

NGC 908........ B 1.6 11.05 0.03 10.83 � 0.13c 80 59.3

V 1.1 10.37 0.03 10.18 � 0.13c

R 1.2 9.81 0.03 . . .

J 1.9 8.17 . . . . . .

H 2.0 7.54 . . . . . .
K 2.0 7.33 . . . . . .

NGC 1087...... B 1.9 11.71e 0.05e 11.46 � 0.12c 12 50.4

V 2.1 11.11e 0.05e . . .

R 1.7 10.63e 0.05e . . .
J 2.4 9.29 . . . . . .

H 2.6 8.78 . . . . . .

K 1.9 8.47 . . . . . .
NGC 1090...... g 1.6 12.44f . . . . . . 98 56.6

r 1.6 11.64f . . . . . .

K 3.3 9.24 . . . . . .

NGC 1241...... B 3.1 12.88 0.03 11.99 � 0.13c 128 51.7

V 3.6 12.03 0.03 . . .

R 2.5 11.41 0.03 . . .

J 2.6 9.74 . . . . . .

H 2.6 8.94 . . . . . .
K 1.9 8.66 . . . . . .

NGC 1385...... B 1.2 11.66e 0.05 11.45 � 0.10c 170 47.2

V 1.0 11.11e 0.05 . . .
R 1.2 10.63e 0.05 . . .

J 2.0 9.25 . . . . . .

H 1.9 8.66 . . . . . .

K 1.9 8.40 . . . . . .
NGC 1559...... B 2.1 11.11 0.03 11.00 � 0.30c 66 57.3

V 1.8 10.64 0.03 10.65 � 0.30c

R 1.6 10.21 0.03 . . .

J 1.9 8.85 . . . . . .
H 2.0 8.27 . . . . . .

K 2.0 8.05 . . . . . .

NGC 1832...... B 1.6 12.21 0.10 11.96 � 0.13c 20 48.7

V 1.3 11.53 0.04 . . .
R 1.3 11.01 0.07 . . .

J 2.0 9.33 . . . . . .

H 1.9 8.67 . . . . . .
K 1.9 8.41 . . . . . .

NGC 2090...... B 1.5 11.74 0.05 11.99 � 0.13c 14 63.3

V 1.4 10.94 0.04 . . .

R . . . . . . . . . . . .
J 2.0 8.91 . . . . . .

H 2.0 8.27 . . . . . .

K 1.9 8.02 . . . . . .
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TABLE 3—Continued

Magnitude

Galaxy

(1)

Band

(2)

Seeing

(arcsec)

(3)

Totala

(4)

Uncertainty

(5)

Literature (Total)

(6)

P.A.

(deg)

(7)

i

(deg)

(8)

NGC 2139...... B 2.0 12.19 0.06 11.99 � 0.13c 80 39.2

V 2.2 11.73 0.05 . . .

R 2.0 11.34 0.06 . . .

J 1.8 10.19 . . . . . .
H 1.9 9.58 . . . . . .

K 1.9 9.33 . . . . . .

NGC 2280...... B 1.2 11.80 0.15 10.90 � 0.20,c 11.13 � 0.09g 157 66.4

V 1.2 11.03 0.14 . . .
R . . . . . . . . . . . .

J 2.0 9.00 . . . . . .

H 2.0 8.37 . . . . . .

K 2.0 8.16 . . . . . .
NGC 2841...... g 1.2 9.79f . . . . . . 148 56.63

r 1.0 9.03f . . . . . .

K 3.1 6.13 . . . . . .
NGC 3198...... g 1.2 11.47f . . . . . . 30 60

r 1.4 10.91f . . . . . .

K 3.5 7.95 . . . . . .

NGC 3223...... B 1.2 11.78 0.05 11.79 � 0.14c 134 40.5

V 1.1 10.95 0.04 . . .

R 1.2 10.36 0.04 . . .

J 1.9 8.53 . . . . . .

H 1.9 7.82 . . . . . .
K 1.9 7.60 . . . . . .

NGC 3319...... B 1.3 11.84e 0.07 11.48 � 0.17c 40 60.0

V 1.3 11.25e 0.06 11.07 � 0.18c

R 1.4 10.94e 0.06 . . .

J 2.4 9.96 . . . . . .

H 2.4 9.36 . . . . . .

K . . . . . . . . . . . .
NGC 3521...... g 0.9 9.36f . . . . . . 163 53.13

r 0.8 8.65f . . . . . .

K 3.0 7.97 . . . . . .

NGC 3726...... B 1.9 10.90 0.14 10.91 � 0.07c 9 54.6

V 1.5 10.30 0.06 10.62 � 0.02, 0.1–0.3h

R 1.1 9.81 0.09 9.97

J 2.4 8.63 . . . . . .

H 2.6 7.94 . . . . . .
K 2.6 7.77 . . . . . .

NGC 3893...... B . . . 11.38 0.05 11.16 � 0.15c 172 48

V . . . . . . . . . . . .
R . . . 10.28 0.05 . . .

J 2.4 8.72 . . . . . .

H 2.4 7.98 . . . . . .

K 2.0 7.83 . . . . . .
NGC 3949...... B . . . 11.65 0.05 . . . 117 52

R . . . 10.77 0.05 . . .

K . . . 8.47 . . . . . .

NGC 3953...... B . . . 11.02 0.05 . . . 13 60

R . . . 9.69 0.05 . . .

K . . . 7.00 . . . . . .

NGC 3992...... B . . . 10.66 0.05 . . . 68 56

R . . . 9.45 0.05 . . .

K . . . 7.03 . . . . . .

NGC 4051...... B . . . 11.28 0.05 . . . 131 49

V . . . . . . . . . . . .
R . . . 10.15 0.05 . . .

J 2.4 8.91 . . . . . .

H 2.4 8.36 . . . . . .

K 2.6 8.00 . . . . . .
NGC 4062...... B 2.6 11.86 0.09 11.9 � 0.40c 97 63.9

V 1.3 11.18 0.04 11.20 � 0.01, P0.05h

R 1.3 10.62 0.04 . . .
J 2.5 9.00 . . . . . .
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TABLE 3—Continued

Magnitude

Galaxy

(1)

Band

(2)

Seeing

(arcsec)

(3)

Totala

(4)

Uncertainty

(5)

Literature (Total)

(6)

P.A.

(deg)

(7)

i

(deg)

(8)

H 2.6 8.37 . . . . . .

K 2.6 8.13 . . . . . .
NGC 4138i ...... B . . . 12.34 0.05 . . . 151 51.0

R . . . 10.79 0.05 . . .

K . . . 8.22 . . . . . .

NGC 4651....... B 2.0 11.55 0.06 11.39 � 0.08c 82 47.9

V 1.9 10.81 0.04 10.78 � 0.03, P0.05h

R 1.9 10.30 0.04 . . .

J 2.6 8.80 . . . . . .

H 2.4 8.16 . . . . . .
K 2.4 7.98 . . . . . .

NGC 4698....... B 1.0 11.63e 0.06 11.46 � 0.08c 168 51.3

V 1.0 10.67e 0.04 . . .
R 0.9 10.14e 0.04 . . .

J 2.7 8.38 . . . . . .

H 2.6 7.77 . . . . . .

K 2.4 7.54 . . . . . .
NGC 5371....... B 2.1 11.28 0.09 11.32 � 0.14c 16 49.8

V 2.0 10.55 0.04 . . .

R 2.0 9.99 0.04 . . .

J 2.4 8.45 . . . . . .
H 2.4 7.81 . . . . . .

K 2.4 7.56 . . . . . .

NGC 5806....... g 1.2 12.10 . . . . . . 170 58

r 0.8 11.37 . . . . . .

K 2.7 8.46 . . . . . .

NGC 6300....... B 1.1 10.80 0.05 10.98 � 0.05,c 10.98 � 0.02j 123 51.7

V 1.1 10.00 0.03 . . .
R 0.9 9.33 0.03 . . .

J 1.9 7.79 . . . . . .

H 1.9 7.13 . . . . . .

K 1.9 6.89 . . . . . .
NGC 7083....... B 2.4 11.81 0.03 11.87 � 0.13c 10 58.0

V 1.0 11.19 0.03 . . .

R 1.1 10.70 0.03 . . .

J 2.0 9.20 . . . . . .
H . . . . . . . . . . . .

K 1.9 8.28 . . . . . .

NGC 7217....... B 0.9 11.26 0.10 . . . 90 29.5

V 0.9 10.40 0.05 . . .

R 0.9 9.74 0.07 . . .

J 2.4 7.88 . . . . . .

H 2.4 7.16 . . . . . .
K 3.6 6.93 . . . . . .

NGC 7606....... B 2.0 11.72 0.10 11.51 � 0.14c 146 63.9

V 1.9 10.96 0.04 10.75 � 0.14,c 10.98 � 0.01, P0.05h

R 2.0 10.41 0.07 . . .
J 2.0 8.61 . . . . . .

H 2.0 7.79 . . . . . .

K 2.0 7.67 . . . . . .

Note.—Table 3 is also available in machine-readable form in the electronic edition of the Astrophysical Journal Supplement.
a Uncorrected for Galactic extinction. Uncertainties in the near-infrared photometry are taken to be �4%.
b From Ryder et al. (1998); not extinction corrected.
c From the RC3; not extinction corrected.
d From Walsh et al. (1997); not extinction corrected.
e Based on a secondary calibration obtained from a short ‘‘snapshot’’ image taken on a photometric night.
f For SDSS DR2 images, the zero-point calibration is accurate to �2% in r and g� r (Lupton et al. 2001); the sky variation in our galaxy

images causes a further �2% uncertainty. In total, the zero-point calibration is uncertain by �4%.
g From Lauberts & Valentijn (1989); not extinction corrected.
h From Héraudeau & Simien (1996); not extinction corrected. The first error given is the rms error due to uncertainty in the sky value. The

second error is the estimated accuracy in the zero point.
i No stars on image to accurately measure seeing.
j From Buta (1987); not extinction corrected.
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Fig. 1.—Observed surface brightness profiles and B- and K-band images for the sample galaxies. In this and subsequent figures, surface brightness curves run B to
K bottom to top; see Table 2 for the observed bands. The B image is on the left, K on the right, and the scale bar indicates 6000. North is up, and east is to the left.
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Fig. 1.—Continued
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Fig. 1.—Continued
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Fig. 1.—Continued
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Fig. 1.—Continued
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disk was fit with a standard exponential surface brightness pro-
file of the form

�(R) ¼ �0 þ 1:086(R=h); ð5Þ

where �0 is the central surface brightness of the disk and h is
the disk scale length.

The results for the five-parameter bulge/disk fits to our near-
infrared radial surface brightness profiles are summarized in
Table 4. The bulge-to-disk ratio (B/D) was derived by integrat-
ing the best fit bulge and disk profiles and is listed in Table 4.
For 20 galaxies, the added bulge component did not change the
predicted stellar mass rotation curves beyond the uncertainties
in our adopted mass-to-light ratios (see Paper II ) compared to
the one derived for the disk alone. We refit these galaxies solely
with an exponential disk. Not surprisingly, these galaxies are all
among the latest Hubble types in this sample.

Note that the disk parameter measurements made here do
not depend on the outer parts of the surface brightness profiles
where uncertainties in the sky determination have the most ef-
fect. The outer parts of the surface brightness profiles (where

the signal-to-noise drops below �1 �) were removed for the
bulge/disk decompositions and exponential disk fits. Because
of this, the effects of uncertainties in the sky determination also
do not affect the bulge parameters.

6. COMPARISON WITH PHOTOMETRY AND RADIAL
SURFACE BRIGHTNESS PROFILES

IN THE LITERATURE

In Figure 2, surface brightness profiles are compared with
those from the literature and SDSSDR2.We do not compare the
near-infrared profiles since they are calibrated to 2MASS. We
plot in Figure 2 the radial difference between the literature mag-
nitude and the magnitude derived in this paper. In each of the
panels of the figure, the bands of the surface brightness profiles
compared are noted beneath the galaxy’s NGC number: the
bands of the profiles from this paper are written first, then those
from the literature next. Aside from the SDSS DR2 comparisons,
those from the literature are from Ryder et al. (1998) for NGC
157; Mathewson et al. (1992) for NGC 908, NGC 1241, NGC
1385, NGC 1559, NGC 1832, NGC 2090, NGC 2139, NGC 7083,
and NGC 7606; Héraudeau & Simien (1996) for NGC 3726

TABLE 4

Bulge /Disk Parameters for K-Band Images

Bulge Disk

Galaxy B/D n

Re

(arcsec)

�e

(mag arcsec�2)

h

(arcsec)

�0

(mag arcsec�2)

NGC 157a ............ . . . . . . . . . . . . 27 16.3

NGC 289.............. 0.10 1.10 4 15.7 18 15.9

NGC 488.............. 0.20 2.20 9 16.4 38 16.6

NGC 908a ............ . . . . . . . . . . . . 34 16.3

NGC 1087a .......... . . . . . . . . . . . . 24 16.8

NGC 1090a .......... . . . . . . . . . . . . 21 17.1

NGC 1241............ 0.20 1.30 4 16.0 17 16.8

NGC 1385a .......... . . . . . . . . . . . . 26 17.2

NGC 1559............ 0.02 1.20 3 17.1 25 16.4

NGC 1832............ 0.15 1.20 3 14.9 15 16.0

NGC 2090a .......... . . . . . . . . . . . . 17 15.3

NGC 2139a .......... . . . . . . . . . . . . 17 17.3

NGC 2280............ 0.35 1.30 12 16.9 27 16.7

NGC 2841............ 0.19 1.10 9 15.0 30 15.6

NGC 3198a .......... . . . . . . . . . . . . 39 17.2

NGC 3223a .......... . . . . . . . . . . . . 25 16.6

NGC 3319a .......... . . . . . . . . . . . . 72 19.8

NGC 3521............ 0.13 1.40 7 14.7 33 15.1

NGC 3726a .......... . . . . . . . . . . . . 45 17.4

NGC 3893............ 0.29 1.50 14 17.5 28 16.9

NGC 3949a .......... . . . . . . . . . . . . 16 16.1

NGC 3953a .......... . . . . . . . . . . . . 39 16.6

NGC 3992a .......... . . . . . . . . . . . . 56 17.3

NGC 4051............ 0.18 3.70 3 14.7 38 17.4

NGC 4062a .......... . . . . . . . . . . . . 27 16.3

NGC 4138a .......... . . . . . . . . . . . . 14 15.6

NGC 4651a .......... . . . . . . . . . . . . 16 15.7

NGC 4698............ 0.28 3.10 7 16.3 24 16.2

NGC 5371............ 0.11 1.30 5 15.7 37 17.0

NGC 5806............ 0.20 1.40 4 15.3 19 16.3

NGC 6300............ 0.09 1.20 6 15.9 30 16.2

NGC 7083............ 0.06 1.50 3 15.7 16 15.8

NGC 7217............ . . . . . . . . . . . . 24 15.7

NGC 7606............ . . . . . . . . . . . . 31 16.3

a For galaxies with a negligible bulge component we fit an exponential disk, and hence we only list the central
surface brightnesses and scale lengths of the disks.
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and NGC 4062; Kent (1986) for NGC 4062, NGC 7217, and
NGC 7606; and Buta (1987) for NGC 6300.

For the SDSS DR2, we compare the g- and r-band (AB
magnitudes) surface brightness profiles with those for the B and
R bands (Vega magnitudes) measured in this paper. There is
an offset from zero for all the curves. For NGC 1087 and NGC
7606, on average, the offsets for g� B are 0.45 and 0.36 mag,
and those for r � R are 0.18 and 0.22, respectively. This is con-
sistent with the expected colors of galaxies from the 1996 ver-
sion of the Bruzual &Charlot 2003GISSELmodels (Bruzual &
Charlot 1993) for exponentially declining star formation rates:
g� B ��0:38 and r � R �0:22 for a typical galaxy color of
V � R ¼ 0:5. There is not a large difference between the sky
subtraction of the SDSS profiles and those presented in this
paper since the sky values in both images were both calculated
with the same technique.

The difference between the I-band profiles measured by
Mathewson et al. (1992) and the R-band profiles from this paper
is within the spread of R� I colors of spiral galaxies (de Jong
& van der Kruit 1994). The difference for V compared with I
for NGC 2090 is similarly within the spread of V � I colors
given in de Jong & van der Kruit (1994). The Mathewson et al.
(1992) profiles are consistent with those presented in this paper,
even though the methods that are used to compute them differ.

Those from this paper are computed in a fixed ellipse deter-
mined from an outer isophote of anH-band image, whereas those
in Mathewson et al. (1992) are computed in ellipses whose po-
sition angles and inclinations are allowed to vary on the I-band
images. A difference in profile extraction can also cause differ-
ences in the shapes of the surface brightness profiles, especially
when dealing with bars and rings. Also, the Mathewson et al.
(1992) data have systematically higher sky values, as evidenced
by the upturn at the ends of the curves in Figure 2. Differences
in sky subtraction are most apparent in the outer parts of the pro-
files since it is there that the source counts become comparable
to the sky counts. A difference in the methods of sky determina-
tion may account for the differences in sky subtraction. We calcu-
late the sky counts in our images by using the XVista command
sky in boxes inside the images where the contribution from the
galaxies is small. This command finds the sky background level
under the assumption that the most common pixel value in the
chosen box is the sky value. In particular, the sky routine calcu-
lates the mean of the pixel values in the box and builds a histo-
gram of the values about the mean. The region of the peak pixel
value is located in the histogram by fitting it with a parabola.
The center of this parabola is taken as the sky value.Mathewson
et al. (1992) measured the sky by calculating the mode pixel
value in a 127 pixel wide boarder around each frame. Also, the

Fig. 2.—Surface brightness profiles from this paper compared to those in the literature (solid lines) and SDSS DR2 (short-dashed lines). Under the galaxy’s NGC
number, the band(s) of the surface brightness profile(s) from this paper is (are) noted first, then the band(s) from the literature SDSS DR2 is (are) noted after.
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regions where the sky value was calculated in Mathewson et al.
(1992) may have been contaminated by galaxy counts.

For comparisons with literature references other than SDSS
DR2 and Mathewson et al. (1992), the profiles are consistent.
For NGC 157, the profiles are consistent to within 0.05 mag,
which is within their uncertainties. However, the sky measure-
ments differ between the two profiles. Sky measurements were
made by Ryder et al. (1998) by using the modal peak of the his-
togram of data values within 20 pixels of the image edges, sim-
ilar to the method used in this paper. Therefore, we should not
expect a difference between the sky measurements. The inte-
grated magnitude of NGC 157 from Ryder et al. (1998) is also
fainter than the integrated magnitude given in this paper (which
is consistent the RC3 measurement). For NGC 3726, we com-
pare the V-band profiles and find a 0.30 mag difference on av-
erage. This is consistent with the uncertainties: the uncertainty
given by Héraudeau & Simien (1996) is 0.02 mag for the rms
error due to the sky value uncertainty, the zero-point uncertainty
fromHéraudeau & Simien (1996) is estimated to be within 0.1–
0.3 mag, and the zero-point uncertainty for the profile presented
in this paper is 0.06 mag. For NGC 4062, the average difference
from the literature is 0.06 mag, which is within uncertainties.
For NGC 6300, the B and V profiles are compared with profiles
of the same bands from the literature, and the differences are
found to be 0.05 and 0.06 mag, respectively, consistent with
zero-point uncertainties. The galaxies NGC 4062, NGC 7217,
and NGC 7606 have average offsets between the R-band pro-
files given here the and r-band profiles given in Kent (1983) of
0.34, 0.33, and 0.36 mag, respectively. These differences are
consistent with the expected colors of typical galaxies in this
paper (see paragraph on SDSS comparison) if zero-point un-
certainties are taken into account.

In Table 3, we list integrated magnitudes from the litera-
ture for many of the galaxies in our sample. We plot the dif-
ference between total magnitudes from the RC3 and those
presented in this paper in the top and bottom panels of Figure 3
for the B and V bands, respectively. For the B band, we find a
mean difference of 0.13 mag with a � of 0.33 mag. For the
V band, there are only four galaxies with a measurement in
the RC3. For this band, there is no mean difference between the
magnitudes presented here and in the RC3, but there is a � of
0.29 mag. The zero-point differences of these comparisons are
within the expected errors, but the high � values are somewhat
disturbing. Those galaxies with large differences between zero
points are NGC 289 (differences of 0.67 mag for B and 0.55 mag
for V ), NGC 1241 (0.89 mag for B), and NGC 2280 (0.90 for B).
For NGC 289, the V-band magnitude given for data in this
paper, while not consistent with the RC3, is consistent with that
of Walsh et al. (1997). Similarly, for NGC 1241, the R-band
surface brightness profile given in this paper is consistent with
the I-band profile from Mathewson et al. (1992). And, for NGC
2280, the B-band magnitude is consistent with that of Lauberts
& Valentijn (1989).

Other integrated magnitude measurements from the litera-
ture are for NGC 157 from Ryder et al. (1998, discussed above),
NGC 3726, NGC 4062, NGC 4651, and NGC 7606 from
Héraudeau & Simien (1996), and NGC 6300 from Buta (1987).
For NGC 4062, NGC 4651, and NGC 7606, the magnitudes are
consistent. The differences between the integrated magnitudes
of NGC 6300 given here and in the literature are likely due to
the myriad foreground stars contaminating its image. Integrated
magnitudes given in the literature for NGC 6300 are calculated
by removing a few field stars from the image and then using
aperture photometry. Buta (1987) used photographic plates, and

they mention that ‘‘a wide range of apertures was used, but be-
cause of the lack of a conspicuous nucleus and the large number
of foreground stars, it was not possible to obtain the maximum
range achievable with the photographic equipment and tele-
scopes used for the observing.’’ Integrated magnitudes are de-
rived from the surface brightness profiles of NGC 6300, which
were calculated with amedian statistic. This allows us to avoid the
problem of subtracting the myriad foreground stars in the im-
age of NGC 6300. This difference can explain why the surface
brightness profiles of NGC 6300 are consistent with those in the
literature, while the integrated magnitudes are not.

7. DISTANCES

Table 1 lists the distances for each of the galaxies in mega-
parsecs (Mpc). These were calculated under the assumption
of Hubble flow, after correction for Virgocentric infall, follow-
ing the formalism of Aaronson et al. (1982). Four galaxies were
found to have triple-valued solutions for their distances in the
Virgocentric infall solution. For these galaxies, NGC 4062,
NGC 4651, and NGC 4698, a distance was adopted based on
H-band Tully-Fisher distances.

In addition, four galaxies in the sample have distances
measured by Hubble Space Telescope (HST ) observations of
Cepheid variable stars: NGC 2090 (Phelps et al. 1998), NGC
2841 (Macri et al. 2001), NGC 3198 (Kelson et al. 1999), and
NGC 3319 (Sakai et al. 1999). In all four cases, we have adopted
these Cepheid distances, which are listed in Table 1. For those
galaxies from Verheijen (1997), we adopt the HST Key Project
distance to the UrsaMajor cluster of 20.7Mpc (Sakai et al. 2000).

Fig. 3.—Plot of the difference between the total integrated RC3 magnitudes
and the integrated magnitudes from this paper vs. magnitudes from this paper.
In the top panel we compare the B-band magnitudes, and in the bottom panel
we compare the V-band magnitudes.
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8. SUMMARY

Photometrically calibrated surface brightness profiles, mag-
nitudes, and physical parameters are presented for a sample of
31 nearby bright spiral galaxies for which dynamical informa-
tion is available in the literature.
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