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Abstract—The results of multicolor surface photometry of the SO galaxies NGC 524, NGC 1138, and
NGC 7280 and the spiral galaxies NGC 532, NGC 783, and NGC 1589 are reported. U BV RI observations
were acquired with the 1.5-m telescope of the Maidanak Observatory (Uzbekistan), while JH K data were
taken from the 2MASS catalog. The overall structure of the galaxies is analyzed and the galaxy images
decomposed into bulge and disk components. The parameters of the galaxy components—rings, bars, spiral
arms, and dust lanes—are determined. The bulge/disk decompositions based on averaged one-dimensional
photometric profiles yield incorrect parameters for the bulges of the SO—Sa galaxies with bars and/or rings,
whose inner regions are dominated by the radiation of the bulge.
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1. INTRODUCTION

This work is a part of an extensive program of
studies of the physical (photometric and kinematic)
properties of SO galaxies and their comparison with
the parameters of spiral galaxies. SO galaxies are
similar in structure to spiral galaxies but display a
lack of gas. The origin of SO galaxies remains an
open question: several possible mechanisms for the
rapid depletion of gas in lenticular galaxies have been
discussed. Information about the stability of the stel-
lar disks of SO galaxies and the contribution of dark
matter to the total mass of the galaxies may provide
important insights into the evolution of SO galaxies.
This requires knowledge of both kinematic and pho-
tometric parameters. In this paper, we analyze visible
and near-IR photometric data for six lenticular and
spiral galaxies. Surface photometry obtained over a
wide wavelength interval can be used to determine the
structure and composition of the stellar populations
of galaxies. We pay special attention to identifying
“flat” components in lenticular and spiral galaxies and
studying the specific features of their structure and
radial gradients of the age and chemical composition
of the stellar population. The first part of this paper
analyzes the overall structure of the galaxies, and
the parameters of their disks and bulges. We use the
“mask” method (subtraction of the disk and bulge
brightness distributions from the overall brightness
distribution of the galaxy) to analyze the character-
istic features of the morphologies of the galaxies. The
second part of the paper considers the UBV RIJHK

photometric properties of the galaxies and the com-
position of their stellar populations.

2. BASIC INFORMATION
ABOUT THE GALAXIES

We chose early-type (SO-Sab) galaxies (the only
exception is the Sc galaxy NGC 783) with sufficiently

high luminosities(Mg” < —19.4™)for our study. Our
sample represents systems with different inclinations
(from the almost face-on galaxy NGC 524 to the
strongly inclined galaxies NGC 532 and NGC 1589).
We chose galaxies with angular diameters not ex-
ceeding 3.5, due to the size of our CCD images,
8.9 x 3.6’

Most of the program galaxies are poorly studied
objects. We were the first to perform multicolor (more
than four-band) surface photometry of NGC 532,
NGC 783, and NGC 1138. Table 1 summarizes the
main parameters of the galaxies adopted from the
LEDA database.

Let us now discuss each of the galaxies studied in
more detail.

NGC 524. This is a well-known giant lenticular
galaxy viewed almost face-on. It is the center of a
group of 8—14 galaxies [4].

Numerous photometric and spectroscopic obser-
vations have been obtained for this galaxy [3, 5—13].
The galaxy exhibits an excess metallicity in its central
region [11, 13], and the nucleus is richer in heavy
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Table 1. Main parameters of the galaxies (according to the LEDA database)

Parameter NGC 524 NGC 532 NGC 783 NGC 1138 NGC 1589 NGC 7280
Type (NED) SA(rs)0+ Sab? S(B)e SBO Sab SAB(r)0+
Type (LEDA) —1.2 2.0 —2.1 1.8 ~1.0
mp, mag 11.46 14.08 13.85 13.85 12.85 13.07
MY, mag —21.63 —19.48 —21.14 —19.57 —21.73 —19.41
Vi, km/s 24929 2364 5290 2470 3712 1942
R, Mpc 32.4 31.5 70.5 32.9 49.5 25.9
Das, arcmin 3.31 3.31 1.58 1.55 3.16 2.09
DYs, kpe 33.4 31.6 33.3 17.5 47.7 16.2
i, deg 8.4 75.6 49.2 32.0 84.7 53.9
b/a 1.00 0.37 0.68 0.89 0.31 0.68
PA, deg - 32.0 60.5 79.0 159.4 76.0
Vinax, km/s - 191 25(1] 323 131
o0, km/s 252 124 145[1] 200 104
A% mag 0.36 0.40 0.26 0.65 0.37 0.24
(U—B)i, mag 0.52 0.56 — 0.32 0.34
(B—V)j, mag 0.95 0.83 - 0.84 0.82
(V—R)j, mag 0.62[2] - - - 0.56 (2]
(V—I)i, mag 1.22[3] - - 1.03 1.16

elements than the bulge [11]. According to Ha ob-
servations, the galaxy bears the marks of nuclear ac-
tivity, and is classified as an intermediate-type object
between LINERS and HII galaxies [41].

NGC 524 has a stellar disk with a radius of
4" —5" [11], a gaseous disk with a radius of up to 20”
inclined to the plane of the galaxy [11], and dust
rings and lines at galactocentric distances of 5” [6],
~10"—-15" [8, 15], and 40” [5]. Baggett et al. [7] and
Kent [9, 10] performed a bulge/disk decomposition
for this galaxy.

NGC 524 has normal X-ray and IR parameters
(see, e.g., [8, 16, 17]). The dust mass in the galaxy
is estimated to be (1—6) x 10° My [8, 17]. The
mass of neutral hydrogen does not exceed (4—5) x
108 M, [18]. The mass of HII is 4.5 x 103 M, and
the size of the HII emission region is 40" x 40" [19].

A study of almost 500 globular clusters in
NGC 524 yielded an estimate for the total mass of
the galaxy of (4—13) x 10t Mg [12].

NGC 532. This strongly inclined early-type spiral

galaxy belongs to the NGC 524 group [4]. BVRI
photometry was performed earlier in order to study

the morphological features and determine the geo-
metrical parameters (the ellipticity and position an-
gle of isophotes) of NGC 532 [20, 21]. Prugniel
et al. [22] analyzed the kinematics of the galaxy based
on spectroscopic observations. Determinations of
the position angle (PA = 28°—-32°) and inclination
(i = 75°—80°) of the galaxy by various authors are in
good agreement.

Lutticke et al. [23] pointed out the asymmetry
of the bulge of NGC 532: on one side, the bulge
isophotes have a rectangular (“boxy”) shape, while
they have an oval shape on the other side. Lu [21]
decomposed the brightness distribution of the galaxy
into bulge and disk contributions.

The galaxy is fairly rich in gas (My; = 1.6 x
10° M) [24]. The mass of dust My, was estimated
to be 3.3 x 10 M, [24].

The X-ray and IR luminosities of NGC 532 are
typical for galaxies of the corresponding morphologi-
cal type and optical luminosity [16].

NGC 783. This is a late-type galaxy with nu-
merous star-forming regions. It is also known as

IC 1765, and is listed in the Markarian catalog galax-
ies (Mrk 1171). Moriondo et al. [25] determined the
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position angle and inclination based on H-band pho-
tometric observations. Contini et al. [26] analyzed
the blue nucleus of NGC 783 and its two brightest
HII regions using spectroscopic data and BV R pho-
tometry.

The galaxy is rich in dust (Mgust = 2.6 x
107 M) [27]. Analysis of IR data at wavelengths
12—100 um shows a predominance of cold dust in
the disk [25]. The total IR luminosity of the galaxy
is (1-2) x 10'° L [27], and the mass of neutral
hydrogen is My = (1.0 £ 0.5) x 1010 M, [27].

NGC 1138. This is a typical barred lenticular
galaxy viewed face on. It has not been studied before
except for spectroscopic observations by Simien and
Prugniel [1]. All the available data for this galaxy are
listed in Table 1.

NGC 1589. This is an early-type, strongly in-
clined, giant spiral galaxy with a powerful double dust
disk. BV RI [20] and UBYV [17] surface photometry
has been performed in order to study its structural
features. The groups of Kuchinski and Jansen used
UBV RIJHK photometry to study the distribution
and properties of the dust in NGC 1589 [28—30].
The V-band extinction, Ay, in the nearly edge-on
dust disk is 0.9™—1.5™ [28], the K-band extinc-
tion A = 0.20™—0.24™[29], and the total extinction
(“extinction due to the inclination of the galaxy”)
0.5™—1.0™ in V [30]. The photometric data do not
enable unambiguous choice of a particular model
for the dust distribution in NGC 1589 (a “screen of
dust” or dust uniformly mixed with the stars)[28—30].
Jansen et al. [28] identify three dust lanes along the
major axis and explain their triplicity as a geometrical
effect due to the projection of the spiral arm onto the
dust disk.

The powerful dust disk distorts the shapes of
the galactic isophotes. The isophotes of both the
bulge [23, 31] and the entire galaxy have boxy shapes.
Lutticke et al. [31] classify the bulge of NGC 1589
as a “thick boxy bulge” with the brightness decrease

law I ~ r=/2. According to [31], such bulges form
during relatively late stages of a galaxy’s evolution.
This hypothesis is supported by the data of Jablonka
et al. [13], who studied the chemical composition
of the bulge. Lutticke et al. [31] also suspect that
NGC 1589 has a bar[31].

The dust lanes indicate the inclination of the
galaxy only rather crudely: the inferred ¢ values range
from 69° to 85° [28]. Kent [9, 10] decomposed the
brightness profile of the galaxy into bulge (with its
brightness decreasing according to a de Vaucouleurs
law) and disk components [9, 10].

Despite the apparent manifestations of dust in
NGC 1589, the IR luminosity of this galaxy is
rather low (Lrg = 1.9 x 10° L) [17], and the mass
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of dust is estimated to be 1.3 x 10 Mg, [17]. The
mass of neutral hydrogen in NGC 1589 is My =

5.5 x 107 My, [17].

NGC 7280. This is an SB0a galaxy with a complex
multicomponent structure in its central region. It
has been well studied, and surface photometry in
various filters is available [21, 32—35]. Afanasiev
and Sil’chenko [35] performed spectrophotometric
studies of the nucleus of NGC 7280, and Caldwell
et al. [36] performed spectrophotometry of the en-
tire galaxy. The galaxy has a well-defined, young
(~1.5 x 1019 yr), chemically distinct nucleus [35]
whose angular size is of the order of 1”7 [35]. It con-
tains a strongly inclined inner stellar disk (according
to Afanasiev and Sil’chenko [35]) or a bar (according
to Erwin and Sparke [34]) with PA ~ 110° and a di-
ameter of 2”—3". The circumnuclear region also hosts
a gaseous disk [35] (which Erwin and Sparke [34]
interpret as a ring) orthogonal to the main stellar disk
of the galaxy. There are also numerous dust lanes with
complex configurations located within 7”7 to the west
of the center [34], and a long dust lane 23" to the east
of the center [34]. The galaxy also exhibits a classical
bar with a radius of 27” and PA = 55° [34, 37]. The
complex central structure of NGC 7280 may be due
to its interaction with a faint Irr companion galaxy
located 4.2 to the northeast of NGC 7280 [34, 35].

The bulge/disk decompositions of the brightness
distribution of NGC 7280 derived by Lu [21], Alonso
et al. [32], and de Souza et al. [33] agree poorly
with each other. For example, Alonso et al. [32] and
de Souza et al. [33] find the bulge-to-disk R-band
luminosity ratio to be 0.5 and 3.0, respectively.

The mass of neutral hydrogen in the galaxy is
My = (1-5) x 10% My, (see, e.g., [24, 38]), and the
mass of dust is estimated to be 5.6 x 10% M, [24],
despite the numerous dust lanes in the central part of
the galaxy. Van Driel and van Woerden [38] estimated
a lower limit for the total mass of NGC 7280 of
2 x 100 M.

3. OBSERVATIONS AND DATA REDUCTION

We observed the six galaxies in November 2003
with the SIT-2000 CCD mounted on the 1.5-m tele-
scope of Maidanak Observatory of the Ulugh-Bek
Institute of Astronomy of the Academy of Sciences
of the Republic of Uzbekistan (with a focal distance
of 12 m). When combined withthe U, B, V, R, and I
filters, this CCD realizes a photometric system that
is close to the standard Johnson—Cousins UBV RI
system. Data about the filters used can be found
in [39]. The CCD was cooled using liquid nitrogen.
The size of the CCD was 2000 x 800 pixels, which
provides a field of view of 8.9" x 3.6’ for an image scale
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Table 2. Observation log

Date Galaxy Filter Exposures, s Air mass Seeing
November 17/18, NGC 532 U 3 x 300 1.16 1.6”
2003 B 2 x 300, 240 1.15 1.8
Vv 2 x 240,210 1.15 1.8
R 3 x 180 1.15 1.5
I 3 x 120 1.15 1.2
NGC 7280 U 3 x 300 1.25 2.1
B 3 x 300 1.20 1.9
Vv 2 x 240,210 1.15 1.7
R 2 x 210, 180 1.12 1.7
I 3 x 180 1.11 1.8
November 18/19, NGC 524 U 3 x 300 1.21 1.7
2003 B 2 x 300, 240 1.18 1.2
V 3 x 180 1.17 0.9
R 3 x 120 1.14 0.8
I 2 % 90,120 1.15 0.9
NGC 1138 U 3 % 300 1.07 1.8
B 3 % 300 1.05 1.4
1% 2 x 240,210 1.01 1.4
R 2 x 150,120 1.01 1.2
I 2 x 90,120 1.00 1.1
November 24/25, NGC 783 U 3 x 300 1.09 1.0
2003 B 2 x 300 1.07 1.0
Vv 2 x 240 1.05 0.8
R 2 x 180 1.04 0.8
I 2 x 120 1.04 0.7
NGC 1589 U 3 x 300 1.30 1.3
B 2 x 300 1.28 1.0
Vv 2 x 240 1.27 0.8
R 2 x 180 1.27 0.8
T 90,120 1.97 0.7

of 0.267" /pixels x 0.267" /pixels. Table 2 gives a log
of the observations.

We carried out the further reduction of the CCD
images at the Sternberg Astronomical Institute us-
ing the standard procedure and the ESO—MIDAS
image-reduction system. The main stages of the
reduction included bias subtraction and flat-fielding,
removal of cosmic-ray traces, determining and

subtracting the sky background for each image,
matching the galaxy images using reference stars,
co-adding galaxy images made in the same filter,
transforming the counts to a logarithmic scale (mag-
nitudes per square arcsec) based on the results of
the photometric calibration, correcting the deviation
of the instrumental photometric system from the

ASTRONOMY REPORTS Vol.50 No.3 2006



STRUCTURE OF SIX LENTICULAR AND SPIRAL GALAXIES 171
70° T T T T T T T T T T T T
60 80° - (b)
ol NGC 532 |
50 - _l
40 1 60 1 i
30 | 50 ‘:'\ -
20 _ 40 1 _
\
- 30 -
10 i NGC 524 '
0 I I I I I I i 20 I I I I I I i}
0 10 20 30 40 50 60 707 0 10 20 30 40 50 60 707
180° T T T T T T T T T T @
! (C) [e}
N 120°} -
N NGC 783 ] i NGC 1138
150 - / \ ! e
90F ¢ <L T
\§ 1 [ \,‘X/ ¥
60 . .
/ \
\: \
R O 1 \ R_ ) \ E
30 ! | | | -30¢ ! ! ! ! \ — | ~
0 10 20 30 40 50" 0 5 10 15 20 25 30 35”7
175°T T T T T T T T olf T : ; ; |
' (e) | 130 (H 7
NGC 1589 120 _i NGC 7280 |
170 -
110
X 100
1651 _
' 90
. 80
160} . -
A - 70
155 \ 1 1 60 I I I I I
0 10 20 30 40 50 60 707 0 10 20 30 40 50”7

r

Fig. 1. Dependence of the position angle, PA, on galactocentric distance r for (a) NGC 524, (b) NGC 532, (¢) NGC 783,
(d)NGC 1138, (e) NGC 1589, and (f) NGC 7280 in the B (solid), V' (short-dashed), R (dotted), and I (long-dashed) filters.

standard Johnson—Cousins system, correcting for
the air mass (with allowance for the derived color
equations and the aperture photometry of galaxies),
and subtracting the galaxy images taken in different
filters to construct color-index maps.

We used observations of the Landolt standard
stars RU 149, PG 1047+003, PG 2336+004, SA 95,
and SA 98 [40] and the open cluster NGC 7790 [41]
taken on the same nights inthe U, B, V, R, and I fil-
ters in the air-mass interval M (z) =secz =1.1-1.9
to derive the color equations and correct for atmo-
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spheric extinction. We obtained U BV RI photometry
for 88 stars and measured the fluxes of 65 stars at
different M (z) values. The resulting instrumental
ubvri system was close to the standard Johnson—
Cousins UBV RI photometric system, with accura-
cies of better than 0.02™ in the B, V, R, and I bands
and 0.04™ in the U [39] band.

We also compared the data obtained for NGC 524,
NGC 532, NGC 1589, and NGC 7280 with the re-
sults of aperture photometry (from the HyperLEDA
electronic catalog). The accuracy of the photomet-
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Fig. 2. Same as Fig. | for the isophote ellipticity.

ric calibration was 0.06™ in U and B, 0.04™ in V, JHK images have a seeing of 1” and a scale of
0.03™ in R, and 0.02™ in I. The zero-point error  1.0”/pixel x 1.0” /pixel.

for these four galaxies is smaller than the error of
the photometric calibration. We estimated the zero-
point error for NGC 783 and NGC 1138, for which no
aperture photometry is available, to be 0.15™.

The sky-background level for the galaxy im-
ages is about 24.5™ /arcsec? in U, 25.0™/arcsec?
in B, 24.5™ /arcsec? in V, 23.7™/arcsec? in R,
22.5™ /arcsec? in I, 21.0™/arcsec® in J,

We analyzed the IR properties of the galax- 20.5™ /arcsec? in H, and 20.0™ /arcsec? in K.
ies using the data of the 2MASS-catalog—galaxy We corrected all the data (brightness and color

images taken in the J, H, and K filters. We re- indices) for galactic extinction (based on the LEDA
duced these images using a similar procedure. The database; Table 1). We assume throughout this paper
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a Hubble constant of Hy = 75 kms~! Mpc~!. Given
the adopted distances to the galaxies, the image
scales are 157, 152, 342, 160, 240, and 126 pc/arcsec
for NGC 524, NGC 532, NGC 783, NGC 1138,
NGC 1589, and NGC 7280, respectively.

4. ANALYSIS
OF THE PHOTOMETRIC RESULTS

4.1. Position Angles and Inclinations
of the Galactic Disks

Figures la—If and 2a—2f show the derived po-
sition angles (PA) and ellipticities (e =1 —b/a) of
the galaxy isophotes in the U BV RI bands at various
galactocentric distances. We determined the position
angles and inclinations (7) of the galaxies from the
outer isophotes in regions where the PA(r) and e(r)
dependences flatten. The PA and e values derived
from the isophotes in the different bands are gener-
ally in good agreement. The only exceptions are the
position angles obtained for the disks of NGC 783
and NGC 1138 (Figs. lc, 1d); this is due to the fact
that these galaxies are observed nearly face-on, and
NGC 783 has, in addition, a well-developed spiral
structure with numerous star-forming regions, which
affect the PA(r) and e(r) dependences at short wave-
lengths.

Table 3 lists our results for the position angles,
outer-isophote ellipticities, and inclinations of the

galaxies. We calculated the galaxy inclinations using
the formula employed in the LEDA database:

cos?i = [(b/a)* — q3]/(1 — a3), (1)

where loggqo = —0.43 —0.0537 for T <0 and
go = 0.2forT > 0, and T is the morphological type of
the galaxy.

We analyze the behavior of PA(r) and e(r) in
Figs. la—1f and 2a—2f in more detail in Section 4.3.

4.2. Averaged Photometric Profiles

and Bulge/Disk Decompositions
of the Brightness Distributions

We used our position angles and ellipticities for
the galactic-disk isophotes to construct averaged
UBV RIJHK photometric profiles of the galaxies

(Figs. 3a—3f). We performed a bulge/disk decom-
position of these profiles by minimizing the difference
between the observed profile Iy,s(r) and model pro-
file Iyoq(r), where Ioq = IP(r) + I(r), using the
exponential-disk model

I' = If exp (=1/rq) (2)
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Table 3. Position angles and ellipticities of outer isophotes
and inclinations of the galactic disks

Galaxy PA e i
NGC 524 43.7° £ 1.7° | 0.05£0.01 | 20.2° £ 2.0°
NGC 532 20.7+0.3 | 0.744+0.01 | 80.24+0.9
NGC 783 574+1.7 |0.254+0.02 | 4254+1.2
NGC 1138 | 28.7+5.1 |0.056+0.03| 209+56
NGC 1589 | 159.54+0.6 | 0.63+£0.01 | 71.5+0.7
NGC7280 | 749+1.1 |036+0.01| 57.94+1.0

and a bulge model with the brightness decreasing in
accordance with a de Vaucouleurs law:

1Y = 1Y exp [—(r/r0)"4). (3)

We used the northeastern half of the images of
NGC 1589 when constructing the averaged photo-
metric profiles of this strongly inclined galaxy with
its powerful dust lanes to the southwest of the major
axis (see Fig. 8 below). This enabled us to avoid
errors introduced by dust into the derived photometric
parameters of the components.

The observed profiles of the central region of
NGC 1589 cannot be fit well using a de Vaucoulers
bulge with any parameters, but they agree well
with an exponential bulge model (Fig. 3e). Lutticke

et al. [31] used the law I ~ exp(—7'/?) to describe
the bulge of NGC 1589.

We now consider certain methodological difficul-
ties in correctly decomposing the one-dimensional
photometric profiles of galaxies. One of these con-
cerns the determination of the disk and bulge pa-
rameters in ringed galaxies and/or in galaxies with
prominent spiral structure. Estimations of the pa-
rameters of the components in such galaxies de-
pend strongly on the interval of galactocentric dis-
tances r. Due to the presence of relatively bright
regions of rings and spirals, formal decompositions
yield overestimated disk scales (especially in short-
wavelength bands). NGC 783 is the most dramatic
example of such a galaxy in our sample (compare
Figs. 3c and 3b). Note also the discrepancies between
our component parameters for NGC 532 and those
derived by Lu [21] (who neglected the spiral arm at
r ~ 45") and between our parameters for NGC 524
and NGC 1589 and those of Kent [9, 10] (who ne-
glected bright (or dust) rings in NGC 524 and dust
rings and a possible spiral arm in NGC 1589).

The second difficulty concerns the bulge param-
eters in SBO—SBa galaxies. Averaged photometric
profiles include the light of the bar and “spread” this
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Fig. 3. Averaged photometric profiles of (a) NGC 524, (b) NGC 532, (¢) NGC 783, (d) NGC 1138, (e) NGC 1589, and
(HNGC7280inthe U, B,V, R, I, J, H, and K filters (solid). The model profiles for the bulge (long-dashed) and disk (dotted)
and the total model profiles (short-dashed) are also shown for the I filter.

light in azimuth, thereby overestimating the bright-
ness of the bulge. The discrepancies between the
model and observed intensity curves for NGC 1138
at r=10"-15" (Fig. 3d) and for NGC 7280 at
r = 8”—15" (Fig. 3f) are due to the allowance for bar
radiation in these galaxies.

The effect of bars, rings, spirals, etc. on de-
compositions of the brightness distribution can be
taken into account more correctly by analyzing two-
dimensional galaxy images [33]. We refined the model
parameters of the bulge and disk (initially derived for
the one-dimensional case) using the “mask” method

to analyze two-dimensional galaxy images taken in
various filters. In this method, the sum of the model
disk and bulge images is subtracted from the real

galaxy image, fiohs(z,y); this yields the distribution

Pn (@5 Y) = tobs (T, Y) — fmod (T, Y), (4)
where

fmod (T, y) = —2.510g [Inod (2, y)] (5)
= —251log [I°(z,y) + IY(x,y)].

The resulting “residual” image g, (z,y) is then an-
alyzed. We chose the bulge and disk parameters so
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Table 4. Parameters of the galactic disks and bulges
h!(B) h!(B) 15(B) re(B) re(B) p2(B)
Gatwy | 4SO | RO | RO (1) (1) pb(D)
h'(K) hi(K), 15 (K), r(K) re(K), 1 (K),
kpe mag/arcsec? kpe mag/arcsec?
12"=70" | 274" £1.0” | 4.34+0.2 | 21.604+0.06 | 24.2" +£0.5" 3.8+0.1 21.88 £ 0.07
NGC 524 4"—10" 274" +£0.8” | 4.3+0.1 | 19.14+0.05 | 16.4” +0.8” 26+0.1 18.99 + 0.18
27.0" £1.5"” | 4.2+0.2 | 17.234+0.09 | 15.5” +0.7" 2.4+0.1 16.60 + 0.19
18—-94 28.3+0.1 434+0.0 | 21.114+0.01 8.9+3.3 1.4+0.5 2225+ 147
NGC 532 4—8 28.1+0.1 4.34+0.0 | 18.924+0.01 7.8+ 1.5 1.2+0.2 19.38+0.75
30.4+£0.5 464+0.1 | 17.00£0.03 1144+24 1.7+ 04 17.30 £ 0.87
10—18 13.2+1.3 45404 | 20.874+0.11 — - -
NGC 783 — 11.0+£0.3 3.84£0.1 | 18.79£0.03 - — —
10.7£1.1 3.7£04 | 16.85+£0.14 — — —
12—-28 280+14 454+0.2 | 22.85+0.04 43+0.1 0.69+0.02 | 19.84£0.10
NGC 1138 4—8 26.1+1.3 4.240.2 | 20.30£0.05 3.56£0.1 0.57+0.02 | 17.30£0.12
28.2+2.5 45404 | 18.53£0.10 3.3+0.1 0.53+0.02 | 14.65+0.16
16—38 29.5+0.7 7.1£0.2 | 20.61£0.02 4.14+0.0 0.99+0.01 | 17.81£0.03
NGC 1589 0—-16 2724+0.5 6.5 £+0.1 | 18.31£0.02 3.8£0.1 0.924+0.02 | 15.21£0.05
246 +0.8 5.9+0.2 | 16.24+£0.04 414+0.1 0.99+0.03 | 13.33+£0.10
12—-38 37.1+£1.6 4.74+0.2 | 22.06£0.03 4.14+0.5 0.524+0.06 | 19.21+£0.49
NGC 7280 4—8 30.5+1.1 3.84£0.1 | 19.70£0.03 3.0+£0.5 0.38+0.06 | 16.61+£0.67
33.0+19 4.240.2 | 18.0240.07 23+04 0.294+0.06 | 13.79+0.90

as to make the values of the image pixels g, (z,y)
outside bars, rings, and spiral arms close to zero.

Table 4 lists the resulting model parameters for
the disks (scale length h¢ and central surface bright-
ness ,ug) and bulges (effective radius 2 and bright-

ness u? = pP(r.))in the B, I, and K bands together
with the range of galactocentric distances r where
the modeling was performed. The bulge contribution
to the total light of the late-type galaxy NGC 783 is
extremely small. We included it formally when con-
structing the model profiles of the galaxy, but do not
list the corresponding bulge parameters in Table 4.
For NGC 1589, which has an exponential bulge,
Table 4 lists the radial scale length and the central

brightness of the bulge (h" and y, respectively).

Note that the ratios h9(I)/DYs for four giant
galaxies with DY > 30 kpc lie within the nar-

row interval from 0.12 to 0.14, whereas the rela-
tively small galaxies NGC 1138 and NGC 7280
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have h'/DYs = 0.23—0.24 (Tables 1, 4). These da-
ta agree well with the results of Elmegreen and
Elmegreen [42], but more extensive samples of galax-
ies of various sizes, inclinations, and morphological
types are required for a more complete analysis and
interpretation of the behavior of h4(I)/DY;.

Figures 4—9 show the residual galaxy images piy,.
Since the decompositions did not include the nuclear
regions of the galaxies (r < 2”), the brightness and
color of these regions in Figs. 4—9 are formally re-
duced to the brightness and color of the surrounding
circumnuclear regions.

4.3. Specific Features of the Galaxies” Structure

The galaxy images p,,, (z,y) obtained by subtract-
ing the disk and bulge brightness fields from the real
galaxy in accordance with (4) and (5) can be used to
identify and analyze a number of subtle morphological
features that are inconspicuous in the galaxy images.



176

Fig. 4. B image of NGC 524 (left), “residual” image B,, (center), and map of the “residual” color in-
dex (B—I)m (right). The range of brightness values (from black to white) is B = 27™ /arcsec?...17™/arcsec?,
By, = 0.2™ /arcsec? ... —0.2™/arcsec?, (B—1I), = 0.1™ ... —0.1™. The image scales are also shown.

Fig. 5. Same as Fig. 4 for NGC 532. The

Figures 4—9 show the B galaxy images (left), the
residual images B, (center), and maps of the residual
color index (B—1),, (right), where

Bm = Bobs - Bmoda (6)

Bmod) - (Iobs - Imod)- (7)

Let us consider each galaxy separately.

NGC 524. This “classical” lenticular galaxy ex-
hibits radial brightness variations (with an amplitude
of up to 0.2™), with a relative brightness excess at
r = 15"—-25" and r = 50" —60" and/or relatively low
brightness at r = 30”—40" and r = 70" —80" (Fig. 4).
This is clearly a galaxy with two stellar rings or two
dark dust rings. Modeling of the bulge and disk pa-
rameters admits either of these possibilities. Harris

(B_I)m = (Bobs -

range of

values
B = 26™ /arcsec? ... 18™/arcsec?, By = 1™ /arcsec? ... —1™/arcsec?, (B—1I)m = 0.5™ ... —0.5™.

brightness (from black to white) is

and Hanes [5] and Veron-Cetty and Veron [8] be-
lieve that the dark rings contain dust; however, we
found no differences in the (B—1),,, color between the
dark and bright rings (Fig. 4). The disk and bulge
parameters in Fig. 3a and Table 4 are based on the
assumption that the galaxy contains two bright stellar
rings.

Correct interpretation of the brightness variations
in NGC 524 requires a detailed analysis of the kine-
matics of the galaxy and determination of the radii

of the Lindblad resonances and the corotation reso-
nance. In their analysis of the brightness distribution

in NGC 524 out to a galactocentric distance of 140",
Baggett et al. [7]found that brightness variations per-

ASTRONOMY REPORTS Vol.50 No.3 2006
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Fig. 6. Same as Fig. 4 for NGC 783. The

range of brightness values

(from black to white) is

B = 26™ /arcsec? ... 18™ /arcsec?, By, = 2™ Jarcsec? ... —2™ /arcsec?, (B—1I)m = 0.6™ ... —0.6™.

Fig. 7. Same as

Fig. 4 for NGC
B = 26™/arcsec? ... 17™/arcsec?, By, = 1.5™/arcsec? ... —1.5™/arcsec?, (B—1I)y = 0.6™...—0.6™

sist in the outer regions (in particular, the galaxy dis-
plays a relative brightness excess at r = 120" —130").

Galaxy rings affect the PA(r) and e(r) depen-
dences (Figs. 1a, 2a). On the whole, the PA and e val-
ues remain constant with radius in NGC 524, how-
ever, a local minimum of the PA (~35°) and isophote
ellipticity (e = 0.025) can be seen at r = 15"—18"
(the inner part of the first bright ring) and a local
maximum (PA = 50°, e = 0.07) at r ~ 40" (the outer
part of the first dark ring). The inner regions in
NGC 524 (r < 15”) are less spherically symmetric
(Fig. 4): the brightness distribution shows a PA jump
to 50° (at r = 7"—8"), with e decreasing from 0.1
down to 0.03 (Figs. la, 2a). The variations of the
position angle and ellipticity of isophotes in the inner
region of NGC 524 are most likely due to dust
lanes [6, 15]. The spherically symmetric bulge dom-
inates at r ~ 10”—20" (minimum e values), whereas
the disk light begins to show up at greater galacto-
centric distances. The PA(r) and e(r) dependences
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1138. The range of brightness values

(from black to white) is

flatten at » > 40” (Figs. la, 2a), where the brightness
distribution is dominated by the disk (Fig. 3a).

NGC 532. The inner structure of the galaxy is
barely discernible in the B filter (Fig. 5). However,
the By, and (B—1I),, residual images show a bright
half-ring in the northwestern part of the galaxy—
the region of spiral arms at r ~ 40”—60", with lo-
cal bright fragments (B, to —0.7"). Although the
spiral is less conspicuous in the southeastern half
of the galaxy, we can identify two dark dust lanes
((B=I);, > 0.3™): the inner dust lane (at a depro-
jected distance r &~ 5”—10") and an outer dust lane
that goes along the inner edge of the spiral (Fig. 5).

NGC 532 exhibits gradients of the brightness
(Bm ~ —0.2"-0.2") and color ((B—1I), ~
—0.1""—0.1"™) along its minor axis (Fig. 5). The
southeastern (farther) part of the galaxy appears
redder and fainter. In strongly inclined galaxies,
such a brightness distribution is suggestive of an
optically thick dust disk, consistent with the data of
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Fig. 8. Same as Fig. 4 for NGC 1589. The

range

of brightness values (from black to white) is

B = 25™/arcsec?...18™/arcsec?, By, = 1.5™ /arcsec? ... —1.5™/arcsec?, (B—1)y = 1™ ... —1™.

for NGC 7280. The
B = 26™/arcsec? ... 17"/arcsec?, B,, = 0.75™/arcsec? ... —0.75"/arcsec?, (B—1I)m = 0.5™... —0.5™

Fig. 9. Same as Fig. 4

Bettoni et al. [24] indicating a large mass of dust in
NGC 532.

The position angle of the isophotes remains con-
stant at » > 10” (Fig. 1b) in the region dominated by
the disk brightness (Fig. 3b). The isophote ellipticity
varies more smoothly: e(r) flattens in the region of the
spiral arms (at r > 30”). On the whole, the variations
of PA(r) and e(r) reflect the increase of the disk
brightness contribution with increasing galactocen-
tric distance. The observed parameters of the bulge
isophotes are PA ~ 22°, e ~ 0.3 (Figs. 1b, 2b), while
the parameters of the galactic disk are PA ~ 30°,
e ~ 0.75 (Table 3).

NGC 783. This galaxy is the only late-type spiral
in our sample, and has a complex structure (Fig. 6).
The spherical component can be traced to r =~ 5"
(Figs. lc, 2¢, 3¢, 6). The bulge isophotes are almost
circular (e ~ 0.03). A ring can be seen at a galac-
tocentric distance of r = 8" (Fig. 6). The ellipticity

range

of brightness values (from black to white) is

(~0.3) and position angle (~60°) of the isophotes of
this ring almost coincide with the PA and e values for
the galactic disk (Table 3).

The B,,, image of NGC 783 shows a structure re-
sembling a circumnuclear bar in the inner part of the
galaxy. It has boxy isophotes with apparent semiaxes
of 3.5” by 1.8” (the deprojected size is ~5” x 2”) and
a position angle of 145°. However, we cannot be com-
pletely sure that NGC 783 has a circumnuclear bar:
the triaxial structure stands out against the spherical
component at r =2"-3.5" where it exceeds only
slightly the angular resolution of galaxy images (Ta-
ble 2). The arrangement of the “bar” along the minor
axis of NGC 783 also raises some doubts: such a
structure in the B,, residual image could develop
artificially due to incorrect determination of bulge
isophote ellipticity. On the other hand, the position
angle of galaxy isophotes peaks (170°) just at r = 4”
(Fig. 1c). Moreover, active star formation is occurring
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in the nucleus of NGC 783 [26]. Star-formation pro-
cesses in galactic nuclei are often stimulated by bars
(classical or circumnuclear) along which gas moves
toward the nucleus.

Two symmetric, weakly wound branching spi-
ral arms with numerous star-forming regions be-
gin at distances r =8"—-12" (Fig. 6). The spi-
ral arms are prominent against the surrounding
disk, in both brightness (B, ~ —1.4™) and color
((B=I);, = —0.4™). Dust lanes can be seen along
the inner edges of the arms north and south of
the center of NGC 783 (Fig. 6). These dust lanes
are especially prominent in the color image:
(B—1I);, =~ 0.4™. Two short, weak arms can be seen
about 7”—9" to the north and south of the spiral arms
of the galaxy (Fig. 6). The spiral structure can be
traced to r ~ 40”.

Note that, although the model profile of the galaxy
differs strongly from the profile observed in Fig. 3c,
the residual disk brightness outside the spiral arms is
B,, = £0.1™ (Fig. 6).

The position angle and ellipticity of the isophotes
remain constant in the region of the spiral arms
(r > 25") (Figs. lc, 2¢). The maximum isophote
ellipticity (to 0.48) at r = 17" (Fig. 2¢) is due to the
emergence of two bright symmetric isophotes at this
distance, which “extend” the galaxy isophotes.

NGC 1138. This galaxy is viewed face-on, and has
a fairly simple structure. Three components can be
identified: the bulge, bar, and disk. Although the bar is
barely discernible in the B band, and can be seen only
due to the variation of the ellipticity of the isophotes at
r = 8"—15" (Fig. 2d), the B, residual image shows
a classical “flat” bar (according to the classification
of Elmegreen and Elmegreen [43]) (Fig. 7). The bar
isophotes have an almost boxy shape, with semiaxes
~18" x 8" (e = 0.66 + 0.01). The position angle of
the bar is PA = 89.8° + 0.4° (Fig. 1d), i.e., it is ori-
ented almost exactly East—West. The bar’s bright-
ness exceeds the brightness of the surrounding back-
ground by 0.6™—0.9™ (in the B,, image). The bar
does not stand out against the bulge and disk in
terms of its color parameters. On the whole, the
galaxy appears fairly uniform in the (B—1),, residual
color image (Fig. 7). There is a small color gradient
(from 0.2™ to —0.2™) with radius, due to the in-
creasing contribution of the disk to the total light of
NGC 1138 with increasing galactocentric distance.

The bar is located in the region dominated by
the light of the spherical component. The disk pro-
vides the main contribution to the brightness at
r > 20". The B surface brightness does not exceed
23™ /arcsec? at these distances (Fig. 3d). The disk
isophotes are almost circular, e =0.05, and the
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position angle of the outer isophotes is inferred with a
large uncertainty (Fig. 1d).

NGC 1589. This strongly inclined galaxy shows
powerful dust lanes. The B and B,,, images show two
well-defined dark lanes: one at a deprojected distance
of r = 16" (B,, to 1.8™) and a second, weaker lane
at r = 31" (B,, to 0.7™; Fig. 8). However, the sharp
lane boundaries appear blurred in the (B—1),, image,
where we see instead a thick line of dust mixed with
stars and gas. Jansen et al. [28] explain the “double”
appearance of the dust lane in NGC 1589 by the
presence of a spiral arm. In this case, the thickness
of the dust disk is 9”, which corresponds to a de-
projected size of 28" (6.8 kpc), and the thickness of
the spiral arm is 2" (observed) or 6” (1.5 kpc, depro-
jected). The spiral arm in the dust disk can be seen
at deprojected distances of ~25"—-38". Spiral-arm
elements in the farther (eastern) part of NGC 1589
are located at distances of r = 40” —50"”. We can see
two blue ((B—1I),, to —0.6™) regions of enhanced
brightness (with B,, ranging to —1.1™), one to the
north of the nucleus and another, fainter region to the
southeast of the nucleus (Fig. 8). In the framework
of the hypothesis of Jansen et al. [28], the observed
shape of NGC 1589 suggests that the galaxy has
a thick but relatively small stellar and gaseous disk
and spiral arms. In the western part of the galaxy, we
see the inner part of the arm as a bright band be-
tween two dust lanes. The outer regions of the spiral
arm are superimposed on the outer part of the dust
disk (i.e., the farthest part). The brightness difference
between the inner and outer parts of the dust disk
(Bp, = 1.8™ — 0.7 = 1.1™) can be explained by the
effect of the spiral arm.

The bulge of NGC 1589 shows up prominently
at r <15” in the B,, image (Fig. 8). The shape of
the bulge isophotes differs from elliptical, but the ob-
served asymmetry of the bulge can easily be explained
by extinction in the thick dust disk of the galaxy (west
of the center) and, in our opinion, is not physically real
(as also suggested by Lutticke et al. [31]).

The presence of dust has a strong effect on the
ellipticity of the isophotes, including those in the cen-
tral region, which is dominated by the radiation of the
bulge. The thick dust disk distorts the shapes of the
isophotes at » > 10”. The local maximum of e(r) at
r = 5" (Fig. 2e) is also probably associated with the
weak dust lane.

The presence of a bar in NGC 1589 was noted
in [31]. However, we could not find any evidence for
a bar in NGC 1589 either visually or in the behavior
of e(r).

On the whole, NGC 1589 morphologically resem-
bles NGC 532. The only important difference between
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these two galaxies is the presence of a powerful dust
disk in NGC 1589.

NGC 7280. The structure of NGC 7280 is al-
most identical to that of NGC 1138, but the former
has been studied much more thoroughly. Like in
NGC 1138, the bar in NGC 7280 can be seen
visually only via the variation of the isophote position
angle. Our results for the parameters of the bar and
disk agree well with those obtained by Erwin and
Sparke [34] and Erwin [37]: the position angles of
the disk are PA = 74.9° + 1.1° and 72°—73°, and the
disk isophote ellipticities e = 0.36 £ 0.01 and 0.33,
according to our data and [34, 37], respectively
(Figs. 11, 2f). The (undeprojected) position angles of
the bar are 62.6° + 0.4° and 63°, and the isophote
ellipticities e = 0.38 £ 0.01 and 0.40, according to
our data and [34], respectively. Our semimajor axis
for the bar (21”) is also similar to that found by
Erwin [34]. The brightness of the bar (based on
the B,, image) exceeds the level of the surrounding
background by 0.2™—0.9™. The bar does not stand
out against the bulge or disk in terms of its color
parameters (Fig. 9).

The bar of NGC 7280 is turned only 12° with
respect to the major axis of the galactic disk, and the
ellipticity of the bar isophotes is almost the same as
that of the disk isophotes. This is why PA and e vary
only slightly with radius (Figs. 11, 2f). The eccentricity
reaches its minimum, e = 0.3, at r = 23" (Fig. 2f),
just beyond the tip of the bar. This behavior of e(r)
can be explained by the substantial contribution of the

brightness of the spherical component at this radius
(Fig. 3f).

The galaxy exhibits small gradients in the bright-
ness (from 0.15™ to —0.15™ in B,,) and color
(from 0.1™ to —0.1™ in (B—1I),,) along its minor
axis. The southeastern part of the galaxy (which is
brighter and bluer) is closer to us. As in NGC 532,
such a gradient can be explained by the presence
of an optically thick dust disk. The other possible
explanation, that there is a dust disk with a similar
position angle for its major axis inclined to the stellar
disk, is less likely.

The galaxy has two very faint spiral arms (with B,
not exceeding —0.2™) emerging from the tips of the
bar (Fig. 9). The direction of winding of the spiral
arms and the kinematics of the stars in the circum-
nuclear disk (according to the results of Afanasiev
and Sil’chenko [35]) lead us to conclude that
NGC 7280 rotates in the counterclockwise direction,
as was suggested earlier by Erwin and Sparke [34].

5. CONCLUSIONS

We have reported here the results of multicolor
surface photometry of six lenticular and spiral galax-
ies. These are the first multicolor CCD photometric
data for three of the galaxies (NGC 532, NGC 783,
and NGC 1138).

We have analyzed the overall structure of the

galaxies and performed a bulge/disk decomposition
of the galaxy images.

We have analyzed the structure of the galaxies
and refined the model parameters describing the disk
and bulge using the “mask” method, in which the
sum of the model images for the disk and bulge is
subtracted from the galaxy image and the resulting
residual image analyzed.

The main results of this paper include the fol-
lowing.

(1) NGC 524 shows radial brightness variations
that can be explained by the presence of two stellar
and/or dust rings in the galaxy. We determined the
positions of spiral arms in NGC 532, NGC 1589,
and NGC 7280. We found a ring in the central part
of NGC 783, and suspect the presence of a circum-
nuclear bar. We determined the parameters of the bars
in NGC 1138 and NGC 7280; the bars in both galax-
ies have flat brightness profiles along the major axis.

(2) The brightness decrease in the bulge of
NGC 1589 is described fairly well by an exponen-
tial law, whereas the brightness decreases in other
galaxies with prominent bulges agrees with a de Vau-
coulers law.

(3) We confirm the conclusion of Erwin and
Sparke [34] that NGC 7280 rotates in the counter-
clockwise direction.

(4) Five galaxies show photometric evidence
of dust: NGC 1589 exhibits a thick dust disk,
NGC 532 and NGC 7280 have “semitransparent”
disks, NGC 524 may contain dust rings, and dust
lanes can be seen along the inner edges of the spiral
arms in NGC 532 and NGC 783.

(5) Our estimates for the relative disk scale heights
hd(I)/ DY for the four giant galaxies with diameters
DY > 30 kpc lie in the interval from 0.12 to 0.14.

(6) The bulge/disk decompositions of the one-
dimensional averaged photometric profiles of barred
and ringed galaxies with well-developed spiral struc-
ture often yield incorrect parameters for the bulge and
disk. The decomposition of the brightness distribu-
tion in such galaxies should be performed using two-
dimensional images.
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