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ABSTRACT

From B and V photographic surface photometry we have obtained photometric parameters, mean-
luminosity profiles, and B—V color indices for the barred spiral galaxy NGC 4507. The decomposition of the
mean-luminosity B profile shows the existence of an r'/* bulge, an exponential disk, a bar, and possibly a lens.
The dimensions and colors of these structures are derived. The mean B—V distribution shows a color gra-
dient of 0.4 mag between the nucleus and arms region. A reddening of E(B—V) = 0.2-0.3 of the southern
region can be detected when we compare its B— V values with those of the northern region.

Subject headings: galaxies: individual — galaxies: photometry — galaxies: structure

I. INTRODUCTION

This work is part of a more extensive one whose primary
aim is to make a comparative study of the structural and
photometric parameters in the BV system for a group of differ-
ent morphological-type galaxies in order to obtain a more
accurate information about the several components and stellar
population.

This paper presents some results obtained for the spiral
galaxy NGC 4507, classified as SBab(rs) I (Sandage and
Brucato 1979). This galaxy has been previously classified in the
Second Reference Catalogue (de Vaucouleurs, de Vaucouleurs,
and Corwin 1976, hereafter RC2) as SABO™ perhaps because of
its small angular diameter (~2’) and the bright, well-developed
arms tightly warped around the nuclear region, which give it
an appearance of a compact object in a small-scale photogra-
phic plate. Combining short, intermediate, and long-exposure
photographic plates, the nuclear region is resolved in a very
bright stellar nucleus and diffuse asymmetric bar, and numer-
ous bright H 11 regions are observed in the spiral arms.

Photoelectric observations of this galaxy were made by
Wegner (1979) and Griersmith (1980). Its radial velocity
(3540 km s~ ') was measured by Martin (1976).

II. OBSERVATIONS AND REDUCTIONS

Five direct photographic plates were obtained with the
Cassegrain camera attached to the 1.6 m telescope of Observa-
torio Astrofisico Brasileiro. A combination of ITa-O or 103 a-O
plate plus GG 385 filter was used for the B system and a
combination of ITa-D or 103 a-D plus GG 495 for the V
system. Details of the observations are listed on Table 1. The
scale of the plates is 13” mm ~!. The calibration was made with
a spot sensitometer.

The intermediate exposure plate presented a deflect and
could not be used for photometric measurements. The other
four plates were scanned with the PDS microdensitometer of
Observatorio Nacional, using a diaphragm of 50 x 50 um and
steps in x and y of the same size. The reduction was made using
the software developed by da Costa et al. (1982). The main
steps are described below.

The density measures were converted to intensities by means
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of the de Vaucouleurs relation:
M
log E= ) A,(logw),
n=0

where w = 10¥~%) — 1, d is the density of the calibration spot,
and df is the density of the fog. The sky background was then
determined as the mean from four selected areas around the
galaxy. The differences between the mean values for each area
were smaller than the internal fluctuation within the same area.
This means that the sky background around the galaxy is
approximately uniform, justifying the adopted procedure. The
sky intensity was subtracted from the image matrix, and, in
order to obtain the magnitude scale, circular apertures were
simulated and the instrumental magnitudes within them com-
pared with photoelectric BV data from Wegner (1979) and
Griersmith (1980). After the calibration, the mean sky magni-
tude obtained for the plate No. 104, on which most of the
results and conclusions rely, was B = 21.75 + 0.05.

The short-exposure plates were used to define the region
within 5” from the nucleus. The short- and long-exposure
average profiles between 2” and 5” overlap, with a mean differ-
ence of 0.08 mag. Farther than 5”, the agreement is poorer
because the short-exposure-profiles become too faint. The
seeing was estimated by the fit of a Gaussian function s(x) = 4
exp (—x?/2¢?) to stellar images in the plates. For the long-
exposure plates we obtained o = 1”, but for the short-exposure
ones we obtained ¢ & 0”6. The smoothing effect of the seeing is
more important in the central peak. Considering that the
seeing was very small for the short-exposure plates (from which
the central data was obtained), we neglected its effect.

The accuracy of the data was checked using the surface
photometry obtained by one of the authors (Schroder and
Pastoriza 1985, hereafter SP) for the galaxy NGC 2855. The
reduction procedure was the same adopted here. Figure 1
shows the difference between the elliptically average B profile
obtained by SP and the one from Boroson (1981). The fact that
in the inner region the values of SP are systematically brighter
than that of Boroson agrees with the results obtained by Whit-
more and Kirshner (1982) for uz between 18 and 19.2 mag. The
rest of the profile of SP is 0.17 + 0.13 mag brighter than the
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TABLE 1
DETAILS OF PHOTOGRAPHIC OBSERVATIONS
Plate Exposure
Number Date (min) Emulsion Filter
104............ 1982 May 20 120 ITa-O baked GG 385
105............ 1982 May 20 120 IIa-D baked GG 495
453 ... 1984 Apr 27 10 103a-O baked GG 385
454 .. ... 1984 Apr 27 10 103a-D baked GG 495
462............ 1984 May 28 30 103a-O baked GG 385

one of Boroson, probably because of a calibration difference.
There seems to be still a small systematic difference that we
believe would not affect significantly the results obtained by
this work. The position angle and axial ratio obtained by SP
are in good agreement with those obtained by Boroson, and
the integrated magnitude By agrees with the value in RC2.

III. RESULTS

The B isophotal map, with steps between contours of 0.5
mag, is presented in Figure 2. The mean B and V' luminosity
distributions are listed in Table 2, together with the B—V
distribution.

Numerical integration of intensity I(x, y) over the final
image of the galaxy has led to the values 13.14 for the B magni-
tude and 12.33 for the V. In order to obtain the total magni-
tude we integrated to infinite radius the contributions to the
total luminosity of the bulge and disk components that we
have detected in the mean luminosity profile (as described in
the following sections). The contributions of the other com-
ponents were also considered, as explained at the end of § V.
The total color index (B— V), = 0.82 was assumed to be the
asymptotic value obtained from the B and V luminosity dis-
tributions. After correction for galactic absorption, internal
absorption, and redshift (RC2), we obtain (B— V)3 = 0.68. The
magnitudes are listed in Table 3.

The distance modulus was derived from the galactocentric
radial velocity of 3308 km s~! (Martin 1976). Adopting
H =100 km s~ ! Mpc ™!, we obtain the value 32.60.
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In order to derive the inclination i of the galaxy, ellipses were
fitted to outer B and V isophotes and a mean axial ratio was
obtained. We have assumed that the disk of the galaxy can be
represented by an oblate spheroid of intrinsic axial ratio equal
to 0.23 (Binney and de Vaucouleurs 1981). The directions of the
minor and major axes of the galaxy were defined as the mean
value from the directions of the axes of the fitted ellipses. The
total diameters were defined as the diameters of the last B
isophote in the directions obtained. The positiori angle is
defined as the angle between the north direction and the major
axis, measured eastward.

The above parameters, as well as photometric parameters at
half of the total luminosity of the galaxy (de Vaucouleurs 1962),
are listed in Table 3.

IV. MORPHOLOGY

From an analysis of the short-, intermediate- and long-
exposure plates, we can distinguish in the central region a very
bright stellar nucleus (Fig. 3a, 4a) and a diffuse and asymmetric
bar, brighter in the southeast direction (Fig. 3b). Another struc-
ture seems also to be present in the long-exposure plates (Figs.
3¢ and 4b), which could be an internal lens. One of the spiral
arms starts from this structure, while the other seems to be
disconnected from the central region. This fact represents a
peculiarity in barred systems, where, in general, the arms start
from the bar or from an internal ring. Numerous H 11 regions
over the arms are observed in the long-exposure B plate.

In order to make a more quantitative study of the above
subsystems, ellipses were fitted to all the B and V isophotes.
The values obtained for the semimajor axis, semiminor axis,
axial ratio, and orientation of the major axis, measured from
the north eastward, are listed in Table 4. From this table, we
conclude: (1) the nucleus has a mean radius of ~372; (2) the
bar has a semimajor axis of 10", a semiminor axis of 7, and a
mean axial ratio of 0.66; (3) the disk region has a mean axial
ratio of 0.86; (4) the lens seems to appear in the V isophote at
u = 20.81 with major and minor half diameters of 14”5 and
1074, respectively, corresponding to an axial ratio of 0.72.

¥g

F1G. 1.—Difference between the average profile obtained for NGC 2855 and the one of Boroson
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1 118.29
2 |18.79
3 119.30
4 119.80
5
6
7
8
9

20.31
20.81
21.32
21.82
22.32
10 |22.83
11 123.34
12 |23.84
13 12434
14 12485

F1G. 2—Bisophote map

The spiral arms appear at ~17” from the nucleus when the
distance is measured in the minor axis direction, or ~20” after
correction to face on position.

TABLE 2 V. LUMINOSITY PROFILES
MEAN B AND V' LUMINOSITY DISTRIBUTIONS Radial luminosity profiles, spaced 10° in angle, were
xa Kfr® K%  B—VGYF  (B—V), obtained in the plane of the sky in order to analyze the lumin-
3. 0.127 0.144 0.956 0956 TABLE 3
6...... 0.217 0.260 1.084 1.011 GLOBAL PHOTOMETRIC PARAMETERS
9., 0.291 0.340 0911 0.987
12...... 0.365 0411 0.785 0.949 Parameter B vV
15...... 0.438 0.486 0.829 0.930
18...... 0.515 0.560 0.782 0.909 Integrated magnitude ....................eells 12.92 12.10
21...... 0.593 0.628 0.673 0.881 Corrected integrated magnitude .... 12.39 11.71
24...... 0.661 0.691 0.739 0.867 Distance (MPC) ....oovvviiiivniiniiniiienne.. 33.08 33.08
27...... 0.721 0.739 0.561 0.845 Corrected absolute magnitude ................. —20.21 —20.89
30...... 0.768 0.775 0.543 0.828 Mean axialratiob/a ...............ccooeuen.n. 0.86 0.86
33...... 0.804 0.803 0.546 0.817 Inclination ...........ccooooiiiiiiiiiiiiiiinnnn, 316 319
36...... 0.827 0.827 0.838 0.818 Half-diameter a at pg = 24.85:
39...... 0.850 .. . Inarcseconds .........cocevviiiiiiiiiiina.... 533
42...... 0.867 INKPC oo 8.55
45...... 0.884 Position angle ...........coccoiiiiiiiiiii, 6127 6127
...... 1.000 1.000 .. 0.818 Equivalent effective radiusrX ................... 1773 15%8
Effective surface brightness ..................... 2195 21.10
* Equivalent radius in arc seconds. Concentration indices
® Fraction B and V luminosity enclosed within the isophote Cor =t o 231 2.87
with equivalent radius r*. Co=rd/rk 1.68 1.76
¢ Value for the shell with outer radius r* and inner radius
the previous one. ® The quantities r¥, r¥ and r% are defined by K(r¥)=3, K(¥ =14
4 Integrated value, from the center. K(r¥) =2
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4a 4b

FiG. 4

FiG. 3—(a) Short-exposure B plate; (b) intermediate-exposure B plate; (c) long-exposure B plate
F1G. 4—(a) Short-exposure V plate; (b) long-exposure V plate
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Ve TABLE 4

:'3._' PARAMETERS OF ELLIPSES FITTED TO B AND V ISOPHOTES

L=q

é: Hp Ky 05" 0y ag ay b/ag bjay

o 1879...... 17.78 90.1 65.7 19 1.6 0.90 091
19.30...... 18.29 78.3 67.6 2.5 2.5 0.90 091
19.80...... 18.79 55.3 409 33 38 0.93 0.83
20.31...... 19.30 477 50.0 5.0 5.7 0.76 0.72
20.81...... 19.80 519 50.4 7.7 80, 0.64 0.64
21.32...... 20.31 47.2 48.8 10.7 10.1 0.68 0.68

20.81 47.1 14.5 0.72

21.82°..... 21.32% 57.1 23.1 17.9 20.7 0.80 0.92
2233...... 21.82 65.9 58.5 25.2 26.7 0.89 0.90
22.83...... 22.33 62.6 63.4 30.6 314 0.83 0.85
23.34...... 22.83 63.9 66.4 354 35.1 0.79 0.89
23.84...... 23.34 61.6 52.7 38.0 39.5 0.85 0.89
24.34...... .. 61.1 433 0.87
2485...... 60.9 51.6 0.84

2 Angle, in degrees, between north and major axis direction, measured
eastward.
® Spiral arms distort this isophotal level.
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osity distribution of the components and, in particular, the
behavior of the color index B— V. Figure 5 shows the B and V
profiles along the major and minor axes of the galaxy.

In order to separate the contribution of the different com-
ponents to the total luminosity of the galaxy, “elliptically
averaged” (Boroson 1981) profiles were obtained. To do this,
ellipses, centered on the nucleus, were fitted to outer isophotes,
and the apparent flattening and position angles of the major
axes were obtained. Then the profiles were coadded, each one
being stretched according to the radius of the ellipses at that
angle relative to the major axis.

A tentative least-squares fitting to the average B luminosity
profile was made using the method developed by Kormendy
(1977), which fits a de Vaucouleurs (1962) curve for the bulge,
= p, + 8.325[(r/r,)"* — 1], and an exponential curve for the
disk, u = ug + 1.0857ar (Freeman 1970). The surface bright-
ness of the disk region was fitted first, within the disk-
dominated range. This range was defined as that part of the
profile beyond the prominent spiral feature, which obscures the
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FiG. 5—B and V luminosity profiles along major (+) and minor (@) axis
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underlying internal part of the disk. Since that range extends
over only 1 mag in intensity, the disk parameters should be
taken with caution. This calculated disk contribution was then
subtracted from the observed data points at all radii, and to
these corrected data the bulge function was fitted in the range
dominated by the bulge light. This fit was subtracted from the
original observed profile, and the process was repeated until it
converged. For the average V profile it was not possible to
define a disk-dominated range, and only the de Vaucouleurs
function was fitted to the nuclear region. The average profiles
and fitted functions are shown in Figure 6.

The parameters p,, r,, fo, and a” ! of the adjusted fitting
functions, as well as the fitting ranges for each function, are
listed in Table 5.

In order to calculate the contribution of each component to
the B total luminosity, we have integrated the exponential and
r!/* law over a circular surface of radius equal to the semimajor
axis of the last isophote. The contribution of the bar, lens, and
spiral arms was calculated as the difference between the total

Mg My
10§,

r(II)

|
FiG. 6.—Average B and V luminosity profiles and fitted functions to the

bulge and disk (light lines); heavy line is the sum of the two functions. On the
top: average B— V distribution.
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luminosity inside the last isophote and the sum of the contribu-
tions of the bulge and disk. Then we integrated the bulge and
disk contributions to infinite radius. Assuming that the bar,
lens, and spiral arms contributions do not extend beyond the
last isophote, we summed the calculated contributions to
obtain the value for the total luminosity. The fraction of total
luminosity corresponding to each component as well as the
bulge to disk ratio are listed in Table 5.

VI. COLOR INDICES

From the average B and V profiles an average B—V dis-
tribution was obtained, which is shown in Figure 6. We can
observe a pronounced color gradient from the nucleus, which
has a mean color of 1.0 mag, to the arms, with B—V = 0.60.
This color remains constant until a radius 30", where it starts
to become redder because of the contribution of the disk, rea-
ching B—V = 0.85. It is interesting to note that in the region
corresponding to the lens (10"-15"), the color remains constant
at a value B—V = 0.85, equal to that of the disk.

In order to make a more detailed analysis of the behavior of
the B—V color index over the entire galaxy we have made a
schematic representation (Fig. 7).

The B—V values shown inside the nuclear and bar regions
were obtained by integration of the luminosity distributions. In
outer regions, we have made local means, centered in the
points marked in the figure and whose corresponding B—V
values are shown. There are three elliptical regions represent-
ed: the lens region, the most luminous part of the arms region,
and an external region with major half diameter equal to 27"5.
The B—V values farther than 30” (major axis of the external
elipse) were not presented because they show too much fluc-
tuation. It is interesting to note that, independently of the
mean gradient previously described as being due to the dis-
tribution of the different components, the B— V values in the
southern half of the galaxy are systematically redder than those
of the northern part. The effect amounts to E(B— V) with a
value of 0.2-0.3.

VII. DISCUSSION

NGC 4507 is a luminous spiral galaxy classified as SBab(rs) I
by Sandage and Brucato (1979), with absolute magnitude
Mg = —20.21, in agreement with the luminosity classification
I. The dimensions for the major and minor half diameter at the
isophotal level g =24.85 are, respectively, 8.55 kpc and
6.47 kpc. The corrected integrated color index (B— V)% = 0.68
is normal for a galaxy of type ab.

TABLE 5
PARAMETERS OF FITTED FUNCTIONS TO MEAN PROFILES

Parameter B 4

Bulge fitting range (arcsec) ........... 0.9-3.6 0.9-3.6

e e 20.90 20.25
7, (arcsec—Kpe) «.o..oiiiiiiiiiiiiien. 5.02-0.82 6.75-1.11
Bulge luminosity ..................... 0.37 L;*
Disk-fitting range (arc sec) ........... 35-45
BLo weeemiee e e e 21.98
o~ ! (arcsec-kpe) ..ooveriniiiiininnn. 17.54-2.88
Disk luminosity ...................... 0.46 L,
Bulge/disk ... 0.80
Bar +lens+arms ................... 0.17 L,

* Ly: total luminosity.
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FiG. 7—B—V local values; integrated values for nucleus and bar

From the decomposition of the average luminosity profile
we conclude that the galaxy has (1) a nuclear bulge obeying a
r'/* law which contributes 37% of the total luminosity; (2) an a
exponential disk contributing 46% of the total luminosity; (3)
two well-developed spiral arms; (4) an asymmetric bar, bright-
est in the SE direction, with major and minor diameters of,
respectively, 3.5 kpc and 2.4 kpc; and (5) probably an internal
lens, with major diameter of 4.75 kpc and minor diameter of
3.41 kpc. These three last components together contribute
17% of the luminosity. The resulting bulge-to-disk ratio of 0.80
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obeys the correlation between B/D ratios and T types (RC2)
found by Boroson (1981) if we adopt T = 2 for this galaxy, in
accordance with the type ab. The orientation of the major axis
of the lens is the same as that of the bar. The orientation of the
major axis of the disk region is ~ 10° eastward from that of the
bar.

If we correct our value for the central surface brightness of
the disk, for galactic absorption and inclination we obtain
Mo = 21.71, which is similar to the value obtained by Boroson
(1981) for the brightest spiral galaxies. In Figure 11 of Boroson
the locus occupied by NGC 4507 is in the region of super-
position of points representing SO galaxies and spirals. The
value for p,, is very near the mean value p,, = 21.65 + 0.30
obtained by Freeman (1970). The scale length o~ ! = 2.88 kpc
agrees with the values of other galaxies of the same type.

The color-index distribution shows two kinds of gradients.
The first is due to the distribution of the different populations
in the galaxy: the nucleus and bar have a color index of ~ 1.00,
while the arms have B—V =~ 0.60; the mean color of the lens
seems to be equal to that of the disk, with a value of 0.85. The
second gradient can be detected if we compare the B— V values
of the southern part with that of the northern part of the
galaxy. These last ones are systematically bluer, probably indi-
cating that the northwest part of the galaxy is the one inclined
toward us.
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