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ABSTRACT

Using the photographic imagery of the SO galaxy NGC 5102, the equivalent
luminosity profile and the fractional integrated luminosity curve have been derived.
Several photometric parameters of the galaxy, such as a total magnitude (Bq),
equivalent radius (r}), effective surface brightness ( .%), and concentration indices
(C21, Csz) were derived from the luminosity profiles. According to the decomposi-
tion method from the nonlinear least squares fitting, photometric parameters of the
bulge ( ., r.) and the exponential disk (z(0), « ~!), and the bulge to total lumi-
nosity ratio (B/T) were obtained. The derived central disk surface brightness ( z(0)
= 22.06 £+ 0.18 mag/J") and the evaluated B/T ratio (= 0.52) of the NGC
5102 are close to the mean values (. (0) = 21.65 + 0.3 mag/]”, B/T = 0.63)
of the SO galaxies. Analysis showed that a lens—like hump is embedded in the
equivalent luminosity profile of the NGC 5102.

[. INTRODUCTION

The bright southem lenticular galaxy NGC 5102 (BY = 9.86 in Second Reference Catalogue
of the Bright Galaxies (de Vaucouleurs, de Vaucouleurs and Corwin 1976: RC2)) has been
classified as SAO™ (de Vaucouleurs et al. 1976), SO, by Sandage and Tammann (1981), and SO
by Lauberts (1982). Van den Bergh (1976) reported NGC 5102 as a classical example of SO
galaxies, which consist of a bright nuclear bulge that is imbedded in a faint disk which does not
show evidence for spiral structure. NGC 5102 differs, however, from old gas—free typical SO
galaxies as follows.

There is a strong radial color gradient in that the nucleus is much bluer than the surrounding
bulge and disk of the NGC 5102 (Freeman 1971; Alcaino 1976; van den Bergh 1976) and the
integrated colors (B — V)¢ = 0.58 and (U — B)} = 0.19 in RC2) are bluer than those of typical
lenticular galaxies. Gallagher et al. (1975) have shown that the nucleus of this galaxy has an A
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type spectrum, which was interpreted as the young stellar component in the nucleus. From the
study of the colors in the nucleus of the NGC 5102, van den Bergh (1976) suggested that a burst
of star formation, strongly concentrated toward the center of this galaxy, took place about 4 X
108 years ago. Danks et al. (1979) found that there are two dust lanes in the nuclear region and
several patches in the disk of the NGC 5102, and they suggested that star formation apparently
has been widespread in the disk over the last 107 years. Pritchet (1979) has obtained two color
(broad band B and R) imageries of the nucleus and bulge of the NGC 5102 using a CCD as a
detector, and found an isophotal twist near the nucleus of the galaxy. He suggested that this may
be caused by obscuring dust, or triaxial bulge, indicating peculiar circumstances in the center of
the galaxy (Williams and Schwarzschild 1979).

The aims of this paper are to provide the luminosity profile of the NGC 5102 from the central
to the outer disk, and to derive the photometric parameters of the bulge and disk from the
luminosity profile following the decomposition method from the nonlinear least squares fitting.
The collected basic parameters of the NGC 5102 are shown in Table 1.

Table 1. Characteristics of the NGC 5102

R.A. (1950)! 13"19™.12 Axial ratio® 1.71

Dec. (1950)! —36°22’.1 BY 2 9.86 mag

I 309°.74 B — wvy? 0.58 mag

b! 25°.84 U - BY? 0.19 mag
Morphological class’ SAQ (T = —-3) Distance’ 4 Mpc

Central brightness . g(0)? 22.2 mag/ty” My /Lg! 0.12

D/B ratio® 45 Lig/Ly! 0.01
Inclination’ 71° Ly/Lg (05 — 4.5 KeV)? < 30 x 10°%
P.A. of major axis® 48°

IRC2, 2van Driel (1987)
II. OBSERVATION AND DATA REDUCTION

The photographic plate of the NGC 5102 was taken in B (lla-O) + GG385) at the Mt.
Stromlo Observatory (MSO) with the 1 m telescope, which gives the plate scale as 25 arcsec/
mm, in May 7, 1970 (Freeman 1990). The total exposure time of the plate is 3 hours and the
total development time of the plate is 5 minutes in D19.

We used the Perkin—Elmer PDS microdensitometer at MSO, in density mode, to digitize the
image of the NGC 5102. The plate was scanned with a 25 4 m? aperture at the scanning speed
of 5 mm/sec, stepping by 25 pm (0.625 arcsec/pixel). The resulting 1600 x 1600 array
covered nearly 16°.6 x 16°.6 (40 x 40 mm?). We reduced the array to 800 X 800 array to use
it on the reduction procedures. Then each pixel of the final image array has the mean value of
the four pixels around it. Figure 1 is the contour map of the NGC 5102, which includes the
region brighter than 23 magA7”. The interval of each contour is 0.5 magnitude.

To obtain the luminosity profile of the NGC 5102, we used the bright galaxy surface photo-



PHOTOMETRIC PROPERTIES OF THE NGC 5102 153

T T T ﬁ T T T T I T L T Ll l T |_
_ NGC5102 4
THRESHOLD = 23.00 INCREMENT = (.50 SKY LEVEL = 2181
| ALL VALUES IN MACNTUDES / SQUARE ARCSECONO. :
o
o | _
0
I 4
S
>3
- 1
o
o+ _
F) 0
- ° -
2 " I | 3 L ; " I P " : N i " .
300 400 500
X {pixeis)

Figure 1. The contour map of the NGC 5102. The threshold value of the contour is 23 mag/A]” and the
interval of each contour is 0.5 magnitude. The determined sky value is 21.81 mag/{]”. The center
of the image (x, yJ) = (391, 398).

metry software package GALPHOT within Starlink. The first step in the photographic plate data
reduction on this procedure was the PDS density—to—intensity calibration using the spots available
for the plate. The characteristic curve (Fig. 2) was then fitted in the relative intensity to PDS
density value plane with a third order polynomial. The PDS array was then converted into I, s
(Galaxy + Sky) array. For a galaxy image would might be contaminated with foreground stars
and the plate blemish, we removed these defects with a circular patch, which is fitted on the
selected object and replace it by the mean intensity around the patch. In order to remove and
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Figure 3. The weighted pattern of the smoothing grid. (a) is for the 3 X 3 points smoothing and (b} is for the
5 X 5 points smoothing.

correct the background intensity variation, which show significant variations over distance of a
few cm of the plate, the polynomial orders of 3 and 4 for x and y axis of the array is fitted to the
background sky intensity. After these procedure, we obtained an image normalized to the intensi-
ty of the background sky as 1.0. The intensity of the sky I (x, y) at each point in the array was
then calculated and the final intensity of the galaxy alone was given by Ig (x, y) = g5 (x, v) —
Is (x, u)i/Is (x, v). In order to reduce the noise in the observed image, it is necessary to smooth
the observed array. To do this, weighted smoothing with a Gaussian grid was used. Bright pixels
close to the nucleus of the galaxy were unsmoothed, indeed smoothing here would degrade the
quality of the image (Jones et al. 1967). The 3 X 3 points smoothing was applied on the
moderate brightness pixels (between 20% and 5% of the night sky intensity), and the 5 X 5
smoothing on the faint pixels (below 5% of the night sky intensity). The weighted pattems of the
smoothing grid are shown in Figure 3. To transform the relative intensity array of the image into
the absolute surface brightness in mag/7]”, the sky brightness was determined using the mul-
ti-aperture photoelectric data of NGC 5102 which can be found in various literatures (Table 2).
The determined background sky brightness is 21.81 mag/A]”.
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Table 2. Photoelectric multi-aperture photometry data of the NGC 5102. The aperture diameters (A in arc
min.} are listed in column 1, The B magnitude and (B — V) color are listed in column 2 and 3.

A() B (B -V A() B B -V A() B B -V
0.083! 13.22 0.44 0.350° 11.94 0.51 0.923° 11.51 0.70
0.092” 13.48 0.51 0.400° 11.82 0.53 0.923° 11.50 0.68
0.167' 12.72 0.53 0.427° 12.03 0.64 0.992" 11.51 0.74
0.183% 12.70 0.54 0.433% 12.02 0.63 1.000°* 11.23 0.55
0.200° 12.28 0.43 0.497° 11.93 0.66 1.017% 11.48 0.70
0.237° 12.47 0.59 0.550” 11.80 0.63 1.322° 11.28 0.70
0.247° 12.59 0.60 0.563* 11.76 0.64 1.395° 11.33 0.77
0.250! 12.38 0.57 0.653° 11.74 0.67 1.467¢ 11.31 0.70
0.267° 12.35 0.60 0.653° 11.72 0.66 1.865° 11.11 0.73
0.2757 12.35 0.59 0.733% 11.70 0.58 1.983% 11.07 0.73
0.333! 12.16 0.60 0.733° 11.48 0.55 1.993% 11.19 0.78
0.350% 12.05 0.61 0.8137 11.55 0.65 2.7547 10.89 0.71

1. van den Bergh (1976}, 2. Alcaino (1976), 3. Dottori (1979), 4. Wegner (1979), 5. Sandage and Visva-
nathan (1978), 6. Griersmith et al. (1982), 7. de Vaucouleurs et al. (1978), 8. Persson et al. (1979).

Table 3. Equivalent luminosity profile of the NGC 5102

(") p (") # (") p ™) P
7.7 18.5 234 20.5 89.4 22.5 180.2 24.5
89 18.7 26.1 20.7 999 227 195.4 247
9.8 18.9 29.1 209 110.1 229 213.7 249

111 19.1 32.7 21.1 120.1 23.1 231.7 25.1

12.3 193 36.5 21.3 126.9 23.3 251.1 253

13.7 195 409 215 134.8 235 270.3 255

15.3 19.7 46.5 21.7 1423 23.7 289.0 257

17.0 19.9 535 219 150.0 239 306.4 259

18.8 20.1 64.0 221 158.4 24.1 3225 26.1

211 203 77.1 223 168.2 24.3 337.0 263

III. LUMINOSITY PROFILE AND PHOTOMETRIC PARAMETERS

Using the observed image, we derived the equivalent profile (de Vaucouleurs 1962) of the
NGC 5102. Table 3 gives the values of the equivalent luminosity profile with the equivalent
radius r* = (A/x)Y?, where A being the total area of a given isophot. If we let . (r*) be the
surface brightness (in mag/]”) along a given isophot of the total area A, the integrated luminos-
ity out to r* would be expressed as

L) = 2n [0 p(r¥r dr

and the total luminosity of the galaxy as
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= o r*

Ly 2nfo «(Mr dr.

Then the fractional integrated luminosity can be defined by
K(rY) = L(r" /Ly

as a function of r*.

The equivalent luminosity profile of NGC 5102 is shown in Figure 4 and the fractional inte-
grated luminosity curve K(r*) in Figure 5. From these profiles, we obtained several photometric
parameters of the NGC 5102. The total magnitude B was then found to be 10™.28 + 0.40. This
can be compared with By = 10".35 + 0.2 given in RC2. The effective equivalent radius (r¥),
within which the fractional integrated luminosity to the total luminosity is equal to 1/2, is 1°.38.
The effective surface brightness at r§ is % = 22.89 mag/A]”. The quantities K(rf) = 1/4 and
K(r}) = 3/4 may be used to define concentration indices C,; = r&/rf and Czp = r§/r% which
are known to be varying systematically with morphology type (de Vaucouleurs and Agtiero
1973). The concentration indices Cyp; and Cs; for the NGC 5102 were derived as 2.42 and 1.81,
respectively. These values are slightly smaller than the mean values of the lenticular galaxies (de
Vaucouleurs and Agtiero 1973).

Using the method of decomposition with the nonlinear least squares fitting (Kormendy 1977,
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Figure 4. Equivalent luminosity profile of the NGC Figure 5. Fractional integrated luminosity profile of
5102. the NGC 5102.
Observed luminosity profile (filled rf, r¥, and r} are the radii, where the frac-
squares) is decomposed into bulge and tional integrated luminosity (K) to the total
disk components, which follow a de luminosity is equal to 1/4, 1/2, and 3/4,
Vaucouleurs r'* and an exponential disk respectively.

laws.
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Burstein 1979; Kent 1985; Schombert and Bothun 1987), we have derived photometric para-
meters of the bulge and disk components, assuming that they follow a de Vaucouleurs M law

and an exponential disk, respectively.
Mbulge = pe T+ 8.325 [(r/re)]/4 — 1]
paisk = p(0) + 1.082 (r/a)

In these equations, s uyige, and gisk are the surface brightness in mag/A]” at a radius r, . and
2 (0) are characteristic surface brightness, r, is the effective radius within which contain one half
the total light of the bulge component, and « ~1 s the scale length of the disk component. The
observed surface brightness of each component ( x4, has been converted to a face—on surface
brightness ( ace on) by the equation,

Hface—on = [ftobs 251log (1 — ¢)

where ¢ = 1 — b/a. In this way the contributions of the disk and the bulge components to the
overall galaxy brightness distribution have been isolated. Then we can evaluate the ratio D/B of
the luminosities of these two components, using the equation (Mihalas and Binney 1981).

D/B = 028 (a/r)*(30/3 )

where 3. is the surface luminosity at the effective radius (r.) of the bulge and I is the central
surface luminosity of the exponential disk. We adopt the distance of the NGC 5102 as A ~4
Mpc given by van Driel (1987). For the bulge component of the NGC 5102, an effective bulge
radius was then obtained to be r, = 0.44 kpc, and a surface brightness (..} at r, as 20.61 +
0.36 magA]”. For the disk component of the galaxy, a disk scale length (a ~!) was obtained as
1.55 kpc, and a central disk surface brightness (0), corrected for galactic absorption and
inclination, as 22.06 + 0.18 mag/1”, which is very close to the mean value of SOs (. (0) =
21.65 + 0.3 mag/A]") found by Freeman (1970). We derive a disk to bulge luminosity ratio D/B
= 0.92 and a bulge to total luminosity ratio B/T = 0.52, which is comparable to the mean
value (B/T = 0.63) of SO galaxies (Kent 1985). Photometric parameters of the bulge and disk of
the NGC 5102 have been obtained by Yoshizawa and Wakamatsu (1974), Simien and de
Vaucouleurs (1986) from Sérsic (1968) profile, and by van Driel (1987) using the Lauberts and
Valentijn (1985) profile. The derived photometric parameters in this paper are listed in Table 4
with the values of others.

According to the Hubble Atlas of galaxies (Sandage 1961), the characteristic features of the SO
galaxies are a bright nucleus and a central lens surrounded by a faint and sometimes extensive
envelope. Kormendy (1977) has defined the lens by the following characteristics; (1) clear dif-
ferentiation from the spheroid and the exponential disk, if visible; (2) a shallow brightness gra-
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Table 4. Photometric parameters of NGC 5102

parameters ref. parameters ref.
e (Mmag/A1") 20.61° a ' (kpc) ' 1.55!
18.832 112
r. (kpc) 0.44" 183
0.282 B/T 0.52!
0.26° 0.332
1260} (mag/ ") 22.06! 0.18°
20.682
2223
1. This paper

2. Yoshizawa and Wakamatus (1975)
3. van Driel (1987)

dient, possibly exponential, but only over < 1 scale length, so other fucntions may work as well;
and (3) a sharp and steep outer cut off. Kormendy (1977} also suggested that lenses are distinct
components in brightness distribution and seem to be morphologically intermediate between
spheroids and disks. The derived luminosity profile of the NGC 5102 in this paper also shows the
presence of a lens—like hump between about 60” and 100” of the equivalent radius, as well as
the presence of a bulge and an exponential disk.

IV. CONCLUSION

With a photographic image, we derived the luminosity profiles of the NGC 5102 from the
nuclear region to the outer disk. From the equivalent luminosity profile and the fractional inte-
grated luminosity curve, we have obtained several photometric parameters, such as By, 5, u¥%
and concentration indices Cy;, C3,. Using the method of decomposition with the nonlinear least
squares fitting, photometric parameters of bulge ( x., r.) and disk ( (0), « ~!), and the bulge to
total luminosity ratio (B/T) were obtained. A derived central disk surface brightness (. (0) =
22.06 + 0.18 mag/]”) of the NGC 5102 is close to the mean value of SO galaxies ( . (0) =
21.65 + 0.3 mag/7]”) found by Freeman {(1970), and the evaluated B/ T ratio can be compared
with the mean value (B/T = 0.63) of SOs (Kent 1985).

A lens—like feature in the luminosity profile of the NGC 5102 was detected between about 60”

and 100" of equivalent radius.
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