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ABSTRACT

We have identified 26 new globular cluster candidates in the inner 3 kpc of NGC 5128 (Centaurus A),
the nearest known large galaxy that is the probable product of a merger. The clusters are selected on the
basis of their structural parameters (observed core diameters and ellipticities), as measured from archival
Wide Field Planetary Camera (WFPC) Hubble Space Telescope (HST) images. IR photometry obtained
with IRAC2B at the ESO/MPI 2.2 m telescope is combined with the optical HST photometry.

Most of these clusters have normal colors typical of old globular clusters like those found in the
Milky Way and M31. We estimate their metal abundances based on the R—K, color, confirming the
existence of a metallicity gradient in the inner regions of NGC 5128. The presence of metal-rich globular
clusters suggests that one of the colliding galaxies was a bulge-dominated galaxy (E or early S).

A few clusters have colors and magnitudes similar to intermediate-age clusters containing carbon stars
in the Magellanic Clouds. If the intermediate-age clusters were formed during a merger, then this episode
must have occurred a few gigayears ago. Alternatively, we are looking at the cluster members of one of

the colliding galaxies, which would then have been a late-type disk galaxy.
Subject headings: galaxies: abundances — galaxies: individual (NGC 5128) — galaxies: interactions —

galaxies: star clusters

1. INTRODUCTION

The study of globular cluster systems in galaxies is crucial
in our understanding of galaxy formation and evolution.
Schweizer (1986) proposed that globular clusters may be
formed during galaxy merger episodes. In distant galaxies,
the observational evidence in favor of globular cluster for-
mation during merger episodes is rapidly growing (e.g.,
Holtzman et al. 1992; Zepf & Ashman 1993; Whitmore &
Schweizer 1995). This mechanism naturally accounts for the
high specific frequency of globular clusters observed in ellip-
tical galaxies (e.g., Harris 1991; Ashman & Zepf 1992).

A very special case for the study of globular cluster for-
mation in such violent events is NGC 5128 (Centaurus A),
the nearest giant galaxy that is probably the product of a
merger (e.g., Baade & Minkowski 1954; Sérsic 1982;
Mathieu, Dejonghe, & Hui 1995). This galaxy has a rich
system of globular clusters (Hesser et al. 1984), with mem-
bership confirmed spectroscopically (Sharples 1988). Frogel
(1984) obtained near-IR photometry for 12 of the brightest
clusters in this galaxy (14 < K < 15), finding that some of

! Based on observations collected at ESO, La Silla, Chile, and on
archival data of the NASA/ESA Hubble Space Telescope, which is oper-
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them have [Fe/H] > 0. Harris et al. (1992) derive metal-
licities for 62 bright clusters based on Washington photo-
metry. In particular, they do not confirm the high
metallicities found by Frogel (1984), a conclusion that is
supported by Jablonka et al. (1995), based on spectropho-
tometry of the five most metal-rich clusters in Frogel’s
sample. Another important characteristic of the globular
cluster system of NGC 5128 is the broad color distribution
found by Harris et al. (1992). Zepf & Ashman (1993) first
suggested that this color distribution is in fact bimodal,
which is probably due to a past merger event. Another
plausible cause for broad color distributions of globular
cluster systems is the ongoing cluster formation in cooling
flows (e.g., Norgaard-Nielsen et al. 1993), but NGC 5128
has no cooling flow (Forman, Jones, & Tucker 1985). An
independent confirmation of the bimodality is found by Hui
et al. (1995), who showed that the metal-rich cluster system
in NGC 5128 rotates faster than the metal-poor cluster
system.

However, there are only very few known clusters in the
inner regions of this galaxy (Sharples 1995), and all previous
works acknowledge their incompleteness in these regions.
Consequently, the mere existence of super—metal-rich clus-
ters in NGC 5128 remains to be confirmed. These putative
super-metal-rich clusters are expected to be found prefer-
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Fic. 1.—Ellipticity € vs. FWHM of all the sources identified in the PC4
chip down to R = 21 mag. The loci of the globular clusters G206, G268,
and G359 (Harris et al. 1992) are indicated ( filled squares). The region used
to select potential globular clusters in all the chips of the WFPC is
enclosed with the solid line.

entially in the inner regions, since in our Galaxy about 90%
of the globular clusters with [Fe/H] > —0.8 are confined to
the inner 3 kpc (Minniti 1995). Indeed, Harris et al. (1992)
concluded that the innermost clusters are redder and there-
fore more metal rich, but stated that this result is marginal
due to the complicated structure of the dusty inner regions
of NGC 5128.

The usual problems inherent in the identification and
study of globular clusters in the inner regions of galaxies
beyond the Local Group are faintness, crowding, high
background galaxy light, nonuniform extinction, fore-
ground contamination by stars in our own Galaxy, and
background contamination by distant galaxies. In this
paper we take advantage of the combination of archival
Hubble Space Telescope (HST) data with our ground-based
IR observations in order to overcome these difficulties. We
report on the identification of 32 globular cluster candidates
in the inner 3 kpc of the peculiar E2 galaxy NGC 5128, of
which 26 clusters were hitherto unknown. This new sample
of clusters, deep in the core of NGC 5128, represents a basis
for the determination of the metallicity gradient in the
globular cluster system in this galaxy and for the study of
the history of cluster formation in a probable recent merger
event.

2. IDENTIFICATION OF GLOBULAR CLUSTERS FROM
THE WFPC IMAGES

We use archival images obtained with the Wide Field
Planetary Camera (WFPC) and the pre-COSTAR HST in
order to identify globular clusters in the inner regions of
NGC 5128. These images consist of a set of 1200 s expo-
sures taken through the F675W filter with different polar-
ization angles, the combination of which yields an
unpolarized light image of 6000 s. The magnitudes for the
sources were obtained by aperture photometry with 4 pixel
radius (enclosing the central peak containing ~20% of the
flux), and with the sky background defined in an annulus
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between 10 and 15 pixels. Typical aperture corrections (0.92
mag) were obtained using five known clusters in the field
(G206, G268, G359, G169, and G292), instead of stellar
sources for which the point-spread function is different, and
applied to the whole sample.

We have calibrated the HST frames with existing
ground-based photometry (Harris et al. 1992) in the T,
filter for a few known globular clusters in this region.
Unfortunately, the cluster G242 falls right in between two
CCD chips of the WFPC, and we cannot use it for the
calibration. We are left with clusters G206, G268, and
G359, for which our final transformation gives R = T =
F675W + 0.134, with ¢ = 0.08. This error is smaller than
our estimated zero-point error, which we take as the rms
difference with the magnitude of the cluster G359, ¢ = 0.13
mag. Note that Harris et al. (1992) comment that cluster
G359 is located next to a charge overflow from a brighter
image, which makes its 7; magnitude more uncertain. This
is the single most important contribution to the error
budget in the R photometry, far larger than the errors in the
transformations between the different filter systems, than
the color terms, and than the internal N'/2 photometric
errors.

We note that the F675W filter is essentially equivalent to
the Cousins R filter: Harris et al. (1993) derive the trans-
formation R = F675W — 0.163(V —1I) + 0.0229(V —I)?
with ¢ = 0.012. The Cousins R filter, in turn, is essentially
equivalent to the Washington T, filter: Taylor (1986) gives
R—1=0948T, — T, + 0.03 with ¢ = 0.002, and Geisler
(1996) gives R = T; + 0.003 — 0.017(C — T;) with ¢ = 0.02
valid for the color range of interest here (—1.3 < C—T; <
2.2).

The typical core diameters of Galactic globular clusters
are D, = 6 pc, with a total spread from about 0.2 to 20 pc,
as listed in the most recent compilation by Harris (1995). At
a distance of 3 Mpc, this diameter translates into ~0732
(see compilation of distances in Table 1 of Shopbell, Bland-
Hawthorn, & Malin 1993). These typical sizes can be resolv-
ed thanks to the superb spatial resolution of the WFPC (0”1
pixel ~ '), giving D, ~ 3 pixels. Thus, foreground stars can be
distinguished from typical globular clusters in NGC 5128.
Furthermore, Galactic globular clusters are almost round
(White & Shawl 1987), which gives an extra criterion for the
discrimination against background galaxies. For example,
the ellipticity of the most massive Galactic globular cluster,
o Cen, is € = 0.12 (Meylan & Mayor 1986). Also, the most
extreme case of a flattened cluster in the Large Magellanic
Cloud is NGC 1978, with ellipticity € = 0.3 (Fischer, Welch,
& Mateo 1992).

Thus, the basic procedure we use for identifying globular
clusters consists of looking at their sizes and ellipticities.
Figure 1 shows a plot of ellipticity € versus FWHM of
sources in the PC4 frame, where three globular clusters that
are confirmed members of NGC 5128 (based on their radial
velocities) are identified. Note that this procedure clearly
produces an incomplete sample of globular clusters, where
extremely compact or very loose ones are missed. However,
based on their morphology, our candidates can be con-
sidered bona fide globular clusters.

Using these morphological selection criteria, the present
sample is not biased by color selection. Previous samples
were biased in this respect and therefore unable to reveal
the existence of a metallicity gradient in the inner regions of
this galaxy.
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3. IR PHOTOMETRY

The HST images are complemented with our deep
near-IR images, which have the advantage of high contrast
and reduced reddening sensitivity. Our IR mosaics are
located in the central region, within the effective radius of
NGC 5128 (r, = 5 kpc; Dufour et al. 1979). The innermost
structure of NGC 5128 is complicated by the presence of
large and nonuniform extinction, and the surface brightness
of the underlying galaxy ranges from pg = 12 to 16 mag
arcsec” 2 in the region observed here (Quillen, Graham, &
Frogel 1993). Therefore, it would have been challenging to
try to identify the clusters on top of the galaxy light without
the aid of the HST images.

Our new IR observations were obtained with IRAC2B at
the ESO/MPI 2.2 m telescope on 1995 March 4. We
mapped a region of 3 x 3 arcmin? with the JHK' filters,
centered at about 1’ northeast of the nucleus of the galaxy.

The photometric reductions were done using the aperture
photometry packages in IRAF. The calibration is based on
three standard stars of Elias et al. (1988) observed during
the night. These calibrations give errors ¢; = 0.03, oy =
0.03, and g = 0.05. The achieved limiting magnitudes are
K =18 mag and J = 19.5 mag, which are complementary
to those of the WFPC images, R = 21 mag. These limiting
magnitudes reach clusters ~ 1 mag fainter than the peak of
the globular cluster luminosity function in NGC 5128.

The positions of the globular cluster candidates are dis-
played in Figure 2 (Plate 3), along with the location of the
HST frame. The cluster identifications, coordinates, radial
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distances from the nucleus, and observed magnitudes and
colors are listed in Table 1. The x and y coordinates are
measured in pixels (scale = 0749 pixel ~ 1), with the origin in
the lower left-hand corner of the mosaic (Fig. 2), and the
radial distances r are measured in arcminutes.

Reddening maps are constructed by dividing the different
color frames by one another. Our reddening maps look
similar to those of Meadows & Allen (1992) and of Quillen
et al. (1993). Based on these maps, it was decided to study
the candidates that are located away from the inner region
enclosed by the prominent dust lane, shown in Figure 2,
where H 1 regions and young stellar associations are
present (e.g., Dufour et al. 1979; Graham 1979; Nicholson,
Bland-Hawthorn, & Taylor 1992). Even though the major-
ity of the sources were detected in the dust lane region, it is
not trivial to evaluate the amount of reddening that affects
these different sources, and we will not discuss them here.

Following Frogel (1984), we adopt a total reddening of
E(B—V) = 0.11 [equivalent to Agx = 0.04, E(J—K) = 0.05,
and E(R—K) = 0.22] for the clusters observed here. By
comparison with the color-color diagram of the back-
ground field, we estimate that only E(J —K) < 0.02 is due to
the internal reddening of NGC 5128 itself.

We also mapped in JHK' a comparison field located at
about 30’ northeast of the nucleus, in order to estimate the
percentage of background and foreground contaminations.
JHK’ photometry in this comparison field allows us to esti-
mate the completeness of the present sample. We identified
32 globular clusters based on their morphology. Matching

TABLE 1
PHOTOMETRY OF NGC 5128 CLUSTERS

Identification H92 X y r K g J—-K H-K R R—K [Fe/H]
1o, 326.3 206 21 1678 035 0.21 000 1943 2.65 -0.40
2o G268 150.0 357 2.6 15.75 0.12 0.87 0.17 18.53 2.78 -0.27
3o 2420 420 21 20.90
4ol 268.0 550 20 1632 022 1.72 0.76  20.46 4.14
S 174.2 596 23 1614 016 1.64 050  20.12 3.98 .

[ G242 2281 773 20 1521  0.08 0.97 0.09  18.00 279 -0.26
T, 301.0 870 16 1756 059 072  —046  20.05 249 -0.56
- 180.6 1029 21 1606  0.16 0.89 020 1891 2.85 -0.22
9 2185 1220 1.7 1657 020 1.80 081 2051 3.94 ..
10 .ot G206 1121 1332 24 1531  0.10 1.47 073 1855 3.24 0.04
1. 188.8  137.1 18 1553 0.09 1.08 027  18.50 297 -0.13
12 i 1170 1530 23 1588  0.14 1.55 079 1975 3.87 .
13 G359 912 1698 24 1521  0.08 1.14 0.25 18.24 3.03 -0.09
14 ............ 2251 184.9 1.4 17.19 0.37 —0.01 —0.45 19.75 2.56 -0.47
15 235.1 188.2 1.3 14.58 0.05 0.91 0.35 17.09 2.51 -0.54
16 ... G292 83 1899 30 1645 021 0.73 019  19.34 2.89 -0.19
17 oo 179.3 216.8 1.6 16.66 0.24 0.34 —0.39 18.53 1.87 -1.60
18 . 2391 2250 11 1496  0.08 0.93 017 1739 243 -0.66
19 G169 111 2347 29 1607 0.14 0.68 005 1897 2.90 -0.18
20 2579 2380 09 1619 025 0.68 043  20.05 3.86 .
21 2455 2520 1.0 1799 129 0.53 e 19.38 1.39 —20:
22 1442 2682 1.8 1793 074 0.84 20.05 212 -1.28
23 1540 2690 1.7 20.51
24 . 1620 2800 1.7 1656  0.26 1.14 012  19.62 3.06 -0.06
25 186.8  284.1 15 19.17
26 ..iinnnl. 2310 2850 11 1703 0.64 0.67 —0.12  20.08 3.05 -0.06
27 o 161.0 294.0 1.7 20.81
28 1536 3197 18 1677  0.28 0.48 —0.03 19.34 2.57 -0.46
29 291.0 970 16 21.91
30 3680 1010 14 . . . 20.74 .
3 3680 1075 14 1746 079 1.46 .. 21.83 437

32 2120 3220 13 1698 037 035 —-030 2071 3.73

Notes.—H92 = Harris et al. 1992. The x- and y-coordinates are in pixels, with scale 0749 pixel "*. The projected radial

distance from the nucleus, r, is in arcminutes.

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJ...467..221M

PLATE 3

F1G. 2.—H mosaic of the central region of NGC 5128 observed with IRAC2B at the ESO/MPI 2.2 m telescope. This mosaic covers ~3 x 3 kpc at the
distance of NGC 5128. The location of the WFPC frames is shown in red. The globular cluster candidates are indicated with blue circles. North is up, and
east is to the left.

MINNITI et al. (see 467, 223)
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F16. 3—K vs. R—K color-magnitude diagram for the globular cluster
candidates from this work (filled squares), in combination with the globu-
lar clusters studied by Frogel (1984) (stars). The solid line is the reddening
vector corresponding to E(B— V) = 0.11.

the number counts in the NGC 5128 field with those of the
comparison field gives a total of 50 expected globular clus-
ters in the region studied down to K = 18 mag. Based on
the galaxy counts of Tyson (1988) and Hu & Ridgway
(1994), there should be only about five galaxies present in
our field, most of which would have been eliminated from
our list based on their morphology (at most, one of them
would be an elliptical or compact galaxy—cf. Griffiths et al.
1994).

Figure 3 shows the optical-IR K versus R—K color-
magnitude diagram for the cluster candidates. Their loca-

R-K

FiG. 4—Optical-IR color-color diagram for our globular cluster candi-
dates. The location of intermediate-age clusters in the LMC is indicated;
1 o error bars are shown. The solid line is the reddening vector correspond-
ingto E(B—V) =0.11.

Vol. 467

L6 :
B C2209 b
1+ ST ~
: ﬁ——ﬁ‘ 1

—-05 L 1 P i s i L L 1 M -

H-K

F16. 5—IR color-color diagram for the globular cluster candidates.
The location of the intermediate-age cluster NGC 2209 in the LMC is
indicated. The solid line is the reddening vector corresponding to
E(B—V) = 1.1, 10 times the reddening value adopted here; 1 o error bars
are shown.

tion in this diagram and in the color-color diagrams (Figs. 4
and 5) matches the locus expected for globular clusters
found in Local Group galaxies. Therefore, from their sizes
and shapes, as well as from their colors, the candidates in
our list seem to be genuine globular clusters.

4. OLD GLOBULAR CLUSTERS

Aaronson & Malkan (1978) showed that there is a clear
correlation between the optical-IR colors and the metal-
licity for Galactic globular clusters. This correlation in the
V—K versus [M/H] diagram is valid in the range
—22 < [M/H] < —0.3. A more recent calibration, valid
within —2.5 < [M/H] < +0.5, is given by Worthey (1994).
We use the calibration of Worthey (1994) for the R—K
color assuming age 17 Gyr in order to measure metallicities
for the clusters of our sample. We note that the available
data for Galactic globular clusters (the V—K data of
Aaronson et al. 1978 in combination with the ¥ —R colors
listed by Harris 1995) are consistent with this calibration.

The final abundances for the 19 clusters with K < 17,
which have accurate enough colors, are also listed in Table
1. The clusters redder than R—K = 3.5 will be discussed in
the next section.

Jablonka et al. (1995) confirm the metallicity scale of
Harris et al. (1992) up to near-solar values. Our metal abun-
dances for the five clusters in common with Harris et al.
(1992) also agree—within the combined errors—with their
determinations (A[Fe/H] = 0.1 + 0.2, with rms = 0.5 dex).
However, on average, the clusters in the inner 3 kpc of NGC
5128 are more metal rich than the outer clusters studied by
Harris et al. (1992). The majority of the clusters in our
sample have [Fe/H] = —0.3 + 0.4 dex.

Since our metallicities are in the same system as those of
Harris et al. (1992), we combine both data sets in order to
determine the existence of a metallicity gradient in NGC
5128. The result of this is shown in Figure 6, where we plot
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F1c. 6.—Radial dependence of metallicity for globular clusters in the
inner regions of NGC 5128 from Table 1 (open circles) and from Harris et
al. (1992, crosses). This figure shows that the metal-rich clusters are more
concentrated than the metal-poor ones.

the dependence of metallicity on radial distance. Based on
this figure, we establish the presence of a metallicity gra-
dient in the globular cluster system of this galaxy.

Figure 7 shows the metallicity distributions for the inner
(R <5 kpc) and outer (R =5 kpc) clusters. This figure
shows that the metal-rich clusters are more concentrated
than the metal-poor clusters. The different concentrations
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F1G. 7—Metallicity distribution for the outer and inner clusters in
NGC 5128 from Harris et al. (1992) and this work. Note that the size of the
bins is larger than the estimated errors in the metallicities.
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of these two populations, which also have different kine-
matics (Hui et al. 1995), is responsible for the observed
metallicity gradient. A similar result was recently obtained
by Geisler, Lee, & Kim (1996) for the globular cluster
system of the elliptical galaxy NGC 4472.

It is worth comparing the clusters in the inner region of
NGC 5128 with the well-studied Population II clusters in
the Galaxy, and M31. The location of the Milky Way and
M31 globular clusters (Frogel, Persson, & Cohen 1980) is
indicated in Figure 4. We note that, independently of the
metallicity calibration, the clusters of our sample have
colors similar to Galactic bulge globular clusters that are
redder in R—K and J—K than typical halo globular clus-
ters of the Milky Way.

Old and metal-rich globular clusters are found to be
associated with bulges of galaxies in the Local Group, as
discussed by Minniti (1995) for the Milky Way and by
Jablonka, Alloin, & Bica (1992) and Ashman & Bird (1993)
for M31. Red globular clusters like those discussed here are
also observed in large numbers around elliptical galaxies
(e.g., Zepf, Ashman, & Geisler 1995; Harris 1996; Kissler-
Patig, Richtler, & Hilker 1996). From the presence of these
clusters in the inner regions of NGC 5128, we conclude that
at least one of the galaxies that may have collided was a
bulge-dominated galaxy (i.e., an early-type spiral or an ellip-
tical galaxy). This view is supported by the fact that the
stellar population in NGC 5128 is similar to that of a
typical giant elliptical galaxy (van den Bergh 1976; Graham
1979).

Young clusters (age <1 Gyr) have been detected near the
edge of the dust lanes (van den Bergh 1976; Dufour et al.
1979; Graham 1979; Nicholson et al. 1992; Schreier et al.
1996). However, there is no evidence in our data for very
young globular clusters away from the dust lanes.

5. INTERMEDIATE-AGE CLUSTERS

It is also worth comparing the clusters in the inner
regions of NGC 5128 with those of the Magellanic Clouds.
Both the Large and Small Magellanic Clouds have a rich
system of intermediate-age clusters (see Olszewski 1995 for
arecent review).

The presence of carbon-type stars in the asymptotic giant
branch determines that intermediate-age clusters are bright
in the IR (Mould & Aaronson 1980; Persson et al. 1983).
These “IR-enhanced” clusters have redder optical and
near-IR colors, and fainter optical magnitudes than typical
Population II globular clusters. These clusters are classified
as SWB type IV-VI (Searle, Wilkinson, & Bagnuolo 1980),
having ages of t ~ 1-4 Gyr (Aaronson & Mould 1982).

In Figures 3-5, there is a group of five or six clusters with
colors consistent with SWB type IV-VI clusters. Note that
none of the clusters in NGC 5128 studied by Frogel (1984)
had carbon stars. However, his clusters are much brighter
(Mg ~ —13) than typical SWB IV-VI clusters in the LMC
(Mg ~ —10), whereas the reddest clusters in Figure 3 have
magnitudes consistent with intermediate-age clusters like
NGC 2209 in the LMC.

Being fainter than typical globular clusters, these
intermediate-age objects have large photometric errors.
However, neither the photometric errors nor the presence of
differential reddening seems to be able to account for the
location of these clusters in all the color-color and color-
magnitude diagrams (Figs. 3-5). The direction of the
reddening vector is indicated in these diagrams. For
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example, a surprisingly high differential reddening might
move the clusters in the right direction in the optical-IR
color-color diagram (Fig. 4), but they would still be too red
in H—K (Fig. 5). Frogel, Mould, & Blanco (1990) demon-
strated that intermediate-age globular clusters such as
NGC 2209 are very red, particularly in H— K.

If these clusters were formed during the possible merger,
then this episode must have occurred a few gigayears ago,
according to the age of SWB IV-VI clusters in the Magella-
nic Clouds. Limits to the age of the merger event are set by
the presence of shells (Malin, Quinn, & Graham 1983).
These and other pieces of evidence favor a recent merger,
having occurred less than a few gigayears ago (Graham
1979; Schiminovich et al. 1995).

Alternatively, we may be looking at the cluster members
of one of the colliding galaxies, in which case we would
suggest that it was a late-type spiral (LMC or M33 type).
This hypothesis is supported by the vast amounts of dust
and gas present in the inner regions of NGC 5128.

6. CONCLUSIONS

We have identified 32 globular clusters in the inner 3 kpc
of NGC 5128, the nearest known large galaxy being the
possible product of a merger. The clusters have been selec-
ted on the basis of their structural parameters (observed
core diameters and ellipticities), as measured from deep
WFPC HST images. These data have been complemented
with deep IR photometry obtained at the ESO/MPI 2.2 m
telescope.

Most of the cluster candidates have magnitudes and
colors similar to those of old globular clusters in the Milky
Way and M31. Based on the optical and IR colors, the
vast majority of these clusters are metal rich (—0.6 <
[Fe/H] < +0.1), significantly more metal rich than the
globular clusters in the outer regions. We therefore con-

clude that there is a metallicity gradient in the globular
cluster system of NGC 5128.

A significant fraction of the candidate clusters have mag-
nitudes and colors consistent with them being intermediate-
age clusters, similar to SWB type IV-VI clusters that are
found in the LMC and SMC. The colors of these clusters
must be dominated by bright carbon stars, making the iden-
tification unambiguous. This represents the first detection
of such objects beyond the Local Group. However, spectro-
scopic confirmation is desirable. Optical spectra should
reveal the signature of carbon stars, namely, strong Swan
bands of C,.

Finally, the finding of different cluster populations deep
in the potential well of NGC 5128 offers the exciting possi-
bility of constraining the formation of this galaxy. For
example, from the presence of both metal-rich old globular
clusters and intermediate-age clusters, we speculate that
NGC 5128 was formed by the merging of a bulge-
dominated galaxy (elliptical or early-type spiral) with a late-
type disk galaxy (like the LMC or M33), as originally
proposed by Baade & Minkowski (1954) and Malin et al.
(1983).
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the auspices of the US Department of Energy by Lawrence
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