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ABSTRACT

Fifty-seven nearby low surface brightness dwarf galaxies (—10 ® M, X —16) were searched for globular cluster candidates (GCCs) using
Hubble Space Telescope WFPC2 imaging in V and /. The sample consists of 18 dwarf spheroidal (dSph), 36 irregular (dIrr), and 3 “transition”
type (dIrr/dSph) galaxies with angular sizes less than 3.7 kpc situated at distances 2—6 Mpc in the field and in the nearby groups: M 81,
Centaurus A, Sculptor, Canes Venatici I cloud. We find that ~50% of dSph, dIrr/dSph, and dlrr galaxies contain GCCs. The fraction of
GCCs located near the center of dwarf spheroidal galaxies is X2 times higher than for dlrrs. The mean integral color of GCCs in dSphs,
(V —1I) = 1.04 = 0.16 mag, coincides with the corresponding value for Galactic globular clusters and is similar to the blue globular cluster
sub-populations in massive early-type galaxies. The color distribution for GCCs in dlrrs shows a clear bimodality with peaks near (V —1)y = 0.5
and 1.0 mag. Blue GCCs are presumably young with ages ¢ < 1 Gyr, while the red GCC population is likely to be older. The detected GCCs
have absolute visual magnitudes between My = —10 and —5 mag. We find indications for an excess population of faint GCCs with My 2 —6.5
mag in both dSph and dlrr galaxies, reminiscent of excess populations of faint globular clusters in nearby Local Group spiral galaxies. The
measurement of structural parameters using King-profile fitting reveals that most GCCs have structural parameters similar to extended outer
halo globular clusters in the Milky Way and M 31, as well as the recently discovered population of “faint fuzzy” clusters in nearby lenticular
galaxies.
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1. Introduction globular clusters (e.g. Larsen & Richtler 2000). This mode of
star-formation is observed in numerous nearby dwarf irregu-
lar galaxies (dIrr; e.g. Billett et al. 2002; Hunter & Elmegreen
2004), but appears to have ceased a long time ago in dwarf
spheroidal (dSph) and dwarf elliptical galaxies (dE; see Lotz
et al. 2004)'. While dE and dSph galaxies are predominantly
found in the vicinity of massive galaxies in galaxy groups and
rich galaxy clusters, dIrr galaxies are predominantly located in
the field and in loose groups. The conditions for globular clus-
ter formation in dwarf galaxies at a given galaxy mass might,
therefore, be a sensitive function of environmental density. It is
still not clear whether dE, dSph, and dlrr share similar forma-
tion and/or early evolution histories (Davies & Phillipps 1988;
Marlowe et al. 1999). However, the three galaxy types share
one property: they all harbor globular clusters that are older
than several Gyr, which indicates that at least early globular
cluster formation took place irrespective of the morphologi-
cal type. One can use these globular clusters to investigate the

Low surface brightness dwarf galaxies (My > —16, and central
surface brightness uy 2 22 mag/arcsec?) constitute the most
numerous galaxy type in the local universe. Their formation
mechanisms, their physical structure, and their contribution to
the assembly of massive galaxies has attracted much atten-
tion for many years (e.g. Ferguson & Binggeli 1994; Impey &
Bothun 1997; Bothun et al. 1997; Klypin et al. 1999; Kravtsov
et al. 2004). Star formation in these low-mass stellar systems
appears to be governed by a complex interplay of gravita-
tional instabilities, turbulence, and gas thermodynamics (e.g.
Elmegreen 2002; Pelupessy et al. 2004). In extreme cases, star
formation culminates in the formation of massive star clus-
ters that are likely to be the young counterparts of today’s old

* Based on observations made with the NASA/ESA Hubble Space
Telescope. The Space Telescope Science Institute is operated by the
Association of Universities for Research in Astronomy, Inc. under

NASA contract NAS 5-26555.

** Tables 1-3 are only available in electronic form at
http://www.edpsciences.org
*** ESA Fellow, Space Telescope Division of ESA.
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early star formation and chemical evolution histories of these

' We explicitly consider in our sample the type of tidal dwarf galax-
ies (e.g. Weilbacher 2002).
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galaxies. Because they are composed of stars of one age and
chemical composition, globular clusters offer a unique tool to
access the star formation histories of individual galaxies (e.g.
Ashman & Zepf 1998; Kissler-Patig 2000; Harris 2001).

In the present epoch, the formation of massive bound star
clusters seems to be associated with high-pressure environment
and powerful star formation events (e.g. Elmegreen & Efremov
1997; Ashman & Zepf 2001). A high-pressure environment
naturally occurs in dwarf galaxies due to their low metallici-
ties and high critical densities for star formation. Since globular
clusters sample the chemical conditions during major star for-
mation events in a galaxy, the chemical composition of globular
clusters in dE, dSph, and dIrr galaxies might provide crucial in-
formation on star formation histories and mechanisms that offer
important input for hierarchical galaxy formation models. We,
therefore, embarked on a spectroscopic survey of globular clus-
ters in nearby low surface brightness galaxies in and outside the
Local Group (LG).

In this paper, we present the photometric study of globular
cluster candidates. In Sect. 2 we describe the galaxy sample and
data reduction steps. Section 3 deals with the cluster candidate
selection, while in Sect. 4 we investigate the properties of the
globular cluster candidates (GCCs).

2. Observations and data reduction

Before discussing the properties of globular cluster candidates
in nearby dwarf galaxies, we briefly summarize the main char-
acteristics of the objects of interest. Globular clusters are cen-
trally concentrated, mostly spherical systems with masses of
10* < My, < 1099, luminosities from My = —10.55 (Mayall II
in M 31) to +0.2 mag (AM—4 in the Milky Way), and half-
light radii ranging from ~0.3 to ~25 pc. They are bound ob-
jects whose lifetimes may exceed a Hubble time. So far, glob-
ular clusters have been detected in 12 of the 36 Local Group
galaxies (Hodge et al. 2002). Table 1 presents a list of galaxies
that were searched for globular cluster candidates in this study.

Numerical values in the Cols. 3, 4 and 6-8 were extracted
and/or computed from data presented in Karachentsev et al.
(2004). Surveying Table 1 shows that our sample is composed
of 18 dwarf spheroidal (dSph: T < —1), 36 dwarf irregular
(dIrr: T > 9), and 3 intermediate-type (dSph/dlrr: T = —1)
galaxies with mean surface brightnesses up > 23 mag/arcsec’
and angular sizes less than 3.7 kpc. All galaxies, except KK842,
are situated at distances ~ 2 — 6 Mpc in the field and in the
nearby groups: M 81, Centaurus A, Sculptor, Canes Venatici I
cloud (see Table 2 for details). We find globular cluster candi-
dates in 10 of 18 dSphs, 18 of 36 dlrrs, and 2 of 3 intermediate-
type dwarfs. In general, roughly 50% of all surveyed galaxies
contain globular cluster candidates, irrespective of morpholog-
ical type.

The galaxies were surveyed with the HST Wide Field and
Planetary Camera 2 (WFPC2; snapshot programs GO-8192,
GO-8601) with 600-second exposures taken in the F6O6W and
F814W filters for each object. Accurate distances to 111 nearby
galaxies were determined in these snapshot programs (e.g.

2 KK84 is located at a distance of 9.7 Mpc.

Karachentsev et al. 2003) and provide us an unique benchmark
to study properties of globular cluster systems in a number
of low surface brightness dwarf galaxies. Karachentsev et al.
(2000a) searched for globular cluster candidates in dSph galax-
ies of the M 81 group. We extended this work using our se-
lection criteria and also included other low-mass galaxies in
this sample. In general, surveying the full area of all our dwarf
galaxies, given their relatively small angular sizes of <2’, al-
lows us to study the spatial distribution of globular cluster
candidates.

In the following we briefly discuss a few particularly
interesting galaxies. WFPC2 images with marked GCCs in
UGC 3755 and Holmberg IX are shown in Figs. la,b. These
two galaxies, which have different properties and are located
in different environments (see Table 2), have the largest num-
bers of globular cluster candidates among our sample galaxies.
UGC 3755 is an isolated dwarf irregular galaxy (Karachentsev
et al. 2004). Holmberg IX is a tidal dwarf companion of M 81
(Yun et al. 1994; Boyce et al. 2001). We searched for globu-
lar cluster candidates in other tidal dwarf companions of M 81,
namely BK3N, Arp-loop (A0952+69) and Garland, but found
no GCCs in these galaxies. A faint GCC (Myy = —5.2) in
BK3N is located outside the boundary of the galaxy and prob-
ably belongs to M 81. Six dSph galaxies contain GCCs lo-
cated near their centers. KK84 and KK221 have the largest
number of GCCs among our dSph sample (see Table 2 and
Figs. 1 c,d). Overplotted in Fig. 1d is the isophote of constant
surface brightness g ~ 26.5 mag/arcsec’. All globular cluster
candidates in KK221 are located within the boundaries of this
isophote, but the location of the brightest cluster and the whole
globular cluster system seems to be shifted from the central
position in the galaxy. We can only speculate whether KK221
has an elongated orbit and experienced strong tidal forces from
NGC 5128, which moves its globular cluster system from a
centered position.

Globular cluster candidates were selected using the FIND
task of the DAOPHOT-II (Stetson 1987) package implemented
in MIDAS. The detection threshold was set at 4-0- above the
background. The minimum full width at half maximum in-
put parameter (FWHM) used was ~0.2" (The stellar FWHM
is ~0.15”). Photometry was performed using the PHOT task
of DAOPHOT-II with a 12 pixel/1.2” radius. To convert in-
strumental magnitudes F606W and F814W into the stan-
dard Johnson-Cousins system, we used the surface photome-
try recipes and equations presented by Holtzman et al. (1995).
Surface brightness profiles and growth curves were computed
from the aperture photometry results. The growth curves were
extrapolated to an infinitely large aperture. Finally, the magni-
tudes of GCCs were corrected for Galactic extinction using red-
dening maps from Schlegel et al. (1998), and absolute magni-
tudes were computed by applying the distance moduli reviewed
in Karachentsev et al. (2004). Half-light radii and linear pro-
jected separations of GCCs from the centers of parent galaxies
were converted to a linear measure in parsecs.

We performed photometry on 37 dwarf galaxies using the
WFPC2 images and the surface photometry recipes and equa-
tions given in Holtzman et al. (1995). All steps were identical
to those used in Makarova (1999), and we refer the reader to
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Fig. 1. HST/WFPC2 images for U3755, Holmberg IX, KK84, and KK221 which host the richest GCC systems in our sample in their morphol-

ogy classes (see Sect. 1 for details).

this work for further details. Integrated absolute V magnitudes
are listed in Table 1.

3. Cluster candidate selection

Our primary target lists include stars, galaxies, and star clus-
ters. In order to select globular cluster candidates, we applied
a color selection cut of 0.3 < (V — I)¢ < 1.5, which is the full
range expected for clusters older than 100 Myr and metallic-
ities —2.5 < [Z/Zy] < 0.5 (e.g. Bruzual & Charlot 2003). We
selected round objects (FWHM(x) ~ FWHM(y)) with half-
light radii of 2 < FWHM < 9 pix. Reduced to linear measure
in parsecs using the distance measurements of Karachentsev
et al. (2004), this range corresponds to projected half-light radii
3 < ry < 20 pc, which are within values typical for Galactic
globular clusters (Harris 1996, and 2003 update). Then we

performed a visual inspection of all selected GCCs on the
WFPC2 images. The high angular resolution of HST helped us
to reject objects which showed evidence of spiral or disturbed
substructure (most likely background galaxies) from the list of
globular cluster candidates.

We applied a lower absolute magnitude limit for our GCCs
of My = —5.0 mag. For all our images, this magnitude limit
is much brighter than the photometric limit of the images (V ~
25.0 mag), hence no completeness corrections are necessary. In
other words, our sample is complete down to ~2.5 mag past the
presumed turnover of the globular cluster luminosity function
(e.g. Harris 2001). Figure 2 shows that GCCs detections for the
galaxy KK84 located at a distance of 9.7 Mpc is complete down
to My ~ —6.6. Assuming that globular clusters in this galaxy
have an intrinsic luminosity function similar to the Milky Way
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Fig. 2. Distance modulus versus absolute V magnitude for GCCs,
identified in this study and listed in Table 2. Our sample is com-
plete down to My, ~ -5 for all our sample galaxies, except KK84.
Detections of GCCs in KK84 are complete down to My ~ —6.6 mag.

globular cluster luminosity function, we detected ~80% of all
globular clusters.

Finally, we fit surface brightness profiles to our GCCs with
the King law (King 1962)

2
1 1
Hi =k - : (1)
VI+@/r)?r V1+c2
We minimized the y? function:
—\2
2 (i — 1)

=y = e 2

X Z = )

where y; is an average surface brightness inside a circular ring
aperture, u; the predicted value for the same circular ring, and
o; the corresponding photometric error. Nonlinear least-square
fits give us the following parameters: r. — core radius, r; —
truncation radius of the King model, concentration parameter
¢ =ry/re, and yg — central surface brightness of the GCC. The
King law approximation provides an additional argument for
rejecting background galaxies from our GCCs list. King (1962)
emphasized that “relative to globular clusters, giant elliptical
galaxies have an excess of brightness near the center”. Hence,
we rejected objects with a central excess brightness and/or un-
certain output parameters. About 10% of the sample was re-
moved in this way by visual inspection. Most of the rejected
sources have V — I > 1.4 and are, therefore, likely to be back-
ground galaxies.

The final list of all GCCs in our sample galaxies is pre-
sented in Table 2. Parameters obtained by the King-law ap-
proximation of GCC surface brightness profiles are listed in
Table 3.

It should be mentioned that, even after applying all our se-
lection procedures, we cannot be certain that all objects in our
list are genuine globular clusters. Elliptical galaxies at inter-
mediate redshifts are hard to distinguish from globular clus-
ters using only V and I magnitudes. Unresolved starbursts with
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Fig. 3. Half-light radius of globular cluster candidates (see Table 3)
versus distance modulus of their host galaxies. Our sample is com-
posed mainly of GCCs with core radii ~3—13 pc (see Sect. 3 for de-
tails).

ages <300 Myr at redshifts z ~0.1—-1.0 are potential contam-
inants (Puzia et al. 2004). We estimated the number of back-
ground galaxies down to / = 22.5 mag based on FORS Deep
Field data (Heidt et al. 2003). We expect ~3—4 background
galaxies within the WFPC2 field of view with colors resem-
bling those of globular clusters. Eleven of our sample GCCs
are located outside the up ~26.5 mag/arcsec? isophotes of their
respective host galaxies. The probability that they are back-
ground galaxies is higher than for the other GCCs. Five of these
GCC:s are located in dIrr and dSph/dIrr galaxies and have col-
ors (V — I)g > 1.2 and absolute magnitudes within the range
—5.3 < My, < —6.3. Another six GCCs are located outside the
up ~26.5 mag/arcsec’ isophote, which have 0.6 < (V — I)g < 1
and —5.2 < My, < —6.6. Four of these belong to dSphs. Hence,
we estimate the contamination of background objects within
the boundaries of the up ~ 26.5 mag/arcsec® isophote for our
galaxies with (V — I)g < 1.2 to be $10%.

Before analyzing properties of GCCs we investigated our
sample for observational selection effects. Figure 3 shows the
half-light radii of our GCCs (see Table 3) as a function of the
distance modulus of their host galaxy. Our sample is mainly
composed of GCCs with core radii ~3—13 pc. With the current
dataset, we cannot rule out the presence of GCCs fainter than
My =~ —6.5 and with core radii £10 pc in the dSph galaxy
KK&84, which is the most distant host galaxy in our sample,
situated at 9.7 Mpc.

On the other hand, we detected five GCCs with r, > 12 pc
in galaxies that are more distant than 3.8 Mpc. This fact might
be caused by two reasons. Firstly, the size of space volume
projected onto an image pixel increases with increase in the
distance to galaxies. Errors of structural parameters grow ac-
cordingly. However, we do not find a significant increase in
the mean error for these five objects compared to the rest of our
sample. Secondly, the surveyed area of galaxies grows with dis-
tance. This might lead to a higher detection rate of large GCCs
in the outskirts of these galaxies. Two of these five objects are
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located at the largest galactocentric radii with respect to their
host galaxy (see Sect. 5 for details). This in turn means that
we might miss a few extended globular cluster candidates in
nearby galaxies at large galactocentric radii. Larger field cov-
erage for nearby systems would help to resolve this issue. For
the remainder of this work, we keep in mind that the lack of
extended GCCs in nearby galaxies is a potential bias of our
current dataset.

4. Properties of globular cluster candidates
4.1. Colors

Figure 4 shows a color-magnitude diagram for all GCCs.
Colors and magnitudes were corrected for Galactic foreground
extinction using the reddening maps of Schlegel et al. (1998).
We have no means to correct for internal reddening of the ob-
served dlrr galaxies. However, given the similarity of these sys-
tems to nearby dlrr galaxies we estimated that this correction
is Eg-vy S 0.1 mag (James et al. 2005). Hence, we refer in the
following to foreground extinction corrected magnitudes and
colors by indexing them with a zero.

A KMM test (Ashman et al. 1994) for GCCs in dlrrs re-
turns peaks at (V—-1)9 = 0.48 £ 0.02 and 1.02 + 0.03 mag
with dispersions 0.12 and 0.22 mag for the blue and red peak,
respectively. The peak of the dSph distribution is located at
(V—=I)o = 1.01 £ 0.03 mag and has a dispersion of 0.18 mag.
The red peak GCC sub-population in dIrrs and most GCCs in
dSph galaxies cover the same (V—I), color range as the ancient
Galactic and M 31 globular clusters (see Fig. 1 in Puzia et al.
2004). More than ~50% of all globular cluster systems in mas-
sive early-type galaxies show indications for multi-modality,
with mean peak colors at (V—1)) = 0.95 and ~1.18 mag (e.g.
Kundu & Whitmore 2001a,b; Larsen et al. 2001). So far most
of these globular cluster systems have been found to be old
(Puzia et al. 1999; Jordan et al. 2002). A comparison of (V—-1)g
colors reveals that most GCCs in dSphs and the red-peak GCCs
in dIrrs are similar to blue globular clusters in early-type galax-
ies (see vertical lines in Fig. 4), which implies similar ages and
metallicities. The blue sub-population of GCCs in dIrr galaxies
is significantly bluer and suggests much younger ages and/or
lower metallicities.

Figure 5 shows the color histogram for GCCs in dlrr and
dSph galaxies. The distribution of (V-I), colors exhibits an ob-
vious bimodality for GCCs in dlrr galaxies, in contrast to the
distribution of GCCs in dSph galaxies, which shows a single
mode distribution. The clear difference between the two distri-
butions is underlined by a non-parametric probability density
estimate (Silverman 1986). The color of the red peak in the
dIrr distribution is virtually identical with the mean of the dSph
distribution. Their dispersions are also very similar. This points
to the fact that both galaxy types host similar globular cluster
populations.

We compare the color distributions of GCCs in dlrr and
dSphs with that of dE galaxies. In the bottom panel of Fig. 5
we present the color histogram of globular cluster candi-
dates in 69 dwarf elliptical galaxies in the Virgo and Fornax
galaxy clusters and the Leo group, using data taken from
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Fig.4. Color-magnitude diagram of globular cluster candidates in
dSph (open circles) and dlrr galaxies (solid dots), identified in this
study and listed in Table 2. The dashed line indicates the limit of our
photometry (see Sect. 3 for details). Note that there are virtually no
GCCs in dSph galaxies with colors bluer than (V—-1)y = 0.7 mag. The
hatched region shows the color range where most Galactic and M 31
globular clusters are found (see Puzia et al. 2004). The two vertical
lines indicate colors of blue and red sub-populations in massive early-
type galaxies (e.g. Kundu & Whitmore 2001a,b; Larsen et al. 2001).

Lotz et al. (2004). The peak of this distribution is at (V — I)g =
0.90 + 0.03 mag. The dE color distribution, in particular the
red end, is similar to the one of dSph GCCs and the red peak
of the dlIrr distribution. It is remarkable that the dE color dis-
tribution is shifted to bluer colors by ~0.1 mag with respect
to the mean color of the dSph and the red peak of the dlrr
GCC sub-population. This indicates a mean difference in age
and/or metallicity. To better assess the reality of this color dif-
ference, we carried out an independent photometry of GCCs in
one galaxy (VCC1254) from the sample of Lotz et al. (2004).
For this purpose we applied our photometric routines to the
identical images as used in the Lotz et al. study and compared
our results to their work. We found a small systematic offset
A(V — 1) = 0.04 £ 0.05 for 21 common objects, in the sense
that our values tend to be redder. This indicates that different
photometric approaches might have a small influence on our
conclusions. A Kolmogorov-Smirnov test shows that there is a
0.03% likelihood that the dE and dSph color distributions were
drawn from the same sample. This likelihood decreases signif-
icantly for the other combinations dE—dIrr and dSph—dlrr.

SSP models (e.g. Bruzual & Charlot 2003) predict that for a
solar-metallicity, 13 Gyr old stellar populationa A(V—-1)p = 0.1
difference translates into ~7 Gyr younger ages (at the same
metallicity) and/or a ~0.6 dex smaller metallicity (at the same
age). Because of the age-metallicity degeneracy of photomet-
ric colors, it is difficult to derive individual ages and metallic-
ities from only two colors. However, comparison of the col-
ors with current SSP models shows that (V—-1) ~ 1.0 mag is
consistent with stellar populations with a certain combination
of ages older than 1 Gyr and metallicities [Z/H] ® —1.4 dex.
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Fig. 5. Color distributions of globular cluster candidates in dSph, dlrr,
and dE galaxies. The upper and middle panel show our data, while the
bottom histogram was constructed from data taken from Lotz et al.
(2004). Solid lines indicate a non-parametric probability density esti-
mate using an Epanechnikov kernel (Silverman 1986). Dashed lines
show 90% confidence limits.

The blue peak of the dlrr color distribution, on the other hand,
is consistent with stellar populations that have ages <1 Gyr and
metallicities [Z/H] 2 —2.0 dex. Thus, we suggest that red-peak
GCCs in dIrr and most GCCs in dSph are metal-rich globular
clusters with intermediate to old ages. Blue GCCs in dIrr galax-
ies are likely to be relatively young globular clusters, probably
similar to populous star clusters found in several star-forming
nearby galaxies (e.g. Larsen & Richtler 2000).

4.2. Luminosity function

In addition to a blue and most likely younger population of
GCCs in dlrrs, the color distributions revealed a red and pre-
sumably ancient population in both dSph and dIrr galaxies.
To investigate the luminosity functions (LFs) of these sub-
populations individually, we split the dIrr sample at (V—-1)y =
0.75 mag (see Fig. 5) into red and blue cluster candidates. The
corresponding LFs are shown in Fig. 6 down to ~2.5 mag past
the turnover of a typical globular cluster luminosity function,
which is indicated by a vertical line (Harris 2001).

W

GCCs in dlrrs

@ blue GCCs
% red GCCs

15

Fig. 6. Luminosity functions of globular cluster candidates in dlrr (fop
panel) and dSph galaxies (bottom panel). The luminosity functions
of red and blue GCCs in dlIrr galaxies are also shown as hatched his-
tograms. The shaded vertical line indicates the turnover of the Galactic
globular cluster luminosity function. The dotted line represents our
photometric limit.

The LF of blue GCCs seems broad with a turnover some-
where between My ~ —7.5 and —6.0 mag. The fact that we see
a turnover for these supposedly young clusters is remarkable,
since constant power-law slopes down to faint magnitudes are
observed in other globular cluster systems of similar age (e.g.
Whitmore et al. 1999; Goudfrooij et al. 2004). While these
clusters are found in dense environments of ongoing mergers
and massive early-type galaxies, our sample GCCs are located
in low-mass galaxies in loose groups and in the field. The rea-
son that we see a turnover in a young cluster system might
be a consequence of fundamentally different mechanisms of
star cluster formation. The star formation rate in our sample
dIrrs is relatively low. Hence, slow spontaneous instabilities are
likely to dominate the star formation process but do not support
the formation of gravitationally bound low-mass star clusters.
Another possible explanation might be more efficient destruc-
tion processes, such as infant mortality (Lada & Lada 2003),
which is thought to be the consequence of early gas ejection.
In general, since physical differences between young star clus-
ters are related to the pressure differences of the environment in
which they form (e.g. Elmegreen & Efremov 1997; Ashman &
Zepf 2001), slight differences in luminosity functions of young
globular cluster systems in different environments cannot be
excluded.

The LF of red GCCs in dlrrs turns over at a much fainter
magnitude My =~ —6 mag than for their blue counterparts. We
can only speculate whether this is due to a difference in for-
mation mechanisms and ages/metallicities, or simply due to
contamination by background galaxies. We point out that con-
tamination by stellar crowding is more likely to occur in dlrr
galaxies, which are populated by bright stars. However, stellar
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crowding is unlikely to explain the excess of objects, which is
also found in dSph galaxies (see below).

For GCCs in dSphs the luminosity function shows a
turnover at around My = —7.4 mag. Similar turnover magni-
tudes are also found in many other globular cluster systems
(Harris 2001). In addition to a roughly log-normal LF for bright
objects, we found that the luminosity functions of GCCs fainter
than My = —6.5 mag are steadily increasing towards fainter
magnitudes, possibly resembling a dynamically less evolved
population of clusters (Gnedin & Ostriker 1997; Fall & Zhang
2001). The existence of an excess population of faint globular
cluster candidates in dSphs is surprising and is reported on here
for the first time. A scaled Student ts-distribution

(m — My)? )‘3

2
t

3)

ts(m|Myyp, o) = =

8
1+
3770',‘/5(

which is the best approximation to the observed Galactic glob-
ular cluster luminosity function (Secker 1992, see dashed line
in the bottom panel of Fig. 6), shows good agreement with the
bright peak?®, where My, = —7.4 and o, = 0.6. The faint clus-
ter excess can be approximated well by a second #5-peak with
a mean at My = —5.2 mag and roughly twice as broad a dis-
persion as the bright peak. This is reminiscent of the composite
luminosity function of globular and open clusters in the Milky
Way. However, since this is a composite luminosity function
for GCCs in different galaxies, various dynamical processes
are lumped together in one sample. This and the possibility of
variable internal reddening might account for at least part of
the spread in the observed luminosity function.

We note that a similar excess population of faint star clus-
ters has been discovered in the low-mass spiral M 33 (Chandar
et al. 2001) and in nearby lenticular galaxies (Brodie & Larsen
2002). However, the nature of these faint excess clusters is dif-
ficult to assess based on two-color photometry.

For KK84 and UGC 3755, which host the richest GCC sys-
tems in their morphology class, we investigate their GCC lumi-
nosity distributions individually. The GCC luminosity function
of the dSph galaxy KK84 peaks near My =~ —7.3 mag. For the
dIrr galaxy UGC 3755 we find peaks near My ~ —7.0 mag
for both the blue and red sub-population. Both galaxies are rel-
atively massive compared to the rest of the sample and show
typical turnover magnitudes.

In summary, given the number statistics of our data, we
can say that, compared to a typical globular cluster luminosity
function, both the dSph and dIrr GCC populations exhibit an
excess of faint globular cluster candidates. Whether this is due
to a genuine new population of low-mass star clusters or due
to contamination by marginally resolved background galaxies
will be resolved with spectroscopic data.

4.3. Spatial distributions

In the following, we compare the composite spatial distribu-
tion of GCCs in dSph and dIrr galaxies. We divide the pop-
ulation of GCCs in dlrr galaxies into red and blue objects at

3 This approximation neglects two very bright GCCs with magni-
tudes My ~ —10.
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Fig. 7. Radial distribution of GCCs in dlrr galaxies (panel a) and dSph
galaxies (panel b). The sample of GCCs in dlrrs is divided into blue
GCCs with (V = 1)y < 0.75 (dots) and red GCCs (V — I)qg > 0.75
(crosses). Plotted here is the logarithm of the surface density of GCCs
per square kpc (evaluated in 0.15-kpc bins) vs. the logarithmic pro-
jected distance from the galaxy center, in kpc.

(V = I)p = 0.75 mag. In Fig. 7 we plot the logarithmic number
density of GCCs per square kpc versus the logarithm of the lin-
ear projected separation from the galaxy center in kpc for dlrr
and dSph galaxies. Radial distributions of blue and red GCCs in
dIrrs are shown by different symbols and reveal somewhat dif-
ferent slopes. A power law for the surface density of the form
p = r* gives a good fit to our data. We find that the surface
density profiles of globular cluster systems in dIrr galaxies are
“flatter”, (xeq ~ 1.1) and (xpe ~ 1.85), than those in dSph
galaxies (x = 2). The profile for GCCs in dSph galaxies seems
to flatten out beyond ~1 kpc galactocentric distance. Hence,
the fit includes only the inner part of the GCC population. The
profiles of the GCC population in dIrr galaxies do not show a
flattening at large galactocentric distances.

These values are in good agreement with those found for
globular cluster systems in elliptical (x = 0.8 — 2.6, Puzia et al.
2004) and dwarf elliptical galaxies (x = 1.6 +£ 0.4, Durrell et al.
1996). Moreover, Harris (1986) found x = 3.5 = 0.5 for the
combined spatial distribution of globular clusters in NGC 147,
NGC 185, and NGC 205. Minniti et al. (1996) constructed
a composite dwarf elliptical galaxy from all early-type dwarf
galaxies in the Local Group and computed x = 2.1.

4.4, Structural parameters

Under the superb spatial resolution of HST/WFPC2, typical
globular clusters (Harris 1996) begin to be resolved for less
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Fig. 8. Left panel: half-light radius of our sample GCCs versus their projected galactocentric distance. Right panel: core radius of GCCs versus
their projected galactocentric distances. The data for the two richest GCC systems, the dIrr galaxies UGC 3755 and Holmberg IX, are marked

by different symbols.

distant galaxies than D ~ 10 Mpc. Using our King-profile ap-
proximation routine we measure structural parameters for all
our sample GCCs. Figure 8 shows half-light radii, r,, and core
radii, r, of GCCs as a function of their projected galactocen-
tric distance. Both panels show a trend of increasing half-light
and core radius as a function of increasing galactocentric dis-
tance. These correlations are, however, driven by the outermost
GCCs. Spectroscopy is necessary to measure their radial veloc-
ities and test whether these objects are genuine globular clus-
ters or resolved background galaxies. If we consider GCCs
with projected distances less than ~1 kpc to avoid potential
contamination by background sources (see Fig. 7b), we find
only tentative evidence for a r.—dpoj correlation. With the same
radial constraint we find no correlation between half-light ra-
dius and galactocentric distance.

Such correlations exist for half-light radii and core radii
of Galactic and Large Magellanic Cloud (LMC) globular clus-
ters (van den Bergh 2000; de Grijs et al. 2002; van den Bergh
& Mackey 2004). We find that at a given galactocentric dis-
tance our sample GCCs have on average a factor of ~5 larger
half-light radii than LMC globular clusters. This might be due
to the higher mass of LMC, which has a stronger tidal field
in which destruction processes are enhanced compared to our
sample dlIrr galaxies. The current dataset reveals no difference
between the average structural parameter distribution of GCCs
in dIrr and dSph galaxies.

We detect two GCCs in dSph galaxies at small galactocen-
tric radii with structural parameters significantly larger than
what one would expect from the extrapolation of the remain-
ing sample (KK84-830 and KK211-149). These clusters might
be fainter analogues of nuclear star clusters found in dwarf el-
liptical galaxies (Durrell et al. 1996), which spiraled into the
cores of their host galaxies through the process of dynamical
friction and orbital decay (Lotz et al. 2001). These two GCCs
are among the brightest objects in our sample (My = -9.7
and —7.8 mag, see Table 2), but they are significantly larger
and fainter than nuclear star clusters in late-type spiral galax-
ies, which have typical sizes between r, ~ 2 and 10 pc and
magnitudes between My ~ —10 and —13 mag (Boker et al.
2004). These two nuclear GCCs are also much smaller than

the cores of ultra-compact dwarf galaxies, which were recently
discovered in the Fornax galaxy cluster (Hilker et al. 1999;
Drinkwater et al. 2003).

We also consider structural parameters of the newly discov-
ered population of faint and extended star clusters in lenticular
galaxies, termed “faint fuzzies” (Brodie & Larsen 2002), which
have typical half-light radii r, > 7 pc and magnitudes fainter
than My = —7.5 (see Fig. 9). In fact we find that roughly half
of our sample is consistent with their magnitudes and struc-
tural parameters. The colors of these “faint fuzzy” clusters are
around (V—1)y =~ 1.3. We find several faint and extended GCCs
in our sample with very similar colors. However, the majority
of our sample are bluer and have colors typical of the red sub-
population with a mean at (V —I)y = 1.0 mag. We note that the
most extended globular clusters in the Local Group spirals and
the Magellanic Clouds resemble these faint fuzzies as well.

Figure 9 shows the distribution of our GCCs in the half-
light radius versus luminosity plane. A large fraction of GCCs
exhibit luminosities and half-light radii consistent with “faint
fuzzy” star clusters. The majority of GCCs, however, fall below
the relation found by van den Bergh & Mackey (2004), where
almost all of the Galactic globular clusters reside. Moreover,
the figure shows that some GCCs, primarily those in dSph
galaxies, show luminosities and structural parameters simi-
lar to those found for NGC 2419 and wCen, two atypically
extended Galactic halo globular clusters (van den Bergh &
Mackey 2004).

4.5. Any compact star clusters in Holmberg IX?

We find that GCCs in the dIrr galaxy Holmberg IX are on av-
erage more compact than those situated in dSph and other dlrr
galaxies (see Fig. 8). Almost all Holmberg IX GCCs are blue
with a mean (V — I)g = 0.45 = 0.16 and are likely to be young
(t < 1 Gyr). The youth of these clusters could be the reason
for their compactness, as cluster destruction processes had not
have enough time to significantly alter their sizes and/or the ini-
tial conditions during cluster formation in Holmberg IX were
different from those in other galaxies, for instance due to sig-
nificantly higher ambient pressure.
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Fig. 9. Half-light radii of GCCs in dSph (open circles) and dlrr galax-
ies (solid dots) versus their luminosities, My. The figure shows that
almost all GCCs lie below the relation for Galactic globular clusters
(solid line, see van den Bergh & Mackey 2004), except some GCC
in dSphs and one GCC in UGC3755. The most interesting cases of
bright and compact GCCs in dlrrs and bright and diffuse GCCs in
dSphs are labeled. Roughly half of GCCs is consistent with luminosi-
ties and strucrural parameters of the “faint fuzzies” of Brodie & Larsen
(2002), whose location is indicated by two dashed lines (M, > =7.5
and ry, > 7 pc).

In a study of structural parameters of LMC globular clus-
ters, de Grijs et al. (2002) found that older clusters exhibit a
much greater spread in core radii than do their younger coun-
terparts. If the increased spread is due to advanced dynami-
cal evolution, one would expect a smaller spread in sizes of
old globular clusters in less massive galaxies. We will test
this hypothesis once accurate spectroscopic ages and chemical
compositions become available.

5. Discussion
5.1. Extended globular clusters

There is increasing evidence in the current literature that low-
mass galaxies host a significant population of faint and ex-
tended globular clusters. M 33 is the most prominent exam-
ple (Chandar et al. 2001, 2004). Different physical mechanisms
tend to destroy clusters with time: evaporation, disk shock-
ing, tidal shock heating, dynamical friction, etc. (e.g. Gnedin
& Ostriker 1997; Surdin & Arkhipova 1998; Fall & Zhang
2001). The efficiency of tidal disruption increases significantly
with the presence of a bulge component (Gnedin & Ostriker
1997). M 33, as well as the dwarf galaxies in our sample, have
no significant bulge components and faint and extended glob-
ular clusters are able to survive significantly longer than in the
Milky Way or M 31. Consequently, there are no indications
of an excess population of faint and extended globular clus-
ters in the Milky Way or the inner halo of M 31 (Harris 2001;
Barmby et al. 2001; van den Bergh & Mackey 2004), as the ef-
ficiency of cluster disruption drops steeply with galactocentric
distance.

If accretion of globular clusters plays an important role
in the assembly of outer globular cluster systems in massive
galaxies, one should expect similarities in magnitudes and
structural parameters between clusters in our sample dwarf
galaxies and the outskirts of the Local Group spirals. Indeed,
most of our GCCs have similar structural parameters and lu-
minosities to the most extended Galactic and M 31 globular
clusters, which are located at large galactocentric distances.
This hints at the accretion of such extended clusters from satel-
lite dwarf galaxies (see also Forbes et al. 2004). However,
most of the outer halo Galactic globular clusters are metal-
poor ([Z/H] £ —1) and old (¢t ® 10 Gyr). If the accretion sce-
nario for the outer-halo Galactic globular clusters is correct,
then they must have formed early, perhaps in Searle-Zinn-type
proto-galactic clumps (see Searle & Zinn 1978).

It was recently found that the chemical composition of
LMC globular clusters is not entirely reflected in the globular
cluster systems of Local Group spirals (e.g. Puzia et al. 2005).
Hence, the scenario of the assembly of their outer-halo glob-
ular cluster systems by accretion of LMC-type globular clus-
ters seems less likely. A detailed spectroscopic investigation of
globular clusters in dwarf galaxies will certainly help to con-
strain the picture of globular cluster accretion from satellite
dwarf galaxies, and will also provide insight into the assembly
history of globular cluster systems in giant elliptical galaxies.

5.2. Star clusters in dwarf galaxies

Our sample consists of the lowest-mass nearby dwarf galax-
ies and is representative and homogeneous enough to study the
presence of GCCs as a function of general galaxy properties,
such as morphological type. The faintest galaxies in our sample
are dSphs, with mean surface brightnesses as faint as ug ~24.4
mag/arcsec’ (see Table 2). Roughly half of our dIrr galaxies
are in the same magnitude range. The detection rate of GCCs
in these faint dIrr is ~2 times lower than in dSphs (and the
other higher surface brightness dIrrs). Only 5 out of 19 faint
dIrr galaxies contain GCCs, whereas 10 of 18 dSphs harbor
GCCs at similar host galaxy luminosities. It is not known what
causes this discrepancy. We speculate that dSph galaxies turned
their gas reservoir earlier and more efficiently into stars than
did dIrr galaxies of similar luminosity. This was perhaps due
to a higher virial density (from stars, gas and dark matter)
and higher ambient pressure in the early environments of dSph
galaxies. Another reason might be the different stellar M/L ra-
tio in dSph and dlrr.

It should be mentioned that our sample dSphs reveal an out-
standing feature: in contrast to dIrr galaxies, ~60% of dSphs
with GCCs have cluster candidates located near their galaxy
center. These GCCs are bright and compact (-7 < My, < —10,
r. & 2 — 3 pc), similar to those found at the center of nucleated
Virgo dEs (Lotz et al. 2004).

It was shown in Sect. 4.3 that the surface density profiles
of globular cluster systems in dSph galaxies are steeper than
those in dlrrs. In general, we find that GCC systems of dSph
galaxies are more spatially concentrated than in dIrr galaxies.
The red sub-population of GCCs in dlrrs shows the “flattest”
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profile. Blue GCCs in dlrr galaxies, on the other hand, tend
to reside in central regions of their host galaxies, but they are
still less concentrated than GCCs in dSphs. This difference im-
plies that globular cluster formation and/or evolution histories
in both galaxy types were spatially not alike. Globular clus-
ters presumably form where gas is undergoing agitated star
formation. With respect to star formation histories, both dSphs
and dlrrs appear to be inhomogeneous classes of galaxies (e.g.
Mateo 1998). The difference in GCC surface density profiles
might reflect a bias of powerful star formation events towards
the center of dSph and/or more efficient orbital decay of star
clusters in these galaxies (e.g. Lotz et al. 2001).

Both the dIrr and dSph galaxies share a sub-population of
red globular clusters with very similar mean (V — I)g colors. In
addition to this GCC population, dIrr galaxies host a very blue
population of clusters, which are likely to be younger. The bi-
modality of the GCC color distribution in dIrr galaxies implies
two different episodes and/or mechanisms of cluster formation.
Similar GCC colors to those in dSphs are found for GCCs in
dE galaxies (see Sect. 4.1). There is, however, a very puzzling
offset of A(V — 1)y = 0.1 between GCCs in dE and dSph galax-
ies, where GCCs in dE are bluer. This can be interpreted as the
result of lower metallicities and/or younger ages.

The question about this age and/or metallicity difference
is difficult to answer. However, one can consider the globular
cluster system of the Fornax dSph galaxy in the Local group as
a first reference to learn more about ages and metallicities of
field and cluster stellar populations. Red giant branches of all
globular clusters in Fornax dSph show steeper slopes than the
mean RGB slope of the field stellar population (e.g. Buonanno
et al. 1998, 1999). Using RGBs of Galactic globular clusters as
a reference, all globular clusters in Fornax dSph were found to
have low metallicities. This was confirmed by a spectroscopic
study of their integrated-light (Strader et al. 2003), which found
a mean metallicity of [Fe/H] ~ —1.8 and old ages. First at-
tempts to obtain spectroscopic age and metallicity estimates for
globular clusters in dEs are on the way (Miller et al. 2004).

From a study of surface brightness fluctuations, Jerjen
et al. (2004) showed that Virgo dE galaxies follow a galaxy
metallicity—luminosity relation. Virgo dEs should, therefore, be
expected to have on average ~0.7 dex higher metallicities com-
pared to the 100 times fainter LG dSph galaxies. Assuming old
ages for their GCCs in dEs, Lotz et al. (2004) find a correla-
tion between the mean globular cluster color and host galaxy
luminosity, which implies a globular cluster metallicity-galaxy
luminosity relation of the form (Zgcc) oo L%?2#095. This rela-
tion implies bluer globular clusters colors in fainter galaxies.
Globular clusters have generally bluer colors than their host
galaxies (Ashman & Zepf 1998), and the two relations suggest
that this offset is present at all galaxy luminosities. According
to those relations, globular clusters in dEs are expected to have
higher metallicities than in dSph galaxies. Therefore, younger
ages might be responsible for the bluer colors of globular clus-
ters in dE galaxies.

It is important to continue the study of globular cluster
systems in nearby low-mass galaxies and to compare their
properties as a function of different host galaxy properties, e.g.
morphological type and environmental density.
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Table 1. Low surface brightness galaxies in nearby groups and in the field, which were searched for globular cluster candidates. Columns of the
table contain the following data: (1) Galaxy name, (2) equatorial coordinates (J2000), (3) morphological type according to RC3 (de Vaucouleurs
et al. 1991), (4) distance in Mpc, (5) integrated absolute V magnitude (indices refer to O: this work; KO: Karachentsev et al. 2000b; K1a:
Karachentsev et al. 2000a; K1b: Karachentsev et al. 2001a; K1c: Karachentsev et al. 2001b; RC3: de Vaucouleurs et al. 1991; M98: Makarova
et al. 1998; M99: Makarova 1999), (6) logarithmic surface gas density of neutral hydrogen in My/kpc?, (7) semi-major axis diameter in kpc,
(8) mean surface brightness in B-band, (9) number of globular cluster candidates, including (10) number of GCCs located outside the isophote

of constant surface brightness yz =26.5 mag/arcsec?.

Name RA (2000)  Dec (2000) T Dist My logZyr Ripe  SBmean  Noce  Now
M 81 group

KDGS52 08 23 56 +71 01 46 10 355 —11.71g 7.0 1.3 25.5 0 0
DDO53 08 34 07 +66 10 45 10 356  —13.74gc3 7.3 1.7 24.1 1 0
A0952+69 09 5729 +69 16 20 10  3.87 -11.84 ... 2.0 26.5 0 0
BK3N 095349 +68 58 09 10 402 -9.59 ... 0.5 25.6 1 1
KDG73 105255 +69 3245 10 370 -11.3l, 7.0 0.6 24.5 1 1
FM1 0945 10 +684554 -3 342  —11.04k 0.9 25.7 0 0
KK77 0950 10 +673024 -3 348  —122lk1, s 2.4 26.4 30
KDG61, KK81 095703 +683530 -1 3.60 —13.58ky, ... 2.5 25.4 1 0
KKH57, HS108 1000 16 +631106 -3 393  -10.90ki, 0.7 253 0 0
KDG63, KK83 10 05 07 +663318 -3 350 —12.82i, .. 1.7 25.5 1 0
KDG64, KK85 10 07 02 +674939 -3 370 —13.24k1, .. 2.0 25.1 0 0
DDO78, KK89 1026 28 +673924 -3 372  -12.75ky, ... 2.1 25.8 2 0
BKO6N, KK91 103432 +660042 -3 385 -11.93ky, 1.2 25.5 2 0
Garland 1003 42 +68 41 36 10 37 ... 7.3 43 .. ) B
Holmberg IX 095732 +69 02 35 10 37 -13.8 79 2.5 24.8 14 0

Sculptor group

E410-005, KK3 00 1531 -321048 -1 192 —12.11g 0.7 24.0 0 0
KDG?2, E540-030 004921 -180428 -1 340 -12.000 ... 1.2 25.3 1 1
E294-010, PGC1641 0026 33 —415120 -3 1.92 —11.40, . 0.6 24.2 1 0
E540-032, FG24 0050 25 -195425 -3 342 -11.84¢ .. 1.3 25.6 0 0
KK27 0321 06 -661922 -3 398 -12.32 1.4 24.9 1 0
Sc22 002352 -244218 -3 421 -11.10¢ ... 1.1 26.0 32
DDO6 0049 49 —21 00 58 10 334 —12.92gc; 6.8 1.7 24.5 0 0
CVn I cloud

KK166 124913 +353645 -3 474  -11.29 ... 1.0 25.2 0 0
DDO113, KDG90 12 1458 +36 13 08 10 286 -12.67, 1.2 25.1 2 1
U7605 1228 39 +3543 05 10 443  —13.88y08 7.3 1.4 23.4 1 0
KK109 114711 +4340 19 10 4.51 —10.19¢ 6.9 0.8 25.9 1 1
U7298 121629 +52 1338 10 4.21 —12.54 199 7.2 1.3 24.5 1 0
U8308, DDO167 131322 +46 19 18 10 419  —12.48)199 7.2 1.3 24.0 4 2
U8833 135449 +3550 15 10 3.19  —12.73)9s 7.4 0.8 23.5 0 0
Cent A group

KK211 1342 06 -451218 -5 358 -12.58; 0.8 24.1 2 0
KK213 134336 -434609 -3 3.63 -—11.12 ... 0.6 25.5 0 0
KK217 1346 17 —-454105 -3 384 -12.18, 0.7 24.7 0 0
KK221 13 48 46 -465949 -3 398 -11.96¢ .. 1.7 27.0 5 0
E269-37, KK179 1303 34 -463503 -3 348 -12.57, .. 0.8 24.0 0 0
KK200 132436 -3058 20 9 463 -1274 6.6 1.8 25.5 1 0
E444-84 133720 —28 02 46 10 461 -13.63 7.6 1.7 24.0 0 0
N3115 group

KK84 10 05 34 -074457 -3 9.7  -14.40, .. 4.1 25.4 8 2
Field

KKR25 16 13 48 +5422 16 10 186  —10.45ky, 6.7 0.6 25.0 0 0
U8508 133044 +54 54 36 10 256  —13.42)99 7.3 1.3 23.6 0 0
DDO190, U9240 14 24 44 +44 31 33 10 2.79 —14.37gc3 7.4 1.5 22.9 1 0
E379-07, KK112 115443 -333329 10 522 -12.28, 6.9 1.7 25.1 3.0
E321-014 121350 -38 1353 10 3.19 -13.18 6.8 1.3 24.0 0 0
KKH5 010733 +51 2625 10 426 —12.64 7.1 0.7 23.7 0 0
KKH34, Mail3 055941 +73 2539 10 4.6l —12.700 6.9 1.2 24.7 0 0
KKH98 234534 +38 43 04 10 245 -11.28, 7.1 0.7 25.0 0 0
KK16 015521 +2757 15 10 474 -1281 6.7 1.1 23.9 0 0
KK17 02 00 10 +28 49 57 10 472 -11.95, 6.7 0.8 24.3 0 0
KKH18 03 03 06 +33 4140 10 443  -12.84) 7.3 0.9 23.8 0 0
E489-56, KK54 062617 -26 1556 10 499 -13.51 7.4 0.9 22.8 0 0
E490-17, PGC19337 0637 57 -255959 10 423  -14.91, 6.9 2.1 23.5 5 0
U3755 07 1352 +1031 19 10 522 —15.36p199 6.9 2.6 23.4 32 0
KK65 07 4231 +16 33 40 10 451 -13.32 7.1 1.2 23.3 1 0
U4115 07 5702 +14 2327 10 5.49 -14.12¢ 7.4 2.9 24.8 3 0
KKHS86 135434 +04 14 35 10 2.61 —11.19¢ 6.6 0.5 24.5 0 0
UA438, E470-18 232628 -322326 10 223 -11.94 7.4 1.0 23.2 2 0
KKH98 234534 +38 43 04 10 245 -11.28, 7.1 0.8 25.0 0 0
E321-014 121350 -38 1353 10 3.19 -13.18, 6.8 1.3 24.0 0 0
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Table 2. List of globular cluster candidates (GCCs) in nearby LSB dwarf galaxies. The columns contain the following data: Identifier of each
cluster, composed of the (name of its host galaxy)-(WFPC2 chip)-(cluster numbering), X, Y coordinates derived from the WFPC2 frames,
equatorial coordinates (J2000.0), half-light radius r, in parsecs, apparent axial ratio e = 1 — b/a, integrated absolute V magnitude (corrected for
Galactic extinction using Schlegel et al. 1998, maps) and corresponding error, integrated absolute V — I color (corrected for Galactic extinction)
and corresponding error, and the projected separation from the center of its host galaxy d,; in kiloparsecs. The numbers of GCCs located
outside the isophote of constant surface brightness 1z ~26.5 mag/arcsec? of the host galaxy are marked by an asterisk symbol (*).

GCC XY RA (J2000) Dec " e My vV -Iyp o
DDO53-3-1120 291.022,208.595 083404.1+661023 6.7 02 -588=0.07 1.39+0.10 033
BK3N-2-863* 546.324,579.284  095400.1 +685854 6.8 0. -523+008 093011 134
KDG73-2-378" 377.384,64.881  105307.7+693202 83 0.1 -575+008 L11+0.11 1.54
KK77-4-939 97.291,330.684 0950003 +673110 37 03 -501+£009 077+0.12 125
KK77-4-1162 138.177,568.545  0949562+673111 65 0.1 -537+0.08 082=0.11 1.1
KK77-4-1165 491.903,572.199 0949548 +673037 7.8 0.0 -5.69+008 120011 1.60
KDG61-3-1325 363.770,403.865  095702.8+683535 47 0.1 -7.55+£007 092=0.10 0.5
KDG63-3-1168 347.918,329.025  100507.2+663330 60 0.0 -7.09+0.07 1.07+0.10 0.17
DDO78-1-167 421.025,524751 1026283 +674045 74 0.1 -723+007 078+0.10 1.46
DDO78-3-1082 483.880,549.646  102627.1+673910 7.0 0. -881+0.07 096+0.10 0.26
BK6N-2-524 225.256,182.777 1034293 +660129 44 03 -540=0.08 1.18+0.11 0.85
BK6N-4-789 608.148,247.233 1034 19.8 4660032 45 03 -560+007 145010 1.16
Garland—1-728 477.284,107.876 1003308 +684155 32 0.1 -826+0.07 094+0.10 1.23
HoIX-3-866 384.173,122.948  095737.7+690229 52 00 -7.89+007 054+0.10 0.52
HoIX-3-1168 596.137,284.848  0957337+4690214 40 03 —6.00+£0.08 030011 0.39
HoIX-3-1322 383.979,347.673  095733.7+690236 45 03 -6.00+£008 030=0.11 0.14
HoIX-3-1565 376.681,438.844  0957322+690239 41 0.1 -531+008 0.74=0.11 0.8
HolX-3-1664 378.637,471.226  095731.6+690240 4.1 00 -620+007 037+0.10 0.12
HolX-3-1932 264.772,567.834  095730.5+690254 94 03 —661+007 0.71+0.10 0.38
HoIX-3-2116 376.956,643274  095728.5+690245 50 00 -7.26+0.07 037010 0.40
HoIX-3-2129 155.863,649.230  095729.7 +690306 5.1 0.1 -583+0.08 038+0.11 0.61
HoIX-3-2158 200.676,656.790 0957293 +690302 6.2 0.0 -6.98+008 030x0.11 0.57
HolX-3-2373 558.027,742.226  0957258+690231 79 0.1 -604+008 131011 0.6l
HolX-3-2376 322.360,744.024  095727.1+690253 48 00 -590+0.08 030+0.11  0.59
HolIX~3-2409 266.049,762.700  095727.0 4690259 3.8 02 -7.39+£007 0.68=0.10 0.66
HoIX-4-1038 172.803,269.307  095740.0 +690325 55 0.1 -9.05+0.07 044+0.10 1.23
HoIX-4-1085 307.374,301.260  095737.8+690332 38 01 -523+009 048+0.13 1.I8
E540-030-4-1183*  150.605,590.136  004920.6-180251 6.2 0. -537+008 124+0.11 165
E294-010-3-1104  485.338,317.674  002632.6-415110 67 03 -532+007 1.34+0.10 0.14
KK027-4-721 435.879,190.280 0321100-661826 7.5 0.0 -636+007 115010 0.62
Sc22-2-879 108.743,520.881 0023533 -244139 122 02 -6.11+008 1.15+0.11 0.88
Sc22-2-100* 734.953,661.836  002355.5-244044 83 00 -590+0.07 096+0.11 2.17
Sc22-4-106* 598.857,570.335 0023449 -244209 49 02 -6.05+007 096+0.11 1.86
DDO113-2-579* 765.664,227.122  1214528+361438 79 02 -560+007 138+0.10 1.54
DDO113-4-690 368.908,76.646  1214544+361255 65 0.1 -527+008 099=0.11 0.6l
U7605-3-1503 547.917,423.740  122839.9+4354301 122 03 —644+008 118011 038
KK109-3—1200* 538.659,754.664  114708.1 +434028 44 02 -587+008 092+0.11 095
U7298-3-1280 741.363,371.228  1216273+521309 4.6 0.1 -567+008 0.66+0.11 0.88
U8308-2-1198 145.016,739.639  131327.2+461923 75 00 -552+008 1.08+0.12  0.90
U8308-3-2040 39.610,748.843  131317.0+461907 9.1 0.1 —6.62+0.08 146=0.11 121
U8308-4-893* 663.358,350.654 1313153+4461932 51 0.1 -630+007 155+0.10 1.59
U8308-4-971 699.280,438.755 1313 144+461935 83 0.1 -562+009 120+0.12 178
KK211-3-917 296.748,173.889  134208.0-451229 63 0.1 -686+0.07 091+0.10 0.48
KK211-3-149 429726,419.984 1342056 -451220 6.1 02 -7.82+0.07 095+0.10 0

KK221-2-608 550.374, 168.636  1348549-470010 50 0.1 -8.04+007 100+0.10 178
KK221-2-883 404.756,354.161  134852.8-470019 83 0.1 -7.07+0.07 1.00+0.10 141
KK221-2-966 140.354,399.808  134850.3-470010 57 00 -9.80+0.07 098=0.10 090
KK221-2-1090 78.866,479.706 1348494470014 87 00 -7.77+007 091+0.10 0.77
KK221-3-1062 301.010,266.780  1348482-465946 9.1 03 -6.10£0.08 093=0.11 0.37
KK200-3-1696 785.776,763.252  1324322-305811 9.2 0.1 -568+009 103012 1.17
KK84-2-785 173.139,447.814  1005358-074408 11.6 00 -730+0.08 1.00+0.11 2.46
KK84-2-974 432.320,678.779  100537.5-074344 149 00 -6.64+009 057+0.14 3.82
KK84-3-705 460.100, 105.800  100535.7-074426 92 0. -745+008 1.04+0.11 1.66
KK84-3-830 395.303,454.705  100535.1-074460 106 0.1 -9.68+0.07 096=0.10 0

KK84-3-917 624.322,609.065  100536.5-074517 104 0.1 -7.52+£008 106=0.11 1.29
KK84-4-666 538.305,207.182  100531.5-074504 10.6 0.0 -837+0.07 126+0.10 245
KK84-4-789 290.956,379.188 1005305074438 194 03 -7.08+0.08 088+0.12 3.48
KK84-4-967 571.750,560.942  100529.1-074504 120 02 -681+0.08 095+0.12 4.10
U9240-3-4557 545.377,491.651  1424450+4443136 3.6 02 -7.22+007 061010 0.19
KK112-3-976 447781,261.936  1154433-333344 91 0.1 -593+008 125011 028
KK112-4-742 183.817, 164.666  115447.3-333323 11.8 0.1 -621+0.08 0.88=0.11 148
KK112-4-792 444.680,215.677 115446.6-333258 150 0.1 —-677+0.08 122+0.11 143
E490-017-3-1769  306.876,462.734  063757.0-260008 6.6 02 -7.06=0.08 0.30+0.11  0.05
E490-017-3-1861  246.213,480.112  063757.3-260013 64 0. -7.38+0.07 087=0.10 0.16
E490-017-3-1956  507.111,498.721  063757.0-255948 51 03 -537=0.09 0.55+0.13 037
E490-017-3-2035  374.045,514.220 063757.3-260000 7.1 03 -7.30+0.07 041+0.11 0.2
E490-017-3-2509  657.358,639.546  063757.7-255930 84 02 -569+008 1.10+0.11 0.75
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Table 2. continued.

GCC X, Y RA (J2000) Dec " e My V -Iy oy
KK065-3-1095  290.890,434.702  074229.4+163429 115 0.1 -675+0.08 141+0.11 033
U4115-2-1042  190.123,708.172 0757049 +142225 119 03 -600+0.08 103012 172
U4115-3-784  614.000, 125,730  075703.8 +142243 94 0.1 -7.53+0.07 093+0.11 119
U4115-4-1477  607.416,740.185  075704.1 +142458 80 0.0 -537+0.10 091+0.16 2.63
UA438-3-2004  299.313,413.097 2326283-322306 3.7 02 -867+007 096+0.10 0.16
UA438-3-3325  733.228,621.063 232626.7-322349 37 01 -596+0.07 1.02+0.10 041
U3755-2-652 378.719,209.939  071350.1+103215 55 0.1 -822+0.07 098=0.10 1.84
U3755-2-675 107.413,234.823  0713504+103148 8.1 0.1 -575+£0.09 1.19+0.12 121
U3755-2-863 61.125,358.956  0713512+103144 52 0.1 -693+008 1.03+0.11 0.96
U3755-3-727 494.971,57.246  071352.1+103143 95 01 -721+0.10 0.60+0.15 0.85
U3755-3-739 467.346,64.840  071351.9+103142 57 02 -867=0.07 085+0.10 0.83
U3755-3-754 380.674,72.749  071351.3+103141 81 00 -647+009 056=0.14 0.82
U3755-3-768 404.724,81.923  071351.5+103140 57 02 -542+0.10 1.05+0.17 079
U3755-3-914 379.331,139.121 0713513 +103134 95 00 -7.60+0.08 0.64+0.11  0.65
U3755-3-974  434.698,161.008 071351.7+103132 7.0 0.1 -570+001 0.53+0.16 058
U3755-3-1045 390476, 186.888  071351.4+103129 83 03 -601+0.10 045+0.16 0.53
U3755-3-1182  393.821,228.672 071351.5+103125 7.9 02 -8.54+007 0.56+0.10 043
U3755-3-1256  483.184,249.602 071352.1+103124 86 00 -777+0.07 097+0.10 037
U3755-3-1257  511.799,250.293  071352.3+103124 62 00 -871+0.07 097+0.10 040
U3755-3-1364  354.699,277.022 0713512+103120 60 0.1 -7.00+0.08 049+0.12 036
U3755-3-1611  318.852,334.848 071351.0+103114 7.5 00 -748+008 0.83+0.11 034
U3755-3-1616  615.652,335.551  071353.0+103116 7.5 02 —640+0.09 0.69+0.12 046
U3755-3-1732  195.199,365.183  071350.2+103111 100 0.1 -6.09+008 1.01+0.11 062
U3755-3-1737  466.051,366.036 071352.0+103112 83 02 —671+0.08 1.05+0.11  0.09
U3755-3-1963  453.046,423.153 071351.9+103106 9.1 0.1 -646+0.09 0.56+0.14 0.9
U3755-3-2027  369.997,444.823 071351.4+103104 63 02 -580+0.10 0.60+0.15 022
U3755-3-2123  530.273,487.378  071352.5+103100 6.5 0.1 -7.76+0.07 042+0.11 033
U3755-3-2168  363.214,511.255 071351.4+103057 87 02 -7.63+0.07 1.00+0.10 036
U3755-3-2204  496.118,528.265 0713523 +103056 6.6 0.1 -6.07+0.09 0.82+0.13 037
U3755-3-2334  637.259,611.302 0713533 +103049 67 01 -690+007 051+0.11 0.74
U3755-3-2363  471.076,639.739  0713522+103045 83 0.0 -7.75+0.07 049+0.10 0.63
U3755-3-2368  526.825,646.637 071352.5+103045 7.0 03 -744+007 053+0.11 068
U3755-3-2398  555.514,670.612  071352.7+103043 85 03 —6.17+0.09 113+0.13 076
U3755-3-2401  392.910,676.091 07 1351.6+103041 120 0.0 -7.54+0.07 097+0.10 0.73
U3755-3-2403  231.105,677.272  0713505+103040 68 0.0 -679+0.07 092+0.10 0.89
U3755-3-2408 496303, 682.668 0713523 +103041 86 0.0 -689+008 043+0.11 075
U3755-3-2459  457.060,743.123  071352.1+103035 83 00 -7.98+007 057+0.10 0.89
U3755-4-566 188.706,59.303  0713489+103127 86 03 -625+009 087+0.14 131
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Table 3. The King law approximation parameters for globular cluster candidates in nearby LSB dwarf galaxies. The table contains the following
columns: identifier of each cluster (as in Table 2), reddening corrected V-band central surface brightness in mag/arcsec> and corresponding
error, reddening corrected /-band central surface brightness in mag/arcsec? and corresponding error, King core radius r. and corresponding
error, King tidal radius 7, and corresponding error, and the King concentration parameter ¢ =r,/r..

GCC Hvo H10 re It ¢
DDO53-3-1120 20.92 + 0.08 19.67 + 0.01 4.16 = 0.09 21.3+1.0 5.2
BK3N-2-863* 20.95 +0.13 20.70 = 0.03 2.38 £0.38 264 +4.5 11.1
KDG73-2-378* 21.33 £ 0.05 20.09 + 0.03 347 +0.21 124.: 36.0
KK77-4-939 20.64 + 0.68 20.44 + 0.07 2.26+0.22 17.1+34 7.6
KK77-4-1162 21.03 £ 0.04 20.35 £ 0.05 2.78 £0.18 18.0+2.4 6.5
KK77-4-1165 21.42 +0.05 20.46 +0.17 3.19+£0.22 159+ 0.7 5.0
KDG61-3-1325 18.45 + 0.03 17.59 + 0.05 1.88 + 0.06 33.8+2.7 18.0
KDG63-3-1168 18.93 + 0.04 18.14 + 0.03 1.90 + 0.06 534+11.2 28.1
DDO78-1-167 18.69 + 0.11 17.75 + 0.03 3.53+0.14 46.7 + 6.8 13.2
DDO78-3-1082 17.93 £ 0.04 16.98 + 0.02 2.89 + 0.06 34.6 +2.1 12.0
BK6N-2-524 20.40+0.13 20.04 + 0.05 1.54 £ 0.15 90.2 + 56.7 58.7
BK6N-4-789 20.47 £ 0.11 19.66 + 0.01 1.91+£0.18 68.0 + 8.1 34.9
Garland—-1-728 16.76 + 0.04 15.90 + 0.08 0.69 + 0.00 423+ 14.6 61.0
HolX-3-866 17.88 + 0.07 18.14 + 0.11 1.51 £ 0.06 423+7.1 28.0
HoIX-3-1168 19.69 + 0.07 19.71 £ 0.42 2.00+£0.15 123+ 1.1 6.2
HolIX-3-1322 20.02 + 0.01 20.37 + 0.08 2.34 £ 0.00 18.0+£0.5 7.7
HolX-3-1565 19.34 + 0.31 19.10 + 0.64 1.06 + 0.44 16.8 +7.4 13.5
HolX-3-1664 19.28 + 0.11 19.17 £ 0.39 1.18 £ 0.09 116. + 87.2 98.0
HolIX-3-1932 20.06 = 0.03 19.60 + 0.07 3.50+0.15 23.0+£26 6.6
HolIX-3-2116 18.53 £0.19 18.65 + 0.06 2.18+£0.14 21.4+£30 8.7
HolIX-3-2129 2042 +0.17 20.30 + 0.21 2.09 £ 045 975.: 466.1
HolX-3-2158 19.41 + 0.04 19.44 + 0.07 3.69 + 0.28 11.8+0.9 3.2
HolX-3-2373 21.11 £ 0.03 19.70 = 0.06 3.17+£0.31 223+2.6 7.1
HolIX-3-2376 19.60 + 0.30 20.34 + 0.16 1.46 + 0.46 76.3: 52.4
HolIX-3-2409 18.31 £0.12 17.91 £ 0.03 1.91 + 0.06 144+ 0.5 7.5
HolIX—-4-1038 17.06 £ 0.10 16.81 £ 0.11 2.08 £0.19 27.1+39 13.1
HolX-4-1085 20.24 + 0.27 20.50 + 0.40 1.40 £ 0.29 18.3+4.8 13.2

E540-030-4-1183* 21.13+0.02  20.15+0.03 292+0.09 283+29 9.7
E294-010-3-1104 20.96 + 0.05 19.52+0.06  3.64 +0.50 17.0+3.3 4.7

KK027-4-721 20.39 + 0.09 19.55+0.03  3.33+0.11 41.1+£49 12.3
Scu22-2-879 22.08 +0.04 20.77+0.05 6.06+0.62 513+169 85
Scu22-2-100* 20.72+0.04  2029+0.03 344020 222+22 6.5
Scu22-4-106* 20.12+0.10  19.44 £ 0.07 1.91+0.18 334+70 17.5
DDO113-2-579* 21.26 + 0.05 19.53+0.03  2.73+0.14 141+1.3 52
DDO113-4-690 21.32+0.02  20.18+0.07 3.74£0.19 19.4+24 52
U7605-3-1503 21.49+0.07 2048+0.05 6.16+0.71 803 +79.7 13.1
KK109-3-1200" 19.94 + 0.17 19.40+0.20 1.70+£022 192+3.0 11.3
U7298-3-1280 2056 +0.16  19.88+0.45 2.42+045 16.1 £ 4.6 6.7
U8308-2-1198 21.61+0.03  20.17+0.06 278020 27.4+3.7 9.9
U8308-3-2040 20.62 + 0.08 19.07+0.03 325+0.17 342+152 10.5
U8308-4-893* 20.03 +£0.02  18.54+0.06 1.91+£0.00 669 +5.8 35.0
U8308-4-971* 21.83+0.06  20.64+0.02 3.68+0.30 132.+50.0 362
KK211-3-917 19.55 + 0.04 1898 +0.03 254+0.12 51.9+139 205
KK211-3-149 18.99 + 0.03 18.18 £0.05  2.98+0.12 113.+£51.9  38.1
KK221-2-608 18.03 + 0.03 17.50 + 0.08 1.78 £0.06  49.4+3.9 27.8
KK221-2-883 20.04 + 0.03 1930+ 0.04 343+0.17 714+288 208
KK221-2-966 16.57+0.04 1590+ 0.06 226+0.11 46.0+6.2 20.4
KK221-2-1090 19.17 = 0.04 1858 £0.02  3.57+0.09 30.6+3.3 8.6
KK221-3-1062 21.77+0.06  21.00+£0.06 585+0.85 43.1+21.5 74
KK200-3-1696 21.48+0.06  20.87+0.04 425+042 38.0+132 9.0
KK84-2-785 2025+0.12 19.69+0.13 454+050 399+53 8.8
KK84-2-974 21.48 +0.10 21.08+0.04 531+0.61 385+3.9 73
KK84-3-705 21.41+0.33  20.03+0.10 10.6 £1.86  36.8 +14.1 3.4
KK84-3-830 18.19 + 0.03 1716 £ 0.10  3.19+0.18  90.4 +4.0 28.4
KK84-3-917 2056 £0.10  19.62+0.17 4.84+043 409 +4.7 8.5
KK84-4-666 19.32 + 0.07 18.44+0.03 3.81+0.18 453+1.8 11.9
KK84-4-789 21.59+0.14  2094+0.10 6.85+1.56 57.7+34.1 8.4
KK84-4-967 21.50+0.05  20.61£0.14 990=+1.12 222+1.7 2.3
U9240-3-4557 18.37 + 0.01 17.64 + 0.10 1.81 £0.00 20.2+0.8 11.2
KK112-3-976 21.03+0.03 2028+0.05 337+0.12 40.6+5.3 12.1
KK112-4-742 21.40+0.06  20.76 £0.05 4.64+0.41  68.8 +38.5 14.8
KK112-4-792 21.26 + 0.03 19.99+0.02 620+020 41.9+3.6 6.8
E490-017-3-1769 19.49 + 0.03 1933 +£0.10 3.16+0.15 38.6+6.9 12.2
E490-017-3-1861 18.86 + 0.08 1824 +£0.04 276+0.12  28.8+3.8 10.5

E490-017-3-1956 20.85+0.28 20.59+0.01 274+0.09 228+269 83
E490-017-3-2035 19.23 +0.03 1880+ 0.06 327+0.18 385+152 11.8
E490-017-3-2509 21.00 + 0.01 2038 +0.04  4.79 £0.09 16.5+0.4 3.5
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Table 3. continued.

GCC Hvo HMi0 re It c
KK065-3-1095  20.96 + 0.03 19.50 + 0.01 528+0.12 553+6.0 10.5
U4115-2-1042 21.74+0.08 21.07+0.07 4.89+0.71 293. 59.9
U4115-3-784 19.82 £0.14 1921 +£0.09 3.11+048 64.6+38.7 20.8
U4115-4-1477 21.74+0.36  2096+0.05 4.23+0.38 25.7=+5.1 6.1

UA438-3-2004 17.05 + 0.01 16.10+0.04 1.73+0.04 333 +26 19.3
UA438-3-3325 19.42 + 0.08 18.62 + 0.03 1.67+0.06 31.2+19.8 18.7
U3755-2-652 17.78 £ 0.06  17.19 £ 0.03 1.78+£0.27 335+7.7 18.9
U3755-2-675 2120+ 0.05  2024+034 436+038 186+ 1.9 4.3
U3755-2-863 19.11 £ 0.15 18.92 + 0.02 1.77+0.20 42.6+2.8 24.1
U3755-3-727 20.19 + 0.08 19.82+0.03 4.04+020 141.+£975 351
U3755-3-739 18.00 + 0.09 17.37+0.03 230+0.09 67.8+7.6 29.5
U3755-3-754 20.34+0.05 2020+0.09 393+051 25.0=+6.1 6.4
U3755-3-768 20.98 +0.21 21.08 +£0.25 2.25+041 38.0+15.7 17.0
U3755-3-914 19.84 £0.04  20.06+0.03 3.43+0.18 941+462 275
U3755-3-974 21.22+0.04 20.82+0.03 347020 157+5.5 4.5
U3755-3-1045 21.30+0.08  21.02+0.09 5.63+ 141 175+ 4.8 3.1
U3755-3-1182 18.39 + 0.02 18.06 £0.02  3.54+0.09 33119 9.4
U3755-3-1256 19.49 + 0.05 18.82 + 0.01 4.13£0.09 36.6%1.5 8.9
U3755-3-1257 17.74 £ 0.03 1724 £0.03  2.15+0.09 354+ 1.8 16.5
U3755-3-1364 19.49+0.22 19.52+0.08 2.73+027 283 103.9
U3755-3-1611 19.29 + 0.05 18.82+0.06 270+0.12 383 +49 14.2
U3755-3-1616 2083 +0.12  20.39+0.07 3.12+048  60.7 +32.7 19.5
U3755-3-1732 21.04 +£0.08  20.37+0.08 3.89+0.50 60.9+48.9 15.7

U3755-3-1737 20.17 + 0.04 1995+0.05 3.02+0.15 34.6+4.5 11.5
U3755-3-1963 2091 +0.12 20.70+0.10 4.50+1.03 90.4: 20.1
U3755-3-2027 20.85+0.04 2098+0.05 3.53+£020 16.6+1.0 4.7
U3755-3-2123 19.22 + 0.05 19.18 £ 0.11 262+0.12  344. 131.4

U3755-3-2168 19.54 +£ 0.03 1893 +£0.03 4.18+0.18 27.1+2.0 6.5
U3755-3-2204 20.81 +0.15 2027+0.04 298+0.12 198+64 6.7
U3755-3-2334 19.90 + 0.05 19.57+0.05 334+022 20.1+20 6.0
U3755-3-2363 19.05 + 0.08 18.86 +0.07 3.00+0.27 39.7+94 13.3
U3755-3-2368 19.82 + 0.02 19.59 + 0.01 335+0.09 334+£20 10.0
U3755-3-2398 21.39+0.03  20.77+£0.06  7.04 £0.48 18.0+ 1.1 2.6
U3755-3-2401 19.92+0.04 19.63+0.02 4.07+022 42.0+3.0 10.3
U3755-3-2403 20.00+0.06  19.11+£0.10 3.20£0.22 20.0+2.0 6.3
U3755-3-2408 2021 +£0.06  20.12+0.05 3.59+0.31  66.8 +36.7 18.6
U3755-3-2459 18.65 + 0.04 1874 +£0.05 2.62+0.09 49.0+5.1 18.7
U3755-4-566 21.23+0.03  2059+0.06 4.87+0.33 53.6+194 11.0




