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Abstract. We study properties of globular cluster candidates (GCCs) and the diffuse stellar
populations in nearby low surface brightness dwarf galaxies, using HST WFPC2 photometry in
the V and I bands. Our sample consists of 18 dwarf spheroidal (dSph), 36 dwarf irregular (dIrr),
and 3 transition-type galaxies, with projected linear diameters less than 3.5 kpc and mean blue
surface brightness > 23 mag/arcsec2 situated at the distance 2–6 Mpc in the field and in nearby
groups. Our sample dwarf spheroidal galaxies were not detected in HI and are located at the
distances of up to ∼1 Mpc away from a nearby bright galaxy. Transition-type galaxies, which
are distributed like dSph galaxies, form a very rare class of galaxies. dIrr galaxies show a weaker
concentration to the nearest massive neighbors than dSph and transition-type galaxies. At a
given surface brightness and luminosity, they exhibit lower mean metallicities than dSphs. In
contrast to dIrr galaxies, the majority of dSph galaxies at a similar mean surface brightness
contains GCCs. The percentage of GCCs located near the centers of dSph galaxies is much
higher than that for dIrr galaxies. The composite population of GCCs in dSphs is spatially
more concentrated than in dIrr galaxies. The color distributions of GCCs in dSph and dIrr
galaxies show major differences. While the latter shows obvious bimodality with the peaks near
(V − I)0 ∼ 0.5 and ∼1.0 mag, the GCC color distribution in dSph galaxies shows only one
peak with a mean color (V − I)0 ∼ 1.0 mag. There is a tendency of increasing half-light radii
with increasing projected galactocentric distances for a large number of GCCs in dSph galaxies,
which is also observed in the Galactic globular cluster system. We embarked on a spectroscopic
survey of GCCs in low-mass galaxies to obtain their chemical compositions and relative ages.
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1. Properties of our sample galaxies
We select low surface brightness dwarf galaxies with accurately measured distances

situated in the field and in the nearby groups: M81, Centaurus A, Sculptor, Canes
Venatici I cloud. More than 50% dSph are located within the projected radius of 250 kpc
from the nearest massive galaxy (see Fig. 1), which is well reproduced by CDM models
(e.g. Kravtsov et al. 2004).

The galaxies were surveyed with the HST WFPC2 (GO-8192, GO-8601) with 600-s.
expositions taken in the F606W and F814W filters. Photometry and artificial star tests
were performed using DOLPHOT program (Dolphin 2000). We estimate the metallicity
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Figure 1. Distribution of nearby galaxies (our sample + LG) according to their projected
distances from the nearest massive galaxy, DistM D (Mpc), from Karachentsev et al. (2004)

Figure 2. (a) B-band luminosity versus metallicity of red giant branch stars in our sample
galaxies. Isolated dIrr galaxies (with tidal index, T I < 0, according to Karachentsev et al.
(2004)) are marked by small solid dots. The data for the LG galaxies were taken from Grebel
et al. (2003). (b) Comparison of metallicity estimated from real and artificial RGB stars in
dependence of apparent I magnitude of TRGB in our sample galaxies.

of RGB stars from the mean color of the red giant branch measured at an absolute
magnitude MI = −3.5m (Lee et al. 1993): [Fe/H]= 12.64+12.6(V −I)−3.5−3.3(V −I)2−3.5.
We corrected our measurements using artificial star tests (see Fig. 2b). Fig. 2a shows that
dSph galaxies follow a galactic metallicity-luminosity relation (Z ∼ L0.3) fairly well, but
dIrr galaxies have higher metallicity for their luminosity as compared to dSphs.

2. Properties of globular cluster candidates
Globular cluster candidates were selected and photometry was performed using the

FIND task of the DAOPHOT-II Stetson(1987) package. To convert instrumental magni-
tudes F606W and F814W into the standard Johnson-Cousins system we used the surface
photometry recipes and equations presented by Holtzman et al. (1995). The magnitudes
of GCCs were corrected for Galactic extinction using reddening maps from Schlegel
et al. (1998). We select GCCs with half-light radii of 2 < FWHM < 9 pix (corresponds
to 3<rh <20 pc, which is typical for Galactic GCs), absolute magnitudes MV <−5.0m

and color 0.3 < (V − I)0 < 1.5. We fit surface brightness profiles of our GCCs with the
King law (King 1962). About 10% of the sample was removed from our GCCs list due to
uncertain structural parameters. The final list contains 105 GCCs. In general, 50% of all
surveyed galaxies contain globular cluster candidates, irrespective of morphological type.

Figure 3a shows a color-magnitude diagram for all GCCs. The red peak GCC sub-
population in dIrrs and most GCCs in dSph galaxies cover the same (V −I)0 color range
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Figure 3. (a) Color-magnitude diagram of globular cluster candidates in dSph (open circles)
and dIrr galaxies (solid dots). The dashed line indicates the limit of our photometry The hatched
region shows the color range for Galactic and M31 globular clusters (Puzia et al. 2004). The
two vertical lines indicate colors of blue and red sub-populations in massive early-type galaxies.
(b) Core radius of GCCs versus their projected galactocentric distance. The data for the two
richest GCC systems, UGC 3755 and Holmberg IX, are marked by different symbols.

as the ancient Galactic and M31 globular clusters and are similar to blue globular clusters
in early-type galaxies, which implies similar ages and metallicities. For GCCs in dSphs
the LF shows a turnover at around MV ≈ −7.4m . We find indications for an excess
population of faint GCCs with MV > −6.5 in both dSph and dIrr, reminiscent of excess
populations of faint GCs in the LG spiral galaxies. Figure 3b shows a trend of increasing
half-light and core radius as a function of increasing galactocentric distance. We find that
most GCCs have structural parameters similar to extended outer halo globular clusters
in the Milky Way and M31, as well as the recently discovered population of “faint fuzzy”
clusters in nearby lenticular galaxies (Brodie & Larsen 2002).

We find that the surface density profiles of globular cluster systems in dIrr galaxies
are “flatter” (x ≈ 1.1) and (x ≈ 1.85) than those in dSph galaxies (x ≈ 2) (see Fig. 4).

It should be mentioned, that 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 < MV,0 < −10, rc ≈ 2–3 pc), similar to those found at the center of
nucleated Virgo dE galaxies (Lotz et al. 2004).

Figure 4. Radial distribution of GCCs in dIrr galaxies (panel a) and dSph galaxies (panel b).
The sample of GCCs in dIrrs is divided into blue GCCs with (V − I)0 < 0.75 (dots) and red
GCCs (V −I)0 > 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 projected distance from the galaxy
center, in kpc.
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3. Conclusions
Our findings do not contradict a hypothesis that dSph galaxies turned their gas reser-

voirs early and more efficiently into stars than dIrrs of similar luminosity. dSph galaxies
have higher metallicity of red giant stars for their luminosity as compared to dIrr galaxies.
The detection rate of GCCs in dSph galaxies is ∼2 times higher than in dIrr galaxies in
the same surface brightness range µB � 24.4 mag/arcsec2. GCC systems of dSph galaxies
are more spatially concentrated than in dIrr galaxies. The fraction of GCCs located near
the center of dSph galaxies is 2 times higher than that for dIrrs. However, it is worth to
note that dSph, dIrr and transition type galaxies host GCCs with (V −I)0 ≈ 1.0m , which
might indicate that at least early globular cluster formation took place irrespective of
the host galaxy’s morphological type.

If accretion of globular clusters plays an important role in the assembly of outer globu-
lar 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 (Harris 1996). For GCCs in dSphs the luminosity function shows
a turnover at around MV = −7.4. Roughly half of our globular cluster candidates have
structural parameters similar to extended outer halo globular clusters in the Local group
spiral galaxies.

An ongoing spectroscopic survey of globular clusters in low-mass nearby galaxies will
help us to reject background galaxies from our list and study the chemical composition
and relative ages of globular clusters in low surface brightness dwarf galaxies.
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Discussion

Miller: What are the specific frequencies for globular cluster candidates in dIrrs?

Sharina: A mean value of the specific frequency for GCCs in our sample dIrrs is ∼15.
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