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THE FIRST DETECTION OF A COLLAPSED CORE GLOBULAR CLUSTER IN M3l
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ABSTRACT

We report on the observations of a globular cluster (designated G105 = Bo 343) in the nearby spiral galaxy
M31, using the Hubble Space Telescope (HST). Image deconvolutions using three different methods indicate
that this cluster has a density profile with the morphology characteristic of stellar systems which have under-
gone core collapse, i.., a power-law density cusp near the center. This is the first such detection in a galaxy as
distant as M31. This discovery may lead to extensive future statistical studies of the globular cluster system of

M31, and thus a better understanding of its evolution.

Subject headings: galaxies: individual (M31) — galaxies: star clusters — techniques: image processing

1. INTRODUCTION

One of the central topics in stellar dynamics and astro-
physics of globular star clusters is the problem of core collapse;
numerous good reviews of this subject can be found in Elson,
Hut, & Inagaki (1987), Goodman & Hut (1985), Grindlay &
Philip (1988), and Meylan & Djorgovski (1993). The collapse
and a subsequent recovery lead to the appearance of a charac-
teristic surface brightness profile morphology near the cluster
center: a power-law cusp with a slope ~ —0.5 to — 1, extend-
ing up to a few parsecs out in radius. Approximately one-fifth
of all known globulars in our Galaxy show this morphology
(Djorgovski & King 1984, 1986), which distinguishes them
from the standard, King model clusters with flat, extended
cores and steeper envelopes (King 1966). Dynamical evolution
of clusters can be speeded up by the tidal shocks along their
orbits, and a census of post—core collapse clusters as a function
of their position in the parent galaxy can thus serve as a power-
ful probe of the evolution of the system; so far, this was done
only for our own Galaxy (Djorgovski 1988; Chernoff & Djor-
govski 1989). Core collapse can also affect the stellar popu-
lations in significant ways which are not yet fully understood
(Djorgovski et al. 1991; Fusi Pecci et al. 1993a).

The only other galaxies for which a systematic search for
post—core collapse clusters has been done are the Magellanic
Clouds (Meylan & Djorgovski 1987). So far, measurements of
the morphology of globulars in other galaxies, the nearest
major one being M31, have been precluded by their distance
and a seeing-limited resolution of ground-based data. System-
atic cataloging of the M31 globular cluster system has been
done by many groups (Sargent et al. 1977; Battistini et al.
1982; Battistini et al. 1987; Crampton et al. 1985). Attempts to
recover their morphology using seeing deconvolution of
ground-based data have met only with a limited success so far
(Cohen & Freeman 1991; Bendinelli et al. 1990). The Hubble
Space Telescope (HST) is a powerful new tool with which to
address this problem.

We are conducting a long-term effort to study the M31
globulars with the HST. Our selection criteria of the clusters to
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observe and the preliminary results have been reported else-
where (Bendinelli et al. 1992; Cacciari et al. 1992), with a full
paper to follow (Fusi Pecci et al. 1993b). Here we report on the
discovery of a cluster with apparently post—core collapse mor-
phology. This object G105 = Bo 343 = V199 (names from
Sargent et al. 1977, Battistini et al. 1987, and Vetesnik 1962,
respectively), is located about 12 kpc from the nucleus of M31,
it has an apparent magnitude V = 16.34, colors (U — B) = 0.14,
(B—=V)=0.73, and (V—K) = 2.69, an estimated metallicity
[Fe/H] ~ —1.3, and the observed radial velocity v, = —295.8
km s~ ! (Bonoli et al. 1987; Federici, Fusi Pecci, & Marano
1990). Assuming the distance modulus to M31 of
(m — M) = 24.37, and the foreground reddening E;_, = 0.10,
its inferred absolute magnitude is M, ~ —8.0, i.e,, it is a rela-
tively bright, but otherwise unremarkable, cluster. Since the
Galactic collapsed core clusters appear to be concentrated
toward the Galactic center, it might be worthy of notice that
this cluster is located at quite a large distance from the nucleus.

2. OBSERVATIONS AND REDUCTIONS

We obtained three exposures of the cluster, of 1495, 1495,
and 1288 s duration, using the Faint Object Camera (FOC) on
the HST, in its f/96 mode, and through the F430W filter (B
band). Separate exposures of an isolated standard star were
used to obtain the point-spread function (PSF). The data have
been reprocessed, the three exposures co-added, and the
surface brightness profiles extracted using standard techniques
(Djorgovski 1988; Bendinelli et al. 1990, 1992; Cacciari et al.
1992).

3. DECONVOLUTIONS AND RESULTS

We employed three different image deconvolution tech-
niques in order to compensate for the notorious spherical aber-
ration of the HST: the Richardson-Lucy technique (RL)
(Richardson 1972; Lucy 1974), the maximum entropy method
(MEM) (Weir & Djorgovski 1990; Weir 1991), and the regu-
larized multi-Gaussian technique (RMG) (Bendinelli 1991).
Figure 1 (Plate L3) shows the original cluster image, and the
results of RL and MEM deconvolutions (the RMG method is
applied on the surface brightness profiles only).

We performed numerous and extensive tests of the three
deconvolution methods, both in the context of these data, and
in other, related, applications (Bendinelli et al. 1990, 1992;
Cacciari et al. 1992; Weir et al. 1990; Weir 1991; King et al.
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PLATE L3

F1G. 1.—Images of the M31 globular cluster G105 = Bo 343, obtained with the HST. Top left: the original stacked image. Top right: a deconvolved image, using
the maximum entropy method. Bottom left: a deconvolved image, using the Richardson-Lucy technique. Most of the luminosity spikes in the deconvolved images
are probably not individual stars, but rather just enhanced noise peaks (the brightest ones may be actually individual red giants). The overresolution at these small
spatial scales does not perceptibly affect the surface brightness profiles. Bottom right : the observed point-spread function.

BENDINELLI et al. (see 409, L17)
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1991; Zavatti et al. 1991), and more tests will be presented in a
forthcoming paper. As a rule, we find that surface brightness
profiles produced by the three deconvolution methods agree
very well, especially in the central regions where the signal-to-
noise ratio is high. We also did separate deconvolutions of
individual FOC exposures using MEM and again found an
excellent internal agreement. We varied different MEM
parameters and again found the results to be quite robust.

As an illustration, Figure 2 shows surface brightness profiles
(the original, and the three deconvolutions) of a simulated
post—core collapse cluster, which was “moved ” to the distance
of M31, convolved with the observed PSF, and then restored.
All three deconvolutions mutually agree and clearly show the
presence of a central power-law cusp.

Figure 3 shows the deconvolution of another cluster (G2),
from very similar data. Again, the three deconvolutions agree
very well. This cluster appears to be safely resolved with the
HST, with the core radius r, = 0712 + 0702, and an apparently
normal King model morphology. The results for most of our
other clusters are qualitatively very similar.

In contrast to that, Figure 4 shows the surface brightness
profiles for G105 = Bo 343. There is an apparent central
density cusp, with a power-law slope ~ —0.75, uncertain by
about 10%, and an unresolved core. This is a typical slope for
the central cusp profiles of post—core collapse clusters in our
Galaxy (Djorgovski & King 1984, 1986; Djorgovski 1988).
Curiously, it is also the power-law slope characteristic of star
clusters around massive black holes (Bahcall & Wolf 1976);
perhaps deep ROSAT X-ray observations of this cluster might
be of some interest. The cluster is not resolved down to the
limit of our data, i.e., r, < 0705, or roughly 0.2 pc at the dis-
tance to M31; this is perfectly consistent with the observed
core radii or upper limits on them for the Galactic post—core

collapse clusters. We thus conclude that this is the first detec-
tion of a collapsed cluster core outside our Galaxy or its
nearest satellites.

We are unable to think of any reasonable alternative expla-
nation for the observed profiles. Our tests have convinced us
that given the data in hand, the deconvolution results are reli-
able. There are two basic limiting factors for any image decon-
volution: the signal-to-noise ratio, and the possible PSF
mismatch between the object and the PSF star exposures. The
former does not seem to be a problem here. We have no
control over the latter, but we note that the PSF mismatching
would in general tend to smear the deconvolved images and
profiles and thus hide the central cusp or the unresolved core.
If the PSF was at fault, we would have probably seen similar
effects in our exposures of other clusters, and we do not.
Whereas the only way to be certain is to obtain independent
follow-up observation, we feel that the case for a collapsed core
in G105 = Bo 343 is quite good.

The significance of this result is that it opens the possibility
of morphological classification of globular clusters in M31,
much in the same way as it was done for our Galaxy with using
ground-based observations. This, in turn, would lead to a
better understanding of the globular cluster system of M31, its
dynamical evolution, and comparisons with that of our own
Galaxy.
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