
Constructing the Universe with Clusters of Galaxies, IAP 2000 meeting, Paris (France) July 2000
Florence Durret & Daniel Gerbal eds.

DWARF REMAINS FOUND IN FORNAX

M.J. DRINKWATER1, S. PHILLIPPS2 , M.D. GREGG3,J.B. JONES4

1) School of Physics, University of Melbourne, Parkville, Victoria 3010, Australia
2) ,Astrophysics Group, Department of Physics, University of Bristol, Bristol BS8 1TL, UK

3) Department of Physics, University of California, Davis, CA95616 and Institute for Geophysics and
Planetary Physics, Lawrence Livermore National Laboratory, L-413, Livermore, CA 94550, USA
4) School of Physics and Astronomy, University of Nottingham, Nottingham NG7 2RD, UK

We have discovered a population of low luminosity compact objects in the Fornax Cluster
which are unlike any known type of galaxy and appear to represent an entirely new component
of galaxy clusters. These objects were discovered during our Fornax Spectroscopic Survey
which is using the Two degree Field spectrograph of the Anglo-Australian Telescope to obtain
the �rst complete spectroscopic sample of the Fornax cluster. Our survey is unique in that all
objects (both stars and galaxies) in our magnitude limits (16:5 < BJ < 19:7) are measured, to
eliminate morphological selection biases. The largest of the compact objects is just resolved
in our photographic data, giving a scale size of about 80 pc; the others are all unresolved.
They have optical spectra consistent with old stellar systems, but are more luminous (�13 <
MB < �11) than any known globular clusters. The luminosity distribution of these objects
overlaps that of the nuclei of nucleated dwarf elliptical galaxies so they may be the remains
of dwarf galaxies broken apart in the cluster environment.

1 Introduction

It has long been suggested that optical selection e�ects limit the galaxies in optical surveys to a
narrow range of surface brightness (Disney & Phillipps 1983 and references therein). Low surface
brightness (LSB) galaxies are lost in the sky noise and compact, high surface brightness galaxies
are confused with stars. It now seems unlikely that there are large numbers of undetected giant
LSB galaxies (Driver & Cross 2000) and the number of unresolved giant galaxies missed in
photographic surveys is small (Drinkwater et al. 1999). However the situation for dwarf galaxies
may be very di�erent. In this paper we present the detection of a new population of compact
dwarf galaxy in the Fornax cluster: these were unresolved in ground-based imaging and were
discovered in our survey described below.



Figure 1: The central region of the Fornax Cluster with the positions of the new compact objects indicated by
squares. This R-band photographic image is from a single UKST exposure on Tech-Pan emulsion, digitised by

SuperCOSMOS (Miller et al. 1992).

2 Discovery Observations

The Fornax Cluster Spectroscopic Survey (Drinkwater et al. 2000a, FCSS) is the �rst complete
all-object spectroscopic survey of a large area of sky. We have used the 2dF spectrograph on
the Anglo-Australian Telescope to obtain spectra of the 3,600 objects with magnitudes 16:5 <
BJ < 19:7 in a 2-degree diameter �eld centred on the Fornax Cluster. We observed all objects
both \stars" and \galaxies" in these limits in order to cover the full range of surface brightness.
The sample is dominated by foreground Galactic stars and background �eld galaxies|but we
can a�ord to use this complete strategy given the high multiplex advantage of the 400-�bre 2dF
system.

When complete the FCSS will comprise some 14,000 objects measured over four 2dF �elds
in Fornax. Our initial results from the �rst �eld include the discoveries of high-velocity Galactic
stars, unresolved compact giant �eld galaxies (Drinkwater et al. 1999) and a population of red
quasars not detected by conventional multicolour selection (Meyer et al. 2000). We have also
discovered a new type of compact galaxy in the Fornax Cluster itself described in the next
section.



Figure 2: R-band photographic images of the new compact objects. The images are all from a single UKST
exposure on Tech-Pan emulsion, digitised by SuperCOSMOS (Miller et al. 1992). Each image is 2.5 arcminutes

across with North at the top and East to the left.

3 Properties of the New Galaxies

Among the 2000 \stars" observed, 5 were found to have redshifts of around 1000 km/s making
them members of the Fornax Cluster with absolute magnitudes of �11 < MB < �13. Their
locations in the cluster are shown in Fig. 1. These objects are unresolved in ground-based
imaging (see Fig. 2): we have V images of objects 1 and 5 obtained with the Anglo-Australian
Telescope showing them to be unresolved in 1.5 arc second seeing corresponding to a physical
size (HWHM) of 60 pc assuming a Fornax distance of 15.4 Mpc. We have not detected any
extended low surface brightness halos around them at the 26.5 V mag per square arc second
level. Full details of the compact objects are given in Drinkwater et al. (2000b).

They have spectra typical of old stellar populations but they are brighter than any known
globular clusters, as is shown in Fig. 3. The luminosities of these compact objects overlap
those of the fainter known dwarf ellipticals in the cluster, but they are morphologically distinct,
being much more compact. The only objects they do resemble are the nuclei of nucleated dwarf
ellipticals: perhaps they are the remnants of nucleated dwarfs which have been stripped in the
cluster potential. These objects are unlike any known type of galaxy or stellar system and
occupy a region of the surface brightness-magnitude plane (Fig. 4) that was previously empty.

4 Discussion

We will image these objects with the Hubble Space Telescope (HST) in Cycle 9 to measure their
sizes. We already have STIS images of two comparison objects: a nucleated dwarf elliptical
in the Fornax Cluster (FCC 303) and a globular cluster (AAT 62) belonging to the central
galaxy NGC 1399. We will combine the HST data with velocity dispersions measured from the
ground to derive the masses of our objects and determine which of the following hypotheses best
describes them.

4.1 Hypothesis 1: disrupted dwarfs

Bassino et al. (1994) modelled the disruption of nucleated dwarfs captured by central cluster
galaxies. Most of the remnants end up contributing to the large globular cluster populations of
the central galaxies, but signi�cant numbers of still larger remnants would be produced. These
could not have been detected by any previous surveys. Our hypothesis is that the compact
objects we have discovered are these larger remnants of disrupted dwarf galaxies.



Figure 3: Distribution of absolute magnitude of the compact objects (�lled histogram) compared to dEs in the
Fornax Cluster (Ferguson 1989; solid histogram), nuclei of dE,Ns in the Virgo Cluster (Binggeli & Cameron
1991; short dashes), model �t to the globular clusters around NGC 1399 (Bridges et al. 1991; long dashes) and
Galactic globular clusters (Harris 1996; dotted). The magnitude limit of our survey that found the compact

objects corresponds to MB = �11.

Figure 4: Absolute magnitude-surface brightness plane for stellar systems and subsystems. The squares indicate
our measurements of dwarf galaxies in the Fornax Cluster and the �lled circles the new Fornax compact objects
(the surface brightness estimates are lower limits). The positions of other populations are from Ferguson &

Binggeli (1994).



4.2 Hypothesis 2: free globular clusters

Central cluster galaxies like NGC 1399 in Fornax have exceptionally large populations of globular
clusters (Kissler-Patig et al. 1999). The NGC 1399 globulars, like Galactic globulars, are less
luminous than any of the compact objects we have found. However West et al. (1995) suggest
that free globulars could form in situ in the intra-cluster medium, in which case they might
be more luminous. Our alternative hypothesis is that the compact objects are super-luminous
globular clusters, either the extreme end of the known population associated with NGC 1399 or
a new population formed in the intra-cluster medium.
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