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1. Introduction

Globular clusters are the best exam
ple of a "simple" stellar population, i.e.
a group of stars with the same age and
chemical composition (with a few excep
tions) where the only varying parameter
is mass. Therefore, they are ideallabora
tories to study stellar astrophysical prob
lems such as the evolution of Popula
tion II stars and the phenomena related
to the environmental conditions (e.g. in
ternal cluster dynamics, binary forma
tion and evolution, star interactions, cap
tures, mergers, X-ray sources, pulsars,
etc.). Moreover, considering their inte
grated properties, they can be used as
test particles to study the formation, evo
lution and dynamics, and the stellar pop
ulations of the parent galaxies.

Given the extent of the subject and its
possible connections to many astrophys
ical fields, we shall present and discuss
briefly only some topics of major scien
tific interest involving globular clusters,
with some evaluation on the most ef
ficient telescope/instrument combination
to reach the desired results. The tele
scopes we have considered are the 4
m-class (NTT-like), 8-m-class (VlT-like),
HST and ISO. The specific cases where
the VlT is the best choice with respect
to the other telescopes will be treated in
some more detail, and the most suitable
instruments will be suggested.

2. Cosmological Tests

Cosmological models can be tested
using two main aspects of globular clus
ter properties, namely absolute ages
which are related to the age of the uni
verse, and dark matter content which is
related to the baryonic matter in the uni
verse.

2. 1 Absolute ages

Globular clusters (GC) are nearly the
first objects that formed at the time of
the galaxy formation. The oldest metal
poor clusters set thus a lower limit to
the age of the universe. The better the
accuracy of globular cluster dating, the
more stringent will be the cosmologi
cal implications. In the Colour-Magnitude
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Diagram (CMD), the optimal clock is the
Main Sequence (MS) turn-off (TO). The
absolute age of a globular cluster is ob
tained by linking the TO observable pa
rameters (i.e. magnitude and colours) to
the corresponding quantities (i.e. lumi
nosity and temperature) in the theoretical
isochrone with the same chemical com
position. Since stellar clocks are intrin
sically based on stellar models, the ver
ification of the validity of these models
is both complementary and necessary to
any dating procedure.

A few rough estimates may be useful
before proceeding. Assuming an abso
lute age of 15 Gyr, an uncertainty of ± 1
Gyr is given formally by an error of 0.07
mag in the TO luminosity, or 0.30 dex in
the metallicity [m/H], or 0.03 dex in the
helium content Y.

The errors currently obtained on TO
absolute luminosity (~ 0.2 mag), metal
licity (~ 0.2 dex), and helium abundance
(~ 0.02) lead to an error on the absolute
age not smaller than 3 Gyr.

Therefore the problem, from the ob
servational point of view, is four-fold:
• Test the evolutionary models (as
sumptions, input physics, approxima
tions, etc.) to ensure a proper clock run
ning. See Section 4 which is devoted to
the discussion of this item.
• Derive the TO apparent magnitude and
colour as accurately as possible from the
observations, to ensure a proper clock
reading. The TO luminosity level is a
quantity of intrinsically difficult sharp def
inition, as the TO region is almost ver
tical in the V-(B-V) plane. Alternative fil
ter combinations should probably be de
vised. The required photometric accu
racy (~ 0.01-0.02 mag for the individual
stars at the TO) can be obtained if the
observations reach at least 2-3 mag be
low the TO (V ~ 20-27, depending on
the cluster distance).

This can already be done with good
CCD equipment and 4-m-c1ass tele
scopes on sufficiently well-populated ex
ternal zones of the clusters.

• Estimate accurate chemical abun
dances (not only overall metallicity,
[m/H], and helium abundance, Y, but
also the relative abundances of elements
such as Fe,C,N,O, etc. which are very im
portant for the determination of the cor-

rect theoretical model), with an accuracy
of at least 0.1 dex. The bright red giant
branch (RGB) stars can be used for this
purpose, although some tests to verify
that these abundances do not differ from
those of the MS stars are recommended.
The spectroscopic observations of the
RGB stars can be obtained with 4-m
class telescopes, the MS stars are much
fainter (V > 17) and require the use of an
8-m-c1ass telescope and high-resolution
spectrographs (MFAS, UVES).
• Estimate accurate distances to the

clusters, as the absolute magnitude of
the TO is needed to determine the age.
This relies upon the use of various types
of "standard candles", for example:

- The RR lyrae variables. Absolute
magnitudes can be obtained using the
Baade-Wesselink method which requires
accurate V(RI)K light and radial velocity
curves. The accuracy presently attained
on individual field stars is about 0.15 mag
using 1.5-m telescopes with CORAVEl
and 1-m telescopes for the photometry
(Cacciari et al. 1992). A few stars in three
among the nearest GCs have been anal
ysed with considerable better accuracy.
This programme is feasible with 4-m
class telescopes, and by averaging the
results on several stars in a cluster, a
sufficiently high internal accuracy can be
obtained.

- The HB luminosity level, applied
to globular clusters in M31. Given the
large distance to M31, its globular clus
ters can be considered all at the same
distance. Therefore, the apparent mag
nitude level of the HBs as a function
of metallicity provides directly the slope
of the HB luminosity-metallicity relation,
whereas the zero-point of this relation
has to be set by other methods (see
above). This needs accurate photome
try (~ 0.1 mag) of individual stars at
V =25-26 in crowded fields where the
spatial resolution is essential. The HST
is presently the only instrument capable
of this performance.

- The RGB tip. This method needs
accurate and complete luminosity func
tions of all bright stars (M v ~ -3, V ~

10-17) in very populous clusters to re
duce the impact of statistical fluctuations.
It can be done with small/medium-size
telescopes.



- The field subdwarfs with known ac
curate parallaxes (e.g. from Hipparcos)
and metallicity determinations. These
stars are used to match the MS stars in
a globular cluster with the same metallic
ity, and thus derive their absolute magni
tudes. All the necessary photometric and
spectroscopic observations can be done
with smali/medium-size telescopes.

- The White Dwarfs (WDs). Accord
ing to theoretical predictions (Fusi Pecci
and Renzini 1979, Renzini 1985) the WD
cooling sequence is well defined in the
10gL-logTe plane (to within ± 0.03 mag)
and could be used in Galactic GC dis
tance determination. Since very accu
rate photometry and medium-low resolu
tion spectroscopy (to confirm the WD na
ture and to distinguish between DA and
DB types) of very faint stars is needed,
the use of an 8-m-class telescope is re
quired. However, the very high space
resolution and the possibility to observe
in the UV wavelength range make HST
a better suited instrument for this pur
pose. Nonetheless, the VLT can be used
profitably on certain aspects of this pro
gramme (e.g. spectroscopy), and also to
search for WD candidates in the more
external regions.

As an example, for a WD star at
approximately 25,0000 K (Mv ~ 10
*mj/ ~ 23-30) an error in the tem
perature of 10000 K (corresponding to
,6,(1800-V) = 0.078, ,6,(U-B) = 0.025 and
,6,(B-V) =0.005) produces an error in the
absolute bolometric magnitude of 0.234
mag. Accurate UV photometry of many
very faint stars is therefore very impor
tant in order to define a reliable distance
modulus. To avoid using UV data, not ac
cessible from the ground, one can try to
detect and measure cooler WDs, which
are however fainter (a temperature dif
ference of 10,0000 K corresponds to a
magnitude difference of about 1.5 mag).
At magnitudes mv ~ 25-32 the same
error in temperature and luminosity as
above corresponds to photometric errors
,6,(U-B) = 0.06 and ,6,(B-V) = 0.02, and by
observing 10-20 WDs significant results
can be obtained. The major problems will
be crowding and field decontamination,
and a sufficiently wide population sam
pling.

• GC Peak Luminosity Function

Some further impact of the GCs on the
distance-scale determination is offered
by the study of globular clusters in exter
nal galaXies (after proper calibration on
Local Group clusters). This method does
not intend to find the distance and age of
globular clusters, but uses the brightest
globular clusters as standard candles to
derive the distance to external galaxies.
The zero-level assumption is that the Lu
minosity Functions (LFs) of GCs are de
scribed by the same law everywhere or,

at least, that it is possibile to know in de
tail how the LFs vary with varying galaxy
morphological types and masses.

This method needs very deep imag
ing over qUite large fields for magni
tudes and colours (and possibly photo
metric metallicity indices), and medium
low resolution spectroscopy for testing
the GC nature and membership and for
abundance determinations. Depending
on how far one wants to reach (M81,
NGC 5128, Virgo, etc.), a transition from
4-m-class telescopes to HST is nec
essary for imaging. Similarly, 8-m-class
telescopes with MOS capability are nec
essary for an effective spectroscopic in
vestigation (MFAS, FORS).

2.2 Very Low Mass (VLM) stars,
Brown Dwarfs (BD) and
dark matter

Many candidates exist for baryonic
dark matter, with masses ranging from
black holes down to comets. Among
the most popular candidates are the
stars at the low-mass end of the Initial
Mass Function (IMF). These degener
ate dwarfs are commonly roughly divided
into two SUb-groups, i.e. the very low
mass stars (VLM) above the hydrogen
burning limit (~ 0.08 Mo), and the brown
dwarfs (BD) with M < 0.08 Mo.

The latest results on microlensing
of LMC stars presented by Alcock
etal. (1993) and Aubourg etal. (1993)
add support to the existence and impor
tance of these very low luminosity de
generate objects. However, to provide a
significant quantity of baryonic dark mat
ter to the Galactic halo, a steepening of
the IMF slope at very faint limits, well into
the VLM and BD regions, is absolutely
necessary.

The main challenging problems are
(a) constructing a statistically complete
and uncontaminated sample of these
very faint stars, (b) transforming the
observed MS Luminosity Function into
a Present-Day Mass Function (PDMF)
via a theoretical mass-luminosity rela
tion and known bolometric corrections,
and (c) understanding the relationship
between the PDMF and the IMF.

Globular clusters offer the environ
ment where a sufficiently homogeneous
group of VLM and BD objects could
still live unless dynamical evolution and
stripping have totally depleted the clus
ters. Though the clusters' low metallicity
makes the VLM and BD brighter than ex
pected in the solar neighbourhood and
in the Galactic disk, these objects in the
typical Galactic globulars (even in the
closest ones) are very faint, V > 25-27,
and securing statistically complete and
uncontaminated LFs is extremely difficult
with the available tools.

By measuring deep I-band LFs in six
GCs, Fahlman et al. (1989) and Richer
et al. (1991) have claimed that most GCs
probably have very steep IMFs (slope
x > 2.5, with Salpeter IMF x = 2.35), im
plying a large number of low-mass Pop II
stars in the halo. On the other hand, Pi
otto and collaborators (see Piotto 1993)
have found that the PDMFs measured in
the mass range 0.5 < M/Mo < 0.8 in
about 20 GGCs correlate with position in
the Galaxy.

Recently, Paresce et al. (1994) us
ing deep HST-WFPC2 images have ob
tained the LF for the MS of NGC 6397
down to ffiI ~ 25. Their correspond
ing PDMF rises to a plateau between ~

0.25 and ~ 0.15 Mo , but drops towards
the expected mass limit of the hydrogen
burning MS at about 0.1 Mo. As they
note, this result is in clear contrast to that
obtained from the ground for the same
cluster by Fahlman et al. (1989) and may
alter strongly the possible implications on
dark matter problems.

According to the Wide Field Direct
Visual Camera specifications (Wampler
1994), this imager at the VLT would be
capable of providing a space resolution
of 0.1 arcsec FWHM (almost comparable
with HST), a larger field of view and 10
times the HST collecting area. Assuming
the limiting magnitude I ~ 28.5 (for SIN
~ 2 in 10 hours) one could for instance
extend the LF obtained in NGC 6397 by
Paresce et al. (1 994) by at least two mag
nitudes.

On the other hand, VLMs and BDs
have high density and cool atmospheres
(Teff < 30000 K) dominated by H2

molecules, hence they emit predomi
nantly in the red and IR bands. Both
ISAAC and NIRMOS would thus be
most suitable for both detection and low
resolution spectroscopy of very faint can
didates. For example, NIRMOS can pro
vide unique LFs as faint as J = 25 and
H =24 with SIN =10 in 1 hour with pixel
scale 0.3 arcsec, and also low-resolution
spectroscopy (R = 200) for candidates as
faint as J =22 and H =21 with SIN =10 in
4 hours (Le Fevre 1994).

3. Tests of Galactic Formation
and Evolution

The various models of galactic forma
tion and chemical evolution (see Majew
ski 1993 for references) can be tested
by investigating three main aspects of
the globular cluster system, namely: (i)
the age spread, (ii) the relation between
location within the Milky Way, kinemat
ics, dynamics, metallicity and age, which
provides also the galaxy total mass and
its distribution out to distances of ~100
Kpc, and (iii) the abundance ratios, which
are a signature of the initial chemical
composition of the protocluster stars and
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hence of their origin. This can be done
by studying an adequate sample of indi
vidual stars in each cluster to derive the
average properties of the cluster itself, or
by investigating the integrated properties
directly.

Globular clusters in our own Galaxy
(GGCs) and in the other galaxies of
the Local Group (including the dwarf
spheroidals) represent the best template
stellar populations for this purpose, as
they cover the requested wide range in
ages and metallicities, provided they can
be assumed as reliable representatives
of the halo and bulge stellar population. A
similar complementary approach has to
be pursued with field stars, but we shall
not discuss them here.

3. 1 Age spread and the HB
"second parameter" problem

In order to distinguish between differ
ent models of galaxy formation, an ac
curacy not worse than ± 0.5 Gyr is nec
essary in the relative ages (coupled with
complementary data on abundances and
kinematics). Relative ages with respect
to a given reference cluster can be de
rived more easily and accurately than ab
solute ages, after proper calibration of
suitable photometric and spectroscopic
features.

In a resolved cluster, the two basic
methods presently used are the so-called
vertical method, which measures the
magnitude difference ~VJj? between
the Turnoff (TO) and the Horizontal
Branch (HB) (see Buonanno et al. 1989,
Sandage and Cacciari 1990), and the
horizontal method, based on the colour
difference between the TO and the RGB
(VandenBerg et al. 1990, Sarajedini and
Demarque 1990). To achieve the error in
age of ± 0.5 Gyr, the errors in magni
tudes and colours must be smaller than
0.03-0.04 mag and 0.01 mag, respec
tively. The chemical abundances must
be known at the level of accuracy re
quested for the absolute age determi
nation. These requirements can be met
using (V,B-V) or (V,V-I) photometry and
spectroscopy, both currently feasible with
4-m-class telescopes for most of the
galactic halo and Magellanic Cloud GCs.
Globular clusters in the bulge, however,
need IR (K,V-K or K,J-K) observations
because of the very large extinction in
that region of the Galaxy, and 8-m-class
telescopes are necessary to obtain accu
rate magnitudes at least 2-3 mag fainter
than the TO (K(TO) :::: 16) and prop
erly define the unevolved MS. Moreover,
since the required space resolution is
very high, Adaptive Optics techniques
are crucial. The scheduled VLT instru
ments ISAAC and CONICA, equipped
with large-format arrays and AO facil
ity, can satisfy these requirements, al-
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lowing deep and both high (for the cen
tral regions) and medium (for the external
zones) space resolution imaging in vari
ous near-IR filters.

In non-resolved clusters, ages could
be estimated by means of integrated
colours and spectroscopic indices, after
proper calibration on the local template
clusters, for which age and metallicity are
known. For the clusters in M31, where
the TO region for direct age estimate is
not accessible even to HST, a multiobject
spectrograph on a 4-m-class telescope is
sufficient for the purpose. For more dis
tant clusters, FORS and MFAS on the
VLT are the ideal instruments thanks to
the size of the field of view, the number of
slits or fibers, and the spectral resolution.

The use of the VLT opens a new win
dow to this type of studies as deep imag
ing and spectroscopy can be extended
into the IR. In fact, in the near-IR region
there are many interesting stellar absorp
tion features due to atomic (neutral met
als such as Si, Mg, AI, etc.) and molec
ular (CO, OH, H20, CN, etc.) species
which are very sensitive to the variation
of the fundamental stellar parameters of
cool stars. In fact, young stellar systems
are characterized by the presence of cool
and red M supergiants, while in older stel
lar populations the integrated luminosity
is dominated by less massive and hotter
giants.

For this purpose an 8-m-c1ass tele
scope is necessary to take IR spec
troscopy at different resolving powers
(depending on the intrinsic broadening
of the selected atomic and molecular
lines) of a complete sample of globu
lar clusters in our Galaxy and in the Lo
cal Group. Only the ~ 20 brightest clus
ters both in our Galaxy and in the Mag
ellanic Clouds are presently observable
in the IR at medium-low resolution with
a 4-m telescope, having K < 16 mag
per square arcsec. An instrument like
ISAAC can provide these fundamental
data. A multifiber imager-spectrometer
(like NIRMOS) is crucial, especially to ob
serve globular cluster systems in the Lo
cal Group galaxies, which are spatially
separated by a few tens of arcsec, de
pending on the galaxy distance.

Another possible approach to deal
with relative characteristics between
GGCs is to study their HB morphologies,
in particular the so-called "HB second pa
rameter effect", i.e. the occurrence of ex
tremely blue or red HBs in clusters having
the same (intermediate) metallicity.

In the Galaxy the "second parameter"
morphology seems to be related with the
Galactocentric distance (Zinn 1986). Dif
ferences in age up to 3-5 Gyr have been
detected among globular clusters (see
Buonanno et al. 1994, for references),
and age is presently the most favoured
second parameter candidate. However,

the dynamical and structural conditions
of the clusters (stellar density, concen
tration, kinematics, etc. see Section 4)
could playa role (Fusi Pecci et al. 1993).

HBs in GGCs are sufficiently bright
(including the faintest part of the ex
tended BHB) to allow very accurate
photometry with medium-size telescopes
(apart from the highly crowded central
regions which require the use of HST).
As mentioned below, spectroscopic mea
surements necessary to disentangle ba
sic evolutionary problems related to HB
stars require very high resolution, hence
the use of the VLT.

Photometry of HBs in the Magellanic
Clouds and in the Fornax dSph galaxy is
also feasible with 4-m-class telescopes,
and would possibly need HST only in or
der to achieve sufficient space resolu
tion in the central regions. Useful spec
troscopy of individual HB stars in the MCs
and beyond, however, cannot be done
without 8-m-c1ass telescopes and instru
ments like FORS, MFAS, NIRMOS, etc.
to yield abundances and velocities as ac
curate as those presently obtained in the
Galactic GCs.

For the globular clusters in M31 and
beyond, the use of HST or of the VLTwith
highly sophisticated Adaptive Optics de
vices is indispensable to detect individ
ual HB stars because of the faintness of
the stars and the spatial resolution nec
essary to resolve them.

In unresolved clusters the best (pos
sibly only?) way to detect "second pa
rameter" HB morphologies is probably
in the UV (with HST), after proper cali
bration with local clusters, but there are
problems with the possible dominant im
pact of just a few UV-bright stars. Useful
information on the HB morphologies can
be obtained also using visual and near
IR photometry (UVK) once the metal
licity effects have been estimated
with low resolution spectroscopy in the
red,
where the major contribution is due to
cool stars.

3.2 Dynamics of the GC system and
the parent-galaxy total mass

The necessary data for a comprehen
sive study of the dynamics and kinemat
ics of the GC system are radial velocities,
spatial motions and knowledge of orbit
type and possible interactions with the
parent galaxy. In turn, globular clusters
themselves can be used as test particles
to study the radial mass distribution and
the total mass of the parent galaxy.

For the Galactic GCs, radial velocities
can be obtained with the highest accu
racy from the analysis of a large number
of individual cluster stars, and the use
of 4-m-class telescopes is adequate to
this purpose. Obtaining space motions



and orbital shapes is however the crucial
item. According to the latest estimates
(Tinney, 1994) important progress can be
made using CCD devices and 8-m-c1ass
telescopes, as accurate proper motions
could be obtained using a relatively short
baseline (5-10 years).

Spectroscopic observations of extra
galactic cluster candidates in very dis
tant galaxies require typical integration
times of several hours per cluster. In ad
dition, since clusters beyond ~ 2 Mpc
can hardly be distinguished from fore
ground stars and background galaxies,
the observing efficiency will be consider
ably lowered by the contamination from
spurious objects. The use of Multi Object
Spectroscopy on the VLT is therefore es
sential to make these programmes feasi
ble and efficient.

3.3 Chemical abundances and
abundance ratios

The surface composition of unevolved
stars reflects that of the ISM at the epoch
of their formation. Therefore, in a simple,
closed-box model of the galactic chem
ical evolution, the element-to-element
abundance ratios are determined by the
interplay between the timescales of star
formation and evolution, because the
yields of production of different elements
are a function of stellar mass. Since the
star formation rate is usually related to
the density of the ISM from which the
stars form, it is important to study stars
at various locations corresponding to dif
ferent densities of the ISM, in particu
lar in the galactic halo and bulge. Since
globular clusters as such do not playa
specific role in this issue, we refer the
interested reader for instance to Larson
(1974), Gratton and Sneden (1989) and
McWilliam and Rich (1994) for the latest
results.

4. Stellar Evolution Tests

Globular clusters in the Galaxy or in
the MCs where different age-metallicity
combinations can be found, are excel
lent laboratories to test the assumptions
and results of the stellar evolution theory.
Many basic quantities (e.g. age, primor
dial helium abundance, etc.) can be de
termined once the model validity is veri
fied and guaranteed (see for discussion
and references Renzini and Fusi Pecci
1988, Chiosi et al. 1992). Some of these
tests use photometric techniques on rel
atively bright stars (e.g. luminosity func
tions of post-MS stars) and can be car
ried out satisfactorily with 4-m-class tele
scopes (or HST if high space resolution
is required). Other tests, which are based
on high-resolution spectroscopy of bright
and faint stars, are more relevant for the
present discussion.

4. 1 Spectroscopic tests
of stellar evolution

The original surface composition of
stars is altered during their evolution
by various mechanisms. Therefore, the
study of abundances of stars in different
stages of their evolution, but likely with
the same original composition, provide
basic and sensitive tests of stellar evolu
tion. We will now consider separately dif
ferent phenomena which have been ob
served, or are likely to be important, for
old (small-mass) stars and which can be
excellent programmes for an 8-m-class
telescope.

• Diffusion and Lithium abundances
in main-sequence and turn-off stars

Diffusion on the Main-Sequence may
affect the abundance of Li for stars in
the Turn-Off region of globular clusters. Li
abundance in metal-poor stars provides
a basic constraint on cosmological mod
els. A significant fraction of the present
Li may have been formed during the Big
Bang; once this fraction is determined,
it should severely constrain the baryonic
density in the universe.

In this respect, a very important re
sult was achieved by Spite et al. (1984),
who found a constant Li content
(LogN(Li) = 2.05 ± 0.2) among a large
group of unevolved, metal-poor, old
stars, that is likely to be the Big Bang sig
nature. However, Li is manufactured also
by other processes: the most important
contribution is spallation by cosmic rays
on interstellar grains, but a significant
fraction may come from intermediate
mass stars during their AGB phase. On
the other hand, Li is easily destroyed in
stars and a careful discussion of these
mechanisms (which depend on details in
the internal structure of MS and TO stars)
requires a comparison with stars hav
ing an appropriate range in mass, ages,
metallicity, and luminosity. Stars in globu
lar clusters are thus very important, since
these parameters are known with much
better accuracy than for field stars.

A determination of the Li abundance
for a star at the turn-off of NGC 6397
(the closest cluster, V(TO) ~ 16) has
been obtained recently by Pasquini and
Molaro (1994) using EMMI at the ESO
NTT. However, these observations ( R =

28,000, 4x90 min) are clearly at the limit
of a 4-m-c1ass telescope's possibilities,
and a systematic study of stars of differ
ent luminosity in various clusters can only
be done using an 8-m-c1ass telescope.
UVES at the VLT is very well suited for
these studies.

• Mixing and environment

Dredge up of CNO-processed mate
rial is expected to occur in GC stars at

the base of the RGB (first dredge up)
and perhaps during the latest stages of
AGB evolution (third dredge up). Clas
sical theory predicts a moderate mixing
(with depletion of 12C, and enhancement
of the surface abundances of l:JC and
14N) during the first dredge up (Vanden
Berg and Smith 1988). No alteration is
predicted for other observed elements,
including 0, Na and AI.

These predictions are generally rather
well satisfied for most metal-poor field
stars, which show a well-defined trend of
C and N abundances and isotopic ratios
with luminosity, and no clear indication of
o depletion. The low 12C/13C ratios ob
served in the brightest field halo giants
could be explained by a slightly more se
vere mixing, which could be due to merid
ional circulation activated by core rota
tion (Sweigart and Mengel 1979). The
only rare exceptions (Ba stars, CH stars,
N-rich dwarfs) can probably be explained
by pollution from an evolved companion,
presently a white dwarf; Ba stars and CH
stars are in fact known to be members of
spectroscopic binary systems.

Observations of stars in GGCs show
a far more complex picture (Smith 1987).
Only in a few clusters (like M92 and NGC
6397) there is a quite good correlation
of C and N abundances with star lumi
nosity; in most clusters stars with weak
and strong CN bands (both sharing a
similar fraction of the overall population
and sometimes exhibiting bimodal dis
tributions in CN band strengths) stand
side-by-side in all regions of the CMD,
even at the TO level. These anomalies
are correlated with variations of strength
of the 0, Na and AI lines: there is a
clear anticorrelation between 0 and Na
overabundances (Kraft et al. 1992), while
the sum of CNO abundances is probably
constant. Finally, several authors found
very low 12C/13C ratios.

There are strong indications that a
dense environment plays an important
role in causing these anomalies: how
ever, the responsible mechanism has not
been identified yet, candidates being en
hanced core rotation (perhaps due to
close encounters between protostars),
pollution by (possibly temporary) com
panions or even by other cluster mem
bers, and/or some still unknown mech
anism (mixing?) at work during evo
lution.

The dependence of these mecha
nisms on evolutionary phases and clus
ter dynamical parameters is different,
and a systematic study of large samples
of stars at different luminosities and po
sitions in several clusters is decisive.

While specific observations for a few
bright giants may be carried out with a
4-m-c1ass telescope, a fiber instrument
like MFAS (both in the Medusa and Ar
gus mode) at an 8-m-c1ass telescope is
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required for a systematic and complete
study of fainter stars.

• Mass loss and intracluster matter

Stellar evolution models predict a
mass loss of ~ 0.2 M0 prior to the HB
phase and ~ 0.1 M0 on the asymp
totic giant branch (AGB) (e.g. Fusi Pecci
and Renzini 1976, Renzini 1977). This
mass loss is required to explain the mor
phology of the HB observed in the GC
colour-magnitude diagrams and the lack
of any significant population of AGB stars
brighter than the RGB tip.

Quantitative direct information on
mass-loss rates can hardly be obtained
so far for any star, and especially for
globular cluster stars no reliable data are
available. The basic features related to
stellar mass loss are the lines in the
UV domain, OH masers (1612 MHz),
CO lines (in the microwave range), dust
induced features in the IR, and Ca H+K
or Ha lines (but these can be contami
nated by other contributions). As an ex
ample, with the VLT + UVES one could
extend to GC stars the type of studies
carried out by Reimers (1975) on field
stars, based on the detailed analysis of
high-resolution Ca H+K line profiles.

Assuming a constant gas-to-dust ratio
and typical expansion velocities (Skinner
and Whitmore 1988) useful data could
be obtained using VLT + MilS by observ
ing the brightest GC stars for instance at
9.7, 11.5 and 18.0 ~Lm, typical features al
ready observed in bright nearby objects
with high mass-loss rates.

As a result of stellar mass loss, some
amount of interstellar matter should also
be present in GCs. A typical GGC popu
lation of ~ 103 post-TO stars is expected
to release about 102-103 M0 of intraclus
ter matter during the ~ 108 -yr periods
between each cluster passage through
the galactic plane. This matter should
be present if no "cleaning" mechanism
is at work. A significant amount of gas
and dust could then be accumulated in
the central regions of the most massive
and concentrated clusters (i.e. those with
large central escape velocity).

The intracluster gas could be in the
form of atomic (neutral or ionized) hy
drogen and/or molecular H2 and CO.
Searches for HI and Ha emission (Smith
et al. 1990, Roberts 1988, for a general
review) in the central region of a few
GGCs resulted only in marginal detec
tions which would be incompatible with
a total mass loss per star of ~ 0.3 M0 ,

if the cluster is "closed". A few explana
tions for this apparent lack of gas have
been suggested, and invoke for instance
high gas velocities (e.g. winds driven by
novae or flare stars) but the details are
not well understood yet.

Searches for CO performed so far in
the central regions of GGCs (Schneps
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et al. 1978) have been unsuccessful, but
no firm conclusions can be derived from
these observations because of the low
sensitivity and the small beam of the em
ployed receivers.

On the contrary, some evidence of
cold dust was found in the intracluster
medium of GGCs (Forte and Mendez
1989). Its origin is probably related to
the processes of mass ejection during
the RGB and AGB phases, which would
imply the presence of dusty envelopes
around red variables, as also suggested
by the IR excess that has been measured
around luminous giants and long-period
variables in 47 Tuc (Frogel and Elias,
1988; Gillet et al. 1988). Multicolour po
larization and CCD photometry of some
clusters with P <::: 2 % and scattered po
larized light detected at a few core radii
suggest that the dust distribution may be
considerably extended within the central
region of the observed GGCs.

In many clusters IRAS point sources
have also been detected within their tidal
field (integrated fluxes in a 30" aper
ture between 0.2 and 1 Jy, Lynch and
Rossano 1990). For some of them this
far-IR emission might indeed be due
to dusty structures in the intracluster
medium, because the IRAS sources are
located in the cluster core. A few of
them are extended at 12 ~m, with typical
sizes of 2-4 arcmin, and this could be
a significant indication of the presence
of cold dust in the intracluster medium.
A mid-IR Imager/Spectrometer would al
low to investigate the presence and the
chemical composition of these dusty fea
tures in the circumstellar envelopes of
the coolest giant stars and/or in the in
tracluster medium.

ISO observations can provide a deep
survey (0.1-1 mJ) of the cluster cen
tral regions with low spatial resolution
and small field of view, due to the small
format arrays. The use of an 8-m-c1ass
telescope and large-format arrays would
allow to make almost as deep surveys
(down to ~1 mJy per square arcsec) on
a much larger field of view (a few arc
minutes) and with high spatial resolu
tion (0.1 "/pixel and an Airy disk of 0.6"
at 10 ~m). A complete mapping of the
emission regions would thus be possible,
even for quite extended and low surface
brightness areas. Note that the high spa
tial resolution available only with the VLT
will allow to distinguish between diffuse
emission (dust) and point sources (very
cool stars, e.g. brown dwarfs or carbon
stars). An instrument like MilS could sat
isfy these requirements.

• Gravitational settling, diffusion and
rotation for HB stars

As mentioned above, the distribution
of stars on and their evolution off the
ZAHB of GCs is not yet completely un-

derstood. However, it is known that the
combined action of gravitational settling
and outward diffusion by radiation pres
sure observed in Pop-I B8-F2 stars may
change significantly the surface abun
dances of He and metals in the outer ra
diative envelope of hot HB stars, since
the typical timescale of these phenom
ena (108 yr) is close to the HB lifetime.
On the other hand, diffusion might be in
hibited by rotation.

Observations of lines of He and heav
ier elements might then provide the age
of stars on the HB, and then be used to
distinguish between ZAHB and evolved
stars once additional information on rota
tional velocities is available (see below).
With proper modeling, one could get in
formation on the direction of evolution off
and along the HB. Earlier explorative ob
servations of He lines have been done
by Crocker and Rood (1988); however,
an 8-m-class instrument is required for
extensive observations of different ele
ments as quite high spectral resolutions
(UVES with R > 40,000) are necessary
and the stars are faint (V ~ 14 =? 20).

Spectroscopic observations of HB
stars are also important to better under
stand the mass-loss mechanisms, since
the colour distribution of these stars is
controlled, for fixed core mass and com
position, by the residual mass of the
H-rich envelope. For instance, Renzini
(1977) predicts that stars with fast core
rotation evolve into blue HB stars, since
the helium flash would occur at a higher
luminosity and, in turn, the total amount
of mass lost while experiencing the RGB
phase would be larger.

Peterson (1983) found a high fre
quency of larger-than-normal rotational
velocities in BHB stars of M13. While the
relation between surface and core rota
tion is not clear yet, these relatively high
rotational velocities could help explain
the very blue horizontal branch of M13, a
typical example of the second-parameter
phenomenon. A confirmation of Peter
son's result would thus be of paramount
importance as one could eventually get
direct hints on both rotation and mass
loss. However, these observations are
very difficult and uncertain as the blue
HB stars are faint and reliable rotational
velocities require high-resolution spectra
with high SIN ratios. The use of an 8-m
telescope with a MOS capability is thus
highly desirable.

4.2. Binaries: Blue Stragglers, CVs,
X-ray sources, MSp, etc.

It is common belief that any object
which does not fit into the "standard
evolution theory" of normal stars could
somehow be related to a binary system.
Though it seems unlikely that binarity is



responsible for so many different types
of stars, it may be interesting at least to
mention several categories of "unusual"
cluster members: objects include for in
stance:

• blue stragglers
• subdwarfs 0 and B
• cataclysmic variables
• dwarf Cepheids
• extremely blue HB stars
• novae
• Ba, CH stars, etc.
• UV-bright objects
• "naked" or "nude" very blue stars
• X-ray source
• millisecond pulsars (MSP)
Since until recently there was

even some doubt whether binaries
might exist at all in globular clus
ters, the questions to answer are:
how many binaries are present in
GGCs? and how do they form, sur
vive, evolve, interact with the environ
ment?

To study these variegated classes of
objects different techniques have been
successfully used in the optical, X-ray,
and radio bands. Several interesting pro
grammes could easily be carried on with
the VLT, for the sake of example we list
here a few of them:

1. Detection of radial velocity vari
ables. Systematic surveys with MFAS
aimed at checking velocities of individual
cluster stars (iT ~ 1 km S-l) may reveal
a number of candidate binaries starting
from the bright giants down to the faint
MS.

2. Detection of photometric variables.
A survey using both MFAS and FRISPI
could lead to detect eclipsing binaries
and to study their periods. In particular,
the study of variability could be focused
on blue stragglers as about 25% of them
have been found to vary (Stryker 1993).
Moreover, one could also use the prop
erties of spectrophotometric binaries to
yield distances.

3. Detection and study of cataclysmic
variables and novae. Though the total
number of such objects detected so far in
GGCs is low and, moreover, their mem
bership is frequently uncertain, one could
use high-resolution spectra in the UV re
gion taken with UVES to study in detail
their properties. Since these stars are
faint (V > 18 even in the closest clus
ters), the VLT is absolutely necessary.

4. Detection of a "second" MS. If bina
ries are still present in the MS of a cluster
and if they are formed by approximately
equal mass components, one expects to
detect some spread in the intrinsic MS
colour or even the existence of a sec
ond "binary MS" parallel to that of single
stars. Preliminary detections of such an
effect have been presented for instance
by Bolte (1992), but more accurate data
and a spectroscopic follow-up is neces-

sary to confirm the evidence. The use
of spectra obtained with MFAS may al
low the detection of radial velocity vari
ations in the candidates found via very
deep imaging.

5. Study of X-ray sources and Millisec
ond Pulsars. This topic is so wide and the
possible observations so many that we
simply mention it. In this respect, espe
cially spectrophotometry with MFAS and
FRISPI are crucial to both identify and
study the optical counterparts.

We wish to discuss here in some more
detail the study of the blue straggler
stars (BSS) and of their possible descen
dants. BSS can be formed via several
mechanisms mostly involving the inter
action and merging of stars in binary
systems (both primordial and formed
through subsequent encounters in dense
cluster cores). These BSS have similar
photometric characteristics but different
physical properties, and are expected to
have a mass in the range 0.8-1.6 M8
(Nemec 1991; Fusi Pecci et al. 1992;
Bailyn 1992). When they evolve off the
MS and into the He-core burning phase,
they are expected to be located on the
red extreme of the HB due to their large
mass (Seidl et al. 1987). Therefore, al
though their location on the HB looks nor
mal, their mass distribution is very differ
ent from typical (single) red HB and RGB
stars.

Metal-poor clusters with blue HBs are
the ideal place where these candidate
BSS descendants could be better de
tected, as they would be the only stars lo
cated at the red HB extreme. On the other
hand, these stars might display some dif
ferent characteristics if they had not been
able to lose a substantial fraction of the
large angular momentum acquired with
the merging.

In this case, a large rotational veloc
ity should be expected, the presence
of a large convective envelope would
probably cause a strong dynamo ef
fect, and hence a rather strong ac
tivity (analogous to that observed in
FK Com objects). These effects should
be detectable with appropriate spectro
scopic observations. Finally, He, CNO
(mainly 0 isotopic ratios) and Li abun
dance anomalies might be present, even
though the theoretical background is not
well defined at present (Bailyn 1992;
Pritchet and Glaspey, 1991).

While adequate observations of a few
very bright BSS descendants in some
clusters are feasible with a 4-m-c1ass
telescope, an 8-m telescope is abso
lutely required for most BSS progeny,
as well as for the direct observation of
BSS themselves. The need of a quite
high spectral resolution (R =30,000) and
a statistically significant sample of stars
requires the use of a fiber-fed, optical and
IR medium/high-resolution spectrograph

(the determination of the 0 isotopic ra
tio can best be done with high-resolution
observations of the CO bands in the K
wavelength region).

5. Cluster Internal Dynamics

Globular clusters are ideal sites to
test dynamical models of stellar systems,
since they are relatively simple structures
where large samples of individual objects
can be observed.

Early dynamical models of globular
clusters as a population of spherically
distributed point-like single-mass objects
were constructed by King (1966). These
models predict a rather simple dynam
ical evolution of a cluster, with the for
mation of a dense core which finally col
lapses (gravothermal instability: Antonov
1962), while the outer parts of the cluster
are dispersed (evaporation: Ambartsum
ian 1938, Spitzer 1940).

With later (multi-mass) modifications,
King's models describe rather well the
properties of the majority of GGCs, allow
ing to derive important global parameters
like the mass-to-light ratios, total mass,
etc. However, there is a substantial frac
tion of clusters whose light profiles clearly
deviate from King's model predictions,
since they do not exhibit the expected
central plateau; these clusters have been
identified (Djorgowsky and King 1986)
as post-core collapse clusters, since it
has been recognized long ago that for
mation of close binary systems and stel
lar evolution in very dense cluster cores
may provide an energy source able to
prevent the final collapse of the clus
ter core (Henon, 1961). However, nu
merical simulations of the dynamical be
haviour of post-core collapse clusters are
rather uncertain, due to the presence
of large instabilities (gravo-thermal oscil
lations: Bettwieser and Sugimoto 1984,
Goodman 1987).

Furthermore, since there are now
strong arguments supporting significant
modifications of stellar surface abun
dances and even stellar evolution itself
in very dense environments, a system
atic study of the dynamical properties of a
very large cluster sample would be highly
welcome.

These programmes require high preci
sion measures of radial velocities (error
< 1 km s-1) for a large sample of stars
in various cluster regions.

On a 4-m-class telescope, these ob
servations are limited to a few bright
giants, whereas MFAS is very well
suited for these programmes, the Argus
mode being useful for the cluster core
and the Medusa mode for the outer re
gions.

Finally, it is natural to conclude by
mentioning one of the most obvious
dreams of anyone working on globular
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clusters, i.e. to observe the very central
regions (a few fractions of a parsec) with
the maximum possible spatial resolution.
To this aim, the VLT in its interferometric
configuration is the only instrument ca
pable of achieving the necessary resolu
tion. If one could reach the nominal res
olution of about 0.004 arcsec, one could
really make an incredible step forward
even compared to the best results one
could possibly obtain from HST in its best
configuration (~ 0.02 arcsec).

6. Conclusions

In conclusion, it is quite evident even
from our schematic and incomplete re
view of globular cluster studies that the
VLT will be an extremely important tool
for yielding a better insight into most of
the current hot problems. A fruitful com
plementarity exists between the results
uniquely achievable from space (with
HST, ISO, etc.) and those one can better
obtain from the ground with the VLT and
its many detectors. In this respect, it is
important to note that (i) there are cru
cial observing programmes which re
quire not only the use of the already
planned VLT instruments (i.e. FORS,
ISAAC, CONICA, UVES, and MFAS) but
also of some instruments presently un
der study or just proposed like MilS, NIR
MOS, FRISPI, and WFDVC; and (ii) sev
eral extremely important issues in the
study of globular cluster problems can
best be addressed in the IR wavelength
range, and since neither HST nor ISO
for various different reasons are able to
carry out the necessary observations, IR
instruments for the VLT (especially in the
near and intermediate IR) should have
a very high priority in the selection, con
struction and commissioning.
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1. Introduction

The theoretical angular resolution
power of a telescope of diameter 0
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is limited by diffraction and is propor
tional to A/D. However, atmospheric tur
bulence severely restricts the capabili
ties of astronomical telescopes. What-

ever the aperture diameter, the resolv
ing power' of the telescope is limited
by the seeing angle and so the image
of a point source is spread most often


