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Abstract. We present, for 25 Galactic and 10 old Magellanic
globular clusters, projected velocity dispersion (σp ) measurements obtained by applying a cross-correlation technique to
integrated-light spectra. In order to understand and estimate the
statistical errors of these measurements due to small numbers
of bright stars dominating the integrated light, we provide an
extensive discussion based on detailed numerical simulations.
These errors are smaller if the integration area is larger and/or
the cluster concentration higher. The simulations show that measurements are reliable when the integrated light within the integration area is brighter than a given magnitude. The statistical
errors on the σp measurements of Magellanic globular clusters
are small because of a physically large integration area, whereas
they can be important for measurements carried out over small
central areas in Galactic clusters. The present observational results are used to outline a few characteristics of the globular
cluster fundamental plane. In this respect, the old Magellanic
globular clusters appear similar to the Galactic clusters.
Key words: (Galaxy:) globular clusters: general – stars: kinematics – techniques: radial velocities – galaxies: star clusters –
Magellanic Clouds

1. Introduction
The fate of globular clusters is characterized by their dynamical evolution towards core collapse, a state of very high central
stellar density. Most dynamical-evolution models predict that
globular clusters may then experience a succession of expansion and contraction phases, the so-called gravothermal oscillaSend offprint requests to: Pierre.Dubath@obs.unige.ch
?
Based on observations collected at the European Southern Observatory, La Silla, Chile
??
Tables 6 and 7 are also available electronically at the CDS via
anonymous ftp 130.79.1285 or
via http://cdsweb.v.strasbg.fr/Abstract.html

tions. The dynamical state of a cluster may be unveiled by the
presence of cusps in both its surface-brightness and velocitydispersion profiles. On the one hand, star counts from HST
provide excellent insight into the innermost parts of a few highconcentration globular clusters, revealing, e.g., in the case of
M15 (Guhathakurta et al. 1996, Sosin & King 1996, King et
al. 1996) an unresolved core. On the other hand, spectroscopic
observations of the same high-concentration clusters currently
have lower spatial resolution.
At the center of globular clusters, radial velocities can be
measured only for a limited number of individual stars because
of the small number of bright stars, and also because of the
crowding in the case of high-concentration clusters. Therefore,
reliable velocity dispersions derived from radial velocities of
individual stars can only be obtained over relatively large central areas: in general, larger than ten seconds of arc in radius.
Over smaller areas, uncertainties due to small number statistic
become important. An alternative is to obtain integrated-light
spectra over small central apertures and to derive the velocity
dispersion by measuring the Doppler line broadening due to
the random spatial motions of the stars along the line of sight.
However, even in this case, statistical uncertainty is a limitation because the contributions from a small number of bright
stars can dominate the integrated light over small central areas. These observational difficulties are clearly illustrated in the
case of M15 (see Peterson et al. 1989, and Dubath & Meylan
1994). Even by combining integrated-light measurements and
radial velocities of individual stars, the statistical uncertainties
are too large to allow the observations to constrain the shape of
the velocity-dispersion profile in the inner few seconds of arc,
i.e., in the area where the luminosity cusp is observed.
In contrast with the relatively large number of clusters
for which radial-velocities are available from the literature,
integrated-light measurements have only been carried out for a
handful of Galactic and Magellanic globular clusters (e.g. Dubath et al. 1990, Mateo et al. 1991, Zaggia et al. 1992). In many
Galactic high-concentration clusters, however, the integratedlight approach provides reliable velocity dispersions over small
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central areas, where crowding prevents the radial-velocity measurements of a large enough number of individual stars.
In the case of the Magellanic clusters, HST images show
how difficult are the measurements of radial velocity of individual stars. Most of the time, several stars overlap on a typical
seeing disk of 100 , and the measurement of a bright star velocity
can be biased by one, or several, close companions. For these
clusters, the integrated-light measurements are carried out over
areas physically larger, for practical reasons, than those used for
Galactic clusters. These measurements therefore provide velocity dispersions averaged over larger areas, which are much less
affected by statistical uncertainties, since the number of bright
stars within those areas is large. For the above two reasons,
the integrated-light approach can provide better results for any
remote globular cluster, such as Magellanic clusters.
In this paper, we present integrated-light measurements of
the velocity dispersions of relatively large numbers of highconcentration Galactic globular clusters, and of old Magellanic
globular clusters. The uncertainties on these measurements due
to small number statistic is carefully established by means of
detailed numerical simulations. We give here some details on
the data reduction and analysis techniques, as well as on the
analysis of standard star results, which were not published in
previous papers based on the same observational approach.
This new set of data is complementary to the radial velocity
measurements, and often provides, for the Galactic clusters, the
innermost data point of the velocity dispersion profile. These
kinematical data are used to constrain and discriminate KingMichie (e.g., Meylan et al. 1995) and Fokker-Plank (e.g., Grabhorn et al. 1992) dynamical models. For example, our Galactic
cluster data set is used in Pryor and Meylan (1993) to derive
cluster masses and mass-to-light ratios.
This paper is structured as follows: Sect. 2 presents our
observations, Sect. 3 describes our data reduction procedure,
Sect. 4 provides precise results from the standard star measurements, Sect. 5 presents the results about the cluster radial velocities and core velocity dispersions, Sect. 6 presents a careful
discussion of our estimates of the statistical errors on the σp measurements due to the small samples of stars contributing most
of the luminosity, Sect. 7 compares our results with previous Vr
measurements, Sect. 8 compares our results with previous σp
measurements, Sect. 9 elaborates on the fundamental plane of
the observed globular clusters, i.e., on the relation between the
velocity dispersion, the luminosity, and a physical scale. Sect. 10
discusses the present results and summarizes this paper.
2. Observations
Integrated-light spectra of the core of 25 Galactic and 10 old
Magellanic globular clusters were obtained with CASPEC, the
Cassegrain echelle spectrograph of the European Southern Observatory (ESO) mounted on the ESO 3.6-m telescope at La
Silla, Chile. A standard setup was used, with the 31.6 line mm−1
echelle grating. We performed the observations of the Galactic
globular clusters during an observing run on July 6–8, 1989,
and the observations of the Magellanic globular clusters during

two observing runs on December 21–27, 1990 and on January
26, 1991. During each night, many standard stars were also observed. Spectra of thorium-argon lamps were taken before and
after each exposure, with the telescope pointing towards the
cluster or the standard star observed.
During each exposure on a cluster core, the entrance slit was
scanned over the nucleus of the cluster in order to cover an area
of 600 × 600 for the Galactic globular clusters and 500 × 500 for the
Magellanic clusters. Such relatively large areas of integration
allow us to reduce the statistical errors due to the domination
of the integrated light by the contribution of a small number of
bright stars at the center of some globular clusters (see Sect. 6
below). Table 1 gives the journal of our observations.
Table 1 displays, for each globular cluster observation, in
column (1) the number allocated to this observation, in column
(2) the NGC number of the cluster, in column (3) the date of the
observation, in column (4) the dimension of the entrance slit,
in column (5) the dimension of the integration (scanned) area,
in column (6) the exposure time, in column (7) the CCD used
for the observation, in column (8) the wavelength range, and in
column (9) the spectral resolution. The spectral resolution is estimated from the typical full-width at half-maximum (FWHM)
of the emission lines of the thorium-argon comparison spectra
taken just before, or after, the cluster spectrum.
The charge coupled devices (CCDs) used are the # 8 and
# 16 ESO CCDs. The ESO CCD # 8 is an RCA SID 503 highresolution, thinned, backside-illuminated device, with 1024 ×
640 pixels of 15 × 15 µm2 in size, and with a readout noise
of about 24 electrons. The ESO CCD # 16 is a Tektronix TEK
512M-12, thinned, backside-illuminated device, with 512×512
pixels of 27 × 27 µm2 in size, and with a readout noise of about
10 electrons.
Observations with numbers 1, 2, 38, and 39 have been already described and exploited in previous papers (see Dubath et
al. 1990 for observations # 38 and # 39, and Meylan et al. 1991
for observations # 1 and # 2).
3. Data reduction
The spectroscopic reduction is achieved with the ECHELLE
package available in MIDAS, the ESO Munich Image Data
Analysis System, following standard procedures. No flat-field
operation is applied, since flux calibration is unnecessary when
cross-correlating spectra for obtaining radial velocity or velocity dispersion values.
The reduced spectra are then cross-correlated with a numerical mask over their full spectral range. The properties of this
mask, as well as the details of our cross-correlation technique,
are described in a previous study concerning the Large Magellanic Clouds globular cluster NGC 1835 (Dubath et al. 1990).
The numerical version of the physical mask used so far for
optical cross-correlation in the spectrophotometer CORAVEL
(COrrelation – RAdial – VELocities, see Baranne et al. 1979) is
simply extended in order to encompass the spectral domains of
all CASPEC spectrum orders (4200–6000 Å). This extension is
computed following the procedure described in Baranne et al.
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Table 1. Journal of the CASPEC integrated-light observations.

Observations with numbers 1, 2, 38, and 39 have been already described and exploited in previous papers (see Dubath et al. 1990, and
Meylan et al. 1991).

(1979), first, from the observed spectrum of Arcturus (Griffin
1968) – already used to build the original CORAVEL mask –
in the wavelength range 4200–5500 Å, and second, from theoretical spectra in the wavelength range 5500–6000 Å (Bell &
Gustafson 1993 private communication).
Our cross-correlation technique produces a crosscorrelation function (CCF) – relative intensity as a function of

radial velocity – which is nearly a perfect Gaussian (see Fig. 6
below). A Gaussian function
2
g(v) = 1 − D exp(−(v − Vr )2 /2σCCF
)

(1)

is fitted to each deduced CCF in order to determine three physical quantities: (1) the abscissa of its minimum, equal to the
radial velocity Vr , (2) its depth D, related to the metallicity, and

508

P. Dubath et al.: Core velocity dispersions for 25 Galactic and 10 old Magellanic globular clusters

(3) its standard deviation σCCF , related to line broadening mechanisms. Comparison of the CCF of a globular cluster spectrum
with the CCFs of standard star spectra unveils the broadening
of the cluster CCF produced by the Doppler line broadening
present in the integrated-light spectra because of the random
spatial motions of the stars along the line of sight. When a large
enough number of stars contributes significantly to the integrated light, i.e., when statistical errors are small, the CCF of an
integrated-light spectrum of a globular cluster is the convolution of the CCF of the spectrum of a typical individual globular
cluster star with the projected velocity distribution. A precise
estimate of the projected stellar velocity dispersion σp in the
integration area of the considered globular cluster is then given
by the following quadratic difference,
2
2
(cluster) − σref
,
σp2 = σCCF

Table 2. Radial velocities of all standard stars measured in July 1989.

(2)

which is the difference between σCCF , from the Gaussian fitted
to the cluster CCF, and σref , the average of the σCCF obtained
for a sample of standard stars as representative as possible of
the cluster stars which contribute most of the integrated light.
Equation (2) is valid only if the distribution of stellar radial velocities in the globular cluster is sufficiently close to a Gaussian
distribution. This is confirmed (i) by the nearly perfect Gaussian shape of some of our globular cluster CCFs (Fig. 6 below),
and (ii) by some recent studies based on relatively large number of radial velocities of individual stars, which show that the
distribution of projected velocities is consistent with a Gaussian
distribution (e.g., Reijns et al. 1993 and Meylan et al. 1995).
For each astronomical target, two independent wavelength
calibrations are carried out, using the thorium-argon spectra
taken before and after the target exposure. The two corresponding spectra are both used in the cross-correlation analysis. Their
CCFs never differ significantly, either in terms of radial velocity
Vr or in terms of standard deviation σCCF . For a given spectrum,
the final results of both quantities (Vr and σCCF ) are the average
of the two determinations.
4. Results from the standard star measurements
The set of standard stars, observed during all observing runs,
comprises (i) some IAU radial velocity standards along with
some Southern faint CORAVEL radial velocity standards
(Mayor & Maurice 1985), (ii) some nearby K-dwarf CORAVEL
radial velocity standards, (iii) some giant stars members of three
open clusters (NGC 2447 and NGC 2682 having solar metallicities, and NGC 2506 which is metal-deficient), and (iv) some
metal-deficient red giants of the Galactic halo (Norris et al.
1985). Each of these standard stars has an accurate reference
radial velocity (to better than 0.3 km s−1 ) given by the average
of numerous previous CORAVEL measurements. These measurements also show that none of these stars is variable in radial
velocity.
All spectra of standard stars used in this study have relatively
high S/N ratios (∼ 30–50). Consequently, the influence of the
spectrum noise – photon counting and CCD readout noises –

on the measurements of radial velocities Vr and standard deviations σCCF from CCFs is completely negligible. Estimates
of instrumental errors on both Vr and σCCF measurements are
given from repeated measurements of the same star.
4.1. Zero-point offset and instrumental uncertainty of the radial
velocity measurements
All radial velocity measurements from all standard star spectra
obtained during our three observing runs are presented in Tables 2 and 3, together with the CORAVEL reference radial velocities. The CORAVEL Vr are the average of many CORAVEL
Vr measurements and are, in all cases, more accurate than the
present measurements. Note that zero-point offset corrections
have been applied to all of our Vr values (VrCAS ) given in this
paper as explained below.
For each observing night, we compute the radial velocity
zero-point offset of our measurements by comparing, for all of
the standard stars observed, our Vr with the CORAVEL reference Vr . No significant variation in zero-point from night to
night are observed in the first observing run, and a zero-point
correction of −1.4 km s−1 is applied to all of our Vr measurements in order to have a radial velocity zero-point consistent
with the CORAVEL one. For the second and third observing
runs, we find that the zero-point offset of the measurements of
the first night may be different from the zero-point offset of the
measurements of the other 6 nights. We apply radial velocity
corrections of −1.1 and −2.8 km s−1 to all measurements of
the first and the other 6 nights, respectively, in order to have
again zero-points consistent with the CORAVEL one.
It may be worth mentioning that the origin of these zeropoint offsets is not understood. It may result from instrumental
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Fig. 1. Histogram of the differences between the present and the
CORAVEL radial velocities for the standard stars measured in July
1989 (first observing run).

Fig. 2. Histogram of the differences between the present and the
CORAVEL radial velocities for the standard star measured in December 1990 and January 1991 (second observing run).

problems. It is surprising to find variations from night to night.
We seem to observe a significant difference between the first
and the other six nights of the second and third runs.
Table 2 displays, for each standard star observed during the
first observing run, in column (1) the HD number of the observed
star, in column (2) the mean CORAVEL Vr with its uncertainty,
in columns (3) to (5), for each night, the difference between the
corrected present measurements and the CORAVEL Vr measurements, and in column (6) the mean corrected Vr of our
measurements, with its standard deviation if the star is measured
more than twice. The last two lines of this table give, for each
night, the mean and the standard deviation of the differences
between the present and the CORAVEL Vr measurements.
Table 3 displays, for each standard star observed during the
second and third observing runs, in column (1) the identification
number of the star observed, in column (2) the mean CORAVEL
Vr and its uncertainty, in columns (3) to (9), for each night, the
differences between the corrected present measurements and
the CORAVEL Vr measurements, and in column (10) the mean
corrected Vr of our measurements with its standard deviation, if
the star is measured more than twice. The last two lines of this
table give, for each night, the mean and the standard deviation
of the differences between the present and the CORAVEL Vr
measurements.
The quadratic mean standard deviations (internal error) of
repeated measurements of the same star is 0.9 and 0.6 km s−1
for the first and second observing runs, respectively. The standard deviations of the differences between the present and
CORAVEL Vr measurements are 1.6 and 0.8 km s−1 for the first
and second observing runs, respectively. These second numbers
provide external estimates of the present Vr measurement accuracy.
Figs. 1 and 2 present, for the first and second observing
runs, respectively, the histograms of the differences between
the present and the CORAVEL radial velocities. Fig. 3 displays
these radial velocity differences as a function of the CORAVEL
Vr , for all observing run measurements. Fig. 3 shows that no
systematic radial velocity differences between the present and

the CORAVEL Vr are observed as a function of the radial velocity.
It is worth mentioning that the radial velocity accuracy of
0.8 km s−1 obtained during the second observing run corresponds to roughly one twentieth of a spectral resolution element,
i.e., to a shift on the CCD of about 1–2 tenths of a pixel along
the dispersion direction. As the slit width corresponds roughly
to one spectral resolution element on the CCD, an accuracy of
∼ 1 km s−1 in radial velocity implies that, during the observation, the center of gravity of the star light is centered on the slit
with an accuracy of about half a tenth of the slit width. Since the
star centering on the slit is achieved by eye, such an accuracy is
remarkable.
4.2. Intrinsic standard deviation σref of stellar CCFs
The typical standard deviation σref of the CCFs of stellar spectra
is taken as the mean of the σCCF measurements obtained for the
subsample of standard giant stars of spectral types in the range
G5–K5. These stars are chosen because they are representative
of the red and asymptotic giant-branch stars, which contribute
most to the integrated light of a globular cluster.
4.2.1. σref from July 1989
For each standard star observed in July 1989, Table 4 displays
in column (1) its HD number, in column (2) its spectral type,
in columns (3) to (5) the σCCF measurements obtained during
the different nights, and in column (6) the mean σCCF and its
standard deviation, if the star is measured more than twice. The
last two lines of this table give, for each night, the mean and
the standard deviation of the σCCF for the red giant sample only,
which are marked in this table with an asterisk. However, these
means and standard deviations are not significantly different
from those computed by taking into account all of the stars, i.e.,
including dwarfs and subgiants.
Unexpectedly, the mean of the σCCF obtained during the
first night (July 6) is significantly higher than the mean of the
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Table 3. Radial velocities of all standard stars measured in December 1990 and January 1991.

Table 4. σCCF of the standard stars measured in July 1989.

Fig. 3. Differences between the present and the CORAVEL Vr as a
function of the CORAVEL Vr .

∗

giant stars taken into account to compute the mean and the σn−1 of
the σCCF .

σCCF obtained during the other two nights (July 7 and 8). This
is also apparent in Fig. 4 which shows with a dashed line the
histogram of all σCCF measurements obtained during July 6 and
with a solid line the histogram of all the σCCF measurements
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Fig. 4. Histogram of the standard deviations σCCF of the CCFs of the
standard star spectra obtained in July 1989.
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Fig. 5. Histogram of the standard deviations σCCF of the CCFs of the
standard star spectra obtained in December 1990 and January 1991.

obtained during July 7 and 8. This difference is possibly related
to small changes in the slit width and in the seeing value between
the different nights. Within one night, the σCCF variations from
star to star are small, as is expected since σCCF depends mostly
on the instrumental resolution, which is lower than the intrinsic
resolution of the stellar spectra.
The σref derived to compute the present globular cluster
velocity dispersions from Eq. (2) are σref = 7.2 ± 0.15 km s−1
for July 6 and σref = 6.8 ± 0.1 km s−1 for July 7 and 8.
4.2.2. σref from December 1990 and January 1991
For each standard star observed in December 1990 and January
1991, Table 5 displays in column (1) the identification number
of the star observed, in column (2) its spectral type, in column
(3) its metallicity, in columns (4) to (10) the σCCF measurements obtained during the different nights, and in column (11)
the mean σCCF and its its standard deviation, if the star is measured more than twice. The last two lines of this table give, for
each night, the mean and the standard deviation of the σCCF
measurements from all standard stars (all of them are giants).
For this second observing run, we find no significant variation in the mean σCCF from night to night. The mean σCCF from
the first night measurements (Dec 21) is only marginally higher
than the ones from the measurements of the other 6 nights. Fig.
5 displays, with a dashed line, the histogram of the σCCF measurements made during the first night and, with a solid line,
the histogram of σCCF made during the other 6 nights. The repeatability of our σCCF measurements is very good: the standard
deviations of the measurements of standard stars (see Table 5)
are smaller than 0.25 km s−1 and the σCCF variations from star
to star are similarly small. As for the first run, this reflects the
fact that σCCF depends mostly on the instrumental resolution.
The value σref = 9.0 ± 0.2 km s−1 is used to compute the
globular cluster velocity dispersions from this second run. The
above value and uncertainty are simply the mean and the standard deviation of all of the σCCF values obtained during this second observing run, i.e., all of the σCCF values given in Table 5.
As a check, σCCF is evaluated in a similar way for a spectrum of

Fig. 6. CCFs of giant stars of metallicities ranging from (top) −2 dex
(star No. 177 in the Galactic globular cluster NGC 4833) to (bottom)
the solar value (star No. 4 in the open cluster NGC 2447).

a red giant star in the Fornax dwarf spheroidal and a spectrum of
a red giant star in the Galactic globular cluster NGC 4833. The
resulting values are 9.0 km s−1 and 8.9 km s−1 , respectively,
which match perfectly the above σref value.
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Table 5. σCCF of the standard stars measured in December 1990 and January 1991.

Fig. 7. σCCF as a function of the star metallicity, from the measurements
of the second observing run. The continuous and dotted horizontal
lines represent the σref value and its uncertainty, as derived from the
measurements of the second observing run (see Sect. 4.2.2).

4.2.3. Independence of σCCF from the star metallicity
The velocity dispersion estimates derived from Eq. (2) are biased if the σref values derived from our samples of standard
stars are not representative of the σCCF values of the typical
globular cluster stars. Such a bias could arise if σCCF depended
on stellar metallicity. Since the globular clusters in our sample

span a considerable metallicity range, a check of such a possible
dependence is needed.
In the case of CORAVEL, our extensive experience shows
that σCCF is independent of stellar metallicity. The measurements, during our second observing run, of a few metal-weak
halo giants – see Table 5 – allow us to confirm that, in the present
study, σCCF is also completely independent of stellar metallicity.
This appears clearly in both Figs. 6 and 7. The former presents a
sequence of CCFs of stars of increasing metallicity (from top to
bottom) but of equal widths (dashed lines). The latter displays
σCCF as a function of the metallicity, for all stars measured during our second observing run (Table 5), and confirms the lack
of relation between these two quantities. It is worth mentioning
that the metallicity range of the stars in our sample encompasses
the metallicity range of the studied globular clusters.
5. Cluster radial velocities and core velocity dispersions
Some of the cross-correlation functions (CCFs) obtained from
the globular cluster integrated-light spectra are displayed in
Figs. 8 and 9. Tables 6 and 7 give, for each cluster spectrum
obtained, in column (1) the observation number from Table 1,
in column (2) the NGC number of the cluster, in column (3)
the derived heliocentric radial velocity Vr and its uncertainty,
in column (4) the standard deviation σCCF of the CCF and its
uncertainty, in column (5) the relative depth D of the CCF, in
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column (6) the signal-to-noise ratio (S/N) of the spectrum, in
column (7) the uncertainty ε of Vr and σCCF due to the spectrum
noise, in column (8) the value used for the intrinsic standard deviation σref from the standard CCFs, as determined in Sect. 4.2,
in column (9) the projected velocity dispersion in the cluster
core σpobs (core), derived from Eq. (2), with its uncertainty due
to the instrumental error and to the spectrum noise, in column
(10) the statistical error due to the small sample of bright stars
observed through the slit (see Sect. 6), and in column (11) the
projected velocity dispersion in the cluster core σp (core) and
its uncertainty, both including the contribution from the statistical error simulations. The S/N ratio given in column (6) for
each spectrum is calculated as follows: the mean value of the
spectrum continuum – i.e., the signal S – is derived from the
continuum of the unnormalized CCF and the noise N is computed from the photon counting and the CCD readout noises
(see Dubath et al. 1990 for more details).
Fig. 10 displays the histogram of the core velocity dispersion values for the Galactic and Magellanic clusters, along with
the core velocity dispersions for three Fornax globular clusters
taken from Dubath et al. (1992).
5.1. Radial velocity measurement accuracy
In order to estimate the uncertainties of our radial velocities, we
proceed in two steps. First, the contribution from instrumental
problems is estimated by using our standard star measurements.
In Sect. 4.1, instrumental radial velocity uncertainties equal to
1.6 and 0.8 km s−1 are estimated for the first and the second
observing runs, respectively. In those cases, the influence of the
noise is negligible because of the high S/N (∼ 30–50) ratio of
the standard-star spectra. Second, the additional uncertainty ε,
arising from spectrum noise, in the case of lower S/N spectra,
is estimated by using a generalization of Eq. (3) from Dubath
et al. (1990), i.e.,
ε=

5
km s−1 ,
D S/N (Nlines )1/2

(3)

where S/N is the signal-to-noise ratio of the spectrum, D is
the relative depth of the cross-correlation function, and Nlines
is the number of spectral lines present in the cross-correlation
template (typically from about 800 to 1200 lines in the present
study, depending on the wavelength range of the spectrum).
This formula is derived from about two thousand numerical
simulations (Dubath et al. 1990). For each simulation, a randomnoise frame is generated and added to a raw CCD frame of a
bright standard star in order to reproduce the photon counting
noise and the readout noise present in a low S/N CCD frame.
Each of these frame is fully reduced in the standard way used for
our observations. The reduced spectra are cross-correlated and
the resulting CCFs fitted by Gaussians. The expression giving
ε (Eq. (3)) is derived from the behavior of the scatter of the
resulting Gaussian parameters (Vr and σCCF ) as a function of
the simulation parameters (S/N, D). In all cases, the standard
deviation of the resulting Vr is similar to the standard deviation
of the resulting σCCF . Consequently, the above formula provides
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the uncertainty due to the spectrum noise for the Vr as well as
for the σCCF determinations. The derived ε values are listed in
column (7) of Tables 6 and 7.
The two kinds of errors (instrumental and noise) are independent and their distributions are roughly Gaussian. The final
radial velocity uncertainty, given in column (3) of Tables 6 and
7, is the square root of the quadratic sum of both errors, i.e.,
(1.62 + ε2 )1/2 and (0.82 + ε2 )1/2 , for the first and second observing runs, respectively.
5.2. Velocity-dispersion measurement accuracy
The uncertainty of the standard deviation, σCCF , of a cluster CCF
is also given by the combination of the instrumental uncertainty
and that due to the spectrum noise, ε. The instrumental uncertainty of the σCCF measurements is similar to the uncertainty of
the σref values (listed in column (8) of Tables 6 and 7), since
σref is the mean σCCF of the CCFs of standard stars, for which
the uncertainty due to the spectrum noise is negligible because
of the high S/N of their spectra.
The uncertainty of σCCF given in column (4) of Tables 6 and
7 is the square root of the quadratic sum of the σref uncertainty
and of the ε value. In order to compute the uncertainties of the
velocity dispersion σpobs , given in column (9) of Tables 6 and 7,
the uncertainties of both σCCF and σref are taken into account
(see Eq. (2)).
6. Statistical errors on the σp measurements due to the small
samples of stars predominant in luminosity
The stellar luminosity function in a globular cluster decreases
sharply with increasing luminosity. The relative contribution of
a given group of stars (e.g., defined by an interval in V magnitude) to the integrated light of a globular cluster can be estimated
from the luminosity function of the cluster and the typical stellar
luminosity of the group. The result shows that the contribution
in luminosity of the few brightest stars is of the same order
of magnitude as the contribution of the much more numerous
fainter stars. Therefore, the few brightest stars lying in a small
area of integration can easily dominate the integrated light, and
then bias the velocity-dispersion estimate. There are two extreme cases: on one hand, if the brightest star in the spectrograph slit dominates completely the integrated light, the CCF
will nearly have a stellar narrow profile and the velocity dispersion will be underestimated; on the other hand, if the few
dominant stars have unusually large radial velocity differences,
the CCF is artificially broadened, leading to overestimates of
the velocity dispersion.
6.1. Numerical simulations of integrated-light CCFs
Extensive numerical simulations have been carried out in order
to quantitatively estimate the influence of statistical errors due
to small samples of stars on our radial velocity and velocity
dispersion determinations.
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Fig. 8. CCFs of the integrated light-spectra of some of the Galactic globular clusters.
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Table 6. Radial velocities and core velocity dispersions for all Galactic globular clusters in our sample.

By definition, an integrated-light spectrum is the sum of all
the spectra of the stars which appear inside the area of integration in projection on the plane of the sky. Such a spectrum may
be reproduced, numerically, by adding stellar spectra of appropriate spectral types, each of them shifted in wavelength by a
small amount in order to mimic the spatial random motions of
the stars. Such simulations have been carried out by Zaggia et al.
(1992, 1993) in the cases of the two Galactic globular clusters
M30 and M15. Alternatively, the CCFs of integrated-light spectra may be directly simulated by adding stellar CCFs adequately
shifted in velocity (Dubath et al. 1994). Within the framework
of our cross-correlation technique, the CCF of our digital mask
with a sum of spectra is equivalent to the sum of the CCFs of
the mask with each spectrum. Since our cross-correlation tech-

nique produces CCFs which are nearly perfect Gaussians (see
Fig. 6), we simply add Gaussian functions to reproduce CCFS of
integrated-light spectra. Our simulations have first been applied
to the case of the Galactic globular cluster M15 – the prototype of the collapsed globular cluster – in order to point out the
difficulties in measuring the central velocity dispersion in this
cluster. The results as well as some details on our numerical
simulations are presented in Dubath et al. (1994).
In order to simulate one integrated-light CCF, we proceed
as follow:
1. An absolute V magnitude and a B − V color index are
attributed to a simulated globular cluster star according to an
observed color-magnitude diagram and luminosity function of a
real globular cluster. A radial velocity Vrstar is randomly assigned
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Table 7. Radial velocities and core velocity dispersions for all Magellanic globular clusters in our sample.

Fig. 9. CCFs of the integrated-light spectra of 10 Magellanic globular clusters.

to this star from a Gaussian distribution of standard deviation
σin , which is the input velocity dispersion of the simulation.
2. Assuming that the CCF of the star is Gaussian, it can be
computed from the following equation,
CCF(v) = 10

−MV
2.5



(V star − v)2
1 − DCCF exp − r 2
2σref



(4)

where σref is the typical standard deviation of the CCF of individual standard stars (see Sect. 4.2) and DCCF is a function of

the B − V color index – the redder the star, the deeper its CCF
– (Dubath et al. 1994).
3. The CCFs of N stars are summed together in order to
reproduced the CCF of an integrated-light spectrum. N is chosen so that, on average, the total magnitude of N stars matches
the magnitude MVint of the observed light integrated over the
considered aperture. In order to take into account some statistical variation in the number N of added stellar CCFs, N is not
constant from one simulation to another. For each simulated
integrated-light CCF, the number of added stars is taken from a
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Gaussian
√ distribution of mean and standard deviation equal to
N and N , respectively.
4. As in the case of the CCF of an observed integratedlight spectrum, a Gaussian is fitted to the sum of the simulated stellar CCFs in order to derive Vr and σCCF . The output
velocity dispersion resulting from the simulation is given by
2
2 1/2
− σref
) .
σout = (σCCF
6.2. Ingredients of the simulations
In addition to the simulations adapted to the case of M15 (Dubath et al. 1994), some simulations using the color-magnitude
diagram of 47 Tuc (Hesser & Hartwick 1977, Hesser et al. 1987)
and the color-magnitude diagram of M3 (Buonanno et al. 1988
and private communication) have been carried out. The colormagnitude diagrams of the metal-rich globular cluster 47 Tuc
and of the metal-poor globular cluster M15 are at two extremities in terms of CMD morphology (see, e.g., Fig. 21 of Hesser
et al. 1987). In 47 Tuc, the fiducial sequences are redder with
an extremely red horizontal branch. In M15, the same fiducial
sequences are bluer with a horizontal branch extending from
the red to the blue. The color-magnitude diagram of M3 is complete down to about a V magnitude of 21 and contains the measurements of more than 10,000 stars. The properties of M3, in
terms of metal content, color-magnitude diagram morphology
and luminosity function are intermediate to 47 Tuc and M15,
i.e., more representative of a “typical” globular cluster. For this
reason, all results of simulations presented in this section are
derived from the simulations carried out with the M3 colormagnitude diagram. However, the three kinds of simulations –
using color-magnitude diagrams of M15, M3 and 47 Tuc – are
used to check that our results and conclusions do not depend significantly on the morphology of the particular color-magnitude
diagram used.
Another ingredient of the simulations is the total absolute
magnitude MVint of the integrated light through the slit. MVint
is first estimated, for many Galactic and some LMC globular
clusters, from the published central surface brightness values
taken from Webbink (1985) and Mateo (1987). These values are
used to calibrate the mean flux in the continuum of the integrated
light spectra. This is done by determining the constant C in the
equation MVint = C − 2.5 log(flux). Fig. 11 presents, for the
LMC and Galactic globular clusters, the relation MVint (from the
above formula) as a function of MVint (from the central surface
brightness). The standard deviation of the points around the best
fit is < 0.4 magnitude. Using this relation, MVint can be derived
from the mean flux of the integrated-light spectrum of any of
our clusters, with an accuracy of about ±40%.
6.3. Results of the simulations
In a given simulation, σin represents the genuine cluster velocity
dispersion, while σout corresponds to the observed velocity dispersion σpobs . In order to estimate the uncertainty of the observed
velocity dispersion, we proceed as follows. The first parameter
used for the simulation is the absolute magnitude MVint of the

Fig. 10. Distributions of the core velocity-dispersion determinations
of globular clusters belonging to the Galaxy (empty histogram), to the
LMC (dashed histogram), to the SMC (one cluster displayed as an
empty rectangle), and to the Fornax dwarf spheroidal galaxy (three
clusters displayed as filled rectangles).

Fig. 11. Relation between MVint obtained from the mean flux in the
continuum of the integrated-light spectra and MVint derived from the
published central surface brightness values taken from Webbink (1985)
and Mateo (1987).

integrated light in the aperture, which fixes the number N of
stellar CCFs to be added. For a given MVint , i.e., for a given N,
we consider a set of values of input velocity dispersions σin ,
ranging from 1 to 26 km s−1 with a step of 1 km s−1 . For each
σin , 5000 simulated CCFs are computed, following the above 4
steps in Sect. 6.1. The number of times that the standard deviation σout of the simulated CCF is equal (within 0.75 km s−1 )
to the observed σpobs value is recorded. The histogram of these
numbers as a function of σin is akin to a probability distribution of the cluster velocity dispersion σp , given the magnitude
of the integrated light MVint and the observed velocity dispersion σpobs . Fig. 12 gives nine examples of these σin probability
distributions, for different pairs of input parameters MVint and
σpobs . In these simulations, the absolute integrated-light magnitude MVint = −2, −4, −6, correspond to numbers of added CCFs
equal to N = 200, 1262, 8000, respectively.
The most striking features in these σin probability distributions are the wings towards the high σin , values, observed only
when MVint is fainter than about −4.5 (see Fig. 12). These tails
represent the cases where, for a globular cluster with whatever
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Fig. 12. Results of the numerical simulations. For any given absolute magnitude MVint of the integrated light in the aperture, different sets of
5000 simulated CCFs are computed for each σin value (from 1 to 26 km s−1 by step of 1 km s−1 ). Each diagram shows the relative numbers
of simulated CCFs which have a standard deviation in the range of σpobs ± 0.75 km s−1 , as a function of σin . These histograms do not differ
significantly if the range ±0.75 km s−1 is reduced to ±0.25 km s−1 . Each of them is akin to a probability distribution of the cluster velocity
dispersion σp , given the value of the observed velocity dispersion σpobs and of MVint .

genuine velocity dispersion, a small velocity dispersion σpobs is
measured, since the integrated light is dominated by a single
bright star. In these cases, the integrated-light CCF is equal to
the brightest star CCF, barely widened, in the wings, by the
smaller contribution of the numerous fainter cluster stars.
Another feature is the similarities between the σin probability distributions in the upper two rows in Fig. 12, obtained
with MVint ranging from −2 to −4 (N from 200 to 1262 added
CCFs). The noticeable exception is the high σin tail, which decreases slowly with increasing N. These similarities are the consequences of the fact that the luminosity ratios of the few brightest stars, e.g., the ratio of the brightest star to the second or third
brightest star, do not depend strongly on the number N of stars.
With larger N values, the brightest stars are on average brighter.
This brightness ratio does not depend strongly on the luminosity,
because of the constant slope (to first order) of the luminosity
function. Nevertheless, with N larger than about 1262, i.e., MVint
brighter than about −4, the σin probability distributions narrow
regularly with increasing N, become more and more symmetric,
and lose their high σin wing. This indicates that the probability
to have one star dominating the light becomes much smaller
with increasing N.
Instead of considering the probability distributions as a function of σin as in Fig. 12, it is possible to compute the probability
distributions as a function σin /σpobs , which do not depend much
on the considered σpobs . Consequently, in first approximation, the
σin /σpobs probability distributions are independent from the two

simulation parameters MVint (or N) and σpobs , this within the MVint
range from −2 to −4 in absolute magnitude. Within this magnitude range, the mode values of all probability distributions
equal 1.08, and the lower and upper values at half of maximum
equal 0.80 and 1,60. Consequently, the following expression
can be used to deduce the best estimate of the cluster velocity
dispersion σp :
+0.52 obs
)σp
σp ' σin = (1.08−0.28

if − 4 ≤ MVint ≤ −2 .

(5)

When MVint is brighter than −4.5, numerical simulations are
achieved with the MVint and σpobs values of the considered cluster as input parameters of the simulations. In those cases, the
resulting σin probability distributions are always symmetrical
enough to allow a good Gaussian fit, which is used to derive
the most probable σp and the statistical error due to the small
sample of dominant stars.
Our estimates of the statistical error due to the small sample
of dominant stars are given in column 10 of Tables 6 and 7
for each globular cluster from our sample. For globular clusters
with MVint fainter than −4.5, the upper error limits are flagged
by a colon, in order to remind (i) the presence of the high σin tail
in the corresponding σin probability distribution and (ii) the fact
that Eq. (5) is used to compute the statistical errors. Column 11
of these two tables displays, for each globular cluster, the most
probable σp p and the total uncertainty which is the square root
of the quadratic sum of both uncertainties given in column 9
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Fig. 13. For nine Galactic globular clusters, comparison of the radial
velocities Vrcaspec derived in the present study from integrated-light
spectra with the means Vrstars from large numbers (> 40) of accurate
radial velocities of cluster stars.

Fig. 14. For nine LMC old globular clusters, comparison of the radial
velocities Vrcaspec derived in the present study from integrated-light
spectra with the radial velocities Vrossh obtained by Olszewski et al.
(1991).

and column 10. When a cluster is observed more than once, the
σpobs values have been averaged.

The mean of the radial velocity differences between Vrossh
and Vrcaspec is −0.4 ± 2.1 km s−1 , again not significantly different from zero, and the standard deviation of these differences is
6.2 km s−1 . This agreement is remarkably good considering the
small number of stars per cluster measured by Olszewski et al.
(1991) – 2 stars in 6 of the 9 clusters – and the uncertainty of
5 km s−1 on their stellar radial velocities. Our numerical simulations (Sect. 6 above) show that the statistical error due to
a small sample do not affect significantly our radial velocity
determinations of the LMC globular clusters.

7. Comparison with previous Vr measurements
7.1. Galactic globular clusters
For nine Galactic globular clusters in our sample, accurate (≤ 1
km s−1 ) radial velocities of at least 40 individual stars per cluster are given in the literature (see the compilation by Pryor &
Meylan 1993). For each cluster, the average of these radial velocities gives an accurate (≤ ±1 km s−1 ) cluster radial velocity
stars
V r . These radial velocities are compared, in Fig. 13, with the
present radial velocities Vrcaspec derived from integrated-light
spectra. The mean of the radial velocity differences Vrcaspec and
stars
V r , viz. −0.3 km s−1 , is not significantly different from zero.
The standard deviation of these differences is 3.6 km s−1 . This
value is larger than the 1.8 km s−1 expected from our error estimates given in column 3 of Table 6, but is perfectly consistent
with our estimates of the statistical error due to small samples
of dominant bright stars in determination of radial velocities
from integrated-light spectra. Our numerical simulations described in Sect. 6 above, show that, for most galactic clusters, a
statistical error of about 3 km s−1 affects our radial velocities.
Consequently, the uncertainties of the radial velocities given in
column 3 of Table 6 are probably underestimated, an uncertainty
of about 3 km s−1 being a more realistic value.
7.2. Magellanic globular clusters
In Fig. 14, our radial velocities Vrcaspec for nine old LMC globular clusters are compared with the radial velocities Vrossh previously derived by Olszewski et al. (1991). Their velocities are
the mean of the radial velocities of 2–4 giant stars per cluster.
They derive the radial velocity of these individual giant stars,
with an accuracy of 5 km s−1 , from measurement of the calcium
triplet.

8. Comparison with previous σp measurements
8.1. Core velocity dispersion from Vr of individual stars
The estimates of the errors due to small number statistics derived in Sect. 6 are relatively large for many Galactic globular
clusters (see Table 6). One way of checking the accuracy of our
core velocity dispersion estimates consists of comparing our values with velocity dispersions computed from the radial velocity
measurements of large numbers of individual stars. However,
these velocity dispersions cannot be directly compared, since
the individual stars measured are spread over areas much larger
than the sampling areas of about 600 × 600 used for our integrated
light spectra. In globular clusters, the projected velocity dispersion decreasing with increasing radius the velocity dispersions
derived over large areas may be smaller than the core velocity dispersion. Nevertheless, the central velocity dispersion can
be derived from radial velocities of individual stars by using
dynamical models. This is done in a study by Pryor and Meylan (1993), who applied an isotropic multi-mass King model
to available data from the literature for 56 Galactic globular
clusters.
Radial velocities of individual stars are found in the literature for eight Galactic globular clusters from our sample
(NGC 104, 362, 1904, 5272, 5904, 6681, 7078, and 7099). For
these clusters, Fig. 15 displays the σ0 from Table II of Pryor and
Meylan (1993) as a function of the σpobs and the σp derived in the
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Table 8. Core velocity dispersions from integrated-light spectra for
Galactic globular clusters studied by different authors.

Fig. 15. For eight Galactic globular clusters, central velocity dispersions σ0 (derived by Pryor & Meylan (1993) by fitting isotropic
multi-mass King models to radial velocities of individual globular cluster stars), as a function of the velocity dispersion σpobs (left panel) and σp
(right panel), derived in the present study from integrated-light spectra.

present study, taken from column 9 and 11 of Table 6, respectively. Apart from the cluster NGC 6681, which lies below the
dashed line, the agreement between σ0 and σpobs (or σp ) is good.
This suggests that our statistical error estimates – represented
by the error bars in the right panel of Fig. 15 – are on average
pessimistic. We show below several other pieces of evidence
which suggest that the numerical simulations may overestimate
the errors due to small number statistics.

8.2. Core velocity dispersion from integrated-light spectra
For nine Galactic globular clusters in our sample, velocity dispersions from integrated-light spectra are available from Illingworth (1976) and Zaggia et al. (1992). In Table 8 these velocity
dispersions are compared with our results taken from column 9
and 11 of Table 6. In the three studies, the velocity dispersions
are derived from different sampling areas. A 1200 to 2400 slit is
used by Illingworth (1976), with no scanning on the cluster core
during the exposure. The sampling areas used by Zaggia et al.
(1992) are 500 × 4 00. 6 in the case of NGC 5824 and 600 × 4 00. 6
for their other 3 clusters. In our case, we use a sampling area of
500 × 500 for NGC 1851 and of 600 × 600 for the other 8 clusters.
There are probably differences between the different studies –
up to 3–400 – on the positioning of the center of the sampling
area on the cluster cores. Since these areas are not exactly the
same in both size and positioning, it is unlikely that statistical
errors due to small stellar samples affect similarly these different velocity dispersion determinations. The reasonably good
agreement between the different results displayed in Table 8 is
therefore another indication that our estimates of the statistical
errors due to small samples are pessimistic.
Core velocity dispersions are also derived by Mateo et al.
(1991) for several old LMC globular clusters. The uncertainties
on their results are, however, much larger than ours.

9. Relation between velocity dispersion, luminosity, and a
physical scale
Galactic globular clusters show tight correlations between velocity dispersion, luminosity and a physical scale. These correlations, which are analogous to the fundamental plane correlations
for elliptical galaxies, have already been discussed by several
authors (e.g., Meylan & Mayor 1986, Paturel & Garnier 1992,
Djorgovski & Meylan 1994). Djorgovski (1995) shows that the
scaling law, corresponding to the best fit to the currently available data for Galactic globular clusters, is consistent with the
scaling law expected from the Virial Theorem. This suggests
that globular clusters are virialized systems, with a universal
and constant M/L ratio to within the measurement errors.
With a constant M/L ratio, the Virial Theorem predicts the
following relation:
5 log σ + 2.5 log rh = Cst − Mv

(6)

between the global velocity dispersion σ, the half-light radius
rh , and the absolute V magnitude MV , whereas the King (1966)
models lead to:
5 log σ0 + 2.5 log µrc = Cst − Mv

(7)

where σ0 is the central velocity dispersion, µ the dimensionless
mass, rc the core radius, and MV the absolute V magnitude.
Figure 16 shows the relations between 5 log σ + 2.5 log rh vs.
Mv (first row), and 5 log +2.5 log µrc vs. Mv (second row), for
different data sets. In panels a and b, we plot clusters with a
global velocity dispersion measurement, based on radial velocities of individual stars, taken from the compilation of Pryor and
Meylan (1993). In panels c, d, e, we plot clusters with a core
velocity dispersion derived from integrated-light measurements
in the present study. Half-light radii are taken from Trager et al.
(1993), and cluster concentrations and core radii are from Pryor
and Meylan (1993). In panels a and b, the continuous lines represent the relations (6) and (7), respectively, with best fitted constants. The dashed lines represent the relations obtained when

P. Dubath et al.: Core velocity dispersions for 25 Galactic and 10 old Magellanic globular clusters

521

Fig. 16. Fundamental plane correlations for Galactic and Magellanic globular clusters: this figure shows a combination of the velocity dispersion
σp with a physical scale (half-light radius rh on the first row and the product of the dimensionless mass µ and the core radius rc on the second) as
a function of the absolute visual magnitude MV . In panels a and b, we use the global velocity dispersions, based on radial velocities of individual
stars. In panels c, d, e, we use the core velocity dispersions derived in the present study. The open square in panel e represents NGC 121, the
only SMC cluster. The straight lines represent the relations derived from the Virial Theorem in panel a, and from the King models in panel b,
using global (continuous lines) or central (dashed lines) velocity dispersions. The dashed lines in panels a and b are reproduced in panels c, d,
and e, for the purpose of comparison.

central velocity dispersions (extrapolated for these clusters from
King models by Pryor and Meylan 1993) are considered instead
of the global velocity dispersion. For the purpose of comparison, the dotted line of panel a is drawn in panel c, and the dotted
lide of panel b is reproduced in panels d and e.
In Fig. 16, when using global velocity dispersions based
on radial velocities of individual stars, the standard deviations
around the relation expected from the Virial Theorem is ∼ 0.49
(panel a), while the standard deviations around the relation expected from the King models is ∼ 0.65 (panel b). These standard deviations are comparable to the observational uncertainties (Pryor & Meylan 1993): the data do not show significant
deviations from the Virial Theorem or the King models. Note
that in panel b, it would be more appropriate to use central velocity dispersions instead of global ones.
When using core velocity dispersions from integrated-light
measurements, the dispersions are somewhat larger in panels c
and d (Galactic clusters). The standard deviation in panel c is
0.84, while the corresponding value is 0.49 in panel a. This increase is probably due, in part, to the larger uncertainties of the
velocity dispersions derived from integrated light, and also to
a possibly larger intrinsic scatter since this panel displays core
velocity dispersions of high-concentration (collapsed?) globular clusters. A similar degradation is observed from panel b to
panel d. Part of the scatter in panel d is probably due to the observational difficulties of measuring the very small core radius
of the very high-concentration clusters.

The scatter observed in panel e for Magellanic clusters is
similar to the scatter observed for Galactic clusters with velocity dispersions based on radial velocities of individual stars.
This shows that our measurements for Magellanic clusters are
reliable, and that their M/L ratios may be similar to the M/L
ratios of Galactic clusters.
It is worth noticing that our simulations (see Sect. 6) show
that statistical errors due to small samples lead, on average, to
underestimates of the velocity dispersion. Therefore, if these
errors were completely dominant, the Galactic clusters should
lie below the expected relations in panels c and d. This is not observed, which, again, suggests that our statistical error estimates
from Sect. 6 are somewhat pessimistic.

10. Discussion and conclusion
We present, in this paper, the radial velocity and velocity dispersion measurements deduced from integrated-light spectra obtained with CASPEC at the ESO 3.6-m telescope at La Silla,
Chile, for a large sample of Galactic and Magellanic globular
clusters. These measurements can be affected by large statistical
uncertainties if the integrated light through the spectrograph slit
is dominated by a small number of bright stars. We present a very
extensive set of numerical simulations, which indicates that statistical uncertainties on the velocity dispersion values are small,
i.e., comparable or smaller than the measurement uncertainty,
when the absolute magnitude of the integrated light within the
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measurement sampling area is brighter than an absolute V magnitude of about −4.5 (see Fig. 12). This result suggests that statistical uncertainties on our (and any other) velocity dispersion
estimates are important for most Galactic clusters, and small in
the case of Magellanic clusters.
However, the three following facts suggest that our simulation results may be somewhat pessimistic. First, there is a reasonably good agreement between our integrated-light σp measurements and the σp measurements based on radial velocities
of individual stars found in the literature. Second, our results
agree well with previous independent integrated-light up measurements, achieved over different sampling areas. Third, on
average, our σp values are consistent with those expected from
King models, given the cluster total absolute magnitude and
structural parameters, as is the case for the σp values derived
from the radial velocities of individual stars. This last point rules
out the possible presence of a large bias in our measurements of
Galactic clusters resulting from the light in our sampling area
coming predominantly from a few bright giants.
In short, our simulations provide upper limits for the uncertainties due to the domination of too small a number of bright
stars on the σp values. Consequently, when using our σp measurements one should keep in mind that the quoted statistical
uncertainties may be overestimated. Because of the larger distances to the Magellanic globular clusters, all but one of the
σp measurements obtained for the Magellanic clusters are fully
reliable, with relatively small uncertainties, which nevertheless
could also be overestimated.
We shall present, in a following paper (Dubath et al. 1996),
a determination of the structural parameters for the Magellanic clusters, together with their M/LV estimates based on
the present σp measurements.
No significant deviation from the predictions of the King
models, or from the Virial theorem, are observed in the globular cluster fundamental plane, as already discussed by several
authors (e.g., Pryor & Meylan 1993) in the case of Galactic clusters. This shows that the globular cluster M/LV is, within the
accuracy of the data, constant from cluster to cluster, and that
Magellanic clusters do not have a M/LV dramatically different
from those of Galactic clusters. As a consequence, the fundamental plane correlations can also be used to test our σp results.
For example, the remarkably small scatter of the Magellanic
cluster data around the relation expected from King models observed in Fig. 16 is another indication of the good quality of our
σp measurements for these clusters.
The results of the simulations can also be used to predict the
accuracy of any σp measurement from integrated-light observation. In order to get a reliable measurement, the absolute V
magnitude of the integrated light should be brighter than −4.5.
For a cluster of known brightness profile, this can be translated
into a minimum aperture (i.e., a minimum number of stars)
needed to get a meaningful σp measurement.
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