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Abstract. We present a derivation of upper limits to the rotation of Main Sequence stars in three globular clusters using spectra
obtained during time allocated to the ESO Large Programs 165-L0263 and 167.D-0173, with UVES at VLT2 (Kueyen). The
stars analyzed in this work do not show any evidence of high values of rotational velocities as far as the outer layers are
concerned, in particular robust estimates for the upper limits of the values of the mean projected rotational velocities are placed,
about vrot sin i = 3.5±0.2 km s−1 and about vrot sin i = 4.7±0.2 km s−1 for, respectively, the program turn-off and subgiant stars.
On the basis of statistical considerations, assuming that inclination of the rotational axis i is randomly oriented, and that all stars
within the same group rotate at the same rate, we obtain estimates for the values of the true rotational velocities. These values
are upper limits to the true rotational velocities if there is some star-to-star scatter in rotational or macro-turbulent velocities.
The mean values of these upper limits for vrot for the stars of the same spectral type averaged over the three clusters are found to
be respectively, vrot ≤ 3.5± 0.4 km s−1 and vrot ≤ 2.6± 1.1 km s−1. Thus, the explanation for the large rotational velocities found
for the Horizontal Branch stars must be looked for either in the rotation of the core not detectable in the outer layers (Sills &
Pinsennault 2000) or in the acquisition of angular momentum during their evolution.

Key words. stars: rotation – globular clusters: individual: NGC 104 – globular clusters: individual: NGC 6397 –
globular clusters: individual: NGC 6752

1. Introduction

Since the first detection of fast rotating stars located on the
Horizontal Branch of several Globular clusters (Peterson 1983;
Behr et al. 2000a,b), rotation of old population stars has started
to be debated. In order to understand the mechanism that leads
to such large rotational velocities, it is important to have an es-
timate of such quantity during the main sequence phase. Given
the large cluster ages, a low value for the rotational veloc-
ity (≤2 km s−1) is expected by using e.g. the Skumanich law;
however no observational result has been obtained so far.

The high resolution spectra of turn-off (TO hereafter) and
subgiant (SG hereafter) stars collected primarily for perform-
ing abundance analysis of globular cluster stars offered an
ideal opportunity to give a direct estimate of the rotational
velocities of such stars using the cross-correlation technique
(Tonry & Davis 1979). In fact, the breadth of the peak of
the cross-correlation of two stars provides an estimate of the
quadratic sum of the global velocity fields within the two stellar
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atmospheres, i.e. a sum of the contribution due to rotational ve-
locities, macro and micro-turbulent velocities. Using as tem-
plates spectra of stars whose atmospheric parameters are very
similar to those of the program stars, and modeling the in-
trinsic Doppler broadening of such templates, it is possible to
obtain an estimate of the atmospheric velocity field for the pro-
gram stars. Accurate determinations of such quantity would re-
quire a detailed knowledge of the dynamical behavior of the
atmosphere, which is not available yet. However, as will be
shown, the application of this method coupled with an appro-
priate calibration on a set of stars with already studied rota-
tional velocity, provides a reliable measurement of the value
of vrot sin i. Moreover, through statistical consideration of the
scatter of individual values compared to expectations for ran-
domly distributed orientation of the rotation axis, even more
stringent constraints on the true rotational velocities of the stars
observed can be derived.

2. Observations and data reduction

The observations were collected using UVES at the VLT, in
four separate runs, in June and September 2000, August and
October 2001 during the time allocated for the ESO Large
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Table 1. Atmospheric parameters for the template stars.

Star Teff log g vmicro [Fe/H]
ID K dex km s−1 dex
G 4-37 5937 3.50 1.50 −2.88
G 126-62 6085 4.12 0.79 −1.53
G 141-19 4997 2.25 1.30 −2.96
HD 120559 5383 4.57 0.00 −0.90
HD 121004 5583 4.37 0.00 −0.73

Programs 165-L0263 and 167.D-0173, devoted to the abun-
dance analysis of globular cluster dwarfs.

A total of 39 stars in 3 globular cluster were observed,
with the same instrumental setting. More precisely, we ob-
served 8 subgiants and 5 turn-off stars in NGC 104-47 Tuc,
9 TO and 9 SG stars in NGC 6752, 5 TO and 3 SG stars
in NGC 6397. Two of the SG in NGC 104-47 Tuc have been
observed twice, the first time during the August 2001 run, and
the other in the October 2001 one.

The location of the program stars in the color-magnitude
diagram is shown in Gratton et al. (2001) and Carretta et al.
(2003) and the photometric data are taken from Grundahl et al.
(2000).

Five field stars, whose spectra showed no evidence of ro-
tation, were also observed; their spectra were used in order to
find the radial velocities of the Globular Cluster stars and as
templates for the cross-correlations. These stars were selected
on the basis of their atmospheric parameters in order to be
as similar as possible to the program stars (see Gratton et al.
2001; Carretta et al. 2003, in preparation): G 4-37, G 126-62,
G 141-019 for NGC 6397 and NGC 6752; HD 121004 and
HD 120559 for NGC 104. The atmospheric parameters for
the templates are given in Table 1. We also observed sev-
eral field stars with already studied rotational velocities in a
range ∼9−80 km s−1. More details on these stars can be found
in Sect. 4.

The spectra have a resolution of R = λ
FWHM � 50 000;

data were obtained using a dichroic beamsplitter that provides
useful spectra for both the blue and red arms of UVES. The
signal-to-noise ratios span from 20 to over 100, with most
of them around ∼40. Except for stars #201600 and #435 of
NGC 104, which were observed twice at 2 months distance,
we did not collect multi-epoch observations. For further de-
tails on the observations, see Gratton et al. (2001). Extractions
of the spectra for the observed stars were performed using the
UVES pipeline.

In addition to the stars we observed, we also used as a cal-
ibrator in our analysis the UVES blue spectrum of the slowly
rotating star CD−30 18140 (vrot sin i ∼ 2 km s−1) kindly pro-
vided by P. Nissen.

3. Data analysis

3.1. Cross-correlations

We used only the blue part of the spectra, as it is not af-
fected by telluric lines and have stronger signatures in the

Fig. 1. Cross-correlation function of the 115th order of the spectrum
of NGC 6752 star #4661 versus G 4-37. The upper horizontal axis
gives the scale in km s−1 the lower one in pixels.

cross-correlations. The spectra of the object stars (calibrators
and cluster stars) and those of templates have then been di-
vided into 32 single orders. We discarded 5 of them for the
metal poor stars and 11 in the NGC 104-47 Tuc ones, as within
their range fell strong features (e.g. H lines or Ca II H and
K lines), and these would have made them unsuitable to be
used for rotational velocity determination. Each one of the re-
maining orders was first continuum fitted with a spline function
of order 3, and then cross-correlated against the correspond-
ing orders of the template spectra from the appropriate group.
We used the cross-correlation program fxcor from the IRAF 1

noao.rv package. The cross-correlation peak was fitted using a
Gaussian curve; this approximation is very reasonable as long
as the rotational velocity is quite low.

An example of the fitting of a cross-correlation peak is
given in Fig. 1, where we show the cross-correlation of the
115th order (4044−4068Å) of the spectrum of star #4661 in
NGC 6752 versus template G 4-37. As it can be seen in the fig-
ure, the Gaussian fit is a very good approximation in this case.

For each spectrum a total of 27 cross-correlations for the
metal poor stars and 21 for the NGC 104-47 Tuc stars were
obtained; for each one of these we measured the values of the
FWHM, the relative velocity, and R which is a goodness of the
fit parameter (see Tonry & Davis 1979).

3.2. FWHM computation

We computed the means and σ’s for the FWHMs and relative
velocities iteratively, weighing on the basis of the R parameter
and discarding those cross-correlations for which the relative
velocity was off from its mean value by more than ∼50 km s−1.
Table 2 lists the resulting mean values for the FWHMs and
their σ’s. Both the individual values for the means from the
cross-correlations with each of the templates, and the mean
FWHM from all the templates are given. The mean value for the

1 IRAF is distributed by the National Optical Astronomy
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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Table 2. FWHMs fit from the cross-correlations and radial velocity for program stars. Star ID’s are from Grundahl et al. (2000).

NGC 104-47 Tuc

Template HD 120559 Template HD 121004

Star Type Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHMR σ(FWHM) σ(FWHM) R σ(R)

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

952 TO 18 16.2 0.6 18 15.2 0.6 15.7 0.5 2.2 9.3 0.1

975 TO 18 19.4 0.9 18 18.0 0.6 18.5 0.7 2.4 8.5 0.1

1012 TO 16 15.9 0.8 16 16.7 0.5 16.4 0.4 3.7 5.2 0.4

1055 TO 16 15.9 0.5 16 17.2 0.7 16.3 1.3 2.0 10.6 2.9

1081 TO 18 15.9 0.4 18 15.3 0.5 15.6 0.3 1.6 13.4 1.4

429 SG 18 15.8 0.4 18 17.7 0.7 16.3 1.0 1.3 16.4 0.1

433 SG 17 15.7 0.6 17 17.4 0.7 16.4 0.8 1.2 18.0 2.9

435 SG 17 16.0 0.6 17 15.9 0.6 15.9 0.1 1.5 14.6 0.9

435 SG 5 16.5 1.3 5 15.6 0.8 15.9 0.5 1.3 16.5 2.3

456 SG 17 15.8 0.8 17 15.0 0.5 15.3 0.4 0.9 25.3 1.2

478 SG 18 16.1 0.6 18 16.4 0.6 16.3 0.1 0.9 24.8 2.0

482 SG 16 17.1 0.6 18 16.9 0.6 17.0 0.1 2.2 9.4 1.4

201075 SG 18 18.1 1.2 16 15.4 0.4 15.6 1.4 1.8 12.1 3.2

201600 SG 13 17.5 0.9 12 15.2 0.7 16.0 1.1 1.5 14.3 2.7

201600 SG 16 17.2 0.7 16 16.0 0.7 16.5 0.6 1.5 14.1 1.7

206415 SG 18 16.3 0.5 18 16.3 0.5 16.3 0.1 1.8 11.5 2.1

NGC 6397

Template G 4-37 Template G 126-62 Template G 141-19

Star Type Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHMR σ(FWHM) σ(FWHM) R σ(R)

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

1543 TO 22 14.9 0.3 22 15.8 0.4 22 15.4 0.4 15.2 0.4 1.7 12.3 0.6

1622 TO 22 14.7 0.2 22 15.2 0.3 22 15.2 0.3 15.0 0.2 1.6 13.8 0.8

1905 TO 22 14.8 0.2 22 15.4 0.3 22 15.4 0.4 15.1 0.2 1.8 11.7 0.6

201432 TO 22 14.7 0.2 22 15.3 0.3 22 15.4 0.4 15.0 0.2 1.7 12.6 0.7

202765 TO 22 14.9 0.3 22 15.6 0.4 22 15.5 0.4 15.2 0.3 2.1 10.1 0.6

669 SG 22 15.0 0.4 22 14.9 0.4 22 15.2 0.5 15.0 0.1 1.4 16.0 0.7

793 SG 22 14.8 0.4 22 14.8 0.3 22 15.1 0.4 14.8 0.1 1.3 16.3 0.7

206810 SG 22 14.6 0.4 22 14.7 0.4 22 14.7 0.3 14.7 0.1 1.5 14.2 0.6

NGC 6752

Template G 4-37 Template G 126-62 Template G 141-19

Star Type Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHMR σ(FWHM) σ(FWHM) R σ(R)

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

4341 TO 19 14.3 0.4 16 15.1 0.4 16 15.2 0.6 14.8 0.3 1.5 14.4 0.1

4383 TO 22 15.0 0.4 22 15.3 0.4 22 15.2 0.4 15.1 0.1 1.9 11.3 0.2

4428 TO 22 13.5 0.5 22 14.6 0.3 21 14.1 0.3 14.2 0.4 1.4 15.3 0.6

4458 TO 19 15.4 0.6 15 14.7 0.5 15 14.8 0.4 14.9 0.3 1.6 13.8 0.1

4661 TO 23 14.7 0.3 24 15.0 0.4 24 15.0 0.4 14.9 0.1 1.4 15.0 0.1

4907 TO 23 14.5 0.3 25 15.1 0.4 25 14.4 0.3 14.6 0.2 2.0 10.4 0.1

5048 TO 23 14.7 0.2 25 15.1 0.2 25 15.7 0.3 15.1 0.1 1.3 17.2 0.2

200613 TO 23 15.9 0.4 24 16.4 0.4 25 15.7 0.6 16.1 0.2 2.0 10.3 0.1

202316 TO 22 14.5 0.2 22 14.8 0.3 22 14.9 0.3 14.7 0.1 1.7 12.9 0.5

1400 SG 22 16.5 0.6 22 15.4 0.5 22 16.2 0.6 16.0 0.4 2.2 9.6 0.7

1406 SG 24 16.1 0.5 25 16.2 0.5 25 16.2 0.5 16.2 0.1 2.8 7.1 0.2

1445 SG 22 16.8 0.7 22 17.1 0.7 22 16.9 0.6 16.9 0.1 2.2 9.6 0.3

1460 SG 22 16.1 0.6 22 15.9 0.5 22 16.1 0.6 16.1 0.1 1.8 11.5 0.1

1461 SG 24 16.2 0.6 25 15.6 0.5 25 15.8 0.5 15.8 0.2 1.8 11.4 0.3

1481 SG 24 16.3 0.6 25 16.1 0.5 25 16.2 0.5 16.2 0.1 1.9 10.8 0.1

1563 SG 22 17.4 0.6 22 16.0 0.7 22 16.1 0.6 16.5 0.6 2.8 7.2 0.2

1665 SG 24 16.3 0.5 25 15.5 0.4 25 15.7 0.6 15.8 0.3 2.7 7.6 0.4

202063 SG 21 18.5 0.8 22 17.7 0.7 21 17.3 0.8 17.8 0.3 2.1 10.0 0.1
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Table 3. FWHM’s for templates (see text for details).

Template G 4-37 Template G 126-62 Template G 141-19

Star Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHMR σFWHM R σR

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G 4-37 26 14.9 0.4 25 14.3 0.3 14.6 0.3 159.8 1.1

G 126-62 25 14.9 0.4 25 14.9 0.4 14.9 0.3 180.2 1.4

G 141-19 25 14.3 0.3 25 14.9 0.4 14.6 0.3 199.2 1.4

Template HD 120559 Template HD 121004

Star Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHMR σFWHM R σR

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

HD 120559 15 18.0 0.4 15.9 0.4 19.2 2.9

HD 121004 15 18.0 0.4 15.9 0.4 19.2 2.9

Table 4. Heliocentric radial velocities for template stars compared to
those in the literature.

Star Vrad σ Vrad σ MJD

ID km s−1 km s−1 km s−1 km s−1

G 4-37 −108.1 0.2 −108.5a 1.0 52 151.425

G 126-62 −297.0 0.2 −296.8b 1.0 52 152.165

G 141-19 84.3 0.1 84.3b 1.0 52 152.009

HD 120559 12.8 0.1 13.4c 51 710.955

HD 121004 245.5 0.2 243.8c 51 712.960

a Carney et al. (1994); bLatham et al. (1988); c Evans (1967).

R parameter, calculated over the orders left after the aforemen-
tioned radial velocity selection, is also given. The value listed
as σ(FWHM) is the error on the fit of a single cross-correlation
peak and has been calculated using the σ(FWHM)-R relation
appropriately calibrated on a set of calibration stars, as de-
scribed in Sect. 3.4.

Then, using a very similar procedure, we calculated the
contribution due to the templates. In fact, in order to esti-
mate accurately the Doppler broadening of the program stars,
it is important to model the contribution due to the template
to the cross-correlation FWHMs. The subtraction of the tem-
plate contribution from the FWHMs allows to take into ac-
count all the sources of Doppler broadening in the template
spectrum, therefore, even though the spectra of the template
stars do not show any evidence of considerable rotation, if the
template were rotating with a small value of v rot sin i, its use
in the cross-correlations would not affect our results. We per-
formed cross-correlations of each of the orders for each one of
the templates against the corresponding orders from the other
templates of the same group (i.e. we did not take into account
the auto-correlations because they would systematically under-
estimate the width of the peaks as the noise would be perfectly
correlated). We calculated the mean values for the FWHMs and
R parameter as described for the program stars. The results are
listed in Table 3.

3.3. Radial velocity determinations

We obtained the mean apparent radial velocities using the same
discarding and weighing scheme described in Sect. 3.2. We cal-
culated the heliocentric velocity by adding up the appropriate
template apparent velocity, as calculated from the measurement
of the shifts of several spectral lines, and the barycenter cor-
rection. The values of radial velocity so obtained (3 for each
of the stars of NGC 6397 and NGC 6752 and two for those
of 47 Tuc) were then averaged weighing them on the basis of
the respective error, which is the quadratic sum of the σ ob-
tained from the weighed order to order scatter of the appar-
ent radial velocity, and the error of the radial velocity of the
template (see Table 4). Table 5 lists the heliocentric radial ve-
locities for the program stars, as obtained from the different
templates and also the mean value. The radial velocities for the
templates are shown in Table 4, together with the values pub-
lished in the literature.

The resulting mean velocities for the clusters are listed in
Table 6. Star #1055 has been excluded from the computation
of the mean velocity for NGC 104 because, as it evident from
the measured radial velocity, it is obviously a non-member.
Moreover, the radial velocities for the two stars observed dur-
ing different observing runs, #435 and #201600 were assumed
to be the average of the two determinations, so at the end the
average velocity for NGC 104 is calculated over 13 stars.

3.4. From FWHM’s to vrot sin i

In order to estimate the rotational velocities for the program
stars we must take into account that the FWHM of the cross-
correlation peak gives a measure of the quadratic sum of the
contributions coming from different sources:

FWHM =
√

t2 + r2 + m2 +M2 + T2 + i2, (1)

where t is the contribution given to the calculated FWHM by
the template (which include micro and macro-turbulence, ther-
mal broadening and instrumental profile for the template) and
r, m, M, T and i are, respectively, the Doppler broadenings due
to: the rotation of the object, the micro-turbulent velocity, the
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Table 5. Heliocentric radial velocities from the cross-correlations for program stars.

NGC 104-47 Tuc
Template HD 120559 Template HD 121004

Star Spectral Na Vra σVra Nb Vrb σVrb Nc Vrc σVrc Vr σVr
MJD

ID Type km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

952 TO 18 −19.6 0.1 18 −19.7 0.1 −19.6 0.1 52 210.024
975 TO 18 −19.9 0.1 18 −19.9 0.1 −19.9 0.1 51 794.270

1012 TO 16 −22.6 0.1 16 −22.8 0.1 −22.7 0.1 52 207.146
1055* TO 16 70.8 0.2 16 70.3 0.2 70.5 0.3 51 795.327
1081 TO 18 −16.0 0.1 18 −16.1 0.1 −16.1 0.1 52 150.354
429 SG 18 −19.1 0.1 18 −19.2 0.1 −19.1 0.1 51 794.135
433 SG 18 −24.2 0.7 17 −22.9 0.1 −22.9 0.9 52 206.220
435 SG 16 −22.0 0.1 17 −22.0 0.4 −22.0 0.1 52 152.342
435 SG 6 −14.5 2.9 5 −19.9 8.5 −15.1 4.4 52 205.154
456 SG 17 −15.9 0.1 17 −16.0 0.1 −15.9 0.1 52 206.131
478 SG 18 −20.4 0.1 18 −20.5 0.1 −20.4 0.1 52 207.015
482 SG 17 −25.3 0.1 16 −25.4 0.1 −25.3 0.1 52 148.376

201075 SG 17 −13.7 1.7 16 −8.5 0.1 −8.5 3.7 51 794.205
201600 SG 13 −9.6 2.5 12 −7.8 4.4 −9.2 2.4 52 152.290
201600 SG 16 −10.3 0.1 16 −10.3 0.1 −10.3 0.1 52 205.244
206415 SG 18 −21.7 0.1 18 −21.8 0.1 −21.8 0.1 51 795.171

NGC 6397
Template G 4-37 Template G 126-62 Template G 141-19

Star Spectral Na Vra σVra Nb Vrb σVrb Nc Vrc σVrc Vr σVr
MJD

ID Type km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

1543 TO 22 13.8 0.1 22 13.6 0.1 22 13.7 0.1 13.7 0.1 51 715.039
1622 TO 22 15.9 0.1 22 15.8 0.1 22 15.9 0.1 15.9 0.1 51 711.055
1905 TO 22 20.6 0.1 22 20.5 0.1 22 20.6 0.1 20.6 0.1 51 714.030

201432 TO 22 20.5 0.1 22 20.0 0.6 22 20.3 0.3 20.5 0.4 51 713.209
202765 TO 22 22.2 0.5 22 21.9 0.8 22 22.0 0.8 22.1 0.4 51 714.118

669 SG 22 16.2 0.1 22 16.1 0.1 22 16.2 0.1 16.2 0.1 51 713.301
793 SG 22 16.9 0.1 22 16.7 0.1 22 16.9 0.1 16.8 0.1 51 713.983

206810 SG 22 13.1 0.1 22 13.0 0.1 22 13.2 0.1 13.1 0.1 51 711.007

NGC 6752
Template G 4-37 Template G 126-62 Template G 141-19

Star Spectral Na Vra σVra Nb Vrb σVrb Nc Vrc σVrc Vr σVr
MJD

ID Type km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

4341 TO 19 −28.7 0.3 16 −28.6 0.3 16 −28.3 0.3 −28.5 0.3 51 714.276
4383 TO 22 −26.8 0.1 22 −26.9 0.1 22 −26.7 0.1 −26.8 0.1 51 713.346
4428 TO 22 −23.6 1.0 22 −22.7 0.1 21 −22.4 0.1 −22.6 0.8 51 717.202
4458 TO 19 −31.0 0.2 15 −31.5 0.2 15 −31.2 0.2 −31.2 0.3 51 715.247
4661 TO 23 −23.7 0.2 24 −23.8 0.1 24 −23.6 0.1 −23.7 0.1 51 795.080
4907 TO 23 −29.1 0.1 25 −29.4 0.2 25 −29.0 0.1 −29.1 0.2 51 794.990
5048 TO 23 −32.5 0.1 25 −32.7 0.1 25 −32.5 0.1 −32.6 0.1 51 793.990

200613 TO 23 −25.1 0.3 24 −25.0 0.2 25 −25.0 0.3 −25.0 0.2 51 793.049
202316 TO 22 −28.1 0.1 22 −28.3 0.1 22 −27.9 0.1 −28.1 0.2 51 715.376

1400 SG 22 −26.1 0.1 22 −26.2 0.1 22 −26.0 0.1 −26.1 0.1 51 711.341
1406 SG 24 −36.0 0.1 25 −36.3 0.1 25 −36.1 0.1 −36.1 0.2 51 792.000
1445 SG 22 −20.8 0.2 22 −20.9 0.1 22 −20.8 0.2 −20.9 0.1 51 714.230
1460 SG 22 −29.5 0.1 22 −29.6 0.1 22 −29.4 0.1 −29.5 0.1 51 711.395
1461 SG 24 −30.2 0.1 25 −30.3 0.1 25 −30.1 0.1 −30.2 0.1 51 793.143
1481 SG 24 −24.9 0.1 25 −25.1 0.1 25 −25.0 0.1 −25.0 0.1 51795.998
1563 SG 22 −24.4 0.1 22 −24.6 0.1 22 −24.2 0.1 −24.4 0.2 51 716.386
1665 SG 24 −28.0 0.1 25 −28.1 0.1 25 −27.9 0.1 −28.0 0.1 51 794.078

202063 SG 21 −24.1 0.2 22 −24.3 0.2 21 −24.0 0.2 −24.1 0.2 51 711.238
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Table 6. Mean heliocentric radial velocities for the clusters. The val-
ues in Cols. 2, 3 and 4, are, respectively, the number of stars of our
sample, the mean radial velocity and its error. Columns 5 and 6 show
the results published in the literature (Harris 1996).

Cluster N Vrad σ(Vrad) Vrad,lit σ(Vrad)lit

ID stars km s−1 km s−1 km s−1 km s−1

NGC 104 13 −18.8 1.1 −18.7 0.2

NGC 6397 8 16.6 1.0 18.9 0.1

NGC 6752 18 −27.1 0.9 −27.9 0.8

macro-turbulent velocity, the thermal and instrumental broad-
enings. Therefore, from Eq. (1) we get:

r =
√

FWHM2 − [t2 + m2 +M2 + T2 + i2], (2)

and, assuming that α is the coefficient which links the rotational
velocity, vrot sin i to r, the contribution to the cross-correlation
peak due to rotation, we get:

vrot sin i = α
√

FWHM2 − [t2 + m2 +M2 + T2 + i2]. (3)

This coefficient must be calibrated and in order to do this we
used a set of nine stars with already studied rotational ve-
locities. These stars, with the exception of the slowest rotat-
ing one, CD −30 18140, which is however a metal poor star
([Fe/H] = −1.9 dex, Nissen et al. 2002), are quite hot, thus
few lines are present in their spectra which thus mimic those of
metal poor stars. Therefore, we used the metal poor templates
in the cross correlations. We calculated the resulting FWHM, R
and σ’s as described in Sect. 3.2. The results of such process
are given in Table 7.

Since these stars do not have published high reso-
lution abundance analysis (again, with the exception of
CD −30 18140, whose atmospheric parameters are T eff =

6274 K, log g = 4.1 dex, [Fe/H] = −1.9 dex vmicro = 1.5 km s−1

according to Nissen et al. 2002), we adopted for them the
temperatures obtained from published photometry and Alonso
et al. (1999) relations, on the basis of the luminosity class log g.
On the basis of Teff and log g we adopted a reasonable value
of vmicro and calculated vtherm. The accuracy of these values is
not important here, as their combined contribution is at most
of ∼4 km s−1, while the slowest rotating star for which we do
not have accurate measurements of the atmospheric parameters
has a value of vrot sin i ∼ 9 km s−1. Quadratic subtraction of the
terms due to thermal and micro-turbulent velocities affects the
result only marginally for low values of v rot sin i, and is abso-
lutely negligible for vrot sin i > 20 km s−1. The contribution due
to the template has been estimated assuming that the template
stars within each group are very similar in atmospheric param-
eters, therefore the measured FWHM of the cross-correlation
peak is just:

FWHMtemplate =
√

2 t (4)

where FWHMtemplate is calculated as described in the previous
subsection and the values are listed in Table 3.

We adopted the macro-turbulent velocity values following
Gray (1984, 1992); although these values are not determined
with high accuracy for three of the calibration stars of the sam-
ple which are of early F spectral type (HD 43045, HD 49434
and HD 55892) this is not crucial for the results obtained. In
fact, as the value of vrot sin i increases, the contribution of ro-
tation to the measured value of the FWHM becomes predomi-
nant; thus even assuming very pessimistically an error of 50%
in the value of the macro-turbulent velocity adopted for these
stars, this would affect the derived value of r only by less
than 1%. The atmospheric parameters adopted for the calibra-
tion stars are given in Table 8.

We calculated the values for r according to Eq. (2), from
the resulting mean value of the FWHM’s and using the at-
mospheric parameters showed in Table 8. The resulting val-
ues of r obtained are listed in Table 9. We also measured
the rotational velocity for these stars (with the exception of
CD −30 18140) using the Fourier transform method (Gray
1992). To do this we used the red part of the spectrum which is
characterized by few and well isolated lines. We measured the
rotational velocities from the following lines: Ca I at 6439.1 Å,
6449.8 Å and Fe I 6065.8 Å, 6678.0 Å, which are well iso-
lated. We could not apply this method to CD −30 18140 as
the red spectrum was not available. The values given in Col. 6
of Table 9 are the mean of the four values obtained, while
the errors listed in Col. 7 are the σ around these mean val-
ues. We performed a fit of the r value to the rotational ve-
locities, both from the literature and those measured using the
Fourier transform method. The errors take into account, beside
the intrinsic scatter of the measurement of FWHM for the stars,
the uncertainties on the FWHM of the templates (0.3 km s−1),
vtherm (0.1 km s−1), vmicro (0.3 km s−1), ζRT,macro (0.3 km s−1)
and on the instrumental profile (0.1 km s−1). Figure 2 gives a
graphical representation of the results. The values obtained for
the α coefficient is, in both cases, α = 0.6, while the rms’s
of the fits are 2.7 km s−1 for the fit with the literature results,
and 2.0 km s−1 for the fit with the values measured with the
Fourier Transform method.

As can be noticed from the graph, the fit is excellent up
to ∼20 km s−1. Beyond that value there is a close correlation
between the measured values of r and the values of v rot sin i
published in the literature and with the values measured by
us using the Fourier transform method. However, as can be
noticed especially from the comparison with the values ob-
tained using the Fourier transform value, which are determined
with a higher degree of accuracy with respect to the litera-
ture values, our results suggest that for values of v rot sin i larger
than ∼50 km s−1, the cross-correlation method tends to over-
estimate the rotational velocities. The discrepancy at larger ro-
tational velocities is intrinsic to the cross-correlation method.
In fact, a Gaussian is a good approximation for the cross-
correlation function as long as the rotation is slow, and gets
progressively worse as vrot sin i increases. Nevertheless, this test
clearly shows that our method supplies reliable estimates of the
values of vrot sin i in the range ∼2−50 km s−1.

Table 10 lists the heliocentric radial velocities resulting
from our analysis for this sample of stars (Cols. 2 and 3),
and compares them with the values published in the literature
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Table 7. FWHM’s values from the cross-correlation fit for calibration stars.

Star Na FWHMa σa Nb FWHMb σb Nc FWHMc σc FWHM σ(FWHM) R σ(R)

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

HD 31623 12 104.7 7.1 25 112.2 3.6 25 113.5 4.2 111.7 2.1 6.22 0.91

HD 34045 14 111.8 7.1 23 114.8 3.1 25 112.7 4.2 113.8 0.9 5.09 1.25

HD 38393 18 22.6 1.3 26 20.9 0.5 26 21.8 0.6 21.4 0.4 3.99 1.97

HD 42278 16 34.1 1.9 25 35.4 0.5 25 35.5 0.7 35.3 0.2 9.53 1.54

HD 49434 10 158.5 11.2 19 128.6 3.2 21 137.4 4.4 133.1 5.8 7.65 0.53

HD 55892 15 85.7 7.5 25 82.7 3.0 27 77.0 3.4 80.6 2.4 6.61 1.07

HD 65228 18 28.2 1.3 26 28.1 0.7 26 27.8 0.5 27.9 0.1 7.71 1.39

HD 71243 19 50.2 2.2 25 54.8 1.7 26 52.9 1.3 53.0 1.1 4.36 1.60

CD −30 18140 15 12.9 0.2 15 13.4 0.2 15 13.3 0.3 13.2 0.2 18.31 0.29
a To calculate vtherm we used for Tecc = 0.86 Teff .

(Cols. 4 and 5). We note that the spectrum of CD−30 18140 we
used (courtesy of Poul Nissen) was already brought to its rest
frame and could therefore not be used for this purpose. The re-
sults agree quite well within the errors, with the exception of
HD 34045, which, however was labeled as a suspect double by
Grenier et al. (1999). The good agreement is a further confir-
mation of the reliability of our radial velocities.

In order to obtain an estimate of the error on the single
FWHM fit, we calibrated the R parameter-σ(FWHM) (where
the σ(FWHM) is the mean value of the order-to-order rms’s re-
sulting from the different templates) relation, which should fol-
low the form σ(FWHM) ∝ 1

1+R (Tonry & Davis 1979). Since,
as discussed above, the Gaussian fitting of the cross-correlation
peak gives reasonable results up to ∼50 km s−1, we discarded
from this fit the calibrating stars with vrot sin i above this limit.
As Fig. 3 shows, we find a quite close relationship and the best
fit is obtained with the equation:

σ(FWHM) = (23 ± 3)
1

1 + R
km s−1 (5)

with an rms of the fit rms = 0.2 km s−1. The latter equation is
plotted in Fig. 3.

This equation is a calibration of the R parameter-σ(FWHM)
relation; thus the R parameter can be used to estimate errors on
the single FWHM measurements. In fact the goodness of the
fit parameter R is returned for each of the cross-correlations
by fxcor, thus in principle its value can be entered in Eq. (5)
producing the corresponding value for the error on the fit of a
single FWHM. The values listed in Col. 14 of Table 2 are ob-
tained using this procedure. However, it should be kept in mind
that the R parameter-σ(FWHM) relation, besides depending on
the signal-to-noise ratio, is dependent on the spectral match be-
tween the object and the template star.

3.5. Program stars

The procedure outlined above for calculating v rot sin i can be
applied to the cluster stars; the values of micro-turbulent and
thermal broadening were estimated on the basis of the at-
mospheric parameters found during the abundance analysis.

Table 8. Adopted atmospheric parameters for calibration stars.

ID SpType vmicro vatherm ζRT,macro

HD 31623 F2 V 1.6 1.3 7.2

HD 34045 F3 III 1.8 1.3 11.0

HD 38393 F7 V 1.4 1.3 5.3

HD 42278 F4 IV 1.5 1.4 8.0

HD 49434 F1 V 1.7 1.3 8.0

HD 55892 F0 IV 1.7 1.3 9.0

HD 65228 F7/F8 II 1.0 1.2 9.0

HD 71243 F5 V 1.3 1.3 6.5

CD −30 18140 F7 V 1.5 1.3 5.0
a To calculate vtherm we used for Tecc = 0.86 Teff .

For NGC 6397 and NGC 6752 we used the values given in
Gratton et al. (2001), for NGC 104-47 Tuc those from Carretta
et al. (2003, in preparation). The corresponding values for the
micro-turbulent and thermal velocity are given in Table 11.
Macro-turbulent velocity estimates for this type of stars are not
easily available in the literature. The values adopted for the cal-
ibrating stars from Gray (1984, 1992) are suited to Population
I stars. Given the low metal content of the cluster stars, the at-
mosphere is more transparent and we can see deeper into in,
thus the value of the macro-turbulent velocity is expected to be
larger than the corresponding one for a Population I star of the
same effective temperature and gravity.

Therefore, the values from Gray (1984, 1992) can be
considered as lower limits to the true values of the macro-
turbulent velocities and, therefore, the values of v rot sin i ob-
tained adopting them are upper limits to the true v rot sin i. From
statistical consideration, it is possible to further constrain the
macro-turbulent velocity, as is discussed in Sect. 4.2. The
adopted values for the clusters stars, which are, as discussed,
lower limits, are listed in Table 11.
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Table 9. Values of r found with our method for the field stars with previously studied rotation velocity.

Rotational velocities

Star r σ(r) vrot sin i(L) σ(L) vrot sin i(G) σ(G)

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

HD 31623 110.7 2.1 75.0a 10.0a 63.2 3.4

HD 34045 112.5 0.9 75.0a 10.0a 70.1 3.0

HD 38393 16.0 0.6 8.7b 0.8b 9.0 3.0

HD 42278 31.8 0.3 18.0c 10.0c 16.7 3.1

HD 49434 132.2 5.9 79.0d 10.0d 80.7 3.2

HD 55892 79.0 2.4 50.0e 5.0e 47.0 3.6

HD 65228 23.1 0.3 13.8f 1.0 f 14.9 3.0

HD 71243 50.6 1.2 28.6f 2.9 f 26.2 3.0

CD −30 18140 2.4 1.6 1.84g 0.2g

a Uesugi & Fakuda (1982); b Soderblom et al. (1989); c Abt & Morrell (1995); d Wolff & Simon (1997); e Balachandran (1990); f de Medeiros
& Mayor (1999); g Asplund et al. (2003), in preparation.
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Fig. 2. r values obtained as described in the text versus literature
vrot sin i (lower panel) and vrot sin i measured by us using the Fourier
Transform method (upper panel). The lines plotted are the best fit
lines, and both have the same slope, within the errors, of α = 0.6.

4. Results

4.1. Radial velocities

4.1.1. Template stars

Table 4 lists the heliocentric radial velocities we calculated for
the template stars together with those published in the litera-
ture (see Table 4 for references). Since G 4-37 and G 126-62
are known and studied spectroscopic binaries, the values used

for comparison in Table 4 were calculated from the published
orbital parameters (Latham et al. 1988). Our results are very
consistent with those previously published; the mean offset is
0.5 ± 0.7 km s−1.

4.1.2. Cluster stars

The resulting radial velocities for NGC 104 and NGC 6752,
listed in Table 6, are in excellent agreement with data published
in the literature (Harris 1996), while those for NGC 6397 seem
to be smaller by about 2.3 km s−1, which is a little over 2σ. We
notice that the procedure used to obtain the radial velocities
was identical for all the program stars and that it leads to a nice
agreement of the results for the other two clusters with the liter-
ature; we did not find any systematic offset in the radial veloc-
ity of the template stars with previous determinations. Thus, it
seems unlikely that this discrepancy is due to systematic errors.
On the other hand, NGC 6397 is the cluster for which we had
the smallest sample of observed stars, so the difference might
simply due to our sampling (the internal velocity dispersion in
this cluster is of ∼3 km s−1, see Harris 1996).

4.2. Rotational velocities

The resulting values of vrot sin i calculated as outlined in
Sect. 3.5 are listed in Table 12. As in the case of the calibration
stars, the errors take into account, beside the intrinsic scatter
of the measurement of FWHM for the program stars, the un-
certainties on the FWHM of the templates (0.3 and 0.4 km s−1

respectively for the metal poor and metal rich templates),
vtherm (0.1 km s−1), vmicro (0.3 km s−1), ζRT,macro (0.3 km s−1)
and on the instrumental profile (0.1 km s−1). A graphical rep-
resentation of our results is given in Fig. 4, which shows the
computed values for vrot sin i versus MV , using the distance
moduli from Carretta et al. (2000). As it can be noticed from
this figure and also from Table 12, the distribution of the
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Table 10. Heliocentric radial velocities found with our method for the field stars with well studied rotation velocity compared to those published
in the literature.

Template G 4-37 Template G 126-62 Template G 141-19 Literature values

Star Vra σVra Vrb σVrb Vrc σVrc Vr σVr
Vr,lit σVr,lit

ID km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

HD 31623 4.8 1.8 10.9 1.2 13.5 1.6 10.3 0.8 13.3a

HD 34045 20.3 2.0 29.3 1.3 32.7 1.7 28.4 0.9 28.62b,e 0.70

HD 38393 −9.5 0.2 −9.5 0.2 −9.4 0.2 −9.5 0.1 −9.72c 0.1

HD 42278 −2.7 0.3 −2.6 0.2 −2.2 0.2 −2.5 0.1

HD 49434 −21.2 2.3 −18.9 1.5 −10.9 1.9 −16.9 1.0 −14.00b,e 0.89

HD 55892 0.6 1.5 1.8 0.6 4.0 0.8 2.4 0.5 −0.13b, f 0.57

HD 65228 12.6 0.3 12.4 0.2 12.8 0.2 12.6 0.1 12.96d 0.13

HD 71243 −14.8 0.5 −13.6 0.2 −13.1 0.3 −13.6 0.2 −13.28d 0.3

CD −30 18140 0.0g 0.1 0.0 0.1 0.0 0.1 0.0 0.1

a Duflot et al. (1995); b Grenier et al. (1999); c Skuljan et al. (2000); d de Medeiros & Mayor (1999); e Suspect double; f Probable double;
g Spectrum was already zero velocity shifted.

Table 11. Adopted atmospheric parameters for program stars.

NGC 104-47 Tuc

Spectral Teff log g [Fe/H] vmicro vatherm ζRT,macro

type K dex dex km s−1 km s−1 km s−1

TO 5832 4.05 −0.62 1.07 1.3 4.0

429 SG 5081 3.84 −0.61 1.04 1.2 4.0

433 SG 5106 3.84 −0.74 1.05 1.2 4.0

435 SG 5190 3.84 −0.63 0.00 1.2 4.0

456 SG 5142 3.84 −0.68 0.50 1.2 4.0

478 SG 5118 3.84 −0.56 0.00 1.2 4.0

482 SG 5150 3.84 −0.64 0.70 1.2 4.0

201075 SG 5165 3.84 −0.64 0.70 1.2 4.0

201600 SG 5160 3.84 −0.61 0.70 1.2 4.0

206415 SG 5112 3.84 −0.67 1.05 1.2 4.0

NGC 6397

Spectral Teff log g [Fe/H] vmicro vatherm ζRT,macro

type K dex dex km s−1 km s−1 km s−1

TO 6476 4.1 −2.04 1.32 1.4 6.0

SG 5478 3.4 −2.04 1.32 1.3 4.5

NGC 6752

Spectral Teff log g [Fe/H] vmicro vatherm ζRT,macro

type K dex dex km s−1 km s−1 km s−1

TO 6226 4.28 −1.43 0.70 1.4 5.3

SG 5347 3.54 −1.43 1.47 1.3 4.5
a To calculate vtherm we used for Tecc = 0.86 Teff .

values of vrot sin i are flat within each cluster, and appear to be
very similar. It is also noteworthy that the results for the two
stars in NGC 104 which were observed during 2 different runs,
#435 and #201600, are compatible within the observational

errors. This result is a confirmation of the stability of the
method and of the independence of the results from the signal-
to-noise ratio which was quite different for the two spectra.
Averages of vrot sin i over the TO and SG for each of the
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Fig. 3. Relationship between the R parameter and the σ(FWHM) of
the measured FWHM distribution. The plotted line represent the best
fit equation after the exclusion of stars with vrot sin i > 50 km s−1 (open
symbols) from the sample.
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Fig. 4. Values for the rotational velocities of the program stars. Top
panel: vrot sin i for the TO stars, the squares represent the NGC 104
stars, the triangles those of NGC 6752 and the circles those of
NGC 6397. Bottom panel: as top panel for SG stars.

3 clusters are given in Table 12. The mean values of v rot sin i
over the TO over all the stars are:

vrot sin iTO = 3.5 ± 0.2 km s−1 rms = 1.0 km s−1

vrot sin iSG = 4.7 ± 0.2 km s−1 rms = 0.7 km s−1.

The flatness of the distribution and its small scatter suggest
that the contribution given by rotation to the measured Doppler
broadening is not large. If the contribution of the rotation were

Table 12. Values of the upper limits of vrot sin i obtained after the sub-
traction of the template contribution and the broadening due to micro
and macro-turbulent and thermal velocity and instrumental profile.

Star vrot sin i σ Star vrot sin i σ

ID km s−1 km s−1 ID km s−1 km s−1

NGC 104-47 Tuc

952 4.4 1.4 429 3.3 2.5

975 3.0 2.2 433 3.9 1.8

1012 4.8 1.9 435 4.2 1.4

1081 3.5 1.8 435 5.5 0.5

456 3.9 2.2

478 4.0 2.3

482 4.5 0.6

201075 4.8 2.0

201600 3.0 1.8

201600 3.5 0.8

206415 4.2 1.0

vrot sin iTO = 4.0 ± 0.4 km s−1 vrot sin iSG = 4.6 ± 0.3 km s−1

rmsTO = 0.8 km s−1 rmsSG = 0.9 km s−1

NGC 6397

1543 2.8 1.4 669 3.3 0.7

1622 3.8 0.8 793 3.0 0.7

1905 2.6 1.2 206810 2.8 0.8

201432 2.2 1.3

202765 2.7 1.3

vrot sin iTO = 3.1 ± 0.3 km s−1 vrot sin iSG = 3.1 ± 0.1km s−1

rmsTO = 0.7 km s−1 rmsSG = 0.2 km s−1

NGC 6752

4341 2.1 1.6 1400 4.7 1.0

4383 3.5 0.6 1406 5.1 0.3

4428 3.6 1.1 1445 5.2 0.4

4458 3.3 0.9 1460 4.9 0.4

4661 3.0 0.7 1461 4.7 0.6

4907 2.8 1.0 1481 4.2 0.5

5048 3.2 0.7 1563 5.7 1.1

200613 4.9 0.5 1665 4.6 0.7

202316 2.7 0.7 202063 6.3 0.6

vrot sin iTO = 3.6 ± 0.3 km s−1 vrot sin iSG = 5.0 ± 0.2 km s−1

rmsTO = 0.9 km s−1 rmsSG = 0.5 km s−1

larger than those due to other causes (e.g. macro-turbulence),
the distribution would be much more scattered, given the ran-
dom nature of the value of sin i.

In fact, from simple statistical considerations it can be
found that the scatter expected in case of a random distribution
of the inclination of the rotational axis, i, assuming that all star
rotate at the same rate, is ∼28% of the mean value of v rot sin i.
We could also reverse the argument and infer a more stringent
estimate of the upper limit of the typical rotation velocity from
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Table 13. Values for macro-turbulent velocity for which the vrot’s agree and corresponding values of the upper limits of the true vrot (see text).

NGC 104-47 Tuc NGC 6397 NGC 6752 Mean value

ζRT,macro vrot σ(vrot) ζRT,macro vrot σ(vrot) ζRT,macro vrot σ(vrot) vrot σ(vrot)

km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

TO 5.9 4.2 1.1 6.6 2.9 0.8 5.9 4.0 1.0 3.5 0.4

SG 6.2 4.9 1.0 6.7 1.7 0.5 8.3 4.1 1.0 2.6 1.1

the observed scatter of the vrot sin i distribution. Under the rea-
sonable assumption that all the stars of the same spectral type
within the same cluster rotate at the same rate, we obtain then
rms(vrot sin i) = vrot rms(sin i), and vrot sin i = vrot sin i therefore:

vrot =
rms(vrot sin i)

rms(sin i)
(6)

and

vrot =
vrot sin i

sin i
· (7)

The mean value and the scatter of the sin i function assuming a
random inclination are easily calculated, and they result to be

sin i = Π4 and rms(sin i) =
√

2
3 − Π

2

16 ; thus from Eqs. (6) and (7)
we can obtain the values for the true rotational velocities for
each of the groups of stars.

However, as it can be easily found using the results ob-
tained so far for the mean and rms values of the v rot sin i of
the program clusters, such substitutions give different results.
This is due to the fact that the adopted macro-turbulent veloc-
ity is an underestimate of the true one, therefore the mean val-
ues of vrot sin i are overestimated whereas its rms is underesti-
mated, given that the mean value and the rms are, respectively,
decreasing and increasing functions of macro-turbulent veloc-
ity in the range considered (see Fig. 5).

Therefore, we computed iteratively the values of macro-
turbulent velocity for which the values of v rot obtained from
Eqs. (6) and (7) agree at 0.1 km s−1 level. Figure 5 gives
a graphical representation of this procedure. The dotted and
dashed lines represent, respectively, the values of v rot as ob-
tained from rms(vrot sin i) and from vrot sin i. The vertical lines
(which in the NGC 104-47 Tuc case coincide with the left edge
of the panel) represent the values of macro-turbulent velocity
for corresponding stars of Population I, i.e. the lower limits to
the true value of the macro-turbulent velocity. The values for
the macro-turbulent velocity for which the two values of v rot

agree (i.e. the abscissa of the intersection of the dashed and
dotted lines) are reported in Table 13. It is noteworthy that the
mean values of the two determinations of v rot is almost con-
stant over the range of macro-turbulent velocity values con-
sidered, and this suggests that it could provide good estimate
of vrot despite the poor knowledge of the macro-turbulent ve-
locity value. In order to obtain the error on the rotational ve-
locities calculated with this procedure, we estimated the er-
rors introduced for each of the groups of the program stars
when assuming that the theoretical values of sin i = Π

4 and

rms(sin i) =
√

2
3 − Π

2

16 represent the true mean and rms of the
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Fig. 5. Values of vrot from rms(vrot sin i) (dashed lines) and vrot sin i
(dotted line). The panels on the left and right sides represent, respec-
tively, the TO and SG stars. The solid lines represent the means of
the two above mentioned values, which are remarkably constant over
the range of macro-turbulent velocity values considered. The vertical
lines mark the lower limit to the macro-turbulent velocities (see text).
Such line in the case on NGC 104-47 Tuc is at 4 km s−1, at the edge of
the plotted range.

sin i for a set of N inclination i values (where N is the number
of stars in each of the groups of the program stars). To this aim,
we performed a Montecarlo simulation, which made an extrac-
tion of 100 000 sets of N random values of i, calculating for
each of these sets the value of rms(sin i)N and sin iN . Thus, we
built the distribution function of rmsN(sin i) and sin iN , obtain-
ing their σ’s, which we used in the computation of the the error
on the rotational velocities derived, respectively, from Eqs. (6)
and (7).

It should be kept in mind that the values obtained in this
way are not measurements of vrot, but upper limits. In fact, the
assumption that all stars at the same evolutionary stage in a
cluster have the same macro and micro-turbulent velocities and
that they all rotate with the same true velocity is an approx-
imation. Therefore, part of the scatters in our distributions is
due to such differences in the parameters used and the scatters
due only to the random orbital inclinations have a smaller true
value. The scatter due to the differences in the atmospheric pa-
rameters is likely to be negligible with respect to that due to
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the random nature of the inclination, and we also expect that
the distribution of the rotational velocities for the old popula-
tion stars should have a small dispersion. Nevertheless, taking
into account any non-constant distribution of such quantities
would decrease the calculated values of vrot.

5. Conclusions

We have computed, using the cross-correlation technique, up-
per limits for the rotation of TO and SG stars in the globular
clusters NGC 104, NGC 6397 and NGC 6752. Our analysis
shows no evidence for large rotational velocities in any of the
program stars. We can safely state that the stars under discus-
sion, at least as far as the outer layers are concerned, rotate with
low rotation velocity.

We measured the upper limit to the value of the projected
rotation of the TO stars of vrot sin i = 3.5±0.2 km s−1, and about
vrot sin i = 4.7 ± 0.2 km s−1 for the SG. The errors do not take
into account systematic uncertainties due to the assumption that
the templates are identical, so a more realistic estimate of the
error would probably be ∼1 km s−1 for both quantities.

Furthermore, if the observed dispersions of the values
of vrot sin i are compared with expectations based on random
orientation of the rotational axis and on the assumption that
all stars rotate at the same rate, we obtain an estimate of
the upper limit values for the true mean rotational velocities,
vrot ≤ 3.5 ± 0.4 km s−1 and vrot ≤ 2.6 ± 1.1 km s−1 respec-
tively for TO and SG stars. These values are slightly larger
than those expected for stars of the old population; however
we have to keep in mind that these are upper limits and any
scatter in the true rotational velocity distribution would de-
crease their value. However, they are small in comparison to the
large rotational velocities measured in considerable fraction of
Horizontal Branch stars; therefore the mechanisms responsible
for the origin of the high values of the rotational velocities in
such stars are still unclear. It could be explained by differential
rotation within the star. If the star core rotates much faster than
the outer layers, such rotation is undetectable during its main
sequence phase, while, when the star reaches the Horizontal
Branch, after shedding most of its envelope, the observation of
the core rotation becomes possible (Sills & Pinsennault 2000).
Another possible explanation could be the acquisition of mo-
mentum during its evolution (e.g due to an asymmetric helium
flash).
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