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1. Introduction

Globular clusters in the Galactic bulge form a flattened system, extending
from the Galactic center to about 4.5 kpc from the Sun (Barbuy et al. 1997).
A study of abundance ratios in these clusters is very important for a more
complete understanding of the bulge formation. In this work we present a
spectroscopic analysis of individual stars in NGC 6553. This cluster is a
key one because it is located at d0 ~ 5.1 kpc, therefore relatively close to
us, and at the same time it is representative of the Galactic bulge stellar
population: (a) Ortolani et al. (1995) showed that NGC 6553 and NGC 6528
show very similar Colour-Magnitude Diagrams (CMDs), and NGC 6528 is
located at d0 ~ 7.83 kpc, very close to the Galactic center; (b) the stellar
populations of the Baade Window is also very similar to that of NGC 6553
and NGC 6528 as Ortolani et al. (1995) have shown by comparing their
luminosity functions.

The temperature calibration of metal-rich cool giants needs high quality
photometric data. For giant stars in the metal-rich bulge globular cluster
NGC6553 we have obtained JK photometry at ESO and VI photometry
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with the Hubble Space Telescope. This allowed us to derive effective tem-
peratures. A detailed analysis of 3 stars was then carried out using echelle
spectra obtained at the ESO 3.6m telescope.

TABLE 1. Magnitudes

star V J K

111-3 15.825 13.408 11.536 10.328
IV-13 15.586 13.114 11.282 10.028

11-85 15.515 13.010 11.040 9.789

TABLE 2. Derived temperatures

star T(V-I) T(V-K) T(J-K) M(bol) log g

111-3 4021 3968 4220 -2.26 0.95

IV-13 3980 3944 4125 -2.50 0.85

11-85 3930 . 3880 4130 -2.57 0.80

2. Stellar Parameters

2.1. TEMPERATURES

The crucial issue in the detailed analysis of these cool and metal-rich giants
is the determination of their effective tern peratures Teff'- We succeeded to
obtain very high quality V and I colours using the Hubble Space Telescope
(HST) (Ortolani et al. 1995), and J and K colours using the detector IRAC2
at the 2.2m telescope of ESO (Guarnieri et al. 1997). In Table 1 are given
the magnitudes. The calibration of our old ESO Danish telescope data (Or-
tolani et al. 1990) showed an offset of about 0.28 mag, very probably due
to crowding.
A further step in the derivation of colours is the reddening value adopted.
In Guarnieri et al. (1997) we derived a colour excess of E(V - I) == 0.95
for NGC 6553. Assuming a ratio E(V - I)jE(B - V) == 1.35 (Terndrup
1988; Grebel & Roberts 1995) the resulting E(B - V) is 0.7. Assuming
E(V-K)/E(B-V) == 2.744 and E(J-K)jE(B-V) == 0.527 (Rieke & Lebofsky
1983), and E(V-I)c/E(B-V) == 1.33 (Dean et al. 1978) the available colours
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were de-reddened.
In order to derive temperatures we used several methods:
(i) Infrared flux method: Based on absolute measurements of stellar monochro-
matic fluxes in the infrared region for a sample of 80 solar metallicity stars,
Blackwell & Lynas-Gray (1994) established the relation T(V-K) = 8862 -
2583(V-K) - 353.1(V-K)2.
(ii) Relations by Me William (1990): Based on a sample of 671 giants of
about solar metallicity McWilliam (1990) derived the following relations:
T(B-V) = 8351 - 4936(B-V) + 1456(B-V)2 - 78(B-V)2; T(V-K) = 8595 -
2349(V-K) + 321(V-K)2 - 8(V-K)2; T(V-I) = 9853 - 6733(V-I) + 2564(V-
1)2 - 335(V-I)2. T(J-K) = 8176 - 8715(J-K) + 6850(J-K)2 - 2489(J-K)2.
(iii) Tables by Bessell et ale (1996): Using Bessell et al. (1996) calibrations
based on NMARCS models (Plez et al. 1992), give the temperatures re-
ported in Table 2, which correspond essentially to Teff = 3950 K for the
three sample stars.
The final adopted temperatures for our stars are those corresponding to
the Bessell et al. calibration of (V-I) and (V-K) colours.

2.2. GRAVITIES

The classical relation log g* = 4.44 + 4 log T*/Tev + 0.4(Mbol - 4.67) +
logM*/M0 was used, where T0 = 5770 K, M* = 0.8 M0, Mbol0 = 4.67
were adopted; for deriving Mbol* we adopted Mv(HB) = 1.06 (Buonanno et
al. 1989), V(HB) = 15.8 (Ortolani et al. 1995) and bolometric magnitude
corrections by Persson et al. (1980), and the resulting Mbol are given in
Table 2.

2.3. METALLICITY

The metallicities were derived by plotting curves of growth of Fel, where
the equivalent widths where a selected list of lines were measured using
IRAF, and the code RENOIR by M. Spite was employed for plotting the
curves of growth. The resulting metallicity for the cluster is [Fe/H] ~ -0.35.

3. Average final abundance ratios

We find the preliminary abundance ratios: [Mg/Fe] ~ +0.15, [Ti/Fe] ~
+0.3, [Si/Fe] ~ +0.6, [Ca/Fe] ~ 0.0 and [Eu/Fe] ~ +0.3.

It is interesting to compare these results with abundance ratios for the
bulge from the literature. McWilliam & Rich (1994) analyzed 11 Baade
Window K giants, for which they obtained: [Mg/Fe] ~ [Ti/Fe] ~ +0.3 and
[Ca/Fe] ~ [Si/Fe] ~ 0.0. Idiart, Freitas Pacheco & Costa (1996) derived
from and integrated spectrum of the Baade Window [Mg/Fe] ~ +0.45.
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Terndrup et al. (1995), Sadler et al. (1996) used medium-resolution spectra
of 400 giants in the Baade Window for which they obtained [Mg/Fe] ~
0.2 - 0.3. It is also interesting to point out that all these results are also
in agreement with Mg-to-Fe ratios in bulges of ellipticals: Worthey et al.
(1992), Bender (1996), Barbuy et al. (1996) presented evidences pointing
to enhanced [Mg/Fe] in bulges of ellipticals.
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DISCUSSION

SHETRONE: Are your results not similar to the Edvardsson et ale
work for disk stars? That is, when Mg is slightly enhanced, Ti
is significantly enhanced, regardless of Ca. The same pattern is
repeated in this cluster.

BEATRIZ BARBUY: I believe these clusters are not a typical disk
population like the stars studied by Edvardsson et al., but a typ
bulge population. As a matter of fact, the bulge shows a mean met.
of [Fe/H] ~ -0.2 (McWilliam & Rich 1994, ApJS, 91, 749).
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