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Abstract. JK infrared photometry for the bulge globular cluster
NGC 6553, combined with high resolution visual VI observa-
tions are presented and discussed in connection with the bulge
metal rich population. The infrared data were taken with IRAC2
at ESO 2.2m telescope while the optical counterparts are from
Hubble Space Telescope (HST).

We find a mean magnitude for the horizontal branch of
Vup = 1692, and Kgp = 12.42 + 0.01. Assuming a red-
dening of E(B — V) = 0.7, the mean distance modulus is
(m — M)y = 13.6 giving an heliocentric distance of 5.2 Kpc.
This distance is slightly higher than that previously published
by Ortolani et al. (1990, hereafter OBB90).

The brightest giants have been detected at ' ~ 6.5 and
(V—K) =13.10 transforming to M = —7.34and (V — K)o =
11.20, which are exceptionally high values for a globular cluster.

The metallicity has been found to be consistent with previ-
ous values and an average of [F'e/ H] = —0.22 £ 0.05 has been
adopted. The helium abundance estimated via the R’ method
yields Y, ~ 0.28 4= 0.03.
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1. Introduction

The Galactic bulge plays an important rdle in the understanding
of the evolution of our Galaxy. In spite of a number of recent
claims on the formation of the galactic bulge as a late event
in the Galaxy evolution (Raha et al. 1991), there is growing
evidence for an old galactic bulge coeval with the halo (Or-
tolani et al. 1995). Precise measurements of luminosity, colours
and metallicities of bulge stars are hampered by crowding, dif-
ferential reddening, different distances along the line of sights
and contamination due to foreground bright disk main sequence
stars. However, the bulge region contains a number of peculiar
globular clusters with a very high metal content and a colour
magnitude diagram (CMD) morphology very similar to that of
the field population.

In the optical range, their CMDs are dominated by blanket-
ing effects, with anomalous tilted horizontal branches (HB) and
a turnover of the giant branch (Ortolani et al. 1990, 1991, 1992,
1993a, 1993b, Bica et al. 1991) so that the brightest stars are
not the coolest asymptotic giant branch (AGB) ones. In spite
of the high luminosity foreseen by the theoretical models, the
brightest stars are in general fainter than those in metal poor
clusters.

In the infrared, instead, the blanketing effects due to the
high metallicity as well as those due to reddening are much less
important. The AGB stars are considerably brighter than disk
main sequence stars, reducing the contamination effects.

The main goal of this paper is to provide IR metal rich
population template CMDs for further bulge population studies.
A much better baseline for the temperature of the giants is also
provided by combining optical and infrared photometry. This is
a fundamental item for spectroscopic studies.

By combining optical and IR data it is also possible to obtain
very useful colour indices, like (V' — K), which is an excellent
indicator of the effective temperature (7;). This colour is not
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Fig. 1. Composite image of the covered field. North is up and East is
to the left. Filled circles indicate the position of the variable stars in
common with Lloyd Evans and Menzies (1973, hereafter LM73) and
Sawyer Hogg (1973, hereafter SH73). Coordinates are in pixels (0.49
arcsec pizel ™).

affected by the saturation effects at low temperatures, contrary
to those in the optical (Guarnieri et al. 1992; Ferraro et al. 1994).

In this work we present combined visual and near-
infrared CMDs for NGC 6553 (o = 18"05™115; § =
—25°55'06" (1950.0)). This cluster is located at a very low
galactic latitude (I = 5°.25, b = —3°.02) and is metal-rich
((Fe/H] = —0.2100.24) (Barbuy et al. 1992). Thus it is a key
cluster for a better understanding of metal-rich stellar popula-
tions.

In Sect. 2 the observations and calibrations are described.
In Sect. 3 comparison is made with previous data. In Sect. 4 the
CMDs are presented. In Sect.5 we discuss variable stars. In
Sect. 6 the cluster parameters are analysed. Finally the conclu-
sions are drawn in Sect. 7.

2. Observations and data reductions

Infrared observations have been carried out on June 11, 1992 us-
ing the ESO Rockwell NICMOS-3 (HgCdTe, 256 x 256 pixels)
infrared camera IRAC-2 (cutoff wavelength at 2.5 ym , Moor-
wood et al. 1992) mounted on the Max Planck Institute/ESO
2.2m telescope at La Silla (Chile), with the image scales of
0.27” and 0.49” for both standard J (1.25 pm) and K (2.19 pym)
filters. Through each filter, we obtained a high resolution image
(first magnification value) of the cluster center, and four par-
tially overlapping images covering a ~ 2’ x 2’ square region
centered on the cluster core (second magnification). The total

field covered is ~ 4 x 4 arcmin?. In Fig. 1 we show the computer
map of the stars detected in the IR survey (K < 12 mag).

Separate sky frames located at ~10’ from the cluster center
were also observed, in each filter and magnification, for sky
subtraction purpose. All images are the average of 60 frames of
1 sec integration time. The observations were carried out with
seeing < 1.4”.

The whole set of data has been analyzed using the pack-
age for crowded field photometry ROMAFOT (Buonanno et al.
1979, 1983) and the aperture photometry - PSF fitting correction
has been applied.

Eight SAAO standards (kindly provided by Dr. Ian Glass
and then published on 1995 by Carter) were observed during the
run and most of them at two positions of the array, at least. The
calibration curve and details regarding the standard stars were
presented in Ferraro et al. (1994). The adopted calibration equa-
tions linking the instrumental photometry to the Carter/SAAO
system are:

K =
J

k +20.639 +0.010
j+21.401 £0.030

where j and k are the instrumental magnitudes. This error is only
due to the linear interpolation of the standard stars; the present
calibration uncertainty is entirely dominated by the error due to
the aperture photometry - PSF fitting correction, i.e. 0.1 mag in
each J and K filter, as already stated by Ortolani etal. (1990). The
adopted standard stars don’t cover the entire colour range of the
NGC6553 data because of the lack of very red standard stars in
the Carter standard stars so we had to extrapolate toward colours
redder than (J — K) = 0.84. The extrapolation is allowed as we
do not have colour term in the calibration equations.

HST observations have been obtained through the WFPC2
in February 1994, using the V (F555W) and I (F814W) filters.
The exposure times were 2 X 100 sec. in V and 2 x 50 sec. in
I. Two short exposures in V and I (14 sec. and 5 sec. respec-
tively) have been used for the saturated brightest stars in the
deep images.

The data have been calibrated using Holtzman et al. (1995)
prescriptions. Their empirical (V, V-I) colour equation has been
adopted including the aperture correction provided. Our final
transformations from the instrumental fitted magnitudes to the
Johnson-Cousins system are:

v
V-1I

v—0.05(V — 1) +0.027(V — I)> +0.13
1.01(v — i) + 1.98

for the exposure frames of 5sec. in I and 14 sec. in V.

The optical VI sample, coming from HST observations (Or-
tolani et al. 1995), has been tied to the IR coordinate system
using a linear interpolation, and a combined catalogue of 1426
VIJK stars has been created. !

' The complete table with the results is available on electronic form

at the Centre de Données de Strasbourg (CDS) and can be obtained by
anonymous ftp copy to cdsarc.u-strasbg.fr (130.79.128.5). The table
columns report: 1) the HST identification number where stars between
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Fig. 2. V (a) I (b) magnitudes and (V-I) (c) colour residuals with respect
to the OBB90 for 827 stars in common, plotted versus our magnitudes
and colours

Table 1. HST photometric errors

V magnitude  Error
<175 0.03
17.5 0.05
18.5 0.04
19.5 0.04
21.5 0.09
225 0.15

Both optical and near-infrared internal photometric errors
have been computed from frame to frame comparisons. Con-
cerning the IR data, the internal accuracy of the photometry is
shown in Fig. 2, where the median rms scatter, computed over
0.5-mag bins for the stars belonging to the overlapping regions,
are plotted versus (a) J and (b) K mean magnitudes. As expected,
the median scatter increases at the faintest magnitudes, but it is
smaller than 0.1 for most of the objects.

For the HST data, artificial star experiments are not good
indicators of the photometric errors because of the well-known
difficulties in fitting the PSF. Frame to frame comparison gives
the photometric errors in the PC and WF frames, as listed in
Table 1 (for final errors divide by a factor \/Q).

1 and 2197 belong to the WFPC2 PC chip, between 20.001 and 26240
to the WFPC2 chip#2, between 30001 and 39545 to the WFPC2 chip
#3 while between 40.001 and 48688 to the WFPC2 chip #4; 2) HST
V magnitude; 3) HST I magnitude; 4) IRAC2 J magnitude; 5) IRAC2
K magnitude; 6) HST X position transformed to the IRAC2 reference
frame and 7) HST Y position.

The bulge globular cluster NGC 6553. 1

Fig. 3. Median rms scatter of the photometric measures, computed over
0.5-mag bins for stars belonging to the overlapping regions

The I frames have a better signal to noise ratio, yielding a
smaller error at the I magnitude corresponding to the V in the
CMD. This implies that the photometric errors are dominated
by the V magnitudes. Similar photometric errors have been ob-
tained from artificial star experiments.

3. Comparison with previous optical and IR data

Hartwick (1975, hereafter H75) first presented a photographic
BV CMD of this cluster. OBB90 presented the CCD BVRI
CMDs (1254 stars).

Fig. 3 shows the V and I magnitude and (V-I) colour resid-
uals of the 827 HST stars in common with the OBB90 sample.
There is a shift between our data and the previous ones in the
sense that the present sample has fainter magnitudes. No indi-
cation of a colour trend is present. In particular:

Vust — Vpanish = 0.292 £ 0.003
Inst — Ipanish = 0.214 + 0.003

The positive difference means that our old ground based ob-
servations give brighter measurements compared to HST data.
In Fig. 3 a clear spread of points toward even higher values is
also visible, due to crowding effects in the ground data. The ex-
planation of the systematic error (considering that a comparable
difference is present also in the I data) is that the ground based
calibration s affected by crowding effects. Our re-analysis of the
old data shows that the absolute calibration is correct, and that
a new, careful treatment of the aperture magnitude corrections,
based on theoretical model stellar profiles (Diego, 1985), gives
a final calibration consistent with the new HST data within 0.1
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Table 2. Common stars between this paper and Frogel et al. (1983).

Name  Jrroget Krroget Jrracz Kirace AJ AK Remarks
1-3 10.74 9.53 10.72 9.57 0.02 -0.04
1I-16 10.51 10.36 10.57 10.32  -0.06 0.04 D
11-33 10.84 9.72 10.92 985 -0.08 -0.13 2)
11-44 10.65 9.38 10.56 9.42 0.09 -0.04
11-54 11.20 10.27 11.71 10.66 -0.51 -0.39 3)
11-59 9.11 7.69 8.98 7.72 0.13  -0.03
11-95 10.95 9.74 10.82 9.72 0.13 0.02
\Z! 7.78 6.28 7.72 5.77 — — 4
V5 7.87 6.41 8.08 6.36 — — 5)

(1) Blended with II-17 only in J filter

(2) Double on IRAC2 frame:

(3) Severely crowded
(4) Mira variable, P = 270 d., severely crowded
(5) Long period variable, P = > 100 d., crowded. Out of HST field

mag. To reinforce this point, we have studied the differences be-
tween the two set of data with varying brightness and projected
stellar density. The results show that the brightest stars have the
smallest differences. Moreover the agreement improves in the
lowest density regions.

Frogel et al. (1983) presented JHK photoelectric photome-
try of 9 giants. We have counter-identified all the stars except
V5 which is out of the HST field. To allow comparisons with
Frogel et al. data sets, magnitudes and colours were transformed
to the CIT/CTIO system using the relations by Carter (1993).
Table 2 lists: 1) the H75 identification number, 2) and 3) J and
K magnitudes from Frogel et al. (1983), 4) and 5) IRAC-2 J and
K magnitudes in the CIT/CTIO system, 6) and 7) the difference
between magnitudes, 8) remarks. Note the difference in the J
filter for the star II-16. In Frogel et al. data, there is a possible
blending of this object with star II-17; by simulating the same
blending to our data, we get J;,x = 10.66, i.d. 0.16 brighter
than the previous value. The same applies also for the star II-
33 which is blended with a close star. This comparison should
be regarded very carefully because of the different observing
equipment and always taking into account that this cluster lie in
a very crowded and reddened field.

The agreement between the two sets of data is quite good.
If stars II-54 (which is severely crowded) and the two variable
stars V4 and V5 are not considered, Frogel et al. data are 0.04 £
0.04 (J) and -0.03 £ 0.02 (K) mag fainter than our photometry.

4. The colour magnitude diagram and overall morphology

Figs. 4a and 5a present the CMDs (K, J-K), and (K, V-K) for all
sample stars with the mean ridge lines superimposed.

The (V, V-K) CMD is shown in Fig. 6a while Fig. 7a shows,
for comparison, the (I, V-I) diagram from the HST sample (Or-

I-16J =11.43 K=10.32
-17J=11.23 K=10.41
Jior = 10.57
first component J = 11.84 K =10.87
second component J = 11.52 K =10.38
Jtor = 10.92
Ktot = 985

tolani et al. 1995), containing only the stars in common with the
infrared photometry.

In each figure the (a) part represents the whole diagram
while the (b) part is a zoom of the horizontal branch region.
The positions of all the variable stars, identified from SH73, are
superimposed to the relevant evolutionary branches.

The main features of the CMDs are:

— The giant branch is well defined in the whole extension up
to K ~ 6.5; a redder spread of points vaguely defining an
almost parallel sequence is also visible in all diagrams. Only
spectroscopic or a wide field foreground investigation can
confirm if this feature is due to a background bulge popu-
lation. For this reason we have also reduced and analysed
the sky frames originally taken only for sky subtraction pur-
poses of the NGC 6553 frames.

Fig.8 gives the (K, J-K) CMD of one of the sky frames
located at ~10" North from the cluster center. The back-
ground field CMD is very similar to that belonging to the
Baade Window, published by Davidge (1991). We can no-
tice a feature at K ~ 13.19 and (J — K) ~ 1.0 similar to
ared HB and a clump of blue stars having X > 13.9 and
(J — K) < 0.7 which are probably main sequence stars of
a younger component.

To calculate the distance modulus of this field, we have
shifted its CMD to match the NGC 6553 data. In particu-
lar, the adopted vertical shift is —0.77 mag (in K) which
corresponds to the difference in distance between the two
objects:

A(m — M) sy fieli—NGcess3 = 0.77

Since for NGC 6553, (m — M)y = 13.6 (see Sect. 8), then
(m — M)y = 14.37 for this sky field, which means an he-
liocentric distance of 7.5 Kpc in very good agreement with
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1.4 Fig. 4a and b. Infrared (K, J-K) CMD, su-
perimposed is the mean ridge line.
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the value found by Davidge (1991). The associated error
has been calculated from the uncertainties in the differential
reddening value, i.e. £0.1. This means an error of £1 Kpc
in the comparison field distance.

To have another estimate we have calculated the differential
distance modulus between 47 Tuc and the sky field. From
Montegriffo ef al. (1995), Kgp = 11.95 and (m — M), =
13.33, so that A(m — M) sky field—47 Tue = 1.1. As aresult,
the sky field has (m — M)y = 14.43 and d = 7.69 Kpc from
the Sun. In each case, this is more or less the same distance
of the galactic center.

5 5.5 ¢ Fig. 5a and b. Composite (K, V-K) CMD
V-K with the mean ridge lines superimposed.

Finally, if the NGC 6553 (K, J-K) CMD is superimposed
to the sky CMD, one can notice that some of the above
mentioned features are reproduced.

— The steep giant branch in the IR diagrams shows that the
use of IR colours greatly reduces the blanketing effects of
the cool stars in metal rich clusters. as already shown by
Davidge and Simons (1994).

— The positions of the variable stars have been represented
with solid circles in all CMDs and in the IR diagram, two
mean ridge lines have been superimposed taking or not into
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account their presence (solid line and dotted line respec-
tively).

A clump of points appears in the SGB at V' = 17.67 £ 0.02
and at K = 13.07£0.01. This could be identified with the so-
called “RGB-bump”. However, the possibility that it is due
simply to a blend with the field background HB cannot be
ruled out. Fig. 9 represents the (a) differential and (b) integral
K-luminosity function where all the stars belonging to the
horizontal branch have been subtracted. The arrow locates
the position of the RGB-bump clearly identified also in (b)

22 24 for the stars in common with the infrared

sample.

as a change in the slope of the two dashed lines which are
linear fits to the limits of the bump.

The HB is well defined in all the diagrams and easily identi-
fied in Fig. 4 as a well defined clump (see also Davidge and
Simons 1994) at about K = 12.42 mag and (J — K) = 0.97,
whilein Fig. 5 we have (V — K) = 4.5. This measure is much
more accurate than the luminosity level obtained using only
an optical magnitude on the Y-axis (see Figs. 6a and 6b) or an
optical CMDs (see Figs. 7a and 7b) where it appears broad-
ened and strongly tilted. From these values Vg = 16.92 is
deduced. The sharpness of the HB in the (K, J-K) diagram
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means that the tilting seen in the optical diagrams is not due
to the blend of the HB with the SGB bump (for a detailed
discussion see Ortolani et al. 1990 and 1992). The obvious
conclusion is that differential reddening (or blanketing) is
responsible for the tilting in the optical data as suggested by
Armandroff (1988) for a number of reddened disk clusters.

5. Variable stars

A comprehensive catalogue of variable stars in globular clusters
is given by SH73. To identify their positions, we have used the
finding charts of LM73 and H75.

Table 3 lists all the variable stars identified in our sample
with respect to SH73, LM73 and H75. The positions of the vari-
able stars (V4, V7, V9, V10, V11, V12, V13) belonging to the
giant branch are also shown in all (a) diagrams as filled circles.
In each case, Figs. (b) present a zoom of the horizontal branch
region where the loci of variables V14 and V3 are identified.

The remaining three variable stars (V5, V6, V8), which do
not have a correspondence in the optical sample, because they
are out of the HST covered field, are identified in the IR sample
as it appears in Table 3.

All the variable stars belonging to the giant branch (AGB)
are long period variables (LPVs) and in particular, V4 has been
recognized as a Mira star by Andrews et al. (1974) with a pe-
riod of 265¢%. In the (K, J-K) diagram, it is the brightest, and
reddest giant star. Also Rosino (1978), includes this star in its
list of Variable stars in Globular Clusters with a period of 2704,
together with the other long period variable V5 having a period
of 100¢ as already found by SH73. It is worth mentioning that
in Rosino’s list, Mira-type variables belonging to globular clus-
ters have a mean period of < 200.2 + 8.9 V4 has, within the
Mira-type family, the longest period.

As concerning V3 and V14, they are much fainter and, in
principle, they could be RR Lyrae stars but this claim has to
be tested by means of spectroscopic measurements or well-
sampled light curves. Finally, V8 is confirmed to be a field
variable star.

6. Cluster parameters
6.1. The bolometric diagram

The infrared photometry allows an accurate determination of
the bolometric magnitudes. Using the bolometric corrections
by Freedman (1992), namely:

BCkg =197(J — K)y+092¢f (J — K)y < 1.1

BCxr =0.70(J — K)g+232if 1.1 <=(J —K)y < 1.3
BCxr =034(J — K)g+2.76if (J — K)o > 1.3

we derive a bolometric magnitude at the tip of the asymptotic gi-
antbranch of my,,; = 9.21 corresponding to My, = —4.66 when
a distance modulus of (m — M)y = 13.6 and (B — V) =0.7
mag are assumed (see Sect. 6.3). These values are all affected of
an error of 0.03 mag which takes into account that we have not
transformed the magnitudes and colour to the CIT/CTIO system
before applying the bolometric corrections. The M;,; value is

7

J-K

Fig. 8. Infrared (K, J-K) CMD, of one of the external field. Same scale
as Fig. 4

considerably higher than the maximum bolometric magnitude
for any old halo cluster (about -3.8) in spite of the moderate in-
tegrated visual absolute magnitude of the cluster (M = —8.3,
see Frogel 1983). If this trend is confirmed, a strong bolometric
flux in an old composite stellar population due to the metal rich
component is expected. Please refers to Guarnieri et al. 1997a
for a detailed discussion of the bolometric diagram.

Moreover, the cluster bolometric luminosity function shown
in Fig. 10 is in excellent agreement with the Frogel & Whitford
(1987) luminosity function for the bulge (cf. Guarnieri et al.
1997a), an agreement that extends to the brightest stars when
allowance is made for the small number statistics in either sam-
ple.

6.2. The radial distribution

Figs. 11 represent the (K, V-K) CMDs for annuli at increasing
distances from the cluster center. It is quite evident that the K
limiting magnitude in Fig. 11b is smaller than that reached in
the outer annuli. The structure of the main branches is, anyway,
essentially the same. The red region below the dotted line and
redder than V' — K ~ 5.5, includes stars mainly belonging to
the main sequence region of Fig. 7 (squares), for which the K
magnitude is the result of an artifact of the cross-identification
process at faint levels. Local noise peaks have coincided with the
position of the star or two close images have not been resolved.
The situation is even more complicated by the presence of the
background field more evident in Fig. 11d.
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Table 3. Variable stars

77

Ngst Vst Igst V —1 Jrrac2 Kigpaczc V—-K N Var
40127 17.115 15.012 2.103 13.319 12.366 4.749 277 V3
30155 15364 12.207 3.157 8.004 5.824 9.540 6540 V4
— — — — 8.325 6.397 — 586 V5
— — — — 9.571 8.048 — 581 V6
28 16.235 12.034 4.201 9.246 7.756 8.479 823 V7
— — — — 15.788 14.779 — 1344 V8
40197 16.802 12.052 4.750 8.818 7.290 9.512 713 V9
40198  16.223 12.145 4.078 9.340 7.881 8.342 503 VIO
30297 16.616 12.038 4.578 8.810 7.309 9.307 6707 V11
30291 16917 12.148 4.769 8.899 7.168 9.749 6628 VI2
20151  17.168 12.476 4.692 9.407 7.815 9.353 3345 VI3
40040 16.881 14910 1.971 13.546 12.296 4585 8283 VIi4
60 T ———
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Fig. 9a and b. Luminosity Function

6.3. Revised distance and extinction

The precise determination of the distance depends on the as-
sumption for the absolute magnitude of the HB or from the
AGB variable stars. This is not easy because, so far, there are
no direct measurements of HB for old stars with so high metal-
licities as that of NGC 6553. Two different approaches can be
followed: one is purely theoretical, assuming the absolute mag-
nitude of the HB from the models, and the other, empirical, by
extrapolation of lower metallicity determinations.

Assuming the new Padua isochrones (Bertelli et al. 1994),
for an age of ~ 14-18 Gyr, the mean level of the horizontal
branch is at M = —1.45, which gives a dereddened distance
modulus of 13.4 or about 4.8 Kpc.

Current values for the HB luminosity predict, for [F'e/H] =
—0.2, absolute visual magnitudes ranging from an upper limit
of 0.59 (Y = 0.28, Lee et al. 1990; Sweigart 1987), to 1.23

Fig. 10. Bolometric luminosity function, the dotted line represents the
Frogel & Whitford bulge luminosity function shifted of 0.55 mag to
match our data

(Buonanno et al. 1989). Most of these, however, are extrapolated
from metal poor samples. Selecting only the relations obtained
from nearly solar metallicities, we have My = 0.59 (Lee et al.
1990), calculated from theoretical models; My = 0.89 (Gratton
et al. 1986), derived from an analysis of Baade Window RR
Lyrae; My = 0.77 (Walker 1992; Chaboyer et al. 1996), from
LMC RR Lyrae; and My = 1.0 (Jones et al. 1992; Carney et al.
1992) from field, metal rich RR Lyrae.

We adopt an average of My = 0.80 £ 0.15, from the last
four values, for the NGC 6553 metallicity. An additional AV =
+0.14 (Johnson, 1966) must be applied to correct the visual mag-
nitude of the RR Lyrae stars (B — V' ~ 0.4) to the dereddened
HB of NGC 6553 (B —V ~ 0.70) for the bolometric correction
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Fig. 11a-d. Radial (K, V-K) CMD. 10a
shows the complete sample, whereas 10b,
10c and 10d refers to a subsample inside an
annular region of 50 pixels (i.e. 24.5 arcsec),
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V-K

difference. From Vi p = 16.92 of NGC 6553 the apparent dis-
tance modulusis (m— M) =16.92—0.8—0.14 = 15.98+0.15

The extinction correction is derived from the fitting of the
RGB - SGB with 47 Tuc, once the latter is corrected for a tem-
perature plus blanketing difference due to the metal abundance
effect. This effect has been estimated from the mean locus of
the globular cluster NGC 6522 (which is projected in the Baade
Window) as compared to the background Baade Window pop-
ulation (Barbuy et al. 1994; Terndrup and Walker 1994). From
the measured shift of A(V — I) ~ 0.25, corresponding to a
metallicity difference of [Fe/H] = 0.9, we extrapolate a shift,
only due to metallicity, between NGC 6553 and 47 Tuc (Bica et
al. 1994) of about V' — I = 0.2 mag. An identical result is ob-
tained comparing (B-V) colours. Theoretical models (Bertelli
et al. 1994; Vandenberg (1985) predict almost the same amount
(0.15 — 0.20). We use then the observed shift in colour with
47 Tuc, corrected by this metallicity effect to derive the colour
excess.

With an observed colour difference of A(V — I) = 1.11
between 47 Tuc and NGC 6553, we obtain a colour excess
E(V —1)=0.95. Assuming aratio E(V —I)/E(B—V) = 1.35
(Terndrup 1988; Grebel & Roberts 1995) the resulting E(B—V")
is0.7.If we adoptaratio Ay / E(B—V') = 3.6 (Grebel & Roberts
1995; Olson 1975) we get Ay = 2.5. However, assuming the
standard ratio 3.1 (Cardelli et al. 1989; Savage and Mathis

9 10 11 IR I8 14 botween 50 and 100 (i.e. 49 arcsec) pixels

and outside 100 pixels, respectively.

1979), close also to the value recommended for HST photom-
etry (Holtzman et al. 1995), we have Ay = 2.17. The average
extinction obtained from these two extremes is Ay = 2.34, cor-
responding to a distance modulus of (m — M)y = 13.64 ~ 0.17
and to d = 5.4 Kpc. The ratio Ay /E(B — V') appears as the
major source of uncertainty for the distance modulus.

An independent method is based just on IR observa-
tions. From the observations of a six globular clusters hav-
ing a metallicity ranging from [Fe/H] = —2.30 (M30) to
[Fe/H] = —0.14 (NGC6528) we roughly get Mx(HB) =
—0.20[Fe/H] — 1.53 (Guarnieri et al.1997b in preparation),
so that Mg = —1.49 for NGC 6553. From its observed
mg(HB) = 12.42 and Ag = 0.38 x E(B — V) = 0.27, we
have (m — M)y = 13.64, corresponding to d = 5.35 Kpc.

We finally adopted the unweighted mean of the values, that
is(m— M)y=13.60ord=5.2 Kpc.

6.4. Metallicity

Fig. 12 relates the dereddened colours (J — K)g and (V — K)o,
where are superimposed the 47 Tuc giant stars observed by Fro-
gel et al. (1981 - filled circles) while the dotted line represents
the 47 Tuc mean ridge line by Montegriffo et al. (1995). The
sequence for the bulge field giants (solid line) is from Frogel et
al. (1978). There is a slight shift to higher (V' — K, values of
the NGC 6553 points as compared with 47 Tuc, while the locus
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Fig. 12. (J — K)o vs (V — K)o colour-colour diagram, the filled stars
are from Frogel et al. (1981), the solid line is the sequence for the field
giants by Frogel et al. (1978), while the dotted line represent the 47 Tuc
mean ridge line (Montegriffo et al., 1995).

of the field stars fits NGC 6553 much better. If the shift is only
an effect of metallicity (Ferraro et al. 1994; Bertelli et al. 1994)
this indicates a metallicity higher than that of 47 Tuc, probably
nearly solar, in agreement with Bica et al. (1991). However we
should also consider that the recent results from Minniti (1995)
are in contrast with a monotonic relation (J-K) vs. metallicity
showing instead an apparently random behaviour.

For an independent metal abundance estimation, we also
applied the GB slope method of Kuchinski et al. (1995), to the
(K, J-K) CMD of NGC 6553, deriving (GBslope) = —0.117 £
0.005, which corresponds to [Fe/H] = —0.18 &+ 0.17 in the
Kuchinski et al. calibration. This value is essentially the same
([Fe/H] = —0.20) as derived from the high-dispersion analysis
of the giant III-17 by Barbuy et al. (1992), and also consistent
with the population synthesis results by Santos Jr. et al. (1995).

An updated method to estimate the metallicity in a globular
cluster is that of Sarajedini (1994) which, using the (V — I)o 4
value of the RGB measured at the level of the HB, and the differ-
ence AV, inV between the HB and the RGB at (V' — 1)y = 1.2,
derives its value via the equations:

[Fe/H] =9.668 x [(V —I)o, — E(V —1)] — 10.64
[Fe/H] = —0.9367 x AV, +0.2606

The reddening value E(V — I) is simultaneously derived.

By applying such a method to NGC 6553 we obtained
<[Fe/H]>= —0.28 & 0.15 and E(V — I) = 0.99 which cor-
responds to E(B — V') = 0.76 consistent both with OBB90 and
with the previous value.

AVHE
RGB |

0.5

sinh-1(Z,/0.00025)

Fig. 13. The AVELE; = 0.33sinh™"'(Z4/2.5) — 0.68 relation of Fusi
Pecci et al. (1990). Circles represent the metallicity position of the
clusters listed in that paper and Ferraro et al. (1994), while the arrow
locates the position of NGC 6553.

The unweighted mean of the metallicity is [Fe/H] =
—0.22 + 0.05 which can be adopted as the average value of
the cluster metal abundance.

As a further check, we have plotted, in Fig. 13, the value
of the inverse hyperbolic sine of this metallicity versus the dif-
ference in the V magnitude between the horizontal branch and
the mean locus of the RGB-bump as described in Fusi Pecci
et al. (1990). The arrow locates the position of the NGC 6553
metallicity while the other values are taken from Fusi Pecci et
al. (1990) and Ferraro et al. (1994). As can be seen, NGC 6553
fits well the relation.

6.5. Star counts and the helium abundance

Because of the above mentioned difficulties in separating the
AGB from the RGB, the R’ method has been applied to derive
the helium abundance. The ratio of the GB plus AGB to HB
stars is 1.46 from counts in the (K, J-K) diagram of Fig. 4. The
same ratio calculated from Fig.5 (K, V-K) gives 1.56. A third
value was obtained from the optical HST data (R’ = 1.41), in
excellent agreement with the IR ground based results. Assuming
an average of R’=1.48, a helium abundance of 0.28 is derived
from Buzzoni et al. (1983), clearly above the average of the
abundance discussed by these authors. This value is in very good
agreement Minniti (1995) which found a mean He abundance
of the Galactic bulge of Y = 0.28 £ 0.02 by observing several
bulge fields on the K filter.

While the absolute helium abundance is strongly dependent
on the model assumption and several parameters (e.g., semicon-
vection, overshooting, age) it is clear that NGC 6553 presents
a higher R’ number when compared to metal poor halo clus-
ters. Minniti (1995) and Tiede et al. (1995) arrived to the same
numbers from IR observations obtained in several bulge fields.
Different results at very low and very high values have been
previously obtained by Terndrup (1988), in the optical (Y=0.30)
and by Davidge (1991), from IR data (Y < 0.22), in the Baade
Window field.
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7. Conclusions

We have presented JK infrared photometry combined with high
resolution visual observations, for the low-latitude, high metal-
licity, bulge globular cluster NGC 6553.

The advantages in combining infrared and HST optical data
are evident in all the presented CMDs, with a greatly reduced
foreground contamination and a limited effect of differential
reddening (due to the relatively much higher sensitivity of the
temperature to the chosen colour indices). Moreover, the com-
bination infrared and optical colours leads to more accurate
temperature determinations, which is fundamental for spectro-
scopic analyses of these globular cluster giants.

The JK diagram confirms the peculiarities of the metal rich,
old population, with a very bright AGB tip reaching My =
—8.04 for the brightest long period variable star. Converted to
bolometric magnitudes this means Mp,; = —4.66 which is al-
most two magnitudes higher than in M92 and 47 Tuc (Freedman
1992). Combined with the finding of an old age (Ortolani et al.
1995) this makes the brightest stars of NGC 6553 in the infrared,
blanketing-free bands, also the brightest among evolved stars.

The revised distance (R=5.2 Kpc) is not substantially dif-
ferent from the values found by OBB90 and confirm the bulge
membership of this cluster. Also the reddening (E(B — V) =
0.7) and metallicity values ([F'e/H] = —0.22) are very close to
the previous estimations. Finally the helium abundance derived
through the R’-method (Y = 0.28) is consistent with the almost
solar metal abundance and with the field population value.
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