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Abstract. In the recent years we have concentrated efforts ¢onsequently not much could be inferred about their spatial
collect Colour-Magnitude Diagrams of the globular clustedistribution (Racine & Harris 1989). We now have gathered
projected in the central parts of the Galaxy. So far we were ald€D Colour-Magnitude Diagrams (CMD) data for 16 out of
to gather photometric data in the V, | and Gunn z bandpassg&s,known globular clusters within°5and these data make it
for 16 out of the 17 known clusters in the centrat&dius, most possible to study the properties of this inner system. Most of
of them severely reddened. Reddening, distance and metallititgse CMDs are now published with individual analyses of the
are estimated from the horizontal and red giant branches. clusters, and in the present work we complement them with

We study the resulting cluster spatial distribution and coseme new results to build up the most homogeneous and updated
clude that essentially no cluster is detected beyond the Galastit of information for this central sample.
Center distance. The results favour a flattened bulge extendingGlobular clusters are suitable probestotrace the bulge shape.
from the Galactic Center to 4.5 kpc from the Sun. The density this work we address questions related to the spatial distri-
distribution of the clusters follows the current models for bulgaution of the globular clusters projected close to the Galactic
field stars. We estimate that missing clusters on the opposite sidater such as: are clusters detected on the far side of the Galaxy;
of the Galaxy bulge may amount 15 clusters similar to those how do the detected cluster distances compare with that of the
detected on our side. The projected distribution of clustersG@alactic center; what is the shape of this subsystem?
asymmetrical, with higher absorption in the southern Galactic In Sect. 2 we determine the sample parameters. In Sect. 3we
hemisphere. The metallicity distribution of our sample clustediscuss the results. Finally, in Sect. 4 the concluding remarks are
results similar to that of bulge field stars. given.

The present ground-based results coupled to main sequence
data of two genuine bulge clusters using the Hubble Space Tele-
scope, pointto a scenario of an old flat bulge with common origin

for the stellar populations in both globular clusters and field. 2+ Parameters for globular clusters
within the inner 5° radius

Key words: globular clusters: general — Galaxy: center in order to study the spatial distribution of the inner bulge glob-
Galaxy: formation — Hertzsprung—Russel (HR) and C-M diggar clusters, the required parameters are their reddening and
grams implied distances. Such parameters are best derived from di-
rect measuremenising magnitudes and colours of reference
points in CMDs evolutionary sequences (horizontal branch —
1. Introduction HB, bright giants — BG)An additional fundamental informa-

tion is the metallicity which affects the reddening and distance

The knowledge of age and spatial distribution of stars in th@jyations due to blanketing and temperature effects in the mag-
Galactic bulge require observational constraints to establish,qdes and colours.

whether its stellar population is very old (Larson 1990) or is 14 jjlystrate the need for accurate parameters for the 17
a younger, disk-like component (Raha et al. 1992), and if g8 nra| clusters, in Table 1 we report the distances given in the
shape is spherical or extended, or perhaps a bar (Spergel et @l ijations of Webbink (1985), Peterson (1993) and Djorgov-
1996). Yet_other possibilities are a flattened bulge or a disk-likg; (1993). Notice the discrepancy of distance values in some
system (Zinn 1985; Armandroff 1989; Ortolani et al. 1993R;5565 and the several distance estimates placing clusters far on
Minniti '1995). . ] the other side of the Galaxy. E(B-V) and [Fe/H] from Racine &
Until recently hardly any accurate reddening and distangg,is (1989, hereafter RH89) are also indicated: we note that

estimates were available for most clusters in the infeartdl o, most of these clusters the quality class 111 (very poor quality

* Observations collected at the European Southern Observator9r-no data) given in RH89 show the need for new observations,
ESO, Chile which is the concern of this paper.
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Table 1.Distances g (kpc) for the sample clusters according to Web-
bink (1985) — W85, Peterson (1993) — P93 and Djorgovski (1993) D93,
and parameters given in Racine & Harris (1989) — RH89.

cluster & do do E(B-V) [Fe/H]
W85 P93 D93 RH89 RH89
Liller 1 7.9 - 7.9 2.8 +0.20
Terzan 4 161 169 169 1.53 -0.94
Terzan 2 10.0 2.1 10.0 1.42 -0.25
Djorg 1 - - 263 1.2 -
HP 1 9.5 9.1 9.1 1.44 -0.56
Terzan 1 10.6 5.9 5.9 1.50 -0.71
Terzan 6 128 15 15 2.93 -0.61
NGC 6522 6.6 7.2 7.2 0.53 -1.04
NGC 6528 6.8 6.6 6.6 0.62 -0.23
Palomar 6 5.9 5.9 5.9 1.45 -0.74
ESO456 — SC38 — - 3.8 1.2 -
NGC 6540 - - 148 1.0 -
Terzan 5 7.1 146 7.9 1.92 -0.28
Terzan 9 7.0 13.8 13.8 1.48 -0.99
Terzan 10 146 - - 1.7 -
UKS 1 104 - 104 3.07 -1.18
NGC 6553 5.7 35 35 0.80 -0.29

Fig. 1. Angular distribution of the sample clusters. The dashed lines
represent the limit for cluster occurrence (except Liller 1).

bles.

at an angular radius of 6.0but it is included in the list because

resolution spectroscopy of individual giants (Barbuy et al.

In the following we shall describe the derivation of pal992). The metallicities of the template clusters are indicated
rameters based on recent CCD photometry. We report hono-Table 3. Interpolation criteria for metal-rich clusters are as
geneously measured cluster parameters based on CCD imdgkswvs. Clusters of [Fe/H}> -0.7 all show a red HB, almost
that we have collected at the 3.55m New Technology Telescapgerimposed on the RGB; besides, two other main CMD indi-
(NTT) and 1.54m Danish telescope at tBeropean Southern cators are used: (i) the RGB curvature and extent can be used as
Observatory(ESO), and with the Hubble Space Telescope acriterion to estimate the metallicities by means of the blanket-
HST, in the last years. These data are in some cases comjplg-effects which causes cooler stars to become fainter (Ortolani
mented with sources from the literature, as indicated in the &-al. 1991); (ii) the magnitude difference between the HB level
and the top (brightest stars) of the RGB (see Barbuy et al. 1997).

We show in Table 2 the 17 globular clusters which are préve estimate a metallicity accuracy-©0.25 dex for metallicity
jected within 5.2 of the Galactic center; NGC 6553 is projectedeterminations using the CMD criteria for this sample.

For Liller 1 we also took into account the metallicity esti-

we have high quality HST data for this cluster. The Galactimation by Frogel et al. (1995) from JK photometry and Arman-
coordinates are indicated in columns (2) and (3), whereas thdiioff & Zinn (1988) from the integrated spectrum. For ESO456-
angular distribution together with identifications are shown iBC38, Terzan 10 and UKS 1 the HB level was too close to the
Fig. 1. In this figure the dashed lines indicate limiting galact€MD limiting magnitude or below, and we used metallicities
latitudes where most clusters are located, except Liller 1. Notideduced from the Call triplet measured in near-infrared inte-
the asymmetry between the northern and southern hemisphegested spectra obtained with the 2.15m CASLEO telescope in
probably arising from the position of the Sun, which appears £ogentina (Bica et al. 1998), as complementary information.
be located at Z: 20 pc above the galactic plane (Humphreys & We show in Fig. 2 the CMDs of 3 clusters covering a range
Larsen 1995): our line of sight to the region aroungt b1° is of metallicities: HP1 ([Fe/H]}~ -1.5, Ortolani et al. 1997c),
NGC 6553 ([Fe/H}~ -0.2, Ortolani et al. 1995b) and Terzan 5
([Fe/H] ~ 0.0, Ortolani et al. 1996a), for circular extractions of
radius r< 24", r < 23" and r< 42" respectively. We report in
Table 2 (column 4) the revised metallicities based on the method

far more reddened than that aroune:b-1°.

2.1. Metallicities from CMDs

We deduced the metallicities by superimposing, on the studigescribed above.

CMDs, the mean loci of reference clusters (M30, NGC 6752 —
292. Reddening and distance

see Rosino et al. 1997; 47 Tuc — Bica et al. 1994b); we al
used for nearly solar metallicities the CMDs of NGC 652

and NGC 6553 (Ortolani et al. 1995b) which are in the presefihe measurements on the CMDs consist of the V and | mag-
sample. For NGC 6553 the metallicity was derived from higmitudes of the HB and BGs, as well as the (V-1) colour of the
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Table 2. Basic data for the sample clusters estimated from the measurement of bright giants (BG) combined to CMD mean loci of reference
clusters. References to the table: 1 Ortolani et al. (1996b); 2 Frogel et al. (1995); 3 Ortolani et al. (1997a); 4 Ortolani et al. (1997b); 5 Ortolani
et al. (1995a); 6 Ortolani et al. (1997c¢); 7 Ortolani et al. (1993a); 8 Barbuy et al. (1997); 9 Barbuy et al. (1992); 10 Terndrup & Walker (1994);
11 Ortolani et al. (1992); 12 Ortolani et al. (1995b); 13 Ortolani et al. (1997d); 14 Bica et al. (1998); 15 Bica et al. (1994a); 16 Ortolani et al.
(1996a); 17 Guarnieri et al. (1998)

cluster P b° [Fe/H] Vas  lus Vee s (V-NEEs  E(V-I) E(V-1) EB-V) ref
E(B-V)
1) (2) 3) (4) (5) (6) (7) (8) ) (10) (11) (12) (13)
Liller 1 516 -0.16 +0.2 - - - 180 - - 1.35 3.0 1,2
+0.25
Terzan 4  -3.98 +1.31 -2.0 224 190 190 147  3.86 3.05 1.32 2.31 3
+0.15 +0.15 +0.3 +£03 =+0.15
Terzan 2 -3.68 +2.30 -0.5 203 174 181 147  3.04 206  1.32 1.56 4
+0.12 +0.12 +0.1 +£0.15 =+0.06
Djorg 1 -3.33 -248 -04 208 175 1865 151  3.27 2.24 1.32 1.70 5
+0.25 +0.25 +0.2 +0.15 =+0.12
HP 1 258 +211 -15 186 168 1625 13.37. 25 1.57 1.30 1.21 6
+0.08 +0.12 4+0.1 +0.12 =+0.06
Terzan 1 244  +0.99 +0.2 - - 19.0 140 - - - 1.67 7
Terzan 6  -1.43 -2.16 -0.5 223 1845 20.25 14.75 3.98 3.0 1.33 2.26 8
+0.12 +0.12 +0.2 +0.2 +0.08
NGC 6522 +1.03 -3.93 -1.3 16.4 154 140 120 1.60 - 1.29 0.55 9,10
+0.2 4012 402 40.2 =+0.1
NGC 6528 +1.14 -4.18 -0.2 17.2 154 157 122 1.83 068 131 0.52 11,12
+0.15 +0.12 +0.3 +0.3 0.1
Palomar 6 +2.09 +1.78 -0.4 19.6 168  16.9 13.3  2.82 1.79 1.32 1.36 5
+0.25 +0.2 +0.2 +02 +0.12
ESO 456  +2.76 -251 -0.5 176 - 155 127 22 1.18 1.31 0.90 13,14
—SC38 +0.2 40.2 +0.15
NGC 6540 3.28 -331 -1.0 151 - - - - - 1.29 0.60 15
+0.3
Terzan 9 +3.60 -1.99
Terzan 5  +3.84 +1.69 0.0 2248 182 2025 148 44 3.23 1.35 2.39 16
+0.25 +0.2 4+0.2 +0.2 +0.15
Terzan 10  +4.42 -1.86 -1.0 219 - 19.7 152 4.0 3.2 1.32 2.41 13,14
+0.2 +0.2 +0.15
UKS 1 +5.12 +0.76 -05 — - - 175 - - 1.35 3.1 13,14
+0.2
NGC 6553 +5.25 -3.03 -0.2 16.92 14.9 1525 122 215 095 131 0.7 12,17
+0.1 +01 401 +£0.1 +0.04

red giant branch (RGB) at the HB level (V% 3). Given that known in terms of E(B-V). The ratio E(V-I)/E(B-V) depends on
the cluster sample spans a wide range of reddening values tfar cluster metallicity and on the amount of reddening. Eqg. Al
some of them we can measure all these magnitudes and colooffean et al. (1978) was used, and the resulting ratios for each
whereas for the most obscured ones we dispose only of theluster are listed in Table 2, together with the calculated E(B-V).
magnitude of the bright giants. For NGC 6540 and NGC 652a the case of NGC 6540 and NGC 6522 we disposed of direct
we dispose of B and V photometry only, where their HBs ai®, V estimates of E(B-V).

defined, but the RGB is underpopulated, so that we only have The steps to derive cluster distances are reported in Table 4.
We adopted a total-to-selective absorpt® = Ay/E(B-V) de-

For most of the sample the E(V-I) reddening could be deendenton the effective wavelength shift of the filters. The adop-
termined. We derived it from the difference of the observed (¥on of a constant value would be an oversimplification; this de-
I)H 2, to the intrinsic values of well-studied reference clustependence can be neglected in the halo but not in low latitude
as a function of metallicity, as reported in Table 3. bulge fields, due to a high reddening and in many cases a high

For the subsequent analysis we converted E(V-I) into E(B-05metallicity. Small changes in R imply large distance varia-
V), mainly because the total-to-selective absorption R is betteims — see for example the discussion on Terzan 6 (Barbuy et al.

VHB .
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Fig. 2. Colour-magnitude diagrams of HP1 ([Fe/H]-1.5), NGC 6553 ([Fe/H}~ -0.2) and Terzan 5 ([Fe/H} 0.0), for circular extractions of
radius r< 24", r < 23" and r< 42" respectively.

1997). In fact, R is a fundamental scaling factor for distancesTable 3. (V-I) 285 colour of the giant branch at the horizontal branch
the Galaxy, when optical observations are used. Following tlegel for well studied clusters in the whole range of metallicities. Ref-
results by Grebel & Roberts (1995) for the metallicity depergrences indicated as superscripts: 1 Zinn (1985); 2 Bica et al. (1994b);
dence of R, we adoptkR = 3.6 for the most metal-rich clusters3 Barbuy gt al. (1992); 4 Rosino'et al. (1997); 5 Guarnieri et al. (1998);
in our sample, at R = 3.1 for [Fe/H]< -1.0 (see also Terndrup & Ortolani etal. (1992); 7 Webbink (1985)

1988), and intermediate values were linearly interpolated. Be
sides, we adopted the reddening dependence of R on E(B-V) §&Ster

[FelH] (V)  E(B-V) E(V-I)  (V-I),

given in Olson (1975)AR = 0.05E(B-V). The resulting RAR M 30 -2.13 0.89" 0.06 0.0 0.81
and Ay values are given in Table 4. NGC 6752 -1.54  1.00* 0.05 0.07 0.93
Absolute magnitudes of the horizontal brancH!fare 47 Tuc -071 1000 0.04 005 095

metallicity dependent. We adopted Jones et al. (1992)'s reldGC 6356 -0.40°  1.3¢¢ 024 032 0098

tion, slightly modifying the zero point in order to fit the results NGC 6553 -0.20° ; 2158 0.7 095 120

by Guarnieri et al. (1998) for NGC 6553: {{ff = 0.16[Fe/H] NGC6528 -020°° 183 058 073 110

+ 0.98. For two sample clusters which are extremely reddened

(Liller 1 and UKS1) the HB level was not measurable, so that

we relied on the bright giants | magnitudes. So, we used tHts source of error can amount to about 0.05 mag. However,

ratio A//Ay = 0.61 and the absolute | magnitude of the brightarger systematic errors cannot be excluded. Also the relative

est giants NF¢ = -3.2; the latter value is a mean derived fronphotometry is largely dominated by crowding and therefore it

our best CMDs for metal-rich clusters (NGC 6528, NGC 6558 a function of the relative position with respect to the cluster

Terzan 2, Terzan 5, Terzan 6). The observed and absolute 8&0ters. From frame to frame comparisons we estimated a typi-

tance moduli are shown in columns 5-6 of Table 4, together wigd! average error of about 0.02 mag. down to 1=17.5; for fainter

those for the remainder clusters obtained frofdiM magnitudes it rapidly increases to 0.07 at 1=18.5 (see references
Finally, the distances from the Sup,dind Galactocentric for individual cluster CMD analyses in Table 2). This error cor-

Y and Z projections, together with their heliocentric projectelSponds to the photon noise and pixel instabilities; it can be
distance %, are given in columns 710 of Table 4. considered as a lower limit since it was derived from images

having very similar crowding. More details on photometry ob-
tained in crowded fields in the galactic bulge are discussed in
2.3. Errors Ortolani et al. (1990, 1992, 1993a, 1996b).

The zero point accuracy of the standard star equations is esti-An important source of error in our distance moduli comes
mated to be about0.03 magnitudes. The final accuracy of outom the spread in the CMD features (HB, RGB), mainly due to
calibrations is dominated by crowding effects in the apertuggowding, differential reddening and field contamination. Typi-
photometry required for the magnitude transfer from the clustdlly they are+0.15 mag. for the HB level an¢0.03 in colour

images to the standard stars. From a comparison with the tf¥-the RGB at the HB level. When only bright giants are avail-

oretical growth curves and our measurements we estimate f#ale the magnitude uncertainty may amount.25 in such
clusters.
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(1989), respectively of ¢ = 8.0 and 7.5kpc, are also indi-
cated. As a check of the distance method applied in Sect. 2.2 we
have estimated the distance of the Galactic center using Baade’s
Window CMDs by Terndrup (1988), following the same proce-
dures adopted in the present paper. We obtained E(B-V) = 0.46,
a total-to-selective absorptidR = 3.6, and a distanc%c?- =
7.85t0.2kpc, in agreement with the estimates above for the
Galactic Center.

No clusters are seen beyond 8 kpc from the Sun in the anal-
ysed solid angle. This conclusion is new relative to previous
compilations (Webbink 1985; Racine & Harris 1989). The ab-
Fig.3. Xe, Y projection of the sample clusters. Symbais: Sun, sence can be explained taking into account the fact that in Fig. 1
and Galactic center positions according to +: Reid (1993), x: RacinetBere is evidence of a heavy extinction strigeg®.5° wide in the
Harris (1989). Dots are metal-rich globular clusters; open circles gregirection, where essentially all possible clusters are blocked
m_eta_l—poor ones ([Fe/HL -0.8). _The field of view is shown, togetherfrom view. This angle of view corresponds to~Z 330 pc at
with its counterpart on the far side (dotted area). the distance of the Galactic Center (assuming 8 kpc for the dis-
tance). This value encompasses 14 of the 16 sample clusters
(Table 4).

The missing clusters on the opposite side of the Galaxy, may
amount to~ 15 in an equivalent solid angle, from symmetry ar-
guments, assumin@dc- =8.0kpc. Infrared surveys may detect
such globular clusters.

A 3D combination of Figs. 3 and 4 (see also Table 4) sug-
gests that there occurs an empty zone inside a radius of about
0.7 kpc (with only one exception which is howewe0.6 kpc be-
low the Galactic plane — see Fig. 4). In fact, a zone of avoidance

X is dynamically expected (Harris 1990). It is interesting to note

Fig. 4. Same as Fig. 3 for the X, Z plane. that 55% of the sample clusters are post core-collapse (Trager et
al. 1995). This fraction is considerably higher than the 15% of
all remainder Galactic clusters, excluding the present sample.

Uncertainties associated to the total-to-selective absorption This suggests that only such very concentrated clusters
R are the dominant ones, estimated tojtie) ~ 4+-0.2, which would have survived to tidal disruption and disk shocking in
imply typical errors of 10% in distance for E(B-V) = 1.0,the central bulge.
but rapidly increasing with the reddening. This corresponds to In Figs.3 and 4 we separate the sample into metal-rich
+0.23 in magnitudes. ([Fe/H] > -0.8) and metal-poor clusters. There is no evidence

An additional uncertainty comes from the slope of the reler segregation between the two groups. In Y, these globular
tion between the absolute magnitude of the HB™s. [Fe/H] clusters occupy the entire solid angle, whereas most clusters
(Buonanno et al. 1989; Fusi Pecci et al. 1990). For the metale located at Z 250 pc. This information, combined to the
licity distribution of our sample clusters we inf&fFe)~ +0.3, depth (%) distribution would favour a flattened central bulge,
which results inf(M*1B) ~ +0.3. If we consider the possibility extending to d =~ 4.5 kpc.
of a systematic change on the zero point of thg™ased on We show in Fig. 5 Vi vs. E(B-V). The correlation is quite
recent Hipparcos data, the whole distance scale of the press#ring corresponding to an average slope B.4. This clearly
sample would change accordingly. shows that a constant low vair = 3.1, as often adopted, is not

Therefore, considering the errors due to (a) zero point prappropriate for the bulge clusters.
tometric calibration, (b) photometric spread on the CMD, (c) In Fig.6 we show d vs. E(B-V), where there is no corre-
uncertainty in the selective-to-total absorption R, (d) slope tftion, in particular we see clusters having the same reddening
the MiIB vs. [Fe/H] relation, we end up with an uncertainty irat significantly different distances. We conclude that reddening
distance modulus of0.28 mag, or: 13% in distance. effects on the observed level of the HB prevail over depth effects
(distance). This is due to the small thickness of the dust layer
in the disk, as compared to the scale height (z) of our clusters
relative to the Galactic plane. In fact, everjlat= 1.5 the line
The use of CCD detectors considerably improved the knowled@fesight crossing a dust layer with scale height of 80 pc is limited
of distances for this inner bulge sample (Table 1 vs. Table 4)0 ~ 2.5kpc, which is less than the nearest cluster to the Sun

We show in Figs.3 and 4 the projected cluster positio[ﬁ);bserved in our sample. Hence, the reddening arises mostly in
in the Xo, Y and X., Z planes, where the positions of thé¢he local dust clouds.

Galactic center according to Reid (1993) and Racine & Harris

- r T T T T T T T T

3. Discussion
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Table 4. Parameters for distance derivatiéh= Ay/E(B-V), visual extinction As, absolute magnitude of the horizontal brancﬂ‘?\{l observed
and dereddened distance modulus, distance to the Sun, heliocentric projected distaante Galactocentric Y and Y projections. (a) the |
magnitude was employed; (b) for UKS 1 we adopted as reference the average bright giants of 47 Tuc (Bica et al. 1894h3IM

cluster R A MIE  (V-My)  (Mm-M), deo(kpe) Xo Y z
1) @ @ (4) (5) (6) (7 8 ) (10)
Liller 1 375 1125 - 25.59 14.34 7.38 7.35 -0.66 -0.02
Terzan 4 322 7.44 066 2175 14.31 7.28 7.26 -0.50 +0.17
Terzan 2 339 529 09 19.4 14.11 6.64 6.62 -0.42 +0.26
Djorg 1 344 585 092 196 13.75 5.62 5.60 -0.33 -0.24
HP 1 316 3.82 074 17.86 14.04 6.43 6.42 -0.29 +0.23
Terzan 1 3.68 6.15 — 19.60 13.45 4.90 490 -0.21 +0.09
Terzan 6 342 773 09 21.4 13.67 5.42 541 -013 -0.21
NGC 6522 313 172 077 1563 13.91 6.05 6.04 +0.11 -0.42
NGC 6528 346 1.80 095 16.25 14.45 7.83 7.81 +0.16 -0.57
Palomar 6 342 465 092 18.68 14.03 6.40 6.39 +0.23 +0.20
ESO456 —SC38 3.35 3.02 090 16.7 13.68 5.45 544 +0.26 -0.24
NGC 6540 313 1.88 082 14.28 12.40 3.02 3.02 +0.18 -0.18
Terzan 5 364 870 098 215 12.80 3.63 3.61 +0.25 +0.11
Terzan 10 322 777 074 2116 13.39 4.76 474 +037 -0.15
UKS 1 346 1073 - 25.08° 14.35 7.41 7.38 +0.66 +0.10
NGC 6553 347 243 095 15.97 13.54 5.10 5.09 +0.46 -0.27
: @ L] T T T
. * © - L _
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Fig. 5. Observed horizontal branch leveli(¥ vs. reddening E(B-V). Fig. 6. Distance from the Sun ) in kpc vs. reddening E(B-V).

the north; (ii) at the same latitude the color excess difference is

Fig. 7 shows the reddening against the Galactic latithde AE(B-V) = 0.40-0.50 mag, corresponding to a flux attenuation
The data are binned in°lintervals. Circles indicate southernof a factor=3.6. Because of the absence of correlation between
clusters, northern ones are indicated by crosses. It appears tédtiening and distance (Fig. 6) and given the distances from
southern clusters are on average more extinguished than ndtilk-plane for our clusters to be mostly in the range ¥0@
ern ones, consistent with the current interpretation that the Sar250 pc (Table 4), the absorption arises in a layer of less than
lies above the Galactic plane by20 pc (see also Fig. 1). How- 100 pc within a few kpc from the Sun. This value is in agreement
ever, bulge windows with low extinction are well known to bevith classical estimates of the gas and dust scale heights of
in the southern galactic hemisphere. This is not in contradicti8 pc (Burton 1976; Combes 1991). Assuming an exponential
with the above discussion, because the dust is distributed in diserease of the dust density, the Sun must be loeatEt15 pc
crete clouds, and the distribution of local dust clouds probaldypove the Galactic plane, a value comparable with estimates
causes the windows. from other methods (see Humphreys & Larsen 1995 for arecent

From Figs. 1 and 7 itis possible to estimate the height of theview).
Sun above the Galactic plane. Comparing the absorption in the In Fig. 8 we show the projection of our sample clusters on
southern and northern Galactic hemispheres it is clear that:tfig disk, where the ellipse representing the bar according to Blitz
the latitute detection limit in the south is about 3 times that & Spergel (1991) is also plotted. No clear evidence for such bar
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et e \, :
// / The distribution is quite flat and broad extending from about
o ot @é twice solar to less than one tenth solar abundance (some halo
= { o 0P clusters may be contaminating the sample). The sample is small
& . Oi,@/@ but resembles that of bulge stars (McWilliam & Rich 1994).
or B i) ] Recently, Ortolani et al. (1995b), usiktyibble Space Telescope
o) (HST) data of NGC 6528 and NGC 6553, two metal-rich
© globular clusters with a CMD morphology comparable to
that of Baade’s Window (see their Fig. 3), favour an old age
for the bulge. Combining the latter dating result with those
°r ° i from the present paper about the spatial distribution based on
-2 S 1 2 high-quality ground-based optical photometry for essentially
Y(kpc) the whole sample of inner globular clusters, the picture which

. o : comes outis one of a flat old central bulge, with a common origin
Fig. 8. Projection on the disk of the sample globular clusters. Tge he stell |ati f both alobular clust dfield st
ellipse corresponds to the outer contours of the bar as propose %E/t e stellar population otboth globular clusters and nield stars.

Blitz & Spergel (1991). The position of the Sun and Galactic center
are also indicated.

4. Concluding remarks

is seenin the f:lu.sterdis_tribution. In ordgrto decide whether thg present revision of metallicities and spatial distributions
clusters are distributed in a bar or not, it would be necessarnif9sad on new observations bring closer the properties of cen-
extend the CMD parameter studies to a wider solid angle. &, o1 1ar clusters to those of bulge field stars. These results
note that Alcock et al. (1997) found a bar-like distribution foélong with the evidence of ages for NGC 6553 and NGC 6528
RGB-clump stars whereas the bulk of RR Lyrae in the sarg§ynaraple to halo clusters (Ortolani et al. 1995b), point to an
fields is not barred. old flattened bulge extending to 4.5 kpc from the Sun. In turn,
. We emphasize that the present globular clusters form a dir i gicates fundamental constraints on the models of the for-
tinct population from that discussed by Armandroff (1989), b5 4tion and early evolution of the Galaxy. More main sequence
cause the present scale height is about a factes 8fsmaller. o qtometry for this inner sample with Hubble Space Telescope

We show in Fig. 9 the distribution in Z of the present samplg, oyher high-quality imaging instrument is of course necessary
compared to that of Armandroff’s sample. It is clear that tq% further test and constrain this scenario

distribution of the present sample is much more internal, and

compatible with Kent's (1991) bulge exponential distributiocxnowledgementsive are grateful to R. M. Rich for helpful

(see Fig. 2 of Rich 1993). comments. BB and EB acknowledge partial financial support from
The metallicity histogram for this central bulge samplecNPq and Fapesp.

based on the CMD morphology (Table 2), is shown in Fig. 10.
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