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Abstract. Colour-Magnitude Diagrams are presented for the globular clusters NGC 6325 and NGC 6355. These clusters are
embedded in crowded bulge fields. Both clusters are concentrated and have blue Horizontal Branches, and NGC 6325 shows a
blue tail. We derive a reddenir(B-V) ~ 0.95 and a distance from the Sdg ~ 6.9 kpc for NGC 6325, ané&(B-V) ~ 0.78

andd, ~ 8.8 kpc for NGC 6355. They are both atl kpc from the Galactic center, above the plane. The metallicity has

been estimated based on red giant branch morphology, being consistent with an intermediate metallicity] of [F&3 for

both clusters, at the lower end of the metallicity distribution of bulge field stars. They add to the list of blue Horizontal Branch
clusters with intermediate metallicities within the bulge volume.
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1. Introduction reported a reddening valu&E(B - V) = 092 and

) estimated it to be a metal-rich cluster, as also indi-
As part of an €ort to improve the knowledge of the globularCated by Hesser & Shawl's (1985) integrated spectral

clusters projected on the central parts of the Galaxy (Bar%ée of GO. Harris (1975) provided a photographic
et al. 1998, 1999), we stuqy two globular clusters for whi CMD of the cluster Red Giant Branch (RGB).
no CCD photometry is available. NGC 6325 and NGC 6333, is' (1996, hereafter H96) compilation (as updated in
are located in reddened zones of Ophiuchus, and are em & ://physun.physics.mcmaster. ca/Globular. html)

ded in rich bulge fields. In particular NGC 6325 has CO”ﬂiCti%ported parameters from an unpublished CMD: a distance
estimations of metallicity in the literature. We suspect that diffom the Surd,, = 9.6 kpc, [FeH] = —1.17,E(B - V) = 0.89,

ferences in literature parameters possibly arise from conta lid a Horizontal Branch (HB) levalys = 183. Webbink's
nation by bulge stars and the variable reddening across the ¢ §‘85) compilation indicated a very Iow. hetallicity of

ters and their fields. [Fe/H] = —2.02,Vig = 17.3:, E(B— V) = 0.86,d, = 6.2 kpc.
We are dealing with compact clusters. NGC 6325 arjginitj et al. (1995) provided an infrared CMD of this cluster
NGC 6355 have a post-core collapse structure (Trager et ghq Minniti (1995) measured line indices for individual giants,

1995). NGC 6(_325 has_ tidal radius = 9.6’, core radiug; = having obtained an intermediate metallicity of [ = —0.90
0.03 and half light radius, = 0.63, whereas NGC 6355 haSandE(B ~V) = 0.83.

r =152, r. = 0.05 andr, = 0.87.
NGC 6355, also named GCI-63 and ESO 519-SC15, has
co o 0325 ako named ESOSIS-SCLL 8¢ SCltoordinatesron = 177237586%, sann0 = ~26°21/13" (1 =
» nas equaori ! 2000 = 'S 35058, b = 5.4%). Note that in early catalogues NGC 6355

62000 = —23°4557” (I = 0.97°, b = 8.00°). Integrated Q39 . . . -
: - - was described as an open cluster, with designations Cr330 and
photometry provided&(B — V) = 0.89 and [F¢H] = -1.61 0CI-1036 (Alter et al. 1970).

(Zinn 1980). Zinn & West (1984) obtained [ARd] = —1.44.

Integrated DDO photometry (Bica & Pastoriza 1983) Zinn (1980) obtainedE(B — V) = 0.78 and [F¢H] =
—1.51. Zinn & West (1984) obtained [[FEl]] = —1.50. Bica &

Send ﬁpnnt requests toB. Barbuy’ PaStOI’Iza (1983) del‘lved [FH] = —130 andE(B—V) = 062

e-mail:barbuy@astro.iag.usp.br The integrated spectral type (Hesser & Shawl 1985) is GO,
* Observations collected at the European Southern Observator@ggain suggesting a metal-rich cluster. Harris (1996) reports

ESO, Chile, proposal No. 64L-0212(A). a distance from the Sud, = 7.2 kpc, [F¢H] = -1.50,
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E(B - V) = 0.75, andVyg = 17.20. Webbink (1985) gives by Harris (1975). Only his two faintest photoelectric stan-
[Fe/H] = -1.34,Vyg = 17.2:,E(B-V) = 0.73,d, = 7.1 kpc. dard stars are not saturated in our CCD photometry. The dif-
Dutra & Bica (2000) compared dust emission reddenifgrence Harris vs. present CCD photometry for these stars is
valuesE(B-V)gr in cluster directions using maps by SchlegedV = 0.05 + 0.03 mag andA(B - V) = 0.02 + 0.02 mag.
et al. (1998) with reddening valu&B — V) derived from the The comparison with 6 stars, fainter thén= 14.8, with pho-
study of stellar contents of the clusters. For NGC 6325 theret@graphic measurements, giva¥ = —0.02 + 0.05 mag and
a good agreement between both meth&{8(- V)rr = 0.95 A(B-V) = -0.06+0.03 mag. From this comparison, no evident
andE(B-V) = 0.89), while NGC 6355 is one of the clusters fosystematic dterence between ours and the Harris photometry
which a considerable fference is foundE(B - V)gr = 1.21 is detected. Given the slightlyfiierent reddening derived from
andE(B - V) = 0.75), suggesting the presence of dust in tHéeV/V-1 andV/B-V diagrams (see Sect. 3.2), we checked the
cluster background. consistency of our zero points B, V, andl, concerning lin-
The absolute magnitudes of NGC 6325 and NGC 63%%vity dfects or timing errors, by comparing the independently
given by van den Bergh (1996) ah, = —7.20 and—7.36, calibrated photometry derived fromftrent frames taken on
respectively, indicating average luminosities among globulé}e same night, with the same filters, but witlfielient expo-
clusters in the Galaxy. sure times. We find that the night was very stable, with average
In the present study we providg V andl CCD photom- deviations within 0.02 mag in all colours. This number _is con-
etry for the clusters, to establish their parameters, in particufdgtent with the dference between the present and Harris’ pho-
to check their metallicities, and possible association with t@metries. No timing uncertainties or linearity deviations were
bulge. found in our photometry.
In Sect. 2 the observations and reductions are described. InFor NGC 6355, the preseBtandV photometry was com-
Sects. 3 and 4 we analyse the Colour-Magnitude DiagramsP@fed with the photoelectriB and vV sequence by Hazen-

NGC 6325 and NGC 6355, and their parameters are deriveller (1984) in the same field. The fierence Hazen-Liller
Concluding remarks are given in Sect. 5. vs. present CCD data for 4 photoelectric standardsVs=

—0.02+ 0.02 mag and\(B - V) = -0.04 + 0.01 mag. There
is excellent agreement, considering the possible sources of sys-
2. Observations tematic errors discussed above.

NGC 6325 was observed on the night of 2000 March 6, with

the 1.54 m Danish telescope at ESO, La Silla. The telescopeNGC 6325
was equipped with the DFOSC camera and a Llbesiser CCD
detector C1W7 with 205% 2052 pixels. The pixel size is
15um, corresponding to 0.39n the sky, providing a full field In Fig. 3 we show th&/ vs.V -1 CMD of the field surrounding

of 13 x 13. NGC 6355 was observed on the night of 2000GC 6325, corresponding to the full field. It is a typical bulge
March 7, using the same equipment. Both nights were phofild, with a very extended giant branch({ — 1) ~ 4 mag)
metric. The log of observations is presented in Table 1. In Figahd diferential reddening is evident. The blue sequence corre-
is shown a full field V 180 s. image of NGC 6325. Figure 2ponds to a disk Main Sequence (MS). The bulge red HB and
shows a full field V 120 s. exposure of NGC 6355. Figuresldwer giant branch are prominent.

and 2 both show reddening variations across the fields. The Figure 4 shows th& vs.V — | CMD corresponding to a
clusters are populous and compact. DAOPHOT Il and Allstaluster extraction of < 1.6 (r < 250 pixels). A blue HB is
have been used to extract the instrumental magnitudes. Ehearly present and a rather steep RGB indicates that it is not a
calibrations have been carried out using Landolt (1983, 19%@gtal-rich bulge cluster.

standard stars observed during the same nights. The derivedrigure 5 shows th¥ vs. B — V CMD for the same extrac-
calibration equations for the nights of March 6 and 7 affn as Fig. 4. The blue HB shows some evidence of a blue tail,
given in Ortolani et al. (2001) in the study of NGC 6569 an@/hich is not unexpected for a post-core collapse globular clus-
Palomar 11. ter (Fusi Pecci et al. 1993). Théevs.B—V CMD morphology,

The zero point and slope errors of the equations are ab@uparticular the RGB inclination, is very sensitive to interme-
+0.015. The calibration error is largely dominated by crowdliate and metal-poor metallicities and is used here to estimate
ing effects in the determination of the aperture corrections tife cluster metallicity. The CMD of NGC 6325 is compared to
the cluster stars. This error is estimated to be ak6uU@3 mag. those of NGC 6171 of [F#H] = —1.04 and M5 (NGC 5904)
The CCD shutter time uncertainty (around 0.1-0.3 s), relateddb[Fe/H] = —1.29 (Harris 1996), where the metallicities are
the short exposures used for the standard stars, leads to an adierding to H96. The mean loci of NGC 6171 and M5 are
tional 2—3 percent error, which is propagated to the calibratiadopted from Ferraro et al. (1991) and Sandquist (2000) re-
of the longer exposure cluster frames. Thus the final zero paogpeectively.

3.1. Colour-magnitude diagrams

uncertainty of our photometry is estimated to#e05. The at- Itis better fitted by M5, from where we deduce [F§ =
mospheric extinction was corrected using the standard La Silla.3 for NGC 6325.
codficients Cy = 0.13 andC; = 0.1 magairmass). The CMD of NGC 6325 (as well as that of NGC 6355,

The presenB andV photometry of NGC 6325 was com-Sect. 4) are #fiected by an important fierential reddening
pared with the photoelectric and photographic photometriasd field contamination. For these reasons, it is not suitable
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Table 1.Log of observations.

Target Filter Date Exp Seeing
G O

NGC 6325 V 06.03.00 15 1.7
\Y, ” 180 15
B ” 120 1.8
B ” 1200 1.6
I ” 60 12
| ” 20 1.2
| ” 240 1.2

NGC 6355 V 07.03.00 30 1.3
\Y ” 120 1.3
\Y, ” 360 1.3
B 8 600 1.3
| ” 30 12
I 8 180 1.2

Fig.2. NGC 6355:V image (120 s) for an extraction of 1@ 10
(1500x 1500 pixels). North is at the top and east to the left.
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Fig. 1. NGC 6325:V image (180 s) for an extraction of 1& 10 vl

(1500x 1500 pixels). North is at the top and east to the left.

o

Fig. 3.NGC 6325:V vs.V — | CMD for the full field (13 x 13).

to apply a more precise method involving the simultaneous &§e adopt a mean value &(B — V) = 0.95. WithR = 3.1 we
timation of reddening and metallicity, such as that proposggtA, = 2.95.

by Sarajedini (1994), given the scatter in the giant branches. |n order to estimate the distance we adopted the abso-
Therefore we derive reddening and metallicity independentlyyte visual magnitude of HB calibrations MCB = 0.65 by
Buonanno et al. (1989). Other possible values are for exam-
ple M{® = 0.72 using the Chaboyer et al. (1996) formula,
and the slightly modified formula by Barbuy et al. (1998)
The brightest part of the blue HB level at the RR Lyrae positiamhich givesM{{® = 0.77. With the Buonanno et al. value,
of NGC 6325 is located atyg = 17.80+0.15 and the colour of there resultsri— M)y = 14.20, and a distance from the Sun
the RGB at the HB level i8 - V = 1.85+ 0.05. The dfference d, = 6.9 + 1.0 kpc for NGC 6325. IfM{® = 0.77 is used,
with respect to a fit with M5 ig\(B — V)ncc s325-m5) = 1.00, we get a distance ad, = 6.5 + 1.0 kpc or 400 pc closer, a
and sinceE(B-V) = 0.03 for M 5 (H96), this implies a redden-difference below the expected total uncertainties.

ing of E(B — V) = 1.03. Adopting the same procedure for the Assuming the distance of the Sun to the Galactic center to
Vvs.V — | diagram (Fig. 4), we derive(V — |) = 1.15, which beR; = 8.0 kpc (Reid 1993), the Galactocentric coordinates
converts toe(B— V) = 0.86, using(B- V)/E(V - 1) =1.33. areX = -1.2 kpc (X > 0 is on the other side of the Galaxy),

3.2. Cluster reddening and distance
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Fig.4.NGC 6325:V vs.V — | CMD forr < 1.6’ (r < 250 pixels). Fig.6.NGC 6355:V vs.V — | CMD for the full field (13 x 13).
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Flg 5. NGC 6325:V vs. B -V CMD extraction forr < 1.6’ (r < F|g 7.NGC 6355V vs.V — | CMD forr < 1.6/ (r < 250 piXe'S).
250 pixels) with respect to the cluster center. The mean loci of

NGC 6171 (solid line) and M5 (dashed line) are superimposed.

. . extraction ofr < 29 (r < 75 pixels), where the blue HB is bet-
Y= 0'1. kpc Einf% ; 10 rp(.:' Thﬁ d||stance_ fr(?]m the G?Isclt'cter defined. Again we tested mean loci for a range of metallic-
center isRgc = 1.6 kpe, placing the cluster in the central bu g('Fties, and intermediate metallicities are better suited. The mean

volume. loci of NGC 6171 and M 5 are overplotted, and [F§ ~ —-1.3
is deduced.

4. NGC 6355

4.1. Colour-magnitude diagrams 4.2. Cluster reddening and distance

In Fig. 6 we show thev vs.V — | CMD of the full field. The upper part of the blue HB is located\4i{g = 17.80 —
Likewise, the field of NGC 6325, it is a typical bulge field+0.2. The colour of the RGB at the HB level i — | =
with a RGB extended b (V — ) = 4.5 mag. This field, in- 2.05 + 0.1. The diterence with respect to a fit with M5 is
cluding the bulge sequences as well as the disk MS, is ma¥@/ — |)ncc s3s5-m5) = 1.07, and sinceE(V - 1) = 0.04
populated than that of NGC 6325, as expected for its sonier M5, this implies a reddening oE(V — 1) = 1.11, and
what lower galactic latitude. The field of NGC 6355 has redd&(B — V) = 0.83. Using Fig. 8, the diierence with respect
colours than that of NGC 6325 iV — I) ~ 0.5 due to both to M5 is A(B — V)nac 6355-m5) = 0.7, andE(B — V) = 0.03
reddening and blanketingfects. for M5, thereforeE(B — V) = 0.73. We adopt the mean
Figure 7 shows th¥ vs.V—I CMD corresponding to an ex- value of E(B — V) = 0.78, and we gef\y = 2.42, and using
traction ofr < 1.6’ (r < 250 pixels). A blue HB is present andM\'j'B = 0.65 (Buonanno et al. 1989y(-M), = 14.73, and the
RR Lyrae candidates might be present, although contaminatiistance from the Suth, ~ 8.8 kpc for NGC 6355. The redden-
may be important. Figure 8 shows tWevs. B— V CMD for an ing value is confirmed to be lower than that derived from the
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Fig.8. NGC 6355:V vs. B — V CMD extraction for r < 29’

NGC 6540, HP 1, NGC 6558, NGC 6256, NGC 6717 — see
discussion in Ortolani et al. (1999a) and references therein. A
comparison of this domain of metallicities with those of the
bulge field stars analysed by McWilliam & Rich (1994) shows
that they could be the lower end of the metallicity distribution
of the bulge. However the bulge volume also contains clusters
as metal-poor as [FFél] ~ —2.0 such as NGC 6287 (Stetson
& West 1995), Terzan 4 (Ortolani et al. 1997), Terzan 9,
NGC 6139 and NGC 6453 (Ortolani et al. 1999b). An obser-
vational gfort to determine spatial velocities (radial velocities
and proper motions) of these clusters would be importantto un-
derstand the bulge and halo histories and membership of these
populations.
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NGC 6171 (solid line) and M 5 (dashed line) are superimposed.
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