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- Abstract. In this paper we present the second and final pardrthern GGCs by means of 1-m class telescopes, i.e. the 91cm
r—of a large and photometrically homogeneous CCD coldEuropean Southern Observatory (ESO) / Dutch telescope and
magnitude diagram (CMD) data base, comprising 52 nearthe 1m Isaac Newton Group (ING) / Jacobus Kapteyn telescope
Q\J Galactic globular clusters (GGC) imaged in fi@nd/ bands. (JKT). We were able to collect the data for 52 of the 69 known
The catalog has been collected using only two telescog@&Cs with(m — M)y < 16.15. Thirty-nine objects have been
(one for each hemisphere). The observed clusters repres#ygerved with the Dutch Telescope and the data have been al-
O) 75% of the known Galactic globulars witlim — M)y < ready presented in Paper I. The images and the photometry of
Q\l 16.15 mag, cover most of the globular cluster metallicity range remaining 13 GGCs, observed with the JKT are presented
(—2.2 < [Fe/H] < —0.4), and span Galactocentric distances this paper. A graphical representation of the spatial distribu-
from~ 1.2 to ~ 18.5 kpc. tion of our cluster sample is given in Figi. 1
In particular, here we present the CMDs for the 13 GGCs As a first exploitation of this new data base, we have con-
== observed in the Northern hemisphere. The remaining 39 Soutlocted a GGC relative age investigation based on the best 34
< em hemisphere clusters of the catalog have been presented@MDs of our catalog (Rosenberg et al. 1099, hereafter Paper
1 _companion paper (Rosenberg etial. 2000). We present the fifyt showing that most of the GGCs have the same age. We
O ccD color magnitude diagram for NGC 6779 (M56). have also used the data base to obtain a photometric metallicity
All the CMDs extend from at least 2 magnitudes below ranking scale (Saviane et al. 2000, hereafter Paper 1V), based

% the turn-off (i.e.Viim > 22) to the tip of the red giant branch.on the red giant branch (RGB) morphology.

" The calibration has been done using a large number of standardThere are many other parameters that can be measured from
2 stars, and the absolute calibration is reliable to .02 mag an homogeneous, well calibrated CMD data base: the horizon-
>< level in both filters. tal branch (HB) level, homogeneous reddening and distance

This catalog, because of its homogeneity, is expectedsiales, etc. We are presently working on these problems. How-
represent a useful data base for the measurement of the negier, we believe it is now the time to present to the community
absolute and relative parameters characterizing the CMDthé& complete data base to give to anyone interested the oppor-
GGCs. tunity to take advantage of it.

In the next section, we will describe the observations col-
Key words: Astronomical data base: miscellaneous - Catalo@sted at the JKT in 1997. The data reduction and calibration
- Stars: Hertzsprung-Russell (HR) - Stars: population Il - Glois presented in Sect; 3, where a comparison of the calibration
ular clusters: general of the northern and southern clusters is also discussed for three
objects observed with both telescopes. In order to assist the
reader, in Seci_.: 4 we present the main parameters characteriz-
ing our clusters. Finally, the observed fields for each cluster,
and the obtained CMDs are presented and briefly discussed in
As discussed in Rosenberg et al. (2000, hereafter Paper ), Saet. 5.
heterogeneity of the data often used in the literature for large ~
scale studies of the Galactic globular cluster (GGC) proper- )
ties has induced us to start a large survey of both southern &ndbservations

Send offprint requeststdlfred Rosenberg: alf@Iliac.es The data were collected on May 30-June 2 1997. For almost 2

* Based on observations made with the 1m Jacobus Kapteyn T&lights we had quite good seeing conditions (FWHM between
scope operated on the island of La Palma by the ING in the Spar#5 and 0.85 arcsec). Unfortunately, too few standards were
Observatorio del Roque de Los Muchachos of theitite de As- observed during this run. In order to ensure an homogeneous
trofisica de Canarias. calibration, we reobserved all the same cluster fields (plus nu-

1. Introduction
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, D - Fig. 2. Calibration curves for th& (upper panéland (lower
-8 ., 0 ~ _ pane) filters for the Jun@4*" 1998 run.

arcmin square. The detector system was linedd.16; over

the full dynamic range of the 16 bit analog-to-digital converter.

o Paper | {Dutch) g Three short10s), two medium {5s + 120s) and one large
peper 11 (JKT) = (1800s) exposures were taken for one fieldezch of the pro-

% Palomar | = - posed objects in each filter. Also a large number of standard

& Mol Dbserved X {kpel stars were obtained during the second observing run. This was

. N donein order to have all the clusters in exactly the same system,

Bt - making internal errors negligible.

_op@ @y 3. Data reduction and calibration

°r £ Y

. ;"'j = Jw = The data were reduced following the same procedure described
1 T o4 in Paper .
oo o4, The absolute calibration of the observations is based on a
B - a] set of standard stars of the catalog of Landolt (1992). Eighteen
standard stars were observed; specifically, the observed fields
T were PG1525, PG1633, Mark-A and PG2213. At least 4 ex-
posures at different airmasses were taken during the night for
each standard field, making a total-of30 individual measures
. o ) per filter.
Fig. 1. Galactocentric distribution of all the GGCs with — Thanks to the relatively stable seeing conditions, for the
M)y < 16.15 mag. In theupper panel the projection of 4nerture photometrywe used for all the standards (and the clus-
the GGC location over the Galactic plane is presented. Tig fields) a 12 pixel aperture (4 arcsec). The aperture magni-
open circlesepresent the GGCs presented in Paper Iofen  t,des were normalized by correcting for the exposure time and
squareghe GGCs whose photometry and CMDs are discussggmass. Using the standards observed at different airmasses,
in this paper, and the asterisk indicates the position of the G@fe estimated for the extinction coefficients in the two filters:
Pal 1 (Rosenberg et al 1998). The clusters which are not pie; — .11 and A; = 0.06. For the calibration curves we
sented in our catalog are marked by open trianglesd@Wer adopted a linear relation. The best fitting straight lines are:
panelshows the location of the same GGCs in a plane perpgn-_ v(ap) = (0.017 £ 0.003) x (V — I) — (2.232 + 0.002);
dicular to the Galactic plane. The Milky Way is also schematj- _ i(ap) = (0.053 + 0.003) x (V — I) — (2.679 +0.002).
cally represented. The magnitude differences vs. the standard color are plotted in
Fig.:_2, where the solid lines represent the above equations.

12 a8 & ] 4 a 12 16

merous standard fields) in June 24, 1998, a night that was p
tometric and with a stable seeing.

Observations were done at the 1m Jacobus Kapteyn ted@art from the 13 GGCs presented in the following sections,
scope (JKT), located at the Roque de Los Muchachos Obsge re-observed three additional clusters selected from the
vatory. The same instrumentation was used in both runs:sAuthern hemisphere catalog presented in Paper I. We covered
thinned Tektronix CCD with1024 x 1024 pixels projecting the same spatial region, in order to test the homogeneity of the
0.331 arcsec on the sky and providing a field of view of 51#vo catalogs created using the two different telescopes.

QQL Comparison between the two catalogs



A. Rosenberg, A. Aparicio, |. Saviane & G. Piotiét photometric catalog of nearby GGGH) 3

o ALY 1) In Table 1 we give the coordinates, the position, and the
AL 7 . i b i 5 m s metallicity of the clusters: right ascension and declination
Wideos T = Dt . (epoch J2000, cols. 3 and 4); Galactic longitude and latitude

u (cols. 5 and 6); Heliocentric (col. 7) and Galactocentric (col. 8)

i distances (assuming:=8.0 kpc); spatial components (X,Y,Z)
V1) (cols 9, 10 and 11) in the Sun-centered coordinate system (X
pointing toward the Galactic center, Y in direction of Galactic
rotation, Z toward North Galactic Pole) and, finally, the metal-
. licity given in Rutledge et al.1 (1997), on both the Zinn & West
0.1 | AVl . e o -= | (1984)and Carretta & Gratton (1397) scales.
0 e e St e :,"-'."1"*?"5{@*‘ i In Table 2, the photometric parameters are given. Column
0.1 3 lists the foreground reddening; column 4, fiemagnitude
level of the horizontal branch; column 5, the apparent visual
.1 all) . . .| distance modulus; integratéd magnitudes of the clusters are
L B PO T i T sy it A given in column 6; column 7 gives the absolute visual magni-

' toonE tude. Columns 8 to 11 give the integrated color indices (uncor-
- rected for reddening). Column 12 gives the specific frequency
0.1 ALV - _ of RR Lyrae variables, while column 13 list the horizontal-
0 st gyt ;wﬁiﬁ'ﬁﬁﬂ‘dj #44=-1 branch morphological parameter (Lee 1990).
0.1 ) ! ) : In Table 3, we present the kinematical and structural pa-
rameters for the observed clusters. Column 3 gives the he-
14 13 18 7 liocentric radial velocity (km/s) with the observational (inter-

¥ nal) uncertainty; column 4, the radial velocity relative to the

Fig. 3. Comparison between the JKT and the ESO/Dutch tel@¢@! standard of rest; column 5, the concentration parame-
scope magnitudes for the 170 stars in NGC 5897 with errdf (¢ = 1og(ri/7c)); a 'c’ denotes a core-collapsed cluster; .
< 0.025. The differences in magnitude and color between t/§@!umns 6 and 7, the core and the half mass radii in arcmin;
two runs are0.00 & 0.02. —0.01 + 0.02 and0.01 & 0.02 in column 8, the logarithm of the core relaxation time, in years;
Vv, IandV — I, respectively. Notice also that the slopes of th@d column 9 the logarithm of the relaxation time at the half
differences in color vs. magnitudes or color of one of the rufia@ss radius. Column 10, the central surface brightnes$s in
(upper pané), are negligible € 0.001 =+ 0.002), making the and column 11, the logarithm of central luminosity density (So-

catalogs photometrically homogeneous. lar luminosities per cubic parsec).

In Fig. 13 the magnitudes of 170 stars (with photometrfe: The Color-Magnitude Diagrams

error smaller than 0.025 mag afmt magnitude brighter than In this section thé” vs. (V — T) CMDs for the 13 GGCs are

18) in NGC 5897 from the JKT and the ESO/Dutch teleﬁresented.

scope data sets are compared. The differences in magnituder,o same color and magnitude scales have been used in
and color between the two observing runs &0 + 0.02, poting the CMDs, so that differential measurements can be
—0.0140.02and0.01+0.02in V', I an%\{/T— 1, respectively. qone girectly using the plots. The adopted scale is the same
ForJ;[{hTe other two clusters, we ha‘@;‘gUT = 0.02£0.02, 564 in previous Paper I. Two dot sizes have been used: the
Alpgr = 0.01 £ 0-92 andA(V — I)DU"gK? 0.01 £ 0.02 for larger ones correspond to the better measured stars, normally
16?3}?}"’“5 selected in NGC 6093'JI§‘$WDUT = 0.01£0.02,  ggjected on the basis of their photometric errar ¢.1) and
Alppr = 0.00#0.02 andA(V—I)DU,T - 0_-01#0-0? for 249 sharpness parameter. In some exceptional cases, a selection on
stars selected in NGC 6171 (selection criteria as in the Cas‘?lﬂfradial distance from the cluster center is also done, in order
NGC 5897). Moreover, the slopes of the color differences g e more evident the cluster CMD over the field stars, or to
both the magnitude and the color are alway8.001 £ 0.002. g4y gifferential reddening effects. The smaller size dots show

Therefore, the two catalogs must be considered photomelfi+ne measured stars with errors (as calculated by DAOPHOT)
cally homogeneous and the measures of the absolute and £gl=er than 0.15 mag.

ative parameters of the CMDs perfectly compatible. The images of the fields are oriented with North at the top

and East on the left side. Each field covéls square. The
4. Parameters for the GGC sample. same spatial scale has been used in all the cluster images.
In order to assist the reader, we present in Tables 1, 2 and 3 thgIn :he next subsegﬂons, we brlfefly present t?‘e single CMDS
basic parameters available for our GGC saffiple and clusters, and give some references to t e b_est existing
- CMDs. This does not pretend to be a complete bibliographical

! Unless otherwise stated, the data presented_in these tablescat@log: a large number of CMDs are available in the literature
taken from the McMaster catalog described by Haris (1996). for many of the clusters of this survey; we will concentrate just
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Table 1.Identifications, positional data and metallicity for the observed clusters.

ID Cluster AR? DEC® I pd RS, RL. X® yh Z [Fe/H]
™) (G ) “) (kpc) (kpc) (kpc) (kpc) (kpc)  ZW84  CGOF
1 NGC5053 131627.0 +174153 33569 +78.94 162 16.8 +28 -1.3 +15910 —1.78
2 NGC5272 1342112 +282232 04221 +7871 100 119 +15 +13 +98.66' —1.342
3 NGC5466 140527.3 +283204 042.15 +7359 166 169 +35 +3.2 +15.9.92 -
4 NGC5904 151833.8 +020458 003.86 +46.80 7.3 6.1 +5.0 +0.3 +531.38 —1.12
5 NGC6205 1641415 +362737 059.01 +4091 7.0 83 +27 +45 +461.63 —1.33
6 NGC6218 1647145 -015652 01572 +26.31 4.7 46 +41 +12 +241.40 @ —1.14
7 NGC6254 1657089 -040558 01514 +23.08 4.3 46 +38 +1.0 +171.55 —1.25
8 NGC6341 1717073 +430811 068.34 +34.86 8.1 95 +24 +6.1 +4.62.24' —2.162

9 NGC6366 1727443 -050436 01841 +16.04 3.6 4.9 +3.3 +1.1  +1:00.58 —-0.73
10 NGC6535 180350.7 -001749 027.18 +10.44 6.8 3.9 +59 +3.0 +1:2.78 —1.51
11 NGC6779 1916355 +301105 062.66 +08.34 9.9 9.5 +45  +8.7  +1:41.94' —
12 NGC6838 195346.1 +184642 056.74 -04.56 3.8 6.7 +2.1 432 -0:30.58 —-0.73
13 NGC7078 2129583 +121001 065.01 -27.31 10.2 103 +3.8 +8.2 -4-72.13 —2.02

In the following cases, the [Fe/H] values were taken directly fropyziv84 and ¢) CG97.

* Right Ascension (2000) Sun-Centered coordinate$:X: Toward the Galactic Center
P Declination (2000) h Y: in direction of Galactic rotation
¢ Galactic Longitude ' Z: Towards North Galactic Plane

4 Galactic Latitude .
¢ Heliocentric Distance [Fe/H] (From Rutledge et al. 1997Y.in the ZW84 scale
f Galactocentric Distance ¥ in the CG97 scale

Table 2.Photometric Parameters.

ID Cluster EMB-V)* Vs @m-M§ V¢ Mvww U-B" B-VH V-R v-I'" S& HBR"
1 NGC5053 0.03 16.70 16.14 947 -6.67 0.03 0.65 - 0.90 21.4 0.52
2 NGC5272 0.01 15.58 15.04 6.19 -8.85 0.09 0.69 - 0.93 75.3 0.08
3 NGC5466 0.00 16.60 16.10 9.04 -7.06 0.00 0.67 - 0.82 41.9 0.58
4 NGC5904 0.03 15.00 14.41 5.65 -8.76 0.17 0.72 0.45 0.95 38.4 0.31
5 NGC 6205 0.02 14.95 14.28 5.78 -8.50 0.02 0.68 - 0.86 2.0 0.97
6 NGC6218 0.19 14.70 13.97 6.70 -7.27 0.20 0.83 0.56 1.14 0.0 0.97
7 NGC6254 0.28 15.05 14.03 6.60 -7.43 0.23 0.90 0.53 1.21 11 0.98
8 NGC6341 0.02 15.20 14.59 6.44 -8.15 0.01 0.63 - 0.88 13.7 0.91
9 NGC6366 0.69 15.65 14.92 9.20 -5.72 0.97 1.44 - - 5.1 -0.97
10 NGC 6535 0.32 15.80 15.15 10.47 -4.68 0.29 0.94 - - 0.0 1.00
11 NGC6779 0.20 16.30 15.60 8.27 -7.33 0.15 0.86 - 1.16 2.3 0.98
12 NGC 6838 0.25 14.50 13.70 8.19 -551 0.63 1.09 0.63 1.36 0.0 -1.00
13 NGC 7078 0.09 15.90 15.31 6.20 -9.11 0.06 0.68 - 0.85 25.4 0.67
# Foreground reddening ¢ Absolute visual magnitude
® HB Level (our measures) f Integrated color indices

¢ Apparent visual distance modulus® Specific frequency of RR Lyrae variables
4 Integrated” mag. of clusters " HB ratio: HBR = (B — R)/(B+V + R)

on the best CCD photometric works. The tables with the po®iGC 5053. (Fig. 4)
tion and photometry of the measured stars will be available on-

-------------- sparse clusters, it has a small central velocr[y d|sper5|on and
central mass density. It is one of the clusters farthest from
the Galactic center in our sample. NGC 5053 is one of the
most metal-poor clusters in our Galaxy (Sarajedini and Milone
1995).


http://www.iac.es/proyect/poblestelares
http://menhir.pd.astro.it/
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Table 3.Kinematics, and Structural Parameters

ID Cluster V2 Vg c° rd r lg(te)!  lg(tn)® il o
1 NGC5053 +44.04+0.4 +51.8 0.82 225 3.50 9.87 9.59 22.19 0.47
2 NGC5272 —-1486+04 —138.0 1.85 0.50 1.12 8.78 9.02 16.34 3.56
3 NGCb5466 +107.7+0.3 119.7 143 196 2.25 9.75 9.37 21.28 0.78
4 NGC5904 +52.1+0.5 +65.2 1.87 040 211 8.30 9.13 16.05 3.94
5 NGC6205 —246.6+0.9 —2282 1.49 0.88 1.49 8.94 8.96 16.80 3.32
6 NGC6218 —42.1+0.6 —-26.3 1.38 0.66 2.16 8.23 8.86 18.17 3.27
7 NGC6254 +75.84+1.0 4+91.5 140 0.86 1.81 8.38 8.56 1769 3.51
8 NGC6341 -—-121.6+1.5 —103.0 1.81 0.23 1.09 7.84 8.56 15.58 4.30

9 NGC6366 —-122.3+0.5 —106.3 0.92 1.83 2.63 8.77 8.50 21.24 2.39
10 NGC6535 -215.1+0.5 —198.0 1.30 042 0.77 7.47 8.05 20.22 2.66
11 NGC6779 -135.7+0.8 -—-1169 137 037 1.16 8.27 8.70 18.06 3.27
12 NGC6838 —22.9+£0.2 -5.5 115 0.63 1.65 7.62 8.10 19.22 3.06
13 NGC7078 —-107.5+0.3 —-95.0 250 0.07 1.06 7.10 9.01 1421 5.37

*Heliocentric radial velocity 4The core radii ¢Log. of core relaxation time a,
PRadial velocity relative to the(LSR) °The core median radii T‘Central surface brightness
°Concentration parametgr= log(r,/r.)]  ‘Log. of relaxation time in years 'Log. of central luminosity density

There are several CMD studies for NGC 5053 in the literesponsible of the differences in the HB morphology (Paper
ature. Nemec & Coher (1989) presented the first CCD CMD, Johnson & Bolte 1998, Davidge & Courteau 1999).

in the Thuan & Gunn,(1976) andr filters, reachingy =~ 23. Very recently, M3 has been the subject of many studies.
Their CMD is one magnitude deeper than ours, but the Stﬁhget et al. (1998) preserifV, U, V and I photometry of

lar distribution and number of stars above #1289 magnitude the central part of M 3 from HST data. Their CMDs reach
is almost the same in both diagrams. The upper part of their . o0 and is extremely well defined. Their stellar sample
RGB (above the HB) is saturated. Heasley & Christian (1993@) smaller than our one, but clearly shows the mean regions
presentB andV” photometry extended i3 ~ 22. Their CMD  of the CMD. Its overall structure is very similar to our “se-
is poorly populated, presenting only a few stars in the HB rscted” diagram. Kaluzny et al; (1998) look for variable stars
gion. Their upper RGB is also truncatedlat~ 15.5. In the i the B and V' bands. Their CMD has a limiting magnitude
same year, Fahlman et al. (1991) present a study of the steflar, 21 is less populated (probably a factor of two, based on
content and structure of this cluster, including@andV CMD  the number of BHB stars), since the MS stars are very sparse.
that reached” = 24. They are mainly interested in the stelzn excellent CMD in the/ and  filters is presented by John-
lar content and structure, being most of the data obtained jush & Bolte (1998). Our field does not match that covered by
for the V" band, and only one field (field #2) in bot,and B them. However, the fiducial line representing their CMD well
bands. The corresponding CMD is deep but poorly populatgfatches our diagram, with a small zero point difference (of the
presenting- 6 stars in their HB. . order of 0.02 magnitudes in V) in the RGB: a difference within

More recently, Sarajedini and Milon@g9%) presenB, V', the uncertainties of our absolute calibration. Recently, Davidge
and I photometry for the upper part of the CMD (above thg Courteau {1999) publishedH K data for four clusters, in-
cluster’s TO), making a good samplingh(% larger than ours) cluding M 3. Their CMD extends from the brightest stars down
of the evolved cluster stars. to the (sparse) MS. A large sample of M3 staks §7.000)

We present a photometry-(5300 stars, seeing of 1.1”)  has heen measured in tiieand! bands by Rood et ali (1999),
that covers the cluster from the brighter RGB stars down ¢gmbining groundbased and HST data extending from the clus-
the22"¢ magnitude. All the CMD sequences are well defineger center to the outer radius. This CMD is very clean as the
including a blue straggler sequence. NGC 5053 has a BHB Wiiyh HST resolution limits crowding effects in the cluster cen-

a few RR-Lyrae and also a few stars in the red side of the HE. Notice that the RR-Lyrae stars were identified and removed
(evolved HB stars?). by the authors.

Our photometry covers the cluster from the tip of the RGB
NGC 5272 (M 3). (Fig. :5) to the23™4 magnitude ¢ 18750 stars), under quite good seeing
The northern “standard couple” of clusters affected by tleenditions. The HB bimodality is clearly visible. Stars spread
second parameter effect is represented by M 3 and M 13. MiBove the MS turn-off and blue-ward from the RGB are at small
has a well populated HB, both on the red and blue sides, whilistances from the cluster center. If these stars were not plot-
the M 13 HB is populated only on the blue side. This is a typictdd, the CMD would become very well defined (larger dots).
example where the age cannot be advocated as the (uniddejeover, a large number of RR-Lyrae stars are present in our
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diagram, and our dispersion in color (see the MS, for examptehieri et aI.El:9:9:8 presenB, V' photometry for~ 5500 stars
is smaller than that present on the Rood et al (1999) diagrarfrom the RGB tip to about 2 magnitudes below the MS TO.
Their photometry is more sparse in the SGB and specially in
the MS. Davidge & Courteau (1999) have published/dK

NGC 5468. (Fig. £) . hotometry. They cover basically the more evolved branches
NGC 5466 has one of the lowest central densities amoEgthe diagram.

the GGCs. Previous CMDs are not very recent; Nemec & Har-

ris (1987) present photographic and CCD data, with the CCD

CMD extending fromV ~ 21, to just below the HB (not NGC 6218 (M 12). (Fig.'9)

present). We have not found moreent CMDs for this cluster.  The only two CCD studies that we have found in the liter-
We present a CMD from the RGB tip down 16 ~ 22.5  ature for this cluster are those of Sato et al. (1989), who pre-

covering~ 5000 stars. NGC 5466 resembles in many aspedgnted/ BV data for the MS and SGB region in a poorly pop-

NGC 5053, including the metal content, and also their CMDQ§ated CMD, and Brocato et aﬁ_-(iggﬁ), who present a sparse

look very similar. B andV CMD from the tip of the RGB to a few magnitudes
below the cluster TO.
NGC 5904 (M 5). (Fig.?) Our CMD is not very populatedN 7100 stars measured),

The globular cluster M 5 harbors one of the richest colleBut the main lines of the RGB, BHB, SGB and MS are very
tion of RR-Lyrae stars in the Galaxy. It also hosts one of ti¢ell defined. It is noticeable that, despite its intermediate
The first CCD CMD for this cluster is published by Riche!2Y M13.
& Fahlman {1987), who present deép B, andV photome-
tLy. Lheeégiv(ej ahweggeflizled diagrarln, but pgorly p?gqllgt_geg NGC 6254 (M 10). (Fig.:_l'Q)
t r?asentB a};‘ atno(IaI hétozgt:eﬁsptnyéﬂlgitzeg gd(li(éférs)in Hurley et al. {1989) present the first CCD CMD of this clus-
P T P Y ’ ter in theB andV bands, covering from the RGB (poorly pop-

M5, and an excellent CMD extended downlto~ 22. The L
latest ground-based study is in Johnson & Bolte (1998) whigted) oV ~ 21.5. However, already in this diagram the re-
9 y i ' markable EBHB is clearly visible. Recently, Piotto & Zoccali

presented very gootd andI photometry for this cluster. They '999) present HST data for the MS of this clusters and ana-
compare their photometric calibration with that of Sandquist g1= -

al. @-9-9-5), with an uncomfortable trend with magnitude and ze the cluster luminosity function, using the present data for
i e evolved part of the CMD.

offset that increases with decreasing brightness. Recently, ) )
data have been published by Drissen & Shara (1998), who S»[u'd_Our CMD is well defined gnd extends for more than 4 mag-
ied the stellar population and the variable stars in the core of fii§ides below the TO, covering a total of 13000 stars. The
cluster. Again, we compared our photometry with the fiduciaféUster has only a BHB, and we confirm that it is extended. In
from Johnson & Boltei(1998), finding a good agreement with[RaNY respects, the CMD of M10 resembles that of M13.
the errors.

Also NGC 5904 has been observed during. quite good s@fsc 6341 (M 92). (Fig.ii1)
ing conditions. The CMD extends by 4 magnitudes below -

the TO, and includes 18300 stars. All the CMD branches ares'[udied globular clusters in the Galaxy. It was (together with

well defined. In particular, note the perfect distinction betwetm 3) the first GGC to be studied down to the TO (Arp, Baum
B o tece! e 35018 Sandagel 19541663 Sinc ten,may CNDs rve e
’ " built for NGC 6341. The first CCD photometry is presented
by Heasley & Christian' (1986). They obtain a CMD down to
NGC 6205 (M 13). (Fig.:_S) V = 22 in the B andV filters, but poorly populated. Another
As already mentioned, M 13 and M 3 are a classical seco@haustive work on M 92 is presented by Stetson & Harris, who
parameter couple. M 13 has only a BHB, still, in seveeaent present a dee and V' CMD with a very well defined MS,
studies, it is found to be coeval with M 3 (e.g. Paper IIl). IRut still poorly populated in the evolved part of the diagram.
our CMD it shows a sparse EBHB that arrives to the MS T®ore recently, Ghnson & Bolte {1998) present an excellént
magnitude. and[ diagram of M 92 where the principal sequences are very
Previous studies include Richer & Fahiman (1986) who olell defined, but there is still a small number of stars in the
tained/, B, andV CCD photometry for this cluster from 2 €volved regions/H K photometry of this cluster is presented
magnitudes above the TO 6 ~ 23. Their CMD is very well by Davidge & Courteau (1999). Piotto et al. (1997) present a
defined, but for a very small sample of stars. Moreover, justd§ep CMD from HST/WFPC2 extended dowrd).15Mc.
RGB stars under the HB are present. Mazeantly, CMDs are Our diagram, with~ 13900 stars measured, is well defined
presented again by Johnson & Bolte (1998), with theirlj and extends from the RGB tip to about 4 magnitudes below the
CMD and our one perfectly overlapping within the errors. PaMS TO.

M 92 is one of the most metal-poor and one of the best
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NGC 6366. (Fig. 12) This cluster has been extensively studied in the past, both
This cluster is somehow peculiar. While located in the disk/ith groundbased facilities and a large number of HST obser-
and being a metal-rich cluster (as M 71 or 47 Tucanae), it ha%&#!ons. e el
kinematics typical of a halo cluster. It is also highly reddened, HST studies include Stetson 1994 and Yanny et al 1994,
and its CMD is affected by some differential reddening. were a CMD of the cluster center is presgnted. The CMD does
Alonso et al. (1997) present the only other C@Dand not arrive to the MS TO, and is quite disperse. Conversely,
V CMD existent for this cluster. NGC 6366, together wittp0Sin & King:1997 and Piotto et al. 1997) present and extraor-
NGC 5053, are the only two clusters that were observed LFHf‘a”'y well defined MS, but no evolveq stars are pre§ent.
der not exceptionally good seeing conditions. Still, all the se- The most recent gund-based study is the composite CMD

. oo f Durrell & Harris (1998) based on CCD data from two tele-
quences in the CMD can be identified (apart from the Upp%ropes. This is the kind of problem that we try to avoid with

RGB), including what seems to be a well populated blue strag- resent catal
gler sequence. The HB is very red, as expected on the basi Spresent catalog.

the metallicity, and tilted. We measured a totatob500 stars Ou.r diagram is well populated{( 27000 stars) from t he
for this cluster. RGB tip down toV = 22.5. The CMD features are better iden-

tifiable when a radial selection, avoiding the clusters center,
is done. The CMD in Fig, 16 gives the visual impression that
NGC 6535. (Fig.,13) there are three distinct groups of stars in the HB. The third pos-

To our knowledge, Sarajedini (1994) has published the ori{P!€ group, on the red side of the RR Lyrae gap is surely a
previous CCD study of this cluster:-B andV CMD down to Statistical fluctuation in the distribution of the RR Lyrae mag-
V ~ 21. His stellar population is slightly smaller than ours fopitudes and colors at random phase. It is present neither in the
this range of magnitudes (we reach/23). NGC 6535 is the CMDs of M15 in the above quoted works nor in our CMD of a

least luminous object of our northern sample, and probably #39€r stellar sample, with more accurateotometry from our
one with the smallest number of stars. We measuvegsoo HST data base.

Stars for this (|3|USte;’.. Ilts RGB is |dgnt|f]able, but not ClearZIXCknowledgementsThis paper has been partially supported by the
defined, due also to field star contamination. Ilts CMD some RWnistero della Ricerca Scientifica e Tecnologica under the program

resembles the CMD of NGC 6717 (Paper I). “Treatment of large format astronomical images” and by CNAA.

NGC 6779 (M 56). (Fig.\14) References

We have not found any previous CCD study on this clustljonso A, Salaris M., Martinez Roger C., Straniero O., Arribas S.,
Our CMD is well defined, though it is slightly contaminated 1997, AgA 323, 374
by foreground/background stars. The broadening of the SG&p H.C., Baum W.A., Sandage A.R., 1952, AJ 57, 4
RGB might suggest the existence of some differential reddexrp H.C., Baum W.A,, Sandage A.R., 1953, AJ 58, 4
ing. The distribution of the stars along the BHB seems to be ridbcato E., Buonanno R., Malakhova Y., Piersimoni A.M., 1996,
homogeneous, with the possible presence of a gap. The total ofA&A 311, 778
measured stars was ef11300. Carretta E., Gratton R., 1997, A&AS 121, 95
Davidge T.J., Courteau S., 1999, AJ 117, 1297
Drissen L., Shara M.M., 1998, AJ 115, 725
NGC 6838 (M 71). (Fig.:15) Durrell P.R., Harris W.E., 1993, AJ 105, 1420

. - . -ahlman G.G., Richer H.B., Nemec J., 1991, ApJ 380, 124
As suggested also by its CMD, M71 is a metal rich Clu{|arris WE. 1996 AJ 112, 1487

ter, similar to 47 Tuc (Paper I).' Our CMD is well defined an easley J.N., Christian C.A., 1986, ApJ 307, 738

extends for more than 4 magnitudes below the TO, coveringy@asiey J.N.. Christian C.A.. 1991a, AJ 101, 967

total of ~ 12500 stars. The cluster has only a RHB, and th@easley J.N., Christian C.A., 1991b, ASP Conf. Ser. 13, 266

upper part of the RGB is not very well defined. This cluster iodder P.J.C., Nemec J.M., Richer H.B., Fahiman G.G., 1992, AJ
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Despite_ Eh_is, there is no CMD in the literature after HOdSaluzzgng\;]ﬁ';”ditCh R.W.,, Clement C., Rucinski S.M., 1998, MNRAS

der et al. {1992). They present a goBdand V" diagram, Iess | o/ \1 "Ferraro F.R., Paltrinieri B., Fusi Pecci F., 1998, AGA 332,
populated than ourseachingV’ = 22. 93

Previous CCD studies are in Richer & Fahlman (1988)andolt A.U., 1992, AJ 104, 340
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8 A. Rosenberg, A. Aparicio, |. Saviane & G. Piotté: photometric catalog of nearby GGQlé)

Piotto G., Cool A., King I. 1997, AJ 113, 1345

Piotto G., Zoccali M., 1999, A&A 345 485

Richer H.B., Fahiman G.G., 1986, ApJ 304, 273

Richer H.B., Fahlman G.G., 1987, ApJ 316, 189

Richer H.B., Fahiman G.G., 1988, ApJ 325, 218

Rood R.T., Carretta E., Paltrinieri B., et al., 1999, ApJ, 523, 752
Rosenberg A., Saviane I., Piotto G., Aparicio A., Zaggia S., 1998, AJ

115, 648

Rosenberg A., Saviane I., Piotto G., Aparicio A., 1999, AJ 118, 2306
(Paper Il

Rosenberg A., Piotto G., Saviane I., Aparicio A., 2000, A&AS 144, 5
(Paper 1)

Rutledge G.A., Hesser J.E., Stetson P.B., 1997, PASP 109, 907

Sandquist E.L., Bolte M., Stetson P.B., Hesser J.E., 1996, ApJ 470,
910

Sarajedini A., 1994, PASP 106, 404

Sarajedini A, Milone A A., 1995, AJ 109, 269

Sato T., Richer H.B., Fahlman G.G., 1989, AJ 98, 1335

Saviane |., Rosenberg A., Piotto G., Aparicio A., 2000, A&A 355, 966
(Paper 1V)

Sosin C., King I., 1997, AJ 113, 1328

Stetson P.B., Harris, W.E., 1988, AJ 96, 909

Stetson P.B., 1994, PASP 106, 250

Thuan T.X., Gunn J.E., 1976, PASP 88, 543

Yanny B., Guhathakurta P., Bahcall J.N., Schneider D.P., 1994, AJ
107,1745

Zinn R., West M.J., 1984, ApJS 55, 45



A. Rosenberg, A. Aparicio, |. Saviane & G. Piotiét photometric catalog of nearby GGGH)

NGC H063 .

L+

185

20

0.4 0 0.4 0.8 1.2 1.8
V1)
Fig. 4.CMD and covered field for NGC 5053

16

18

211

0.4 0 b4 ] 1.2 1.6 2
(V11
Fig. 5.CMD and covered field for NGC 5272 (M 3)



10 A. Rosenberg, A. Aparicio, |. Saviane & G. Piotid:photometric catalog of nearby GGGH)

NG BB
14 _ .

= 18

20

0.8 .2 |.8
V-1
Fig. 6. CMD and covered field for NGC 5466

.+ i 1.4

14

20

(] . ] 1.2 LB
V-1
Fig. 7.CMD and covered field for NGC 5904 (M 5)



A. Rosenberg, A. Aparicio, |. Saviane & G. Piotiét photometric catalog of nearby GGGH)

]
Wl Bl .
e
-
- s
il
R
=d
. o
] .
=
1
L}
Lt
20
L}
E
0.4 0 . 0. 1.2

: NOC B218
)
Iﬁ.
& .
=

4]
.
p o

0 0.4 0.8 o fi

(V-1
Fig. 9.CMD and covered field for NGC 6218 (M 12)

11



12 A. Rosenberg, A. Aparicio, |. Saviane & G. Piotid:photometric catalog of nearby GGGH)

(.- i

-1
Fig. 11.CMD and covered field for NGC 6341 (M 92)



A. Rosenberg, A. Aparicio, |. Saviane & G. Piotiét photometric catalog of nearby GGGH)

L] L] el 1
Wt bbb
i

&

= .

i e

'-|:
21
=3

G =

NGO G
i L
L
*
- '
-
)
e
-.I
(. (L 1.2 B 2 2.4

[V-1)
Fig. 13.CMD and covered field for NGC 6535

13



14 A. Rosenberg, A. Aparicio, |. Saviane & G. Piotid:photometric catalog of nearby GGGH)

0 (b, . 1.6 g

0.4 .8 2 f 2 2.4

V-1l
Fig. 15.CMD and covered field for NGC 6838 (M 71)



A. Rosenberg, A. Aparicio, |. Saviane & G. Piotiét photometric catalog of nearby GGGH)

Fig. 16.CMD and covered field for NGC 7078 (M 15)



