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Abstract. We present new intermediate-band Strömgren photometry based on more than
300 u, v, b, y images of the Galactic globular cluster ω Cen, covering a region of more than
20×20 arcmin squared across the cluster center. By adopting different Strömgren metallicity
indices we estimate the photometric metallicity for ≈ 4, 000 Red Giants, the largest sample
ever collected. The metallicity distributions show multiple peaks ([Fe/H]phot = −1.69±0.08,
−1.28 ± 0.03, −1.07 ± 0.02, −0.88 ± 0.04, −0.71 ± 0.12 and −0.03 ± 0.08 dex) and a sharp
cut-off in the metal-poor tail ([Fe/H]phot . −2 dex) that agree quite well with spectro-
scopic measurements. We identify four distinct sub-populations, namely metal-poor (MP,
[Fe/H] ≤ −1.49), metal-intermediate (MI, −1.49 < [Fe/H] ≤ −0.93), metal-rich (MR,
−0.95 < [Fe/H] ≤ −0.15) and solar metallicity (SM, [Fe/H] ≈ 0). The last group includes
only a small fraction of stars (∼ 8 ± 5%) and should be confirmed spectroscopically.
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1. Introduction

The Galactic Globular Cluster (GGC) ω Cen,
the most massive known in our Galaxy
(2.5 ×106M� , van de Ven et al. 2006), hosts

at least three separate stellar populations
with a large undisputed spread in metal-
licity (Norris & Da Costa 1995, hereinafter
ND95; Norris et al. 1996, hereinafter N96;
Smith et al. 2000, Kayser et al. 2006, here-
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inafter KA06). In particular, the recent high-
resolution spectroscopic analysis of 180 Red-
Giant (RG) stars by Johnson et al. (2008),
hereinafter J08, provided a metallicity distri-
bution with a dominant peak located at [Fe/H]
≈ –1.75, and three secondary peaks at [Fe/H]
≈ –1.45, –1.05 and –0.75 dex. This distri-
bution agrees quite well with previous low-
and medium-resolution spectroscopic metallic-
ity distributions of main-sequence (MS) turn-
off, sub-giant (SG) and RG stars (N96; KA06,
Hilker et al. 2004), and the distributions ob-
tained by Hilker & Richtler (2000), hereinafter
HR00, (∼1,500 RGs) and by Hughes et al.
(2004) (∼2500 MS, SG, RG) using the
Strömgren (m0, b–y) metallicity diagnostic and
by Sollima et al. (2005a) using the (B−V) color
of ∼1,400 RG stars.

We present a photometric metallic-
ity distribution of a sample of ∼ 4,000
ω Cen RGs, based on the new calibrations
of the Strömgren index m1 provided by
Calamida et al. (2007), hereinafter CA07.

2. Discussion and conclusions

A set of 110 uvby Strömgren images centered
on the cluster ω Cen were collected in 1999
with the 1.54m Danish Telescope (ESO, La
Silla). This data set has been supplemented
with 30 uvby images of the SW quadrant
of ω Cen collected in 1999 with the same
Telescope. During these nights a set of 112
HD standard stars have been observed in
the uvby bands. HD stars have been selected
from the catalogs of photometric standards
by Schuster & Nissen (1988) and by Olsen
(1993). Together with the quoted images we
also adopted a set of 210 vby images collected
with the same Telescope in two observing runs
(1993 and 1995, see Hilker 2000).

The photometry was performed adopting
DAOPHOT IV (Stetson 1994) and the final cal-
ibrated catalog includes ∼180,000 stars. The
accuracy of the absolute zero-point calibra-
tion is ∼0.02 mag for the u, v-band data and
∼ 0.015 mag for the b, y-band data. Fore more
details on the observations and data reduction
see Calamida et al. (2009), hereinafter CA09.

Fig. 1. Difference between photometric
and spectroscopic metallicities, ∆[Fe/H] =

[Fe/H]phot(m0, v–y0)emp − [Fe/H]spec, vs [Fe/H]spec
for the 118 RG stars with accurate iron abundances
by J08. Filled circles mark stars with the measure-
ment of the spectroscopic S 3839 index (VL07),
while those for which this measurement is not avail-
able are marked with open circles. Crosses mark
CN-strong stars according to both our selection (see
CA09) and to ND95. The error bars account for
both photometric and spectroscopic errors.

After cleaning the catalog for the contam-
ination of field stars (see CA09), we selected
only RGs with magnitudes y . 16.5 mag,
σ(u) ≤ 0.02 mag, σ(v, b, y) ≤ 0.015 mag, and
sep(v, b, y) > 3 (see Stetson et al. 2003), end-
ing up with a sample of 3,953 stars.

To estimate the metal content of the se-
lected ω Cen RGs we adopted the MIC rela-
tions provided by CA07 (see their Table 3) and
based on the u–y and on the v–y color, together
with the new MIC relation derived in CA09
and based on the b–y color. The photomet-
ric metallicities were estimated using both the
empirical and the semi-empirical calibrations.
The individual metallicities were estimated by
assuming for ω Cen a mean reddening value
of E(B − V) = 0.11 and the extinction coef-
ficients for the Strömgren colors discussed in
Calamida et al. (2005).

To verify the accuracy of the metallicity
estimates, we cross-correlated our RG sam-
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ple with the iron abundances of the 180 RG
stars provided by J08. We found 118 stars in
common. Moreover, to constrain on a quantita-
tive basis the impact of possible CN enhance-
ments we supplemented the previous spectro-
scopic catalog with the large set of medium-
resolution spectra collected by van Loon et al.
(2007), hereinafter VL07. We found 373 RGs
in common with our photometric catalog.
Fig. 1 shows the difference between photo-
metric and spectroscopic iron abundances for
the 118 RGs in common with J08 1. Filled
circles mark the stars for which the measure-
ment of the S 3839 index (cyanogen band) is
available (VL07), while the open circles repre-
sent stars which lack of this measurement. The
crosses mark the CN-strong stars according to
either our selection (δCN > 0.2, see CA09)
or to that of ND95. Data plotted in this fig-
ure show that CN-strong stars are, as expected,
concentrated among the more metal-rich stars
([Fe/H] & −1.5, Gratton, Sneden & Carretta
2004). The mean difference between photo-
metric and spectroscopic abundances, using
the six different MIC relations, is ∆[Fe/H] =
0.05 ± 0.03 and σ = 0.37 dex.

It is worth mentioning that 25 out of the
118 stars show discrepancies in iron abundance
larger than 0.3 dex. The measurement of the
CN index is available for thirteen of these stars
and among them ten are CN-strong. If we move
the limit down to 0.2 dex, the number of dis-
crepant stars is 46, and the CN index is avail-
able for 20 of them. The fraction of CN-strong
stars becomes of the order of 75%. On the other
hand, 17 stars show under-abundant photomet-
ric metallicities by more than 0.3 dex; among
them ten have measurements of the CN index
and only two are CN-strong stars. The current
findings thus indicate that stars with large pos-
itive discrepancies in the photometric metallic-
ity are highly correlated with the occurrence of
strong CN bands. The stars with large nega-
tive discrepancies require a more detailed spec-
troscopic investigation to constrain their abun-

1 Note that with [Fe/H], we mean a global metal-
licity, i.e., the sum of the elements beyond helium
without explicit assumptions concerning their rela-
tive distribution.

Fig. 2. Top: RGs of ω Cen in the m0, (v–y)0 plane.
The open circles mark the 118 RGs from J08 and the
CN-strong stars are marked with crosses. Bottom:
Same as the top, but in the y0, (v–y)0 CMD.

dance pattern. If we neglect the CN-strong
stars we find a mean difference of ∆[Fe/H] =
0.02 ± 0.04 and σ = 0.37 dex (93 stars).

As a final test of the intrinsic accuracy
of the photometric abundances, we plotted
the 118 RGs by J08 (open circles) onto the
m0, (v–y)0 plane (Fig. 2, top panel) and in the
y0, (v–y)0 plane (bottom panel).

It is noteworthy that stars for which the
S 3839 index measurement is available and are
classified as CN-strong (crosses) according to
our selection (CA09) or that of ND95 pos-
sess larger m0 values and fainter apparent y0
magnitudes at fixed color. This finding should
not be affected by selection effects, since the
low-resolution spectra collected by V07 cover
a significant fraction of the RG branch in
ω Cen (down to V∼16).

Fig. 3 shows the average metallicity dis-
tribution obtained adopting the u–y, v–y, b–y
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Fig. 3. Distribution of photometric iron abundances
based on the semi-empirical calibrations of differ-
ent MIC relations. The dashed line shows the fit of
the metallicity distribution computed as the sum of
seven Gaussians, and the asterisks mark the peaks.
The vertical dotted lines display the different metal-
licity regimes: metal-poor (MP), metal-intermediate
(MI), metal-rich (MR) and solar-metallicity (SM).

semi-empirical MIC relations. The individual
distributions were smoothed with a Gaussian
kernel having a standard deviation equal to
the photometric error in the m1 index. We fit
the distribution with a sum of seven Gaussians
and the dashed line plotted in Fig. 3 displays
the cumulative fit, while the asterisks mark
the position of the different Gaussian peaks:
[Fe/H]phot = −1.69±0.08, −1.28±0.03, −1.07±
0.02, −0.88±0.04, −0.71±0.12, −0.03±0.08,
and 0.30 ± 0.08 dex. The large number of RGs
allows us to identify four different metallicity
regimes: metal-poor (MP) with [Fe/H] . −1.5
(∼ 39 ± 1%), metal-intermediate (MI) with
−1.5 . [Fe/H] . −1.0 (∼ 32 ± 1%), metal-rich
(MR) with −1.0 . [Fe/H] . −0.2 (∼ 19± 4%),
and Solar metallicity (SM) with [Fe/H] ≈ 0
dex (∼ 8 ± 5%, see vertical dotted lines in
the figure). This last apparent sub-population
lacks a firm spectroscopic confirmation. The
limits of these metallicity regimes are arbi-
trary, though identified with the occurrence of
either a local minimum or a shoulder in the
metallicity distribution. The four main peaks

(−1.69 ≤ [Fe/H] ≤ −0.88) agree quite well
with low- (N96), medium- (Hilker et al. 2004;
Sollima et al. 2005b) and high-resolution (J08)
spectroscopic iron abundances and with pre-
vious photometric metallicities (HR00, S05a).
Spectroscopic abundances also suggest the oc-
currence of metal-rich ([Fe/H] = −0.60±0.15)
stars in ω Cen (ND95; Pancino et al. 2000).
The stars belonging to the solar metallicity
tail should be regarded with caution since they
might be either CN-strong stars or field RGs.
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