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Abstract. A new calibration of the Strmgren(b — y), m; di- correspond to. If a cluster is known to have only small star-to-
agram in terms of iron abundance of red giants is presentetr variations in its iron abundance, the scatter to higher
This calibration is based on a homogeneous sample of giavafues can be used to uncover CN-rich member stars. For giants
in the globular clusters Centauri, M 22, and M 55 as well asredder thar{b — y) = 1.1 mag the calibration breaks down due
field giants from the list of Anthony-Twarog & Twarog (1298)to TiO and MgH absorption in thg band.
Towards high metallicities, the new calibration is connected to Until now the calibration for Sttmgren metallicities is
a previous calibration by Grebel & Richtler (1992), which wabased on the spectroscopically determined iron abundance of
unsatisfactory for iron abudances lower thah.0 dex. The re- relatively metal-rich stars, and only few metal poorer stars
vised calibration is valid for CN-weak/normal red giants in théGrebel & Richtlei 1992). This calibration worked well for the
abundance range 6f2.0 <[Fe/H]< 0.0 dex, and a color range determination of cluster abundances in the Magellanic Clouds
of 0.5 < (b—y) < 1.1 mag. (Hilker et al[ 19954, 1995b; Dirsch et al. 2000), but failed to re-
As shown for red giants i Centauri, CN-weak stars with produce the slope of constant metallicity lines inthe y), m;
Stromgren metallicities higher than1.0 dex cannot be distin- diagram for the new data of metal poor globular clusters. Other
guished in th&b — y), m; diagram from stars with lower iron previous metallicity calibrations in the $mgren(b — y), m;
abundances but higher CN band strengths. plane have been published for the regime of F and G dwarfs
(Schuster & Nissen 1989) and F dwarfs and giants in the small
Key words: stars: abundances — stars: chemically peculiarcelor range 00.22 < (b — y) < 0.38 (Malyuto[1994).
stars: late-type — Galaxy: globular clusters: individuaCen — In the meantime, large samples of homogeneous spectro-
Galaxy: globular clusters: individual: M 22 scopic measurements of cluster as well as field giants have be-
come available. Furthermore, CCD &trgren photometry, in
particular in globular clusters, is becoming popular (e.g. Grun-
1. Introduction dahl et al[[1999). Therefore, a revised, more accurate calibra-
tion of the metallicity sensitive Stimgren indices is needed.
Stromgren photometry has been proven to be a reliable met@lthis paper, the Sémgren metallicity calibration is extended
licity indicator for globular cluster giants and subgiants (€.¢o more metal-poor stars ([Fe/H] —2.0 dex). The sample of
Richtler[1989, Grebel & Richtler 1992 and references therei@;}ars used for the new calibration contains red gian&s@én_
The location of late type (G and K) giants in the@hgren tauri, M 55, and M 22, and field giants from a homogenized
(b — y), ma diagram is correlated with their metallicities, ESSamp|e of Anthony-Twarog & Twarog (199@Cen is known
pecially with their iron and CN abundances. Whereas the colgf its star-to-star variations in CN as well as iron abundances
(b — y) is not sensitive to metallicity, the Stmgrenw filter in-  (e.g. Vanture et al. 1994). For 40 giantsdrCen, Norris & Da
cludes several iron absorption lines as well as the CN band®stal(1995) measured accurate abundances from high resolu-
421%A, and thereforen; = (v —b) — (b — y) is a metallicity tion spectroscopy. M 22 also shows CN abundance variations
sensitive index (e.g. Bell & Gustafsson 1978). Within a certa@.g. Norris & Freemah 1982, 1983). Both clusters have been

color range0.5 < (b —y) < 1.1 mag, the loci of constant ysed to study the influence of the CN band strengths on the
iron abundance of giants and supergiants can be approximatg@dmgren metallicity.

by straight lines. This is valid for CN-“normal’= CN-weak)

stars. CN-strong stars, due to their higher absorption irvthe

filter, scatter to highem; values and therefore mimic a highe®. Observations and data reduction:
Strdmgren metallicity than their actual iron abundance would w Cen, M 55, and M 22

* Based on data collected at the European Southern ObservatoryJihg observations were performed during the nights 21-24 April
Silla, Chile 1995 with the Danish 1.54m telescope at ESO/La Silla. The
Correspondence tanhilker@astro.puc.cl CCD in use was a Tektronix chip with 1024024 pixels. The
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mag in all filters. The corrected magnitudes of the stars belong-
ing to overlapping areas of two adjacent fields agree very well
and have been avaraged for the final photometry file. The cali-
bration equations and coefficients for the third night are given
in Richter et al.[(1999).

After the photometric reduction and calibration of the mag-
nitudes, the average photometric errors for the red giants used
in the metallicity calibration are 0.015 mag fbr, 0.016 mag
for (b — y) and 0.024 mag fom, .

1000

3. Sample of red giant stars

This section presents the sample of red giants that has been used
for our new metallicity calibration. The spectroscopically deter-
s mined iron abundances of the different authors all are consistent
1 with the Zinn & West[(1984) abundance scale. All@itgren
E

—-500

{ colors refer to the photometric system defined by Olsen {[1993).
L .| The photometric colors of the previous calibration (Grebel &
—~1000 -500 0 500 1000 Richtler’I992) are based on the system of primary standards by
x [aresec] Bond (1980) and Olsen (1983, 1984) and have been corrected to
Fig. 1. Position plot of the observed fields in Cen. All stars with a the Olsen (1993) system according to the transformations given

V magnitude brighter than 19.0 mag and a photometric error less tf3hOlsen(1995). In the same way thi color of the field stars
0.1 mag have been plotted. Filled circles indicate the position of ti@mple of Anthony-Twarog & Twarog (1998) has been corrected

—1000

red giants with known spectroscopic abundances according to Olsen'’s transformations. THeand(b — y) colors
in this sample are on the system of Olsen (1993).
Table 1. Position log ofw Cen fields For our calibration, we used 12 E region stars from Jgnch-

Sgrenser (1993) and 5 stars from his 1994 list (1994), namely
E3-33, E4-37, E4-108, E5-32, E5-48, E5-56, E6-48, E6-98, E7-

Id. 02000 02000 Id. 2000 02000

a  13:25:30.8 —47:26:46 k 13:28:12.9 —47:23:36 64, E8-39, E8-47, E8-48, and F4-2, F5-2, F5-3, F6-1, F6-3.
b 13:2559.9 _47:17:46 | 13:28:27.0 —47:28:15 Their colors are consistent with the_OIsen (1_993) photometric
¢ 1326280 —4727:46 m  13:27:18.0 —47:23:05 system. The standard stars are uniformly distributed over the
d 13:25:30.8 —47:31:16 n  13:26:50.0 —47:21:47 color ranged.2 < (b — y) < 1.3 mag which has been used for
e 13:26:00.0 —47:32:27 o 13:26:47.0 —47:17:17 our metallicity calibration.

f 13:26:29.0 —47:32:27 p 13:26:16.9 —47:16:38

g 13:26:59.0 —47:34:56 q 13:25:46.9 —47:15:47 31w Centauri

h 13:27:24.0 —-47:33:06 r 13:25:29.9 —47:15:47 o

[ 13:27:24.0 —-47:28:34 s 13:25:30.8 —47:35:07 The fields selected and observediten were chosen to cover

i 13:27:48.0 —47:24:.05 t

13:28:15.9 —47:32:26 the 40 red giants for which accurate abundances from high res-
olution spectroscopy have been published (Norris & Da Costa
1995). All red giants in this sample are amongst the brightest
f18.5 beam of the telescope provides a scalgsg7/mm, and stars of the red giant branch (RGB) ©fCen (see Fig. 2). In
with a pixel size of 24um the total field is6!3 x 6!3. The theiriron abundance, they span a range betwet® and-0.8
observations and data reduction of the M 22 and M 55 imagdsx. Of these stars, 11 are known to be CN-strong, relatively to
have been presented by Richter et/al. (1999): @en, 20 fields the average CN band strengths of the whole sample.
were observed during the third night of the run through the In Table 2 the photometric and spectroscopic data that
Stromgrenybw filters (Danish set of imaging filters). Tallé lare relevant for our analysis are summarised. The numbering
gives a log of the field positions. In Fig. 1, all fields are plotte@Column 1) is from Woolley[(1966). Columns 2 and 3 give
in a coordinate system centeredwiCen. The exposure timesthe coordinates in X,y distances (in arcsec) to the center of
were 70, 120, and 240 seconds o andv, respectively. Al Cen, as shown in Fig.1 (centatyo = 13"2646.8° and
nights had photometric conditions, and the seeing, measubeghy = —47 deg 28’47”, Lynga[1996). In Columns 4, 5, and
from the FWHM of stellar images, was in the range@ — 1”5. 6 the reddening corrected 8ingren valuedy, (b — y)o, and
The CCD frames were processed with standard IRAF rouw  are given. Areddening df _y = 0.11 (Zinnl1985, Web-
tines. Instrumental magnitudes were derived using DAOPH®INk|[1985) has been adopted. This corresponds tq, = 0.08
Il (Stetsor 19817, 1992). For the comparison with the standaadd E,,,, = —0.02, using the relationg’,_, = 0.7Ez_y and
stars, aperture—PSF shifts have been determined in all fieldlg,, = —0.3E,_, (Crawford & Barnes.1970). In Column 7 we
The remaining uncertainty of this shift is in the order of 0.0list the metallicity [Fe/H}., as derived from our new calibra-
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Table 2. Photometric and spectroscopic data for red gianis@en. All columns are explained in Sect. 3.1. Areddening gf v = 0.11 mag

has been applied

M. Hilker: Revised Stimgren metallicity calibration for red giants

ROA Az Ay Vo  (b—y)o mio [FeHLn [FeHL,, CO CN C4142 S3839 CB
40 564.0 -89.0 11.088 0.876 0484 —121 —-169 o .. 0.46 0.34
42 —261.0 -56.0 11.409 0919 0506 -127 -169 .. o 032 050 ..
43 696.5  897.9 11249 1.022 0671 -1.01 -147 o .. 034 042 031
46 —103.1 4852 11.232 0978 0472 —-157 -167 e e  0.19
48 —2301 3168 11.219 0980 0422 —-175 -176 e e . .. 019
53 878.1 —494.7 11.157 1030 0561 —140 -167 e e 024 016 022
58  —2360 4865 11.376 0.874 039 —155 -173 e e 021 016 0.22
65 369.5 188.0 11225 0935 0369 —1.82 —1.72 .. e 003 ..
74 1265 5332 11.483 0729 0498 -052 —1.80 e e 017 016 021
84 857 389.2 11565 1.026 0.708 —0.90 -136 o .. 030 0.17 0.30
91 64 8894 11.491 0830 0329 —-1.69 —1.73 . 0.07 0.16
94 572.8 1089 11.379 0840 0.330 —1.72  —1.78 e 015 003

100 -259.6 —283 11568 0.906 0.762 —0.25  —1.49 o 051 058

102 -9291 -69.2 11.380 0.898 0358 —1.77  —1.80 . 022 ..
132 -90.7 -339.1 11.367 1021 0.634 —1.13  —1.37 .. 022 0.28
139 -4352 4375 11585 0856 0618 —0.60  —1.46 o 039 0.52
144 —2602 -61.0 11.980 0781 0473 -089 -166 .. o  0.33
155 994.8 —124.6 11.689 0.824 0421 -128 -164 e e 017 0.26
159 921.0 2652 11.708 0794 0323 -160 -172 e e  0.16 0.14
161 —515.7  461.7 11.697 0.819 039 —1.37 -167 e e 014 0.26
162 -9325 -328.7 11851 0967 0965 +021 —110 e o 054 0.49
171 634.0 —2335 11.727 0875 0548 —094 —-143 o e 018 0.31
179 -379.6 432 11710 1.000 0710 —-0.81 110 o 0.18 0.29
182  -72.8 -3403 11.800 0859 0515 —1.03 —1.46 0.23
201 2244 1050 11.984 1.056 0.692 -1.05 -0.85 .. .. 0.28
213 281.7 7475 11904 0686 0211 -176 -183 e e  0.18 0.06
219 8961  269.1 11.922 0934 0639 —0.83 125 o 0.20 0.32
231 355.7 —158.4 11.919 0937 0818 -018 —110 e 0.40 .. 033
234 1481 7710 11.962 0710 0222 —1.79 -178 e 011 -0.33 0.06
248 1224 —326.7 12.039 1.031 0968 —0.06 -078 e 042 051 0.39
252 5735 7412 11983 0749 0250 -1.79  -174 .. 010 010 ..
253 10316 1160 12014 0753 0599 —0.18 —1.39 e 042 100 057
256 546.2 374 12012 0727 0301 —147 -158 e 014 027 ..
270 476.6 —347.5 12.055 0.866 0.655 —049 -122 o .. 057 0.39
279 —9769 5059 12035 0.805 0643 026 —1.69 .. CH 035 115 059
287 832.0 97.4 12.098 0797 0546 —064 -143 o o 023 058 042
357 366.3 59 12236 0905 0.877 +0.19 -0.85 e .. 041
371  —41.0 -4995 12320 0912 0847 4004 -079 e .. 046 054 0.39
480 52 -327.8 12611 0742 0797 +0.82 095 e o 132 0.65

tion (see Sect. 4, Eq. (1)). The spectroscopic parameters in ¢henpares the flux in the filter 41§ = 4166A, A\ = 83A)
Columns 8 to 13 are taken from the compilation of Norris &hich includes a violet cyanogen-band absorption with that of
Da Costal(1995). [Fe/H] is the iron abundance determined byilter 42 (Ao = 4257A, AN = 73A). S3839 compares the inten-
them. “CO” indicates CO-strong (open circles) and CO-wedalty inthe violet CN band at 3883Awith the nearby continuum
(filled circles) stars as determined from the strength of the G®orris et al 198[1). CB is the meas83A CN band strength
molecule by Persson et dl. (1980). “CN” is the relative streng#s determined from two independent measurements (Cohen &
of the CN bands, open circles indicate CN-strong stars, fill&#lI[1986).

circles CN-weak stars. Note that CN-weak can be understood as

CN-normal when compared to the average CN band stren ;

in other clusters. The star ROA 279 is known to be a CH s?z?r?é' The influence of CN band strengths
In the Columns 11, 12 and 13, the cyanogen indices C4142 &idce the CN bands fall in the range of thedstgren filter,
$3839, and the mean violetindex CB are given as determinecdng therefore influences the; index, CN-strong stars have
different authors (see Norris & Da Costa, 1995, for referencet) .be excluded from our metallicity calibration. Only CN-weak
C4142is anindex of the DDO filter system (McClure 1976) thatars will not disturb the transformation of 8tngren colors into
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Fig. 2. Color magnitude diagram of all stars in the observed fields (see* - *ox *= T & * 04
Fig. 1) with photometric errors in all colors smaller than 0.1 mag. Filled t#**i“ ..... S I R "i ..... *
circles indicate red giants from the spectroscopic sample with normage [ gge N ® Joe
CN abundances, whereas red giants marked with asterisks are known [ 3 T i % 1
to be CN-strong. The encircled dot is the star ROA 74 which deviates | e 1+ e 1
i ; ; L N R B A I P B T I L
most from the metallicity calibration 2 e - et TS

[Fe/H],, A[Fe/H]

Fig. 3. The cyanogen indices C4142, S3839, and CB of red giants
an iron abundance. In Fig. 3 we show the 3 cyanogen indidesu Cen are plotted versus their spectroscopically determined iron
C4142, S3839, and CB as a function of on the iron abundarssgindances [Fe/k] (left panels) and versus the difference between
(left panels) and as a function of the difference between thee/Hlyn and [Fe/H],,. The horizontal dotted lines give the separation
photometrica"y and spectroscopica”y determined iron abLﬁiteria between CN-strong (asterisks? and CN-weak stars (fl”ed cir-
dancesA[Fe/H] = [FelH, —[FelHl, (ight panels). Allsars 22, ZE0 B0 S0 d SO o coted nes i the rgh
that have a C4142, S3839, or CB value higher than 0.27, O'%{:ﬁels). The encircled dot is star ROA 74 which deviates most from

and 0.29 respectively, have been assigned to be CN-strong s ﬁ(resr‘netallicity calibration. The open triangles in the middle panels in-

and are marked with asterisks. The separation of CN-strong %‘i@;\te the location of M 22 giants which also follow the general trend
CN-weak stars can clearly be seen for the C4142 and S3839, in. cen

index, and the separation values are chosen to be located in the

middle of the gap. For the CB index, the separation at 0.29 is

motivated by the fact that all stars with CB0.29 significantly In general A[Fe/H] is correlated to the CN band strengths.
deviate in [Fe/H},, from [Fe/H],, whereas most stars with CBThe more CN-rich the star, the highg&q{Fe/H]. This might

< 0.29 have [Fe/H}, values within thet0.25 dex error range be used to determine the iron abundance of a red giant if its
of [Fe/H]s,. This also is true for the C4142 and S3839 indeXtromgren colors and one of the CN indices are known, or con-
(see right panels in Fig. 3). Outliers with a normal CN banersely to detect CN-rich stars when their iron abundances are
strength, but a largé\[Fe/H], are the stars ROA 53, 74, 155known.

161, 179, and 182. Whereas ROA 53 and 182 have a quite highIn Fig. 4 the distribution ofr Cen red giants in the two-color
C4142 value, and ROA 155, 161, and 179 a high CB index, d@agramm; o versugb—y)o is shown. The symbols are the same
obvious explanation can be found for ROA 74. Having modeas in Fig. 3. The lines of constant metallicity betweeh0 and
ately low values of all CN indices, the determinedd&tgren 0.0 dex according to our new metallicity calibrations (Sect. 4)
metallicity of ROA 74 is more than 1 dex too high comparedre indicated. The CN-weak stars are located in a metallicity
to its spectroscopic metallicity. However, this star is not locatednge between-2.0 and—1.0 dex, the known iron abundance
on the average RGB af Cen (see Fig. 3, encircled dot), but igange forw Cen. In contrast, CN-rich stars, although having
about 0.1 mag bluer. Examination of the image and photomethe same spectroscopic iron abundances as the CN-weak stars,
of this star reveals that its blue color is due to an overlappimgnge between-1.0 and 0.5 dex. Around a metallicity ef1.0

blue star that could not be separated by PSF fitting. dex, CN-weak stars with this iron abundance can not be distin-
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12 Columns 6 and 7, the iron abundances and their references are

presented. Values from Brown & Wallerstein 1992 have been
shifted by 0.05 dex to match the values of Lehnert efal. (1991),
according to their different assumption of the reddening (see
also discussion by Anthony-Twarog etlal. 1995). The open cir-
cles in Column 8 indicate CN-strong stars, filled circles CN-
weak stars. In Column 10, the location of the red giant on the
giant branch (red or blue side) according to Richter efal. {1999)
is indicated.

7 In M 55, the red giants follow a narrow sequence of a single
| metallicity in the(b — y), m; diagram (see Fig. 2 in Richter et
al.[1999). A linear regression to this sequence in the color range
0.5 < (b —y)o < 1.1 represents the avarage— y) andm,
colors for this metallicity. Since for most of the red giants no

{ high resolution spectroscopic data are available, a mean cluster
-1 iron abundance of [Fe/H] —1.81 dex (Harrid . 1996) has been

| adopted. The reddening was assumed t&’pey = 0.09 dex,

| the mean value between Harris’ list and our independent de-
o= o1 e 1 e 0 LS termination from Sidmgren colors (Richter et al. 1999). This
corresponds td,_, = 0.06 andE,,,, = —0.02. For our cali-
bration, four points on the average— v), m; sequence have

Fig. 4. Two-color diagram for the spectroscopic sample of red giantsen chosen for the fit (see Sect. 4 and Fig. 5).
in w Cen. As in Fig. 3 CN-rich stars are marked with asterisks, CN-

weak with filled circles. Star ROA 74 is encircled. The error bars are
calculated from the photometric error, the calibration error, and tRe4. The Anthony-Twarog & Twarog sample

error for aperture-PSF shifts. The lines indicate the two metallicit .
calibrations (solid: Eq. (1); dashed: Eq. (3)) betweeh0 and 0.0 dex Xntho.ny-Twarog & Twarog (1998) Compl!ed a catalog of 360
cool giant stars, for which they measureddgtgren colors and

Caindices, and for which high-dispersion measurements of iron

guished from stars with lower iron abundances (betwegry abundance are available. They give a metallicity calibration of
and—1.4 dex), but higher CN band strengths. the 1k index (defined af(Ca — b) — (b — y)]) in the hk, (b —

For our new metallicity calibration, only CN-weak red gi¥) diagram for cooler, evolved stars. They homogenized their
ants of the spectroscopic sample (filled circles in Figs. 2, 3 af@mple to the abundance scale of Kraft etlal. (1992), which is
4) have been selected for the@trgren metallicity calibration, consistent with the Zinn & West abundance scale (1984). Their
and CN-rich stars (asterisks) have been excluded. V and(b — y) colors correspond to the photometric system of

Olsen[(1998). Then; index is tied to the Anthony-Twarog &
Twarog (1994) system. In order to be in the same system as
33. M2 &MS55 our data, then; index was corrected with the transformation

The globular clusters M 22 and M 55 were observed in the sagiéen by Olsen((1995). From their sample we selected all RGB
observing run as» Cen. The results are presented in Richter &tars with0.5 < (b — y)o < 1.1 mag and in the metallicity

al. (1999). In M 22, 16 red giants in our observed fields hay@nge of=2.3 < [Fe/H], < —0.4 dex. In Table 4 we present
known iron abundances and CN band strengths (Carretta & Gt photometric and spectroscopic properties of the 42 selected
tor{1997, Brown & Wallerstein 1992, Lehnert efal. 1991, Norrigars together with the derived 8tngren metallicity from our

& Freemar 1983). Their photometric and spectroscopic parafi@W calibration (Eq. (1)). For the references to the photometric
eters are presented in Table 3. Ten of them are CN-strong, vi! spectroscopic data the reader is referred to the paper by
$3839 indices (Column 9) larger than 0.33 (our limitfaEen), Anthony-Twarog & Twarog|(1998).

and therefore have been excluded from our metallicity calibra-
tion (see open triangles in Fig. 3). Two of the remaining six re
giants (186 and 192) are located on the red side of the RG
(see Richter et dl. 1999), and their@trgren colors have to beBased on the collected photometric and spectroscopic data, as
taken with caution, since a strong reddening mimics a too Igwesented in the previous sections, our final sample contains 67
Stromgren metallicity. The magnitudes in Table 3 (Columns 2ed giants, excluding the CN-strong stars.rCen and M 22,

4) have been reddening corrected with _y = 0.42 (Crocker and four average data points from M 55. The iron abundances
1988), corresponding tB;_, = 0.29 andE,,,, = —0.09. The of these stars range betwee@.3 and—0.5 dex. However, the
identification number of the stars is according to Arp & Melmetal-rich end of our sample is sparsely populated. Therefore,
bourne (1959). Column 5 gives the metallicity as derived frome connected our calibration to the more metal-rich sample
our new calibration for Strmgren indices (Eq. (1), Sect. 4). Inby Grebel & Richtler((1992). We calculated 10 points in the

LA

0.8 -

o
o
L e e

0.4 -

0.2 -

(b-y), [mag]

The Stromgren metallicity calibration
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Table 3. Photometric and spectroscopic data for red giants in M 22. All columns are explained in Sect. 3.3. A reddéhing of 0.42 mag
has been applied

Idarp, Vo (b—y)o mio [FeHLn [FeHL, Ref® CN S3839 RGB

112 10.338 0.705 0.261 -1.58 -1.72 BW ° 0.16 blue
153 11.343 0.616 0.266 —-1.16 -1.63 LBC o 0.54 red
180 11.204 0.606 0.339 -0.67 —1.42 LBC o 0.92 blue
185 11.136 0.573 0.153 -1.63 —1.56 LBC o 0.11 blue
186 10.982 0.675 0.191 -1.82 —1.65 BW . 0.05 red
192 10.220 0.756 0.320 -1.48 —-1.55 CG . 0.08 red
1108 11.480 0.505 0.106 —-1.60 -1.41 LBC o 0.01 blue
1116 11.481 0.540 0.111 -1.74 —-1.56 LBC o 0.35 blue
1192 11.253 0.638 0.330 -0.91 —-1.51 BW ) 0.76 red
"3 9.828 0.881 0.651 -0.57 —1.50 BW o 0.50 blue
iz  10.201 0.812 0.540 -0.73 —1.49 CG o 0.58 red
25  11.338 0.556 0.114 -1.80 —-1.49 LBC o 0.41 blue
M35 11.051 0.636 0.186 -1.70 -1.72 LBC o 0.11 blue
52  10.254 0.787 0.637 -0.19 —1.46 BW o 0.55 red
IV20  11.739 0.727 0.424 -0.87 —1.53 BW o 0.72 red
V24  11.282 0.618 0.369 -0.57 —-1.57 LBC o 1.05 red

2 BW = Brown & Wallersteiri 1992, LBC = Lehnert et Al. 1991, CG = Carretta & Grétton 1997

Following the calibration by Grebel & Richtler, a relation
of the form
mio+ar-(b—y)o+as

a3-(b—y)o—|—a4
was chosen for the fit. After the first fit with the full sample, all

stars with a deviation in the photometric @trgren metallicity
of more than 0.3 dex compared to the spectroscopic value have

[Fe/H] = (1)

F| been excluded from the sample (9 stars). Five of these stars are
E from thew Cen sample, and their deviation were already dis-
Ei‘ 05 |- cussed in Sect. 3.2. The other five deviating stars are from the

Anthony-Twarog & Twarog sample. All of them have colors
bluer than(b — y) = 0.65 mag. In this color range the cali-
bration is less metallicity sensitive, and slightly larger errors in
them, index or in [Fe/H], can cause large deviations. With the
remaining 58 stars plusé M 55 and 1@netal-rich data points
the fit was iterated in such a way that stars with deviations of
more than 0.25 dex were excluded for the next iteration of the

N N R fit. Finally, 54 stars and the 14 other data points remained in the
0.6 0.8 1 1.2 converged fit. The resulting coefficients are

(b-y), [mag]
= —1.277 £ 0.050 = 0.331£0.035
Fig. 5. Two-color diagram for the full sample of red giants used for thcel1 @2 3
Stromgren metallicity calibration. Different symbols indicate the dif%3 = 0.324 £0.035 ag = —0.032 £0.025

ferent data sets: filled circles = Anthony-Twarog & Twarog, asterisks In Fig. 5 the full sample is shown in the two-color diagram

= w Cen, filled triangle = M 22, open circles = avarage data po'm?ogether with the new calibration (bold lines). Fig.6 (upper

of M 55, and open squares = metal-rich data points from a previou _
calibration (Grebel & Richtler 1992). Crosses are stars excluded fr nel) showsA[Fe/H] = [Fe/H},, —[Fe/H];, versus [Fe/H],

the fit during the fitting iteration. The bold solid and dashed lines inofiQr thi.S calibration. The different symbols in both plots indicate
cate the new metallicity calibration betwee2.5 and 0.0 dex with 4 the different data sets and stars that have been excluded from

coefficients (Eq. (1)), the thin lines the calibration with 5 coefficieni€ fit. The dispersion aA[Fe/H] around the zero point is 0.16
(Eq. (3)) dex for the whole sample, or 0.11 dex when accounting only
for the stars with residuals withit0.25 dex. This indicates the
average precision of the new 8ingren metallicity calibration
metallicity range betweenr-0.5 and 0.0 dex and in the colorfor a single giant. Obviously, the precision of a metallicity de-
range0.7 < (b — y)o < 1.0 dex from the previous calibration, termination is higher in the redder, more metal sensitive part of
and added them to our list. the color range than in the bluer part.
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Table 4. Photometric and spectroscopic data for red giants of the R
Anthony-Twarog & Twarog|(1998) sample. The, ( index is trans- 0.5 -
formed to the system of Olsen (1993, see Olsen 1995). [Egfidthe "
metallicity as determined from our new calibration (Eq. (1)) Lo 3 -~
R S SR 5
Name Vo (b — y)o mi,0 [FE/H]SP [FG/H]ph } oL e ; L o
HD 85773 9.326 0773 0163 —2.28 -226 = AW
HD 165195 6.891 0.828 0.173 -2.25 —2.34 oo ’;()—(' """"""""""""""""""""""""""""""
HD 23798 8.307 0.742 0.181 —2.22 —2.09 L
HD 216143 7.767 0.681 0.148 —-2.13 —2.07 -0.5 4 coefficients
HD 103545 9.433 0.589 0.089 -2.09 —2.09 L
HD 36702 8.329 0.823 0.216 —2.03 —2.15 [T
BD —-145890 10.130 0.535 0.091 —1.99 —1.85 05 -
HD 222434 8.793 0.708 0.221 -1.94 —1.78 L
HD 104893 9.028 0.780 0.221 —-1.92 —-2.01 R S e
HD 3008 9.393 0.838 0.295 —-1.90 -1.85 i e %
HD 136316 7.339 0.751 0.230 -1.85 —1.88 % 0 | e % X
HD 204543 8.203 0.615 0.151 -1.78 —-1.81 .;. L ° Lo a{l:.l °
BD+012916 9.613 0.881 0306 —1.78  —1.93 LT o e
HD 118055 8.716 0.806 0.290 -1.75 —1.78 r XX
HD 122956 7.054 0.626 0.190 -1.72 —-1.63 05 B
HD 21581 8.557 0.530 0.122 —-1.72 —1.60 | 5 coefficients
HD 26297 7.477 0.740 0.232 —-1.69 —1.84 T T T S T T A U TRT TR NN
HD 126238 7544 0525 0128 —-1.69  —1.53 &S 2 15—l 05 0 0 100
HD187111  7.380 0.757 0228 -1.69  —191 [Fe/Hl,, number
HD 220838 9.359 0.764 0.265 —1.68 —1.76 Fig. 6. The difference between the 8ingren metallicity and spectro-
HD 8724 8.196 0.659 0.155 -1.64 —1.96 scopic iron abundanced[Fe/H] = ([Fe/Hn—[Fe/H]s; is plotted ver-
HD 141531 9.070 0.754 0.270 161 —170  gustheiron abundances, and the distribution of residuals is shown. The
HD 206739 8.460 0.603 0.180 —1.60 —1.59 symbols are as in Fig. 5: filled circles = Anthony-Twarog & Twarog,
HD 220662 10.086 0.686 0.189 —1.60 —1.87 asterisks = Cen, filled triangle = M 22, open circle = M 55, and
HD 83212 8.251 0.678 0.252 -1.48 —-151 open squares = metal-rich data points from Grebel & RicHiler {1992).
HD 37828 6.611 0.683 0.325 -1.32 —1.14 " rosses are stars excluded from the fit. The upper panels show the
HD 111721 7.946 0.511 0.155 -1.31 125 yeqults for Eq. (1), the lower ones for Eqg. (3). The dispersion of the
HD 128188 9.752 0.592 0.204 —1.29 —1.38  \esiduals withint0.25 dex is 0.11 dex for both calibrations, and 0.16
HD 99978 8.547 0.575 0.271 -1.03 —0.86 dex when including all stars
HD 171496 7.693 0.575 0.182 -1.03 —1.43
HD 7595 9.691 0.754 0.460 -0.85 -0.81
HD 24616 6.691 0505 0.226 —0.82 —0.67 Solving Eq. (2) for [Fe/H] gives the following form:
HD 81223 8.245 0.584 0.272 -0.79 —-0.91
HD 11722 8.936 0523 0217 —076 -087 [Fe/H] =bi+ba-(b—y)o—[bs+bs-(b—y)o+
BD —18 2065  9.567 0.573 0.270 —0.67 —0.85 bs - (b — y)g + bg - m170]1/2 (3)
CP —-57 0680 9.268 0.579 0.265 —0.60 —0.92
HD 35179 9.348 0576  0.287 —0.59 —0.76  with the coefficients
HD 81713 8.851 0.584 0.284 -0.47 —0.83
by = —3.273 by = 15.409 by = —25.562
by = 22.231 bs = 237.44 be = —90.909

As seen in Fig. 6 (upper panels), most stars with [Fg/H]

—1.0 dex scatter to negativ&[Fe/H] values. This might reflect

The result of Eg. (3) is shown in Fig. 5 (thin lines) and Fig. 6

the fact that the sensivity to [Fe/H] varies with [Fe/H] in th¢lower panels). The metallicity sensitivity as a function of [Fe/H]
(b—y), m; diagram. In order to account for this we introduce@ hardly changed, but the slopes of the iso-metallicity lines
a fifth coefficient and fitted an equation of the following fornare slightly steeper than in the first calibration. The scatter at

to our data:

ml’o = ax —|—a2 . (b—y)()+a3' [Fe/H]+a4 (b—y)()' [FQ/H](Z)

The resulting coefficients are

a; = —0.399 £ 0.045

as =

0.339 £ 0.039

as = —0.011 £ 0.009

a9 =

1.354 £ 0.057
as = —0.072 £ 0.038

the metal-rich part of the second calibration seems to be better
centred on zero. However, the dispersion is the same as in the
calibration with four coefficients. Since the difference of both
calibrations only is marginal, Eq. (1) might be used for simplic-
ity.

In both metallicity calibrations the residuals of theCen
data scatter to positive values arouhfFe/H] = +0.05 + 0.1,
whereas the M 22 data scatter to negative values arAjire/H]
= —0.05 £ 0.1. An explanation for these systematic effects is



M. Hilker: Revised Stdmgren metallicity calibration for red giants 1001

Table 5. Determination of metallicities for selected clusters from ththe fact that all giants hay® — y) colors bluer than 0.55 mag,

literature. See text for further explanation and references a very metal insensitive regime for Stgren metallicities.
Cluster # FEp_v [Fe/H],n [Fe/H]is
NGC6334 11 009 -023£0.12  —0.16..0.23 6. Summary
11014 0.01 +0.14 Red giants in the globular clustersCentauri, M 55, and M 22
NGC3es0 5 0.04  —0.14£0.06 —0.16..0.10 together with field giants from Anthony-Twarog & Twarog
> O 011007 (1998) have been used to revise the Grebel & Richtler (1992)

NGC 2395 25 0.10 -0.69+0.29 —0.70..-0.36
24 0.21 —-0.26+£0.28
NGC 6397 29 0.16 -220£0.19 -2.21..-1.85

metallicity calibration of the Stmgren(b — y), m; diagram.
For all giants inw Cen and M 22, accurate and homogeneous

6 020 —92174+0535 iron abundances from high resolution spectroscopy are avail-
M 55 63 007 —18%4+0.11 —1.95.-1.65 able in the literature. M 55 has a well determined average iron
48 014 —1.61+0.12 abundance value. In total, 62 CN-weak giants have been used.
M 22 63 032 -1914+0.18 —1.75..-1.56 CN-rich stars have been excluded, since theirvalue mimics
44 042 —-1524+0.19 a too high iron abundance in tlig — y), m, diagram. In order

to cover a wide metallicity range;2.0 <[Fe/H]< 0.0 dex, our
new calibration is connected to a previous calibration by Grebel
& Richtler (I992) around solar metallicities. In the color range
the uncertainty in redde_ning, especially in the case of M 225 _ (b—y) < 1.1 mag, for which our calibration is valid, the
A change of 0.02 mag iz corresponds to a change Ofig; of equal iron abundances lie on straight lines.
about 0.06 dex in metallicity. FurthermoreirCen, some stars  \ye emphasize that it was possible to find a uniform metal-

with CN band strengths close to the limit of our selection critggty calibration in the indicated parameter range that seems to
ria appear to have a higher metallicity than they actually haygye no obvious dependencies on luminosity within the errors.
(see Fig. 3). Since the sample of field giants and the M 55 d@gsarticular, the new calibration seems to be valid for globular
show no systematic deviations, our calibration seems t0 be ${fster as well as for field giants. No variation of metallicity
ble against the uncertainties in M 22 andCen. In particular, sensitivity with metallicity in the(b — y), m; diagram has been
the slope and metallicity of the M 55 red giants is very wefyng.

reproduced in the first calibration (see Fig. 6). No trend can be op, ayerage, the precision of a metallicity determination with
seen forA[Fe/H] as a function of absolute luminosity of theyr new calibration for a single giantis in the order of 0.11 dex.

giants inw Cen, M 22 and M 55. Average abundances of giants within a cluster and relative abun-
dances between clusters can be determined with much higher
precision, depending on the number of red giants per cluster
sample. The application of the new calibration to independent

Only few Galactic globular and open clusters have been stf@mples of red giants with published @trgren photometry

ied in the Stomgren system in the last two decades, most 8grees very well with otherwise determined abundances.

them by Anthony-Twarog, Twarog and collaborators. Only re- For the red giants in Cen and M 22, the influence of CN-
cently Grundahl et al. (1999) started a programme of de&{§ong stars on the metallicity calibration has been studied. For
uvby CCD imaging of several globular clusters in the MilkyStomgren metallicities higher than1.0 dex, CN-weak stars
Way. In order to compare our calibration (Eq. (1)) with pubcannot be distinguished in th{é — y), m, diagram from stars
lished data we determined average metallicities of red giaM§h lowerironabundances buthigher CN band strengths. How-
for the open clusters NGC 6334 (Anthony-Twarog & TwarogVer, the difference between the @trgren metallicity of CN-
1987), NGC 3680 (Anthony-Twarog et al. 1989), and NG¢ich stars and their spectroscopically determined iron abundance
2395 (Anthony_Twarog et 4l. 1994), and the g|obu|ar C|ustei%corre|ated to the CN band Strengths. This m|ght be used to
NGC 6397 (Anthony-Twarog & Twardg 1992) M 55, and M o>gletermine the iron abundance of a red giant if itH®tgren
(Richter et al. 1999). The determined@trgren metallicity de- colors and one of the CN indices are known, or alternatively to
pends on the adopted reddening_ In Table 5 we present thqu_ect CN'riCh stars When theil’ iron abundances are knOWn.
f: (Ijtj ;r?irng:r(gﬂlil?rr:rtli%r)} i(ncc? gl:nn;g :Ig o':: ttg((a)tLa:rgv?soef dp :tzlrirsnr;ﬁggnowledgementsThis research was supported through ‘Proyecto

. . . NDECYT 3980032'. | thank Tom Richtler and Boris Dirsch for
iron abundances (Column 5, see Harris 1996, Friel 1995, an_d imgresting discussions, and the referee for very helpful comments that
Anthony-Twarog et a_I. papers_for referenc_es_). Column_ 2 9iVRSproved the paper.

the number of stars involved in the metallicity determination.

Our results agree well with the published iron abundances. Also
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