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ABSTRACT

Sixty one red horizontal branch (RHB) and early asymptotic branch (EAGB) stars are isolated. Heavy
element abundances, from Stromgren photometry, and calcium abundances, from Ak photometry, have been
derived. The (b—y) colors of these objects are apparently not appreciably affected by differential
line-blanketing although abundance determination from the m; index of Stromgren photometry is
apparently valid. The Ca abundance is derived from P[Ca/h]=[hk(obs)—hk(comp)]/0.362+0.10 dex,
where hk(comp)=1.55(b~y)+0.335. The overabundance of the « process element calcium, with respect
to the heavy elements, that was noted elsewhere for halo giants and dwarfs, is also a feature of RHB and
EAGB stars. The data from the best observed halo globular clusters lead to M ,=5.05—4.70(B—V)
+[1.34—0.50(B—V)] [Fe/H] for the RHB and EAGB stars or dM,(AGB)/d[Fe/H]=0.84 at B—V
=+1.0 mag compared with 0.40 for the cluster variables in the same clusters. More recent determinations
of moduli for several of the globular clusters (Reid 1997, ApJ, preprint) give values that are systematically
0.50-0.55 mag larger, effecting the zero point of the luminosity—color—abundance relation. Evidence for
kinematic and abundance boundaries between disk and halo populations is discussed. © 1997 American
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Red horizontal branch (RHB) and asymptotic giant
branch (AGB) stars have attracted much theoretical attention
but observational studies of globular cluster RHB and AGB
members are relatively scarce. The AGB consists of two
parts, of which what Iben & Renzini (1983) have called the
early asymptotic branch (EAGB) will be discussed here
alone because of the difficulty in isolating members of the
thermally pulsing asymptotic branch (TPAGB, e.g., Eggen
1992). Figure 1 represents the EAGB and RHB relations in
the (b—y,c;) plane, from Anthony-Twarog & Twarog
(1994, AT&T). A section of the giant and subgiant branch
for [Fe/H]=—1.5 dex is also represented. Obviously separa-
tion of normal giants and AGB stars redder than about
(b—y)o=0.70 mag is difficult. The lack of sensitivity of the
b—y and c; colors for the AGB and RHB stars, to metallic-
ity variations, will be discussed below. For reasons which
will become clear later, the RHB stars discussed here have
(b—y)g between 0.25 and 0.47 mag, whereas AGB stars are
limited to (b —y)(=0.47-0.70 mag. The stars were selected
from a catalogue of BD and CPD stars with Stromgren pho-
tometry, as well as accurate proper motions and radial ve-
locities. Except for a half dozen stars, the visual magnitudes
are brighter than 10.

The 61 stars represented by clear circles in Fig. 1 are
listed in Table 1, which also contains the mean values of
(b—y), ¢, and m;, obtained from all available sources (see
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references in Eggen 1997a). The calcium index, hk, is from
Twarog & Anthony-Twarog (1995), the DDO photometry is
mainly from Norris et al. (1985) and my own unpublished
results and the spectral types are mainly from Houk (e.g.,
1982). The reddening determinations are from AT&T, who
used the reddening maps of Burstein & Heiles (1982), or are
based on Stromgren and HB photometry of stars in the im-
mediate vicinity.

The values of P[Fe/H], obtained from the calibration of
my and b—y by AT&T are listed in Table 2. The (b—y),
and (R—1I), colors of the RHB and AGB members of the
two halo groups (Eggen 1997a), Kapteyn’s star and Ross
451, are listed in Table 3 together with stars from Table 1 for
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FiG. 1. The (b—y,c,) relation for RHB and AGB stars.
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TaBLE 1. RHB and AGB stars near the Sun.

ga E(b-y) ®y) (my), (S (hk), (42-48), (Cudo Sp.T
20 0006 07429 07093 07472 07453 F2v
-23.72 0.012 0.447 0.137 0.458 0.609
2796 0.005 0.538 0.070 0.504 0.415 17686 07054 FW
3179 0.007 0.444 0.147 0.444 0.628 1.659 -0.004 F8vVv
-11.145 0.024 0.580 0.107 0.515 0.520
6229 0.020 0.469 0.152 0.455 GOV
6268 0.012 0.587 0.091 0.524 0.492 1.724 -0.090 FW
8189 0.025 0.451 0.134 0.457 0.619 G2WFS
13979 0.000 0.503 0.057 0.453 0.313 1.580 -0.034 F/IGW
-22.395 0.020 0.534 0.111 0.475 0.590
17072 0.008 0.432 0.136 0.450 0.591 1.637 0.007 G2WFs
21022 0.000 0.651 0.142 0.537 0.678 1.871 -0.101 G6 VW
24961 0.005 0.480 0.196 0.432 G8 II-IV
25532 0.053 0.424 0.109 0.496 0.472 1.558 0.032 gFs
-70.353 0.050 0.293 0.087 0.719 0.289
34048 0.001 0.400 0.100 0.532 1.534 0.090 GOWF2
38893 0.026 0.453 0.158 0.443 1.685 0.003 G3WF8
46549 0.027 0.450 0.172 0.447 G3WF7
47147 0.030 0.280 0.08: 0.731 0.1950 1.310 0.132 A2/5W
49608 0.010 0.520 0.223 0.471 0.933
82590 0.029 0.309 0.082 0.698 0.317 1.410 0.068 F6WA9
83212 0.018 0.676 0.250 0.571 0.993 2.011 -0.062 G8 Il WF7
+54.1323 0.003 0.467 0.096 0.440
88332 0.017 0.500 0.257 0.447 0.777
-30.8626 0.034 0.487 0.119 0.472 0.584 1.686 -0.033
-37.7677 0.050 0.526 0.143 0.519 0.646 1.751 -0.081
105546 0.000 0.471 0.106 0.438 G2 1V
106373 0.044 0.294 0.044 0.723 0.196 ASW
107752 0.025 0.561 0.071 0.479 0.406
110885 0.000 0.422 0.098 0.492 0.481
+3.2782 0.015 0.655 0.155 0.558
117327 0.200 0.271 0.107 0.750 0.254 F7WF8
+18.2757 0.000 0.550 0.070 0.490
119516 0.000 0.407 0.056 0.512
121135 0.008 0.524 0.121 0.512 0.656
122563 0.000 0.640 0.095 0.531 0.488 1.799 -0.084 F8 IV
124358 0.031 0.599 0.138 0.534 0.683
+9.2860 0.003 0.447 0.087 0.453 0.440
+9.2870 0.012 0.629 0.110 0.534 0.681
+11.2998 0.045 0.417 0.098 0.506
+9.3223 0.041 0.436 0.050 0.475 0.326
150875 0.025 0.398 0.107 0.561
+17.3248 0.040 0.454 0.073 0.437 0.387
159370 0.070 0.341 0.095 0.664 1.388 0.158
166161 0.209 0.475 0.132 0.458 0.594 1.759 -0.044
+25.3410 0.060 0.376 0.076 0.559
184266 0.039 0.386 0.065 0.602 0.320 F2Vv
186218 0.042 0.493 0.152 0.446 1.787 0.011 G3WF6 V
195636 0.044 0.422 0.026 0.464 0.217
-3.5215 0.032 0.403 0.089 0.493 0.429
204543 0.024 0.609 0.156 0.551 0.733
-9.5831 0.017 0.628 0.159 0.537 0.782
214362 0.006 0.364 0.065 0.601 0.281 1.446 0.048 GwW
215601 0.009 0.529 0.147 0.494 1.769 -0.046 G6WF3
216143 0.013 0.672 0.161 0.562 0.698
217808 0.009 0.510 0.088 0.480 0.488 G4WAF
220662 0.006 0.678 0.198 0.568 0.867 F8/G3
221580 0.000 0.470 0.128 0.430 1.649 -0.036 G8WF
222434 0.007 0.701 0.236 0.553 0.941 G213V
222925 0.000 0.404 0.114 0.496 1.534 0.020 Ap
223740 0.000 0.542 0214 0.481 G6WGO IV

which R —1 values are available. The colors are correlated in
Fig. 2. The (R—1I) system is defined in Eggen (1982). From
line-blanketing considerations (e.g., Sandage & Eggen 1959)
the range of P[Fe/H] between —0.85 and —2.55 dex in
Table 3 should induce a range of about 0.025 mag in (b
—¥)o, for a given (R—1I),, whereas the scatter in Fig. 2

appears considerably less than this. In fact the results for a
sample of giants and subgiants discussed by AT&T is shown
in Fig. 3 where the scatter in (b—y),, at a given (R—1),, is
0.02-0.05 mag. The negligible blanketing in (b—y) for
RHB and AGB stars may be related to the difference be-
tween the atmospheres of the dwarfs and of the EAGB stars,
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TABLE 2. Photometric and astrometric parameters for stars in Table 1.

HD WMy P Ve MOD U v w P(FeH) B-V),
DM 0.001 km/sec km/sec dex
20 134/-45 574 9703 9"03 +299 311 -16 -1.66 0"s8
237 26/-28 +20.2 9.54 8.48 +22 77 33 -112 0.61
2796 /61 £0.5 3.40 3.94 -109 -181 +29 220 0.748
3179 40/-33 745 9.71 8.61 +42 -130 +60 0.92 0.605
-11.148 - 934 10.71 11.27 210 0.781
6229 18/-28 96.0 8.51 7.51 35 -96 87 -1.09 0.64
6268 -21/40 +38.4 207 891 114 0 n 228 0.82
8189 43/-19 - 931 831 -L18 0.615
13979 31/63 +60.7 9.19 9.90 -76 314 26 258 0.695
22395 -26/-36 +103.1 10.44 10.77 246 82 -18$ 2.00 0.74
17072 £7-14 +62.6 6.51 524 +2 -8 25 -1.00 0.585
21022 34/-36 +113.0 9.20 10.07 -18 274 2 -1.90 092
24961 6/-40 5.2 839 731 -16 48 28 ©0.90 0.66
25532 8714 1128 7.98 7.88 N 270 +10 -1.50 0.875
70353 32126 +180.0 9.58 9.08 +367 220 -108 -1.60 0378
34048 50/-43 +255.0 9.99 9.79 +196 294 -0 -1.50 0.54
38893 314 +122.0 9.40 .30 43 -111 60 0.86 0.62
46549 . - 9.28 8.28 0.8 0615
47147 78/49 +291.0 9.0V 8.50 71 356 +26 L7 0365
49608 -S/4 . 775 692 0.90 0.72
82590 36/-141 +215.6 9.33 8.00 -198 352 57 -1.70 0.40
83212 -18/-21 +111.0 9.25 9.88 +30 -147 72 -1.40 0.96
+54.1323 1332 4538 932 9.13 <6 -109 +1 -1.88 0.64
88332 8112 . 7.52 632 0.65 0.69
-30.8626 9/-43 +264.0 9.57 9.47 %9 -301 31 -1.67 067
37.767T7 -11/-9 +190.0 935 9.60 -50 -182 +37 -1.60 0.735
105546 3263 +19.3 8.6V 8.60 +26 -158 +858 -1.78 0.645
106373 -10127 +96.0 8.73 8.50 +200 -159 +72 263 038
107752 - +220.0 9.89 11.09 265 078
11088$ £/-50 289 9.17 897 -s1 -110 90 -1.50 0.57
+3.2782 24/-14 +323 9.64 10.55 +95 112 +30 -1.95 0925
117327 - . 843 ™ -1.70 03ss
+18.2757 -28/-31 22Var 9.64 10.54 +28 254 21 2.52 0.765
119516 5221 2870 9.08 293 +161 -130 287 220 0.545
121145 -39/-20 +126.4 934 9.59 +17 17 +118 -1.88 0.775
122563 -195/-74 -26.0 6.20 7.56 +164 277 +23 245 0.90
124358 93/-33 +323.0 937 10.01 +56 499 +270 -1.95 0.84
+9.2860 . -19.0 10.82 10.72 -1.88 0.61
+9.2870 <70 1207 938 10.54 +337 259 +26 238 0.385
+11.2998 -110/-56 +50.2 8.87 262 46 226 +165 -1.50 0.565
+9.3223 . +67.0 9.07 9.08 2.40 0.59
150875 an - .22 767 -1.20 0.535
+17.3248 49/-24 1456 9.17 9.07 +35 212 +36 218 0.62
159370 6/-1 - 9.40 2.50 144 038S
166161 96/-189 +70.5 7.24 734 -169 252 3 -1.50 0.655
+25.3410 -12-34 . 9.14 874 -1.80 0.50
184266 130/-200 3488 743 7.03 +313 293 -138 -2.00 0.515
186218 31/-47 - 9.45 8.85 -130 0.68
195636 74111 256.0 936 936 48 412 +165 -2.60 0.57
-3.5215 . 2937 10.08 9.75 -1.58 0.54
204343 9/48 -100.2 821 8381 +10 -166 -13 -1.88 0.85s
-9.5831 -1/-20 +14.5 1034 11.07 77 -121 61 -1.87 0.885
214362 181/-55 923 9.07 847 +350 -250 - 145 -2.00 0.485
215601 62-144 420 8.44 8.44 +42 -363 23 -1.60 0.735
216143 -70/-107 1143 m 280 263 244 +73 -1.9% 0.95
217808 30/-21 +155.0 9.29 9.71 +18 -138 -167 220 0.705
220662 14/-24 79.1 10.08 1097 +30 212 +29 -1.78 0.96
221580 11774 - 9.20 9.00 -1.45 0.645
222434 0/-51 +13.4 379 9.69 85 -192 +10 -1.56 0995
222925 158/-104 -38.0 9.01 796 +229 261 +59 -1.06 0.545
223740 2757 - 9.06 8.45 099 0.755

which are defined by models with an electron-degenerate
carbon-oxygen core, a helium-burning shell, and extinct
hydrogen-burning shell. Nevertheless, the values of P[Fe/H]
obtained from m, (Table 2) are confirmed by well-
determined spectroscopic values listed in Table 4. Possibly,

1668

the validity of m; vs (b—y) is maintained because m,= (v
— b) — (b — y). The mean relation in Fig. 2, based on the
members of the two halo groups ([Fe/H]=—1.65 dex) is

(b—y)o=1.48 (R—1I)y+0.045.

(1a)
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TaBLE 3. Correlation of (R—1), and (b—y), for AGB and RHB stars.

1669

HD E(>-y) Gy ®RD,  [FeH) HD Eby)  Gys  RD (Fe/H)
DM dex DM dex
Kapteyn's Star Group Roes 451 Group
21022 07000 07651 07404 (-1765) 34048 07001 07400 07260 (-1763)
25572 0.053 0.424 0.255 82590 0.029 0309 0.180
215601 0.009 0.528 0.328
-30.8626 0.034 0.000 0310
2796 0.008 0.538 0.351 -2.20 -37.7677 0.95 0.526 0316 -1.50
6229 0.020 0.469 0.296 -1.09 124358 0.031 0.507 0316 -1.95
6268 0.012 0.587 0.362 228 159730 0.040 0.341 0.201 -1.44
13979 0.000 0.503 0.321 -2.58 166161 0.209 0.475 0.290 -1.50
17072 0.008 0.432 0.276 -1.00 184266 0.039 0386 0.244 -2.00
) 186218 0.042 0.493 0.299 -1.30
-20.353 0.050 0.293 0.184 -1.60 214362 0.006 0364 0.232 -2.00
34048 0.001 0.400 0.259 -1.50 215601 0.009 0.528 0.338 -1.60
38893 0.026 0.453 0.280 .86 217808 0..009 0.510 0.330 220
46549 0.037 0.450 0.282 0.8s 222928 0.000 0.404 0.245 -1.06
83212 0.018 0.676 0.425 -1.40 223740 0.000 0.542 0.320 0.9
122563 0.000 0.640 0.414 =245
T T T L T T — T T
(b=y)o O -0.8>[Fe/H]>~1.65
® -1.65>[Fe/H]>~1.8 o
0.6 @HALO GROUPS P[Fe/H]=-1.65 - A -1.8>[Fe/H]>-3.0 ° a
0.6 -
A
0.5 4 (b-Y)o
e} 0.5 B
0.4 A. P[Fe/H]=-0.80 fo -1.65 O |
A P[Fe/H)=-1.65 fo -2.30 A
P[Fe/H}=<~2.30 X
1 L 1 1 1
0.4

0.2 0.3
(R-1) o

FIG. 2. (b—y), (R—1I) relation for RHB and EAGB stars. FiG. 3. Same as Fig. 2 for halo giant and subgiant stars.

TaBLE 4. Comparison of well-determined spectroscopic abundances of heavy elements with the values obtained from Stromgren Photometry.

HD P[FeH) (FerH) HD P{Fe/H] [FeH]
DM dex dex DM dex dex

2796 -2.20 -2.51(1) 107752 -2.65 -2.60 (5)

6268 -2.28 -2.58(1) +9.2870 235 -2.39(8)
13979 -2.55 -2.65(1) 195636 -2.90 -2.79(6)
25532 -1.50 -1.23 (8) -35215 -1.58 -1.57(2)
63212 -1.40 -1.51(2) 204543 -1.88 -1.63(7) -1.77(6) 1.83(3)

+54.1323 -1.88 -1.65(8) 216143 -1.95 -2.10(6) -2.24(3)
105546 -1.78 -1.60 (4) 220662 -1.78 -1.59 (8)
Notes 0 TABLE 4.

_ (1) McWilliam, et al. 1995
(2) Gilroy, et al. 1988
(3) Gratton 1989
(4) Sneden 1974
(5) Luck and Bond 1985
(6) Gratton and Sneden 1988
(7) Luck and Bond 1981
(8) AT&T
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NGC 6171
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0.6 (B-V)o 0.8 1.0

FiG. 4. Fiducial red horizontal and early asymptotic giant branches for se-
lected globular clusters.

With E(R—I)/E(b—y)=0.93, this can be written as
E(b—y)=3.84 (R—1)—2.66 (b—y)+0.120. (1b)

Most of the stars in Table 3 have such small reddening val-
ues that a meaningful comparison with the results from Eq.
(1b) is lost in the photometric errors. However, the largest
value of E(b—y)=0.209 mag for HD 166161 is matched by
0.208 mag from Eq. (1b).

The observed red horizontal and asymptotic giant
branches of representative globular clusters are shown in Fig.
4. The origins of the observations and the photometric pa-
rameters are listed in the notes to Table 5. The branches have
been transferred to the (M, , [Fe/H]) plane. For the clusters
with [Fe/H]<—1.00 dex, the stars redder than about
(B—V)(=0.65 mag represent the AGB and for them,

M,=5.05—4.70 (B—V)y+(1.34—0.5(B—V),)[Fe/H].
(2)

This relation reconstructs the individual cluster values re-
markably well, indicating that the relative spacing of the
clusters (i.e., the differential distances) are approximately
correct. For example, treating the published mean points for
the observed red horizontal and asymptotic giant branches as
individual stars, together with the reddening values listed in

1670
T T T T T
+0.5} N
My My =11.45+0.40[Fe/H]
+1.0+ T
©
1 L —_ ! 1

-1.0 -1.4

]
[Fe/H]
FiG. 5. M,,, [Fe/H] relations for the cluster variables.

Table 5, leads to mean moduli of 13.9+0.07 (M13), 14.27
+0.06 (M92), and 15.85+0.002(0) mag (NGC 1261). The
luminosities for the AGB stars in Table 2 are from Eq. (2)
and for the RHB stars from Fig. 4.

The relationship between [Fe/H] of the cluster stars and
the mean luminosity of the cluster variables is shown in Fig.
5. Not unexpectedly, because the photometric parameters are
basically those published by Sandage (1993), the value of
dM, (RR)/d[Fe/H] is very similar to that found by Sandage
(1990): 0.040 compared with 0.39. Sandage (1993) later de-
rived a slope of 0.30, which is considerably larger than that
determined from Baade—Wesselink analyses (see Walker
1995 for references). The view has here been adopted that
[Fe/H]~—0.9 dex marks the halo-disk boundary and this is
not disproved by Fig. 4, where an obvious change occurs in
the structure of the HB+AGB between NGC 362 ([Fe/H]
=—1.13 dex) and NGC 6171 (—0.8 dex). NGC 6171 is near
the top of a hierarchy of similar branches, including those of
M71 (—0.7 dex, 47 Tuc (—0.65 dex), M67 (—0.15 dex), and
the HR 1614 supercluster and group (+0.10 dex). At the
abundance level of NGC 6171 the RHB has an extent of
about 0.25 mag in B—V, centered near B—V=0.6 mag
(Sandage & Rogues 1984), and this has shortened to about
0.13 mag in 47 Tuc, centered near B— V=0.8 mag (Hesser
et al. 1987) and to no more than 0.1 mag in B—V centered
near B—V=1.05 for M67 (Eggen & Iben 1989). In the over-
abundant, HR 1614 supercluster and group the HB has be-
come merely a ‘“‘clump’” with a spread of 0.02 or 0.03 mag
in B—V centered near B—V=1.08 mag (Eggen 1996). The
extent of the RHB will of course be partially dependent on

TABLE 5. Origins of globular cluster observations and photometric parameters.

Cluster E(B-V) (m-M)y [Fe/H) My (RR) Reference

M NGC dex OBS COMP

15 7078 0%08 14795 271 +0"59 +0"s9 1,2

92 6341 0.02 1430 -2.05 +0.69 +0.63 1,2

13 6205 0.03 13.97 -1.65 +0.78 +0.79 1,2
1261 0.00 16.08 -1.28 +0.95 +0.95 3,5

362 0.06 14.26 -1.13 +0.98 +1.00 2,4
6171 0.31 14.71 £0.80 +1.2: - 6
References

1. Sandage (1970)

2. Sandage (1982)

3. Femraro, et al. (1993)

4. Bolte (1989)

5. Bolte and Marleau (1989)

6. Sandage and Roques1984)
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P[Ca/H]}

106373

“STRONG K-LINE
1.4} .

-1.0 P[FG/H] -1.8 -2.6

FiG. 6. Comparison of P[Ca/H] and P[Fe/H] for stars in Table 6.

the star density of the cluster. The short RHB in M67 and the
clump in HR 1614 group are both near M,= +0.75 mag.
The distance modulus of NGC 6171 adopted in Table 5 (Fig.
4) is that in the current literature but, as will be discussed
elsewhere in connection with the RHB stars of the old disk
population, this is probably about 0.5 mag too faint. Indi-
vidual luminosities for USPC (RR Lyr) variables (Eggen
1994) support the larger slope for the dM, (RR)/d[Fe/H]
relation. Although the validity of Eq. (2) indicates that the
relative distances of the clusters are nearly correct, Reid’s
(1997) recent suggestion for a 0.50-0.55 mag increase in
three of the clusters used here makes an adjustment to the
zero point of Eq. (2) dependent upon confirmation of these
increases.

The lack of blanketing in (b—y) and the fact that
d(hk)/d[Fe/H]=0.362, for the RHB and EAGB stars, leads
to

1671

-1 T T T T T
X
X X X
03} X
X X
(Cm)g Xx X X
X X

0.2 r— X X B

XX X

X +
ot

0.1 ° OO [¢) —

o) o

[ +
[ ]
0.0 °® ° i
[} e o
° L od °
® o

=01} L4 ) 4

| 1 Il 1 1 —l

1.6 1.8 2.0
(42-48)¢

FiG. 7. Dependence of the gravity corrected CN strengths, C,,, on (42-48)
for RHB and AGB stars of the halo (filled circles) and old disk (open
circles) populations, for well observed stars in 47 Tuc (plus signs) and
members of the HR 1614 group (crosses).

P[Ca/H]=[(hk), OBS—(hk), COMPJ/0.362+0.10 dex,
3

where
(hk)oCOMP=1.55(b—y)o+0.335 mag

(Eggen 1997b). The resulting abundances are listed in Table
6, together with those obtained for [Fe/H] using Stromgren
photometry (Table 2). The abundances are compared in Fig.
6, where the straight line represents [Ca/H]=0.88
[Fe/H]+0118, derived in Eggen (1997b) from high velocity
subgiant and giant stars. There may be more scatter in Fig. 6
than in the corresponding comparison for giants and sub-
giants, and our lack of a detailed knowledge of the line-
blanketing may be a partial cause.

TABLE 6. Values of P[Ca/H] from Eq. (3) and P[Fe/H] from Strémgren Photometry for RHB and EAGB stars in Tables 1 and 2.

HD PICoH]  P(FoH] HD PCs/H]  MFeH] HD  P[CaH] P(FeH]
DM dex dex DM dex dex DM dex dex
20 -1.41 -1.66 495608 047 £.90 +17324¢ -1.70 <215
3.1 -1.06 -131 3590 127 -1.70 166161 122 -1.50
279 -1.98 -2.20 83332  (0.%0) 0.6 134266  -1.99 -2.00
nm»” .52 0.92 -30.8626 -1.30 -1.67 195636 -2.03 -2.60
-11.148 -1.87 -2.10 -37.7677 -1.29 -1.60 -3.5218 -137 -1.58
6268 -198 225 106373°  (-1.64) 263 204343 -1.41 -1.88
8189 -1.04 -1.15 107752 210 -2.64 $9.581 -135 -1.87
13979 211 2.58 11088$ -1.30 -1.50 214362 -1.60 <2.00
-22.393 -1.48 -2.00 11727 (-129) -1.20 216143 1M -1.95
17072 -1.08 -1.00 121135 -1.26 -1.88 217208  -1.66 <220
21022 -1.74 -1.90 122563 221 245 220662  -133 -1.75
25332 -134 -1.50 124358 -1.60 -1.95 222434 123 -1.56
<70.333 -1.28 -1.60 +9.2860 -1.52 1.8
47147 -1.60 1.7 +5.2870 -2.04 238

* 106373 Strong K-line at 4226, Houk (1982).

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1997AJ....114.1666E

1672 O.]. EGGEN: HB AND AGB STARS

- — ———— T
— o412
—28f |
PlFe/H] |- ® . . E
.
—24 . B
.
L e . . ]
-0 b . o ° —e-uss ]
. oo
HALO * o ° e s
-16f - ® La
. e o o o
I .
-2}
° o .
F . i
o
.
_asl
DISK 1
~0.4 4
P S S S N S S S SR
40 -80  -120  -160  -180  -220  -260  -320

FiG. 8. Distribution of RHB and EAGB stars in the [Fe/H], V-velocity
plane.

The separation between disk and halo stars, which may be
seen in the structure of the RHB, adds support to a previous
suggestion of this separation as seen in the difference, for
both giants and dwarfs, of the dependence of mean CN abun-
dance on temperature (e.g., Eggen 1997a). Stars with
[Fe/H]>—0.9 dex show an increase in CN strength with de-
creasing temperature, whereas for [Fe/H]<<—0.9 dex the re-
verse is true. The stars in Tables 1 and 2 with available data
are shown in the (C,,), (42-28), plane of Fig. 7 where
open circles represent the objects with [Fe/H]>—0.9 dex and

1672
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FiG. 9. Color-luminosity array from stars in Table 2.

filled circles those with [Fe/H]<—0.9 dex. Members of the
HR 1614 group (Eggen 1996) are represented by crosses and
a few well-observed giants in the old disk, 47 Tuc cluster
(e.g., Eggen 1997a) are represented by plus signs. The values
of C,, represent a gravity free index of the CN abundance.

The distribution of the V velocities (with respect to the
sun and positive in the direction of galactic rotation) with
P[Fe/H] is shown in Fig. 8. The domains of disk and halo
objects (Eggen 1997a, 1997b) are labeled in the figure. Meri-
dean circle based proper motions (e.g., Carlsberg 1994) are
available for the majority of the stars. Proper motions for six,
and radial velocities for 12, stars are not available. Figure 9
contains the color-luminosity array, coded for values of
P[Fe/H].
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