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ABSTRACT 

A spectroscopic survey has been performed of 69 stars on or near the giant branches of the 
metal-poor globular cluster NGC 6752. Our basic results are: (i) There is a large range in the 
strength of the violet cyanogen bands on the red giant branch, with the available evidence strongly 
suggesting that the distribution is bimodal, (ii) The cyanogen variations on the giant branch appear 
to be accompanied by an anticorrelated variation in the abundance of the CH molecule. Spectrum 
synthesis analysis of a (CN strong)/(CN weak) pair of stars for which relatively high resolution 
data are available shows that there is a variation of A[N/A]^ + 0.9, and A[C/A]~ —0.3, indicative 
of the CN cycle, (iii) On the red giant branch there are variations in the strength of the lines of Al i 
which correlate positively with the cyanogen variations. The size of the variations is consistent with 
the hypothesis that the same phenomenon has occurred in NGC 6752 and <o Centauri, but to a 
much smaller extent in the former, (iv) On the asymptotic giant branch (AGB), the features of CH 
are weaker than on the red giant branch at the same color or magnitude, and there are no examples 
of stars in the strong CN group. Spectrum synthesis suggests that the behavior of the CH features is 
consistent, on the average, with the effective temperature and gravities of the AGB stars, but that 
the absence of strong CN stars cannot be explained in this way. We set an upper limit of 
A[C/H]~0.3 to the possible range of carbon on the AGB at log L/LQ~23, and between this 
group and stars of similar color on the red giant branch, (v) Most of the stars on the anomalously 
low luminosity end of the AGB are not members of NGC 6752. Two stars, (CS 41 and CS 44), 
however, deserve further study, since they could be examples of partially mixed stars. 

No definitive statement can be made concerning the origin of the abundance anomalies. If 
mixing is responsible, the data require this process to have operated in stars on the giant branch at 
a luminosity of log L/L0~1.6 (the level of the horizonatal branch), and that at least half the stars 
have mixed. The Al i variations are difficult to explain as the result of mixing. If, on the other hand, 
the variations are primordial, it is difficult to envisage a succession of stellar generations which can 
lead to the two observed, roughly equal, populations in which the nitrogen strong, Al i strong group 
is deficient in carbon by a factor of roughly 2. One somewhat ad hoc primordial model which is 
consistent with the observations is that proton NGC 6752 was made up of two cells of different 
chemical histories which merged to leave the cluster as we see it today. 

We consider two hypotheses which are consistent with the present observations and the existence 
of the well known gap on the horizontal branch of NGC 6752. In the first we suggest that, when 
star formation ceased in the cluster, there were two groups of stars having not only the observed 
carbon and nitrogen properties, but also a difference in helium abundance, AT^O.05, in the sense 
that the nitrogen strong group has enhanced helium. This difference in helium leads to a mass 
difference of —0.07 Af0 at the main sequence turnoff, which, together with our current knowledge 
of horizontal branch morphology, provides an explanation of both the gap on the horizontal 
branch and the lack of CN strong stars on the AGB. (The high helium, high CN group does not 
ascend the giant branch for a second time.) The second hypothesis supposes that mixing is 
responsible for the abundance anomalies, and that this process is associated with greater mass loss, 
leading to two mass groups on the horizontal branch. (Here, too, the CN strong, low mass group 
does not ascend the giant branch for a second time.) 
Subject headings: clusters: globular—stars: abundances — stars: evolution—stars: late-type 
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206 NORRIS, COTTRELL, FREEMAN, AND DA COSTA 
I. INTRODUCTION 

It has become clear in recent years that globular 
clusters are chemically inhomogeneous. The prime ex- 
ample of this phenomenon is co Cen, in which both the 
light elements (C and N) and the heavy elements (Ca, 
Sr, Ba) exhibit large (1 dex) variations (Bell and 
Dickens 1974; Freeman and Rodgers 1975; Dickens 
and Bell 1976). For the majority of giants in this cluster 
there also appears to be a strong correlation between 
the enhancement of CN and that of the heavy elements 
(Norris 1979; Norris, Freeman, and Seitzer 1980). For 
all other Galactic globular clusters, however, this is not 
the case; while cyanogen and G-band (CH) variations 
are widespread (see Hesser, Hartwick, and McClure 
1977; Norris and Zinn 1977), there exists little substan- 
tial evidence for heavy element variations. Although 
Cohen (1978) has reported a scatter in the abundance 
of the gas from which M3 formed (0.1-0.4 dex), several 
other investigators have set stringent upper limits (—0.2 
dex) to the possible range of heavy elements in a 
number of clusters (Sandage and Katern 1977; Norris 
and Zinn 1977; Searle and Zinn 1978). One would like 
to understand this apparent difference between co Cen 
and the other globular cluster: an answer to this prob- 
lem could throw light on the origin of the inhomogenei- 
ties. 

A second problem concerns the anomalous abun- 
dances inferred for the light elements in globular clus- 
ters. As noted by McClure and Norris (1977), the 
weak-G-band effect is most prominent in very metal 
deficient clusters ([Fe/H]< —1.5), while CN anomalies 
(generally based on the blue CN band at —4200 Â) are 
most common in the metal rich clusters ([Fe/H]> 
—1.3). Since this is to some extent a selection effect, 
studies are necessary, similar to that of Zinn (1977) in 
M5 and Norris and Freeman (cf. Norris 1978) in 47 
Tue, which seek correlations between these two phe- 
nomena. 

The present paper seeks to address these and other 
problems through an investigation of the metal defi- 
cient ([Fe/H]——1.4; see § II6) globular cluster NGC 
6752. This cluster has a narrow giant branch, a con- 
spicuous asymptotic giant branch (AGB), and a very 
blue horizontal branch (Cannon and Stobie 1973; 
Wesselink 1974; Cannon and Lee 1973, 1978 [see Lee 
1976]; Carney 1979). Early in the investigation it be- 
came clear that the giants in this system possess a 
considerable range in cyanogen abundance. This being 
the case, an effort has been made to throw light on 
several related questions: First, what is the distribution 
of cyanogen abundance on the giant branch? These 
data could set constraints on the mechanism leading to 
the observed cyanogen spread. Second, is there any 
correlation between the behavior of cyanogen and that 
of the CH molecule? In particular, is there any anticor- 
relation between CN and CH as has been suggested for 

47 Tue (Norris 1978; Norris and Cottrell 1979) and as 
might be expected if CN processing plays a role in 
producing the anomalies? Third, is there any evidence 
for heavy element variations accompanying those seen 
in CN? If not, what is the upper limit to such vari- 
ations? 

The color-magnitude diagram of NGC 6752 pos- 
sesses two further interesting features. First, as is im- 
plicit in the work of Cannon and Lee (1973) and as 
demonstrated by Newell and Sadler (1978), there is a 
marked dichotomoy in the temperature distribution of 
the blue-horizontal-branch (BHB) stars. According to 
Newell and Sadler there are no stars in the range 
4.28 < log reff < 4.37, while both sides of this gap are 
well populated. The question then arises: Do the abun- 
dance anomalies seen on the giant branch correlate 
with this BHB anomaly? The second interesting feature 
is found in the color-magnitude diagram of probable 
members presented by Cannon and Stobie (1973, Fig. 
1). In their diagram one sees a fairly well defined AGB 
which stretches below the level of the horizontal branch 
defined by the blue stars. If their seven stars below the 
horizontal branch are cluster members, they cannot be 
explained by standard stellar evolution theory (the AGB 
always occurs at higher luminosity than the horizontal 
branch [see Sweigart and Gross 1976]), and some radi- 
cal departures seem indicated. The question here is: 
Are these stars indeed cluster members? 

In order to investigate these questions, observational 
material has been obtained for some 69 stars on the 
giant and asymptotic giant branches of NGC 6752. The 
data are presented in § II, while in § III the question of 
cluster membership is considered. In § IV we demon- 
strate that on the giant branch there is a bimodal 
distribution of cyanogen, that there appears to be a 
correlation between the strengths of cyanogen and 
aluminium, and that there is evidence for an anticorre- 
lation between CN and CH. On the AGB, on the other 
hand, CN and CH both appear weak. In the final 
section (§ V) we use spectrum synthesis techniques to 
derive estimates of the ranges of nitrogen and carbon 
required by the observations, and discuss the implica- 
tions of our results. Spectrum synthesis analyses of 
giants in NGC 6752 have also been performed by 
Mallia (1977, 1978), and by Da Costa and Cottrell 
(1980). 

II. OBSERVATIONS 

The sample of 69 stars lies on or near the giant 
branches of NGC 6752 and has been chosen from the 
work of Cannon and Stobie (1973, Tables 1 and 2) and 
Cannon and Lee (1978) with the proviso that objects 
thought to be field stars on the basis of UBV data have 
been excluded. The sample is defined in Table 1, where 
columns (l)-(4) give the identification and UBV pho- 
tometry from Cannon and Stobie (1973) and Cannon 
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TABLE 1 
Observational Data for 69 Stars in the Field of NGC 6752 

Star* V 
(1) (2) 

B-V 
(3) 

U-B 
(4) 

R-I 
(5) 

S3839 
(6) 

A (Ca) 
(7) 

WG(1) 
(8) 

Wg(2) 
(9) 

kra/s 
(10) 

ni- 

di) 
C4548 C4245 
(12) (13) 

C4142 C3842 C3538 n
§ 

(14) (15) (16) (17) 
Symbol Member 

(18) (19) 

CS 1 
CS 3 
CS 8 
CS 9 
CS 10 
CS 41 
CS 42 
CS 44 
CS 47 
CS 4 8 
CS 49 
CS 102 
CS 105 
CS 106 
CS 107 
CS 112 
CS 114 
CS 115 
CS 118 
CS 119 
CS 121 
CS 122 
CS 12 3 
CS 124 
CS 12 5 
CS 126 
CS 128 
CS 133 
CS 135 
CS 136 
CS 137 
CS 140 
A 2 

3 
8 
9 
10 
12 
29 
30 
31 
33 
36 
45 
46 
48 
59 
61 
63. 
68 

CL 10 
CL 25 
CL 57 
CL 61 
CL 79 
CL 119 
CL 139++ 

CL 140 
CL 166' 
CL 173 
CL 194 
CL 1003 
CL 1005 
CL 1015 
CL 1048 
CL 1066 
CL 1071 
CL 1089 
CL 1131 
s.e. 

12.39 
11.50 
14.06 
12.37 
13.46 
14.22 
13.97 
13.52 
14.16 
12.61 
13.76 
14.11 
13.76 
13.60 
12.34 
12.70 
13.61 
13.55 
12.10 
13.00 
13.47 
12.73 
12.20 
13.22 
12.16 
11.30. 
13.73 
14.66 
11.44 
12.78 
14.26 
13.75 
12.58 
12.02 
12.03 
11.30 
12.77 
11.25 
11.85 
12.18 
10.80 
12.28 
11.59 
11.57 
12.84 
13.05 
10.90 
11.71 
12.75 
12.02 
13.57 
13.18 
13.45 
13.50 
13.42 
13.36 
12.78 
13.26 
12.95 
13.08 
13.20 
12.37 
13.01 
11.88 
12.22 
11.53 
12.69 
11.08 
12.88 

0.88 
1.25 
0.79 
1.03 
0.59 
0.65 
0.56 
0.72 
0.58 
0.83 
0.62 
0.67 
0.83 
0.86 
1.09 
0.78 
0.83 
0.87 
1.07 
0.93 
0. 85 
1.00 
1.07 
0.86 
1.08 
1. 30 
0.85 
0.61 
1.15 
0.81 
0.80 
0.65 
0.86 
1.09 
1.12 
1.20 
0.76 
1.35 
1.14 
1.06 
1.60 
1.02 
1.16 
1.23 
0.84 
0.94 
1.59 
1.13 
0.77 
l'. 11 
0.80 
0.87 
0.82 
0.81 
0.84 
0.84 
0.90 
0.85 
0.86 
0.86 
0.85 
1.01 
0.91 
1.17 
1.10 
1.22 
0.97 
1.33 
0.89 

0.47 
1.08 
0.27 
0.70 
0.03 
0.09 
0.02 
0.09 
0.02 
0.34 
0.06 
0.10 
0.27 
0.34 
0.64 
0.29 
0.28 
0.44 
0.80 
0.51 
0.45 
0.5 3 
0.68 
0.42 
0.72 
1.13 
0.42 
0.00 
0.86 
0.32 
0.32 
0.05 
0.38 
0.74 
0.79 
0.88 
0.24 
1.26 
0.89 
0.65 
1.66 
0.65 
0.72 
1.10 
0.25 
0.51 
1.78 
0.97 
0.14 
0.79 

0.50 
0.44 
0.22 

0.42 
0.38 

0.38 
0.37 
0.44 
0.42 
0.39 
0.43 
0.45 
0.46 

0.50 
0.38 

0.45 
0.37 
0.54 
0.48 
0.41 
0.63 
0.42 
0 .-50 

0.09 
0.49 

-0.13 
0.55 

-0.16 
0.03 

-0.22 
-0.09 
0.01 
0.10 

-0.14 
0 ! 34 
0.31 
0.17 
0.07 

-0.17 
0.22 
0.50 
0.37 
0.23 
0.11 
0.36 
0.37 
0.53 
0.24 
0.33 
0 ! 32 

-0.12 
0.19 

-0.13 
0.00 
0.14 
0.56 
0.15 
0.09 
0.31 
0.58 
0.12 
0.31: 
0.41 
0.20 
0.48 

-0.03 
0.30 
0.36: 
0.10 
0.07 
0.65 
0.33 

-0.04 
0.33 
0.35 
0.34 
0.34 
0.39 
0.03 
0.40 
0.33 
0.33 
0.27 

-0.01 
0.25 
0.76 
0.19 
0.11 
0.23 
0.34 

0.299 
0.421 
0.300 
0.416 
0.320 
0.358 
0.284 
0.329 
0.295 
0.316 
0.325 
Ó. 342 
0.337 
0.398 
0.347 
0.322 
0.357 
0.443 
0.370 
0.359 
0.351 
0.406 
0.361 
0.437 
0.410 
0.338 
0 ! 378 
0.331 
0.322 
0.307 
0.322 
0.412 
0.453 
0.401 
0.306 
0.454 
0.417 
0.414 
0.454 
0.403 
0.391 
0.447 
0.341 
0.364 
0.506 
0.379 
0.331 
0.4 30 
0.352 
0.362 
0.360 
0.345 
0.366 
0.361 
0.364 
0.352 
0.388 
0.370 
0.368 
0.401 
0.366 
0.423 
0.453 
0.444 
0.385 
0.456 
0.367 

4.8 
7.1 
7.3 
7.1 
5.7 
7.1 
5.1 
4.9 
6.2 
5.4 
7.4 
7 ! 2 
6.3 
8.2 
5.1 
6.5 
7.9 
5.9 
6.8 
6.8 
9.2 
7.7 
8.0: 
6.5 
7.1 
6.7 
5 ! 5 
5.6 
5.1 
6.8 
6.1 
7.5 
6.6 
6.9 
4.1 
7.5 
7.2 
8.0 
6.2 
5.8 
7.4 
6.8 
6.7 
7.7 
8.4 
6.2 
5.1 
6.4 

7.9 
8.6 

10.0 
9.5 
7.9 

9.8 
9.0 

10.9 
9.5 

7.6 

6.7 
6.4 
8.9 
6.2 
5.3 
6.6 
7.0 
7.4 
8.4 
5.6 
7.5 
7.6 
8.5 

10.0 
9.8 

13.5 
10.0 
9 2 

10.4 
7.8 

5 
-34 

M 
-34 

M 

+ 50 
-57 

-22 
-28 

1000 
1012 
1000 
1100 
1000 
1100 
1000 
1000 
1000 
1100 
1000 
0100 
1100 
1000 
2010 
1000 
1101 
1000 
1010 
1000 
1000 
2100 
1610 
1000 
1110 
1010 
1000 
0100 
1000 
1102 
1000 
1000 
1000 
2300 
2 300 
1000 
1000 
1110 
1010 
1013 
1010 
2000 
2000 
1010 
1000 
1101 
1010 
2000 
1000 
2100 
0001 
0002 
0001 
0001 
0002 
0002 
0102 
0101 
0102 
0001 
0001 
0100 
0100 
0520 
0100 
0110 
0100 
0110 
0100 

1.313 0.866 
1.226 0.761 
1.028 0.590 
0.983 0.533 
1.074 0.562 
0.999 0.570 
0.984 0.606 

1.230 0.754 
1.184 0.709 

0.176 
0. 145 

0. 161 
0.071 

-0.453 
-0.824 0.888 
-0.823 0.982 
-0.824 1.048 
-0.830 0.918 
-0.808 0.899 

-0. 370 
-0.600 

1.201 
1.227 

0.7 70 
0.806 

0.029 -0.636 
0.098 -0.470 

1. 238 0. 759 0. 156 -0. 394 

1.294 0.793 
1.142 0.616 
1.026 0.631 

0.153 -0.338 
0.075 -0.750 

-0.820 0.875 3 

1. 375 0. 967 0. 180 -0. 113 

Y3 
Y123 
Y3 
Y123 
N1 
Y2 3 
Ml 
Y13 
N1 
Y23 
Ml 
N2 
Y23 
Y3 
Y2 3 
Y3 
Y23 
Y3 
Y12 3 
Y13 
Y3 
Y123 
Y12 3 
Y 3 
Y12 3 
Y23 
Y 3 
N2 
Y13 
Y12 3 
Y3 
NI 
Y 3 
Y23 
Y23 
Y 3 
Y 3 
Y12 3 
Y23 
Y23 
Y23 
Y3 
Y 3 
Y23 
Y 3 
Y23 
Y12 3 
Y 3 
Y3 
Y23 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 
Y2 

see § III 
Y2 
Y2 
Y2 
Y2 

0.013 0.014 0.014 0.018 

*CS H Cannon and Stobie (1973); A = Alcaino (1972); CL e Cannon and Lee (1978). 
+Four digit positional code giving number of observations obtained with (1) 1.9m telescope, (2) AAT in blue spectral 
region, (3) AAT in green spectral region, and (4) du Pont telescope. 

^Number of observations. 
^Circles and triangles represent red giant branch and AGB stars respectively. Open and closed symbols indicate CN 
strong and CN weak objects. 

**Y(N) indicates membership (non-membership) according to DDO colors (1), radial velocity (2), or UBV colors (3). 
++CL 139 = CS 111. 
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208 NORRIS, COTTRELL, FREEMAN, AND DA COSTA Vol. 244 

Fig. 1.—The color-magnitude diagram of NGC 6752. Dots 
represent the photelectric measures of Cannon and Stobie (1973), 
while the horizontal branch, lower giant branch, and main se- 
quence are shown schematically following Cannon and Lee (1978; 
see also Lee 1976). 

and Lee (1978). Column (5) of the table lists (R—I)K 

based on the data of Eggen (1972a, b) and Bessell and 
Norris (1980). The color-magnitude diagram of the 50 
stars taken from Cannon and Stobie is shown in Figure 
1. (This selection was dictated by a desire to present a 
homogeneous sample based on only photoelectric mea- 
surements.) Of particular interest in this diagram is the 
morphology of the asymptotic giant branch. The clump 
of stars at K~12.6 and B — V—€.8 is not unlike that 
found in several other clusters. The nine other stars, 
however, stretching from (K, B— F)~(13.5, 0.65) to 
(14.6, 0.6) (below the level of the horizontal branch), 
form an “anomalous” AGB, in that no such feature is 
seen in other clusters, and in that, according to stan- 
dard stellar evolution computations, the AGB is always 
brighter than the horizontal branch. 

a) Spectroscopy 

Some 137 spectra of these 69 objects have been 
obtained using spectrographs at the Cassegrain foci of 
the 1.9 m telescope at Mount Stromlo, the 2.5 m du 
Pont telescope at Las Campanas Observatory, and the 
3.9 m Anglo Australian Telescope (AAT) at Siding 
Spring Mountain. Table 2 gives a brief description of 
the nature of the material obtained. At Mount Stromlo 
the spectra were obtained throughout 1974-1977 with 
Carnegie image tubes. The effect of the bright sky was 
minimized by using a small entrance slit (—3-7x2) 
arcsec2, while widening (to 0.5 mm on the plate) was 
effected by using an oscillating quartz block below the 
slit. Observations made with the AAT employed the 
Royal Greenwich Observatory (RGO) spectro- 
graph/Image Photon Counting System (IPCS) while 
those made with the du Pont Telescope used the Cas- 

segrain spectrograph/Shectman Photon Counting 
Image Intensifier System. These data were obtained 
during 1977 and 1978. In both cases star and nearby 
sky regions, chosen to be free of contamination, were 
observed simultaneously and enabled the effects of 
cluster and night sky background to be removed. The 
signal-to-noise ratio in a resolution element was —9 at 
A3900 Â. 

Two stars, A3 and A8, have been observed at higher 
resolution with the AAT and RGO spectrograph/IPCS 
combination. These observations were made to in- 
vestigate in more detail peculiarities seen on the low- 
resolution spectra and will be presented later in the 
paper where appropriate (§ V). 

Details of the number of spectra obtained for indi- 
vidual objects may be determined from the code given 
in column (11) of Table 1. 

From this material three parameters have been mea- 
sured. The first is a cyanogen index, 5'(3839), which 
compares the intensity in the violet CN band at —À 3883 
with that in the nearby continuum. Specifically 

S(3839)= —2.5log f3S\ d\/ f39\d\, 
*'3846 -'3883 

where Ix is the intensity derived from the spectra and 
the terminology, £(3839), parallels that used for colors 
on the DDO photometric system. It should be noted 
that no attempt was made to measure a similar index 
based on the blue (X4216) cyanogen band; for a large 
proportion of our sample this feature is not seen. The 
second index measures the absorption in the region of 
the Ca il H and K lines. Defining the mean intensity in 
a wavelength range Xj to A 2 as 

/(X„*2) = p'hdX/iK-^), 
x2 

we measure the calcium index ^4 (Ca) = 1. —2.7(3916, 
3985)/[ 7(3883, 3916) + 7(3985, 4018)], which is a mea- 
sure of the mean absorption in the region of Ca n H 
and K, compared to the “continuum” on either side. 
The advantage of this index over an equivalent width 
measurement is that it gives an entirely objective 
method of determining the position of the “continuum.” 
Finally, we have measured the strength of the G band 
at 4300 A. Because of the strength of several other 
features in this region (including the night sky feature 
at A4358 on the Stromlo spectra) we have not at- 
tempted to determine a mean absorption similar to that 
defined above, but have measured the “equivalent 
width” of the G band in the wavelength range 4290- 
4320 A. Because three sets of equipment have been 
employed in this investigation we now briefly discuss 
our efforts to being all of the data onto the same 
system. 
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No. 1, 1981 ABUNDANCE SPREAD IN NGC 6752 GIANTS 

TABLE 2 
Spectroscopic Material 

209 

Spectral Resolution 
Telescope Range (FWHM) No. of 

Group (m) (A) (A) Stars Comments 
1   1.9 3700-4600 3.7 48 
2   3.9 3700-4600 1.0 27 14 stars in common with 1 
3    2.5 3700-4600 1.0 16 5 in common with 1, 

6 in common with 2 
4  .... 3.9 4750-5750 1.2 14 For radial velocity only 

i) The Cyanogen Index S(3839) 

In the first instance observations of the 48 stars 
obtained at Mount Stromlo have been used to de- 
termine £(3839). Nine stars in common with the 
Stromlo and AAT samples were then used to transform 
between these two systems. (The values given in this 
paper are on the natural system of the AAT spectra.1 

This has been done to facilitate comparison of the 
present results with those of other clusters [in particular 
co Cen] currently under way with that telescope.) Data 
on an additional 11 objects were thus obtained from 
the AAT material. Finally the Las Campanas material 
was transformed using eight stars in common between 
it and the other data, yielding a further eight objects. 
Our results are given in column (6) of Table 1; we 
estimate that they are accurate to —0.045 mag, based 
on objects in the Stromlo sample for which multiple 
observations are available, and on the mean deviations 
from the transformations discussed above. 

ii) The Calcium Index A (Ca) 

Exactly the same procedure has been applied here as 
for 5(3839). Forty-eight, eleven, and eight values have 
been derived from the Stromlo, AAT, and Las 
Campanas spectra, respectively, with the values again 
being on the natural system of the AAT. The results 
are given in column (7) of Table 1. We estimate that 
they should be accurate to 0.025. 

in) The CH Index WG 

Since the measurement of equivalent width requires 
a knowledge of the continuum level, such a measure- 
ment is not strictly possible for the cool stars and the 
low resolution with which we are working. If, however, 
one objectively seeks to establish a pseudocontinuum 
for a set of spectra having the same resolution, one 
should be able to establish a homogeneous set of mea- 
surements within which meaningful comparison can be 
made. We adopt this procedure. Our data divide natu- 
rally into two resolution groupings. We have Stromlo 

1 For completeness we note that we used the 25 cm camera 
and the 120QB grating (blaze to collimator) with central wave- 
length 4100 A. 

specta of 48 objects with resolution 3.7 Á, and spectra 
of some 32 objects taken with the du Pont and Anglo 
Australian Telescopes with resolution — 1 Á, with some 
overlap between the two groups. We choose to treat 
these groups independently, and hope to convince the 
reader (in § IVZ?) that a systematic anticorrelation 
exists between CH and CN in the objects in both 
groups, and is hence unquestionably real. On the lower 
resolution data we have based the continuum level on 
regions of the spectrum near 4250-4280 and 4320-4340 
Á. An example of this procedure, and the actual area 
measured, may be seen in Figure 3 of Norris and Zinn 
(1977) in their investigation of the giant in NGC 6397. 
Our values of G-band strength, which we designate 
JTg(1), are given in column (8) of Table 1. The stan- 
dard deviation of these data is 0.6 Ä. For the higher 
resolution material we adopted as the continuum level 
the mean intensity determined from a 3 Á region 
centered on 4320 À. Our results, WG(1\ are given in 
column (9) of Table 1. For the four stars in common to 
the AAT and du Pont samples there is a mean dif- 
ference of 0.2 À and a mean absolute difference of 0.7 
Â. The latter quantity compares well with the standard 
deviation of 0.5 Á obtained from objects having re- 
peated observations. Examination of Table 1 shows 
that Wg(2) is systematically larger than WG(\) by 1.4 
À, a result which is readily understood in terms of the 
higher resolution of the former sample. If this dif- 
ference is removed, the standard deviation of the dif- 
ferences between the two samples is 1.1 Á, which may 
be compared with the 0.9 Á expected from our error 
estimates for each sample. 

b) Photometry 

DDO intermediate-band photometry has been ob- 
tained for several of the apparently anomalous AGB 
stars in an effort to throw light on their cluster mem- 
bership. These measurements were made with the 1 m 
telescope on Siding Spring Mountain and a 1P21 pulse- 
counting single channel photometer. The equatorial 
standards of McClure (1976) were also observed to 
standardize the results. The data are presented in col- 
umns (12)-(17) of Table 1, where the column headings 
are self-explanatory. Also included in the table (in 
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italics) are the results of Bessell and Norris (1980) for a 
number of giants observed in an independent program. 
The mean standard errors for the present measurements 
are given in the final row of the table. 

It is perhaps appropriate at this point to note that 
these DDO data lead to an estimate of the heavy 
element content of NGC 6752. Following the precepts 
of Osborn (1971), one finds [Fe/H]—^ — 1.4, while a 
determination calibrated by the newer abundances of 
Cohen (1978, 1979) for M3, M13, M15, and M92 yields 
[Fe/H]= — 1.6 (Bessell and Norris 1980). These may be 
compared with a value of [Fe/H]= —1.2 which one 
obtains from (R—F)0,g =0.81 (Cannon 1974) and the 
calibration of Butler (1975). Throughout this paper we 
shall adopt [Fe/H]= — 1.4 which should be accurate to 
within a factor of 2. 

III. CLUSTER MEMBERSHIP 

The DDO data in Table 1 are presented in Figure 2. 
Since metal deficient stars occupy a characteristic posi- 
tion (relative to Population I stars) in these diagrams, 
they provide a powerful test for cluster membership 
(Norris and Zinn 1977; Hesser, Hartwick, and McClure 
1977). In the [C0(4548), 0,(4245)]- and [C0(3842), 
C0(4548)]-planes in Figures 2 a and 2 b most stars fall 
well above the Population I sequences as is typical of 
metal deficient Population II giants: They are almost 
certainly cluster members. There are, however, five 
stars in Figures 2a, 2b, and 2c which have the char- 
acteristics of Population I dwarfs. These are CS 10, 42, 
47, 49, and 140, all of which lie on the “anomalous” 
AGB referred to previously. It seems likely that these 
are not members. 

The radial velocity of NGC 6752 is -39 km s-1 

(Kinman 1959) with a central velocity dispersion of 6 
km s-1 (Peterson and King 1975). While this velocity is 
not too different from that of many Population I field 
stars, radial velocity estimates may be useful in remov- 
ing some nonmembers. In view, however, of errors ~20 
km s ~1 obtained in other projects when using the 
Cassegrain spectrograph of the 1.9 m telescope, no 
attempt has been made to check cluster membership by 
determining velocities from the Stromlo spectra. Veloc- 
ities have been measured from the digital spectra ob- 
tained with the AAT and the du Pont telescope by 
using cross-correlation techniques (see Da Costa et al. 
1977). Estimates of radial velocity are given in column 
(10) of Table 1, where we distinguish two classes of 
information. First, most stars have been observed as 
part of a radial velocity program undertaken by Da 
Costa and Freeman. For these stars we tabulate M 
(member) or NM (nonmember); actual velocities will 
be given in a later paper. A star’s velocity is regarded 
as consistent with cluster membership if it lies within 20 
km s_1 of the cluster velocity. Second, velocities are 
given for stars specifically observed on the AAT for the 

Fig. 2.—The NGC 6752 sample in the (a) [C0(4548), 
C0(4245)]-plane, (6) [C0(3842), C0(4548)]-plane, and (c) [C0(3538), 
C0(4245)]-plane. The Population I sequences are shown for com- 
parison and come from Osborn (1971) for {a) and {b), and are 
based on the data of McClure (1976) for (c). The zero subscript 
indicates that the colors have been corrected for a reddening 
2s(2I—K) = 0.05 following Osborn (1971). The suggested non- 
members CS 10, 42, 47, 49 and 140 are shown as crosses. 

present program. We estimate that the standard devia- 
tion of these data is —10 km s-1. Most of the stars for 
which we have data appear to have velocities consistent 
with membership. Of the three “anomalous” AGB stars, 
CS 102 and 133 appear not to be members, while CS 
41, with vr= -50 km s-1, could belong to the cluster. 

There are nine stars in Table 1 which lie on the 
“anomalous” AGB of Cannon and Stobie (1973). The 
data presented above show that seven of these are most 
likely field stars. Two, CS 41 and 44, have a radial 
velocity or DDO photometry (respectively) consistent 
with cluster membership. Although further work is 
clearly needed on these objects, the implications of 
their membership will be discussed in § Va. 

From the radial velocity and DDO material, con- 
sistency checks on cluster membership are possible for 
52 stars. All 26 red giants and “normal” AGB stars for 
which UBV measures are available in this sample have 
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ultraviolet excesses consistent with cluster membership. 
There remain 17 stars, all red giants or AGB stars, for 
which velocities and DDO data are not available, but 
which have UBV colors consistent with membership. 
They also have weak-lined spectra similar to other 
giants in the cluster. We shall regard them as cluster 
members. 

One star deserves special mention. CL 1048 has a 
radial velocity consistent with membership, but a 
strong-lined spectrum similar to giants of the same 
color in 47 Tue. It also lies on the giant branch of the 
cluster. Were it as metal rich as its spectrum suggests, it 
should be displaced redward. This star clearly deserves 
further study. At present, however, we shall exclude it 
from further discussion, and await confirmation of 
membership. 

Our final assessment of cluster membership is given 
in column (19) of Table 1. These data are based on 
consideration of DDO data, radial velocities, and UBV 
measures as explained in the footnote to the table. 

rv. THE CHEMICAL INHOMOGENEITY OF NGC 6752 

a) Cyanogen 

As mentioned in § I, there is a large range in cyano- 
gen strength in the present sample. This is shown in 
Figure 3, where £(3839) is plotted versus V and B—V. 
Two types of symbols have been used: circles represent 
stars on the giant branch (which at high luminosities 
will include both single- and double-shell burning ob- 
jects) while triangles represent AGB stars. Note that we 
class CS 135 and A9, which fall just to the blue of the 
giant branch (at K—12) as AGB stars. Objects which 
we believe to be field stars have not been included. As 
may be seen from the figure, the range in 5(3839) (at a 
given V or B—V) is ~0.3-0.4 mag and is much larger 
than our observational error, 0.045 mag. On closer 
inspection two facts emerge. First, there is little scatter 
in 5(3839) on the asymptotic giant branch. Second, 
there appers to be a dichotomy in 5(3839) on the giant 
branch. We use Figure 3a to define two groups of CN 
strength: the filled symbols represent a CN strong 
group; the open symbols, a CN weak group. (CL 1003, 
which falls between the two groups, is represented by a 
half-filled circle.) The symbols used in Figure 3 are 
given in column (18) of Table 1 and will be used in all 
subsequent figures in this paper. To illustrate the be- 
havior of CN in the giants, an average has been taken 
of the Stromlo spectra of the four CN weak and the six 
CN strong stars in the range 1.06 < 5— V< 1.14. (Seven 
and eight spectra were available for the two groups, 
respectively.) The results are compared in Figure 4, 
where the CN enhancement is clearly seen. The reader 
will also notice a slight positive correlation between the 
behavior of cyanogen and the absorption in the region 
of the Ca h H and K lines. We shall return to this point 

Ö6 Ö8 m \Y U (B-v) 

Fig. 3.—The dependence of 5(3839) on V and B—V for 
members of NGC 6752. The circles and triangles represent red 
giant branch and asymptotic giant branch stars, respectively. The 
upper diagram is used to define CN strong and CN weak groups 
within the cluster by filled and open symbols. (The half-filled 
symbol is an intermediate case.) In the upper panel the line 
represents an assumed minimum value for 5(3839) at any V 
magnitude, relative to which the cyanogen excess 05(3839) is 
measured. A typical error bar is also shown. 

Fig. 4.—The average spectra of 4 CN weak {thin line) and 6 
CN strong {thick line) red giants in the color range 1.06 < 2? — K< 
1.14, for which Stromlo data are available. The difference in CN 
is clearly seen, together with slightly enhanced absorption in the 
region of Ca n H and K in the CN strong group. 
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in § IVc. The behavior of CN at somewhat bluer colors 
(2?-K~0.85) is illustrated in Da Costa and Cottrell 
(1980). 

In order to discuss the distribution of cyanogen on 
the giant branch, one must allow for the variation in 
£(3839) with position in the color-magnitude diagram. 
We assume that the lower envelope to the distribution 
of points in Figure 3 a represents the minimum value of 
S,(3839) at any V magnitude on the giant branch, and 
define a parameter ôS,(3839), shown in Figure 3a, 
which measures the displacement of any observed point 
above this line. [The lower envelope in the figure has 
the equation £(3839)= — 0.146 F+1.832.] The parame- 
ter 0S,(3839) is then adopted as a measure of the CN 
abundance. Clearly, if the violet CN band increases in 
strength at different rates as a function of abundance 
and position on the giant branch, 8S(3$39) will not be 
a unique CN abundance indicator. The implicit as- 
sumption made here is that over the range 11<F<14, 
the effect is not too serious. Some encouragement for 
this assumption is given by noting that, if 05(3839) 
were not a good abundance indicator, any dichotomy 
in the distribution would tend to be removed. We note 
also at this point that the spectrum synthesis calcula- 
tions to be discussed in § V show that the assumption is 
a reasonable one. 

Figure 5 shows the generalized histogram of <55(3839) 
(cf. Searle 1977) of the 49 red giants in Table 1, where 
the half-width of the Gaussian kernel used in generat- 
ing the distribution has been set equal to 0.045 mag, the 
estimated standard deviation of the observations. Here 
the bimodal nature of the distribution is apparent, with 
a separation between the peaks of ~0.35 mag. The 
question now arises as to the reality of the phenom- 
enon. What is the probability that such bimodality 
results by chance from a more smoothly behaved distri- 
bution? Since we have no model against which to 

Fig. 5.—The generalized histogram of 05(3839) for 49 red 
giant branch stars. Each star is represented by a Gaussian of 
dispersion 0.045 mag, the estimated error of measurement. Note 
the bimodal nature of the distribution. 

compare our observations, this is a difficult question to 
answer. To make progress, let us assume that the parent 
population is Gaussian, centered on 05(3839) = 0.295 
with dispersion a = 0.187, which are the values defined 
by the sample of 49 giants. The Kolmorgorov-Smimov 
one-sample test (cf. Siegel 1956) shows that the hy- 
pothesis that the sample is drawn from such a popula- 
tion is rejected at the ten percent confidence level. It is 
also interesting to note that Norris and Freeman (1979) 
have reported a similar phenomenon in 47 Tue, based 
on the behavior of the CN bands at Á4216. 

b ) The G Band 

Figures 6a and 6b show the dependence of the 
G-band strengths, fFG(l), measured from the lower 
resolution spectra, as a function of V and B—V. As 
noted previously, CN strong objects are represented by 
filled symbols. Here one sees a relatively large spread 
in G-band strength, without any striking correlation 
with CN. One statement, however, may be made. At 
comparable brightness or color, the AGB stars have 
weaker G bands than those in stars on the giant branch. 

14 13 12 v 11 

Fig. 6.—The behavior of the G-band strength, (a) and {b) 
show WG{\) (measured from Stromlo spectra) as a function of V 
and B—V, respectively, while (c) shows WGÇl) (measured from 
AAT and Du Pont telescopes spectra) as a function of V. Circles 
and triangles denote stars on the red giant branch and AGB 
respectively, while open and filled symbols refer to CN weak and 
CN strong objects as defined in Fig. 3. Typical error bars are also 
shown. Note that the AGB stars have both weak CN and some- 
what weaker G-bands than giants of similar color or magnitude. 
On the giant branch there is an anticorrelation between CH and 
CN. 
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Fig. 7.—(a) The upper panel compares the spectra of the CN strong star A8 (thick line) with those of the CN weak star A3 (thin line) 
in the region of the violet CN band, and the G band of CH. This shows the important result that the CN strong star has a weaker G band. 
Note that the colors and magnitudes of the stars differ by only | AF| =0.01 and | A(2?— F)| =0.03. (b) The lower panel shows synthetic 
spectra for two models chosen to represent A3 and A8. Both have Teft = 4400, logg= 1.2, and [A/H]= —1.4 but have different carbon and 
nitrogen abundances. A3 is represented by [C/A]= —0.1, [N/A]= —0.6 (thin line), while A8 is represented by [C/A]= —0.4, [N/A]= +0.3 
(thick line). See discussion in § \b. 

This is a result first found by Zinn (1973) in M92, and 
also reported in M15, M13, and NGC 6397 by Norris 
and Zinn (1977). The present results in NGC 6752 
(Figs. 3 and 6) are, however, more restrictive. Both CH 
and CN appear relatively weak on the asymptotic giant 
branch. It should also be noted that the same conclu- 
sion is implicit in the investigation of M5 by Zinn 
(1977). 

The behavior of the G band on the giant branch is 
not so clear. At V—T2 there is some indication of an 
anticorrelation of CH and CN. This suspicion is 
strengthened by the behavior of WG(2), the G-band 
strength measured from the higher resolution spectra, 
as is shown in Figure 6c. Here the anticorrelation of 
G-band strength and CN is clearly seen. We have also 
investigated this phenomenon at somewhat higher reso- 
lution using the AAT. Figure la shows slightly 
smoothed spectra of two stars, A3 (CN weak) and A8 
(CN strong), which lie close together on the giant 
branch (AF=0.01, AÆ— F= 0.03) and hence have very 
similar temperatures and gravities. As is clear in the 
figure, the star with the stronger CN has slightly weaker 
CH. This is seen not only in the G band itself, but also 
in the feature at X4323, which comprises a blend of a 
number of CH lines. (It should be noted that the 
G-band region in each of the stars was observed on 
each of two nights, and that on both occasions the 
same behavior was obtained.) We suggest that the anti- 

correlation of CN and CH is a general feature on the 
giant branch of NGC 6752 in the range — 2<MF< + 1. 

c) The Heavier Elements 

As may be seen in Figures 4 and 7, any variation in 
the absorption in the region of the H and K lines 
accompanying the cyanogen differences is small, though 
there is some indication of a positive correlation. In 
Figure 8 the dependence of A (Ca), the mean absorp- 
tion in the region of Ca n H and K, is plotted against 
B—Viov the red giants in Table 1. In this larger body 
of data there also appears to exist a small positive 
correlation of ^4(Ca) with cyanogen. If one computes a 
least squares line of best fit to these data in the range 
0.75 < 2? — F < 1.35 and determines the mean deviation 
from the line for the CN weak and CN strong groups, 
one finds + 0.006 ± 0.003 (s.e.) and - 0.012 ± 0.004 (s.e.), 
respectively. The difference2 between the two groups is 
thus significant at the 3.5 a level. Inspection of the 
higher resolution spectra, however, shows that most, if 
not all, of this variation results not from differences in 
the calcium line strengths but rather from differences in 
the strength of the Al i resonance lines XX 3944 and 

2 If one adopts the tentative calibration of absorption in the 
region of H and K as a function of metal abundance reported by 
Norris (1979) for Population II red giants, this difference corre- 
sponds to a range in heavy element abundance A[A/H] = 0.12. 
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Fig. 8.—The dependence of the mean absorption in the re- 
gion of Ca n H and K as a function of B- V for the red giants 
{circles) and AGB stars {triangles) in NGC 6752. The absorption 
increases upward. As before, filled and open symbols represent 
CN strong and CN weak stars, respectively. A typical error bar is 
also shown. Note the positive correlation between A(Ca) and 
cyanogen strength. 

3961. This is illustrated in Figure 9, where the spectrum 
of the CN weak star CL 25 is compared with that of 
the CN strong star CL 166. (Both stars have F~13 and 
R—F~0.86.) A similar effect has been noticed in to 
Centauri, where Ca and A1 both appear to be enhanced 
in the CN strong stars, with the effect in A1 being quite 
striking (Norris and Smith 1980). 

The question then arises as to whether we are seeing 
the same phenomenon in NGC 6752 and to Cen, but to 
a much smaller extent in the former. In an investigation 

3920 3940 3960 3980 

Fig. 9.—Comparison of spectra of the CN weak star CL 25 
(K= 13.18, B—V—0.S7) with that of the CN strong star CL 166 
{V= 12.95, B— K—0.86) in the vicinity of the Ca n H and K lines. 
Note the the Al i lines at XX3944 and 3961 are enhanced in the 
CN strong star. 

Fig. 10.—The red giants of NGC 6752 in the two-color dia- 
gram. At constant B— V the CN strong stars {filled circle) have 
larger U—B values (on average) then do the CN weak stars {open 
circle). 

of 100 giants in to Cen, Norris (1979) found a strong 
correlation between cyanogen andyl(Ca), with 8S(3$39) 
and ¿L4(Ca) varying by 1.2 mag and 0.15, respectively.3 

Inspection of his Figure 4 shows that the smaller ranges 
found here for NGC 6752 are not inconsistent with the 
hypothesis that the variations in cyanogen and the 
absorption in the region of H and K share a common 
origin, but are much less marked in NGC 6752. 

Apart from variations of the features of CN, CH, 
and Al i, the data available show no clear evidence for 
variations of others elements. In particular the Mg b 
lines, Ca i X4226, Sr n X4077, and Ba n X4554 appear 
similar in stars lying nearby in the color-magnitude 
diagram. Work is currently under way to obtain higher 
resolution material, together with information at longer 
wavelengths in an effort to obtain more definitive in- 
formation on this problem. 

d) The {U—B, B— V)-Diagram of NGC 6752 

The two-color diagram of the red giants is shown in 
Figure 10, where the data are those of Cannon and 
Stobie (1973). Here too one sees some evidence for a 
separation of the weak and strong CN groups, the 
mean difference being A(£/-2?)~0.05-0.10 at constant 
B—V. This effect has also been noted by Hartwick and 
McClure (1980) in their analysis of UBV data of the 
giants in 47 Tue. Since U—B is substantially affected 
by both cyanogen (cf. Oinas 1975 [Table 5]) and heavy 
elements, the results in Figure 10 cannot be used as 
independent evidence for a heavy element variation; 
they do, however, provide support for an abundance 
spread on the giant branch. 

3 Norris (1979) actually gives two parameters, CN and Ca, 
which closely approximate our 5(3839) and A{Csl), respectively. 

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



19
8l

A
pJ

. 
. .

24
4 

. .
20

5N
 

No. 1, 1981 ABUNDANCE SPREAD IN NGC 6752 GIANTS 215 

V. ANALYSIS AND DISCUSSION 

There are several observational constraints which 
any explanation of the evolutionary history of NGC 
6752 must satisfy: (i) There is a large range in CN 
strength on the giant branch, with the available evi- 
dence suggesting that the distribution is bimodal, (ii) 
On the giant branch there are small G-band variations 
which anticorrelate with the cyanogen variations, (iii) 
There appears to be a small range in the absorption in 
the region of Ca n H and K which positively correlates 
with the cyanogen variations. The size of the effect is 
much smaller than, but in the same proportion as, that 
observed in co Cen. The Al i lines appear to be stronger 
in the red giants having strong cyanogen, (iv) Both CH 
and CN are weak on the asymptotic giant branch, with 
CH being weaker than on the giant branch at the same 
magnitude or color, (v) There is some suggestion that 
there is an anomalous AGB which reaches down to or 
below the level of the horizontal branch, (vi) The 
distribution of stars on the horizontal branch is also 
bimodal. 

a) The {luminosity, temperature)-Plane 

The theoretical H-R diagram for the brighter part of 
NGC 6752 is shown in Figure 11, where, as in Figure 1, 
we have included only stars with photoelectric colors. 
For convenience the temperature parameter 0e2ff = 
(5040/reff)

2 has been adopted as the abscissa. In trans- 
forming from Figure 1 to Figure 11, a distance mod- 
ulus of (m — M)app= 13.35 and reddening E{B— V) = 
0.05 were adopted following Newell and Sadler (1978), 
together with the [(R—I)K, Tiff] -relation of Dickens 
and Bell (1976) and the bolometric corrections tabu- 
lated by Norris (1974, Table 3). Since not all stars have 
(R — I)k, it was decided to transform all stars through 

the [(B—V), (R — I)k] relation defined by the observa- 
tions in Table 1. [We adopt (R —7)K = 0.337 (R- F) + 
0.088 for 1.0<R — V< 1.6, and (R-/)K = 0.290 (B — 
F) + 0.135 for 0.75 < R—F< 1.0. We have also used 
the latter relation for the hottest two stars, CS 41 and 
CS 44, which requires some extrapolation. We believe, 
however, that the uncertainty involved will not affect 
the following discussion.] Also shown in the figure is 
the schematic position of the blue horizontal branch 
inferred from work of Newell and Sadler (1978) and 
Cannon and Lee (1973, 1978) together with that of the 
Cepheid variable VI (Lee 1976). Here we adopted the 
[(R— K)0, 0eff]-relation of Newell, Rodgers and Searle 
(1969). 

These data may be compared with the post helium 
flash computations of Gingold (1976) which are shown 
for 7=0.30, Z=0.001, and M^^O.475 M0, values 
which are probably quite appropriate to NGC 6752. 
While other explanations may be suggested, the ob- 
servations on the blue horizontal branch are consistent 
with a bimodal (total) mass distribution with one group 
having Af—0.48-0.50 Af© and the second having 
0.55-0.60 M0 (cf. Newell and Sadler 1978). The nor- 
mal AGB stars, (log L/L0, ~(2.3, 1.05), are readily 
explained as the progeny of 0.55 Af0 stars. The two 
remaining “anomalous” AGB stars are problematic. CS 
41, which lies at (log L/L0, )~(1.6, 0.94), cannot be 
identified with any of the normal evolutionary phases 
of a Population II star: it is too faint to be in the 
helium core burning or double shell source phases 
associated with the horizontal branch and asymptotic 
giant branch. Since it lies A(R — F) = 0.15 to the blue of 
a relatively narrow giant branch, it would need to be 
A[Fe/H]=1.0 (cf. Butler 1975) more metal deficient 
than the remainder of the cluster if it is on its first 
ascent of the giant branch. This seems most unlikely. 

Fig. 11.—The (log L/L©, 0^ )-diagram for NGC 6752. The abscissa =(5040/reff)
2 has been chosen for convenience to allow the 

giant and horizontal branch regions equal prominence. The circles and triangles are as defined in Fig. 3, while the V represents Variable 1 
(Lee 1976). The bimodal horizontal branch distribution is shown schematically by thick lines following Newell and Sadler (1978), while the 
thin lines are the evolutionary tracks of Gingold (1976) for Mcore=0.475 A/©, 7=0.30, Z=0.001, and total masses of 0.50, 0.55, and 0.60 
A*©. 
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One possible explanation is that we are observing the 
composite spectrum of a red giant and a horizontal 
branch star. Closer examination of the cluster member- 
ship and nature of this star is clearly warranted. Its 
radial velocity should be more accurately measured, 
and photometry should be obtained over a wide wave- 
length region. If it is indeed a cluster member, and is 
not multiple, then it may offer support for the existence 
of partially mixed stars similar to the models of Rood 
(1970) and Smith and Demarque (1978). A similar, but 
less extreme, problem exists for the second “anoma- 
lous” AGB star CS 44 with (logL/L0, 0eff)~O*9, 
0.98). This star lies AlogL/L0^—0.13 above the level 
defined by the coolest BHB stars, while the models in 
Figure 11 suggest that the AGB stars in this cluster 
should fall at least A log L/Lo~0.3 above the horizon- 
tal branch. This star also deserves further study. 

b) Abundance Anomalies on the Red Giant Branch 

i) Analysis 

We have used the spectrum synthesis techniques of 
Cottrell (1978; see also Cottrell and Norris 1978) to 
estimate the range in carbon and nitrogen indicated by 
the present observations. We refer the reader also to 
the paper of Da Costa and Cottrell (1980) for an 
independent analysis of carbon and nitrogen abun- 
dances of two giants in this cluster. In the present 
computations we adopt (i) the model atmospheres of 
Bell et al. (1975), (ii) [A/H]=-1.4 for all elements 
heavier than nitrogen (cf. § IIZ?) (note the implicit 
assumption that [O/A] = 0), and (iii) a microturbulent 
velocity of 2 km s-1. In Figure lb we show our results 
for A3 (CN weak) and A8 (CN strong), for both of 
which we adopt TM = 4400 and log g =1.2 (computed 
using the precepts of § Na). We find a good representa- 
tion for the G band and the CN bands can be obtained 
for A3 with [C/A]= -0.1 and [N/A]= -0.6 and for 
A8 with [C/A]= — 0.4 and [N/A]=+0.3. Differen- 
tially we have A [C/A] = [C/A] A8 — [C/A] ^ = — 0.3 and 
A [N/A] = [N/A] A8 — [N/A] A3 = + 0.9. These results are 
similar to those obtained by Da Costa and Cottrell 
(1980). We refer the reader to their paper for a discus- 
sion of the relatively high [N/A] obtained for the CN 
weak stars, and its implications for the origin of nitro- 
gen in Population II objects. Here we wish to em- 
phasize the differential determinations of carbon and 
nitrogen abundances and their anticorrelation. 

We have also computed the quantity 

Am= —2.5log f3883Fxd\/ f39l6Fxd\ 
J3S56 *'3883 

as a function of nitrogen abundance for two models 
appropriate to the giant branch of NGC 6752. Specifi- 

cally we chose (reff, logg, [A/H]) = (4400, 1.2, —1.4) 
and (4850, 2.1, — 1.4). The first is representative of stars 
such as A3 and A8 (at F= 12), while the second repre- 
sents stars lower on the giant branch (at K~13.5-14.0). 
In all cases [C/A] = 0.0. Our results are shown in 
Figure 12. It is interesting to compare these results with 
the range in 5(3839) of ~0.3 — 0.4 mag seen in Figure 3 
in order to derive a second estimate of the range in 
nitrogen abundance. The reader will notice that the 
wavelength range of our computations (ÂA3856-3916) 
is slightly smaller than that used in our observed 
parameter (XX3846-3916). We have repeated a subset 
of our measurements, redefining 5(3839) over the 
smaller interval, and find that the range in 5(3839) 
remains unchanged. We may therefore use Figure 12 to 
obtain an estimate of the range in nitrogen necessary to 
explain the observed range in 5(3839), on the assump- 
tion that it alone is responsible for the variation. As- 
suming a “mean” nitrogen abundance of [N/A]= —0.1 
to -0.6, we find a range A[N/A]~+0.6 to +0.8. (If 
carbon varies in anticorrelation with nitrogen, this value 
will be an underestimate.) Figure 12 also shows that the 
assumption in § IVa that 5(3839) changes by about the 
same amount for a given cyanogen abundance change 
is a reasonable one for the bulk of the stars in our 
sample. 

Taken in its entirety, the above analysis suggests that 
a range in nitrogen of —1.0 dex exists on the giant 
branch of NGC 6752, accompanied by an anticorre- 
lated range in carbon of —0.3 dex. 

A/= — 2.51og f3883Fx d\/ i39l6Fxd\ 
•/3856 ' •/3883 

on nitrogen abundance for models with 7^ff/log g/[A/H] = 
4400/1.2/ —1.4, and 4850/2.1/ —1.4 which were chosen to repre- 
sent the red giants in NGC 6752 at F—12 and 13.5-14, respec- 
tively. 
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ii) Discussion 
The question now arises as to the origin of the 

anomalies. The anticorrelation of carbon and nitrogen 
is suggestive of processing in the CN cycle. Sweigart 
and Mengel (1979) have shown that if red giants in 
globular clusters are rotating sufficiently rapidly, 
meridional circulation can mix CNO processed material 
into the envelopes of these low-mass stars above some 
critical luminosity, which is dependent on metal abun- 
dance. For a mass M=0.7 A/q, and abundances Y= 
0.25, Z = 0.001, they predict mixing only above 
log L/Lo~2.0, which may be compared with our lower 
limit of log L/Lq~\.6 (a value at which the CN spread 
still exists). The difference does not seem so great, 
however, as to rule out the hypothesis, based on the 
present data. Further observations, lower on the giant 
branch, should be made in an effort to settle the 
question in this cluster. Sufficient data exist in other 
clusters, in particular NGC 104 and NGC 6397, to cast 
serious doubts on the hypothesis of Sweigart and 
Mengel. In NGC 104 Hesser (1978, Fig. 2) finds 
cyanogen variations at \ogL/Lo~0.$, while in NGC 
6397 Norris and Zinn (1977, § IVa, Fig. 3) report 
carbon variations at logL/L0~1.9. The predicted 
luminosities below which the products of mixing should 
not be seen in these two clusters are log L/LQ~1.6 and 
2.2, respectively, where we adopt [A/H] 47 tuc = —0.5, 
[A/H]ngc £397 = — 2.0. If meridional mixing is responsi- 
ble for carbon and nitrogen anomalies seen in globular 
cluster giants, it seems likely that it first occurs at lower 
luminosity than suggested by the computations of Sweigart 
and Mengel (1979). The reader is referred to § YVd of 
their paper where they discuss this possibility. 

Variations in the N/C ratio might also be expected 
from events which occurred during the formation of 
the cluster. According to Lamb, Iben, and Howard 
(1976) N/C is enhanced by a factor 5 in the envelopes 
of 15 and 25 MQ stars, while the possibility of even 
greater enhancements exists in the envelope of inter- 
mediate mass stars, depending on the uncertain treat- 
ment of convection in the outer layers of these stars 
(Iben 1975, 1976). 

A second important fact is that more than half of the 
giants in our sample are CN strong. If meridional- 
circulation-induced mixing is responsible for their 
peculiarity, then the majority of stars in NGC 6752 are 
rapid rotators. If partial mixing at the helium flash 
(followed by a second ascent of the giant branch) as 
considered by Rood (1970) and by Smith and De- 
marque (1978) is responsible, then one almost surely 
requires that roughly all stars mix. Whatever mixing 
mechanism may be postulated, the present results 
establish that it must be a very efficient process in 
NGC 6752. 

If, on the other hand, the abundance anomalies are 

primordial to the cluster, the large fraction of CN 
strong stars places constraints on the production mech- 
anism. There are two cases. In the case of a number of 
generations of stars in which subsequent generations 
are enriched by earlier nucleosynthesis, one requires 
that the second generation (the CN strong stars) con- 
tain as many low-mass objects as the first. The second 
possibility, which derives from a suggestion of Searle 
(1977), is that NGC 6752 formed from the merging of 
two cells of material which had somewhat different 
enrichment histories. The present results merely require 
that the two cells had about the same mass. Of the 
possibilities considered in this and the preceding para- 
graph, this condition is clearly the least stringent. 

The third important constraint is the variation in 
absorption in the region of the Ca 11 H and K lines 
(Figs, 4, 7, 8, and 9). Although the A11 lines are clearly 
stronger in the CN strong group, no other heavy ele- 
ment in the range XX3800-5200 seems to share this 
behavior. In particular Ca 1 X4226 (already on the 
square root part of the curve of growth) shows no 
variations, although the ionization potential of Ca and 
A1 are similar, and both the above A1 lines and the Ca 
line have the same low-excitation potential. While it 
may be argued that the atmospheric structure of the 
giants we are considering depends to some extent on 
the abundances of the CNO group (Gustafsson et al. 
1975), it seem unlikely that only the aluminium lines 
would be affected by these changes. Consequently, 
although the construction of appropriate model atmo- 
spheres is clearly essential to resolve this problem, it is 
difficult to see how mixing can explain these variations. 
If there are real aluminium abundance variations in 
NGC 6752, they must be primordial. There are prob- 
lems here too, however. While further work is necessary 
to fully appreciate the behavior of aluminium in rela- 
tion to the other heavy elements, the variations in 
carbon, if primordial, are difficult to understand. We 
have shown above that the CN strong group of giants 
appears roughly equal in number to the CN weak 
group but is deficient by a factor of approximately 2 in 
carbon. If we postulate enrichment by a series of gener- 
ations of which the CN strong group comes last, then 
the process is required to produce a population of stars 
equal in number (at M—Mq) to that of the earlier 
generations, but in which half of the carbon has been 
processed. It is beyond the scope of the present work to 
say if such a scheme could occur in a proto-globular 
cluster. It does seem, however, a rather stringent re- 
quirement. The second case discussed previously of 
merging calls of different chemical histories does not 
suffer from this problem. One is then faced, however, 
with the problem of the production of two cells of the 
observed abundances. 

We may summarize our discussion as follows. The 
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anticorrelation of C and N on the giant branch of 
NGC 6752 is consistent with processing in the CN 
cycle. The bimodal distribution of cyanogen shows that 
if this has resulted from mixing in individual stars then 
this process is very efficient in NGC 6752. If, on the 
other hand, the distribution is primordial to the cluster, 
it places severe constraints on its production by succes- 
sive generations of stars. It is not a problem if two cells 
of roughly equal mass merged to form the cluster. The 
enhanced Al i lines in the CN strong stars is difficult to 
explain as the result of mixing, and seems to require 
primordial effects. In counterpoint the depletion of 
carbon in the CN strong stars is difficult to explain as a 
primordial effect, except once again in the (somewhat 
ad hoc) context of two merging clouds of different 
chemical histories. 

c) Abundance Anomalies on the AGB 

The first distinctive feature of our observations on 
the AGB (where we refer to the group of stars with 
logL/L0>2.2) is that the G band is weaker, on aver- 
age, than that found in the giant branch stars of similar 
B—V ot V. If in Figure 6a, for example, we consider 
the eight red giant branch stars and the five AGB stars 
in the range 0.80 < 2? — K < 0.90, the mean G band 
strengths are 6.8 ±0.3 Á and 5.7 ±0.3 À, respectively. 
We have attempted to use spectrum synthesis of the G 
band to understand this result in terms of changes in 
effective temperature and gravity. The major difference 
between the two groups is that the AGB stars have 
lower gravity. We estimate a difference A log g~0.5. (In 
the relation Alogg=Alog Af-AlogL + 4Alogreff, we 
adopt A log L = 0.35, Alog Teff ~0.0, and assume a 
change in mass from 0.75 to 0.55 M0 to derive A log M 
= — 0.13 during evolution from giant branch to AGB.) 
The calculations of Bell and Gustafsson (1978) show 
that for this gravity difference the AGB stars will be 
~40 K hotter than the giants of the same color. We 
have accordingly computed G-band strengths for two 
models appropriate to the parameters of our two groups 
of stars. For the red giants we adopt Te{f =4850, logg= 
2.1; and for the AGB stars, Teff =4890, log g =1.6. In 
both cases [A/H]= —1.4 for all elements, including 
carbon. To compute G-band strengths similar to our 
WG(l) we first convolved our spectra with a Gaussian 
of half-width 3.7 Á. We adopted the continuum level, 
however, in the vicinity of X4316 since our calculations 
extend blueward to only À4286. This will lead to slightly 
higher values of the computed G-band strengths. The 
resulting values are 7.8 and 6.6 Á for the red giants and 
AGB stars, respectively, in good agreement with the 
observed mean difference between the two groups. The 
important conclusion results, therefore, that on average 
there is no need to invoke a difference in carbon abun- 
dance between the two sets of stars. It is also interest- 
ing to note that in this region of atmospheric parame- 
ters the G band is quite sensitive to changes in carbon 

abundance. On the AGB, for example, at Tcf{ = 4850, 
log g =1.6, and [A/H]=—1.4 a change from [C/A] 
from 0.0 to -0.3 causes a change in the G-band 
strength from 6.6 to 4.7 Á. Comparison of these results 
with the range of values on the AGB seen in Figure 6 
suggests that A[C/A]—0.3 provides a reasonable upper 
limit to the range in carbon abundance for this group 
of stars. Finally, if one were to seek an upper limit to a 
possible systematic carbon abundance difference be- 
tween giant branch and AGB stars at Teff~4850 by 
adopting a difference in G-band strength of ~3 À 
(which seems rather generous), the above calculations 
show that A[C/A]~0.3 gives a reasonable value to that 
upper limit. 

The behavior of the CN bands in the AGB stars is, 
on the other hand, quite difficult to understand. As 
may be seen in Figure 3, not one of the AGB stars 
studied here has enhanced CN. Yet on the giant branch 
there are more strong CN stars than CN weak ones. If 
we restrict ourselves to stars with B — F >0.80, we can 
rule out the possibility of effective temperature being 
responsible for the difference, since strong CN stars 
exist at the same colors (temperatures) as do the AGB 
stars. Since the AGB stars have higher luminosity than 
the red giants of similar temperature, and since CN 
shows a positive luminosity effect, we can rule out 
differences in gravity as the cause. To produce a CN 
weak AGB star from a CN strong giant branch star, we 
are then left with the possibility of reducing carbon 
and/or nitrogen. Now comes the dilemma. We have 
argued above that a reasonable upper limit to the 
carbon depletion is ~0.3dex, and there is no reasona- 
ble way of reducing the abundance of nitrogen on the 
giant branch. To make matters worse, any postulated 
carbon processing will produce nitrogen, offsetting the 
effect of carbon depletion. In view of the importance of 
this result, an investigation of CN in the AGB stars at 
somewhat higher resolution seems warranted. 

Since the AGB stars have spent a long period on the 
blue horizontal branch, where spectral pecuharities are 
believed to originate, perhaps by diffusive processes 
(see Greenstein and Sargent 1974), it may be suggested 
that the nitrogen deficiency is set up during this phase. 
We believe, however, that such a suggestion is at pre- 
sent too ad hoc to be accepted. Little information exists 
on the behavior of nitrogen in Ap stars, and one would 
expect that atmospheric abundance anomalies would 
be destroyed by the convection which exists in the 
outer layers of AGB stars. A second possibility, which 
we shall discuss in § Yd, is that not all stars presently 
on the red giant branch (in particular the CN strong 
ones) will reach the asymptotic giant branch. 

There is one further possibly important effect in the 
CN data on the giant branch. Inspection of Figure 3 
shows an apparent decrease in the ratio of CN strong 
to CN weak stars with increasing luminosity. To the 
extent that a sizable fraction of the stars above F~12.4 
may be AGB stars, which appear to be CN weak, this 
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result may be consistent with our previous discussion. 
We were surprised, however, to find no stars with 
enhanced CN bands among the five brightest stars in 
the cluster. (We must add the caveat that our spectra of 
the two coolest stars are not well exposed in the region 
of the violet CN bands, having been optimized for the 
region at À4300.) Abundance analyses of this group of 
bright giants at higher resolution could throw im- 
portant light on this effect. 

d) The Gap on the Horizontal Branch 

As mentioned earlier, there is a gap on the horizontal 
branch of NGC 6752 stretching from log Teff = 4.28 to 
4.37. This led Newell and Sadler (1978) to infer the 
existence of “a multimodal distribution of the physical, 
or chemical, parameters that determine the position of 
BHB stars in the HR and two-color diagrams.” We, on 
the other hand, have found a bimodal distribution of 
CN strength on the giant branch. The two results are 
surely suggestive of a common cause, possibly related 
to the chemical parameters in the cluster.4 While we 
are unable to propose a definitive explanation, we 
conclude by submitting two possibilities for considera- 
tion. 

i) Primordial Helium Abundance Differences (kY—0.05) 

We suppose that NGC 6752 contains two groups of 
stars. They may be successive generations, or they may 
have developed independently with different chemical 
histories before coming into dynamical equilibrium. 
The first group is represented by the CN weak stars in 
the cluster; the second, by the group of CN strong red 
giants. We envisage that star formation was complete 
within a few hundred million years; that is, on a time 
scale very much shorter than the age of the cluster. We 
postulate that the CN strong group has an abundance 
of helium higher by AT =0.05 than that with weak CN. 
The consequence of such a difference is that the CN 
strong group will at the present time have a lower mass 
at the main sequence turnoff. If we adopt an age and 
metal abundance for both groups of 13 X109 years and 
Z=0.001, and helium abundances of 7=0.25 and 0.30 
for the CN weak and strong groups, the corresponding 
masses at the turnoff are 0.81 and 0.74 M0, respec- 

4 It has been suggested to us by R. Zinn that the ratio of stars 
in the two horizontal branch groups does not appear to be the 
same as that between the two CN groups, which would argue 
against seeking a common origin for the two phenomena. We 
beheve, however, that this does not necessarily follow. First, there 
are important selection effects in the existing color-magnitude 
diagrams, in that the two horizontal branch groups have not been 
taken from the same area of sky (cf. Lee 1976, Carney 1979). 
Second, and more important, the possibility exists that if two 
mass groups exist on the giant branch, not all stars in the lower 
mass group may reach the horizontal branch. If the mass on the 
giant branch becomes sufficiently small, there will be no helium 
flash and the star will become a white dwarf on a short time scale 
(cf. Damarque and Mengel 1971). 

lively5 (Ciardullo and Demarque 1977). (A factor of 2 
difference in Z has a small effect on this result, increas- 
ing the difference by —0.01 M©.) If one assumes that 
both groups experience similar amounts of mass loss as 
they ascend the giant branch, they will arrive on the 
horizontal branch with a mass difference of ~0.07 M©. 
In the present case, suitable values of the total masses 
are 0.50 and 0.57 M© (cf. Newell and Sadler 1978). The 
CN strong group will populate the blue end of the 
horizontal branch, there will be a gap, and the second 
group will occupy the redder end of the horizontal 
branch. Because of the difference in form of the evolu- 
tionary tracks of stars having masses ~0.50 and 0.57 
(cf. our Fig. 11, and Sweigart and Gross 1976), subse- 
quent evolution on and away from the horizontal 
branch will not bring the groups together again in the 
H-R diagram. If all stars had masses either 0.50 or 0.57 
M© and the parameters (7, Z, core mass) = (0.30, 0.001, 
0.475) there would be a gap on the horizontal branch of 
A log reff = 0.19 (twice the size given by Newell and 
Sadler). This difference in morphology of the evolu- 
tionary tracks has a further interesting consequence. 
The low mass, high helium, high CN group will not 
ascend the giant branch again; the envelope masses are 
too small. Here then is a possible explanation for the 
lack of CN strong objects on the AGB. 

In changing the helium abundance by A7= 0.05 we 
should also consider concomitant changes in a star’s 
evolutionary history. A change A7= +0.05 will change 
the core mass of the star at the helium flash by AMC = 
— 0.01, and consequently alter the position the star 
initially occupies on the horizontal branch by A log Teff 

~-0.07 (at logreff~4.3). This will be offset to some 
extent by the higher envelope helium abundance which 
moves the star hotter on the giant branch; at log Tm~ 
4.3, A7= 0.05 causes a change Alog reff~ + 0.02. If the 
increase in helium is accompanied by an increase in the 
abundance of the heavy elements by, say, a factor 2, 
the star’s position on the horizontal branch would 
change by A log Teff~ — 0.01 at log Teff~4.3. (The fore- 
going estimates are based on the papers of Sweigart 
and Gross 1976, 1978.) The net change of these effects 
is A log TM~ — 0.06 which tends to reduce the size of 
the gap, A log .19, suggested in the previous para- 
graph. The gap will, however, remain. 

A further decrease in the size of the gap will be 
caused by any dispersion in total mass, or by core 
rotation in each of the groups (cf. Renzini 1977). 
Without realistic estimates of the size of such disper- 
sions, however, little progress can be made in estimat- 
ing their effects. The basic question raised by our 
hypothesis is whether or not a variation of A 7—0.05 
can reasonably be expected between two groups of 
stars in a globular cluster. This range is not too differ- 

5 The age spread necessary to produce such a mass difference 
is ~5 X l(r years (cf. Ciardullo and Demarque 1977). 
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ent from that suggested by Iben and Truran (1978) for 
stars of Population I abundance, and observed by 
Nissen (1976) between clusters and associations of 
Population I. Since, however, we are dealing with a 
somewhat different set of initial conditions, we must 
leave the decision on this matter to others. 

ii) Correlated Mixing and Mass Loss 

The second possibility is that the chemical bimodal- 
ity on the giant branch results from mixing and that 
those stars which mix (the CN strong group) lose more 
mass (by AA/~0.07 M©) prior to their arrival at the 
horizontal branch. This is intuitively what one might 
expect since mixing would presumably be a rather 
turbulent process. As before, this would be consistent 
with the lack of CN strong stars on the AGB, since the 
lower mass group probably does not ascend the giant 
branch a second time. 

This hypothesis has one possibly observable conse- 
quence. If the CN strong group is losing mass at a 

faster rate, and if Ha emission in globular cluster 
giants is a measure of mass loss (Cohen 1976; Mallia 
and Pagel 1978), one might expect to find stronger 
emission in this group of stars. Cacciari and Freeman 
(1980) have instituted a search for Ha emission in 
several globular clusters, including NGC 6752. A pre- 
liminary analysis of their data for 14 giants in NGC 
6752, however, shows no evidence for emission except 
at the giant branch tip (A31 and A59), and hence offers 
little support for the hypothesis. 
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