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Abstract. The helium abundance Y in the envelopes of RR Lyrae stars in globular clusters has been 
estimated. The values of Y range from 0.07 to 0.59. The properties of variable stars in globular 
clusters of two types distinguished by a type of dependence of the horizontal branch form on the 
chemical composition are compared. The clusters of type I are shown to be on the average poorer 
in RR Lyrae stars than those of type II. The RR Lyrae stars in type I clusters are on the average 
brighter by 0.1 mag. It is found that as Y increases, the cluster richness in W Virginis variables 
decreases. 

It has long been known that a number of properties of globular cluster variable 
stars depend on chemical abundance. 

In the present report we shall discuss some of these properties in connection with 
our discovery of the separation of globular clusters into two groups distinguished by 
a type of dependence of the horizontal branch form on chemical abundance. 

Recently Kukarkin has developed a system of metallicity indexes {IM) based on 
many determinations by other authors (Kukarkin and Russev, 1972) of metal abun­
dance in the atmospheres of globular cluster stars. Apparently the metallicity indexes 
most fully and objectively reflect our modern knowledge of metal abundance in 
globular cluster stars. 

Sandage (1969), guided by Christy's (1966) theoretical calculations, suggested a 
method of determination of helium abundance from the (B— V) colour of the blue 
edge of the RR Lyrae strip on the Hertzsprung-Russell diagram. Sandage (1969, 1970) 
applied his method for obtaining the helium abundance in horizontal branch stars 
of the globular clusters M3, M13, M15, and M92. But at the present time the 
diagrams for 41 globular clusters have been published. For 27 of them the colour 
of the blue edge of the RR Lyrae strip is determined with sufficient confidence. 
We have somewhat altered Sandage's method, having applied Newell's (1970) 
colour-effective temperature relation for blue horizontal branch stars and ha­
ving taken into account the results of new calculations of pulsation models made 
by Iben and Huchra (1970). Using this altered method, we have determined the helium 
abundance Y in the envelopes of the bluest RR Lyrae stars in 27 globular clusters 
(Mironov, 1971, 1972). The values of Y obtained range from 0.07 to 0.59. 

The comparison of the quantities IM and Y and their product IM- Y with the para­
meters of the horizontal branch form shows that all globular clusters can be divided 
into two groups. To quantitatively describe the horizontal branch form we consider 
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two new parameters. The first of them is the number of blue stars (i.e. stars to the left 
of the RR Lyrae strip expressed as a fraction of the total number of non-variable 
horizontal branch stars. The second parameter is the difference in (B — V) between 
the red end of the horizontal branch and that point on the horizontal branch at which 
the greatest concentration of stars occur. The former point is designated as (B — V)2, 
the latter one as (B — V)l. 

The resulting separation of globular clusters into two groups according to the type 
of dependence of the horizontal branch form on the abundance is illustrated by 
Figures 1 and 2, where the type I clusters are indicated by crosses and the type II 
clusters by filled circles. 
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Fig. 1. The dependence of the colour difference between the red end of the horizontal branch and 
the point of maximum star concentration in the HB as a function of chemical abundance. Crosses 

indicate type I cluster, circles type II clusters. 

The other properties of the variable stars in these two classes of clusters also differ, 
which can be seen from Table I, where they are listed with the abundance parameters. 

The first column of this table contains the designation of clusters. The abundance 
parameters IM, Y and IM- Y are given in the next three columns. The type I clusters 
have a rather small range of metallicity indexes, and their metal abundance is on the 
average lower than that of the type II clusters. 
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Fig. 2. The number of HB stars bluer than RR Lyr stars (expressed as a fraction of all non-variable 
HB stars) vs chemical abundance. Symbols as in Figure 1. 

The number iVRR of RR Lyrae stars in the clusters under consideration are given in 
the fifth column, and the sixth column contains the same numbers corrected for the 
richness of a cluster N^R. Such corrections are quite necessary when comparing the 
number of variables in various clusters, as all other things being equal, the probability 
of finding a star of some type is proportional to the total number of stars in a cluster, 
i.e. to cluster richness. We made this correction by using a factor that is inversely 
proportional to the absolute cluster luminosity, the richness of the absolutely brightest 
cluster, to Cen, being unity. It is obvious that type I clusters are essentially poorer in 
RR Lyrae stars than the type II clusters. As Figure 3 shows, the relative quantity of 
RR Lyrae variables in both types of clusters increases at first, and then begins de­
creasing, the type I cluster curve always staying lower than the type II cluster curve. 
This dependence can be easily explained if we take into account that with the in­
creasing oflM- Y the (B — V)1 point moves from the blue area into the red one. The 
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Fig. 3. Relative richness of RR Lyrae population in clusters as a function of chemical abundance. 
Symbols as in Figure 1. 

The ninth and tenth columns are analogous to the fifth and sixth columns, respec­
tively, but relate now to W Virginis variables. Because of the small number of these 
variables in individual clusters, no reliable conclusions can be drawn. Nevertheless 
our work confirms Wallerstein's (1970) conclusion that the W Vir variables do not 
occur in clusters of relatively high metallicity. Besides, the relation between the helium 
abundance Y and the value of N'cw is interesting, as Figure 4 shows, N ^ decreases as 
Y increases. 
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Hi cw 

Fig. 4. The dependence of numbers of W Vir stars on helium abundance. 
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