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Young star clusters (<3 x 10 yr) in the Maqellanic Clouds (MC) can be 
used to test the current status of the theory of stellar evolution as 
applied to intermediate and massive stars. The color-maqnitude diaqram 
of many younq clusters in the MC shows, unlike the case of clusters in 
our Galaxy, large numbers of stars in both the main sequence and post 
main sequence evolutionary phases. Usina a arid of stellar evolution 
models, synthetic cluster H-R diaqrams are constructed and compared to 
observed color-maqnitude diaqrams to determine the aqe, aqe spread, and 
composition for any qiven cluster. In addition, for those cases where 
the data is of high quality, detailed comparisons between theory and ob­
servation can provide a diaqnostic of the accuracy of the stellar evolu­
tion models. Initial indications of these comparisons suaqest that the 
theoretical models should be altered to include: a larqer value for the 
mixinq lenath parameter (a), a laraer rate of mass loss durina the 
asymptotic giant branch (AGB) phase, and possibly convective overshoot 
durinq the core burninq phases. 

1. INTRODUCTION 

Our arid of stellar evolution models spans the ranqe of 3 < M*/M < 40 
in mass, and 0.20 < Y < 0.36 and 0.001 < Z < 0.03 in composition?see 
Becker and Iben 1979, 1980; Becker 1981,"Brunish and Truran 1982 a,b; 
and Becker and Brunish 1983). A detailed description of our method of 
constructinq synthetic cluster diaqrams is given in Becker and Mathews 
(1983). The conversions of Kurucz (1979) and Flower (1977) are used to 
convert luminosity into absolute visual magnitude and temperature into 
B-V. For composition determinations, we have elected to link Y and Z 
together via the Lequeux et al. (1979) relation: 

Y = (0.228 ± 0.004) h (2.83 ± 0.60)Z 

although we do have the ability to vary Y and Z independent of each 
other. 
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2. COMPARISONS BETWEEN THEORY AND OBSERVATION 

In Flqures 1 a-b synthetic cluster dlaqrams are plotted for two differ­
ent compositions for six different aqes. In both cases, one can see 
that the location of the bluest core He burnlnq giants (i.e., those lo­
cated at the tip of the blue loop) provides a very sensitive aoe indi­
cator. This behavior can be used in many cases to obtain an initial 
estimate of the age and composition of a cluster based on the location 
of its blue loop tip. In Fiqure 2 this procedure has been applied to 
six clusters in the LMC and one cluster in the SMC, 
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Fiqure 1. Synthetic H-R diaarams as a function of aqe (15, 
30, 60, 90, 120, 240 x 106 yr) for two different 
chemical compositions. 
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Fiqure 2. The location of the blue loop tip as a function of 
aqe (in 10 yr) and composition (Y is obtained 
from Lequeux et al. 1979). NGC 458 is in the SMC, 
the other clusters are in the LMC, 
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Using these estimates as a guide, whole cluster fits between synthetic 
H-P dlaqrams and color-maqnltude dlaqrams can then be constructed. This 
procedure is necessary in Order to obtain the most information possible, 
i.e., the aqe, aqe spread, and composition of a aiven cluster as well as 
feedback on the accuracy of the stellar evolution models. For example, 
in Fiqures 3a-h and 4a-b, we compare the observations with our best 
theoretical fits for the cases of NGC 1866 and NGC 22H. 

13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 

-1 

(a) NQC1866 Data NGC 1866 T-86. ... 
(Y.Z) -(0.273,0.160) C D) 

0 -0.5 0 0.5 1.0 1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0 
(B-V) (B-V) 

Fiqure 3. Comparison of the observed and theoretical H-R 
dlaqrams for the LMC cluster NGC 1866. The data 
from Arp and Thackery (1967), Robertson (1974), 
Walker (1974) and Flower (1981). 

is 

13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 

(a ) NGC2214 Data 

-

> r 

* ' '•■ • i 

♦Vf"'' J 

1 NGC2214 T «=53 c^\ 
(Y,Z) = (0.27,0.015) ^ J 

*• 

1 '*' 

-&'.'•. 
1.0 -0.5 0 0.5 1.0 1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0 

(B-V) (B-V) 

Fiqure 4. Comparison of the observed and theoretical H-R 
diaqram for the LMC cluster NGC ?214. The data is 
from Robertson (1974). 
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In Table 1 we summarize the results to date of our whole cluster fits 
with reqard to their aqe and composition. 

TABLE 1 

Cluster Aqe Composition 
NGC 1866 86 x 106 yr (Y,Z) = (0.273, 0.016) 
NGC 2214 53 x 106 yr (Y,Z) = (0.27, 0.015) 
NGC 1854 30 x 106 yr (Y,Z) = (0.27, 0.015) 
NGC 2100 10 x 106 yr (Y,Z) = (0.28, 0.02) 

Finally, observational feedback in the above cases suqqests the follow-
inq chanoes in the theoretical models: 1) based on the location of the 
red qiant branch and the AGB, the value of a should be increased tc 
«1.5; 2) based on the observed truncation at hiqh luminosity of the A\GR, 
the rate of mass loss for models in the AGR phase should be increased; 
and 3) based on the observed densities of stars located on the main se­
quence and the red qiant reoion, some additional effect like convective 
overshoot (or perhaps rotation or binary evolution) needs to be consid­
ered. Work on other clusters in both the LMC and the SMC as well as on 
theoretical models is currently in proaress. 
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DISCUSSION 

Richer: Do any of the clusters that you have looked at have carbon stars 
in them? If not, can you say anything about the ages of the clusters 
that do have carbon stars in them? 

Becker: None of the clusters we are studying or are about to study have 
been observed to have carbon stars in them. It appears that clusters 
younger than about 3x10 years are unable to form them. This is consistent 
with my thermal pulse models in which models > 3 M don't become carbon 
stars, but rather they evolve into N rich M supergiants on the AGB. 
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