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Interpretation: Mixing or Primordial Abundance Variations?

EVIDENCE FOR MIXING It is hard to avoid the conclusion that globular
cluster giants mix the ashes of internal nuclear processing to the surface
on a scale larger than expected on the basis of classical evolutionary theory.
The existence of CH and Ba stars in late evolutionary stages in clusters in

© Annual Reviews Inc. ¢ Provided by the NASA Astrophysics Data Systen

332 KRAFT

which the vast majority of stars show no generally strong enhancement of
carbon or s-process species suggests the correctness of the mixing hypoth-
esis. CH stars seem to require that carbon produced by triple-a processing
be mixed to the surface either at the He-core or shell flashes and the
presence of Ba-stars in clusters suggests that the convective linkage neces-
sary to operate the neutron-source chain 2C(p, y)!3N(B*v)*C(a, n)'®O
in low mass stars must indeed exist.

In typical metal-poor cluster stars, as early as the mid-SGB, the
average carbon abundance begins to decline presumably in response to
the processing of the base of the convective envelope through the CN
cycle, and continues to drop to ~0.1 of the original value, or lower, with
advancing evolutionary state. The onset of the decline thus occurs much
earlier and the magnitude of the effect is much larger than we would
have expected based on the degree of CN processing and mixing found in
conventional evolutionary models. Unfortunately, even with the improved
observational technology cited earlier, it is not yet possible to recover the
expected changes in the '2C/13C ratio in these stars. The lack of anti-

Kraft 1979
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Fig. 2 A modern collection of Na-O anticorrelations showing partial results of the FLAMES
survey of globular clusters (see Carretta et al. 2009a, 2010d for full references) and demon-
strating both the ubiquity of this feature and its difference cluster-to-cluster. The lines
separate the P (first generation), I, and E (second generation) components, as defined in
Carretta et al. In this plot, red circles are measures for both O and Na, and blue arrows are
measures for Na but only upper limits for O.
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NGC 362: observed CMD ,..‘
E(V-1) = 0.042, (m-M), = 14.79 oo
ZAHB, TAHB: Y =0.23, Z = 0.001 .
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NGC 288: observed CMD
E(V-1) = 0.039, (m-M), = 14.79 L
ZAHB, TAHB: Y = 0.23, Z = 0.001 . R
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selected in Figure 34. This is the first time anyone has been able to follow two stellar populations in a GC from the main sequence to the HB.
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Figure 32. Top panel: comparison between two synthetic spectra: one for an N-rich star (magenta) and one for an N-poor star (black). The spectra are given as flux (in
arbitrary units) and are smoothed at 1 A resolution for clarity; they have been computed for parameters typical of a subgiant star in 47 Tuc, with chemical compositions
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Old globular clusters
in the Magellanic clouds

also contain MSPs
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MSPs with ground-based photometry
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Spearman'’s rank coefficient = Rs
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Spearman's rank coefficient = Rs
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Conclusions

for 68 GCs, measure of color extension of the stars at the base of the RGB in the
UV-optical pseudocolor Crasew,Fa3sw,Fs14aw (Sensitive to the stellar content of C, N, O,
and helium)

in the W crasew,Fazsw,Fs14w vVersus [Fe/H], young and intermediate-age MC clusters

and Terzan 7 attain systematically lower RGB width values with respect to the MW
GCs

Rup 106 (mono stellar population) -> Terzan 7 likely a single population cluster

comparison between the normalized RGB width of the MW and extragalactic GCs
as a function of the cluster mass demonstrates that the extragalactic GCs
systematically deviate

comparison between the bulk trend of the Galactic GCs and the extragalactic
systems shows that the latter attaining lower values of DWcrazsw, Fazsw, Fs1aw -> MC
GCs exhibit smaller internal light-element variations than Galactic GCs with similar
present-day masses

does the observed difference depend on specific physical conditions in Galactic
and extragalactic proto-GCs at the epoch of formation? or do MPs in MW and
extragalactic GCs follow a unique trend with the initial cluster mass, but ancient
Galactic GCs lost significant amount of their mass?
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Figure 7. Theoretical variation of the RGB width as a function of metallicity [Fe/H] for young, intermediate-age, and old models.
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