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Figure 5. Relationship between surface abundances and direct asteroseismic mass (top row) or age (bottom row), shown for 1,475 of
stars in the APOKASC sample. The left column shows [↵/M] as a function of [M/H] while the right column shows [C/N] as a function
of [M/H]. While age and [↵/M] are correlated because of Galactic chemical evolution, the correlation between [C/N] and age is due
to internal stellar evolution. As expected from stellar models, stars with a high [C/N] have a small mass and a large age. In a first
approximation, stars of a given age are found along parallel diagonal lines in this plane. The upper edge of the stellar distribution is then
determined by the age of the Universe (and the smallest mass a star can have and still reach the giant branch in ⇠13 Gyr).

Figure 6. Stellar mass in the [C/M]-[M/H] plane (left panel) and [N/M]-[M/H] plane (right panel). This shows that both carbon and
nitrogen abundances contain mass information.

We estimate the internal uncertainties on the fit param-
eters and on the predicted values by drawing 100 fiducial
samples from the data (assuming Gaussian errors on both
the input labels and on masses or ages), and performing a
set of 100 linear regressions, giving 100 different realizations
of both the model and the predicted mass or age. We use the

standard deviation of these 100 different predicted masses
for each star as an estimator of the mass internal uncertainty
in the model.

We also validate our model through cross-validation.
This is a way to test how well our model would apply to
other datasets, and to give a better estimate of the model
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