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Context

Accurate fundamental stellar parameters underpin asteroseismology and exoplanet characterisation, but
accepted values are sometimes affected by systematic uncertainties. The PLATO mission will detect solar-
like oscillations for a number of stars and astroseismology will then allow us to derive precise values of the
stellar radius and mass.
Stellar masses from astroseismology are strongly dependent on effective temperature (Teff) and metallicity,

both of which are derived spectroscopically.
Using HD 49933 and HD 32115, we show that a commonly used method for spectroscopic analysis fails: it
produces erroneous values of Teff and metallicity. We demonstrate we can derive better values, and propose
further improvements, including exploiting GAIA data, which could be used to characterise PLATO’s
targets.

Comparing methods

METHOD 1; based on using only the available metallic lines observed in
medium to high resolution (R ≥35 000). This method is currently adopted
to determine stellar parameters and abundances for the main Corot targets.

METHOD 2; based on collecting and using all possible observables for
a certain target: photometry, hydrogen lines (low and high resolution),
metallic lines, spectral energy distribution, etc... This method is more time
consuming and difficult to automate, but it provides a more thorough and
careful analysis, avoiding the problems highlighted below.

HD 49933 and HD 32115
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Figure 1: Top: Comparison between the observed Hβ HARPS spec-
trum of HD 49933 and synthetic line profiles calculated adopting the
temperatures obtained applying Method 1 (Bruntt et al. 2008) and
Method 2 (Ryabchikova et al. 2009). Bruntt (2009) obtained the same
Teff previously reported by Ryabchikova et al. (2009), but without de-
scribing why the application of Method 1 lead to two very different
sets of Teff and log g for the same object. Method 2 gives better con-
sistence with asteroseimology results. Kallinger et al (2010) show that
the lower Teff from Method 2 yields a stellar metallicity which improves
the fit to the seismic frequencies. Bottom: Comparison between the
observed Hγ McDonald spectrum of HD 32115 and synthetic line pro-
files calculated adopting the temperatures obtained applying Method
1 (Bruntt et al. 2008) and Method 2 (Fossati et al. 2011).
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Figure 2: Comparison between the observed MgI line profiles used to
determine log g and synthetic profiles for the Sun, Procyon, HD 49933
and HD 32115. log g was derived by applying Method 2 (Ryabchikova
et al. 2009; Fossati et al. 2011).
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Figure 3: Plots of individual abundances for 158 and 114 Fe lines
versus the excitation energy of the lower level for HD 49933 (top panel)
and HD 32115 (bottom panel) adopting different model atmospheres.
The same dependance for 137 common Fe lines in the solar spectrum
is shown by crosses in the top panel. Method 1’s Teff for HD 49933
(Bruntt et al. 2008) is systematically too high. Using only the exci-
tation equilibrium of metallic lines to determine Teff often produces
erroneously high temperatures. This has obvious consequences for the
determination of both gravity and metallicity.

Problems

Applying Method 1 (i.e. parameter determination on the basis of excitation
and ionisation equilibrium of metallic lines alone) to the PLATO targets
will inevitably lead to conflicts between spectroscopic and asteroseismic re-
sults, as seen for HD 49933 (Kallinger et al. 2010).
Method 2 (i.e. parameter determination using a number of different ob-
servables) is also subject to systematic uncertainties (e.g. normalisation of
hydrogen lines in particular when observed with echelle spectra, non-LTE
effects for both metallic lines and hydrogen lines: Barklem 2007), although
they are strongly reduced and more under control, compared to Method 1.

Solutions

For analysis of PLATO targets, we suggest improvements to Method 2
which should then yield the best fundamental stellar parameters:

• observe and analyse hydrogen lines with single slit spectrographs, to
reduce the uncertainties in the normalisation;

• use the spectral energy distribution from GAIA satellite and, where nec-
essary, ground based facilities;

• analyse the hydrogen lines in a set of reference stars to improve treatment
of non-LTE effects.
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