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Summary

Effective temperature (Teff), surface gravity (logg), and metallicity ([M/H]) are basic stellar
atmospheric parameters necessary to characterize a star. Once these parameters are obtained,
we can in turn, infer their chemical abundances of various elements and in conjunction with
evolutionary models to estimate their evolution, i.e., mass and radius. In this work, we use
spectroscopy as a powerful tool to extract this information from stellar atmospheres applied to
stars with spectral type FGK both dwarfs and giants. The growing number of spectroscopic
surveys dedicated to the study of the Galactic stellar populations has inflated the number of
high quality spectra to several hundreds of thousands. This amount is expected to multiply
with the forthcoming surveys, such as WEAVE (de Jong et al., 2019) and 4MOST (Dalton
et al., 2014). The success of these surveys highly depends on the analysis tools to exploit
sufficiently all spectral information. Moreover, it is a well-known axiom in exoplanetary studies
that one can only determine the planetary properties once the ones of the host star are known.
The planetary properties such as mass, radius, composition, are directly linked to their hosts
and therefore, robust tools for the derivation of these parameters are necessary.
There are spectral packages available in the literature based on different methods to derive
the atmospheric parameters. A standard method for solar-like stars relies on the measure-
ments of equivalent widths of iron lines and by imposing excitation and ionization equilibrium
(e.g., Magrini et al., 2013; Andreasen et al., 2017; Tabernero, Marfil, Montes, & González
Hernández, 2019). Other methods are based on fitting synthetic spectra created on-the-fly
with observations under a minimization procedure (e.g., (SME) Valenti & Piskunov, 1996;
(iSpec) Blanco-Cuaresma, Soubiran, Heiter, & Jofré, 2014). Each of the above methods has
different limitations depending on the accuracy of the provided atomic data of the line lists,
the resolution of the spectrographs, on the quality of the spectra (e.g., signal-to-noise) but
also due to the star itself (e.g., rotation, spectral type).
Our goal is to provide a tool to determine accurately and precisely the stellar parameters and
chemical abundances to fulfill the above purposes. FASMA is a Python package to derive the
main stellar atmospheric parameters based on the spectral synthesis technique. The principle
of this technique relies on the comparison of synthetic spectra with observations to yield the
best-fit parameters under a χ2 minimization process:

χ2 = Σ
(obsi − synthi)

2

σi

where obs is the observed spectrum, synth the synthetic, and σ the error on the observed
flux for each spectral point, i. The best parameters are the ones that minimize the non-linear
least-squares based on the Levenberg-Marquardt algorithm (Markwardt, 2009; Marquardt,
1963).
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The synthetic spectra, i.e., the fluxes at the top of the photosphere, are created on-the-
fly with the radiative transfer code, MOOG (Sneden, 1973) in Fortran for a set of stellar
parameters. The synthetic spectra are later convolved with different rotational profiles, such
as macroturbulence (vmac), projected rotational velocity (vsini), and instrumental broadening
(resolution) to match the observations. To synthesize a spectrum, the information on how
the physical properties (such as temperature, electron pressure, gas pressure, etc.) behave
at each layer (optical depth) of the atmosphere is necessary. This information is provided in
a tabulated form by interpolating from a grid of pre-computed stellar atmospheres for a set
of stellar parameters (Teff, logg, [M/H]). FASMA includes two sets of grids for this analysis:
Kurucz (Kurucz, 1993) or MARCS models (Gustafsson et al., 2008).
A key component for spectral synthesis is the list of atoms and molecules which are included in
the wavelength intervals. The spectral line list required for the derivation of stellar parameters
is described by Tsantaki et al. (2018) and for the chemical abundances is taken from Adibekyan
et al. (2015) and Delgado Mena et al. (2015).
Before we compare with observations, we perform a local normalization for the regions of the
synthesis and filter out cosmic rays. The procedure to derive stellar parameters is presented
in detail by Tsantaki et al. (2018) and has been tested for medium and high resolution
spectrographs. In the new version 2.0, we now include a new feature to derive chemical
abundances for the following elements: Li, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, and Ni. For
this process, stellar parameters have to be set and the only free parameter is the abundance
of each element. The abundances are calculated in a region of ±2m Å around each spectral
line. The line list of the neighboring lines is taken from VALD (Ryabchikova et al., 2015).
FASMA is run via terminal by setting the user options in a configuration file. FASMA includes
all the standard inputs for spectral synthesis along with a manual for the derivation of stellar
parameters and chemical abundances. The user has to provide solely the stellar spectrum
for the analysis. FASMA can be used directly for most optical surveys, such as the Gaia-ESO
(Gilmore et al., 2012) but also for the characterization planet hosts (see the SWEET-cat).

Figures

Figure 1: Synthetic spectrum with solar values generated with FASMA (blue) compared with observed
spectrum (orange).
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