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ASTEROSEISMOLOGY

Convective zone

Radiative zone

® |t studies the oscillation frequencies of a star

Core

to measure its internal properties.

* g mode

® |t is able to infer fundamental stellar
parameters (e.g., mass, radius, logg and agekrspo:
using Tesf and chemical composition.

Garcia & Ballot 2019



ASTEROSEISMOLOGY
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Ref: . Stello et al. 2008; Kallinger et al. 2010; Belkacem et

al. 2011; Mosser et al. 2010; Miglio et al 2012; Morel &
Miglio 2012 + many more
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SPEC LOGG DETERMINATION

® logg for late-type stars can sufter from systematic errors of the order of 0.2 dex (Morel &
Miglio 2012; Heiter et al. 2015; Takeda & Tajitsu 2015; Takeda et al. 2016). Possib\e causes.

- use of different techniques by different authors;

- adoption of inaccurate atomic parameters;

- assumption of local thermodynamical equilibrium (LTE) and 1-D conditions;
- degeneracies and noisy or ill continuum-normalised spectra.

® As a consequence: inaccurate estimates of T, chemical abundances, distances and =\
stellar age. )



ASTEROSEISMOLOGY » SPECTROSCOPY

® The seismic surface gravity proved to be more precise and accurate than
that derived using Oﬂ‘y Spectroscopy (Thygesen et al 2012; Morel & Miglio 2012; Creevey et al.

2013; Hekker et al. 2013; Huber et al. 2013; Morel et al. 2014; Heiter et al. 2015; Hawkins et al 2016 + many more).

This seismic logg can be used as a powerful tool for testing the adopted
spectroscopic pipelines and, eventually, calibrating them.
Q



SEISMIC & SPEC LOGG

® Good agreement between the
seismic and spec logg =

applicability of the logg scaling law

® Typical seismic logg uncertainties:
0.05 vs 0.15-0.20 dex from spec.

(Chaplin & Miglio 2013)
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UNCERTAINTIES WITH/NO SEISMO

Quantity Spectroscopy High Resolution Spectroscopy Low Resolution
Model Requir. No seismo With Seismo | Model Requir. No seismo With Seismo

Tett 50 K 75 K 40 K 80 K 110 K 65 K

log g <0.1 dex 0.12 dex 0.02 dex 0.2 dex 0.3 dex 0.02 dex

Fe/H] <0.1 dex 0.1 dex 0.02 dex <0.1 dex 0.2 dex <0.1 dex

aelement/Fe| | <0.1 dex 0.1 dex 0.03 dex <0.2 dex 0.2 dex <0.1 dex

n — capt./Fe| | <0.1 dex 0.1 dex 0.03 dex <0.2 dex 0.3 dex <0.1 dex

Valentini 2018 (proceedings)



SEISMIC LOGG - Te-logg DEGENERACY

® Seismic logg can be useful in case
of strong T.#logg degeneracy, e.q.

in the case of RAVE survey.

® Reasons:

® | ow resolution (R< 10,000)

® Small wavelength coverage

A log(g) [dex]
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SPECTROSCOPY » ASTEROSEISMOLOGY

® Spectroscopy can provide eftective temperature and chemical composition
necessary to estimate important parameters through the asteroseismology:

- Stellar age

These two fields are therefore closely connected and can greatly benetit

from each other.
©)



ASTEROSEISMOLOGY-SPECTROSCOPY INTERATION
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SEISMIC STELLAR AGE

Asteroseismic constraints, coupled with information
on chemical abundances and Tef, give us the ability
to measure accurate mass, radius and age for RGB

stars, using suitable tools (e.g. PARAM, astroNN).

(Anders et al. 2017; Silva Aguirre et al. 2018; Rendle et al. 201%a; Valentini et al.
2019; Miglio et al 2021; Montalban et al 2021; Das & Sanders 2019; Mackereth et al
2019, 2020 + many more)

Typical uncertainties: ~20-25% (vs. > 80% for
isochrones)

Improvable up to ~10% using HR and individual freq.

= Unprecedented constraints for our

understanding of the MW!
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FUTURE: PLATO - HRMOS

® The spectroscopic follow-up of PLATO's targets by HRMOS

1. calibration of spectroscopic analysis procedures

2. precise chemical abundance determinations » precise stellar properties (in
particular age), to testing:

- stellar models

- Galactic chemical evolution models

3. breakthrough science for Galactic and Local Group Archaeology, Stellar N
Astrophysics and Exoplanet studies. )



SCIENCE IN G.A.

® Formation and evolution of the thin and
thick discs of our Galaxy, and in
particular to identity the transition
between a-rich and a-poor discs

® Radial migration = presence of ola
metal-rich stars in solar vicinity

® Chemical discontinuity in the [a/Fe] vs

[Fe/H] diagram seems to correspond to
an abrupt change in the velocity
dispersion at old ages

[a/Fe]

¢ [o/Fe] >0.1 outliers

Kepler + APOGEE
Miglio et al. 2021
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A possible application of PLATO-HRMOS synergy:

Calibration of chemical clocks relations using stars
with precise seismic age and chemical
abundances.

PLATO-HRMOS stars can extend the chemical
clocks relations to older age than other

calibrators, such as open clusters.

Moreover, knowing the evolutionary state of stars

from asteroseismology allow us to investigate
possible chemical variations due to the stellar
evolution.
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CONCLUSIONS

® A detailed spectroscopic analysis has so far been carried out for only a tiny
fraction ot all the stars observed by CoRoT, K2, TESS and Kepler. Much
more is expected in the near tuture.

® Seismic targets are currently used as benchmark stars in various large-
scale surveys, such as APOGEE, Gaia-ESO and GALAH. In future: WEAVE,

AMOST, HRMOS

® The combination of HR spectroscopic data with asteroseismic ones will be
of great relevance for investigating the properties of the stellar

~\
populations constituting our Galaxy. @)



