N

HAL

open science

Solar twins: lithium abundance scatter
T Mishenina, C Soubiran, C Charbonnel, M Katsova, B Nizamov

» To cite this version:

T Mishenina, C Soubiran, C Charbonnel, M Katsova, B Nizamov. Solar twins: lithium abundance
scatter. Memorie della Societa Astronomica Italiana, Nov 2019, Monte Porzio Catone, Italy. hal-

03052889

HAL Id: hal-03052889
https://hal.science/hal-03052889

Submitted on 26 Jan 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03052889
https://hal.archives-ouvertes.fr

Mem. S.A.It. Vol. 91, 171
© SAIt 2020

Memorie della

% &

Cloga N
‘@ degli S9°

Solar twins: lithium abundance scatter

T. Mishenina', C. Soubiran?, C. Charbonnel**, M. Katsova’, and B. Nizamov°

Odessa National University, Astronomical Observatory, Park Shevchenko, 65014 Odessa,
Ukraine, e-mail: tmishenina@ukr.net

2 Laboratoire d’Astrophysique de Bordeaux, CNRS, B18N, allée G. Saint-Hilaire, Pessac,
France

University of Geneva, Department of Astronomy, Chemin des Maillettes 51,1290 Versoix,
Switzerland

4 University Toulouse IIl, CNRS UMRS5277, IRAP Av.E.Belin, 31400 Toulouse, France
5 Lomonosov Moscow State University, Sternberg State Astronomical Institute,
Universitetsky av., 119991 Moscow, Russia

13,

Abstract. To clarify the reasons for the dispersion of Li in the atmosphere of solar type stars,
a set of 56 solar analogs including 22 solar twins is analysed based on spectra obtained with
the ELODIE spectrograph at Observatoire de Haute Provence (France). Lithium abundances
are derived by comparing observed and synthetic spectra in the region of Li I line 6707 A in
LTE approximation. The dependencies of the Li abundances on effective temperature Teff, age,
rotational velocities vsini and chromospheric activity log R’HK were constructed and analyzed
in the frame of stellar evolution theories. The results obtained are generally consistent with
theories considering induced-rotational mixing.
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1. Introduction

Li is a fragile element that can be destroyed by
nuclear reactions at temperatures in excess of
2.5 x 10 K. This property leads to large varia-
tions in its abundance. Why is there some scat-
ter of lithium abundance in solar analogs? With
our spectroscopic analysis we want to investi-
gate the (hidden) processes that lead to lithium
depletion and understand whether they happen
during the gravitational contraction of proto-
stellar cloud, during the evolution on the stage
Pre- Main Sequence (MS) or during MS.
The possible sources at Pre-MS may be:

1) episodic accretion, pre-MS core-envelope
decoupling and/or radius inflation due to
enhanced magnetic activity to account for

an early development of the Li-rotation
connection (Bouvier et al.|[2016);

2) planet accretion (Montalban & Rebolo
2002), (Baumann et al.[2010);

3) metal-rich accretion and thermohaline in-

stability (Théado & Vauclair/2001);

the impact of starspots on the evolution

of late-type stars (Somers & Pinsonneault

2016);

5) different physical conditions, primarily dur-
ing the early stage of evolution before the
MS (Thévenin et al.l2017);

4)

At MS the possible sources may be:

1) atomic diffusion (Michaud|1986),
2) mass loss (Hobbs, Iben & Pilachowski
1989)),
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3) magnetic braking of solar rotation
(Denissenkov|2010),

4) rotationally-induced mixing and atomic
diffusion  (Chaboyer, Demarque &
Pinsonneault/ [1995), (Talon & Charbonnel
2005)), (Do Nascimento et al.l|2009) etc.,

5) overshooting, extra-mixing at the bottom of
a convective zone (Baraffe et al.ll2017),

6) rotation-induced mixing and internal grav-
ity waves (Charbonnel & Talon!2003)),

7) large starspots and superflares (Notsu et al.
2017),

8) presence planetary systems (Gonzalez &
Laws|2000), (Delgado Mena et al.|[2015),
(Mishenina_et_al. [2016), (Carlos et al.

2016)) etc.

Other important factor in Li abundance chang-
ing was considered by [Somers & Pinsonneault
(2014): uncertainties in the standard physics,
adopted equation of state and solar composi-
tion; the very high temperature sensitivity of
the Li depletion.

2. Observations, stellar parameters
and Li abundance determination

The spectra were taken from the archive of the
ELODIE echelle spectrograph on the 1.93m
telescope of OHP (France), a resolving power
of R~42 000 and the wavelengths range 4400
6800 AA (Moultaka et al.|2004).

To select solar twins, the 225 best spec-
tra of 56 stars were analysed by Mahdi et al.
(2016) and twenty-two stars were found to dif-
fer by less than 100 K in Teff, 0.1 dex in log
g, and 0.1 dex in metallicity from the Sun val-
ues, which correspond to the definition of solar
twins by Melendez et al.| (2014).

The atmospheric parameters and abun-
dances from (Mahdi et al.|[2016) were used.
The abundance of the Li was determined based
on the synthetic calculation of Lil line of 6707
A under LTE approximations using the atmo-
sphere models by |Castelli & Kurucz| (2004),
new version LTE STARSP software package
(Tsymbal| [1996) and the VALD atomic data
(Kupka et al.|[1999). The NLTE corrections
in our case are from 0.04 to 0.07 dex (Lind,
Asplund & Barklem|2009). This is within the
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Fig. 1. Li abundance vs. [Fe/H] in our target stars.
For solar twins, the lithium content is indicated as
asterisks, the upper limit of log A(Li) as large trian-
gles.

limit of definition errors. We determined rota-
tion velocity vsini with the relation calibrated
by Queloz et al.| (1998). The parameter of
chromospheric activity log R’'HK was taken
from [Wright et al.| (2004). The ages were de-
termined using the [Y/Mg] calibration (Tucci
Maia et al.|[2016)).

3. Result and discussion

To analyze the behavior of lithium in solar
twins, we have plotted the dependences of Li
abundance log A(Li) on [Fe/H] (Fig. [I), Teff
(Fig.[2), the rotation velocity vsini (Fig.[3), age
(Fig.d)), and parameter of chromospheric activ-
ity log R"HK (Fig. ), and also the dependence
of chromospheric activity log R’HK on vsini
(Fig.[6).

The connection of Li abundance with vsini
may be the result of the past rotational his-
tory of stars (Bouvier et al.[2016); or that the
fact that fast rotators appear to be less depleted
than their slow rotating counterparts (Baraffe et
al.|2017); and also that the stars have different
initial velocities (Charbonnel & Talon|[2005).
Correlations between log A(Li) and log R’"HK
with vsini for solar twins suggest that the ro-
tation is a crucial factor in the physical pro-
cesses that are responsible for the values of the
Li abundance and the levels of chromospheric
activity. In Figs.[/land[§]we compare our Li de-
terminations for solar twins with calculations
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Fig.2. Liabundances as a function of Teff for solar  Fig.5. Li abundance as a function of chromo-

twins. Li abundances range from 0.8 to 2.2dex.
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Fig. 3. Li abundance vs. vsini for solar twins.

T T
5
Allstars @

20 - [

&
.
4,

logA(Li)

o5} v 4
2 [) 2 4 6 8 10 12
Age_Y/Mg (Gyr)

Fig.4. Li abundance vs. age for our target stars.
Notation is the same as Fig. [T]

of [Baraffe et al.| (2017) and also [Charbonnel &
Talon| (2005), that consider a rotation-induced
mixing and internal gravity waves (IGWs) as
main source of depletion of Li. We can see

spheric activity log R"HK for solar twins.
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Fig. 6. Chromospheric activity log R"HK as a func-
tion of vsini for solar twins.

a good agreement between Li abundance and
two stellar evolution computations especially
of (Charbonnel & Talon|2005).

4. Conclusions

— Li abundances were determined in carefully
selected solar analogs including solar twins
and analyzed against on various parameters.
We find a correlation of Li abundance with
Teff, vsini, age and on chromospheric activ-
ity logR’HK. — The comparison of our obser-
vational data with some calculations of the Li
evolution in solar twins was made. The deci-
sive factor in lithium dispersion in the stars of
the MS is the initial spread of the rotational ve-
locities. However, one should not exclude the
in influence of other factors (magnetic activity,
meridional circulation, diffusion, etc.).
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Fig.7. Li abundance vs. Teff for solar twins and
model calculation of Baraffe et al.|(2017).
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Fig.8. Li abundance vs. Age for solar twins and
model calculation of [Charbonnel & Talon| (2005).
Solid lines correspond to models including IGWs
and dashed lines to models without IGWs. Initial
velocities are shown in kms™'. The solar value is
shown as circle.

— The observed scatter in Li abundance of
solar twins is in good agreement with predic-
tions of models considering rotation-induced
mixing and internal gravity waves (Charbonnel
& ‘Talon!|2005)).

Acknowledgements. This article is based upon work
from the ChETEC COST Action (CA16117), sup-
ported by COST (European Cooperation in Science
and Technology). MK and BN thank to the grant
RFBR 19-02-00191.

Mishenina: Lithium in solar twins

References

Baraffe, I, et al. 2017, ApJ, 845, L6

Baumann, P, et al. 2010, A&A, 519, A87

Beck, P. G, etal. 2017, A&A, 602, A63

Bouvier, J., et al. 2016, A&A, 590, A78

Carlos, M., et al. 2016, A&A, 587, A100

Castelli, F. & Kurucz, R. 2004, astro-
ph/0405087

Chaboyer, B., Demarque, P., Pinsonneault, M.
H. 1995, ApJ, 441, 865

Charbonnel, C. & Talon, S. 2005, Science,
309, 2189

Delgado Mena, E., etal. 2015, A&A, 576, A69

Denissenkov, P., A. 2010, ApJ, 719, 28

Do Nascimento, Jr., J., D., et al. 2009, A&A,
501, 687

Garcia Lopez, R. J. & Spruit, H., C. 1991,
Apl, 377, 268

Gonzalez, G. & Laws, C. 2000, AJ, 119, 390

Hobbs, L. M., Iben, Jr. I., Pilachowski C. 1989,
Apl, 347, 817

Kupka, F, et al. 1999, A&AS, 138, 119

Lind, K., Asplund, M., Barklem, P. S. 2009,
A&A, 503, 541

Mahdi, D., Soubiran, C., Blanco-Cuaresma, S.,
Chemin, L. 2016, A&A, 587, A131

Melendez, J., et al. 2014, A&A, 567, L3

Michaud, G. 1986, ApJ, 302, 650

Mishenina, T. V., et al. 2016, A&A, 547, A106

Montalban, J. & Rebolo, R. 2002, A&A, 386,
1039

Moultaka, J., Ilovaisky, S. A., Prugniel, P,
Soubiran, C. 2004, PASP, 116, 693

Notsu, Y., et al. 2017, PASJ, 69, 12

Queloz, D., et al. 1998, A&A, 335, 183

Somers, G. & Pinsonneault, M. H. 2014, ApJ,
790, 72

Somers, G. & Pinsonneault, M. H. 2016, ApJ,
829, 32

Talon, S. & Charbonnel, C. 2005, A&A, 440,
981

Théado, S., & Vauclair, S. 2001 A&A, 375, 70

Thévenin, F,, et al. 2017, A&A, 598, A64

Tsymbal, V. 1996, ASP Conf. Ser., 108, 196

Tucci Maia, M., et al. 2016, A&A, 590, A32

Wright, J. T., et al. 2004, ApJS, 152, 261



	Introduction
	Observations, stellar parameters and Li abundance determination 
	Result and discussion
	Conclusions

