The bimodal A(Li) distribution of Milky Way’s thin disk stars

UNIVERSIDAD

COMPLUTENSE and the Galactic scale events IPARCOS

Roca-Fabrega, S.%, Llorente de Andrés, F.%3, Cifuentes, C.3, Chavero, C.4 de la Reza, R.>,and Montesinos, B.3

!Departamento de Fisica de la Tierra y Astrofisica, Facultad de Ciencias Fisicas, Plaza Ciencias, 1, Madrid, E-28040, Spain

2Ateneo de Almagro, Seccién de Ciencia y Tecnologia, 13270 Almagro, Spain

3Departmento de Astrofisica, Centro de Astrobiologia (CAB, CSIC-INTA), ESAC Campus, Camino Bajo del Castillo s/n, 28692 Villanueva de la Cafiada, Madrid, Spain
4Observatorio Astrondmico de Cérdoba, Universidad Nacional de Cérdoba, Laprida 854, 5000 Cérdoba, CONICET, Argentina

>Observatério Nacional, , Rua General José Cristino 77, 28921-400 S3o Cristovao, Rio de Janeiro, RJ, Brasil

Abstract:

It is well known that the lithium abundance in stellar atmospheres, A(Li), suffers from several enhancement and depletion
processes during the lifetime of the star. Although several studies demonstrated that these processes are mostly related with
the physics of star formation, of protostellar/protoplanetary disks, and of stellar internal dynamics, galactic scale events may
also play an important role. The initial [Fe/H] and A(Li) of the star forming gas clouds sets the main properties of
protostellar/protoplanetary disks, and thus, how the A(Li) evolves in the star’s pre-main sequence and further on. In this paper
we study how changes in the [Fe/H]induced by Galactic scale events, have an impact on the A(Li) evolution. We also investigate
how the observed bimodal A(Li) distribution is generated and we confirm that the A(Li)-poor and A(Li)-rich components are
connected by a region with low number of stars that we refer as an ‘isthmus’ throughout this work. We demonstrate that the
bimodal A(Li) distribution is in fact a direct consequence of a particular Milky Way star formation history profile combined with
the stellar evolution’s “Li depletion mechanisms. We show that A(Li) evolution can be used as a proxy for the Star Formation
History of our Galaxy.
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CONTEXT

The Lithium problem

The discrepancy between the expected
primordial A(Li) and the one measured in
population Il stars (Spite plateau), which is a
factor of three to four lower, is still difficult to
explain.

Furthermore, the A(Li) of young TTauri stars was
shown to be almost a factor of 10 higher than
the one of Pop Il stars and 2-3 dex higher than
Sun-like stars. This last result added a new level
of complexity to the lithium problem, now
referred as the Galactic lithium problem.

The Milky Way evolution in a cosmological context

Lithium creation and depletion in stars

At least two different physical processes compete on the creation/destruction of
lithium in stars:

i) “Li and °Li are destroyed and diluted in the epidermal stellar layers.
ii) “Li is created in stellar interiors and brought to the atmosphere.

The Li depletion occurs all along the stellar evolution. The Li abundance can be
practically reduced to almost 0.

The Li creation occurs through the formation of new ’Li in the stellar interiors of
giant stars.
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In the last decade a flood of high quality data of physical properties and positions of
stars in our Galaxy allowed researchers to better constrain its recent star formation 0

history.

Using all this new knowledge we are now ready to investigate the A(Li) evolution

from a global perspective.
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Fig 1. Milky Way recent Star Formation History
(Ruiz-Lara et al. 2020)
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DATA AND ANALYSIS TOOLS

We used eleven catalogues that provided us information of the A(Li). In addition to the data in published catalogues, we also used the
data obtained by our group, which are well described in Cavero et al. 2019. In order to avoid any biases, we selected stars in the
sample without any cut in age, metallicity, or in any other parameter like the detection of dust or planets around them.

We finally ended up with a catalogue that contains 1382 stars (1094 without known planets and 288 with confirmed planets)

Age scales Kinematic selection
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Fig 2. Toomre diagrams (kinematic component

Age_RHK: From stellar activity empirical relation decomposition)
(Mamajek et al. 2008)
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RESULTS: A(Li) evolution and the Galactic scale events
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In our data sample we detect two overabundances of

stars, both coincident with two of the star formation
bursts detected by Ruiz-Lara et. al 2020.
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Fig 3. Number of stars per stellar age bin.
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Fig 4. Lithium abundance as a function of stellar age. Vertical lines indicate the position of star
formation bursts as in Ruiz-Lara et al. 2020.
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Fig 6. Lithium abundance as function of the three age scales.
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CONCLUSIONS AND FUTURE WORK

The A(Li) evolution of thin disk stars closely attends the
Milky Way star formation history profile presented in
the most recent works.

Two recent star formation bursts, which were probably
provoked by a satellite flyby (1.0 and 2.0 Gyr ago), and
an older Galactic scale event occurred 4-7 Gyr ago (a
massive IGM gas inflow followed by a satellite
pericenter) shaped the chemical properties of stars in
the galactic thin disk.

The Age-A(Li) relation, combined with information on
the stellar rotation (v sin i), may be used as a new
constrain in exoplanets search.

Coming soon, from our collaboration:

Stellar rotation and lithium depletion inside
stars.

The role that planets engulfment by their host
stars, as well as tidal interactions, play on the
stellar lithium evolution.

Open clusters disruption and moving groups vs.
lithium evolution.
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