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Abstract

While precise parallaxes and proper motions for nearby stars are made available by Gaia, spectroscopic youth indicators for
a large fraction of low-mass young stars are still missing. Here we present our observations of 318 new young late K and
early M dwarfs within ~200 pc that have a detectable lithium line and are not found in the known catalogs of young stars.
We also provide measurements of Ho and calcium H&K emission and report on additional 126 stars which have no detectable
lithium but signs of stellar activity indicating youth. Radial velocities were measured for 756 observed overluminous young star
candidates. To infer the origin of these young stars, we are using Chronostar, a novel technique for kinematic characterisation
of stellar and their age determination. Our first results in the Scorpius-Centaurus region reveal its complex substructure.

1 Introduction

Young stellar clusters and association are coeval groups
of stars comprising a wide range of masses and represent
an ideal astrophysical laboratories to study a wide range of
phenomena, including star and planetary formation environ-
ments. While the adequate cluster membership determina-
tion is relatively trivial due to their overdensity with respect
to the background, stellar associations representing the vast
majority of young stars require more advanced techniques.
Accurate parallaxes from the Gaia space telescope (Gaia Col-
laboration et al., 2018) now for the first time enable a reliable
placement of stars in the colour-magnitude diagram and re-
veal a number of low-mass stars that appear to be overlumi-
nous. However, the reasons for their overluminosity besides
their youth can be numerous, from the potential multiplicity,
the spread due to the different metallicity content to variabil-
ity in luminosity of young stars. Furthermore, large uncer-
tainties of cool dwarf models due to their strong magnetic
fields and inflated radii make the isochronal dating nontriv-
ial. For this reason additional observations of spectroscopic
youth indicators are essential to constrain the age of young
stars. Here we describe a quest to select and perform a spec-
troscopic follow-up to measure youth indicators in overlu-
minous stars from the Gaia catalogue on the cool part of
the colour-magnitude diagram, as presented in more detail
in Zerjal et al. (2021).

2 Observations and youth indicators

Our aim was to achieve near-completeness in the survey of
youth indicators in the nearby low-mass stars. However, to
implement observational constraints and optimise the survey
strategy, several cuts were made to the data:

« Colour cut (3<BP-W1<5.6) allowed us to focus on stars
with the fastest lithium depletion rate, i.e. K5-M3 pre-
main sequence dwarfs.

« Luminosity cut takes into account only stars
1magnitude or more above the main sequence.
This approach avoids older main sequence stars and
binaries (at most 0.75 magnitude above the main
sequence). Additionally, an upper luminosity limit
discards giants.

« To avoid the kinematic bias towards young regions and
include low-mass stars that can more likely get ejected
from the cluster due to gravitational interactions, and
at the same time reduce the number of kinematically
older stars in the candidate sample, our kinematic cut
is very wide. All objects within (£15, +15, £10) km g1
of the median UVW = (-11.90, 215.77, 0.19) kms™! are
kept in our list. Additionally, the list includes all stars
with no radial velocities available.

« Magnitude constraint on the observed Gaia G mag-
nitude (10 < G < 14.5) allowed observations with
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Figure 1: Young star candidates from this work (reddening
was not taken into account in this figure). Figure adjusted
from Zerjal et al. (2021).

the Echelle and WiFeS spectrographs on the ANU 2.3m
telescope with reasonable exposure times.

« Declination cut (6 < 30 deg) excluded stars not visible
from the Siding Spring Observatory, Australia.

There were no explicit cuts on parallax. To further reduce
the sample, known young stars from the Simbad database
and young stars from the GALAH survey (Zerjal et al., 2019)
were excluded from the list. This selection function resulted
in 799 candidate young stars. Their positions in the colour-
magnitude diagram is shown in figure 1.

Observations of 756 stars were done with WiFeS (Wide-
Field Spectrograph) and Echelle spectrographs on 2.3m ANU
telescope in Siding Spring Observatory over 64 nights be-
tween November 2018 and October 2019. In particular,
349 stars brighter than G=12.5 were observed with slit-fed
Echelle spectrograph (R=24,000) to achieve better radial ve-
locity precision. Their spectra were reduced with the proce-
dure described in Zhou et al. (2014). WiFeS spectrograph (Do-
pita et al., 2007) with resolving power of 3000 in the blue and
7000 in the red was utilised for stars with 12.5 < G < 14.5.
A standard PyWiFeS package (Childress et al., 2014) was used
for the reduction of these spectra.

Computation of radial velocities was based on a tem-
plate grid of 1D LTE spectra described by Nordlander et al.
(2019). The precision of the determined radial velocities is
3.2km s~ for WiFeS spectra and 1.5 km s~ for Echelle spec-
tra. For more details see Zerjal et al. (2021).

2.1 Youth indicators

Despite the fact that stellar ages of cool stars on the main
sequence are notoriously difficult to determine, several spec-
troscopic features proved to be useful when constraining age
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Figure 2: Youth indicators log Rj;;c and EW(Ha) as proxies
for chromospheric activity and EW(Li) that is an indicator of
extreme youth. Figure from Zerjal et al. (2021).

of young stars. These youth indicators originate in two dif-
ferent and unrelated phenomena. The first one is chromo-
spheric activity related to the magnetic fields of low-mass
stars decaying over time. It is observed as an excess emis-
sion in calcium (e.g. CallH&K at 3968.47 and 3933.66 A, re-
spectively) and Ha. These indicators typically enable an age
estimate with a precision of ~0.2 dex between 0.6 and 4.5 Gyr
(Mamajek & Hillenbrand, 2008). On the other hand, the de-
struction of lithium (line at 6708 A) in the cores of the fully-
convective pre-main sequence cool stars on the scales of a
few 10 Myr facilitates an upper age limits of these stars.

Our list of measured youth indicators log Ry (a proxy for
Call H&K), EW(Ha) and EW(Li), described in detail in Zerjal
et al. (2021) and shown in figure 2, confirms a vast number of
young stars in the sample. In particular, we found 346 stars
showing detectable lithium absorption, 318 of which are not
found in the literature. Additionally, we report on 125 stars
with detectable signs of stellar activity, but no measurable
lithium lines.

Lithium measurements are compared to the lithium
isochrones in figure 3. As in Zerjal et al. (2019), these
isochrones are determined by taking indicative non-LTE
equivalent widths from Pavlenko & Magazzu (1996) for So-
lar metallicity and log g = 4.5 and combining them with the
Baraffe et al. (2015) models of lithium depletion (assuming
the initial absolute abundance of 3.26 from Asplund et al,
2009). The isochrones in figure 3 reveal the extreme youth
of a number of stars. Moreover, an overdensity of stars
with EW(Li)>0.4 Aindicates a group of stars younger than
~10 Myr. We discuss the plan to infer their origin in the next
section.
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Figure 3: Lithium isochrones help to constrain ages of stars with detectable lithium line. There is an overdensity of stars with
ages <10 Myr. Figure adjusted from Zerjal et al. (2021).
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3 Stellar associations

Our work provides missing radial velocities and a list of
youth indicators for nearby K5-M3 pre-main sequence stars
within ~200 pc. These measurements complete the set of pa-
rameters essential for the investigation of the origin of the
low-mass young stars that happen to lie in the direction of
the Scorpius-Centaurus association and the Taurus molecu-
lar cloud.

The next step in the quest to infer the origin of these young
stars is to exploit their kinematics. Chronostar is a new
Bayesian tool to determine stellar ages (Crundall et al., 2019).
It models a stellar association at its birth location and traces
it forward in time to match the present day distribution of
its most likely members. Such approach avoids the propa-
gation of observational errors as only the orbit of a model
is computed. Another advantage of Chronostar is its use of
the Expectation-Maximisation algorithm. It iteratively im-
proves the list of membership probabilities of an association
and the fit of an association model to these members. More-
over, it explores the possibility of a multi-component model
to better fit the complex sub-densities of an association such
as e.g. Scorpius-Centaurus association. Since the majority
of the young stars in our sample lie in the direction of the
Scorpius-Centaurus association, we selected a 6D cube of
stars with known radial velocities from the Gaia DR2 cata-
logue and performed a fit. Chronostar was able to extract
Scorpius-Centaurus members purely from their kinematics
and found a 13-component model as the best fit. The pre-
liminary results with most likely members, including stars
with missing radial velocities, are shown in figure 4. Their
extreme youth is confirmed with the low-mass stars residing
above the main sequence.
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Figure 4: Kinematic components in the Scorpius-Centaurus region as determined with Chronostar. Some components are not
shown because they have not converged yet (e.g. component including Corona Australis association), while some other are not

associated with this association but appear nearby. These results are preliminary (Zerjal et al., in prep.).
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