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Abstract. Calibration and benchmarking of evolutionary and atmospheric models is essen-
tial for the study of low-mass stars and brown dwarfs, as for isolated objects these models
are the only way to determine basic parameters like mass and age. The Hyades star cluster
with an age of around 625 Myr and located at the distance of ~ 45 pc, is the most acces-
sible cluster in the solar neighborhood. [Roser et al.| (2011) establish a list of 724 likely
Hyades members. Using available literature data (HST, HIPPARCOS, WDS; [Patience et
al.![1998; IMermilliod et al.|[2009; IMorzinski/[2011)) and our own lucky imaging observa-
tions with AstralLux at the 2.2m telescope in Calar Alto, we establish a single-star sequence
containing 255 Hyades members spanning the mass range ~ 0.2—1.5 solar masses . This se-
quence is used for testing and calibration of various existing stellar and atmospheric models
(PADOVA, DARTMOUTH, BCAH, BT-Settl).
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1. Introduction

The determination and knowledge of basic
physical parameters of stellar and sub-stellar
sources provides the basis for astrophysics.
Observations allow us to determine distance
(using parallaxes; |Dupuy & Liu|2012; Faherty
et al.[2012), age (through membership in clus-
ters or moving groups; |[Perryman et al.|[1998)),
mass (orbital parameters in binary systems;
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Konopacky et al|2010), and radius (transits;
Johnson et al.| 2011) for these objects. But
when dealing with isolated stellar objects, we
have to rely on models to determining mass
and age. While stellar and atmospheric theo-
retical models are rapidly evolving, we need a
powerful tool to calibrate them. Open clusters
can be a good candidate for this role, since they
contain many coeval objects of the same chem-
ical composition, thus avoiding the problems
of small number statistics.
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The Hyades is the closest open cluster to
the Sun (d ~ 45 pc) and suffers little from in-
terstellar extinction. The estimated age of the
Hyades is 625 Myr (Perryman et al.[1998).
Roser et all (2011) report 724 likely mem-
bers of the Hyades with a kinematic distance
estimate for each member using the conver-
gent point method. Therefore, absolute mag-
nitudes for each source can be calculated and
placed on color-magnitude and color-color di-
agrams. Since there are binary and multiple
systems among the 724 likely Hyades mem-
bers, the main sequence on the diagrams is
scattered. That is why, in this work, we use
AstraLux lucky imaging observations and re-
sults from the literature to introduce a single
star sequence of the Hyades. Together with
over-plotted theoretical isochrones, it allows us
to test stellar and atmospheric theoretical mod-
els.

2. Observations
2.1. Astral.ux observations

We observed 196 Hyades members using
the lucky imaging camera AstraLux mounted
on the 2.2m telescope at the Calar Alto
Observatory in Spain. Observations were car-
ried out during two runs in November 2011 and
December 2012. Giving the size of the mirror
of the telescope, the angular resolution is ~ 0”1
at 900 nm, resulting on a typical separation of
5 AU that can be resolved for a Hyades mem-
ber. 36 targets were identified as candidates to
binary or multiple systems (Fig. ).

2.2. Literature data

We combined previously published Hyades
data, which include spectroscopic observations
(Mermilliod et al.[2009), speckle binary search
(Patience et al.l[1998)), adaptive optics observa-
tions at the Subaru telescope (Morzinski2011)),
and information from HST, HIPPARCOS and
WDS catalogs. The results are summarized in
Fig.[l

In total, 462 Hyades members were ob-
served or found in the literature, 207 of these
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Fig. 1. The multiplicity fraction in the Hyades.
Combined data using Mermilliod et al.| (2009);
Patience et al.| (1998); Morzinski| (2011), AstralLux
observations, and HST, HIPPARCOS and WDS
catalogs. The shaded part of each bar is a bi-
nary/multiple fraction from each survey. In total,
462 systems are observed and 207 candidates to bi-
nary/multiple systems are detected.
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Fig.2. The single star sequence of the Hyades
(black dots) with over-plotted PADOVA (dashed
line), DARTMOUTH (solid line) and BCAH (dash-
dotted line) isochrones on J vs. J — K diagram.

were identified as candidates to binary or mul-
tiple systems. The targets that have at least
one observation but does not reveal bina-
rity/multiplicity (255 stars) are included to the
single star sequence which is used in the fur-
ther model testing. It should be noted that some
of the “single” stars still could be unresolved
binaries.
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Fig.3. The single star sequence of the Hyades
(black dots) with the over-plotted FRANEC/BT-
Settl isochrone (solid line) on J vs. J — K diagram.

—— FRANEC/BT-Sett!

0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8

Fig.4. The single star sequence of the Hyades
(black dots) with the over-plotted FRANEC/BT-
Settl isochrone (solid line) on J vs. J — H diagram.

3. Model testing

We place the identified single Hyades mem-
bers on J vs. J — K, color-magnitude dia-
gram. Additionally, we over-plot theoretical
isochrones based on PADOVA (Marigoetat:
2668), DARTMOUTH (Botteretat: 2668j and
BCAH (Baraffe—et-ai-1998) models (Fig. @]
We also use the Tool for Theoretical Data
Analysis (TA-DA; PaRioetal-2612) to merge
the stellar FRANEC model (fognelli—et—ak:
2041) with the atmospheric BT=Settl modetl
Adtard-et-al201H). As we can see, most of the
models have froubles to describe the sequence
at the lower-mass regime or around the “knee”

(~ 0.6 My). On the other hand, the combined
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FRANEC/BT-Settl isochrone describes the ob-
served main sequence of the Hyades very well,
even fitting the “knee” part (Fig. 3%

However, when trying to over-plot the
FRANEC/BT-Settl isochrone with the Hyades
single star sequence on J vs. J — H color-
magnitude diagram, we notice an offset of
about 0.05 mag (Fig. @ This effect could be
explained by the suggestion that opacities of
alkali and hydride lines are still missing in
the model (France Allard; private communica-
tion).

4. Conclusions

In this work, we reported a multiplicity cen-
sus of the Hyades likely members resulting
on identification of 207 possible binary and
multiple systems out of 462 observed targets.
This allowed us to create the single star se-
quence containing 255 Hyades members and
apply it to testing stellar and atmospheric mod-
els. We found that the merged FRANEC/BT-
Settl isochrone matches the sequence very well
on J vs. J — K color-magnitude diagram but
shows the offset of 0.05 mag on J vs. J — H.
The latter could be explained by missing the-
oretical opacities of alkali and hydride lines in
the model.

We have shown that open clusters, in par-
ticular, the Hyades is a powerful tool to testing
stellar and atmospheric models.
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