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Abstract

Only a few well characterized very low-mass M dwarfs are kndaday. Our understanding of M dwarfs is
vital as these are the most common stars in our solar neigbbdr We aim to characterize the properties of a
rare F+dM stellar system for a better understanding of the low-nemssof the Hertzsprung-Russel diagram.
We used photometric light curves and radial velocity folopr measurements to study the binary. Spectro-
scopic analysis was used in combination with isochron@dtto characterize the primary star. The primary
star is an early F-type main-sequence star with a mass di3%:4.073)M, and a radius of (1.474 0.040)

Rs,. The companion is an M dwarf with a mass of (0.188.014)M,, and a radius of (0.234 0.009)R,. The
orbital period is (135121+ 0.00001Y. The secondary star is among the lowest-mass M dwarfs knodate.
The binary has not reached a 1:1 spin-orbit synchronizalibrs indicates a young main-sequence binary with
an age below-250 Myrs. The mass-radius relation of both components aagieement with this finding.

Subject headings: binaries: eclipsing, binaries: close, stars: low-masgssevolution

1. INTRODUCTION ferometric observations_(Lane ef al. 2001; Ségransan et al
2003; I.L_2006; van Belle & von Braun__2009;

Understanding stellar evolution requires a knowledge, to : -~ X .
high precision, of the fundamental parameters of starsfin di E)e;ch\r/v Stercleﬁ%)g_‘mmwla with accuracies up

ferent stages of their evolution. The study of detachegbscli When evaluating detached eclipsing binaries (DEBs) and

ing binaries dfers us a unique method of determining the bulk . X . . ,
parameters of stars and to compare these measurements to tiji'd/€ star observations, the highest discrepancies ketwe
predictions from stellar models. Stellar models succeed inMOd€ls and observations have been found for stars with
predicting the mass-radius relation to an accuracy of a fewMasses betweendMo < M, < 1M, which are not fully con-
percent for main-sequence stars wilh < M, < 5- M, (e.g.  Yective (e.d.Lopez-Morales 2007; Ribas 2G06: Boyajiaalet
2015). For VLMSs with masses below3d/s, which have a

1). Systematic discrepancies between mode m tive interi ¢ model " emat
and observation in the mass-radius relation for a given age'!"y CONVectve interior, current modeis seem 1o systéma

have been associated with the amount of convective core overc@lly underestimate the radii by up to 5% percent compared
shoot by Clausen et kL. (2010), but these are below 1%. Low-[0_0bservations of detached binaries (m etal;201
mass stars wittM, < M, are the most common stars in al.2012; Spada eflal. 2013; Mann et al. 2015). In-
the solar neighborhood, but only a very limited number of terferolmetnc (;adms dete_:rm|rt1at|;)hns of sdmlglerLMSs Sh(;w
these are well-characterized (Toffes 2013). For these,star 8Y€N_'arger _discrepancies o the models for some stars
stellar models also show systematic discrepancies in the ob (Boyajian etal. 2012: Spada efial. 2013), but in generakagre

served mass-radius relations, but on a larger scale. Over 3¢ith the above findings. Currently there is no satisfyinglaxp
nation for the discrepancy between models and observed ra-

eclipsing very low-mass stars (VLMSs) with masses below ' . ]
0.3M,, and radii known to better than 10% have been observeddiUs estimates. Mann etlal. (2015) characterized a largef set
low-mass stars using spectrometric observations. Thaydfou

.g._Parsons et/al. 2012; Pyrzas et al.|2012; Nefs e as: , O )
s faf S_gmﬁzwmm al. 2014: Zho bt_aL_Qoefflsmllar discrepancies to the stellar similar to what wasisee

EQ};KLQLE_GI_&.I 2015; David etdl. 2016). However, only eight’the sample of characterized DEBs. Using data from over 180
have radii known to a precision better than 206, Addi- Stars they confirmed that stellar models tend to underettima
tionally, a few VLMSs have been characterized by inter- stellar radii by~ 5% and overestimatdfective temperatures

' by ~ 2.2%. Although a large influence of metallicity on the
R, — Tefs correlation was found, neither this correlation nor

institute of Planetary Research, German Aerospace CeRteher-

fordstr. 2, 12489 Berlin, Germany any other could explain the observed discrepancies tomurre
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burg, Germany All state-of-the-art stellar evolution models (e.g.

3 Department of Earth and Space Sciences, Chalmers Unjveoit [Barate et al.[ 1998{ Dotter et Al. 2008; Bressan éfal. 2012)
Tef'll?é‘é?]yb%r;iﬂaaiffcﬁrfi)vbesri?tvyaﬁryﬁeﬁingﬁbogii'ﬁgeim give comparable mass-radius relations for stars with nsasse
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5 Department of Astronomy and Astrophysics, Berlin Univigrsof differences among various stellar evolution models are well
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ficient to characterize these with a much lower precisioris Th
makes young main-sequence objects ideal for testing istella
evolution models. Unfortunately the number of known young
main-sequence low-mass stars is very limited. Recently two
such young systems with ages belevtO Myrs have been
characterized (Kraus etlal. 2015; David €t al. 2016).

Ages of main-sequence stars are estimated Ifieréint
methods. Besides using stellar evolution models which cor-
relate basic observables (e.g. mass, radius, luminosity, a
temperature) with the age of the star, gyrochronology alow
one to correlate the rotational period and color index whth t
stellar age of cool stars (e.g. Barres 2010). For close bi-
naries this method is limited by dynamical interactions tha
might have influenced the rotational period of the stars. For
stars with uninterrupted high precision photometric obaer

tions we can use asteroseismology to determine the age of a

star (e.g._Aerts et &l. 20110). The accuracy of the age determi
nation with gyrochronology is 10% 1).
The ages determined with ftérent stellar model can devi-
ate by~ 10% for young stars and from 50% up to 100%
for older stars|(Lebreton etlal. 2014a). Only asteroseismol

ogy in combination with stellar evolution models can pravid

retal.

TABLE 1
TECHNICAL PARAMETERS OF THE BEST AND TEST SURVEYS.

BEST Survey TEST Survey

Site TLS (2001 - 2003) TLS

OHP (2005-2006)
Aperture 200 mm 300 mm
Camera AP 10 AP16E
Focal ratio 2.7 3.2
Pixel scale 5.5 arcsgaixel 1.9 arcsefpixel
Field of view 3.Ex3.1° 2.2x2.2
Readout Time ~ 90s ~ 30s
Exposure Time 240s 120s
No. of frames on target 800 6000

vvvvv

Fic. 1.— The phase-folded light curve. Black points denote 8ataed to
10 minutes in phase, while the gray points show the origiad.d Vertical
lines show the uncertainties for single measurements.

the age of main-sequence stars with an accuracy better than

10% (Lebreton et al. 2014b). If the observed system is a clus-

ter member, the age of the star can also be inferred from the

TABLE 2

age of the cluster. For close binary stars whose orbits are LIST OF THE PHOTOMETRIC OBSERVATIONS OF THE ECLIPSING BINARY. FOR EACH

not yet synchronized, the upper limit of the age of the system
might also be given by the time scale of synchronization. (e.g
)

We present a possibly young-BM SB1 binary system with
a short orbital period and a low eccentricity. We charazteri

the system and both components using photometric and spec-

troscopic data. To characterize the primary star we use spec
tral analysis and compare the results to stellar evolutiod-m
els. We model the light curve of the primary eclipse and in
combination with the radial velocity measurements deteemi
the mass-radius relation of the low mass companion. This
enables us us to estimate an upper limit for the age of the un
synchronized system.

2. OBSERVATIONS
2.1. Photometric Observations

Photometric observations were taken during surveys for
transiting planets with théBerlin Exoplanet Search Tele-
scope (BEST;[Rauer et al. 2004) and thkautenbur

TELESCOPE THE YEAR, THE NUMBER OF OBSERVING NIGHTS, AND THE OBSERVING
HOURS PER YEAR ARE GIVEN.

BEST TEST
Year Nights Observing| Year Nights Observing
[#] hours [#] hours
2001 3 3.8 2008 7 18.7
2002 10 18.6 2009 31 95.9
2005 4 10.0 2010 3 6.3
2006 6 11.0 2011 34 88.1

the Thiringer Landessternwarte Tautenburg (TLS) in mid-
Germany to the Observatoire de Haute Provence (OHP) in

southern France. The survey with the TEST was carried out
between 2008 and 2011 at TLS. Over 250 hours of photo-
metric data were gathered between 2001 and 2011 in nearly
100 nights with these two surveys (cf. Table 2). The standard
deviation of the unbinned light curve is typically betteaith
10 mmag.

The data gathered with both telescopes were reduced and
analyzed with the pipelines designed for the respectiveuns
ments. The pipeline used for the TEST data is described in

g Exo-
planet Search Telescope (TEST; Eigmiiller & Eisldfel).
With both telescopes the same circumpolar field close to th
galactic plane was observed for several years. Technieal de
tails on the surveys are given in Talile 1. For both surveys
typically between a few tens of thousands up to a hundre
thousand stars have been observed simultaneously within th
field of view. In Tabld P the observing hours per year for this
field are listed.

The eclipsing binary presented in our work was detected in
both surveys B, Eigmiiller 2012) as planetary can-
didate. The object was published as an uncharacterized Al
gol type binary in_Pasternacki et/ al. (2011) with the ideatifi
BEST F206375 after its planetary status was excluded. First
estimates of the mass-radius relation gave hints on a poss
bly inflated very low mass star, which led to further folloy-u
observations.

The observations with the BEST were taken between 2001
and 2006, with a relocation of the BEST in 202304 from

Eigmuller & Eislofel (2009). The methods used to analyze

the BEST data set have been applied to various published

BEST data sets (e.g. Fruth etlal. 2012, 2013; Klagyivik et al.

42013). The data reduction included standard bias and dark

subtraction as well as a flat field correction. The detrend-
ing for both data sets was done using the sysrem algorithm
(Tamuz et al. 2005). feects present in only a few thousands
of stars have been corrected. A detrending of the individual
light curves was not performed.

For our study we combined both data sets giving us
a light curve with over 6800 data points (TES¥6000,
BEST~800). For the phase folded light curve we measure
a standard deviation below 2 mmag in the out-of-transit re-

gion using values binned by up 10 minutes. The whole phase
folded light curve is shown in Figufé 1.

2.2. Spectroscopic Observations
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TABLE 3
CATALOG INFORMATION OF THE ECLIPSING BINARY INVESTIGATED HERE. VMAG AS
GIVEN IN UCAC4 cataLoG (ZacHarias ET ALI[20138). <

Parameter Value é

Position 02M40M5158 + 52945m07° 5

UCAC4 ID? UCAC4 714-021661

2MASS IDP 024051525245066

Bmag (UCAC4) 12287+ 0.02 Y v Py

Vmag (UCAC4) 11769+ 0.02

Jmag (2MASS) 10.771+ 0.028 v o0

Hmag (2MASS) 10.618+ 0.032 3 SBE

Kmag (2MASS) 10564+ 0.026 & 8%k

pPmMRA (UCAC4) -1.7 + 0.8 magyr 00 - 00s

pmDE (UCAC4) —5.6 + 1.0 magyr
a[Zacharias et al[(2013) Fic. 2.— The phase-folded light curve of the eclipse. Black fifenote
b[Skrutskie et 81[(2006) single measurements, while the red line shows the best fit.

Spectroscopic follow-up observations were performed with TABLE 4
the TaUten_burg 2-m te|950099 using the Coudé-Echelle spec MODELING PARAMETERS. THE GIVEN ERRORS CORRESPOND TO THE 1o~
trograph with an entrance slit that projected to 2” on the sky UNCERTAINTIES. 8/Ry; THE IMPACT PARAMETER D (D WAS CALCULATED VIA

The observed wavelength range covered 4700A and 7400A p_ 2@ . 1. SiN2ug WHERE vp = 90° — @ + 6 THE MEAN

. . 1+ecosug
Wlth a r_eSOIan pOWE‘r/(/A/l) Of 32,000. For the Wavelength _ ANOMALY AT THE MID-TRANSIT MOMENT, SEE[GIMENEZ & G aRcia-PeLavd (1983));
cal|brat|on, SpeCtra of a Thorlum-Argon |amp were taken di- THE INCLINATION i OF THE SYSTEM; THE RADIUS RATIO Rp/Ry; THE LIMB DARKENING
rectly before and after the ObSGI’V&tiOI’]S. Stellar specﬂmw COEFFICIENTS U™ AND U™ ; THE ECCENTRICITY € OF THE SYSTEM, THE PERIOD P; THE

takel’l W|th exposure tlmeS Of 1800 SeCOI’]dS WhICh resulted |n EPOCH OF THE SYSTEM AND THE RADIAL VELOCITY SEMI AMPLITUDE K.

a typical 9N of 20-35. In 2010 a few spectra of the binary Parameter Value
system were taken between January and September to get an a/R; 412+ 0.06
initial characterization of the transiting system. In Nowe b 0.45+0.03
berDecember 2012 additional spectra were obtained primar- i 84.1° +0.3°
ily for radial velocity (RV) measurements needed to coristra Ra/Ry 0.1601+ 0.0017
the orbital motion. For the data reduction, standard taoisf u 105+ 0.07
IRAF were used including bias subtraction, flat-field cofrec u” ~0.02 (fixed)
tion, and wavelength calibration. The RV was determined us- e 0.070+ 0.063
ing the IRAFrv module. @ 22r =13
P 1.35121d+ 1.10°%d
Epoch 2452196.1196 0.0032 HID
3. SYSTEM PARAMETERS y'ivelocity (30502 0.50) kitis
The catalog information of the system is given in Tdble 3. K (26.10+ 0.76) kmis

3.1. Modeling of the Photometric and Radial Vel ocity data of the radial velocityK, the eccentricitye, the argument

A simultaneous fit of the radial velocity and photometric ©f Periastrornw, and the combination, = Ua + up, where
data was performed. The out-of-eclipse part of the lighveur Ua @nd U, are the linear and the quadratic limb darkening
did not show any sign of ellipsoidal variation at the level of coeﬁimetnts of the quadrahcf_hmdb (Elat\Lkenmlg Iz?w. dLhe
precision of our observations (Figure 1). Therefore we de- Parametéil = Ua = Up Was fixed at he valueé round by
cided to use the spherical model of Mandel & Agol (2002) ntérpolation of the R-band values of Claret& Bloemen
for the light curve modeling. The expected signal of the sec- | )- Q{Vh(?n we perforhmeg a fit “S'”9 freoeoll8mb0df7rken-
ondary transit would have an amplitude-gd.1 mmag which "9 combinations as a check, we got = +0.08 + 0.17,
would be undetected given our red noise error of 2mmag.(:C)'T‘F"'j‘t'tble with thle pre_}/rl](_)u?htheoretll():al V"’fll_‘;le' Thﬁ ot]t];ahr
To optimize the fit, we used a genetic algoritHm (Geem et al. Parameters were aiso within tn€ error bars. 1ne resultseo
2007) to search for the best match between the observed anfit ﬁtre presented 'T :;ak(ﬁ)‘l' tr']: 'gﬁb |2 Show.?hth[ﬁ phas_z—follded
the modeled light curve. One thousand individuals were used'3"t CUTVE Over-piolied by the it along with the resiguals.
in the population and 300 generations were produced. The/\though the noise in single photometric measurements is
best fit found by this procedure was further refined using a '2'9€ the combined data allow us to reach a precision of
simulated annealing chaif (Kallrath & Milorie 2009). The ~2Mmag in 10 minute bins in the phase folded light curve.
error was estimated using 4@andom models with values The radial velocity data with the best fit are shown in Fidure 3
within y? + 1o of our best solution. Figuld 2 showssler-
ror bars (for details of the code and implementation of the
algorithms see_Csizmadia ef al. 2011). For the light curve ) 3.2. Sellar Par.ameters )
modeling we used the unbinned data. THeet of the expo- To determine the atmospheric parameters of the primary
sure time was taken into account by using a 4-point Simpson-component we created a high quality spectrum by adding all
integration (e.d. Kipping 2010). the single o_bservat_|0ns afte_r applying an RV shift to actoun

Free parameters were the scaled semi-major axis ratidfor the orbital motion. This resulted in a co-added spec-
a/Rs, the inclinationi, the radius ratio of the two staRs/R;, trum with SN over 90. The analysis was performed over
the epoch, the period, thg-velocity, the semi amplitude the wavelength range 4740A to 6400A. using the GSSP pro-
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Fic. 3.— Radial velocity measurements of the system. The beaptéis ay-
velocity of (30.5+ 0.5) knmys and a semi-amplitude of K (26.1+ 0.8) knys.

gram (Grid search in Stellar Parameters; Lehmannlet all;2011
[Tkachenko et al. 2012).

The normalization of the observed spectra during the reduc-

tion is difficult and the results strongly depend on the accuracy
of the derived local continuum. We used the comparison of
the co-added spectrum with the synthetic ones for an addi-
tional continuum correction. The analysis was done in three
ways: a) without any correction, b) by multiplying the ob-
served spectrum by a factor calculated from a least squares
fit between observed and synthetic spectrum, and c) with a
re-normalization applied on smaller scales to get a better fi
to the wings of the Balmer lines (mainklg) and with re-
gions excluded for which the analysis showed distinct devia
tions of the continuum from the calculated continua. Most of
the atmospheric parameters obtained with the thrierdint
approaches agreed to withie-r1 However, approach c) gave

retal.

TABLE 5
RESULTS OF STELLAR ANALYSIS WITH THE GSSPPROGRAM AND THE METHOD
DESCRIBE IN (2010). FoR THE FORMER ANALYSIS THREE DIFFERENT
NORMALIZATIONS OF THE SPECTRUM WERE TESTED: A) WITHOUT ANY CORRECTION, B)
BY MULTIPLYING THE OBSERVED SPECTRUM BY A FACTOR CALCULATED FROM A LEAST
SQUARES FIT BETWEEN OBSERVED AND SYNTHETIC SPECTRUM, AND C) WITH A
RE-NORMALIZATION APPLIED ON SMALLER SCALES.

Parameter GSSP Method 2

Parameter a) b) c)

Tert /K 7150+ 80 7130+ 80 7350+ 80 | 7300+ 200

[Fe/H]/dex | -0.02+0.15 | -0.2+0.2 | -0.15+0.17 | 0.0+0.2

logg/cgs 398+038 | 396+0.34 | 416+0.39 41+03

vsin(i) / km/s 127+9 126+ 10 130+ 10 125+ 10
TABLE 6

BULK PARAMETERS FOR BOTH STARS. Teff, F€/H, AND |0gg WERE DETERMINED
USING A GRID SEARCH. FOR THE PARAMETERS DERIVED FROM SPECTRAL ANALYSIS THE
1 0 ERROR 1S GIVEN. FOR Teff A 3 07 ERROR IS LISTED. MASSES AND RADII
INCLUDING THEIR ERRORS, WERE DETERMINED USING THE ACCORDING ISOCHRONES,
THE RESULTS FROM LIGHT CURVE MODELING, AND THE FITTED RADIAL VELOCITY
MEASUREMENTS.

Parameter | Value

Terf /K 7350+ 250
[Fe/H]/dex | —0.05+0.17
logg/cgs 416+ 0.39
vturb / KMys 1-74t8:g§
vsin(i) /kmys | 130+ 10
M1/ Mg 1.493+ 0.073
R1/Ro 1.474+ 0.040
M2 / Mg 0.188+ 0.014
Ry /Ro 0.234+ 0.009

The mass of the primary staM; was derived using

PARSECL1.2S isochrones (Bressan étlal. 2012; Chen et al.

a significantly higher value of thefective temperaturd,es s

= 7350+ 80 K, which difered by almost @ from the results
of the other two methods. This demonstrates the sensitifity
Teff caused by small changes in tHg wings.

The parameter$ess, 10g g, vwurp, [F€/H], andv sin(i) and
their errors were derived using a grid. Thus, the errors in-
clude all interdependencies between the parameters. gt ot
metal abundances and their errors were determined selyarate
fixing all atmospheric parameters to their best fitting value
The formal I error onTess (80 K) based on error statistics
is probably too small due to systematic errors stemming from
the continuum normalization. We use a larger error that in-
cludes the systematic error introduced by this normabrati

As determining the stellar parameters is crucial and a pos-

[2014; [ Tang et all_2014; Chen et al. 2015) in combination

with the stellar parameters and 2MASS color information
(Cutri et al[2003). The radius of the primary is given by its
mass and surface gravity. From the mass funcfifm) we
derived the mass of the secondary objectvas= (0.188+
0.014)M,. The radius of the secondary was calculated using
the radius of the primary and the raf/R; that comes from
the light curve modelingr, = (0.234+ 0.009)R;. The result-
ing system mas3aM1 + My), radius of the primaryR;), semi
major axisa/Ry, and orbital period were tested for satisfying
Kepler’s third law.

We compared our results using the PARSEC1.2S model

with those using the Y2 stellar models (Yiet al._2001;
Demarque et 3*4) and the Dartmouth madel (Dotterlet al.

sible source of systematic errors in the characterization o
the companion, the results have been verified using anothe
method described in_Fridlund et'al. (2010). Stellar parame-

ters of both methods are in agreement with each other. Only"

for Terr we found a larger uncertainty af200K. This er-
ror agrees with our previous finding that the normalizatibn o

the spectrum can result in an underestimate in the error of
the dfective temperature and thus the spectral classification.

In Table[B the results for the fiiérent approaches are given.

2008). All three models are in agreement and give us the sim-
far results (within Ir) for the mass and radius of the binary
components. The Dartmouth model results in binary compo-
ents that are a bit smaller and less massive, whereas the Y2
model suggests larger and more massive stars.

The atmospheric and bulk parameters of both stars are listed
in Table[®.

3.3. Synchronization of the System

For the estimates of mass and radius of the primary star we In order to assess whether the system is synchronized we
used the results from the GSSP approach with the small-scaleomputed the synchronization factor comparing the ratatio

re-normalization (c). For the error estimateTqf; we used
250 K which corresponds te 30 uncertainty in approach (c).
For the primary star we found anfective temperature
Teft = (735K + 250) K, a surface gravity dbgg = (4.16+
0.39) cgs, and a metalicity oHe/H] = (-0.05+ 0.17) dex.

period of the star with the orbital period. If a 1:1 spin-arbi
synchronization and alignment has taken place the rotation
period of the primary star is equal to the orbital period of
the system. We assume the orbital inclination to be nearly
the same as the rotational inclination. The rotational sigjo
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The empirical mass-radius relations of Mann ét/al. (2016) an
v T SR TAE [Bovajian et al. [(2012) suggests that stellar evolution nede
17 ] Al g systematically underestimate the stellar radius of vew lo
ave mass stars by 5%. For VLMSs with masses below O0/3,

Ay the data presented in Mann et al. (2015) also shows discrep-
: ancy in the mass by 4% compared to the Dartmouth model.
— However/ Mann et al! (2015) suggest that the model inferred
’ ] masses are more reliable than the empirically derived ones.
b T It thus is more suited to compare our results with model

. ¥21.000GY

parsec 200001 isochrones that are corrected for the underestimatedsadiu

Dartmouth 2.000GY

o 2y These corrected isochrones show that the M dwarf is slightly
inflated. Such an anomalous radius could be explained by the
oo ! youth of the star.
16 17 18 Figure® shows our M dwarf in relation to other known sys-
tems with masses and radii belowBM, and 03R,, respec-
Fic. 4— Parsecl.2S isochrones foffelfent ages are plotted with continu-  tively. Crosses represent eclipsing binaries and singies st
ous lines. Y2 isochrones are plotted with dotted lines. Therouth model gy died with interferometry. Circles represent spectopsc
is plotted with dashed lines. Only isochrones with solarattieity are dis- . . P
played. The primary star is shown by the red marker, cir@psasent & and Ca"y characterized VITMSS' The lines show |sochrones by
20~ error bars. Bardte et al. (1998) with metallicityN1/H] = 0.0 of differ-
. . . entages. The dashed lines show the isochrones correciad for
of the primary star derived from the spectral line broaden- ;s underestimated by 5%. The green dashed line shows a
ing is vsini = (130+ 10)kmys. We know the inclination of oy nomial fit of third order to the mass-radius relationtfoe
the orbital plane to be = 84.1° + 0.3° from the light curve 4oy presented In Mann ef dl. (2015). Discrepancies between
modeling. With the radius of the primary star and its real ro- yhe empirical data frorn Mann etlal. (2015) and the adjusted
tational velocityVio = 55 we derive the rotational period  jsochrones are due to the underestimate in masses for VLMSs.
Prot = 2% 7% R/Vrot = {058+ 0.06)d. This gives the syn- The empirical mass-radius relation for low-mass starsseta
chronization factor oPot/Porp = 0.43+0.05. on objects typically of several Gyrs in age. Due to the limhite

The system is clearly not in a 1:1 synchronization, but the hnymper of young VLMSs it is not clear whether stellar mod-
rotational period of the primary star and the orbital period g|s also underestimate the radius by 5% for young stars. Nev-
are close to a 2:1 commensurability. Even if the orbital in- grtheless, taking into account the underestimate in thieisad
clination would not be the same as the rotational inclimatio by the stellar models as it is known for older stars, the mass-
our conclusion would still stand as the synchronizatiotdac  radijus relation of the M dwarf agrees best with the isochsone
would only decrease for smaller inclinations. for ages between 100 Myrs - 200 Myrs.

Normally, we expect close binary stars to evolve into a 1:1  comparison of the stellar parameters for the primary star
spin-orbit resonance if the eccentricity is close to 0. As/  with isochrones do not allow us to constrain further the age
by [Celletti et al. |(2007); Celletti & Chierchia (2008) for-ex of the system, but our results hint towards a young system.
amples of the solar system the 2:1 resonances are very Unrsochrones from dierent stellar models all suggest an age
likely for objects in low eccentricity orbits. Our light o8 pelow 1 Gyr. Furthermore, the system is not in a 1:1 spin or-

and radial velocity modeling suggest an eccentricity close it resonance, which we would expect for such binary system
0. This makes it unlikely for the system to be in a dynam- ith an eccentricity close to 0.

iCéll_llLy IStab|tet21;- resq[nglnce. The ObS%thGd commensu_zabilit The stellar rotation of the primary star is close to a 2:1
IS lixely not to be a stable resonance, but a mere coincldencecommensurability with the orbital period. Similar commen-
As shown in the analysis by Béky et &l. (2014), the assump-gyrabilities were found in some exoplanetary systems (see
tion that every commensurability is due to stable dynamicalggky et al/ 2014) and in the brown dwarf system CoRoT-33
resonances is implausible. . : (Csizmadia et al. 2015), but have not yet been reported for bi

If the binary is not yet synchronized this can only mean pary systems.
:_hat itis ?’O?n%ﬁr thantthe ttlme scale of synchtroglzatlorcljS_Th Itis unlikely that these 2:1 resonant systems of low ecéentr
Ime scale Tor the Syslers, tync >, Was computed according  jties are dynamically stablé (Celletti & Chierchia 2008)s A
grids by Claret((2004), we determined the radius of gyrota- reasons to believe that such commensurabilities are atstati
system the time scale of synchronization lies in the range be e see two possibilities why this system is not tidally
tween 120 Myrs and 250 Myrs. If no third body is preventing |ocked. Either the system is younger than the time scale of
the system from synchronization, this system looks youngersynchronization, which is below 250 Myrs, or a third body
than 250 Myrs. _ _ is present that perturbs the system. However, we find no evi-

For the age of the primary star we get no conclusive result, gence for this third body in the photometric or RV data. Long-
but Parsecl.2S isochrones suggest ages below 1.4 Gyr.-In Figerm high precision RV monitoring, or AO imaging of this star
ure[4 the mass and radius of the primary star is plotted alongmay reveal a third body. At the present time, all the avadabl
with various isochrones. evidence from the dynamical analysis of of the system com-

bined with the mass-radius relationship of both components
4. DISCUSSION point to a system that is younger than 250 Myrs.

The mass-radius relations given by the stellar evolution In contrast to M dwarfs older than 500 Myrs, where
models of Barfie et al. [(1998) and Bressan et al. (2012), in- the diferences between stellar evolution models are small
dicate that the low mass companion has an inflated radiuscompared to observational errors, isochrones of ages below
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Gomez Maqueo Chew etlal. 2014 Zhou éfal. 2014) and speop'mschar—
acterized single low mass stars (gray triangles) (Mann! &dl5). The best
fit to data fromMann ef al[{2015) is given by the green dasiesl IThe
data is over plotted with |sochrones fofférent ages. Continuous lines show
isochrones by Bafee et al. [(1
corrected for an radius underestimation of 5%. In red theeastierized M
dwarf companion with the accordingrlerror is shown.

250 Myrs difer significantly between models. Given the
uncertainties in the stellar parameters it is not yet pdesib
to distinguish between flerent stellar models for this M

atal.

5. CONCLUSION

We characterized a detached eclipsing binary system with
un-equal mass components comprised of a very low-mass M
dwarf orbiting an early F-type main-sequence star. The sys-
tem was investigated combining photometric data and radial
velocity measurements. Using stellar evolution models we
determined the bulk properties of the primary star. Usirig di
ferent stellar models for the characterization of the prima
star did not lead to significant changes in the mass-radius re
lation of either of the stars.

The orbital period is B5121+ 0.00001 days. The mass of
the M dwarf isM, = 0.188+ 0.014M,. With a radius oRR, =
0.234+ 0.009R; the M dwarf is slightly inflated even when
taking into account that current stellar models underesdgm
the radii of low-mass stars by 5%.

The low density of the M dwarf star could be explained by
an age of the system between 100 Myrs and 250 Myrs. The
spectral characterization of the primary star does notallo
us to further constrain the age of the system. However, the
system has not yet reached the 1:1 spin-orbit resonancehwhi
we would expect for such a close binary with a nearly circular
orbit. This supports the conclusion that the age of the ayste
is below 250 Myrs.

The M dwarf thus is one of the youngest characterized
main-sequence M dwarfs in an eclipsing binary system. Ad-
ditionally, it is one of the very few VLMSs which allows us to
estimate the age estimate without isochrone fitting. It rnigh

[(1998) and the dashed lines the same isochrones play a crucial role in further understanding of the massusd

relation for young very low mass objects. The system is also
of high interest with regard to the dynamical interactioms i
such close binaries.
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