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ABSTRACT

Context. The main sequence binary star 61 Cyg (K&7V) is our nearest stellar neighbour in the northern hehesp. This prox-
imity makes it a particularly well suited system for very lhigccuracy interferometric radius measurements.

Aims. Our goal is to constrain the poorly known evolutionary statnd age of this bright binary star.

Methods. We obtained high accuracy interferometric observationthéninfrared K band, using the CHARALUOR instrument.
We then computed evolutionary models of 61 Cyg A & B with theS2812k code. As model constraints, we used a combination of
observational parameters from classical observation adstfphotometry, spectroscopy) as well as our new interfetdc radii.
Results. The measured limb darkened disk angular diametergai@®) = 1.775+ 0.013mas and,p(B) = 1.581 + 0.022 mas,
respectively for 61 Cyg A and B. Considering the high accyrzarallaxes available, these values translate into ppbeyic radii of
R(A) = 0.665+ 0.005 R, and RB) = 0.595+ 0.008 R,. The new radii constrainficiently the physical parameters adopted for the
modeling of both stars, allowing us to predict asterosaidneiquencies based on our best-fit models.

Conclusions. The CESAM2k evolutionary models indicate an age around 6 @yd are compatible with small values of the mixing
length parameter. The measurement of asteroseismicatimilfrequencies in 61 Cyg A & B would be of great value to ioya the
modeling of this important fiducial stellar system, in peutar to better constrain the masses.

Key words. Stars: individual: 61 Cyg; Stars: evolution; Stars: funeéatal parameters; Techniques: interferometric

1. Introduction parallax of ths system was first measured by Be1836), an
it is now known with extremely high accuracy. The proper mo-
flbn of more than B per year, first determined by Piazzi in the
XVIII ™ century, makes it one of the fastest moving stars in terms
f apparent displacement. Although some of this motion @ome
the proximity of 61 Cyg to us, the pair has also a highaadi
city of 108 knfs, indicating that 61 Cyg is not a member of

can be fully calibrated physically. They are interestingev-

eral reasons, among them the most important for evolutjon
modeling is that the two components are coeval, and share
same chemical abundances of the original material. Thisemal§/e|0

their modeling much easier than for single stars, as sefre&l 4 hin disk of our Galaxy. The proximity of 61 Cyg makes it
parameters of the models are shared between the two stars g?ﬂorthern analog of the numerical modeling benchraagen.

and helium content). Possibly the best example of physaal ¢ |5 '|arge parallax also means that this is the easiest logsma
bration of a binary system is provided by our closest neiginbo ot 45 resolve interferometrically. The spectral typddte

aCen (Tk|1évedni_n gt ai 20 2%‘ Its tW(} sglar-type componentz, members (K5V and K7V) ideally complement our previous
were analyzed In detail with the use of photometry, Spee 0Ny, jies ofy Cen A & B (G2V+K1V, Kervella et al a, Bigot

try, astrometry and interferometry. It resulted in exaailenowl- gtal 200F). The masses of 61Cyg A & B are controversial,

edge of the masses of the two components (within less than 1%, estimates ranging from approximately 0.74 and 0.46 M

and, through modeling of the stars, of fundamental parametf'Gorshanov etal. 2006) to 0.67 and 0.59 (Walker et al[1995)
not directly accessible to measurements, Iike_the age _d!'ehe With effective temperatures of about 4400 and 40%(, they
lium content. Therefore, these two stars are, with Procgeius - ¢pine with luminosities of only 0.15 and 0.08.LThere is no

gg\?e\li)e[?r?w}a ?go(ggstzﬁa;ngtsrhi:r?uegr?r?é gfnrlgggﬁél:esﬁg%g; NEY¥hfirmed planet around them, although indications %t th

: Cyg B could host a giant planetary companion (see. t. 2.
pr%sent stugy fOCszsseS on 621 Cyg hA (HD 201091, H'Ph1042 dimmer versions of solar type stars, they have magnetic cy
and B (HD 201092, HIP 104217), the nearest stars in the norfljg simijar to that of the Sun, the brighter 8 years, thetéain

ern hemisphere. The two stars constitute a visual binaryyti 4 H | t B 2006). Their rotati od
avery long orbital period€ 650 yrs), also known as Gl 820. The, years (Hempelmann e ). Their rotation periods ar

of the order of 35 days, therefore no rotational distorsittheir
Send offprint requests to: P. Kervella photospheres is expected. The abundances of heavy chetrical

Correspondence to: Pierre.Kervella@obspm.fr ements have been determined (Luck & Hefter 205, P006) in
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these stars which are found slightly metal poor (-0.2 dex)a s Table 2. Squared visibility measurements obtained for 61 Cyg A
priori older than the Sun but belonging to the galactic disk. & B. Bis the projected baseline length, and “PA” is the azimuth
In Sect[P, we detail the interferometric observations &ed tof the projected baseline (counted positively from NortE &st).
corresponding physical parameters we derive (angularetizns
and linear radii). Together with the additional observaltikted

in Sect[B, we propose in Sefdt. 4 a modeling of the two stangusi __MJD Star B(m) PAC() V2 + o(V?)
the CESAM2k code. We finally present asteroseismic frequencs3540.352 61CygA 210.98 5.35 .1094+ 0.0092
predictions in Secﬂ 5. 53540.375 61CygA 210.98 0.21 .1381+ 0.0098

53540.429 61CygA 210.89 -11.70 .1822+ 0.0082
53542.433 61CygA 210.80 -13.88 .1856+ 0.0084

54043.203 61CygA 197.66 -39.53 .1882+ 0.0122
2.1. Instrumental setup 54044.149 61CygA 206.30 -31.35 .1393+0.0270

54044.190 61CygA 199.81 -38.07 .1392+ 0.0207
Our observations of 61 Cyg were undertaken in November 20064052.124 61CygA  33.54 -21.29 .9859+ 0.0123
in the near infrare&” band (19 < A < 2.3 um), at the CHARA  54052.159 61CygA  33.04 -27.24 9239+ 0.0166
Array (ten Brummelaar et a[. 2005) using FLUOR, the Fiber54052.193 61CygA 3223 -32.48 .9517:0.0092
Linked Unit for Optical Recombination (Coudé du Foresto et24052.234  61CygA  30.70 -37.98 .9856+ 0.0090
al.[200B). We used the FLUOR Data reduction software (DRS4055.169  61CygA  96.60  72.69 .6990+0.0107
(Coudé du Foresto et gl. 1997; Kervella et[al. 2004a; Méran 4055.211  61CygA  85.78 60.16 .M27s+00105
et al.[200p), to extract the squared instrumental visjpditthe ~ 53540.401  61CygB 210.98  -5.67 .1014+ 00114
interference fringes. The baseline was chosen accorditigeto  ©3540.449  61CygB  210.67  -16.13 .1840+ 0.0116
predicted angular sizes of 61 Cyg A & B (approximately 1.5 to>4043.169  61CygB  204.09  -34.24 .2082+ 0.0257
2 mas) and the wavelength of observation, in order to obtesn t gjgjjigg gi gyg g ig?gg :gg'gg ggggf 8’8%2(2)
most constraining measurements on the angular diameteiss. T £ 4049170 61 Cil/g B 23156 5254 1886+ 00092
led to the choice of the CHARA telescopes S1 and E2, separatefios9 207 61 CygB 217.61 41.37 .1919+ 0.0098
by a linear distance of 279 m. The calibrator stars were choses4052.135 61CygB  33.41 -23.29 .9670= 0.0168
in the catalogue compiled by Mérand et §I. (005), usingdsé  54052.171 61CygB  32.80 -29.16 .9805+ 0.0140
defined by these authors (Takﬂe 1). They were observed imme&4052.208 61CygB  31.76 -34.56 .9253+ 0.0144
diately before or after 61 Cyg in order to monitor the intesfe  54055.180 61CygB  94.08 69.75 .7031+0.0120
metric transfer function of the instrument. 54055.222 61CygB  82.60 56.28 .8229+ 0.0191

We selected these calibrators so that their visibility meas

ments have comparable signal-to-noise ratios to 61 Cyg A & Baple 3. Limb darkening cofficients of the four-parameter

As they have nearly the saméextive temperature and bright-power law of Claret[(2000) for 61 Cyg A & B.
ness as our targets, their angular diameters are also sitila

results that the final precision of our angular diameter meas —Sg; a % 2 %
ments of 61 Cyg is limited by the uncertainties on the calibra 61CvaA 09189 05554 03920 -0.1391
tors’ diameters. We took them carefully into account in our fi &7 ngB 12439 :1'5403 1.3069 :0'4420
nal error bars, including the correlations betweeffiedént cal- . : : :
ibrated observations of the same star. The reader is rdfeore
Perrin ‘ZOOB) for a detailed description of the error prayiem _
method we used. The final calibrated visibilites of 61 Cyg Al ar{l09[M/H] = 0.0), a turbulent velocity/r = 2knys, and a sur-
B are listed in Tablﬂz. face gravity rounded to log = 5.0. From the masses we derive
As a remark, using smaller (hence fainter) calibrator staf$ Sect.[h (listed in Tablf] 5) and the measured radii ($ed), 2.
would have led to a larger observational uncertainty on tha-m the &fective gravities are log = 4.71 and logy = 4.67, respec-
sured visibility of the calibrator and would not have impedy tVely for 61 Cyg A and B. The values of the foey parameters

or only on a marginal note, the accuracy of the angular diarsetcorresponding to Claret's intensity profiles of the two sarthe
of 61 Cyg A & B. K band are given in Tabfg 3.

The FLUOR instrument bandpass corresponds tdthf-
ter (19 < A < 2.3 um). An efect of this relatively large spectral
2.2. Limb darkened angular diameters bandwidth is that several spatial frequencies are simedtasly
\Pbserved by the interferometer. Thifest is known as band-

e e oy Wi smearing. s sl negligble 0 > 40% bt not
light on the stellar disk, i.e. the limb darkening (LD). Wi d our case as the measured visibilities are closer to the first m

g ) imum of the visibility function. To account for thisfect, the
the four-parameter LD law of CIarOO). model visibility is computed for regularly spaced wavenamb

4 spectral bins over thK’ band, and then integrated to obtain the

—1_ s model visibility. This integral is computed numericallychgives
wn=1 kz_; a1 -n?) @ the modeN? as a function of the projected baselBand the an-

- gular diamete#, 5. A simpley? minimization algorithm is then

Thea codficients are tabulated by this author for a wide rangésed to derived; p, the 1o error bars and the reducgd. For
of stellar parameterdey, logg,...) and photometric bandsl(to  more details about this fitting procedure, the reader ismeddo
K). To read Claret's tables for the PHOENIX models, tifiee- Kervella et al. [2003b) or Aufdenberg et dl. (2P05).
tive temperatures of 61 Cyg A and B were roundeddg(A) = In the infraredK band, the LD is much weaker than in the
4400 K andT«(B) = 4000 K, with a metallicity rounded to solarvisible, and for instance the ftierence in the LD of 61 CygA
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Star my Mgs  Spect. 6o (Mas) Oupk (Mas) «a(°)
HD 196753 5.94 3.34 KOIl-IlI 1047+0.013 1022+0.013 16.2
HD 200451 7.23 2.90 K&l M85+ 0.019 1441+0019 123

Table 1. Calibrators used for the observations. They were seleatdki catalogue assembled by Mérand et005). The limb
darkenedd| p) and uniform diskfup «, for theK band) angular diameters are given in milliarcseconds (rmag)angular separation
a between the calibrators and 61 Cyg is given in the last columaegrees.

and B is small. It can be quantified by the raicof the LD to a 10 + 0.4% photometric excess. These observations can be
angular diamete# p and the equivalent uniform disk angularexplained if B is surrounded by a disk, or by the presence of a
diametergyp. From Claret’s models, we obta@{A) = 1.0305 faintcompanion. Interestingly, an 8 dompanion was proposed
ands(B) = 1.0263. The dierence between the two stars is 0.4%y Strand [1943[ 19%7), based on astrometric measurements.
for ATes ~ 400 K. To account for the uncertainty on théeetive  This possibility was suggested again by Deich & OrI977
temperatures, we thus included-8.2% systematic uncertainty Deich ), and recently by Gorshanov et@OOG), based
on the LD angular diameters of the two stars. The LD beiragtrometry of the two stars. One should note however thatra gi
in any case small in th& band, this appears as a reasonabfganet with a mass around 10;Mnd the age of 61 Cyg will be
assumption. extremely faint, according for instance to the models byaBar
There is also an uncertainty on thegtive wavelength of et al. (200B), with an absolut¢ band magnitude of M ~ 30,
the instrument. As the measurements aféedéntial in nature and an apparent magnitude wk ~ 28. It thus appears un-
(between the scientific targets and the calibrators), thigaicts likely that such a planet can influence the CHARAUOR in-
the measurement only as a second ordfece The true flective  terferometric measurements. Moreover, using radial velec
wavelength of FLUOR instrument was calibrated by observirtyy, Walker et al. [1995) excluded the presence of low mass
with high accuracy the binary staPeg (Mérand et all 20p8, companions around both components of 61 Cyg down to a few
in prep.). The relative uncertainty introduced on the aagdi- Jupiter masses, up to periods of about 30 years.
ameters of 61 Cyg A & B is estimated #0.1%, i.e. negligible As our present data set is too limited to investigate this pos
compared to the statistical uncertainties (0.7% and 1.84ih sibility, we postpone this dicussion to a forthcoming papée
the LD and wavelength uncertainties were added quadrigticadispersion of th&/? measurements observed on B is in any case
to the errors from the fitting to arrive at the final uncerti@isbf taken into accountin the bootstrapped error bars of the ldhian
the LD angular diameters. The result of the fits are presdoted lar diameters and will therefore noffact our modeling anaysis.
61CygA&Bin Figs.[ll. The reduceg are 1.0 and 3.6, respec-
tively for A and B. From the CHARA-LUOR visibilities, we
derive the following LD angular diameters:

2.4. Linear photospheric radii

We assumed the following parallax values for the two stars:

1 A)= 1775+ 0.01 2
fo(61CygA) 5+ 0013 mas @) (61CygA)= 2869+ 1.1 mas @)
6.p(61 CygB)= 1.581+ 0.022 mas 3) 7(61 Cyg B)= 2854 + 0.7 mas (5)
, _ _ They are taken respectively from van Altena et[al. 1995) and
2.3. Angular diameter discussion the Hipparcos catalogue (ESA 1997). As a remark, van de

We can compare the measured LD angular diameters to the §mp (197) obtained slightly flerent valuesz(y = 2828 +
pected values for these stars from the surface brightrdesre- 1-3 Mas andrs = 2884:+1.6 mas) using photographic plates col-
lations calibrated by Kervella et aJ. (20Q4b). Using tBe— L) lected over the 1912-1972 period (see also van de 1953).
relation (photometry from Ducati et l. 2402), we obtain fible From the reprocessing of the orlglr_i-allpparcos measurements,
lowing predicted valuesi o (61 CygA) = 1.813+ 0.019mas, Van Leeuwen[(20074; 20q7b) obtained the following paratiax
and 6.p(61CygB) = 1704+ 0.018mas. While the agree-TA = 2868+ 6.8mas andrg = 2859+ 0.6 mas, compatible with
ment is good for A (within~ 1), the predicted size for B OUr assumed values. _ .

is 4 larger than the measured value. Both our measured an- From the combination of the limb darkened angular diame-

gular diameter value for 61 CygB and this estimate from sufe's and tr_igonome'g_r.ic parallaxes, we derive the followhng-
face brightness are significantly fidirent from the measure-0Spheric linear radii:

ment obtained by Lane & Colavitd (2§03) using the Palom@&(61 Cyg A)= 0.665+ 0.005 R,, (6)
Testbed Interferometer. They obtained an angular dianater
6.o(61 CygB) = 1.94 + 0.009 mas, that corresponds to a difR(61 Cyg B)= 0.595+ 0.008 Rs. (7)

ference of+8¢ from our CHARAFLUOR measurement, andrpq rejative uncertainties on the radii are therefe@8% and
+110 from the surface brightness predicted values. One shoulgl 40, respectively for A and B. Thanks to the high precision of

note that the measurement of the angular size of the star W3S parallaxes (0.38% and 0.25%), the radius accuracy itetim

not the primary focus of their work (in particular, no spbfie e precision of the LD angular diameter measurements.
ter was used for this measurement, resulting in a mdfecdit

calibration of the visibilities). o _ _
These discrepancies combine with the larger observed dis-Additional observational constraints
persion of the CHARAFLUOR measurements (compared to Azg 1. Masses
to indicate a possible additional contributor in the indeoinet- ~
ric field of view around B £1"). Moreover, 61 Cyg B shows a In spite of the proximity and large semi-major axas< 24.65")
slight visibility deficit at our shortest baseline which cesponds of 61 Cyg, its very long orbital period of 6-7 centuries makes
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Fig. 1. Visibility data and adjusted limb darkened disk model vigipcurve for 61 Cyg A (left) and B (right) (see also Talﬂe 2)

Table 4. Apparent magnitudes of 61CygA and B fromKervella et al. [2004b) to retrieve théfective temperature of a
ESA (199F) and Ducat| (2002). The uncertainties that wete rstar from any of its apparent magnitudes. Applying this radth

available were set arbitrarily t60.05 mag.

Band 61CygA 61CygB
U 7.48+0.06 863+0.05
B 6.27+0.03 736+0.02
\Y, 520+ 0.03 605+0.01
R 4.17+0.06 487+0.05
I 352+0.06 405+0.05
J 310+ 0.05 355+0.02
H 248+ 008 286+0.04
K 235+003 271+0.05
L 228+ 006 261+0.05

to 61 CygA and B (Fig[|2) yields consistenftective tempera-
tures for theBVRI bands of:

Ter(61 Cyg A) = 4400+ 100K, (10)
Ter(61 Cyg B)= 4040+ 80 K. (11)

The apparent magnitudes of the two stars (Tﬂ)le 4) were taken
from the Hipparcos catalogue (ESA 1997) and the catalogue
compiled by Ducati2). Thanks to the proximity of 61 Cyg,
we can neglect interstellar extinction. As a remark, theaye

very difficult to determine accurate dynamical masses. Quotiafjective temperature retrieved from thEKL bands are higher
Zagar [193), Baize (19F0) reports a period of 692 yeardewhthan from the visible bands, respectively by 80 and 200K for

Cester, Ferluga & Boeh

88) quote a period of 720yrs afd Cyg A and B. It may be a consequence of the activity of the

equal masses aroundb@: 0.1 M, for both components. Van destars, but more likely, it could be due to the relatively ppbo-
Kamp (L95}) proposed masses of 0.58 alsd 0, for 61 Cyg A tometry available in these bands. The two stars are in patic
and B, respectively. From the orbit determined by Worley &oo bright to have accurate magnitudes in the 2MASS catalogu
Heintz ), Walker et al[ (19P5) quote masses of:

M(61 Cyg A)= 0.67 Mo,
M(61 Cyg B)= 0.59 M.

(Skrutskie et alf 2006). For this reason, we consideiees-
timates based on the visible photometBVRI) more reliable.

®) The temperatures derived from téand are however in good

(9)

agreement with these average values. The derived tempesatu
are identical, within their statistical uncertaintiesftiose com-

While these values are rather uncertain, we will use them pgted from the temperature scale of Alonso, Arribas & Neaz-

our starting guesses for the CESAM2k modeling
parison, the masses proposed by Gorshanov e]
M(61CygA) = 0.74 + 0.13M, and M(61CygB) = 0.46 +

. As a corRoger [1996): 4340K and 3980K.
[ al.](2006) ofFor comparison, Luck & Heite (20p5) determined higher

values of Ter = 4640K and 4400K for 61 CygA and B from

0.07M; have a larger ratio, although the total mass of the syspectroscopy. More generallyfiirent techniques result in sig-
tem (Ma;s = 1.20+ 0.15M,) is compatible with Walker et al.’s nificantly differentTe; values for 61 Cyg A and B, and discrep-

value.

3.2. Effective temperature

ancies as large as 300K are found in the literature. This may
be a consequence of the activity of the two stars (see e.fj. Hal
Lockwood & SkifP00T). 61 Cyg Ais also classified as a BY Dra
type variable, showing a low amplitude rotational modwlati

Knowing the LD angular diameter of the stars, it is possible Of its light curve due to star spots and chromospheric dgtivi
invert the surface brightness-color (SBC) relations catéd by (Bohm-Vitensd 2097).
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Table 5. Observational constraints (upper part), and best-fit pa-

ol T rameters derived from our CESAM2k modeling of 61 Cyg A &
4500 { ,,,,,,,,,,,, 1 ,,,,,,,,,,,,,,,,,,,, 1 ,,,,,,,,,,,, { B (lower part). See text for the corresponding references.
4400 - ¢ L & 1 T _ ] 1T
1222{{1 Parameter 6ICygA _ 61CygB

;‘ggg ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ 7 (mas) 280+ 1.1 2854 + 0.7

5 v n . ; " p N [Fe/H] -020+010 -027+019
Color R (R.) 0.665+ 0.005  0.595: 0.008
Ter (K) 4400+ 100 4040+ 80

j‘a‘zz L (Lo) 0.153+0.010 Q085+ 0.007

P R JURNREY TR SO Initial He content Y 0.265 0.265
ol ~ - T 1 o 1 Initial [Z /H] (dex) -0.10 -0.10
B { 1 { { Final [Z/H] (dex) -0.15 -0.15

"""""""""""""""""""""""""" Age (Gyr) 6.0+ 1.0 6.0+ 1.0

i R AL Mass (M) 0.690 0.605

SR - = | 5 T 2 3 a (MLT convection) 1.2 0.8

Color

Fig. 2. Effective temperature estimates for 61 Cyg A (top) and4. Metallicity

B (bottom) based on their apparent magnitudes and the surf%c

. , r h error of 0.10 dex on the metallicity translates into areaf
brightness-color relations by Kervella et 41. (2404b). 160K on the fective temperature, so a good knowledge of the

metallicity is important.

A number of metallicity estimates can be found in the lit-
erature. Zboril & Byrne |[(1998) determined the metallicity o
. 61 CygA to be [MH] = -0.3 + 0.2, from high-resolution spec-
The luminosity of the two stars of 61 Cyg can be computed Ugpscopy and LTE atmosphere models. They also found a mean
ing two methods: (1) combining thefective temperature and metallicity index [M/H] = —0.2 for a sample of 18 K and M
the interferometric radius, (2) from the apparent magruke fie|d stars. Tomkin & Lambert[(199) obtained relatively low
bolometric correction, and the parallax. iron abundances of [Fel] = —-0.43 + 0.10 for 61 CygA and

From the &ective temperatures listed in Se 3.2 and thge/H] = -0.63 + 0.10 for 61 Cyg B, based on equivalent line
radii measured with CHARALUOR (Sect[2]4), a straightfor- widths and LTE model atmospheres. Using a similar method,
ward application of Stefan-Boltzmann's lak (= 47RPoTg;)  Affer etal. [2005) measured [F4] = —0.37+0.19for 61 Cyg A.
gives L(61CygA) = 0.149 + 0.006L,, and L(61CygB) = For the present study, we choose to rely on the work by Luck
0.085+ 0.004 L. & Heiter (200¥), who determined:

We can also use thK band bolometric corrections (B¢
from Houdashelt, Bell & Sweigarf (2000) to retrieve the bolo[Fe/H] (61 Cyg A)= —0.20+ 0.10
metric magnitude from the apparelitband magnitudes of the
stars (Tablg]4). An interpolation of Houdashelt et al.’sleab [Fe/H](61CygB)=-0.27+0.19
gives BG(A) = 2.152 and B&(B) = 2.433. Considering the
uncertainty on the metallicity of the two stars, and th&edi For the abundance analysis, they used plane-parallel; line
ence observed between the visible and infrar@dcéive tem- blanketed, flux-constant, LTE, MARCS model atmospheres.
perature estimates (Seft.|3.2), we attributedlCe07 mag er- These models are a development of the programs of Gustafsson
ror bar to these bolometric corrections. Together with tae p et al. (197F). We selected these values, as they are wetién |i
allaxes, they correspond to absolute bolometric magnitade (Within 1 to 207) with the measurements obtained by other au-
Mboi(A) = 6.80 + 0.08 andMy(B) = 7.42 + 0.09, and the fol- thors. In addition, we used the MARCS models for the atmo-
lowing luminosities (withMyg(©) = 4.75): sphere description of our evolutionary modeling (S&:t.sd;),

Luck & Heiter's determination appears as a natural choice fo
(12) consistency.

3.3. Luminosity

(14)

(15)

L(61 CygA)= 0.153= 0.010L,

L(61 Cyg B)= 0.085+ 0.007L,. (13) 4. Modeling with CESAM2k

observational constraints and parameters used toraonst

These figures are in excellent agreement with those compug}f CESAM2K evolutionary models Mor97' Morel &
from the dfective temperature and the radius. In our Sum?ébreto?) are summarized in Taéle 5 ;
quent modeling of the two stars, we will use simultaneously 5 4 binary system, components A and B of 61 Cyg must
as constraints the fierent available observables. However, vaj; e the same age ini’tial helium content, and metalliasy (
ious correlations exist between these observables, ftairine suming that the systém formed as a binary),. By comparisdn wit
betweerR, L andTEff through Stefan-BoItzmann’s law, and Weur previous modelingfeorts (see e.g. Thévenin et @DOS),
prefer to limit the influence of these correlations as mugbass ;o implemented a few modifications for the present work. The

sible. However, this was not possible with all parametey$@s ¢, ation of state now includes Coulomb corrections duewo lo
instance, the parallax plays a role in the derivation of nodst

them. As the bolometric corrections have the advantageingbemasses of these stars and the corresponding high density. We
. ' : : sed MARCS models (Gustafsson et D07,| 208
independent from the radius measurement, we retain them lfjor ( al. 4403, PHO7, )
our modeling of the two stars.

1 http:/mww.marcs.astro.uu.se/



6 P. Kervella et al.: Interferometric observations of 61 @y§ B with CHARA /FLUOR
the atmosphere description. The treatment of convectidema HR diagram of 61CygA
use of a new modified routineg¢nv_a®) based on the classical
mixing length theory (hereafter MLT). The mixing length van
ishes at the limit between convective and radiative zariéste

that our small values of the parameter (that describes the con-
vection in MLT) are in good agreement with the systematicdre

of this parameter in low mass stars, where its value decsease
steeply with mass. For instance, if for the Sun the most com-_
mon quoted value af is about 1.9 (Morel et a[. 19p9), Yildiz et <
al. (200p) obtain for low mass stars values such as 1.2 fovig.8 = [
or 1.7 for 0.9 M,. Compared to these values, our valueg aff ol
0.8 for 61 CygB (06 My) and 1.2 for 61 Cyg A (OF My) appear
reasonable. «f ]

We define the stellar radius of a model as the bolometric one, S [ SO~ ]
which is equivalent to the interferometric definition of tivab I AN
darkened angular diameter. The microscopftudion of chem- :
ical species is taken into account according to Burdersq),96
using the resistance cfiieients of Paquette et al{ (1986). Tett
According to the prescription of Morel & Thévenip (2002)ew HR diagram of 61CygB
introduce an additional mixing parameterized byRel. This
parameterization is not important for the stars 61Cyg A & B I~
because the flusion is indficient for low mass stars with solar N~
metallicity. I~ S

The adopted metallicity [Z], which is an input parame- @
ter for the evolutionary computations, is given by the irbom- o
dance measured in the atmosphere with the help of the follow |
ing approximation: log(ZX) ~ [Fe/H] + log(Z/X)o . We use &
the solar mixture of Grevesse & Noe|s (1p93/X), = 0.0245. -
The evolutionary tracks are initialized at the Pre-Main&sge
stage ; therefore, the ages are counted from the ZAMS.

To fit the observational constrainf&;, L and surface metal-
licity [Z /X] «ur 1) With corresponding results of various computa- I ~
tions, we adjust the main stellar modeling parameters: nagges I 1
and metallicity. In Fig[]3, the rectangular error boxes espond :
to the values and accuracies of thg andL parameters quoted
in Table[$. The values of the radii reported in the presenkwor Tete

select very narrow diagonal sub-areas in these error bakxes. _. . . .
new measurements of radii are thus particularly discritmiga ©19-3- Evolutionary tracks in the H-R diagram for 61 CygA

for th dels, iousl ticed by Thé in etlalodo (.top) and B (bottom). The labels indicate the age in Gyr rella-
;r:d Ceren;(\)/es :t Z|SI7())[_JS y noticed by Thévenin et[al0g tive to the ZAMS. The rectangular box represents the clabsic

L — Tt error box, and the diagonal lines represent the radius and
Hts uncertainty.

0.17

0.18

L 1 L L L L L L L L N
4500 4400 4300

0.08
T

| T S SR SR [ T S TN SUN NN SHNT SR S S NN SR SR S S '
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We adopt an initial helium content of;y=0.265 which cor-
respond to a slightly metal poor disk star. We then tried to
the evolutionary models within the error boxes of both stars

with the masses proposed by Gorshanov et2006) of 0 iden in Table[b. The models of 61 CygA and B converge si-

and 0.46 M. In this process, we explored a range of abu ultaneous! T d
: y to the radii-limited uncertainty boxes foraage of
dYat?ce dzz)(lkzjy Ch\?vng"llg tthfe é)bseryedﬂ\]/alue BY0.15 de;l\zmd 6.0+ 1.0 Gyr. This is significantly older than the 2.1-1.9 Gyr es-
N y* pe eX. fﬂsoh ried varying the mazseSJ_rgwo o limate of Barned (20D7), that was derived from the measwred r
0 combination of the three parameters produced evolulong. i, period of the stars (gyrochronology). The chromesjgh

models reaching the error boxes of the HR diagram, that : B
strongly constrained by the radius. The variation ofdtparam- aigre\;qaulgéed by this author of 2.4-3.8 Gyr also appears lower th

eter of the convection depth did not help either. From this we

conclude that the masses proposed by Gorshanov (2006)

are not reproducible by our modeling withif®.05Mo. For this 5. asteroseismic frequency predictions

reason, we decided to use as a starting value the older mass de

termination by Walker et al[(19P5) of 0.67 and 0.59.NThe Late-type bright binaries are rare but represent, onceysedl

convergence of our models towards the observations isfsignivith asteroseismic constraints, an excellent challengénter-

cantly better and we could refine these masses to the vadtes li nal structure models to derive the age and helium content in

in Table[b. the solar neighborhood. With the improved determinatiohs o
We selected as the most plausible models those satisfyth§ fundamental parameters of the 61 Cyg system, we propose

first the luminosity and radius constraints and second fleee Predictions of pulsation frequency separations usefuhfero-

tive temperature constraint. The corresponding parameter Se€ismic diagnostics. To date, no detection of pulsatiorbeas
observed in these two stars. Our purpose here is not to predic

2 see the documentation of CESAM2k on the Helas websiwghich modes are excited but rather to compute a broad range
http:/hel as.group.shef.ac.uk/sol ar_models.php of eigenfrequencies, , with radial ordersn > 10 and degrees
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Fig. 4. Diagram representing the small separatiéng (vertical
axis) as a function of the large onas,, (horizontal axis) for
the two components 61 Cyg A and B ). We consider here
only (6vno, Avno) (solid line) and §vn 1, Avn 1) (dashed line). The
successive radial nodes> 10 are indicated on the curves.

¢ =0,1,2,3 up to the cut-& frequency, so that they will cover

possible future detections and eventually help to consfiai

the two stars. 61 Cyg A & B appear as very promising targets for
future asteroseismic studies, and we also derived astengise
frequencies potentially present in these two stars. Thectien

of oscillations would bring important constraints to stebtruc-
ture models in the cool, low-mass part of the HR diagram, eher
convection plays a central role. However, in the absencesa-m
sured asteroseismic frequencies, it appedfisdit to go beyond

the present modeling of the binary system. The main reason is
that the mass is not constrainedfatiently well by the long pe-
riod astrometric orbit. We encourage asteroseismic groups
clude these two stars in their observing programmes, as¢lae m
surement of seismic parameters (in particular the meag fagg
guency spacing) will bring a decisive constraint to the ntfss
these stars. We also found that the value of the mixing length
parameters for both stars is very well constrained by thiisad
once the other parameters of the model are fixed, in particula
the mass. We reach the same conclusions as Yildiz &t al. (2006
that thea parameter is mass dependent at least for solar abun-
dance stars. The futufaaia mission (Perrymah 20p5) will open
the way to a complete calibration of several thousand bésari
Such a large sample will give us a completely renewed view of
convection in stars (see e.g. Lebrefon 2005).
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Avne = v — va-1¢ Which are the relevant quantities to constrain
stellar properties (e.g. Christensen-Dalsgfard|1984) fatmer
gives information about the stellar evolutionary statuthefstar
since low degree modes have their inner turning points dimse _
or In the core Of the star. It |S partlcularly dependent Ongtm, Affer, L., MlCela, G, Morel, T., SanZ'ForCada, J., & FavatQUQS, A&A, 433,

dient of the sound speed in the core which changes as the {3 647
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