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•  Context: observing host stars.!

•  Observations of three chosen host stars:!
–  14 And!
–   υ And!
–  42 Dra!

•  The case of indomitable θ Cygni.!
–  Results!
–  Variations of the diameter!
!

•  Conclusions.!
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CONTEXT!
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Why observing host stars?!
•  To understand better the link between stars and the 

presence of exoplanets.!

•  Need of missing stellar parameters (radii....) and of the 
influence of perturbating elements (spots, LD, …) to 
study stellar evolution.!

•  Study of the sample!
Exoplanets host stars observable by VEGA/CHARA, ≈ 40 stars (ANR «100 Stars»:!
F, G or K stellar type!
Diameter < 2mas!
Mag V < 6!
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OBSERVATIONS OF HOST 
STARS!
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14 And"
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Principal parameters:!
HD221345, HIP116076, HR8930!
One exoplanet: 4.8 MJ!

K0III!
RA: 23:31:17.4!
Decl: +39◦14ʼ10”!
V mag = 5.22!
K mag = 2.33!
(Sato et al., 2008)!

Observations:!
!
Ø  E2E1W2, W2W1E2!
Ø  4 observations in 

October 2011 !

 
 
 

Results: 
θLD = 1.51 ± 0.02 mas!
Χ2

reduced = 2.769!
θUD = 1.40 ± 0.02 mas!
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Results: 
θUD = 1.27 ± 0.15  mas!
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reduced = 9.13 
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Principal parameters:!
HD9826, HIP7513, HR458!
Hosts four exoplanets!
F9V!
RA: 01:36:47.8!
Decl: +41◦24ʼ20”!
V mag = 4.10!
K mag = 2.86!
(Furhmann et al., 1998)!

Observations:!
!
Ø  E2E1W2, W2W1!
Ø  3 observations in 

October and November 
2011 !

 
 
 

Results: 
θLD = 1.18 ± 0.01 mas!
Χ2

reduced = 6.9!
θUD = 1.12 ± 0.01 mas!
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Results: 
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reduced = 3.29 
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42 Dra"

0.0 0.5 1.0 1.5 2.0 2.5 3.0
10+8

0.0

0.2

0.4

0.6

0.8

1.0

u

v

spatial frequency in 1/rad

sq
ua

re
d 

vi
si

bi
lit

y 
(V

IS
2)

Principal parameters:!
HD170693, HIP513, HR6945!
One exoplanet: 3.88±0.85 MJ!
K1.5III!
RA: 18:25:59.1!
Decl: +65◦33ʼ49”!
V mag = 4.83!
K mag = 2.08!
(Döllinger et al., 2009)!

Observations:!
!
Ø  E2E1W2!
Ø  2 observations in 

October and November 
2011 !

 
 
 

Results: 
θLD =  2.12 ± 0.02 mas!
Χ2

reduced = 0.199!
θLD =  1.97 ± 0.02 mas!
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Results: 
θUD =  2.08 ± 0.21 mas!
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reduced = 1.69 
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Fundamental parameters of stars 
!

Ø  Radius: !
!
!
Ø  Mass: !
!
Ø  Effective temperature: !

R. Ligi et al.: High angular resolution investigations on the exoplanet hosting star θ Cygni.

Table 3: Journal of the observations of θ Cyg. RJD is the re-

duced Julian day, λ0 is the central wavelength, ∆λ is the width

of the analyzed spectral band, V2
is the calibrated squared vis-

ibility and σV2
the total error on the squared visibility (includ-

ing statistical and systematic errors). They all correspond to 3-T

measurements.

RJD λ0 ∆λ Cal Base PA [
◦
] V2 ± σV2

(nm) (nm) (m)

55849.62 707.5 15 1, 2 106 84.6 0.534 ± 0.022

156 -131.9 0.237±0.015

249 -134.5 0.028±0.021

55848.62 707.5 15 1, 3 106 83.9 0.502±0.020

156 -132.6 0.192±0.007

249 -135.5 0.048±0.014

55826.67 737.0 14 1 66 -139.1 0.801±0.038

156 -132.3 0.229±0.016

221 -134.3 0.054±0.028

55826.74 737.0 14 1 65 -157.3 0.822±0.036

152 -150.8 0.286±0.014

216 -152.7 0.017±0.019

55825.67 737.0 14 1 66 -138.0 0.816±0.019

156 -131.3 0.278±0.008

221 -133.3 0.017±0.010

55825.74 737.0 14 1 65 -156.9 0.888±0.018

152 -150.4 0.195±0.006

216 -152.3 0.010±0.007

55805.75 737.5 15 1 65 -143.9 0.885±0.023

155 -137.2 0.236±0.011

220 -147.7 0.039±0.022

55803.77 737.5 15 3 103 75.6 0.549±0.011

154 -141.3 0.195±0.012

245 -146.6 0.040±0.018

55774.73 709.5 15 1 106 108.5 0.510±0.022

153 -108.7 0.117 ±0.013

55773.72 709.5 15 1 105 113.9 0.601±0.048

150 -103.8 0.307±0.038

55723.89 735.0 20 1, 3 107 103.4 0.585±0.074

220 -115.3 0.012±0.050

55722.93 735.0 20 1, 2, 3 108 95.1 0.451±0.015

156 -121.3 0.166±0.009

55722.98 735.0 20 1, 2, 3 106 82.1 0.493±0.013

155 -134.5 0.181±0.008

55486.71 670.0 20 1 64 -167.6 0.813±0.016

150 -161.3 0.169±0.009

214 -163.4 0.027±0.019

55486.74 670.0 20 1 64 179.9 0.886±0.024

148 -174.4 0.137±0.011

55370.92 715.0 30 2 66 -133.8 0.788±0.028

156 -127.0 0.152±0.013

222 -129.0 0.012±0.010

55370.96 715.0 30 2 65 -148.4 0.802±0.030

154 -141.7 0.221±0.019

219 -143.7 0.039±0.015

is consistent with the diameter found by van Belle et al. (2008)

with spectral energy distribution based on photometric observa-

tions.

The reduced χ2
of the model fitting is almost 8.6 which

seems to indicate that variations of the diameter with time are

possible. This will be investigated in Sect. 4. We also check the

possibility of some discrepancies to the UD model and test a

linear limb darkened (LD) disk model with a coefficient uλ as

defined by Hanbury Brown et al. (1974). Unfortunately, the data

quality at low visibility level is not good enough for the mo-

ment to be constraining enough for a correct uλ determination.

For the following, we finally decided to fix the linear LD coeffi-

cient in the LitPro software. With Teff = 6765 K and log g = 4.3,

we use the value of the Claret coefficients (Claret et al. 1995)

given for the R, I and J bands, and deduced by extrapolation the

value at the observing wavelengths (715 and 670 nm). We found

u670nm = 0.510 and u715nm = 0.493, and took the mean value 0.5

to simplify the calculation. LITpro software gives an estimation

of the LD diameter following a LD linear law. According to the

previous fixed coefficient and with all the data we obtain (see

Figure 1) the value θLD = 0.760 ± 0.002 mas, with a reduced χ2

equal to 8.7.

3.2. Calculation of the radius

From the LD diameter (θLD) and the parallax (π), it’s easy to

estimate the linear radius (R) of θ Cyg. Using a simple Monte

Carlo simulation, we obtain a correct estimate of the radius and

its error.

R ± δR = θLD ± δθLD

9.305 × (π ± δπ) (1)

We take π = 54.54 ± 0.15 mas according to van Leeuwen

(2007). θ Cyg ’s radius is then R = 1.497 ± 0.006.

3.3. Calculation of the mass

Several relations can be used to calculate the mass of the star.

According to its spectral type and luminosity class, we can use

the following mass-luminosity relation to estimate the mass of θ
Cyg:

log(M/M⊙) = 0.48 − 0.105Mbol (2)

which is valid for −8 ≤ log(M/M⊙) ≤ 10.5. Mbol designates

the bolometric magnitude and M the stellar mass. The estimation

of the bolometric magnitude is done using a bolometric correc-

tion, for a F4 main sequence star, of 0.13 and we neglect the

coefficient of interstellar absorption thanks to the high declina-

tion of the star. We obtain the value of 3.04 for the bolometric

magnitude, which verifies the condition of validity of the mass-

luminosity relation. From the Equation 2 we simply derive that θ
Cyg’s mass is 1.448 ± 0.006 M⊙. This result is a bit greater than

the one found in Desort et al. (2009), but fits within the error

bars.

Calcul de l’erreur ? (erreur sur BC inconnue) Cette formule
n’utilise pas le rayon qu’on a calcul prcdemment, donc masse
pas relie nos mesures... Mais on ne peut pas utiliser la relation
qui relie le rayon et la masse, car elle implique une contrainte
sur log(M/Msol) qu’on ne connait a priori pas, donc on ne peut
pas savoir laquelle des deux formules donnes on doit utiliser
(AQ p.382).

However, Desort et al. (2009) estimate θ Cyg’s mass at 1.38

± 0.05 M⊙, which gives log(M/M⊙) = 0.14. Knowing its radius,

we can use one of the following equations to calculate the mass:

log(R/R⊙) = 0.640log(M/M⊙) + 0.011 (3)

for 0.12 ≤ log(M/M⊙) ≤ 1.3, and:

log(R/R⊙) = 0.917log(M/M⊙) − 0.020 (4)

for -1.0 ≤ log(M/M⊙) ≤ 0.12.

Thus, the Equation 3 should be applied, and we find M =
1.805 ± 0.008 M⊙. This value is higher than the one given by

Desort et al. (2009). However, if we take the lower value of the

mass considering the error bar, i.e. 1.33 M⊙, we can use the

Equation 4, and we get M = 1.633 ± 0.007 M⊙, which is closer

to 1.38 ± 0.05 M⊙.
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Table 4: Table summarizing the θ Cygni’s fundamental parame-
ters calculated with the interferometric data.

Stellar parameters Value±Error
LD diameter [mas] 0.760±0.002

Radius [R⊙] 1.497±0.006
1.805 ± 0.008

Mass [M⊙] 1.448±0.006
1.633 ± 0.007

Teff [K] 6989
7051

3.4. Calculation of the effective temperature

From the radius and bolometic magnitude, one can deduce the
effective temperature Teff of the star, assuming a simple black
body law:

Mbol = 42.36 − 5 log(R/R⊙) − 10 log(Teff ) (5)

This leads to Teff=6989 K, which is consistent with the value
given by Desort et al. (2009). Another way to calculate the ef-
fective temperature is to consider the black body law:

L = 4πR2σT 4
eff (6)

with L the luminosity of the star, R the radius, and σ the
Stefan-Boltzmann constant. We used the following formula to
calculate the luminosity of θ Cyg (AQ), since it verifies M ≥ 0.2
M⊙ :

log(L/L⊙) = 3.8 log(M/M⊙) + 0.08 (7)

and we found L = 1.91 × 1027 W (considering L⊙ = 3.9 ×
1026 W). The result is an effective temperature of 7051 K.

Table 4 summarizes the results found thanks to the interfer-
ometric measurements.

4. Is there a temporal variation of θ Cygni diameter?

The different estimations of the LD diameter of θ Cyg varies
according to the different observations as presented in Table 5
and in Figure 2. We notice that some of the variations could be
due to the change of triplet of telescopes.

Since θ Cygni’s radial velocity is suspected to have a 150-
days period, a correlation could exist with the variation of its
diameter. Figure 2 shows this variation for a phase included be-
tween -0.4 and 1.6, which corresponds to the reduced Julian day
modulo 150. The difference beween the higher and the lower
LD diameters is significant, but for now, as the error bars are
small, we cannot conclude on the periodicity of the diameter.
While mentally removing the extreme values, we could consider
the star as not variable because the differences between all the
values would be much smaller. However, if we do not take into
account the higher or the lower values, it seems that a period
could be seen.

5. Validation of the 3T measurements with the
observations of other exoplanets host stars.

5.1. Observations of 14 And, υ And and 42 Dra.

In complement to the observations of θ Cygni, we have started a
large program of characterization of exoplanet host stars. In this
paper we present results on three of them. In 2011, we observed

Figure 2: Variation of θ Cyg diameter according to the phase.
The phase is proportional to the reduced Julian day modulo 150,
as the radial-velocity period is expected to be.

Table 5: Values of the mean θLD per night for θ Cyg and the
corresponding χ2

reduced.

Epoch θLD χ2
reduced

55849.62 0.700±0.011 0.700
55848.62 0.744±0.007 5.698
55826.67 0.721±0.009 1.12
55825.67 0.757±0.004 28.66
55805.75 0.727±0.010 7.749
55803.77 0.759±0.008 5.936
55774.73 0.813±0.013 11.96
55773.72 0.667±0.026 0.256
55723.89 0.680±0.055 0.825
55722.93 0.793±0.006 0.664
55486.71 0.759±0.007 12.85
55370.92 0.764±0.010 2.468

two giants stars, 42 Dra and 14 And, and one main-sequence star,
υ And. Their exoplanets were all discovered by the radial veloc-
ity method (Sato et al. 2008; Fuhrmann et al. 1998; Döllinger
et al. 2009).

14 And (HD221345, HIP116076, HR8930) hosts one exo-
planet of minimum mass m2 sini = 4.8MJ discovered in 2008.
It has been observed 80 times by Hipparcos and its fundamen-
tal parameters could be calculated (Table 7). It has also been
derived that this star does not exhibit a chromospheric activity
(Sato et al. 2008).
υ And (HD9826, HIP7513, HR458) is a bright F star that

already aroused spectroscopic investigations (Fuhrmann et al.
(1998) and references therein). Four exoplanets orbit around it
and were discovered between 1996 and 2010 (Schneider et al.
2011).

42 Dra (HD170693, HIP 90344, HR 6945) is an
intermediate-mass giant star around which a 3.88±0.85 MJ exo-
planet has recently been discovered (Döllinger et al. 2009).

Observations of these three exoplanets host stars have been
made in October and November 2011 with the same baselines.
The data were processed in the same way than θ Cygni. We used
the calibrators HD211211 (cal1) and HD1439 (cal2) for 14 And,
HD14212 (cal3) for υAnd and HD187340 (cal4) for 42 Dra. We
mainly observed with the 3T configurations, but sometimes the
conditions only allowed 2T measurements (Table 7). The obser-
vations of the targets were 30 minutes long (60 blocks), and the
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670 nm). We found u670nm = 0.510 and u715nm = 0.493, and took

the mean value 0.5 to simplify the calculation. LITpro software

gives a n estimation of the LD diameter following a LD linear

law. According to the previous fixed coefficient and with all the

data we obtain (see Figure 1) the value θLD = 0.760±0.002 mas,

with a reduced χ2
equal to 8.7.

3.2. Calculation of the radius

From the LD diameter (θLD) and the parallax (π), it’s easy to

estimate the linear radius (R) of θ Cyg. Using a simple Monte

Carlo simulation, we obtain a correct estimate of the radius and

its error.

R ± δR = θLD ± δθLD

9.305 × (π ± δπ) (1)

We take π = 54.54±0.15 mas according to ?. θ Cyg ’s radius

is then R = 1.497 ± 0.006.

3.3. Calculation of the mass

Several relations can be used to calculate the mass of the star.

According to its spectral type and luminosity class, we can use

the following mass-luminosity relation to estimate the mass of θ
Cyg:

log(M/M⊙) = 0.48 − 0.105Mbol (2)

which is valid for −8 ≤ log(M/M⊙) ≤ 10.5. Mbol designates

the bolometric magnitude and M the stellar mass. The estimation

of the bolometric magnitude is done using a bolometric correc-

tion, for a F4 main sequence star, of 0.13 and we neglect the

coefficient of interstellar absorption thanks to the high declina-

tion of the star. We obtain the value of 3.04 for the bolometric

magnitude, which verifies the condition of validity of the mass-

luminosity relation. From the Equation 2 we simply derive that θ
Cyg’s mass is 1.448 ± 0.006 M⊙. This result is a bit greater than

the one found in ?, but fits within the error bars.

Calcul de l’erreur ? (erreur sur BC inconnue) Cette formule
n’utilise pas le rayon qu’on a calcul prcdemment, donc masse
pas relie nos mesures... Mais on ne peut pas utiliser la relation
qui relie le rayon et la masse, car elle implique une contrainte
sur log(M/Msol) qu’on ne connait a priori pas, donc on ne peut
pas savoir laquelle des deux formules donnes on doit utiliser
(AQ p.382).

However, ? estimate θ Cyg’s mass at 1.38 ± 0.05 M⊙.

Knowing its radius and log g, calculate the mass using the grav-

itational law:

g = −GM/R2
(3)

with G the gravitational constant and R the estimated radius.

Thus, the Equation 4 should be applied, and we find M =
1.805 ± 0.008 M⊙. This value is higher than the one given by ?.

However, if we take the lower value of the mass considering the

error bar, i.e. 1.33 M⊙, we can use the Equation 5, and we get M
= 1.633 ± 0.007 M⊙, which is closer to 1.38 ± 0.05 M⊙.

3.4. Calculation of the effective temperature

From the radius and bolometic magnitude, one can deduce the

effective temperature Teff of the star, assuming a simple black

body law:

Mbol = 42.36 − 5 log(R/R⊙) − 10 log(Teff ) (4)

Table 4: Table summarizing the θ Cygni’s fundamental parame-

ters calculated with the interferometric data.

Stellar parameters Value±Error

LD diameter [mas] 0.760±0.002

Radius [R⊙] 1.490±0.006

Mass [M⊙] 1.28±0.01

log g [cm.s−2] -0.24

Teff [K] 6989

This leads to Teff=6989 K, which is consistent with the value

given by ?. Another way to calculate the effective temperature is

to consider the black body law:

L = 4πR2σT 4

eff (5)

with L the luminosity of the star, R the radius, and σ the

Stefan-Boltzmann constant. We used the following formula to

calculate the luminosity of θ Cyg (AQ), since it verifies M ≥ 0.2

M⊙ :

log(L/L⊙) = 3.8 log(M/M⊙) + 0.08 (6)

and we found L = 1.91 × 10
27

W (considering L⊙ = 3.9 ×
10

26
W). The result is an effective temperature of 7051 K.

Table 4 summarizes the results found thanks to the interfer-

ometric measurements.

4. Is there a temporal variation of θ Cygni diameter?

The different estimations of the LD diameter of θ Cyg varies

according to the different observations as presented in Table 5

and in Figure 2. We notice that some of the variations could be

due to the change of triplet of telescopes.

Figure 2: Variation of θ Cyg diameter according to the phase.

The phase is proportional to the reduced Julian day modulo 150,

as the radial-velocity period is expected to be.

Since θ Cygni’s radial velocity is suspected to have a 150-

days period, a correlation could exist with the variation of its

diameter. Figure 2 shows this variation for a phase included be-

tween -0.4 and 1.6, which corresponds to the reduced Julian day

modulo 150. The difference beween the higher and the lower

LD diameters is significant, but for now, as the error bars are

3

Sato et al., 2008: M = 2.2 Msol   !

Furhmann et al., 1998: M = 1.27± 0.06 Msol !

Döllinger et al., 2009: M = 0.98 ± 0.05!

Errors dominated by the parallax!!

R. Ligi et al.: High angular resolution investigations on the exoplanet hosting star θ Cygni.

Table 6: POur prsentation

Star θLD [mas] χ2
reduced

π Radius [R⊙] Mass [M⊙]
14 And 1.51±0.02(1.3) 2.769 12.63±0.27(2.1) 12.82±0.32(2.5) 2.60±0.42(16)
υ And 1.18±0.01(0.9) 6.9 74.12±0.19(0.3) 1.70±0.02(0.9) 1.12±0.25(22)
42 Dra 2.12±0.02(0.9) 0.199 10.36±0.20(1.9) 22.04±0.48(2.2) 0.92±0.11(12)

Table 9: Coordinates and parameters of the three observed host
stars 14 And, υ And and 42 Dra.

Parameter 14 And υ And 42 Dra
RA (J2000) 23:31:17.4 01:36:47.8 18:25:59.14
Dec (J2000) +39◦14’10” +41◦24’20” +65◦33’49”
Stellar type K0III∗ F9V K1.5III

V mag 5.225 4.10 4.833
K mag 2.331 2.86 2.085

MV 0.67∗ 3.44±0.02 � -0.09±0.04∗∗
Mbol 0.35a 3.36±0.06� -0.72b

v sin i [km/s] 2.60∗ 9.5±0.8�
Teff [K] 4813±20∗ 6107±80� 4200±70∗∗

Distance [pc] 76.4±4.1∗ 13.47±0.13� 97.3±5
Parallax [mas] 13.09±0.71∗ 74.12±0.19 10.36±0.20

Mass [M⊙] 2.2 +0.1
−0.2* 1.27±0.06� 0.98±0.05∗∗

log g 2.63±0.07 4.3 1.71±0.05 ∗∗
[Fe/H] -0.24±0.03 0.09±0.006 -0.46±0.05

υ And (HD9826, HIP7513, HR458) is a bright F star that
already aroused spectroscopic investigations (Fuhrmann et al.
(1998) and references therein). Four exoplanets orbite around
it and were discovered between 1996 and 2010.

42 Dra (HD170693, HIP 90344, HR 6945) is an
intermediate-mass giant star around which an 3.88±0.85 MJ ex-
oplanet has recently been discovered (Döllinger et al. (2009)).

We have observed the three exoplanets host stars in October
and November 2011 with the same baselines and reduced the
data with a similar method as for θ Cygni. We used the cal-
ibrators HD211211 (cal 1) and HD1439 (cal 2) for 14 And,
HD14212 (cal 3) for υ And and HD187340 (cal 4) for 42 Dra.
We mainly observed with the 3-T configurations, but sometimes
the conditions only allowed 2-T measurements (Table 10). The
observations of the targets were 30 minutes long (60 blocks),
and the ones of the calibrators of 10 to 20 minutes long (20 or
40 blocks). As for θ Cyg, the data were recorded at medium res-
olution on both blue and red detectors, but the data treatment
was made on 15 nm wide channels from the continuum of the
red spectrum. We alternated the calibrators and taget with se-
quences like cal - T - cal, and used CLIMB as 3T fringe tracker
(Sturmann et al. 2010).

5.2. Results

We obtained good results from our interferometric measure-
ments. The LD models fit well our data with a small error bar
with a small χ2

reduced
(see Figure 3, Figure 4 and Figure 5).

Unfortunately, we also had to fix the value of the linear LD co-
efficients to get them. We took uλ=0.7 for 14 And, uλ=0.534 for
υ And and uλ=0.725 for 42 Dra according to (Hanbury Brown
et al. 1974).

We derived fundamental parameters mainly coherent with
the previous one found in the literature. The radius and the
mass of the three stars were estimated from Equation 3 and
Equation 1, and the effective temperature from Equation 6. For
42 Dra, we found Mbol=-0,72 considering BC=-0.61 and an in-
terstellar absorption equals to zero since the star’s declination is

Table 10: Journal of the observations of 14 And, υ And and 42
Dra. RJD is the reduced Julian day, λ0 is the central wavelength,
∆λ is the width of the analyzed spectral band, V

2 is the cali-
brated squared visibility and σV

2 the total error on the squared
visibility (including statistical and systematic errors).

Star RJD λ0 ∆λ Cal Base PA [◦] V
2 ± σV

2

(nm) (nm) (m)
14 And 55855.4 707.5 15 1 66 -123.4 0.306±0.022

222 -118.7 0.004±0.032
55849.68 707.5 15 1 104 109.1 0.047+-0.015

153 -108.2 0.012±0.016
244 -93.2 0.008±0.017

55847.77 707.5 15 1 65 -134.1 0.321±0.016
154 -127.2 0.020±0.008

55847.72 707.5 15 1,2 66 -122.9 0.420±0.022
156 -118.1 0.039+-0.012

υ And 55883.74 707.5 15 3 66 -131.3 0.384±0.020
156 -124.46 0.007±0.009
221 -126.4 0.007±0.009

55855.69 707.5 15 3 92 131 0.277±0.011
55855.72 707.5 15 3 95.9 124.2 0.245±0.009
55855.85 707.5 15 3 107 89.9 0.226±0.012
55854.78 707.5 15 3 156 -120.2 0.437±0.027

151 -113.5 0.000±0.007
221 -115.5 0.023±0.011

42 dra 55883.63 4 707.5 15 66 169.5 0.100±0.015
55854.63 4 707.5 15 66 -164.9 0.086±0.007
55854.63 4 732.5 15 66 -164.9 0.111±0.009

156 -159.0 0.000+-0.006
222 -160.7 0.006+-0.011

Table 11: Summary of 14 And, υ And and 42 Dra fundamental
parameters calculated with the interferometric data.

Star θLD [mas] χ2
reduced

Radius [R⊙] Mass [M⊙] Teff [K]
14 And 1.51±0.02 2.769 12.38±0.71 2.78 4559
υ And 1.18±0.01 6.9 1.69±0.11 1.34 6266
42 Dra 2.12±0.02 0.199 22.04±0.48 3.59 4357

higher than 50◦. This value leads to a much higher mass than
the one found in Döllinger et al. (2009) (Table 9). However,
the effective temperature calculated while taking our value is
similar to the one found in Döllinger et al. (2009). If we use
Equation 7 and Equation 6 with the mass from Döllinger et al.
(2009), we find Te f f=1269 K. Concerning 14 And, we used the
same BC and stellar absorption as the ones found in Sato et al.
(2008) for our calculation. But the radius we obtained from our
interferometric measurement is higher than the already known
one (Table 9). Finally, we prefered to take the mass given by
Fuhrmann et al. (1998) to calculate υ And’s mass because our
own estimation of BC and stellar absorption led to an incoherent
mass.

6. Discussion

14 And, υ And and 42 Dra provide accurate results and allowed
to get measurements in the second lobe of visibility. From them

5
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Table 4: Table summarizing the θ Cygni’s fundamental parame-
ters calculated with the interferometric data.

Stellar parameters Value±Error
LD diameter [mas] 0.760±0.002

Radius [R⊙] 1.497±0.006
1.805 ± 0.008

Mass [M⊙] 1.448±0.006
1.633 ± 0.007

Teff [K] 6989
7051

Table 5: POur prsentation

Stellar parameters Value±Error
LD diameter [mas] 0.760±0.002

Radius [R⊙] 1.490±0.006
Mass [M⊙] 1.28±0.01

Table 6: POur prsentation

Star θLD [mas] χ2
reduced Radius [R⊙] Mass [M⊙]

14 And 1.51±0.02 2.769 12.82±0.32 2.60±0.42
υ And 1.18±0.01 6.9 1.70±0.02 1.12±0.25
42 Dra 2.12±0.02 0.199 22.04±0.48 0.92±0.11

Table 7: Pour prsentation

Star Planet Porb e Mpl sini
[cm.s−2] [d] [MJup]

14 And 14 And b 185.84±0.23 0 5.31
υ And υ And b 4.6±0.2 0.02±0.01 0.62

υ And c 241.3±0.6 0.26±0.08 1.79
υ And d 1276.5±0.6 0.30±0.07 3.74
υ And e 3848.9±0.7 0.01±0.00 0.96

42 Dra 42 Dra b 479.1±6.2 0 3.78

3.4. Calculation of the effective temperature

From the radius and bolometic magnitude, one can deduce the
effective temperature Teff of the star, assuming a simple black
body law:

Mbol = 42.36 − 5 log(R/R⊙) − 10 log(Teff ) (5)

This leads to Teff=6989 K, which is consistent with the value
given by Desort et al. (2009). Another way to calculate the ef-
fective temperature is to consider the black body law:

L = 4πR2σT 4
eff (6)

with L the luminosity of the star, R the radius, and σ the
Stefan-Boltzmann constant. We used the following formula to
calculate the luminosity of θ Cyg (AQ), since it verifies M ≥ 0.2
M⊙ :

log(L/L⊙) = 3.8 log(M/M⊙) + 0.08 (7)

and we found L = 1.91 × 1027 W (considering L⊙ = 3.9 ×
1026 W). The result is an effective temperature of 7051 K.

Table 5 summarizes the results found thanks to the interfer-
ometric measurements.

Table 8: Values of the mean θLD per night for θ Cyg and the
corresponding χ2

reduced.

Epoch θLD χ2
reduced

55849.62 0.700±0.011 0.700
55848.62 0.744±0.007 5.698
55826.67 0.721±0.009 1.12
55825.67 0.757±0.004 28.66
55805.75 0.727±0.010 7.749
55803.77 0.759±0.008 5.936
55774.73 0.813±0.013 11.96
55773.72 0.667±0.026 0.256
55723.89 0.680±0.055 0.825
55722.93 0.793±0.006 0.664
55486.71 0.759±0.007 12.85
55370.92 0.764±0.010 2.468

4. Is there a temporal variation of θ Cygni diameter?

The different estimations of the LD diameter of θ Cyg varies
according to the different observations as presented in Table 8
and in Figure 2. We notice that some of the variations could be
due to the change of triplet of telescopes.

Figure 2: Variation of θ Cyg diameter according to the phase.
The phase is proportional to the reduced Julian day modulo 150,
as the radial-velocity period is expected to be.

Since θ Cygni’s radial velocity is suspected to have a 150-
days period, a correlation could exist with the variation of its
diameter. Figure 2 shows this variation for a phase included be-
tween -0.4 and 1.6, which corresponds to the reduced Julian day
modulo 150. The difference beween the higher and the lower
LD diameters is significant, but for now, as the error bars are
small, we cannot conclude on the periodicity of the diameter.
While mentally removing the extreme values, we could consider
the star as not variable because the differences between all the
values would be much smaller. However, if we do not take into
account the higher or the lower values, it seems that a period
could be seen.

4

Exoplanets parameters!
Sato et al., 2008: Mplsini = 4.8 MJup   !

Curiel et al., 2011: Mplsini = 0.69, 1.98, 
4.13 and 1.1 MJup for υ And b, υ And c, 
υ And d and υ And e respectively.!
Also with Wright et al., 2009!!Döllinger et al., 2009: Mplsini = 3.9 MJup   !

Results in good agreements with previous results!!

4 Title : will be set by the publisher

Fig. 1. Blue part of an ELODIE spectrum of the planet-host star 51 Peg illustrating the
multitude of absorption lines present in the visible spectra of solar-type stars.

2.2 Planetary orbits and planet characteristics from radial velocities

A planet in a Keplerian orbit induces on its parent star a perturbation of the form

Vr(t) = K [cos(ν(t) + ω) + e cos(ω)] + γ (2.2)

where K is the velocity semiamplitude

K =
2πa! sin i

P (1 − e2)1/2
(2.3)

ω is the longitude of periastron, and γ is the systemic velocity (velocity of the
barycenter). Since the true anomaly, ν(t), depends on the orbital period (P ),
eccentricity (e) and time of passage at periastron (T0), fitting a radial-velocity
time series with the Keplerian model described above yields six parameters: K, e,
w, T0, P , and γ (Fig. 2).

For a planetary system, the velocity semiamplitude is related to the masses of
the two components through the so-called mass function

(mp sin i)3

(m! + mp)2
=

P

2πG
K3 (1 − e2)

3/2
(2.4)

Eggengerger, A. et Udry, S., 2009!
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THE CASE OF INDOMITABLE  
θ CYGNI!
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1. Introduction

In order to discover and characterize planetary systems, many
techniques have been developed during the past decade. Among
them, the radial velocity method based on the reflex motion of
the host star has proved its efficiency by allowing the discov-
ery of 535 planetary systems1. A-F type stars are perfect tar-
gets for this kind of study as they show low rotation broaden-
ing lines (Desort et al. 2009). The link between the presence
and mass of extra-solar planets and the host star parameters, as
well as their separations, deserve detailed investigation. It has
been already shown (Desort et al. (2009) and references therein)
that the results could be different for subgiant and giant stars.
Interferometric data is now able to bring additional information
on stellar noises and variability, and could deliver accurate fun-
damental parameters of the host star.
θ Cygni (HD185395, HR7469, HIP96441) is a F4V star

hosting a M-dwarf companion of 0.35 M⊙ orbiting at a dis-
tance of � 46 AU. It corresponds to an angular separation of
� 2�� and a contrast of 7.9 mag in the V band (4.6 mag in
the H band) (Desort et al. 2009). As a Kepler target, photomet-
ric observations were obtained in 2010 to detect solar-like os-
cillations. They have brought the hypothesis of γ Dor gravity
modes, that are generally present in early-F spectral type stars
(Asteroseismology(book)). If these oscillations are confirmed, θ
Cyg would be the first star presenting both solar-like and γ Dor
oscillations (Guzik & Mussack (2010) and references therein).

Previous spectroscopic data collected with ELODIE and
SOPHIE at the Observatoire de Haute-Provence (OHP) led to
the conclusion that θ Cyg has a quasi-periodical radial velocity

� Based on interferometric observations with the VEGA/CHARA in-
strument

1 As of December 23th, 2011

Table 1: 13 Cyg, coordinates and parameters. Data from Desort
et al. (2009) and references therein.

Coordinates
RA (J2000) 19 : 36 : 26.5
Dec (J2000) + 50◦13’16”

Stellar parameters Value Error
Stellar type F4V
V mag 4.5 0.009
K mag 3.5 0.296
MV 3.14
v sin i [km/s] 7
Teff [K] 6745
Distance [pc] 18.33 0.05
Parallax [mas] 54.54 0.15
Mass [M⊙] 1.38 0.05
Age [Gyr] 1.5 +0.6

−0.7
log g 4.2
[Fe/H] −0.08

of 150 days, probably due to the presence of more than 2
extra-solar planets. Indeed, modeling of the system by Desort
et al. (2009) have shown that more complicated configurations
are expected, like a Pluto-Charo system or co-orbiting planets
in resonance involving horseshoe-like libration motions.

Partie sur les RV par Anne-Marie ?

We have conducted interferometric observations of θ Cyg
for almost two years with VEGA (Mourard et al. 2009), a visible
spectro-interferometer located on the CHARA array at Mount
Wilson, California (ten Brummelaar et al. 2005). The angular
resolution and visibility accuracy it offers give access to a broad

1

•  M dwarf companion orbiting at 46 Au (2 ʼʼ 
of angular separation, contrast of 7.9 in the 
V band) (Desort et al., 2009).!

•  Kepler target è photometric observations 
led to the detection of solar-like 
oscillations.!

•  Spectroscopic observations with ELODIE 
and SOPHIE (OHP) è quasi-periodical 
RV of ≈150 days.!

è More than 3 exoplanets? Co-orbiting 
planets in resonance? (Desort et al., 

2009).!

!"#$%!&'(&)

*+,-./&0.1& &!2$2333

RV by Anne-Marie Lagrange 
with SOPHIE (OHP) 
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 Observations"

Ø  From June 2010 to 
November 2011!

!
Ø  E2E1W2, W2W1E1 and 

W2W1E2!

Ø  3 different calibrators!

Ø  Sequence of observations:!
      cal – target – cal!
!
!
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è Dispersed results!!
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Results!

θLD = 0.861 ± 0.015 !
(Boyajian et al. 2012)!

Radius =1.70 ± 0.03!
(Boyajian et al. 2012)!
Radius =1.50 ± 0.04 !

(van Belle et al., 2008)!
!

Mass=1.34 ± 0.01!
(Boyajian et al. 2012)!

Mass =1.38 ± 0.05 !
(Desort et al., 2009)!

!

R. Ligi et al.: High angular resolution investigations on the exoplanet hosting star θ Cygni.

Table 4: Table summarizing the θ Cygni’s fundamental parame-
ters calculated with the interferometric data.

Stellar parameters Value±Error
LD diameter [mas] 0.760±0.002

Radius [R⊙] 1.497±0.006
1.805 ± 0.008

Mass [M⊙] 1.448±0.006
1.633 ± 0.007

Teff [K] 6989
7051

Table 5: POur prsentation

Stellar parameters Value±Error
LD diameter [mas] 0.760±0.002(0.3)

Radius [R⊙] 1.490±0.006(0.4)
Mass [M⊙] 1.30±0.14(11)

Table 7: Pour prsentation

Star Planet Porb e Mpl sini
[cm.s−2] [d] [MJup]

14 And 14 And b 185.84±0.23 0 5.31
υ And υ And b 4.6±0.2 0.02±0.01 0.62

υ And c 241.3±0.6 0.26±0.08 1.79
υ And d 1276.5±0.6 0.30±0.07 3.74
υ And e 3848.9±0.7 0.01±0.00 0.96

42 Dra 42 Dra b 479.1±6.2 0 3.78

3.4. Calculation of the effective temperature

From the radius and bolometic magnitude, one can deduce the
effective temperature Teff of the star, assuming a simple black
body law:

Mbol = 42.36 − 5 log(R/R⊙) − 10 log(Teff ) (5)

This leads to Teff=6989 K, which is consistent with the value
given by Desort et al. (2009). Another way to calculate the ef-
fective temperature is to consider the black body law:

L = 4πR2σT 4
eff (6)

with L the luminosity of the star, R the radius, and σ the
Stefan-Boltzmann constant. We used the following formula to
calculate the luminosity of θ Cyg (AQ), since it verifies M ≥ 0.2
M⊙ :

log(L/L⊙) = 3.8 log(M/M⊙) + 0.08 (7)

and we found L = 1.91 × 1027 W (considering L⊙ = 3.9 ×
1026 W). The result is an effective temperature of 7051 K.

Table 5 summarizes the results found thanks to the interfer-
ometric measurements.

4. Is there a temporal variation of θ Cygni diameter?

The different estimations of the LD diameter of θ Cyg varies
according to the different observations as presented in Table 8
and in Figure 2. We notice that some of the variations could be
due to the change of triplet of telescopes.

Since θ Cygni’s radial velocity is suspected to have a 150-
days period, a correlation could exist with the variation of its
diameter. Figure 2 shows this variation for a phase included be-
tween -0.4 and 1.6, which corresponds to the reduced Julian day

Figure 2: Variation of θ Cyg diameter according to the phase.
The phase is proportional to the reduced Julian day modulo 150,
as the radial-velocity period is expected to be.

Table 8: Values of the mean θLD per night for θ Cyg and the
corresponding χ2

reduced.

Epoch θLD χ2
reduced

55849.62 0.700±0.011 0.700
55848.62 0.744±0.007 5.698
55826.67 0.721±0.009 1.12
55825.67 0.757±0.004 28.66
55805.75 0.727±0.010 7.749
55803.77 0.759±0.008 5.936
55774.73 0.813±0.013 11.96
55773.72 0.667±0.026 0.256
55723.89 0.680±0.055 0.825
55722.93 0.793±0.006 0.664
55486.71 0.759±0.007 12.85
55370.92 0.764±0.010 2.468

modulo 150. The difference beween the higher and the lower
LD diameters is significant, but for now, as the error bars are
small, we cannot conclude on the periodicity of the diameter.
While mentally removing the extreme values, we could consider
the star as not variable because the differences between all the
values would be much smaller. However, if we do not take into
account the higher or the lower values, it seems that a period
could be seen.

5. Validation of the 3T measurements with the
observations of other exoplanets host stars.

5.1. Observations of 14 And, υ And and 42 Dra.

We choose to observe three main-sequence host stars of F, G
or K spectral type, which stellar paremeters allowed observa-
tions with VEGA/CHARA. Due to the epoch of observations,
we finally observed two giants stars, 42 Dra and 14 and, and
one main-sequence star, υ And. Their exoplanets were all dis-
corvered either by the radial velocity method or by astrometry.

14 And (HD221345, HIP116076, HR8930) hosts one exo-
planet of minimum mass m2 sini = 4.8MJ discovered in 2008.
It has been observed 80 times by Hipparcos and its fundamen-
tal parameters could be calculated (Table 10). It has also been
derived that this star is chromospherically inactive ((Sato et al.
2008)).

4
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0.667 mas < LDD < 0.813 mas!

Phase = (RJD mod 150)/150 
 

Variations of θ Cygniʼs diameter!
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•  Periodical radial velocity of 150 days: link with the variation 
of the diameter?!

•  Waiting for closure phases…!

•  Other possible causes:!
–  A second unknown companion, which would exchange 

flux with the host star? !
–   Stellar activity? (Desort et al, 2009).!

Variations of θ Cygniʼs diameter!
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CONCLUSIONS!
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Conclusion (1/2)!
•  Perspectives:!

•  Direct determination of LD coefficients,!
•  Need to improve the calculation of error bars.!

•  Improved modeling (Cesam2K):!
•  Teff and metallicity,!
•  Mass and age.!

•  Good method to derive Mplsini.!
•  To be applicated to transiting exoplanets to directly 

deduce planets radii.!
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Conclusion (2/2)!
•  Validity of the measurements with the observations of 14 

And, υ And and 42 Dra.!
!
•  θ Cygni shows dispersed results, but the other 

measurements prove that VEGA provide good quality 
data.!

!è Intrinsic variations from the star?!
!

•  We know that this star has been showing interesting but 
not understood patterns since it has been observed.!

!è Star not fully understood yet, the investigations 
continues…!
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Thank you for your attention!


