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INTRODUCTION

• Different effects can perturb the determination of stellar 
parameters. 

• The stellar diameter takes part of the determination of many stellar 
and planetary parameters. 

• Many phenomenon perturb the determination of the stellar radius: 

• the limb-darkening ➙ to get a reliable radius 

• magnetic spots 

• granulation 

• High angular resolution can be of great help on this story.
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IMPACT OF A SPOT ON THE STELLAR RADIUS

Solar-like star with no spot

Teff = 5800 K  

1. Create oifits with Aspro2 

4T VEGA/CHARA at 656 nm,  
all baselines 

Disk model: θ = 1 mas  
(makes ~ 1.5 R☉ at 14 pc,  
or ~ 1 R☉ at 9.3 pc) 

2. Then inject in LITpro

Disk model ➙ 1.0± 2.2e-05 mas  

reduced 𝟀2 = 0.0001237 
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Solar-like star with a spot

Teff = 5800 K  

1. Create oifits with Aspro2 

4T VEGA/CHARA at 656 nm,  
all baselines 

Disk model: θ = 1 mas  
(makes ~ 1.5 R☉ at 14 pc,  
or ~ 1 R☉ at 9.3 pc) 

Spot model: 0.1 mas, Teff,s = 4000 K 

2. Then inject in LITpro

• Disk model ➙ 0.93 ± 0.00158 mas  
makes 0.93 R☉ @ 9.3 pc  
or 1.4 R☉ @ 14pc 

• reduced 𝟀2 = 0.7711 
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No spot Spot (1 disk model)

IMPACT OF A SPOT ON THE STELLAR RADIUS
Closure Phases
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GENERAL STATEMENTS

What does it mean? 

• A simple fit does not seem precise enough to derive the angular diameter, if 
measurements at low V2 

• It is very hard to distinguish between spotted and non spotted stars with the V2 only 

• There are other effects to be taken into account… 

So, how to know if we measure a « realistic » diameter, or if it is over/under-estimated? 
(open question) 

• Would need the closure phases, but often not possible 

• Trust the residuals? But could be due to other effects. 

• Rely on other activity markers? There are other indicators of stellar activity, but can 
we relate them to the measurement of the angular diameter? 

• Still need to quantify the effect of the spot(s).  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• Direct impacts on stellar parameters: 

Effective temperature : 

Other parameters through stellar evolution models: M★, age★… 

• Linked to exoplanetary properties: 

Habitable Zone (HZ) (Jones et al. 2006) ∝ L★/Teff,★
2  

Stellar mass: M★=(4π/3)R★3ρ★ so planetary mass 
 
And planetary density (transit)
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exoplanet itself, one has to know the stellar mass. In the pre-
vious section, we give the stellar masses of ten exoplanet host
stars (see Table 7), which yields the semi-major axes and the
masses of their exoplanets using the observables P and K given
in Table 8. For half of the stellar sample, there are two solu-
tions concerning the age and mass (an old one and a young one),
thus we give the corresponding semi-major axes and planetary
masses for each solution. Our errors on a account for the un-
certainty in the stellar mass (which is not always the case in the
literature) derived from the MC method. The planetary param-
eters are given in Table 9. The old and young sets of planetary
parameters are generally very close to each other, sometimes al-
most identical, because the young and old stellar masses are not
dramatically di↵erent. Thus, Fig. 9 only shows the solutions de-
rived from the old solution for the stellar masses. However, a
planet of a given mass has a di↵erent structure after a few dozen
Myrs or a few Gyrs of evolution, so the fact that a young solution
exists matters. The system of 55 Cnc does not appear in Table 9
since it has a direct determination of the mass that does not cor-
respond to either a young or an old solution. The parameters of
this system are thus given in Table 10.

The habitable zone (HZ) is defined as a range of distances
where liquid water can be found on an exoplanet. We used the
method described by Jones et al. (2006) to calculate it. We first
calculate the critical flux at the inner boundary

S b,i(Te↵,?) = (4.190 ⇥ 10�8T 2
e↵,?) � (2.139 ⇥ 10�4Te↵,?) + 1.296

(13)
and at the outer boundary

S b,o(Te↵,?) = (6.190⇥10�9T 2
e↵,?)�(3.319⇥10�5Te↵,?)+0.2341 ,

(14)
where S b(Te↵) is given in units of the solar constant and Te↵ in
K. We can then calculate the inner and outer distances of the HZ
in au:

ri =

"
L?

S b,i(Te↵,?)

#

ro =

"
L?

S b,o(Te↵,?)

#
,

(15)

where L? is the luminosity of the star in L� from Table 6. The
resulting values are given in Table 9 for each star. Jones et al.
(2006) specify that this method is based on a simplified model
that neglects enhanced cloud formation and the formation of
CO2 clouds, which results in a conservative HZ. Thus, the HZ
could in reality be wider. As expected, the values of HZ found by
Jones et al. (2006) are close to our estimations when the stellar
parameter estimations are in good agreement. This is the case for
HD9826, HD217014, and HD19994. For HD75732, HD3651,
and HD190360, we found HZ to be closer to their star than what
is given by Jones et al. (2006). It is the same for the planetary
masses, which depend on the stellar masses and thus explain dif-
ferences between di↵erent estimations. As noted in Sect. 4.3, for
example, our estimation of the mass of HD221345 is lower than
what is estimated in Paper I. This directly translates into a lower
minimum mass for HD221345 b.

According to our values, only HD9826 c and HD75732 f lie
in their HZ. They are large exoplanets (of the Jupiter type), thus
life as we know it could hardly been found on them. However,
their moons could be terrestrial bodies with water on their sur-
face and possibly an atmosphere, if these planets have a system
similar to those of the solar system giant planets (think of Titan
and Europa).

In Fig. 9, we see that small exoplanets lie closer to their stel-
lar host than large planets. This is of course due to an instrumen-
tal bias, but our sample is quite representative of the population
of known exoplanets.

5.2. The case of 55 Cnc e

The system of 55 Cnc holds a transiting super-Earth, 55 Cnc e,
which was independently discovered by Winn et al. (2011) and
Demory et al. (2011). The transit method provides the ratio of
the planetary to the stellar radius and the density of the star.
Thus, to correctly determine the planetary radius Rp, one has
to know the stellar radius. This method also provides the incli-
nation of the system. If RV measurements are also performed,
which is the case for the system of 55 Cnc, the true planetary
mass Mp can then be derived, contrary to the minimum mass
that is currently found. Then, the density ⇢p of the planet can be
derived. Von Braun et al. (2011) give a complete review of this
system using at first interferometric measurements to determine
55 Cnc’s radius. Here, we consider our interferometric measure-
ment for the radius and our direct determination of the mass to
derive 55 Cnc e’s radius, mass, and density.

The results are given in Table 11. We calculated them using
the transit parameters given by Dragomir et al. (2014). For the
planetary mass, we do not consider the error on the inclination
i since it is negligible (it implies a variation on the order of 1‰
on the error on the mass). Since the stellar radius and density are
known, we can express the planetary density as

⇢p =
31/3

2⇡2/3G1/3 ⇢
2/3
? R�1

? T D�3/2 P1/3 K (1 � e2)1/2 , (16)

where TD refers to the transit depth caused by the planet. This
expression of ⇢p is independent of M? and directly linked to
measured quantities. It therefore allows for a precise estimate
of the planetary density with small uncertainties from a standard
propagation of errors. The mass we find (8.631 ± 0.495 M�)
places 55 Cnc e just below the no-iron line in Fig.7 of Demory
et al. (2011) and between the 50% water and the Earth-like lines
of Fig.3 in Winn et al. (2011). Our results are also in good agree-
ment with the radius and density given by Dragomir et al. (2014)
and Winn et al. (2011), but are more accurate thanks to an accu-
rate and direct determination of the stellar radius and density,
since the error bar on ⇢p is dominated by the error on TD. We
thus confirm that 55 Cnc e can be classified as a super-Earth or
a mini-Neptune.

These results illustrate that the knowledge of exoplanet char-
acteristics pass through the knowledge stellar parameters. Their
accuracy are decisive in detecting exoplanets potentially hosting
life.

6. Conclusion

We performed interferometric measurements with the
VEGA/CHARA instrument in visible wavelentgth to mea-
sure the angular diameter of 18 stars. Our measurements are
very constraining for adjustments as we reach low V2, and we
got many data points. We thus reached an average of 1.9%
accuracy on angular diameters. These angular diameters are
generally consistent with previous interferometric measure-
ments or with the estimations using the Kervella et al. (2004)
empirical law. However, a bigger discrepancy is found toward
giant stars and stars with angular diameters larger than 1 mas.
Using photometry, we derived the luminosity and e↵ective
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Fixed parameters Fitted parameters Calculated parameters
HD AV [Fe/H] log(g) Te↵ ✓SED Fbol Fbol

[cm · s2] [K] [mas] (AV = 0)
3651 0.060 0.1 4.4 ± 0.17 5297 ± 27 0.715 ± 0.014 13.409 ± 0.236 13.163 ± 0.169
9826 0.185 0.1 4.2 ± 0.14 6494 ± 39 1.073 ± 0.016 68.200 ± 2.310 58.448 ± 0.493
19994 0.090 0.2 4.2 ± 0.14 6039 ± 26 0.767 ± 0.011 25.798 ± 0.654 24.980 ± 0.291
75732 0.0075 0.3 4.4 ± 0.12 5219 ± 26 0.709 ± 0.012 12.435 ± 0.168 12.399 ± 0.168
167042 0.103 -0.1 3.2 ± 0.10 4774 ± 33 0.958 ± 0.028 15.886 ± 0.551 12.927 ± 0.429
170693 0.052 -0.5 2.1 ± 0.54 4460 ± 24 1.933 ± 0.023 49.180 ± 0.600 49.723 ± 0.102
173416 0.047 -0.2 2.5 ± 0.10 4735 ± 23 0.917 ± 0.013 13.179 ± 0.265 13.733 ± 0.148
185395 0.328 0.0 4.3 ± 0.15 7181 ± 28 0.775 ± 0.010 49.400 ± 0.460 40.372 ± 0.403
190360 0.044 0.2 4.3 ± 0.09 5577 ± 26 0.669 ± 0.011 14.405 ± 0.195 13.987 ± 0.213
217014 0.078 0.2 4.3 ± 0.11 5804 ± 27 0.689 ± 0.011 17.965 ± 0.238 16.939 ± 0.241
221345 0.046 -0.3 2.4 ± 0.29 4692 ± 25 1.359 ± 0.023 27.983 ± 0.447 27.055 ± 0.418
1367 0.588 0.0 3.0 ± 0.10 5488 ± 23 0.725 ± 0.009 15.959 ± 0.432 9.750 ± 0.060
1671 0.473 -0.1 3.7 ± 0.10 7047 ± 27 0.619 ± 0.007 31.473 ± 0.259 21.401 ± 0.185
154633 0.046 -0.1 3.0 ± 0.10 4934 ± 24 0.788 ± 0.010 12.243 ± 0.211 11.937 ± 0.087
161178 0.408 -0.2 2.4 ± 0.25 5158 ± 26 0.885 ± 0.018 19.799 ± 0.343 15.748 ± 0.078
168151 0.129 -0.3 4.1 ± 0.50 6563 ± 38 0.679 ± 0.016 28.519 ± 0.674 25.442 ± 0.625
209369 0.116 -0.2 3.8 ± 0.10 6447 ± 41 0.682 ± 0.017 26.737 ± 0.686 24.166 ± 0.560
218560 0.059 0 1.5 ± 0.10 4631 ± 24 0.929 ± 0.014 13.375 ± 0.138 12.800 ± 0.134

Table 4: Fixed input parameters to determine the bolometric flux. Fbol is expressed in 108 erg · s�1· cm�2, and the error adopted in
the rest of the study on [Fe/H] is 0.1 dex. We adopt a minimum of 0.1 dex for the error in log(g) (see Sect. 3.1).

HD ✓UD ± �✓UD µ� ✓LD ± �✓LD(%) �2
red

3651 0.687 ± 0.007 0.537 0.722 ± 0.007 (0.97) 0.97
9826 1.119 ± 0.026 0.425 1.161 ± 0.027 (2.34) 6.95
19994 0.731 ± 0.010 0.448 0.761 ± 0.011 (1.41) 0.67
75732 0.687 ± 0.011 0.561 0.724 ± 0.012 (1.64) 0.36
167042 0.998 ± 0.013 0.616 1.056 ± 0.014 (1.28) 0.30
170693 1.965 ± 0.009 0.634 2.097 ± 0.009 (0.41) 0.20
173416 0.937 ± 0.033 0.608 0.995 ± 0.034 (3.45) 0.59
185395 0.726 ± 0.007 0.355 0.749 ± 0.008 (1.01) 8.47
190360 0.596 ± 0.006 0.480 0.622 ± 0.007 (1.08) 1.00
217014 0.624 ± 0.013 0.458 0.650 ± 0.014 (2.14) 2.27
221345 1.404 ± 0.029 0.614 1.489 ± 0.032 (2.16) 2.73
1367 0.719 ± 0.013 0.505 0.754 ± 0.014 (1.84) 0.44
1671 0.582 ± 0.006 0.359 0.600 ± 0.006 (0.92) 0.42
154633 0.763 ± 0.011 0.569 0.804 ± 0.012 (1.44) 0.33
161178 0.897 ± 0.040 0.545 0.944 ± 0.043 (4.50) 1.89
168151 0.642 ± 0.014 0.386 0.664 ± 0.015 (2.20) 0.61
209369 0.601 ± 0.017 0.380 0.621 ± 0.018 (2.85) 1.72
218560 0.875 ± 0.020 0.600 0.927 ± 0.022 (2.38) 0.64

Table 5: Angular diameters of our targets (in mas). Errors in %
are given in parenthesis (see Sect. 3.2).

in [Fe/H]. Since we observed around 720 nm, we had to consider
both R and I filters (in the Johnson-Cousin system).

We first computed linear interpolations over the coe�cients
corresponding to [Fe/H] and log(g) surrounding the stellar pa-
rameters for each filter R and I and each temperature surround-
ing the initial photometric temperature (determined from Fbol)
by ±250 K. (We took the closest values to our stars available
on the tables.) Then, we averaged the resulting LD coe�cients
on the filters to have one coe�cient per temperature. Finally, we
computed linear interpolations until the derived ✓LD calculated
with the LD coe�cient converge with the values of Te↵,? and
Fbol. The final interferometric parameters are given in Table 5.
We used the final LD coe�cient to estimate the final ✓LD using
the LITpro software. Then, the final Te↵,? is directly derived
from the LD diameter and Fbol :

Te↵,? =

0
BBBB@

4 ⇥ Fbol

�SB✓2LD

1
CCCCA

0.25

, (4)

where �SB is the Stefan-Boltzmann constant.
The stellar radius is obtained by combining the LD diame-

ter and the distance d (from Hipparcos parallaxes, van Leeuwen
2007) :

R?[R�] =
✓LD[mas] ⇥ d[pc]

9.305
. (5)

To determine the errors on Te↵,? and R?, we consider that the
parameters on the righthand side of each equation are indepen-
dent random variables with Gaussian probability density func-
tions. For any quantity X, the uncertainty on its estimate is noted
�X , and the relative uncertainty �X/X is noted �̃X . Then, the
standard deviation of each parameter that we want to estimate
is given analytically to first order by a classical propagation of
errors, following the formula :

�̃T e↵,? =

q
((1/2) ⇥ �̃✓LD)2 + ((1/4) ⇥ �̃F bol)2

�̃R? =
q
�̃✓2LD + �̃

2
d ,

(6)

where �✓LD, �Fbol, and �d are the errors on the LD diameter,
bolometrix flux, and distance, respectively. Then, we calculate
the stellar luminosity L? by combining the bolometric flux and
the distance :

L? = 4⇡d2Fbol , (7)

and its error
�̃L? =

q
(2 ⇥ �̃d)2 + �̃F

2
bol . (8)

Finally, we calculate the gravitational mass Mgrav,? using log(g)
and R?

Mgrav,? =
R2
? ⇥ 10log(g)

G
(9)

and its error

�̃Mgrav,? =

r
(2 ⇥ �̃R?)2 +

⇣
�log(g) ⇥ ln(10)

⌘2
. (10)

The parameters and their errors are shown in Table 6.
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ing the initial photometric temperature (determined from Fbol)
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and its error
�̃L? =

q
(2 ⇥ �̃d)2 + �̃F

2
bol . (8)

Finally, we calculate the gravitational mass Mgrav,? using log(g)
and R?

Mgrav,? =
R2
? ⇥ 10log(g)

G
(9)

and its error

�̃Mgrav,? =

r
(2 ⇥ �̃R?)2 +

⇣
�log(g) ⇥ ln(10)

⌘2
. (10)

The parameters and their errors are shown in Table 6.

5

Ligi et al.: Radii, masses, and ages of 18 bright stars using interferometry

HD170693/42 Dra - We only find an old solution for
HD170693 with a high �2. Bonfanti et al. (2015) used the same
isochrones as we did (PARSEC tables) to characterize this star
and found an age and mass of 9 Gyrs and 1±0.1 M�. However,
the input parameters were not the same in their study, and we
stress here that, unlike them, we bring a direct determination
of the radius that is a free parameter for them and is equal to
20.9±0.6 R�. Our error on Te↵,? is very small, and it is most
likely this parameter that dominates our solution. A better pre-
cision on the parallax would allow verification of the very small
error on the temperature.

HD173416 - There are not many studies concerning this star.
Bonfanti et al. (2015) find that it is younger than our estimation
(1.5±0.6 Gyrs), and this is to our knowledge the only determi-
nation of the age before ours. They found a mass of 1.8 M�,
which is closer to Liu et al. (2009, 2.0±0.3 M�) and Liu et al.
(2010, 2.37 M�) estimations using Yonse-Yale isochrones. None
of them used a direct angular diameter measurement as input in
their model.

HD185395/✓ Cyg - This star has long interested scientists for
the unusual radial velocity variations it presents and make it
a complex system not fully understood yet, suspecting several
planets around the star (see Ligi et al. 2012a, and references
therein for additional information). Guzik et al. (2011) discuss
the solar-like oscillations it shows and the probability of hav-
ing �-Dor pulsations by considering two stellar masses, 1.38
and 1.29 M� with di↵erent metallicities. They state that for so-
lar metallicity (as we consider in our study), � Dor g-mode pul-
sators, expected masses are higher, on the order of 1.6 M�, which
is a value close to the estimation of the mass we found.

HD190360 - A wide range of ages has been found for
HD190360; 11.3 Gyrs (Boyajian et al. 2013) using the Baines
et al. (2008) radius ; 6.7 Gyrs along with a mass of 0.96 M�
(Naef et al. 2003) ; Ibukiyama & Arimoto (2002) gave 12.11
Gyrs; Valenti & Fischer (2005) gave 7.2 Gyrs; and Bensby et al.
(2014) estimated 4.9 Gyrs with an upper limit of 9.4 Gyrs and
a lower limit of 2.8 Gyrs, along with a mass of 0.99+0.05

�0.06 M�,
among others. This is a good example that shows how di�cult
the age and mass determination is and how it depends on in-
put parameters and model. Our mass estimation is in very good
agreement with the Fuhrmann (1998) (1.04 M�) and Bensby
et al. (2014) (0.990.05

�0.06M�) estimations.

HD217014/51 Peg - This star is known as the first solar-
like star around which an exoplanet has been found (Mayor &
Queloz 1995). We find masses consistent with a solar type star,
but younger. Our estimation is closer to the Bonfanti et al. (2015)
(3.3±1.2 Gyrs), in particular concerning the mass (1.1±0.02
M�). The reanalysis of the GCS data in Casagrande et al. (2011)
uses two sets of models, and they find a median age and mass
of 5.33 Gyrs and 1.06 M�, and 7.4 Gyrs and 1.02 M� with
PADOVA and BASTI, respectively.

HD221345/14 And - The only previous age and mass deter-
minations we found for this star are those from Bonfanti et al.
(2015, 3.20 ± 2.10 Gyrs and 1.40 ± 0.20 M�) and Baines et al.
(2009, 4.5 ± 1.9 Gyrs and 1.1 ± 0.2 M�), and this last mass is
in good agreement with our estimation. As shown previously,

the estimation of these parameters is di�cult, and one can find
as many values as there are estimations. Baines et al. (2009)
measured a smaller angular diameter than we did, which trans-
lates into a higher luminosity and might explain the di↵erence.
However, there is a strong discrepancy between empirically
determined angular diameters and our measurement: we found
1.49 ± 0.03 mas but ✓SED = 1.359 ±0.023 mas and ✓Kervella =
1.859 mas. This might be explained by the fact that 14 And is
a giant, so the Kervella et al. (2004) relation is not appropriate
for this star. Also, the infrared photometry is not homogeneous
with the visible part. There also are discrepancies between Te↵
and Te↵,? (4.5% di↵erence).

The comparisons for the non-host stars are more di�cult
since for most of them, we bring here the first estimation of their
mass and age. Casagrande et al. (2011) provide an estimation
of the age and mass of HD1671, HD168151, and HD209369.
For HD1671, we find a slightly younger star than Casagrande
et al. (2011), but the masses are consistent, particularly when
comparing with those obtained with the PADOVA code (1.82
M� for both median and most probable masses). Concerning
HD168151, our age estimation is between the Boyajian et al.
(2013, 5 Gyrs) and Casagrande et al. (2011, ⇠ 2.5 Gyrs) results,
and our mass estimation is a bit lower. Finally, Casagrande et al.
(2011) give very similar results to ours for HD209369.

4.4. On the role of metallicity

Taking the uncertainty on the metallicity into account signifi-
cantly increases the range of the distributions of the masses and
ages, id est the final error bars. To quantify the error bugdet due
to the metallicity, we take the case of HD3651 as an example,
for which we have reasonable errors and low �2. When setting
the error on the metallicity to �([M/H])=0.001 dex (instead of
0.1 dex, see Sect. 3.1), we get errors of 22% and 2.1% on the
age and mass, respectively, for the old solution. Thus, the error
on the metallicity contributes to one third of the total error of the
age and to half of the error on the mass. It is even more signif-
icant for the young solution, where the errors reduce to 3% and
0.43% for the age and mass. If we only consider the uncertainty
on the metallicity (reducing the errors on Fbol, ✓, and d by a fac-
tor 10�5), we get very similar errors on the age and mass than
the ones shown in Table 7: the errors are of 31% and 4.37% on
the age and mass for the old solution, and 9% and 2.5% for the
young solution. This emphasizes the significant contribution of
the error on the metallicity. Standard deviations assuming a fixed
metallicity are therefore underestimated and should be consid-
ered as a lower limit.

5. Exoplanetary parameters

5.1. Planetary masses, semi-major axes, and habitable zone

Radial velocity measurements constitute one of the two most
prolific methods used to discover exoplanets. It gives the the
minimum mass of the exoplanet mp sin(i) :

mp sin(i) =
M2/3
? P1/3K(1 � e2)1/2

(2⇡G)1/3 , (12)

where mp and M? are the planetary and stellar masses, P and
K are the period and the semi-amplitude of the radial velocity
signal, e is the eccentricity of the planet, and G is the gravita-
tional constant. Thus, to determine the minimum mass of the
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Imagine a solar-like star:  

With a transiting exoplanet: ΔF/F=0.0165  
(~TD of HD209458 b) 
 
And with:  

• θ =1 mas, Teff = 5800K, 1 M☉, 1 R☉ 

➞ We get 1.25 RJup  

• θ =1 mas, Teff = 5800K, 1 M☉, 1 R☉ ➙ 0.93 R☉ 

➞ We get 1.16 RJup (-7%)

Brown et al. 2001

IMPACTS ON EXOPLANETARY RADIUS
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Imagine a solar-like star:  

With a transiting exoplanet: ΔF/F=0.0165  
(~TD of HD209458 b) 
 
And with:  

• θ =1 mas, Teff = 5800K, 1 M☉, 1.5 R☉ 

➞ We get 1.88 RJup  

• θ =1 mas, Teff = 5800K, 1 M☉, 1.5 R☉ ➙ 1.4 R☉ 

➞ We get 1.75 RJup (-7%)

Brown et al. 2001

IMPACTS ON EXOPLANETARY RADIUS



IMPACTS ON EXOPLANETARY RADIUS

Imagine a solar-like star:  

With a transiting exoplanet: ΔF/F=0.0003312  
(TD of 55 Cnc e) 
 
And with:  

• θ =1 mas, Teff = 5800K, 1 M☉, 1 R☉ 

➞ We get 1.98 R⨁ 

• θ =1 mas, Teff = 5800K, 1 M☉, 1 R☉ ➙ 0.93 R☉ 

➞ We get 1.85 R⨁ (-7%)

Bourrier et al. 2018
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Imagine a solar-like star:  

With a transiting exoplanet: ΔF/F=0.0003312  
(TD of Cnc e) 
 
And with:  

• θ =1 mas, Teff = 5800K, 1 M☉, 1.5 R☉ 

➞ We get 2.98 R⨁ 

• θ =1 mas, Teff = 5800K, 1 M☉, 1.5 R☉ ➙ 1.4 R☉ 

➞ We get 2.78 R⨁ (-7%)

Bourrier et al. 2018

IMPACTS ON EXOPLANETARY RADIUS

R. Ligi - PLATO Limb-darkening Conference - Granada



ΔF/F 1 R☉ 0.93 R☉ 1.5 R☉ 1.4 R☉

0.0165 1.25 RJup 1.16 RJup 1.88 RJup 1.75 RJup

0.0003312 1.98 R⨁ 1.85 R⨁ 2.98 R⨁ 2.78 R⨁

Summary

IMPACTS ON EXOPLANETARY RADIUS

823 km 1274 km
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Valencia et al. 2006

Valencia et al. 2013  
(Bulk Composition of GJ 1214b and Other Sub-Neptune 
Exoplanets)

IMPACTS ON EXOPLANETARY COMPOSITION

Brugger et al. 2016
R. Ligi - PLATO Limb-darkening Conference - Granada
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Bonnefoy et al. 2018

EXAMPLE: GJ504
θ = 0.71 mas 
Teff =  6200 K 
Observations with VEGA/CHARA 
Spot of 4200 K, two filling factors (7 and 
22%) 
➙ Could the dispersion in the V2 
measurement be due to stellar spots?
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no spot

p=0.07

using COMETS (Ligi et al. 2015)
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EXAMPLE: GJ504
θ = 0.71 mas 
Teff =  6200 K 
Observations with VEGA/CHARA 
Spot of 4200 K, two filling factors (7 and 
22%) 
➙ Could the dispersion in the V2 
measurement be due to stellar spots?

• The V2 curves with and without a 
spot can be mixed ➞ need a 
follow-up in time 

• Effects at low V2 
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using COMETS (Ligi et al. 2015)
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OTHER EFFECT: GRANULATION

Model

Chiavassa et al. 2014
Using OPTIM3D

Spots, convection and 
transiting planets signatures 
can be mixed up in the CP. 
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OTHER EFFECT: GRANULATION

Chiavassa et al. 2017a

𝛽 Oph
Observations

Observations with MIRC/CHARA of K Giant stars 
Departure from 0±π ➞ signature of convection  
Correlated with gravity?
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OTHER EFFECT: GRANULATION

The granulation patterns affect the photometric 
measurements (transits): 
• timescale of granulation (~10 min ) < 

timescale of transit (up to hours) 
• Occultation of local regions of the 

photosphere with diverse surface brightness

Chiavassa et al. 2017b
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OTHER EFFECT: GRANULATION

The granulation patterns affect the photometric 
measurements (transits): 
• timescale of granulation (~10 min ) < 

timescale of transit (up to hours) 
• Occultation of local regions of the 

photosphere with diverse surface brightness

Chiavassa et al. 2017b

1. Granulation affects the photon noise (up to 
3% noise)  

2. Stronger fluctuations for larger planets and 
optical wavelengths  

3. Radius fitting: variation of 0.47% to 0.90% in 
the planetary radius (Sun and terrestrial 
planet)
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CONCLUSION

Taking into account all the effects 
simultaneously is necessary.
But is it possible?

0 1 2 3 4 5
Spatial frequency (in 108/rad)

0.0

0.2

0.4

0.6

0.8

1.0

V2

550 nm, ws
710 nm, ws
730 nm, ws

no spot

p=0.22

Kervella et al. 2017

Bonnefoy et al. 2018

Different signatures 
between the limb-
darkening and stellar 
spots
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Solution 1: current imaging?  
• not possible on all type of stars  

➞ use benchmarks stars? 
• some discrepancies between 

techniques.  

Solution 2: new instruments
• SPICA/CHARA  

(c.f. Denis’s talk) 
• MIRCX/CHARA 

Solution 3: Follow-up in time, 
multi-techniques?

Roettenbacker et al. 2017

CONCLUSION
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