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INTRODUCTION

e Different effects can perturb the determination of stellar
parameters.

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

e Many phenomenon perturb the determination of the stellar radius:

e the limb-darkening = to get a reliable radius

® magnetic spots

e granulation

e 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
Tef = 5800 K
1. Create oifits with Aspro2

4T VEGA/CHARA at 656 nm,
all baselines

Disk model: 8 =1 mas
(makes ~ 1.5 Re at 14 pc,
or ~1Roe at 9.3 pc)
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IMPACT OF A SPOT ON THE STELLAR RADIUS

Solar-like star with no spot
Tef = 5800 K
1. Create oifits with Aspro2

4T VEGA/CHARA at 656 nm,
all baselines

Disk model: 8 =1 mas
(makes ~ 1.5 Re at 14 pc,
or ~1Roe at 9.3 pc)

2. Then inject in LITpro
Disk model = 1.0+ 2.2e-05 mas

reduced ¥° = 0.0001237

squared visibility (VIS2)
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IMPACT OF A SPOT ON THE STELLAR RADIUS

Solar-like star with a spot
Ter = 5800 K
1. Create oifits with Aspro2

4T VEGA/CHARA at 656 nm,
all baselines

Disk model: 8 =1 mas
(makes ~ 1.5 Re at 14 pc,

or ~1Re at 9.3 pc)

Spot model: 0.1 mas, T = 4000 K
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IMPACT OF A SPOT ON THE STELLAR RADIUS

. . 1.00 U (m) - North
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IMPACT OF A SPOT ON THE STELLAR RADIUS

Solar-like star with a spot
Te = 5800 K
1. Create oifits with Aspro2

4T VEGA/CHARA at 656 nm,
all baselines

Disk model: 8 =1 mas
(makes ~ 1.5 Re at 14 pc,

or ~1Re at 9.3 pc)
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Spot model: 0.1 mas, T = 4000 K
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IMPACT OF A SPOT ON THE STELLAR RADIUS
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IMPACT OF A SPOT ON THE STELLAR RADIUS

Closure Phases

No spot Spot (1 disk model)
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GENERAL STATEMENTS

What does it mean?

e A simple fit does not seem precise enough to derive the angular diameter, it
measurements at low V?

e |tis very hard to distinguish between spotted and non spotted stars with the VZ only
e 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)

e \Would need the closure phases, but often not possible
e Trust the residuals? But could be due to other effects.

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

e Still need to quantify the effect of the spot(s).
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IMPACTS ON EXOPLANETARY PROPERTIES

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

e Direct impacts on stellar parameters:

4 x Fbol

2
OSB QLD

0.25
Effective temperature : Te. =( ) = L, = 4nd*Fpg

Other parameters through stellar evolution models: My, agex. ..

¢ | inked to exoplanetary properties:

Habitable Zone (HZ) (Jones et al. 2006) o< La/T 4 %2

o Mi/3P1/3K(1 _ 62)1/2
Stellar mass: My =(471/3)Rx30% SO planetary mass mpsin) = oLk

. . 31/3 _ ~
And planetary density (transit) #» = 5opges R TD72PIEK (1= )2
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IMPACTS ON EXOPLANETARY RADIUS

Imagine a solar-like star: oo
With a transiting exoplanet: AF/F=0.0165 - :"‘l.‘
(~TD of HD209458 b) ;,f
— /
And with: \\ ,,/ 1

— We get 1.25 Ryup
e O =1mas, Ter = 5800K, 1 Mo, 1 Ro = 0.93 Ro

— We get 1.16 Ryup (-7%)
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IMPACTS ON EXOPLANETARY RADIUS

Imagine a solar-like star: 1 W RSN
With a transiting exoplanet: AF/F=0.0165 ? 1‘;}

(~TD of HD209458 b) ’ 'x& {,:'"

And with: N |

e 0 =1mas, Ter = 5800K, 1 Mo, 1.5 Ro .'B.rr'o‘w;'et al.lzooz

— We get 1.88 Ruup
e O =1mas, Ter = 5800K, 1 Mo, 1.5 Ro = 1.4 Ro

— We get 1.75 Ruyup (-7%)



IMPACTS ON EXOPLANETARY RADIUS

Imagine a solar-like star:

With a transiting exoplanet: AF/F=0.0003312

(TD of 55 Cnc €e) 1 0002 e S
_ , i
i xl‘ﬂCOO?—4—-—0—::1——-+—¢—§ {”—Hﬁ:t:*:—j
And with: = { | :
N 0.9998| | f
o 3 \
= - \ y.5:
= 09906 T o
— — - ~ . :
e B =1mas, Tef = 5800K, 1 Mo, 1 Ro | o
099945 sasa s s s b s s s aa de caaaaaaa b g a s aia b aaa s sl
3 2 1 0 1 2
lime (h]

— We get 1.98 Ry

Bourrier et al. 2018

e O =1mas, Ter = 5800K, 1 Mo, 1 Ro = 0.93 Ro

— We get 1.85 Rg (-7 %)
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IMPACTS ON EXOPLANETARY RADIUS

Imagine a solar-like star:

With a transiting exoplanet: AF/F=0.0003312

(TD of Cnc e)

And with:

e 8=1mas, Ter = 5800K, 1 Mo, 1.5 Ro "

— We get 2.98 Ry

.....................................................
. . 3 . 4
.- 3 f )
t | |
1. £
\
\ -}-’
4'*—0— > S
R - :
lAlALlL‘lljIJIAAALlAlLlLlAlJljllllLl lllllllllllllll
2 1 0 1 p.
Time (h})

Bourrier et al. 2018

0 =1 mas, Tex = 5800K, 1 Me, 1.5 Re => 1.4 Ro

— We get 2.78 Ry (-7%)
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IMPACTS ON EXOPLANETARY RADIUS

Summary

0.0165 1.25 RJup 1.16 RJup 1.88 RJup 1.75 RJup

0.0003312 1.98 R, 1.85 Ry 2.98 Ry 2.78 Rg

N N 7

823 km 1274 km
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IMPACTS ON EXOPLANETARY COMPOSITION

M=M_Earth

10000

9000

8000 Valencia et al. 2013
7000 (Bulk Composition of GJ 1214b and Other Sub-Neptune

500 Exoplanets)

Radius (km)

5000

4000

wviww-mdu

Valencia et al. 2006

M=6.55 Mg
GJ 1214b

w3y ey

o8 09 1 11 12 13 14 15 16

Brugger et al. 2016 . : :
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EXAMPLE: GJ504

B =0.71 mas
Teri = 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?

| 550 NM, WS -+
f \ 730 i wa
0.8~ \‘i}\ 5 no spot .
I \"\+% 7
I \ ]
0.6 b .
(U i \ |
> ﬁ; NG 7
AN
OQj \¥\;\ 7
OO \p\=\o.\o\7\ T \C\P \ <I>\%\\t:%:::‘~1\\-:'.';\ - _,4--«*‘*"‘““'—;:
0 1 2 3 4 5

Spatial frequency (in 10°/rad)
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1.07

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ‘ T T T T T T T T T
\ 550 nm, ws ----ooenns
\3 710 nm, ws - - — —
\\\, 730 nm, ws —-—-—-—
- \f\% % no spot .
WX
A\
N
ﬁ ‘\’:.
R N
L \\ \ |
Y
Ak
- A —
R NSO
%\*.\ o X
p=0.22 Nk S
“““““ @\N.L*“\'-J"'-’“-‘““—-——A
1 2 3 4

Spatial frequency (in 10°/rad)

Bonnefoy et al. 2018

using COMETS (Ligi
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et al. 2015)



EXAMPLE: GJ504

6 =0.71 mas

To - 62005 ~
Observations with VEGA/CHARA 0.8 W\*% no spor :
Spot of 4200 K, two filling factors (7 and

22%) >

—> Could the dispersion in the V2
measurement be due to stellar spots?

1.0 S - N
i 550 NM, WS -+ ] 0] 1 2 3 ) 5
. \ oW T Spatial frequency (in 10%/rad)

0.8~ N {> no spot ]
| \"\\+% ] | |

0.6 $ ] e The V2 curves with and without a

spot can be mixed = need a

V2
—a=o—
7
7

0.4+ ;.g'\:\\\\ . follow-up in time
N\
N\
0ol \\\%\ . e Effects at low V?
00l Y PSS _L_,J,.M»——\——-;
0 1 o N— 4 Bonnefoy et al. 2018
Spatial frequency (in 10°/rad) using COMETS (Ligi et al. 2015)
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OTHER EFFECT: GRANULATION

Model

y [Rsun]

X [Rs‘,n]

0.5 1.0

Spots, convection and
transiting planets signatures
can be mixed up in the CP.

Chiavassa et al. 2014
Using OPTIM3D
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OTHER EFFECT: GRANULATION
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OTHER EFFECT: GRANULATION
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The granulation patterns affect the photometric
measurements (transits):

¢ timescale of granulation (~10 min ) <
timescale of transit (up to hours)

y [Rsun]

e Occultation of local regions of the
photosphere with diverse surface brightness
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OTHER EFFECT: GRANULATION
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y [Rsun]

1. Granulation affects the photon noise (up to

3% nOISe) l.OOOOE T \\\'\I | B I['{'N' T
2. Stronger fluctuations for larger planets and 09999
optical wavelengths o o908
3. Radius fitting: variation of 0.47% to 0.90% in 2 voomk
the planetary radius (Sun and terrestrial :
planet) B 0.99965 -
O.9995E— -
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CONCLUSION
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CONCLUSION

SOIUtion 1: current imaging? 2012 CHARA/MIRC Imaging of o Gem

(Aitoff Projection) Tb?mperalure
= (K) (4728
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e not possible on all type of stars
— use benchmarks stars?

4475

e some discrepancies between & o s
techniques. _ -
|

2012 Doppler Imaging of o Gem

Solution 2: new instruments (Aitoft Projection) Temperature
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(c.f. Denis’s talk)
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Solution 3: Follow-up in time,
multi-techniques?
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