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55 CN'f AN TRA\NS\I\'IJN |

A habitable planet around
55 Cancri?

e & o

e 55 Cnc: 5 exoplanets

e 55 Cncetransitsits star, and is a super-Earth (V/inn et al. 2077,
Demory et al. 20117)

e Well studied stars
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Interferometric obgervationg:

55 CNC AND IT
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e From isochrones: 2 solutions
« Young solution: M, = 0.968 + 0.018 Mg, 30.0 + 3.028 Myrs

« Old solution: M, =0.874 + 0.013 M, 13.19 + 1.18 Gyrs



Stellar parameters

55 CNC AND ITs’zzANSITING EX¥OPLAN

3 = (172
Transit duration: T=2R 4 /aQ) PIT? = (°G/3)
Period: P = 21t/Q measure of stellar density p, (Maxted

et al. 2015, Seager & Mallén-Ornelas 2003)

Measure of Ry by interferometry = M, =(41t/3)R43p 4 (Ligi et al. 2016)



Stellar parameters

55 CNC AND ITS'TRANSITING EXOPLAN
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e From isochrones: 2 solutions
* [ Young solution: M, = 0.968 + 0.018 Mg, 30.0 + 3.028 Myrs

« Old solution: M, =0.874 + 0.013 M, 13.19 + 1.18 Gyrs

« Using the stellar density + interferometric radius:(M4 = 0.96 + 0.067 Mg




Stellar parameters

55 CNC: A BAYEsz\N APPROACH

. | el
Crida, Ligi, Dorn & Lebreton, arXiv:1804.07537.

Observations: 0, 1t (parallax), m = Fpol, the bolometric flux. Crida & Ligi, EPSC 2017
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Stellar parameters

55 CNC: A BAYESZ\N APPROACH

Observations: 0, 1t (parallax), m = Fpol, the bolometric flux.

Tett = (4 Fool / 058 0 )4 J (analytic)

Interferometry is precise!
The prior does not bring much.
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Crida, Ligi, Dorn & Lebreto, arXiv:1804.07537.

Crida & Ligi, EPSC 2017
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Stellar parameters

55 CNC: A BAYESZ\N APPROACH

Results:
« Bayesian or not: 2 solutions

e But Lithium detection rules out the old
solution! Consistent with young
solution (age and mass) of Ligi et al.
(2016).

o Still, different parameters in the model
— different, inconsistent masses for the
young solution: CES2MO (Lebreton &

Goupil 2014) gives M, from 0.950 *
0.015t0 0.989 + 0.020 Mo

HIS00 5250 5200 5150 5100 5050
8 Teff[’q



Stellar parameters

55 CNC: A BAYEQZ-\N APPROACH

P/T3 = (1t°G/3)

measure of stellar density p, (Maxted
et al. 2015, Seager & Mallén-Ornelas 2003)

Transit duration: T=2R 4 /aQ)
Period: P = 21t/Q

Measure of Ry by interferometry = M, =(41t/3)R43p 4 (Ligi et al. 2016)

From the PDF of Ry and p 4,

analytic joint likelihood of M, - Ry .
LarneMLR) = s X S (B) < o (s ) =
5 098]
— Strong correlation (0.85) ! S .04t
-> Different My than von Braun et " 092}
al. (2011) based on isochrones. 0'9(()).5—300.850.90 0.951.001.051.101 .—1 ®

Mass [Msol]



Stellar parameters

USING STELLAR‘?ENSITY AND A

Transit duration: T=2R 4 /aQ)
Period: P = 21t/Q

Measure of R, by interferometry =

From the PDF of Ry and p 4,

analytic joint likelihood of M, - Ry .

< I (0 < 5. (o )

Lyr«(M, R) = P

Taking the values of Rx and Mx

from Ligi et al. (2016), one gets
the large, wrong blue ellipse.
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P/T3 = (1t°G/3)

measure of stellar density p, (Maxted
et al. 2015, Seager & Mallén-Ornelas 2003)

=(41t/3)R 43P 4 (Ligi et al. 2016)
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Dlanetary parameters

55 CNC AND S TRANSITING EXOR

3 = (172
Transit duration: T=2R 4 /aQ) PIT? = (°G/3)
Period: P = 21t/Q measure of stellar density p, (Maxted

et al. 2015, Seager & Mallén-Ornelas 2003)

Measure of R, by interferometry - =(41t/3)R 43P 4 (Ligi et al. 2016)
Transit light curve: RV measurements:
Rp =Ry x/TD mp, sin(i) = K (P/21tG )1/3
T sini)
v v
Tea
Rp Mp
\ / Some calculation to decrease
the error bar...
3 13 2/3

pp = > 2/361/3:0* R ITD—3/2 P1/3 K(l _ 82)1/2
T
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Dlanetary parameters

55 CNC AND TI'S TRANSITING EXOBLAN

3 = (172
Transit duration: T=2R 4 /aQ) PIT? = (°G/3)
Period: P = 21t/Q measure of stellar density p, (Maxted

et al. 2015, Seager & Mallén-Ornelas 2003)

Measure of Ry by interferometry = M, =(41t/3)R43p 4 (Ligi et al. 2016)

Transit light curve: RV measurements:
Rp =Ry X \VTD mp sin(i) = K (P/21tG )1/3
—> Analytic PDF of p, /
—> Joint PDF of mp-R,,
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Dlanetary parameters

55 CNC AND TI'S TRANSITING EXOBLAN

3 — (112

Transit duration: T=2R 4 /aQ) PIT? = (1°G/3)

Period: P = 21t/Q measure of stellar density p, (Maxted
. et al. 2015, Seager & Mallén-Ornelas 2003)

Measure of Ry by interferometry = M, =(41t/3)R43p 4 (Ligi et al. 2016)
Transit light curve: RV measurements:
Rp =Ry x/TD mp, sin(i) = K (P/21tG )1/3

—> Analytic PDF of p, /
—> Joint PDF of mp-R,,
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Dlanetary parameters

55 CNC E: IN RNAL COME

Internal structure model developed by Dorn et al. (2017).

Input: 2.4
Original data : mp, R, (uncorrelated), a, L.

Correlation between my and R, (0.30).
Hypothetical correlation (0.85). 22f
Abundances : stellar Fe/Si, Mg/Si.

R.]

0_2.1-..

planet radius R
N

Output:
PDF (or CDF) of all the internal parameters.
We test the importance of the various data 1.8

O,C H, A.

6.5 7 7.5 8 8.5 9 9.5 10 10.5 11
planet mass Mp [qu]
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Dlanetary parameters

55 CNC E: IN

1
a) b) c)
Input: 0.8/ _
Original data m,, ... 06 _
Correl. m,-R;, (0.30) 3, || || o 3
Hypothetical corr. (0.85) | —
I | | ] | OCA |
Abundances 02 G
O N " N " N N N
-8 6 -4 -2 0 0.5 1 20 25 0 0.1 0.2
Iog(mgaS/Mp) Zgas log1 O( [erg/s]) rgaS/Rp
1
Results : 9
el e 0.8
A — composition of
0.6
the mantle 5 5
C — gas layer 0.4
H — could rule out pure 0.2
solid composition 0 . , —
0.8 1 0.2 04 0.6 0 2 4 0 1 2 3
r /R r /r Fe/Si Mg/Si
core+mantle  p core core+mantle mantle mantle

OCA case: our best constrains on all the parameters.

Crida, Ligi, Dorn & Lebreton, ApJ, arXiv:1804.07537.
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Progpectiveg

INTERFERO RY FOR FA

Combining interferometry with other methods, we:

* reduced the uncertainties on the parameters of 55
Cnc, using direct measurements and an analytical
approach,

* reduced the possible range of internal structures of 55
Cnc e using correlations and abundances.

-> [s it possible to pertorm a similar analysis with other
systems”
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Progpectiveg

INTERFERO RY FOR FA
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Progpectives

INTERFERO

RY FOR FA
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Progpectives Ivrg
INTERFERO RY FOR FA
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Complementarity between OLATO, Z&interferometry

THE SPICA PROJECT: PROE

HAR
» O cal
EB% relatio\r/\sK: V2(£al) V2 (sci, raw) Bias on diameters
ands, e.g. V, . .
SED : | | e limb-darkening
él)l(tti)r?gfizn Transfert function " ’[
l N e rotation
Emvirorment " (SCiA) Analytcal LD aws| |3 ||LD (Ter, log(g), Z, v) * pulsation
Spots > : ‘c%) _|Atmosphere models ; ” : :
Granulation o ‘('sci) V(sci)<TF[I(1)] % (Kurucz, Atlas...) ¢ circumstellaire environment
Wind Lo iy .
Binarity S * activity
]!
Gaia
. V _ But need for an accurate and
seismologie_> < Evolutionnary models precise eStimation
e to improve surface brightness-
color (SBC) relations,
— STAR * 1o have reliable measurements
MEIELE of stellar diameters and stellar
parameters
. « SED fitting
Vo
Pp
Planetary models > ITife?. '
Habitability? (See talk of L. Bigot)
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Complementarity between OLATO - nterferometry

THE SPICA PROJECT: PROE

GJ504: the age determines the nature of

Examples of SBC relations the detected companion

. - dibenédenogg (. 1 — 1.0 A I
cuque et Gieren97 (I, 1) i N 550 NM, WS ------------ i
N Grosngusgent il — Y\ ionmws
% dibenedettod3 (1) B NS 730 nm, ws —-—-—-— b
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\ A Nordgreen02 (Ill) —— - R i> .
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' KervellaD4 (Cepheides) B ‘. 7
3.8 / vanbelled9 (vanables) - ' 0.6 ‘ —
kervella04 (IV. V) L .
graczyk17 (V) X :
vanbelle9d (V) > - ﬁ% N
Groenewegen04 (V) - x A .‘:&
not very precise CoyRsTI4 (V) 0.4+ NS .
3.6 relations (7%) and I 5 N
S inconsistent (8%) 2% precision - \\ \
L 0.2 - N ‘ -
3.4 : 0.22 i
[ p= NS e ]
00L....... .. Lvw oy T ‘Nt\‘“ﬁ**&:“**#&—
0) 1 2 3 4 )
Spatial frequency (in 10°/rad)
92T \‘-\' GJ504, Bonnefoy et al., accepted,
_ _ NN using COMETS code (Ligi et al. 2015)
precise relations N\
(1-2%) but NN\ C ey e
31 inconsistent (6%) N Effects of spots on the visibility curve
. - - - - . could change the diameter.

V-K
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Complementarity between OLATO ' nterferometry

THE SPICA PROJECT: GOAI

Diameters and stellar populations of CHARA A large program for:

2,0 ,, 100000 e interferometric measurements of angular
diameters of stars compatible with
s T 10000 PLATO/TESS/CHEOPS —brights stars
> . (mag~8, then 9)
o 1000 2 ) : . .
5., 3 e improving SBC relations— faint stars
H w00 2 * imaging stellar surfaces — effects of
= 8>0.7 mas activity, rotations...
' 10
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Complementarity between OLATO ' nterferometry

THE SPICA PROJECT: GOAI

Diameters and stellar populations of CHARA A large program for:

2,0 \y 100000 « interferometric measurements of angular
. diameters of stars compatible with
. T 10000 PLATO/TESS/CHEOPS —brights stars
> . (mag~8, then 9)
o 1000 2 . : : .
» H e improving SBC relations— faint stars
H w00 2 * imaging stellar surfaces — effects of
= 8>0.7 mas activity, rotations...
' 10
== = —— 9202M3 paguirements:
0,0 1
i ’ ) T g ’ ’ ’ e Coverage of class I-V and spectral types
10000 r r ————————> OBAF + K'lV/V et M'lV/V
S « Host stars ans seismic stars
1000 F o : '
_ et + Expected to measure the limb-darkening
g oot Cr T e e Taking into account stellar activity
= | * Precision of ~1% on diameters and SBC
3 10 8 v O[] e 4 .
g el TR St At - relations
Pt S criool - ,
R wis s Use of AO recently installed on CHARA
o Distance (o 100 10000 6 telescopes at the same time
IStance (pc 23




Complementarity between OLATO, Z&interferometry

THE SPICA PROJECT: CONGLUSIONE

Interferometry is complementary to PLATO data:

e Asteroseismology cannot be applied to every stellar types
e EX: not possible for sp. types K = M

e Stellar models: difficulties for some stellar types (see talks of yesterday)
e Ex: M stars
Interferometry can be applied to all type of stars, given that:

e they are bright (direct measurements; PLATO/TESS/CHEOPS targets)
e we have a good photometry (SBC relations)

Most direct technigque for the measurement of stellar diameters.
=» Expected to follow-up many PLATO targets.
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