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FROM THE FORMATION TO THE CHARACTERISATION OF
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« 3 groups of exoplanets
 instrumental bias?

A majority of Super-Earths
and mini neptune

Known Planets by Size
As of May 10, 2016

PLANET SIZES OBSERVED IN OUR SOLAR SYSTEM

| !

B Newly verified Kepler planets
I Previously verified planets
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OUTLINE

* Characterisation of exoplanetary systems with interferometry
Getting the most out of it: 55 Cnc

» Detection of exoplanets with direct imaging:
insights in the system of HD169142

of Wo1 B8

e Formation mechanisms: the challenging case of GJ504

* Conclusion and perspectives
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DIRECT MEASUREMENTS OF ANGULAR DIAMETERS
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DIRECT MEASUREMENTS OF ANGULAR DIAMETERS

Interferometric angular diameter \ /- Hipparcos distance
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e Examples of visibility curves from VEGA instrument

e Average accuracy: 1.9 % on diameters (8,p) and 3% on radii (R*).

Ligi et al. (20123, 2016)
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FROM ANGULAR DIAMETERS TO LUMINOSITY

e Photometry from VizieR

Photometry Viewer

e Fit from BASEL library spectra

e Take into account log(g), Av, [Fe/

H]
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-
DETERMINATION OF STELLAR MASSES AND AGES

Method: Interpolation of PARSEC stellar models (Bressan et al. 2012).

1.00
. 095
=, 0.90]
0.85
0.80 -
0.75 1.0 orsene

- HD3651

0.70 0 R il
167 108Age [yrs]? 1one 10° Age [yrs] g™

Mo

Mass

« This corresponds to the approximate likelihood map in the (M*’ agey) for which each
term of the equation - L-L  Tear—Tear)”  (MMH-IMHL) s ess than 1, 2, 3.

O-L* 2 O-Teﬁi* 2 O-[M/H]* 2

* Then, least squares to give a value.
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DETERMINATION OF STELLAR MASSES AND AGES

Method: Interpolation of PARSEC stellar models (Bressan et al. 2012).

1.00

— 0.95 7 , gF —
© © : ]
Z, 0.90f = |
= 0.80 \ =
75 (ELCJ S—
107 108Age [yrs]? 16 10° Age [yrs] g™
« L shows 2 different peaks for many MS stars: z\leed ahddltlolnal stillar prop:rt!es
_ gyrochronology, chromospheric
> — NS
an old solultlf;n. . 33%84,3:5 activity, Lithium abundance...) to
d Younhg Sotution: yrs validate the age.

« M, and age, are not independent
« Clear negative correlation for the old solution
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DETERMINATION OF STELLAR MASSES AND AGES
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Accuracy on ages: ~ Myrs and Gyrs
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FROM STELLAR PARAMETERS TO EXOPLANET PROPERTIES

~ exoplanets.org | 12/8/2017

piter Radii]

e Usually: Radial Velocity (RV) detections

piter Radii] / Planetary Radius [Ju;

e Thus we obtain mysin(i) from RV and

stellar masses:
@ 1BK(] — o)/
my, sin(i) = §

(2rnG)/3

~ Planetary Radius [Jupiter Radii]

Uncertainty in Planet Mass [Jupiter Mass] / Planet Mass [Jupiter Mass]

®* Habitable Zone (HZ) (Jones et al. 2006)
e Semi-major axis @

- New estimations of HZ, semi-major axis (au) and mgsin(i) from our
measurements.
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FROM STELLAR PARAMETERS TO EXOPLANET PROPERTIES

10.00 L T i ]
- P<20d1  P<100d | |P>1000d 5
: I 0 ® e
New determinations: I : : ®@ 7 |
e semi-major axis a, — : : @ : @
« habitability zone, < 1.00¢ @' | | ® 4
L. = - ® | | | .

e mpsin(i) 0 i o | | | .
Decrease the uncertainties o I : : : ]
for 18 exoplanets E : : @ : ® : .

v | | 7] |
9 0.1 O - I I | —
a u | | | ]
S , i *: : : ]
ransiting exoplanet < SEPN : : : o1 And i
55Cnce N | | . @55 Cnc i
| | . ® HD190360
0.01 . ] L A B | o
0.01 0.10 1.00 10.00

Semi—major axis [AU]

Only doable with a combinations of methods:
interferometry, photometry, spectroscopy, models

Ligi et al. (2012a, 2012b, 2016)
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OUTLINE

Getting the most out of it: 55 Cnc

» Detection of exoplanets with direct imaging:
insights in the system of HD169142

e Formation mechanisms: the challenging case of GJ504

7" ‘A E
SN :
[

* Conclusion and perspectives
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55 CNC AND ITS TRANSITING EXOPLANET

A habitable planet around
55 Cancri?

@, (s
¢ ‘ &

2 A

" e 55Chc: 5 exoplanets

e 55 Cnc e transits its star, and is a super-Earth (

)

e Well studied stars

28
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55 CNC AND ITS TRANSITING EXOPLANET

Stellar Regulte
P/T3 = (T[ZG/3) P

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

Transit duration: T=2R 4 /aQ)
Period: P = 211/Q

Measure of Ry by interferometry = M, =(47t/3)Ry>p 4 (Ligi et al. 2016)
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55 CNC AND ITS TRANSITING EXOPLANET

Stellar Regulte

LT , ’ | -
.f Direct estimate of the mass X' results + | HD75732 m;: :82 777777777777 :
1'05L 0.70 - M/H]=02 - - - -
3 1.00| e k5 0.65 -
R ol 5
0 0.95 " — 060"
O | 1
0.85F | -
0.80 - HD75732 0.50 i
10’ 108 10° 10'° 5600 5400 5200 5000 4800
Age [yrs] Terr [K]

« Using the stellar density:(M4, = 0.96 £ 0.067 Mg

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
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55 CNC AND ITS TRANSITING EXOPLANET

Planetary Regulte
P/T3 = (t2G/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, =(47t/3)Ry>p 4 (Ligi et al. 2016)

Transit light curve: RV measurements:
Rp = Ry X VTD mp sin(i) = My K (P2nGM ) /3
T singi)
v v
IREYN
\ / Some calculation to decrease
the error bar...
31/3

2/3 p—1 -3/2 pl/3 25\1/2
pp = 27T2/3G1/3p*/ R'TD?? PP K1 -eHY

31



55 CNC AND ITS TRANSITING EXOPLANET
Planetary Regulte

Planet a my, Sin(i) 55 Cnc e
[au] [ Myp] +0.001
b 0.1156 + 0.0027 0.833 + 0.039 R; [Re] 2.0317 g
c 0.2420 £ 0.0056  0.1711 = 0.0089 M, [Mg]  8.631 +0.495
d 5.58 +0.13 3.68 +0.17 pp [gem™]  5.6807) 70
e 0.01575 + 0.00037  8.66 = 0.50* M,
i 0.789+ 0.018 0.180 + 0.012

« Super-Earth

 Allstellar parameters come from direct
measurements

« Better accuracy on the density:
compared to Winn et al. (2071) and

super-Earth Demory et al. (2017)
/ 55 Cancri e ~250/0 > 120/0
more accurate thanks to direct

star
el measurement of Ry and py

Error on Ppdominated by error on TD.
SECIERN 55 Cnc e has a terrestrial density!

32



Betting the most out of it: 55 Cne

55 CNC AND ITS TRANSITING EXOPLANET

| | | 1 1 1 1 I 1 1 | |
L e Marcus+ 2010
i Zeng + Sasselov 2013 GJ 1214b 1
— =— = Dressing+ 2015 D976588" 4
2.5 K10cT
—~ : 116454b'_1_'
uﬁj .p"b
o WP
‘E” 2.0
8 |
m -
© !
c
S 1.5
o .
E Gettel et al. 2016,
i Ap), 816, 95,
1.0 adapted

0.7 1 2 3 4 5 7 10 20
Planet Mass (Mg )

—> Different composition?

BUT WE CAN DO BETTER!
33



55 CNC A BAYESIAN APPROACH

Crida, Ligi, Dorn & Lebreton, subm.

Observations: 0, I'1 (parallax), m = Fpol, the bolometric flux. Crida & Ligi, EPSC 2017
Lan(L,T) = YT/ %0 ®
_ 1/4 I . > +02 At 4t
Tett = (4 Fool / 058 0) (analytic) /O £ fr(8) X fn( T) % fg( ~ T4) dt |

Prior: density of stars
in the HR diagram

Interferometry is precise ! of the Hipparcos
The prior does not bring much. sample (color). level curves
v

co4:- 5 [0 e
- With prior ~. |[rRB=% /t—oL(R’t) far(L(np,t) dt
0.03- Noprior — / \ :
- ) X . — 0.60
r ,/ \\ ] O
0.02 - ! \ g 3 0.59
- /// \\\ : — 0.50
OO1 ? /’ \\ i
: / : 0.57
0.00_____~ N 0.56
0.92 0.96 1.00 5300 5250 5200 5150 5100 5050

Radius [Re] 34 To K]



Retting out Of |
55 CNC: A BAYESIAN APPROACH

Results:
« Bayesian or not: 2 solutions

« But Lithium detection rules out the old
solution! Consistent with young
solution (age and mass) of Ligi et al. | |
2016. log (age [yr])

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

53500 52050 5200 5150 5100 5050
35 Teff[K]



a
USING STELLAR DENSITY AND ANGULAR DIAMETERS

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

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

Measure of Ry by interferometry = M, =(47t/3)Ry>p 4 (Ligi et al. 2016)

From the PDF of Ry and p 4,

analytic joint PDF of -Ry . - W.oof— 1

3 0.98 L :

Larme(M,R) = 0 % fr.(R) x f. (ﬁ‘;) ~, 0.96] ]

S 0.941 :

— Strong correlation (0.85) ! © 092 ;

— Different My than von Braun et ooo0f . .
al. (2011) based on isochrones. 0.800.850.900.951.001.051.101.15

Mass [Msol]
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a
USING STELLAR DENSITY AND ANGULAR DIAMETERS

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

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

Measure of Ry by interferometry = M, =(47t/3)Ry>p 4 (Ligi et al. 2016)

From the PDF of Ry and p 4,

analytic joint PDF of M, - Ry . 1.00| -
2 0.98] ]
3 3M =, :
LMR*(M,R) = 1IR3 X fR*(R) X fp* <47TR3> 0 0.906 I B
. © 0.94} :
Taking the values of Rx and Mx o :
from Ligi et al. 2016, one gets the 0'92; -
large, wrong blue ellipse. e
0.800.850.900.951.001.051.101.15

Mass [Msol]
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_p [R_Earth]

R
©

, A
USING STELLAR DENSITY AND ANGULAR DIAMETERS

Planetary Regulte

3 = (12
Transit duration: T=2R 4 /aQ) PIT = (1°G/3) Py
Period: P = 211/Q measure of stellar density p, (Maxted

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

Measure of Ry by interferometry = M, =(47t/3)Ry>p 4 (Ligi et al. 2016)

Transit light curve: RV measurements:
Rp = Ry x VD mp sin(i) = M, K (P/2iGM )13

—> Analytic PDF of p, /

1.00F

N
N

g
O
L LR R LR R IR

0.98 F

Rsol|

N

| I—

0.96 ¢

0.94 F

Radius

0.92 |4
0.90¢

. . . 0.800.850.900.951.001.051.101.15
M_p [M_Earth] Mass [Msol]
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, A
USING STELLAR DENSITY AND ANGULAR DIAMETERS

Planetary Regulte

3 — (g2
Transit duration: T=2R 4 /aQ) PIT> = (°G/3) px
Period: P = 21t/Q measure of stellar density p, (Maxted
. et al. 2015, Seager & Mallén-Ornelas 2003)

Measure of Ry by interferometry = M, =(47t/3)Ry>p 4 (Ligi et al. 2016)

Transit light curve: RV measurements:
Rp = Ry x VD mp sin(i) = M, K (P/2iGM )13

— Analytic PDF of pp /

NN
o =N

_p [R_Earth]

R
©

M_p [M_Earth]




55 CNC E: INTERNAL COMPOSITION

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

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

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

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

O,C H, A.

40
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Input :

Original data mp

Correl. mp-Rp (0.30)
Hypothetical corr. (0.85)
Abundances

Results :

A — composition of
the mantle

C - gas layer

H — could rule out pure
solid composition

0.8}

0.6

cdf

0.4

0.2}

55 CNC E: INTERNAL COMPOSITION

prior |
—O0
—— 0C
OCA |
OA
OH

0.8

r /R
core+mantle " p

20

0.1

0.2

OCA case: our best constrains on all the parameters.

41

0.5 1 25 0
Zgas log1 O(Lin ; [erg/s]) rgaS/Rp
f) 9) h)
0.2 04 0.6 0 2 4 0 1 2
r _Jr Fe/Si Mg/Si
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10.6

10.4

1 0.2

cdf

cdf



STELLAR ABUNDANCES?

EPIC-XXXX1451
(Santerne et al., in press)

Model of the planet based on stellar
abundances

But composition not compatible with
stellar abundances!
-> Mercury-like planet (transit+RV)

In the future, more discoveries of this

type?
Rp and m, still reliable....

Planetary radius [Rg)]
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Earth

Theoretical composition (Brugger et al., 2017):
—— 50% Mantle + 50% Water

Caltisto ™~ _FHtan e 100% Mantle
Q"::uo 32.5% Core 4 67.5% Mantle (Earth-like)
Moon Nonplanetary 68% Core + 32% Mantle (Mercury-like)
0.2 —_ — —_
1072 1071 10° 10!
Planetary mass [Mg]
b 14
S
1.3 Gaseous 2. I
ge GJ 1132k
Q 4
S
1.2 TRAPPJST-1 g Kepler-78 b
3 RAPPIST-1 b __~ = P K2-XXX b
1.1 ' H

Planetary radius [Rg]

:TRAPPISTI c

100% Core

1.0 1 )
0.9 1 . . ;
Theoretical composition (Brugger et al., 2017):
= 50% Mantle + 50% Water
0.8 —— 100% Mantle
: 32.5% Core + 67.5% Mantle (Earth-like)
0.79 ¢ Nonplanetary 68% Core + 32% Mantle (Mercury-like)
- T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

42

3.9

Planetary mass [Mg]




OUTLINE

» Detection of exoplanets with direct imaging:
insights in the system of HD169142

e Formation mechanisms: the challenging case of GJ504

* Conclusion and perspectives
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e}
SPHERE/VLT FOR EXOPLANETS AND DISKS DETECTION

Flux (arbitrary linear scale)

-04 -02 00 02 04 06 08 1.0

HD100546 - M' band

0.5 .

0.0

a
0.3
. . 5 . -0.6 o
' -
. ‘ - ‘ .. . ¢ ' RA offse't arcsec - e
-
05 \ _ 107 10”2 10" 10°
d Intensity [arbitrary units]
a! LKCA 15 HD142527
-0.5 0.0 0.5

(Thalmann et al. 2016) (Lacour et al. 2016)

Arcseconds

Arcseconds

HD100546
(Quanz et al. 2015)

SPHERE/VLT: high-contrast direct imaging
- direct detection and characterisation of exoplanets
- detection of protoplanetary disks, transitional disks
—> important for the comprehension of planetary formation
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A PECULIAR CASE...

» Herbig Ae star (d=117 pc, Mx=1.65 Mo, Lx=10 Lo) .
» Age estimate of ~10 Myr

» Strong infrared excess, variability of NIR/MIR

» Disk close to face-on (i=13°, PA=5°)

» Previous H-/J-band scattered light detections
(Momose et al. 2015, Monnier et al. 2017)

» 1.3 mm continuum: double-ring structure
(Fedele et al. 2017): ~20-35 au and ~56-83 au )

Monnier+ 2017
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PREVIOUS DETECTIONS

VLT L' Vortex, July 2013

<

|

Point-like feature
Amag=6.4+0.2
sep=0.11£0.03"

PA=0+14°
NY
60-80 Mjyp
brown dwarf

. L]

(@)

Arcseconds

-1.0

NACO/AGPM - HD169142 (b)

-0.5

HD 169142 - Disk H + Source L

0.0 0.5 -0.4 -0.2 0.0 0.2 0.4
Arcseconds Arcseconds

Point-like feature
Amag=6.5+0.5
sep=0.156+0.032"
PA=7.4+11.3°
in the inner gap cavity
N
28-32 My, companion
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PREVIOUS DETECTIONS

A = (4/9) e M & (4/10) e
.i -7 MagAO 3.9 um, April 2014
W k. (4/12) > °
Follow-up observations with MagAO H&Ks: Follow-up observations with MagAO
Additional detection at sep=180 mas, PA=33° 3.9um:
— 8-15 Mjyp planet/substellar companion No point-like feature

(No L' counterpart)
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?
QDHERE/ gH[NE Surveg 2015-06-07 2016-06-27 2017-04-30

300

200

Several detections, 100
in particular:

Y)
A6 [mas]
o

—100

-200

e One structure at sep=0.18",

PA=20°,S/N~2.5-3 o
* Onesstructure at sep=0.18",
PA=310° N

-100

e One structure at ~200
sep=0.093", PA=355° Y

Aa [mas] 300

» Very red (no background star) 200
» S/N~3-4, Amag=9.3 in H band .

V4 E 0
> More extended in the H-band 3

—-100

Ligi et al. (2018) 0

—-300

0 —-200 0 —-200
48 Aa [mas] Aa [mas]
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

SPHERE/SHINE Qurveg 2015-06-07 2016-06-27 2017-04-30
Several detections, in _ 209
particular: = £ o

—100

-200

e One structure at sep=0.18",

PA=20°, S/N~2.5-3 o

« One structure at sep=0.18", 1w
PA=310° r £ Do these structures correspond to the ones
3 previously detected with NACO in L' band?

-100

e One structure at ~200
sep=0.093", PA=355° I
» Very red (no background star) 200
» S/N~3-4, Amag=9.3 in H band .
\V4 E 0
» More extended in the H-band 3

—-100

Ligi et al. (2018) 0

—-300

200 0 —-200 200 0 —-200
49 Aa [mas] Aa [mas]
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

IRDIS / J-band / Q,

300 200 100 0 —-100 —-200 -300
Aa [mas]

PDI (IRDIS) data (Pohl et al. 2017) and cADI simulation

» create copies of the PDI data and derotate them
» make data treatment as for IRDIS data
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

A [mas]

IFS / J-band IRDIS / J-band / Q, cADI simulation

300

200

100

—100
—200

—300
300 200 100 0 -100 —-200 —-300 300 200 100 0 -100 —-200 —-300 300 200 100 0 -100 -200 -300

Aa [mas] Aa [mas] Aa [mas]

Results

» The bright structures previously detected
appear on the resulting image

» the bright structures are polarized light

» detection at 100 mas?
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Signal [arbitrary units] Signal [arbitrary units]

Signal [arbitrary units]

) B )

SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

150-170 mas |

170-190 mas |

— IFS/J-band
- cADI simulation

190-210 mas |

0 50 100 150 200

250 300 350

Ad [mas]

IFS / J-band cADI simulation

300

200

100

-100

—200

—-300
300 200 100 0 -100 -200 -300 300 200 100 0 -100 -200 -300

A« [mas] Aa [mas]

Results
» The bright structures previously detected
appear on the resulting image

poon anle deo » the bright structures are polarized light
» detection at 100 mas?
The bright structure at 0.18" belong to the ring! J
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

A6 [mas]

IFS / 2015-06-07

300

* Aring appears at a separation of ~180 mas
* in every data reduction

‘ * Enhanced brightness structures at positions

200

100

consistent with the bright blobs detected in ADI
and with polarised data

- - * An additional ring at 100 mas, that does not appear
in each reduction

—200

—-300
300




SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

Ad [mas]

300

200

100

—100

—200

—300
300

200

IFS / J-band

100 0 —-100 —-200 -300
Aa [mas]

PA [deg]

a () A ()

PA=33°in 2013 makes it at ~20° in 2016
— Keplerian orbit, clockwise motion

318 T —
316
314
312
310
308
306

Mo T T T T

Structure B
Structure A
~ - B14

30

25

56800 57000 57200

MJD

57400 57600
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

IFS /)-band PA=33°in 2013 makes it at ~20° in 2016
— Keplerian orbit, clockwise motion

300
200

100
Surdensity zones in the disk: origins?

— Rossby wave instability (vortices)?
If so, could be precursors of forming planets!

Ad [mas]
o

—100

—200

—300
300 200 100 0 -100 —-200 -300

Aa [mas]
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

Intensity (Jg/beam)
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SPHERE/VLT OBSERVATIONS: DISK OR EXOPLANET?

IFS /)-band PA=33° in 2013 makes it at ~20° in 2016
— Keplerian orbit, clockwise motion

300
200

100
Surdensity zones in the disk: origins?

— Rossby wave instability (vortices)?
If so, could be precursors of forming planets!

Ad [mas]
o

—100

—200

. — Inhomogeneous illumination from the
300 200 100 0 -100 -200 -300 1 1 1 )
- inner ring (!f real): N |
If so, what is the origin of these inner
inhomogeneities?

57



D
OUTLINE

e |ntroduction: from the formation to the characterisation of
exoplanets

e Characterisation of exoplanetary systems with interferometry
Getting the most out of it: 55 Cnc

» Detection of exoplanets with direct imaging:
insights in the system of HD169142

« Formation mechanisms: the challenging case of GJ504

e Conclusion and perspectives

EDEBE Gl LY
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A COMPANION FORMATION DEPENDING ON THE STELLAR AGE

Y2 (1.022pum) J2 (1.190um) H2 (1.593um) K (2.110um)

GJ504

GOV bright star
High metallicity
High activity

One companion
detected at 43.5 au
(SEEDS survey)

Mass of the
companion?

Strongly depends on the
age of the star!

IRDIS & IFS images (SPHERE/VLT), SHINE survey

Bonnefoy et al. (in prep.)
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Formation mechanigmg: the challenging cage of GI504

A COMPANION FORMATION DEPENDING ON THE STELLAR AGE

Kazuhara et al. (2013)
(rotational period, activity)

Fuhrmann & Chini (2015)
> 25 Myyp, 4.5 Gyr
(high-resolution spectroscopy)

d'Orazi et al. (2017)
-> BD, 2.5 Gyr
(differential spectroscopy)

etc.

~25 Mjup ~4 MJUP
t t
4.5 Gyr 160 Myr

(Fuhrmann & Chini 2015)

18

planets

(mag)

19

My

20

0.03 0.02

Mass (M)

0.04

Fuhrmann & Chini (2015)
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A COMPANION FORMATION DEPENDING ON THE STELLAR AGE

Different masses call different formation mechanisms:

L ALEL A LLALL BN
Oézo

Skemer et al. (2016) 0] 0 Tigg—  weorows
> Totrc = 543+11K P EE x,% ;
- T/Y transition and high metallicity ; _ s Zocone |
-> low surface gravity 1l Soa® ofi@%@!r‘ R
(imaging, LBT/LMIRCam) : Gl:f:::f::“gi Gsi;;z?ﬁzz ;gg I ol DL WO
SPHERE SED S -.
-> T8-T9.5 object with a peculiar SED [ v e,
Compatible with low surface gravity 201 : ]
(= young age) or/and super-solar 22:_ L 1
metallicity, thus core accretion mechanism : v :

240 1 |V. P B |y.ou.ng./dl.18t?/d.we.lrfs.x._

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
J3-H2

Bonnefoy et al. (in prep.)
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A COMPANION FORMATION DEPENDING ON THE STELLAR AGE

Different masses call different formation mechanisms:

Furhmann et al. (2013) A A RS ¥ s I IR
High metallicity O Lois T e
3.3 days rotation period ol 8T ?ﬁi 1
high chromospheric activity, ' e g%‘-.:: '

- merging scenario of a second companion M o & me Al :

G 204-39B (16.5, FgH ~0.0) HR 8799e
s —<¢—— HR8799d
CFBDSIR2149-0403 T75 E

GI 570D (T7.5, Fe/H=0.0) ¥

2 B i

D'Orazi et al. (2017) e S :

-> engulfment scenario if <3 M, at 0.03 au A — 3w

Driven by the Kozai-Lidov effect 20f : ;

Would explain the spin-orbit misalignment ¢ e " -

proposed by Bonnefoy et al. (in prep.). | o s -
24 1 b b b b

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
J3-H2

Bonnefoy et al. (in prep.)
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BRINGING NEW CONSTRAINS

0.40

Interferometric measurements
to refine the isochronal age:
VEGA/CHARA

0.71£0.02 mas

0.38¢

o
w
()]

log L/Lsun

o
w
IS

But still compatible with 2 isochronal ages:

0.32f ; . 21+2 Myr
4.01+1.8 Gyr
%315 115 1.20 155 og I%{‘/3Ig\s'un 1.35 1.40 1.45 1.50 T e +9 .
A o Ao =
[ s 0°© ‘ GJ 504D &
10 k4 “ if 4.0+ 1.8 Gyr 1R
ini ﬁ:? £ @0 3 A
Combining SPHERE+RV+model e e s, : =
c @ AA‘ o. ¥ . NQ«*
§ 22 A% .’AA 1 +0 =
. 2 [ea2% b ‘ =
sroldsysem: g G e RS
Gravitational instability + inward migration Fh Be 4 % if21e2Myr M
] o
. © M, in pop. synth. T E
° 2M o ’ ©
Planet +young system: o .o 15M. o {2 E
core accretion but challenging given the system p 4 o 1Mg =
100

properties

Semi-major axis (au)

Bonnefoy et al. (in prep.)
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BRINGING NEW CONSTRAINS

0.40

Interferometric measurements
to refine the isochronal age:
VEGA/CHARA

0.71£0.02 mas

0.38¢

o
w
()]

log L/Lsun

o
w
IS

But still compatible with 2 isochronal ages:

0.32f ; . 21+2 Myr
4.01+1.8 Gyr
%315 115 1.20 155 og I%{‘/3Ig\s'un 1.35 1.40 1.45 1.50 T e +9 .
A o Ao =
[ s 0°© ‘ GJ 504D &
10 k4 “ if 4.0+ 1.8 Gyr 1R
ini ﬁ:? £ @0 3 A
Combining SPHERE+RV+model e e s, : =
c p AA‘ o. ¥ . NQ«*
§ 22 A% .’AA 1 +0 =
. 2 [ea2% b ‘ =
sroldsysem: g G e RS
Gravitational instability + inward migration Fh Be 4 % if21e2Myr M
. o
. © M, in pop. synth. T E
° 2M o ’ ©
Planet +young system: o .o 15M. o {2 E
core accretion but challenging given the system p 4 o 1Mg =
100

properties

Semi-major axis (au)

To be continued. . Bonnefoy et al. (in prep.)
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OUTLINE

e |ntroduction: from the formation to the characterisation of
exoplanets

e Characterisation of exoplanetary systems with interferometry
Getting the most out of it: 55 Cnc

» Detection of exoplanets with direct imaging:
insights in the system of HD169142

 Formation mechanisms: the challenging case of GJ504

e Conclusion and perspectives

EOEcH D
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INTERFEROMETRY FOR FAINTER STARS

0.8 —HD219134 o
i 55Cnc o i
i Current CHARA limit |
0.6 -
N | |
(/) L ]
O i HD10442 |
- ¢ °
N—— - _
- 0.4 LD1g9733 &| HD75784 ' |
_9 B * - exoplanets.org | 10/2/2017 ]
7 ] ®| HDI7658 |
B ' Others E
HD209458 e w0t -
0.2 ° % | . ¥
B .9. * W | ]
O ‘g =
:~ ke 3 . g
B ) ® . -
i &% : .« Transits.
0.0 ! ! ! | | g I ]
10F
0 5 10 | =
\/ 1
5 10 15 20
V mag




PLATO, TESS, CHEOPS...

@ TESS, Bright Stars |
@Kepler, Faint Stars
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PLATO, TESS, CHEOPS...

Binoculars

Telescope

Host Star Magnitude

Impression

| .:FE:SSX, ériéht Stars |

@Kepler, Faint Stars ||

+12 |

Planet Radit

RV Planets

® Transiting Planets
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s"t.‘ QN %¥P .

0.01
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PLATO, TESS, CHEOPS...

# - T »

o ¢

In the (near) futu g
More targets s

Complemehtarlty betwe "iNStAuUMents,

—> Better characterisation case
habitability. \
-> Better global view: link bef¥veen planetary
parameters and formationfnechanisms
- Still some stars too faint: refine empirical relatlon 3

case: COMmEg

.' y
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