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3 Pic : a young planetary system

®m A5V main sequance star, d=19,3 pc, V = 3.85
m Age = 2] million years

B Scen exactly edge-on

m =» Signatures of the disk in absorption

m = Transit of exocomets
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3 Pic : a complete planetary system

(Gas
Dust
Planetesimals

Exocomets

Planet(s)



LETTER Nature, 23 October 2014,Vol 514, p. 462
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Two families of exocomets in the B Pictoris system

F. Kiefer'>3, A. Lecavelier des Etangs"?, J. Boissier®, A. Vidal-Madjar"? H. Beust®, A.-M. Lagrange®, G. Hébrard"? & R. Ferlet"?

Detection of exocomets in variable Call lines at 3934 and 3968 A
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Figure 1| A typical Can spectrum of #Pictoris. a, Caii K-line (3,934 A). Radial velocities are given with respect to the star’s rest frame. CS indicates the

b, Ca11 H-line (3,968 A). A typical Ca 11 spectrum of f§ Pic (black line) collected  circumstellar disk contribution, while solid black lines indicate the changes in
on 27 October 2009 is shown together with the derived f Pic stellar spectrum  flux caused by the transiting exocomets. Each transiting exocomet produces
(red line) used as the reference spectrum free of variable absorption features.  anabsorption signature detected at the same radial velocity in both Ca1 lines.



8 Pic : A complete planetary system

B Exocomets :

2 tamilies of exocomets  (Kzefer et al., Nature 514, 20714)

= One tamily of young comets on a single orbit, likely
produced by the break-up of one or a few larger objects

(in blue)

® One family of older objects trapped in resonance with a
massive planet (3 Picb ?) (in red)
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Image of Beta Pic b in 2003

(Lagrange et al. 2009)




Physical properties & origins

Multi-A imaging
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Physical properties & origins

Multi-A imaging
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I Physical properties & origins

Spectroscopy with GPI
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Physical properties & origins

Atmospheric parameters
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I Physical properties & origins

Mass & initial entropy

Hot-start: gravitational energy fully enters the object
(e.g Chabrier et al. 2000, Burrows et al. 1997)

Pneb Cold-start: gravitational energy of infalling
gaz is radiated away into space.
(Marley et al. 2007, Fortney & Marley 2008)
Tneb or
Tequi

Warme-start: cooling curves depend on the initial
entropy (Sinit) and object mass (M)
(Spiegel & Burrows 2012, Marleau & Cumming 2013)

Courtesy C. Mordasini



Physical properties & origins

Hot-start: gravitational energy fully enters the

/—\object (e.g Chabrier et al. 2000, Burrows et al.
1007)

B Pic is 21 Myr old, not 12 Myr !! nergy of
into

(Binks et al. 2014, Malo et al. 2014) .

Pneb

Tneb or
Tequi

—— Warm-start: cooling curves depend on the

" nifal sniopy (S, and hisgt mass (M)
2013)

Mickaél Bonnefoy Paris - September 09, 2014 16



Physical properties & origins

Mass & initial entropy

Hot-start: gravitational energy fully enters the object
(e.g Chabrier et al. 2000, Burrows et al. 1997)

R IIs = M: 7 t012 MJup

Pneb

Tneb or
Tequi

Warme-start: cooling curves depend on the initial
entropy (Sinit) and object mass (M)
(Spiegel & Burrows 2012, Marleau & Cumming 2013)

Courtesy C. Mordasini

10 Mayup =M < 15.5 Maup



Circumstellar dust disk and planet
formation conference (1994)
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Circumstellar dust disk and planet
formation conference (1994)
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Circumstellar dust disk and planet
formation conference (1994)
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Image of Beta Pic b in 2003

(Lagrange et al. 2009)

ion de I'étoile

Could it be the transiting planet of 1981 ??



Prediction using the 2003 position
(Lecavelier des Etangs & Vidal-Madjar 2009)

m [f this is the same planet:
—> otbital period is 17-19 years
—> observed closed to quadrature in 2003
—> Next quadrature (in the other side) predicted in 2012-2015
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Observations of November 2009
(Lagrange et al. 2010)

m In 2009, the planet appears in the other side
in agreement with the predictions.

0.5 arcsec

10 Av size of Saturn’s orbit

around the Sun

dust disk
inJband (1.3 um)

giant planet B Pic b
seen in L” band (3.8 um)

. in October 2003
B Pictoris : )
position of the star (artificially subtracted) " in November 2009
Infrared view of the planetary system around the young star B Pictoris "

composed with images taken at the European Southern Observatory telescopes in Chile:
 the 3.6-m telescope + ADONIS instrument in La Silla (Mouillet et al. 1997)
* the Very Large Telescope + NACO instrument in Paranal (Lagrange et al. 2009-2010) E



Observations of Nov 2009 - Dec 2013

m The planet position is in agreement with the predictions.
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Observations of Nov 2009 - Dec 2013

m What are the new constraints on the planet and the transit ?

MCMC statistics (fit to 24 astrometric position measurements)

=» two families of orbits ;: e~0.1 and e~0.3



Observations of Nov 2009 - Dec 2013

Low eccentricity orbit (e~0.1, Period~18 years)
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Observations of Nov 2009 - Dec 2013

Low eccentricity orbit (e~0.1, Period~18 years)
Next transit in mid-2017

Snellen et al. (2014)
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Observations of Nov 2009 - Dec 2013

Higher eccentricity orbit (e~0.3, Period~306 years)
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Observations of Nov 2009 - Dec 2013

Higher eccentricity orbit (e~0.3, Period~306 years)
Next transit in 2018

0.04

0.02

0.00

1

13.0

131 13.2 13.3

Semi~-major axis (ou)

13.4

Snellgn(et al. (2014)

12 14 16
Radial Velocity (km/s)

0.32 0.33 0.34
Excentricity

40 45 50 55
Omega (degrees)

0.00

2017.0 2017.5 2018.0 2018.5 2019.0 2019.
Next Tronsit (years)

36.5
Period (years)




W FPPTTTTIY PUTTUTTIT . . SURTUTTY PRPPPOTRN Q00 Lopopp g gug pue ey g gui o o)

0.31 0.32 033 0.34 0.35 35.5 36.0 36.5 37.0 3.9
Excentricity Period (years)
'U'v"'lI'l"'l""l'l 0.20 rvyf7rjffrrryrrrryryrrrrrrrx
0.15F .
0.10F o
0.05F 0
o P L S R 000’1 S MRS | s a1l 44 24
40 45 S50 35 60 2017.0 2017.5 2018.0 2018.5 2019.0 2019.5

Omego (degrees) Next Tronsit (years)



PICSAT
=» high accuracy photome

m Based on a CubSat plattorm.
m [.ounch could be as early as end of 2916



Conclusion

8 Pic b can be a transiting planet !!

Transit of a young planet in front of a 3.8 magnitude star !

Transit observations have been proven to be extremely powerful
to scan the planet environment and atmosphere::

—> Rings, Satellites, etc.

Rendez-vous in 2017
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