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 A5V main sequance star, d=19,3 pc, V = 3.85 

 Age = 21 million years

 Seen exactly edge-on
  Signatures of the disk in absorption

  Transit of exocomets

β Pic : a young planetary system

Golimowski et al. 2006

Smith & Terrile 1984



 Gas

 Dust

 Planetesimals

 Exocomets

 Planet(s)

β Pic : a complete planetary system





- CO detected in absorption 

observed in bands at 1400-1500 Å
Vidal-Madjar et al. (1994)

- Population of energy levels

 gas at ~ 25  K

- 12CO / 13CO < 20  (~ 15)

Jolly et al. 1998

Roberge et al. 2000

CO in the disk of b Pic 
Vidal-Madjar et al. (1994); Jolly et al. (1998); Roberge et al. (2000)



Discovery of exocomets
Ferlet et al. (1987); Beust et al. (1990-2004)

 Ferlet et al. (1987)

Variations in CaII lines

Stable component



Observation of exocomets
Ferlet et al. (1987); Beust et al. (1990-2004)

 Beust et al. (1990)

Variations in CaII lines

Stable component



Nuerical simulations

of exocomets (Beust et al. 1990-2004)



The FEB scenario (Falling Evaporating Bodies)

explain main characteristics of variable gas :

 Radial velocity of the gas

 Variability

 Size of the gaseous clouds

 Temperature of the hot gas

 Presence of over-ionized species (Al++)

Nuerical simulations

of exocomets (Beust et al. 1990-2004)



Nature, 23 October 2014,Vol 514, p. 462

Detection of exocomets in variable CaII lines at 3934 and 3968Å

Statistical analysis of more than 1000 spectra, ~500 exocomets



Two families of  CaII line depths



Two families of  variable absorption lines



Two families of  exocomets « sizes »



η = log (Evaporation Efficiency)

= log 
Energy used for evaporation
Energy received bfrom the star

Evaporation efficiency



Two families of  orbital properties



 One family of young comets on a single orbit, 

likely produced by the recent break-up of one or a few 

larger objects (in blue)

 One family of older objects trapped in resonance with

a massive planet (β Pic b ?) (in red)

Two families of exocomets
(Kiefer et al., Nature 514, 2014)



New observations of  exocomets
in the far-UV with HST/COS

(Paul Wilson et al.)

Different C/O ratio for the 2 families of exocomets ??



The planet :: β Pic b



Image of Beta Pic b in 2003 
(Lagrange et al. 2009)



Circumstellar dust disk and planet 

formation conference (1994)



Circumstellar dust disk and planet 

formation conference (1994)



Circumstellar dust disk and planet

formation conference (1994)

- Photometric variations on days time 
scale related to a hole of  obscuring 
dust around the planetPhotometric variations on days time scale 
related to a hole of  obscuring dust 
around the planet

Photometric variations on hours time scale 
related to the transit of  a planet 
(with limb-darkening ! )

Nov. 10, 1981



Image of Beta Pic b in 2003 
(Lagrange et al. 2009)

Could it be the transiting planet of  1981 ??



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

 If this is the same planet::

 orbital period is 17-19 years

 observed closed to quadrature in 2003

 Next quadrature (in the other side) predicted in 2012-2015



Observations of November 2009 
(Lagrange et al. 2010)

 In 2009, the planet appears in the other side 

in agreement with the predictions. 



Observations of Nov 2009 - Jan 2015

 The planet position is in agreement with the predictions. 



Does β Pic b transits ??

 Millar-Blanchaer et al. (2015)  i=89.0° ± 0.3°



Does β Pic b transits ??
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Does β Pic b transits ??

 Millar-Blanchaer et al. (MB 2015)  i=89.0° ± 0.3°

 No 
if Position Angle measurements of MB have no systematics

 Yes

if 0.5° systematics in PA measurements of MB 2015:

 Bonnefoy et al. 2014 & Macintosh et al. 2014 

have PA lower by 0.5° on the same data as MB 2015. 



Observations of Nov 2009 – Jan 2015

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

MCMC statistics: 

fit to - 32 Astrometric position measurements

- 1 Planet’s radial velocity measurement 

(Snellen et al. 2014)

 two families of orbits : e~0.1 and e~0.3



Observations of Nov 2009 - Jan 2015

Low eccentricity orbit (e~0.1, Period~18 years, χ2=36.5/30)



Observations of Nov 2009 - Jan 2015

Low eccentricity orbit (e~0.1, Period~18 years)

Next transit in :: 1st July 2017 - 15th Feb 2018 (2 σ)

Snellen et al. (2014)



Observations of Nov 2009 - Dec 2013

Low eccentricity orbit (e~0.1, Period~18 years)

Next transit in mid-2017

Snellen et al. (2014)

Snellen et al. (2014)



Observations of Nov 2009 - Jan 2015

High eccentricity orbit (e~0.3, Period~36 years , χ2=23.8/30)



Observations of Nov 2009 - Jan 2015

High eccentricity orbit (e~0.3, Period~36 years)

Next transit in :: 1st Jan 2018 - 30th Jun 2018 (2 σ)

Snellen et al. (2014)



Observations of Nov 2009 - Dec 2013

Higher eccentricity orbit (e~0.3, Period~36 years)

Next transit in 2018

Snellen et al. (2014)



PICSAT 

 high accuracy photometry (10-3)

PI : Sylvestre Lacour

 Based on a CubSat platform. 

 Lounch could be as early as end of 2016



Conclusion

β 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 2017-2018



Thank you


