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HD209458b in Lyα: Vidal-Madjar et al.
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New data analysis: Ben-Jaffel et al.
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Previous study: Holmström et al.
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Present study

[Science, 346, 981, 2014]
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Aims & processes

Characterization of the stellar plasma environment around exoplanets
Estimation of the pickup ion escape
Estimation of the planetary magnetic moment

Included processes for an exospheric atom:
Charge-exchange with stellar H+

Ionization (photoionization, electron impact ionization)
Scattering of an UV photon (radiation pressure, velocity
dependent)
Elastic collision with another hydrogen atom
Gravitational effects (besides gravity - tidal, coriolis, centrifugal
forces)
Self-shielding (optical thickness in Lyα).
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Geometry and modelling, HD 209458b

The coordinate system used is centered at the planet and has its x-axis toward the star, the y-axis opposite the

orbital velocity, and the z-axis completes the right-handed coordinate system. The assumed magnetospheric obstacle

X = Rs

(
1− ρ2

R2
t

)
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Inputs used for the modeling

Some numerical parameters play a role as well: cell size, velocity and
spacial grid, number of so-called «metaparticles»
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Modelling results, HD 209458b

Mpl =
(

8π2R6
s ρswv2rel
µ0f 20

)1/2

Estimated magnetic moment: Mpl ≈ 1.6× 1026 A×m2 ≈ 0.1MJup

K.G. Kislyakova (IWF) (IWF) Magnetic moment and plasma env... September 28, 2015 9 / 13



Increased magnetic moment

The influence of the obstacle shape: subtellar distance Rs = 4 and obstacle
width Rt = 6.
Best fit: Rs = 2.9, Rt = 3 (in units of Rpl ).
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The role of stellar wind density and speed

Illustration of the influence of the stellar wind speed; vsw = 50 km/s is
assumed
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Main conclusions

High radiation pressure and intense charge-exchange reshape the
hydrogen cloud around the planet leading to strong asymmetry
DSMC modelling combined with Lyα transit observations can be used
to determine the magnetic moment of an exoplanet
Taking HD 209458b as an example, the method predicts the magnetic
moment of ≈10%MJup ...
...and a stellar wind with vsw = 400 km/s
The method can be applied to other exoplanets for which Lyα
observations are available
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PATHways to habitability

PATH project:
Pathways to Habitability:

From Disks to Active Stars,
Planets to Life

Visit us in Vienna!
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