BB Transit observations and hydrogen and ENA-cloud modelling
as a tool for exoplanet magnetic and plasma environment
characterization
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HD 209458 b Expanded thermosphere-exosphere
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Energetic neutral atoms ( ) are produced wherever energetic ions meet a

neutral atmosphere, and solar wind ENAs have been observed at every planet in
the Solar System where ENA instrumentation has been available — at Earth[1], at
Mars[2], and at Venus[3]. Absorption features can be explained very well by ENA
production. Without ENA production in the model, none of the spectral features
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HD 209458b is one of the best studied Jupiter-type exoplanets for which several
transits in front of its Sun-like host star were observed by Charbonneau et al. (2000)
and Henry et al. (2000). Later observations with the Hubble Space Telescope (HST)
show absorption in the stellar Lyman-« line at 1215.67 A during transits, which
revealed that the planets thermosphere is most likely not under hydrostatic
conditions and expands up or even beyond the Roche lobe. illustrates the
possible upper atmosphere structure of HD 209458b according to hydrodynamic and
empirical models [4-9]. shows the out- and in-transit Lyman-« attenuation
spectra - observed by HST/STIS and modelled with produced ENAs by [11].
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During the previous years spacecraft observations of so-called Energetic Neutral Atoms (ENAs) have
become an important remote-sensing technique in planetary science for analyzing the solar wind plasma flow
around the upper atmospheric environments of Solar System bodies. ENAs are produced whenever solar- or
stellar wind protons interact via charge exchange with a neutral particle from a planetary atmosphere so that
their signals constrain both, ion distributions and neutral gas densities. We discuss how ENA-observations and
data interpretations of attenuation and velocity spectra obtained from transiting hydrogen-rich exoplanets such
as HD 209458b can be used for the study of the upper atmosphere structure, the planet's magnetosphere and
information on stellar wind properties. Finally, we discuss how future hydrogen cloud observations around
exoplanets by space observatories like the Russia-led World Space Observatory-UV (WSO-UV) together with
ESAs PLATO mission can be used for the test of magnetic dynamo hypotheses of exosolar gas giants.

Paraboloid Magnetospheric Model (PMM) for "Hot Jupiters"

Because the production of ENAs around “hot
Jupiters” such as HD 209458b depends on the ¢ Schematic view of PMM elements:
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sphere obstacle was assumed. Recently,
Khodachenko et al. [12] applied a paraboloid
magnetosphere model (PMM) for the study of
“hot Jupiter’” magnetospheres and found that
currents which flow inside a magnetodisk
induce a strong magnetic field which
contributes essentially to the intrinsic dynamo

field strength and magnetosphere topology. S g iy
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magnetopause topology was neglected in

previous ENA studies in [10] and [11] we

calculated the magnetodisk field and the

corresponding magnetosphere configuration - “sling” model:

for this study. The main contributors to the
magnetic field in the PMM model can be
summarized as [12]:
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Here we model the ENA production by an advanced particle code that includes stellar wind protons and
atomic hydrogen. Charge exchange between stellar wind protons and exospheric hydrogen takes place
outside a conic obstacle that represents the magnetosphere of the planet with a plasma disc, which is
calculated by using the PMM model. The resulting planetary hydrogen and ENA clouds are shown in

shows only neutral H-atoms with velocities greater than 50 km/s (ENAs). The dashed lines represent
the obstacles. illustrates a comparison of the modelled Lyman-x profiles with the observed one. The
black solid line represents the observations of the Lyman-« flux during the transit, the gray solid line
corresponds to the out-of-transit observations, while the dashed line illustrates the results of the numerical
modeling. The “GEO” region is the region of the geocoronal emission at low velocities is excluded. These
spectra which are shown are still preliminary and correspond to upper atmosphere temperatures of about
8000-11000 K. The lower panel in Fig. 8 shows the ENA production when the obstacle is closer to the planet
and the stellar wind density is strong. Simulation are in progress which will choose stellar wind densities and
velocities as well as PPM magnetosphere obstacles which should yield the best absorbtion.
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The WSO-UV incorporates a primary mirror of 1.7m Baffle o ver

diameter (i.e. with just half the collecting area of
HST), but taking advantage of the modern
technology for astronomical instrumentation, and a
high altitude, high observational efficiency orbit, the
WSO-UV will provide UV-optical astronomical data
guantitatively and qualitatively comparable to the
exceptional data base collected by HAST. WSO-UV !
follow-up observations of exoplanets discovered by N
PLATO should enhance our understanding related to Y= Comonronent
the aeronomy of exoplanets, plasma interatcion and

magentospheric environments [13].
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