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Overview
● Energetic neutral atoms (ENAs)
● Extrasolar planets
● The Hubble observation of H around HD 209458b
● Model of ENA production at HD 209458b
● Comparison of model results and observations
● Stellar wind estimates
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ENA Observations in the Solar System

ENAs from charge­exchange between solar wind protons 
and exospheric hydrogen has been observed at all 
planets where suitable ENA detectors were present:
● At Earth by IMAGE 
● At Mars by Mars Express
● At Venus by Venus Express



Doppler Velocity Curve for HD 209458

HD209458 velocity curve with the Keplerian orbital fit for a period P=3.52 days. Error bars are 
shown. The derived companion mass is: M sin i = 0.63 Jupiter Masses. The transit ensures that 
the orbital inclination, i, is nearly 90 deg. So the companion mass is 0.63 Jupiter masses. The 
odd behavior in the velocities near phase=0.5 is due to the rotation of the star, as the planet 
blocks of the approaching and receding limbs of the star.



HD 209458 Planetary Transit

Photometric observations of HD 209458 from the night of 1999 Nov. 7 UT 
taken with the T8 0.80m APT 
at Fairborn Observatory showing ingress of the planetary transit. 
The measured transit depth is 0.017 mag or 1.58%. 
The error bar shows the predicted time of mid transit and its uncertainty 
computed from the Keck radial velocities.
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Can Energetic Neutral Atoms (ENAs) 
Explain the Observation?



Illustration of the geometry

0.045 AU

x

y
Planet centered coordinate system.  x-axis is planet-star line



Preusse et al., PSS, 2006
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A model of the ENA production at HD 209458b

● Hydrogen atoms launched from an inner boundary

● Stellar wind protons inflowing

● Charge-exchange outside an obstacle

● Forces on an H atom:

– gravity (planet), coriolis force (stellar)
● Events for an H atom:

– charge exchange with a proton (ENA production)

– elastic collision with another H atom

– photon collision (radiation pressure)

– photoionization





x­y plane slice around z=0













Some Constants and Parameters

Stellar wind velocity and temperature
u

sw
 = 100 km/s,   T

sw
 = 1.2.105 K



Penz at al., preprint



Charge exchange cross sections
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Average H Velocity Spectrum (along x­axis)



Attenuation
● Columns along x­axis in a grid 

in front of the star
● Attenuation spectrum 

computed for each column
● Average attenuation for each 

velocity is computed
● This attenuation can then be 

applied to the out­of­transit 
observed spectrum, and 
compared to the in­transit 
spectrum





Comparison with Observation



u
sw

 = 50 km/s, T
sw

 = 106 K

Slow, Hot Stellar Wind
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Flux Change During Transit



Attenuation spectra when parameter values changes

2007-08-16

Default parameter values Exobase temperature of 7000 K 
(instead of the default 10000 K)

Solar wind density 1000 cm-3 
(instead of the default 2000 cm-3)

Exobase density of 0.8e14 m-3 
(instead of the default 1e14 m-3)



Parameter effects on spectrum

Smaller
Radiation
Pressure

hje-40c

No CXE
=> cutoff at too low velocity,
even with high radp.
The "walls" of the hole are 
too steep to ever explain the 
observation (in this model), 
no matter what the parameters!

hje-40s





Phase space X ­ Xvel
hje-09d

km/s

X position
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Photoionization - rate 7e-5 No Photoionization

Photoionization greatly reduces the exosphere



Density profiles

Photoionization - rate 7e-5 No Photoionization





Computational Details
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Conclusions
● Energetic Neutral Atoms (ENAs) can 

explain the observed Lyman α 
absorption

● Stellar wind properties can be inferred 
from Lyman α observations through ENAs

● The stellar wind 
depletion from 
charge-exchange 
has to be accounted 
for in models


