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(Hot) Jupiter's FUV emissions

HST/ACS-WFPC2 NASA/ ESA/ J. Clarke

Lines
-H :Lyman-a[1216 A]

- H,:[900-1650 A] : Lyman and Werner bands



Model : excitation of atmospheric particles
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* Multi-stream kinetic code (TRANSCAR family)
* Boltzmann equation
* Production of secondary electrons
 Hypotheses :

- Only e- precipitation included (no ions)

- Stationnary state
- Pseudo 1D



Model : radiative transfer

/ Radiative transfer
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« HLy-a

- Resonant scattering of the stellar line
- Frequency redistribution
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HD 209458b TIK]
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Transiting hot Jupiter at 47 pc
a =0.045 a.u.
R=13R,

Atmosphere models of Yelle [2004] and
Garcia-Munoz [2007]

Stellar spectrum in [1; 185 nm] : ?? 0x10" = 5 8
Same stellar type as the sun (GOV)

10'°
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— use of a solar reference flux [Tobiska 1991, Torr 1985, Woods 2009]

Electron auroral precipitation : ?7?

— Scaling law with Earth's aurorae :
Earth [ €. ~1keV
{ ®=1ergcm?s’
(1a.u.)
HD 209458b { £ =1keV *(0.045a.n)

® =490 erg/cm?/s
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Dayside Lyman-a emission of HD 209458 b

~ 2% eclipse Quadrature Star (~sun)

Emittance E 15 000 kR 9 100 kR 25 000 MR
Surface S 1.9x10"% km? 9.9x10™ km? 3.5x10" km?
Luminosity L=E xS  2.9x10 9.0x10™ 8.7x10™
[kR.km?]

Contrast=L/L__ 3.4x10* 1.0x10* 1

« At quadrature angle : Doppler shift : 0.6 A

« Contrast not very favorable...



Auroral emission

Emittance E

Surface S

Luminosity L=E x S

[kR.km?]

Contrast=L/ Lstar

Auroral e-,

dipolar B
e_

5900 kR

1.2x10° km?
1.5x10"

1.7x1077

Auroral e-,
B=0
e-

Hi

390 kR

9.9x10" km?
3.9x10™

4.5x10°

With our hypotheses auroral contribution ~ negligible

but this stongly depends on the incident plasma flux

Star (~sun)

25000 MR

3.5x10"* km?
8.7x10™



Case of HD 17156 b

 Transiting hot Jupiter

R ~R o
J Orbit of HD 17156 b

from [Koskinen et al 2009]
GO starat 78 pc

» Highly eccentric orbit e = 0.67 T [K]
* A aston ~ 0:092@.U. 0 5000 10000 15000 20000
e d =0.27 a.u.
apastron
—10x10% }
=
=,
« Atmosphere model of [Koskinen et al. 2009] 3
for apastron 2 5x10° |
©
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 Stellar radiation + auroral electron precipitation :
Scaling laws with Earth's case



Lyman-a emission of HD 17156b

Day side Auroral e-, Auroral e-,
dipolar B B=0
e- e-
Contrast=L/L__ 1.3x10°® 1.3x10°° 3.9x10°

Contrasts divided by a factor of 80 relatively to HD 209458b

 Factor 36 on the incident fluxes (0.27 / 0.045)°

« Factor 1.3% = 1.7 on the surfaces of the planets — Factor 61

* The rest : differences in the atmospheres



H2 emissions

« NO H2 lines from the star

- Tentative detection of an H_ line by [France et al. 2010] on HD 209458b
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But other lines should be present
... detection to be confirmed 600
500
* Do broadband or line by line detection ? = 400 |
= 300 |
=
—_ 200 [
100 | | | 1l

1000

. total H  intensity = 20 times Lyman-a of the planet on the dayside

~1/100 in the aurora
... work in progress
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Conclusions

» Ly-a emission of HD 209458D :

« dayside contrast ~ 3e-4
 auroral contrast ~1e-6 with soft hypotheses on the incident e- precipitation.
Many reasons to have stronger aurorae :
- Direct magnetic connexion with the star — increased plasma fluxes ?
- Case of Jupiter's aurorae : lo plasma — precipitation x3000 compared to the solar
wind
- Non-negligible contribution of proton aurorae

- With the current facilities, it seems easier to detect H, emission lines than the planetary Ly-a

* Look at big planets, not necessarily transiting ones

» To go further in the search for a candidate with good conditions for a future detection, we
need :

« Spectra of the stars in the EUV/XUV
* Models of stellar winds
» Atmosphere models of exoplanets
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