EPSC Abstracts
Vol. 7 EPSC2012-223-2 2012 E P
European Planetary Science Congress 2012

© Author(s) 2012

Photo-ther mo-chemistry of hot atmospheres

O. Venot (1,2), E. Hébrard (1,2), M. Agundez (1,2), M. DobrijevicZ},F. Selsis (1,2), F. Hersant (1,2), R. Bounaceur (3), Y.
Bénilan (4), M.-C. Gazeau (4), N. Fray (4), N. Iro (5,6)

(1) Université de Bordeaux, Laboratoire d’AstrophysiqeeBbrdeaux, (2) CNRS/INSU, UMR 5804, BP 89, 33271 Floirac
Cedex, France, (3) Laboratoire Réactions et Génie des 8scERGP UPR 3349 CNRS, Université de Lorraine, 1 rue
Grandville, BP 20401, F-54001Nancy, France (4) Laboratwiteruniversitaire des Systémes Atmosphériques, UMR,758
Universités Paris Est Créteil et Paris Diderot, 94010 @ré€edex, France, (5) Astrophysics Group, Keele Univerisele,
Staffordshire, ST5 5BG, UK, (6) LESIA, Observatoire de Babi Place Jules Janssen, F-92195 Meudon, France
(olivia.venot@obs.u-bordeaux1.fr)

Abstract oplanets [5, 8, 9, 10, 11].

We have developed a new model to study the atmo- 2. Numerical modeling

sphere of exoplanets adapted to the characteristics ofo hoto-th hemical del is adapted t
the atmospheres of hot Jupiters and hot Neptunes.>U" NW photo-thérmo-chemical model Is adapted 1o

Such a model appears essential to interpret recent anc]he stuc:y of hot _atdmOfphleresa -Irze cf]emlga: sc?ecrjne
future observations, to predict the composition and to comes Irom an inaustrial model developed 1o study

understand the formation and the evolution of these &' epgines combustion [6]. It includes endot_herm'ic
planetary bodies. As the chemistry of nitrogen com- reactions that are usually neglected when dealing with

pounds is not well constrained, we investigated severalCOOIer atmos_phere_s and low temperature kinetics and
sub-networks for nitrogen-bearing species and inves- has been validated in a large range of pressure, temper-
tigate their impact on the predicted abundances andature and elemental compositions, comparable to the
spectra of HD 189733b. We present these results conditions found in both car engines and hot Jupiters.
An important problem of photochemical models is the The consistency c_)f th_is scheme with thermodynamical
lack of high temperature photochemical data. In order data_alllows tlhg .l('net'(?ﬁTOdEI to reagh the thermgdy-
to improve this situation, we have begun a campaign of rigmlcad e]qw ! rt'rL:m V;:' a v:eryhgoo a(:3uracy. tu;
measurement of VUV absorption cross section at high modet uses this chemica scheme and accounts for
temperature for KO, CO, and NH;. We will present vertical transport and photodissociations coming from

the influence of these new experimental data on the & model of Titan's atmosphere [3, 4]. The results of
thermo-photochemical model P our 1D model applied to HD 189733b show that nitro-

gen compounds as HCN and NHre abundantand in-
fluence the observational spectra. Knowing that nitro-
1. Introduction gen chemistry is still not-well constrained, we decided
to explore other nitrogen sub-networks. Our nominal
In hot Jupiters’ atmospheres, high temperatures (typi- scheme is the only one that have been validated as a
cally 500 K - 2500 K), very high UV fluxes (10,000 whole. The Figure 1 shows the wide range of results
times the flux received at the top of Jupiter’s at- one can obtained for HCN using different nitrogen net-
mosphere) and strong circulation dynamics coexist. works. This is also presented in a submitted paper
There are observational constraints for few hot Jupiters[11].
(HD 209458b and HD 189733b for instance) and hot
Neptunes (GJ 436b). Traditional equilibrium models 3. Experimental measur ement
fail to reproduce these observations because they lack
mixing and photolyses. Old photochemical models An important source of uncertainty in photochemical
[1, 2] fail because of theirincomplete reaction network models is the temperature-dependency of their param-
which lacks endothermic processes and because theieters: IR absorption coefficients (7)), UV absorp-
reaction rates are inappropriate for high temperaturetion cross-sections(7") and chemical kinetics reac-
[7]. New models, coupling vertical transport, photoly- tion ratesk(7"). Usually, available data have been
ses and thermochemistry exist now to study these ex-measured at ambient temperature, which is problem-



implying a close collaboration between experimental-
ists, observers and modelers is necessary to adress this
issue. The experimental measurements we are doing
for the absorption cross section of some species of the
atmosphere is a prerequisite for reproducing correctly
the hot atmospheres of these planets.
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