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Abstract ent N, states that eventually defines the atmospheric
local heating rate. Therefore, a detailed description of
We present a detailed model for the vibrational pop- the N-state population is necessary for understanding
ulation of all non pre-dissociating excited electronic these two processes. In this study we present a new
states of N, as well as for the ground and ionic states, N2-state model focusing on Titan's atmosphere.
in Titan’s atmosphere. Our model includes the de- We specifically focus here on the resulting vibra-
tailed energy deposition calculations presented in thetional distribution of the ground state that has not
past [1] as well as the more recent developments in been addressed in the previous studies. The pres-
the high resolution Blphoto-absorption cross sections ence of vibrationally excited Ncan have important
that allow us to calculate photo-excitation rates for dif- consequences for the atmospheric chemistry; excited
ferent vibrational levels of singlet nitrogen states, and molecules can partake in processes that are energet-
provide information for their pre-dissociation yields. ically forbidden for the more abundant ground state
In addition, we consider the effect of collisions and molecules, in this way allowing for chemical reactions
chemical reactions in the population of the different that normally are not considered possible under Titan's
states. Our results demonstrate that a significant popu-atmospheric conditions. Such mechanisms have been
lation of vibrationally excited ground state,Nurvives identified in the Earth’s atmosphere where theuw
in Titan’s upper atmosphere. This hot lWopulation brational population has an important influence on the
can improve the agreement between models and obserionospheric electron density [2].
vations for the emission of thé, state that is signifi-
cantly affected by resonant scattering. Moreover we
discuss the potential implications of the vibrationally 2, M odel Description
excited population on the ionospheric densities.
In this study we developed a new model for the N
1. Introduction states’ population, specifically for Titan. The advan-
tage of our model is that it calculates the population
Airglow (induced by solar photons) and aurora (by of all non pre-dissociating states of,Nand utilizes
magnetospheric particles) are fundamental molecularthe detailed energy deposition calculations for Titan’s
processes that allow us to characterize the high alti- atmosphere we have performed in the past [1]. The
tude regions of planetary atmospheres. For the N latter include the high-resolution, state-specific cross
rich atmosphere of Titan (as well as those of the Earth, sections of N derived from theoretical calculations,
Triton, and Pluto) the emission spectrum of excited ni- which only became available in recent years [3], and
trogen demonstrates multiple bands from the plethorahave important ramifications for the energy deposition
of excited electronic states available and covers a largein the atmosphere and the excitation of different elec-
part of the electromagnetic spectrum. Airglow is just tronic states. In addition, our modelincludes a detailed
one of the processes that take place at the high al-description of the collisional processes that could af-
titude regions of planetary atmospheres, though, thefect the different states, including chemical reactions,
other being the collisional de-excitation of the differ- suitable for Titan’s atmosphere.
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vives in Titan's upper atmosphere (Fig. 1). For the
first excited vibrational level the density is compara- L .
ble to that of methane, although the exact densities F19ure 2: Limb radiances for the CY(0,0) and CY(0,1)

depend on the vibrational energy exchange rate with ransitions. Each panel presents the calculated emis-
CH,, which is not well constrained. We find that this SIONS in spherical geometry, assuming different N
vibrationally excited population of Naffects the res- state vibrational distributions: solid lines correspond

onant scattering for its excited singlet states and ac- {0 @ Boltzmann distribution at 150 K, while the bro-
counting for it leads to better agreement with the ob- ken lines correspond to the ground state vibrational
served emissions from Cassini/UVIS. Particularly we distributions calculated with our model for the three

find that the excited ground state levels result in a de- different values of the vibrational energy transfer rate
crease of the CY(0,1) by a factor of 2, that is close to @sSumed between,Nand CH. Their differences
the required decrease (factor of 3) derived by [4] un- demonstrate the |mportance_of_the ground state pop-
der the assumption of a thermal vibrational distribu- Ulation on the observable emissions.
tion (Fig. 2). In addition, we find that the non-thermal
population brings the altitudes of peak emission for the [2] Campbell, L., et al. (2006). Role of electronic excited
CY(0,1) and CY(0,2) bands closer, in agreement with Nz_in vibrational excitation of tlhe MNground state at high
the observed peaks. Implications of the hat pop- latitudes. Journal of Geophysical Research, 111, A09317.
ulation on the other aspects of the ionosphere will be [3] Heays, A. N., etal. (2014). The high-resolution extreme
discussed. ultraviolet spectrum of N by electron impact. The As-
trophysical Journal Supplement Series, 211, 28.
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