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Abstract double peak structures originate by the propagation
of GWs, common features of planetary atmospheres
In this work we report on the modelling ob@a,) that play a crucial role in defining circulationdan

nightglow limb profiles perturbed by the gravity Structure of the mesosphere. By inducing vertical
waves (GWs) propagation in the Venus atmosphere.fluctuations on both temperature and density pesfil
Data have been acquired by the VIRTIS (Visible and GWS can also affect the airglow intensities. Irsthi
InfraRed Thermal Imaging Spectrometer) instrument Study we propose to apply the theory developedby [
on boards the ESA mission Venus Express (VEX). and [3] for studying terrestrial airglows to modeé
The high variability observed in the shape of the Venus GWs respc;nsM_e for the fluctuations observed
0,(a'Ag) nightglow limb profiles between 80 and 120 in the VIRTIS G(a'A,) nightglow data.

km, often characterized by the presence of a double

peak, implies GWs occurrence at the considered?2. VIRTISinstrument and Data Set
altitudes. In order to model and derive the GWs

properties, we apply to Venus a well-known theory VIRTIS is an imaging spectrometer covering the

used to study terrestrial airglow fluctuations iped ~ 0.27-5.1 pm range [1]. It includes two spectroneter
by the GWs propagation. VIRTIS-M, a mapping spectrometer with medium

spectral resolution, and VIRTIS-H, an echelle
spectrometer with higher spectral resolution than
VIRTIS-M but no imaging capability. VIRTIS-M

On Venus’ nightside, g()alAg) molecules arise by the consists of two channels: a visible c_hannel (spanni
three-body reactio® + O +M— Ox(a'Ag) + M, then the 0.27-1 pm range) and an infrared channel

thev decav at the fundamental state>XGE ) b (covering the 1-5_.1 pm range). In this study thm(_ja
emi%ting m{)st of the photons at 1-27§(Hm og)thr)(/)ugh of the VIRTIS-M infrared channel (spectral sampling

_ N o =10 nm, IFOV = 0.250 mrad) that showy(&A,)
quenching @aAg +M — O(X°Xg) + M. Inthe  pighiglow  profiles  double-peak  shaped  are

condition of photochemical equilibrium, a balance considered. They have been inverted through an
occurs between the chemical production and lossesypjon peeling method.

[4], and we have (M corresponding to £0
predominantly):

) , 3. Modelling
[O,(aAy)]/ T =exk _TAHCO,] x[O]
_ 1 Assuming monochromatic GWs propagating in an
CXCOIXO,(ah,)] (1) isothermal and windless atmosphere, the relative
density perturbation can be written as [2, 3]:

1. Introduction

wherert is the Q(alAg) molecules life time (3880 «
< 6800 sec)e andk T are respectively the three- 0, _
body reaction efficiency (70 s< 80%) and reaction ; B
rate (1.5 x T 10% cnf sec¢'), while C is the !
quenching reaction rate (< 2.0 x?@n? sec).

1+ &5y x gf(7er) xcosfut —kx—m(z-27,)] (2)

where z is the altitudepzis the altitude of the peak

The 1.27 um emission falls inside the VIRTIS/VEX of the Q layer, zgy is the GW amplitude aloz 1B
s the amplitude growth lengthy is the intrinsic

spectral range and it has been studied through bot Kis the horizontal ban s th
nadir and limb data. Volume emission rate profiles requencykis the horizontal wave humben is the
vertical wave number andg is the ratio of specific

reveal usually a peak at 97~ km, but a double peakh ts. The horizontal and vertical b
frequently appears as well, at 103-105 km [1]. The N€&s- 1he horizontal and vertical wave numbers are



linked to the intrinsic period through the GW
dispersion relation. The perturbedp) ( and

unperturbed ) temperature, carbon dioxide and
atomic oxygen distributions are linked through the

following relationships:
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where the expression of tlyg exponent depends on

the fit of the considered species density profild &
is function of the altitude as well. As far as thiial

a VIRTIS Q(alAg) nightglow inverted profile is
compared with a modelled one, with GW vertical
wavelength = 7 km, and GW intensity at 100 km =
20%.

5. Summary and Conclusions

The inverted VIRTIS/VEX limb profiles of the

O,(a'Ay) nightglow intensity at 1.27 um perturbed by
the GWs action have been modelled through a
method applled to the terrestrial atmosphere [2, 3]

(unperturbed) profiles are concerned, we consideredThe initial Oy(a" Ag molecules density profile have

a Gaussian profile for the @'Ay) density
distribution, and C@ density and temperature
profiles as derived from the SPICAV data [4, 5]eTh

been assumed to be Gaussian shaped. Unperturbed
temperatures and density profiles have been taken
from SPICAV data [4, 5], while the initial atomic

atomic oxygen density profile has been modelled oxygen density profile has been derived with the

following the method in [4]. Combining Eq. (1), (2)
(3) and playing with the involved free parametears,
can thus model the VIRTIS 'Ay) nightglow

inverted profiles.
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Figure 1: Q(alAg) volume emission rates perturbed
by GWs (thin lines). Black thick line: initial pnttI«ii
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Figure 2: Blue dashed curve: VIRTIS@A,)

nightglow inverted profile. Black curve: model.

4. Results

Figure 1 shows the fluctuation introduced to the
initial Ox(alAg) nightglow volume emission rate
profile by the GWs propagation, confirming the high
variability observed in the VIRTIS data. In Figw2e

same approach of [4]. This study confirms the high
variability induced by wave propagation in the
Oz(alAg) profiles, as observed in the VIRTIS data.
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