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Abstract

The Mercury’s Sodium Atmosphere Spectral Imager (MSASI) on BepiColombo will address fundamental scientific questions pertain-
ing to the Mercury’s sodium exosphere. Together, our measurements on the overall scale will provide ample new information on rego-
lith–exosphere–magnetosphere coupling as well as new understanding of the dynamics governing the surface-bounded exosphere. We will
compare the four different source mechanisms in preparation for modeling MSASI data and show the feasibility of identifying a process.
� 2007 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Mariner 10 made the first measurement of Mercury’s
atmosphere during the 2 flybys in 1974 and 1975. The ultra-
violet spectrometer discovered three constituents: H, He,
and O (Broadfoot et al., 1974). On the other hand,
ground-based observations found the exospheric constitu-
ents of Na (Potter and Morgan, 1985), K (Potter and Mor-
gan, 1986), and Ca (Bida et al., 2000). Among already
known species, sodium is the most detectable and has been
most intensively studied. Later observations revealed sig-
nificant changes of brightness with time and space. Time
variations related to solar activity (Shemansky and Mor-
gan, 1991), Mercury’s heliocentric position (Leblanc and
Johnson, 2003), magnetospheric ion precipitation (Potter
and Morgan, 1997a), and solar particles (Potter et al.,
1999) were reported. As for the spatial asymmetry, Sprague
et al. (1997) found that average column density of Na
atoms in the morning is higher than that in the afternoon
by a factor of 3, and Kameda et al. (2007) observed that
the rate of change in the sodium density at low latitudes

was quite different from that at high latitudes. Sprague
et al. (1998a) suggested that ejection of Na atoms from
the surface by the sunlight is the cause of the asymmetry.
In the morning, there are larger amount of Na atoms,
which were implanted on cold surface during the night.
Most of Na atoms start to eject from the surface at the ter-
minator of the morning. On the contrary, in the afternoon
most of Na atoms on the surface have already been
exhausted except at rough terrain areas in high latitudes
regions.

2. Mercury’s atmosphere

Sodium atoms in the exosphere may possess multiple
velocity distributions that reflect the release mechanisms
from the surface rock, e.g., (1) photon-stimulated desorp-
tion (McGrath et al., 1986; Yakshinskiy and Madey,
1999; Madey et al., 2002), (2) charged-particle sputtering
(Potter and Morgan, 1990, 1997b; Potter et al., 1999; Killen
et al., 2001), (3) micro-meteoroid impact/vaporization
(Morgan et al., 1988; Killen et al., 2001), or (4) thermal
desorption (Hunten and Sprague, 1997, 2002; Sprague
et al., 1997; Leblanc and Johnson, 2003). Each process
seems to be a source for the vapor Na in the Mercury’s
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exosphere. The spatial distribution in the exosphere is dif-
ferent, depending on the initial speed.

We first provide insights on the sodium density distribu-
tion in Mercury’s surface, on the morphology of Mercury’s
exosphere with respect to heliocentric position and phase
angle, and then perform 3D Monte Carlo simulation in
each mechanism.

2.1. Thermal-stimulated desorption (TSD)

Thermal desorption is also quoted as an important
mechanism of production for Mercury’s Na exosphere
(Hunten and Sprague, 1997, 2002; Sprague et al., 1997;
Leblanc and Johnson, 2003). They suggested that this
mechanism could dominate the production of Na into the
exosphere. This conclusion has been partly demonstrated
by solar occultation observations (Schleicher et al., 2004),
showing the strong morning/evening asymmetry that is
associated with hot to cold migration and therefore the
potential importance of thermal desorption. The identifica-
tion of the morning/evening asymmetry is essential to dis-
cern this process.

The temperature of the surface TS depends both on the
solar zenith angle and on the solar photon flux intensity.
On the dayside

T S ¼ T 0 þ T 1 � cosðlongitudeÞ � cosðlatitudeÞð Þ
1
4

h i

� ð0:306=RobsÞ2

with T1 = 125 K and T1 = 600 K. On the nightside;
TS = 125 K. This formula is used in Killen et al. (2004).
The subsolar point is placed at latitude and longitude
equal to zero. The initial Na concentration in Mercury’s
surface (Fig. 1) is set to 3.975 · 1012 atoms/cm2 (Killen
et al., 2001). A grid of 72 · 36 cells with equal surface area
is defined to describe Mercury’s surface density distribu-
tion. At each time step and for each cell, a spatial position
in the cell and the probabilities of a test-particle to be

ejected at the position by thermal desorption are chosen
randomly.

The motion of a test-particle in the environment of Mer-
cury is driven by the gravity of Mercury and the Sun and
by the solar radiation pressure that depends on the instan-
taneous heliocentric radial velocity of each atom. Since Na
atoms are ejected from Mercury’s surface mainly as neu-
trals, magnetic and electric effects are not considered. Col-
lisions with other particles are also neglected.

The region of thermal desorption domination is incon-
clusive. There are analogies between lunar and Mercurian
atmosphere. Based on the observations of Na and K in
the lunar atmosphere, Sprague et al. (1992) concluded that
the atmosphere only in the subsolar region is dominated by
thermal desorption, and in all other areas, the photo-
desorption is dominant process. On the other hand, Hun-
ten and Sprague (1997) mentioned that, at Mercury, day-
side temperatures are so high that the region of thermal
desorption domination is larger than that of the moon.

3. 3D Monte Carlo simulation

The distribution of the neutral atmosphere is strongly
affected by solar radiation. The shape and size of the exo-
sphere could change depending on true anomaly angle
(TAA). Here we show the results of 3D Monte Carlo sim-
ulations in each mechanism at TAA = 0� where the effect
of solar radiation becomes small and at TAA = 60� where
the effect becomes large. A photo-ionization determines
neutral Na lifetime in the exosphere. It changes from
4.5 h at perihelion to 19.4 h at aphelion in the case of the-
oretical estimation at low solar activity.

3.1. Photon-stimulated desorption (PSD)

It is known that physical processes and ejection thresh-
old for Na atoms as the photon-stimulated desorption
(PSD) are very similar to those as the electron-stimulated
desorption (Killen and Ip, 1999). A laboratory experiment
of the electron-stimulated desorption simulating ejection of

Fig. 1. The Na density distribution in Mercury’s surface at TAA = 0� (left panel) and TAA = 60� (right panel). The centers of each picture mean subsolar
point, horizontal axes do local time and vertical axes do latitude.
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