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Investigations of the Local Time dependence of Mercury’s sodium exosphere based on
numerical simulation
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Mercury has the surface bounded exosphere similar to that of the moon. So far six atmospheric species are identified b
space and ground-based observations: one of them, sodium, was discovered by the ground-based optical observation as the n
prominent component [Potter and Morgan,1985]. According to several ground-based observations, various characteristics abo
the spatial and temporal distribution of Mercury’s sodium exosphere have been identified. One of these has been called as loc:
time (LT) dependence (dawn-dusk asymmetry or diurnal variation, etc.) of Mercury’s sodium exosphere [Sprague et al.,1997
Barbieri et al.,2004; Schleicher et al.,2004]. This is sodium exosphere’s non-uniformity for LT at low-latitude regions, for
example, it is suggested that sodium column density at the dawn side region is larger than that at the dusk side region and amot
of sodium exosphere is largest at not the noon but morning region. In addition, it is inferred that the LT dependence is affectec
by sodium atoms having low release velocity because the dependence is identified near Mercury’s surface. Some explanatio
for this dependence are proposed; thermal desorption, depletion of sodium atoms at Mercury's dayside surface, the affectic
of solar radiation acceleration, the effect of recycling, and so on [Sprague et al.,1992; Hunten and Sprague,2002; Leblanc ar
Johnson,2003; Potter et al.,2006]. However, so far, there have been few researches that quantitatively discuss causalities of 1
LT dependence.

We have investigated the origin of Mercury’s sodium exosphere based on a numerical simulation. This time, we have focuse
on the local-time dependence of Mercury’s sodium exosphere in order to understand production and loss processes of lo
release velocity component of the exosphere. As a concrete method of the investigation, we compare a model sodium exosphe
simulated from the Monte Carlo method with observation results [Sprague et al.,1997].

In this simulation study, the motion of atmospheric atom is resolved as the restricted three-body problem (Sun, Mercury, anc
a sodium atom) and time evolution of atoms released from Mercury’s surface is calculated using the four-order Runge-Kutte
method. Release speed of sodium atoms is determined according to the velocity distribution function of each release mechanis
(e.g. desorption, sputtering, etc.) and release direction is determined with the Monte Carlo method. As an initial step of this
investigation, we adopted the photon-stimulated desorption process as the release mechanism, because released sodium at
by the process have low-velocity and the dominant component in the dayside atmosphere near Mercury’s surface according
precedent studies [McGrath et al.,1986]. Moreover, we assumed that amount of sodium atoms supplied to Mercury’s surfac
always exceeds that of released atoms from the surface. As the result of comparison between a model exosphere calculated ba
on these assumptions and observed results, the model could not meet with the observations. It is suggested that, therefore, sc
additional mechanisms or effects, especially balance of supply and release for sodium atoms, should be considered. Followir
these results, we have investigated the LT dependence further by adopting new models considering non-uniformity of sodiur
atoms supplied to Mercury’s surface and thermal desorption which is one of release mechanisms causes increase of sodit
column density at dawn side region [Sprague et al.,1992; Hunten and Sprague,2002].

O00000oooooooooi197000000000000 MarinerlOQOOODOOOOO0OOODOOOOOO
gooboobooboobooboboobooboboobooboobDbOooboobbooboboobooboobboOon
0000000000000 0000O00ODOD0O0OD0OD0DDDDDMessengel Bepi-Colomboad 000000 O0O0OOO
gooobbboobbbbooooobbobbboooooooobooboo

0000000000 0D0oO0000oDoOo000DDODO0000DO0000 (NOODODDODDODDOoOoO0oDoOoDoOO
ooooboboooboobobooobobooobUoboo0obo0UoUbDobDUooboboobooDoobDoOobUooo
goooboo0oooOoboOo0bDO00oO0obO00oO0bOoUoDOOobOOUObDUOOOONaDOODOODOODbDOODOODOO
gooboobogbooboobobobboobuooboobooboobboobobooboobuoobDbOobLbOon
gooobbbboooooobobbboodooub bbb bbog

O000000NaOOOOODOODOOO0O0O000D0O0D0O000Local Time(LT)YO OO (0000 O 0O Odiurnal variation)d
000000 (Sprague et al.,1997Barbieri et al.,2004 Schleicher etal.,2008)0 00 NaO O OO LTOOOOOOOO
O0000OO0DO0oO0O0Oo LTooooOo LtTO NeDOODODOOODODOOOOODOODOODOODOODODOOO
gooooboobooboooooooboobooboobuooboobbOoboboobooboobbooLbOon
oooOoO NaOOOOOODODOOOOODODOOOLTOODOOOOOODODOOODOODODOODOODOOO
OO0 (@00)ODODD NaOOODODODOOODOOOODDODOOsodium photoionrecycling 000000000000
(Sprague et al.,1992 Hunten and Sprague,2002_eblanc and Johnson,2003otter et al.,2006) 0 00 00000000



boboobobooooboooobobooooboobooobooboobooooboOoboooon
ooboooOoNaODOOODODOOOOOOOOOODDODOODODOODOODODOODOODOODOODOODOODO
ooobO NaDOO LTOOOOOOOOOOOOOOOOODOOOOOO0oOOONaODOOODOODOODOOODOO
0000000000000 0000000O0OD0000000O0O0OD00O0 NaODOODOODO Spragueetal.(199) 000
obooooOoboooooon
oo0o0oOo00oobOoO00obOOo0ooooOoOoooDOboO00oDOo0o0oDOo0oobOONaOODODODOoOoOOoOoooOoooooo4
ubooooboobooooooobobobooooooooboboboooooobOobobooobooooboOon
gobooobooboooobooooooooooooboooooooobooOooooobOooobOooDbOOoOoboOon Nad
0000000000000 0000000O0O000000000000ODOD0O0000000000000 (0 1km/4])
ONaOOOOOOOOOOOOOOOOOOODODOOOOOOOOOODOOOOOOOOODOOOOOOOODOO
OO0 (Spragueetal.,1997) 0000 smearingd 000000 NaOOOOOOOOOOOOOOOOOOOOOOOO
bobooboobobobooooooboobobooooobooooboboboooooOobooboOobOooooooon
goooooboooboobobOoboobobooboooooboooooooDobDobDobooboboooooDoDoDOg
gboooboobooooboobobobo LwrobobobooobobooboobooboboobobooooD
ooooooboooo0oOoooooo0ooooobooO0ooooOobOoO0bOOoOOoOOobODOoDOUbOODOUOOg NagO
oooooooooobooooooooobooOoooooooOoooooOoDbOO00oOoooOoooooDoOo LTOODOOooon
O0ooo0oooO0o00oooObO0o0oooOo0o0ooO0oNaODOoooooOOO LTOOODOODOOODODOOOODOODOOOOD
goooooLrTooobooooooooooobooooboboooog



