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Three-dimensional study of Mars upper thermosphere/ionosphere
and hot oxygen corona:

1. General description and results at equinox for solar low conditions

[Valeille et al. 2009 (a)]
2. Solar cycle, seasonal variations, and evolution over history

[Valeille et al. 2009 (b)]

Neutral Upper Atmosphere and lonosphere Modeling (5E®M —&f)
[Bougher et al. 2008]
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1.Introduction

2010
Valeille et al.,2008(Bougher et al.,
2006b)
Chauffrey et al., 2007 (Krasnopolski, [ Solar HIGH
2002) B Solar LOW
Cipriani et al., 2007 (Kim et al.,
1998)
Cipriani et al., 2007 (Krasnopolski,

2002)

Krestyanikova & Shematovitch, 2005
(Kim et al., 1998)

Models (thermospheric inputs)

Hodges, 2002 (Kim et al., 1998)

Kim et al., 2001 (Kim et al., 1998)
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1.Introduction
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2.Model

W EE/EEETT L (MTGCM)

~600 km
300 kmE EE THMF
HRIEE SR T—ILINA TR
~200 km
IR B FE
MchCM ) . -CO2 mHl - EE
7')5%4775*52_&% - “EUV }]u%ia, %Eﬁ'it
S HERBE5° x 5° x AT —IL/\1{k ¥a
‘NIR Inzh -FEFEE
- FILER
A S 70 km
s -TRERORE/RRIFEERE
FEAZETIL(MGCM) TR ORI EE
AR A AN HEE (MGS)

Hh R



2.Model

B 5B ET )L(DSMC)

3 Rm
IR5E DSMC
-Hot OD £ B KIS EUTAHILAYZaAL—23Y
— M EES

(0*ZE LT ODELEILVTGCM Unstructured Mesh

M SDOE R SEH) S BREE  5°x5°x 1/3 SH
BURDEHAE

3 RvE CElE

. 200 km

*Hot / Cold 0D & #E Structured Mesh

HIRED21E DFREE: 5°x5°x4 km (B 3)

135 km



3. Spatial variation

[Valeille et al. 2009 (a)]




3.Spatial variation
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3.Spatial variation
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3.Spatial variation
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3.Spatial variation
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3.Spatial variation
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3.Spatial variation

o4 gl 3
A A LR (EBK)
2.2x10%% 1

(FE1THAZE1.5 x10%4 572
[Chaufray et al. 2007])

$

ERRENT-0"NT R TEGELTH.
ﬁggﬁﬁ%ﬁé‘:;éﬁ E@% STIE(e!
(6.0x10%5 s1) kY —HTLL_E/NELY 7

log(ionization, s™) _ .
2.2 2.7 3.2

1.7

Fig. TRB DO A R E (s71) 53 fh[Valeille et al. 2009(a)]



3.Spatial variation
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4. Temporal Variation
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4. Temporal variation
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4. Temporal variation
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4. Temporal variation
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4. Temporal variation
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4. Temporal variation
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4. Temporal variation
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4. Temporal variation

W45 i

RADKERBICETH0EEE
FENE B FI265
X578 #I6fE

BEDKIEGFHFluxIZEH050REE 1L : $I915
IRE-BEDKRE ZAEITHL T, KEmEEE/E

&F Iib\ﬂﬁf%&t\
—BEDKIEBEDERZICIKRGFR/ZEHDZENDLE

-3.5 GyrRIT D BUE & [F£95.7x1026s 1
—IJKDlossITE L T10 miRE




Table 4. Variations in Magnitude and Spatial Distribution for Thermospheric/Ionospheric and Exospheric Parameters due to Seasons,
Solar Cycle, and History"

Season (~2 yr)

Solar Cycle (~11 yr)

History (~3.5 Gyr)

Temperatures® (AT)
Spatial distribution®
Exobase height (Az)
Spatial distribution®
0 dcnsity‘l (n/n0)
Spatial distribution®
[on peak height (Az)
Spatial distribution®

Electron density® (n/n0)

Spatial distribution®

O density (n/ng)
Spatial distribution®

O escape (¢/pp)
Spatial distribution®

O production (x/xo)
Spatial distribution®

Variations in the Thermosphere

small (20 K)
important

moderate (15 km)
important

moderate (x1.7-1.8)
important

moderate (12 km)
important

small (x1.2)
important

moderate (100 K)
none

moderate (15 km)
none

moderate (x1.8-2.0)
none

none

none

moderate (x1.5-1.6)
none

Variations in the Exosphere

small (x~1.2)
small

small (x1.6)
small

small

moderate (x3)
none

moderate (x3-4)
none

moderate (x4-5)
none

important (190 K)
small

important (50 km)
none

important (x 13)
none

none

none

important (x2.4)
none

important (x 14)
small

important (x6-9)
none

important (x~160)
none

“Seasons, comparing aphelion to perihelion; solar cycle, comparing solar low to solar high; history, comparing epoch 1 to 3.

PResults for neutral temperature could be extended to electron and ion temperature if they are assumed tied Fox et al. [1995, also private communication,

2008].

“Spatial distribution refers to the angular distribution around the planet in the frame associated with the Sun.
ICo, density and O mixing ratio can be inferred from the results for O density.

At the ion peak rather than at the exobase altitude.



