Rosetta and Mars Express
observations of the influence of
high solar wind pressure on the
Martian plasma environment
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Martian plasma boundary
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Figure 1. Cartoon of the global Martian solar wind interaction. Orange shading indicates density
of planetary neutrals. Blue indicates relative density of solar wind ions in different plasma regions
{labeled in black). separated by different plasma boundaries (labeled in magenta). Boundary names
in this figure are those specific to MGS literature.

Brain et al., [2006]



Empirical model of the Martian BS & MPB
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B o :-h;::_"::d (20001 Table 1. Best Fit Comic Section Parameters of the MPB From This Study as Well as From the Studies by Fignes et al [2000] and
A T - Tratignar 2 al. [7006] Trotignon et al. [2006]

. . Study by X [Ry) € LRy Ras [Ru] N

= M PB This smdy 0.86 £ 0.11 092 +0.03 0.90 + 0.06 1.33 £0.15 993

Fignes et al. [2000] 0.78 £ 0.01 0.90 % 0.01 0.96 + 0.01 1.29 + 0.04 488

Trotignon et al. [2006] (x = 0) 0.64 + 0.01 0.77 + 0.01 1.08 + 0.03 1.25 £ 0.03 901

Trotignon ef al. [2006] (x < ) 1.60 1009 + 0.003 0.528 & 0.012 901

*N is the number of MPB crossings.

Table 2. Best Fit Conic Section Parameters for the BS Obtained in This Study, as Well as in the Studies by Fignes ef al [2000] and
Tiotignon et al. [2006]

T
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r o
Study by Xo [Ru] £ L [Ruf] R [Ruf] N
BS This study 0.55 £ 0.12 1.05+ 0.04 2.10 £ 0.09 1.58 + 0.18 619
:')l Fignes et al. [2000] 0.64 & 0.02 1.03 £+ 0.01 204 £ 0.02 1.64 + 008 450
Trotignon et al. [2006] 0.6 1.026 < 0.002 2.081 + 0,006 1.63 + 0.01 700
“M is the number of BS crossings.
1 [Vignes et al., ; 2000, Trotignon et al., ; 2006, Edberg et al., ; 2008]
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Mars Express (MEX) spacecraft
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Table 3

Performance of the NP1, NPD, ELS. and IMA
Parameter ELS IMA
Particles to be measured Electrons lons
Energy range, keV per charge 0.01-20 0.01-36
Energy resolution, AE/E 0.08 0.07
Mass resolution N/A 1,2,4,16,20,...,80 amu/g
Intrinsic field of view 10° x 360° 90° x 360°
Angular resolution (FWHM) 10° % 22.5° 4.5° % 22.5°
G-factor/pixel, em? se 7% 1073 35% 107
Efficiency, e, % Inc. in G Inc. in G
Time resolution (one scan), s 32 1960
Mass, kg 0.3 22
Power, W 0.6 35
2 Upper cut-off of the deflector system. .
b Full energy—elevation scan. Barabash and Lundln, [2006]

Analyzer of Space Plasma and Energetic Atoms (ASPERA-3) 6



Rosetta spacecraft
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Parameter

falue

Ion Electron
Sensor (IES)

Energy range

Energy resolution ( AE/E)
Field of view

Resolution: electrons
Resolution: ions

{in solar wind direction)
Temporal resolution (3D)

leV/ie to 22keV/e
0.04

90~ = 360~

¢ = 22,57

59 = 45°

5% = 57

1285

Langmuir Probes (LAP)

Plasma density

-3 & _3
lecm™ to 10° cm—

Electron temperature 100K to 107 K
Plasma drift velocity to 10km s~
AC electric field to 8kHz
Spacecraft potential +32V
Magnetometer (MAG) Range +16384nT
Digital resolution 3pT
Sampling rate 20Hz

Carr et al. [2007]

Y



Orbit Configuration
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Fig. 1. Boundary crossing locations and orbital geometry dunng the Rosetta Mars swingby. The panels show all BS (diamonds) and MPB
(stars) crossings observed by MEX durning 24-27 Febmary 2007, projected onto (a) the y-z plane and (b) in cylindrical coordinates together
with the average BS (dotted line) and MPB (dashed line) as well as (c) the trajectory of Rosetta in cylindrical coordinates (black solid line)
together with best fits of the MPB (dashed line) and BS (dotted line) from Trotignon et al. (2006). A part of the MEX orbit is shown in
panels (a) and (b) (black line). The vertical bars in panel (b) indicate the mean extrapolated terminator distance and standard dewviation of the
BS and MPB crossings from Edberg et al. (2008). The positions of the crossings are adjusted to account for the 4° aberrated solar wind flow
caused by the orbital motion of the planet with respect to an average solar wind speed of 400kms— L



Observation
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Observation
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Cause of the asymmetries (1)
IMF (Bsn); quasi-parallel or quasi-perpendicular ?
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Cause of the asymmetries (2)
Convective Electric field (Econv);
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Cause of the asymmetries (3)
magnetic field anomaly (MA);
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lon outflow (1)
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lon outflow (2)
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Possible explanation
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Comments
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Back up & Appendix



I NStTrument — asPerA-3 1on Mass Analyzer : IMA)

Azimuth angle 360 [ded]
(16 sectors)

Elevation angle
+/- 45 [ded]
(16 channels)

Top Hat Analyzer

Acceleration
or

~ Energy 96 steps

Magnetic || N /&
separator
=
. u fh'ass E
= IE.
PE — 1
High VD-HEQE Magnatm sapamlnr cross saction
| Mass ring 32 channels

IMA Cross Section ; Barabash et al. (2006)

IMA Performance table ;
10 — 30000 [eV]
1, 2, 4, 16, 32, 44, ..., 80 [a.m.u.]
FOV : 90 X 360 [deq]
192 [sec] in full 3D scan
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IMA field of view obstacle
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Figure 1. Schematic figure of the IMA Ton Mass Analyzer on the Mars Express spacecraft. Indicated
are the spacecraft coordinate system and the field-of-view of one sector of the instrument at no
deflection and at 45° away from the spacecraft.
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