2004 Electron Outflow at Mars
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Introduction

Object — Determine the number of electrons created by

ionization of solar 30.4 nm Hell which escape Mars.

lon Escape

o Total Phobos-2 at Solar Max: 3 x 102° s-1 [Lundin et al., 1989,1990]

o Total MEX at Solar Min: 6-60 x 1023 s-1 [Dubinin et al., 2006]

O

O

CO,* scaled from Phobos-2: 4 x 1024 s [Carlsson et al., 2006]
O* from MEX: 1.6 x 1023 s™!

O,* from MEX: 1.5 x 1023 s1

CO,* from MEX: 8 x 1022 s-1 [Barabash et al., 2007]



30.4 nm Photoionization of Carbon Dioxide

X*T1, ionization potential 13.8 eV—27.0 eV electron

) A’I1, ionization potential 17.7 eV—23.1 eV electron
CO,+hv—CO,+e :
B“X " ionization potential 18.1 eV——22.7 eV electron

C"x, ionization potential 19.4 eV——21.4 eV electron
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[Padial et al., 1981]



30.4 nm Photoionization of Atomic Oxygen

'S jonization potential 13.62 eV—— 27.16 eV electron

O+hv— 0+ ¢ ’D ionization potential 17.10 eV—— 23.68 eV electron

’P ionization potential 18.50 eV—— 22.28 eV electron

TADDG189_AGU

[Mantas and Hanson, 1979]



Mars Express Sample Orbit

MEX position every 10 min. Cylindric coordinates. Orbit 4439
Pericenter at 2007-06-19 15:45:04
Start at 2007-06-19 12:23:30 End at 2007-06-19 19:06:42
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19 June 2007 lonosphere Plasma
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20071170 15:25 15:31 15:37 15:43 15:49 15:55 16:01
SZA (deg) 104.64 88.70 69.20 46.78 24.09 9.87 21.08
PdLat (deg) -49.34 -65.40 -84.24 -71.79 -48.21 -26.08 -1.25
PdLon (deg) 80.84 82.73 108.60 242.64 24751 24810 247.83
SolTime (hr) 1.59 7.20 11.96 12.38 12.55 12.66 12.66
SolLat (deg) -73.98 -85.77 -69.19 -46.50 -22.73 -0.67 17.99
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19 June 2007 Tail Plasma
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2007/170 19:31
SZA (deg) 148.15
PdLat (deg) 56.31
PdLon (deg) 12.11
SolTime (hr) 0.50

SolLat (deg) 31.06
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lonosphere and Tail Electron Spectra
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2004 Distinct Photoelectron Statistics

Jan 05, 2004 — Jan 25, 2005

Fraction of Spectra showing Photoelectron
Measurements from ELS Sector 3
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81,575 measured spectra less than 1.5 R,,,,. and below average MPB position

7,331 Photoelectron spectra less than 1.5 R, and below average MPB position

ELS measured distinct photoelectron spectra 9% of the time
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Tail Area at 1.5 R

Mars

o R, ., = 6700 km (average MPB position)

m

o R, = 2850 km (min measured position)

mi

o Annular Area = 1.16 x 1018 cm?



Electron Flux Integration Details
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Escaping Electron: 5,74 x 10° electrons/(cm?2 s sr)

Uncertainty: 1.26 x 1026 electrons/(cm?2 s sr)



Angular Measurement Range

Measurements typically between 1
and 3 ELS sectors.

Average angular area (2 ELS sectors):
0.4/8 = 0.235 sr



Conclusion

Electron Outflow

Yearl
Electron . Angular , Escape Y
= Measured
Flux Flow Area )
Fraction
= 5.74x10° * 0.478 *  1.16 x 10*® * 0.09

= 2.85 + 1.53 x 1023 electrons/s

2004 Electron loss = 15 = 8 Mmole
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