;

WP
‘. p g ’.!.

Model insights into energetic 4; N
photoelectrons measured atMars’ -

by MAVEN

S. Sakai, A. Rahmati_D. L. Mitchell, T. E. G
S. W. Bougher, C. Mazelle, W. K. Petersg
J. M. Fontenla, and B. M. Jakosky

Geophys. Res. Lett., 42, 8894- 8900
doi:10.1002/2015GL065169




Introduction
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Model description

- J—RNEf
* Photon energy deposition code

« BEWET OtEF) DAEREZEEEIXRILF—0DE
#He UTEE
 Inputs: KIF7 2 v 7 X, HERIEE

« Two-stream electron transport code
c REFDTYTTIVIR, FIVT7IvIA%HE
o Inputs: KXEFERE, FMHERK - BEFEE




Solar flux model

* Heliospheric Environment Solar Spectrum Radiation (HESSR)
model

« Solar Irradiance Physical Modeling (SRPM) system
* e.g., Fontenla et al. [2011]
* http://www.galactitech.net/hessrdata/Mars/Spectra/
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« S¥E&: 0.05-7.0 nm for d\ = 0.05 nm
2.0-160.0 nm for dA. = 1.0 nm
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« Based on Bougher [2012] and Bougher et al. [2009 & 2014]



Two-stream model
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« Suprathermal electron transport model

£=—Enk (O’ +plo ) £, +Enk ‘old® SS)+q(£,s)
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cos a: pitch angle, o.*: total inelastic collision cross-section for a neutral species k, p,< and s:
electron backscatter probability and the cross-section, p % and ¢ *: elastic collision probability
and the cross-section, q: photoelectron production rate due to direct photoionization, g*

electron production ratedue to cascading from higher energy by inelastic collisions




Coordinate system

o BANDIREEZR (IHIHR)
* Apex: 100 km

It's not to scale.
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Results

Electron energy spectrum
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Electron energy flux, E =25 eV
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Comparison with SWEA

MAVEN/SWEA 2015-04-01 01:31:44
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Comparison with SWEA
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MAVEN/SWEA 2014-10-15 14:28:49
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Comparison with SWEA
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MAVEN/SWEA 2014-10-19 06:06:00
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Summary

KRESGERIDOEEFOIRILXF—T v IR Z2HE

A —ITEEF (250-500eV) DT TV U XiE 1-2nm OKG 7
w2 X |CEEE

10eVIUATOREFIRILF—T T v I AIEEHBEETF
PERK[EFEE E DL ICKE

50eV U EDOHREFIRILF—T TV I LI —AEFPE]X
R (OKEEEE)) ICRE

CNSDETILEEIZ, MAVEN OFELRZEANS, KBE

EUV - XUV Z X ETEEB - 1B ORT X)X —[CTHhT S L
STHEMLTTOCADELLIEEICEENTES

[_LIJ JI
Ek}

BEE




AUEN

Mars Atmosphere and Volatile Evolution Mission
CU/LASP o GSFC « UCB/SSL « LM o JPL

References

Bougher, S. W. (2012), Coupled MGCM-MTGCM Mars thermosphere simulations and
resulting data products in support of the MAVEN mission, JPL/CDP report, pp. 1-9, 6
Aug.

Bougher, S. W., A. Valeille, M. R. Combi, and V. Tenishev (2009), Solar cycle and

seasonal variability of the Martian theremosphere-ionosphere and associated impacts
upon atmospheric escape, SAE Int. J. Aerosp., 4(1), 227-237, doi:10.4271/2009-01-2396.

Bougher, S. W., T. E. Cravens, J. Grebowsky, and J. Luhmann (2014), The aeronomy of
Mars: Characterization by MAVEN of the upper atmosphere reservoir that regulates
volatile escape, Space Sci. Rev., 182, doi:10.1007/s11214-014-0053-7.

Dennerl, K. (2002), Discovery of X-rays from Mars with Chandra, Astron. Astrophys., 394,
1119-1128, doi:10.1051/0004-6361:20021116.

Fontentla, J. M., J. Harder, W. Livingston, M. Snow, and T. Woods (2011), High-

resolution solar spectral irradiance from extreme ultraviolet to far infrared, J. Geophys.
Res., 116, D20108, doi:10.1029/2011JD016032.

Fox, J. L., M. |. Galand, and R. E. Johnson (2008), Energy deposition in planetary
atmospheres by charged particles and solar photons, Space Sci. Rev., 139, 3-62, doi:
10.1007/s11214-008-9403-7.

Gan, L., T. E. Cravens, and M. Horanyi (1990), Electrons in the ionopause boundary
layer of Venus, J. Geophys. Res., 95, 19023-19035, doi:10.1029/JA095iA11p19023.



Auger electrons
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O+hv—=0"+e¢

O™ —=0" He | (~0.999 branching ratio, Auger electrons)

O™ —=0"+hv (~0.001branching ratio, Auger X —ray)
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