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Abstract

Unlike Earth, Mars does not possess iatrinsic dipole magnetidield, therefore,
the solar winddirecly interact with theionosphere and upper atmosphere of Mars
leading to thdormationof variousplasmaboundariesincludingthe bow shock (BS),
the magneticpile-up boundary (MPB)the photoelectron boundary (PEBnd the
ionopaus. Although the basic knowledge about the Aglars space environment
have beenestablishedseveral decades agtheir detailed structures, especially the
long-term variations still need further investigation due to the lack of direct and
continuous observation$he Mars Expresspacecrafimneasurs the electron density
and electron energyy the Analyzer of Space Plasmas and Energetic Atoms
(ASPERA3) and theMars Advanced Radar f@ubsurface and lonospheric Sounding
(MARSIS) experimentsrespectively, providing direct observationgtod solar wind-
ionospherenteractionwith the longest, global and higasolution

MARSIS has collectednore than threenillions of ionograms sincés antennas
were deployed in the summer of 200%ordertor et ri eve t he el ectron
Ne(h), of the Martian ionosphere from the topside ionogrampropose a method of
ionogram inversionThe newinversion technique is developed from Tithet g e’ s
method by replacing the prior polynomials with empiricathogonal functions
(EOFs), which are estimated from the archivdgh) observation by the radio
occultationof Mars Global Surveyor (MGS). The Eéfased technique has achieved
quick convergence and good stability. is concluded that the newly developed
method is an alternative tool for the analysis of MARSIS ionograms.

We derived ~305,000 peak altitudes from MARSIS ionograms during 2005
2009 with theEOFbased technigyeand foundthat thepeak altitudes are mostly at
130 km and their halfhickness is 10 km.

We have determine 2018 ionopause crossingand 11514 PEB crossings
respectively,from MARSIS and ASPERA3 observations during 2065013 and

found that the average positiohthe PEB appeato be ~200 km higher than that of



the ionopause, which correspend 10° cm® in the electron density profile. The
discrepancy can be explained by cross field transport of photoelectitmmsesults

also show thathe average altitudef the PEB/lonopausmcreases with the crustal
magnetic fieldsas a logfunction and tends to saturate 3@ nT. The PEB/lonopause

altitudes depend slightly on tI8ZA but do depend on the longitude and latitude.

We havealsodetermined8500 BS crossingand10800 MPB crossinggom the
ASPERA3 observationsainda large variability otheir positiors with respect to any
mean modealis observed at Mar§\e also derived the average position and shape of
the BS and MPB usingonicsectionfitting and found hat the new modelsonfirm

thosederived previouslyrom smaller dataset

Key words Mars, MEX, MARSIS, ASPERA3, Martian ionosphere MARSIS
ionogram, ionogram inversioBS, MPB, PEB, lonopause, Martian crustal

magnetizations
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