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Identifying atmospheric waves and solar wind impacts in the Martian atmosphere
and ionosphere
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Atmospheric gravity waves (GW) are ubiquitous features of planetary atmospheres. They act as “conduits” to transport
energy and momentum between different regions, and they affect a variety of atmospheric processes from mixing of minor
species to momentum balance, thermal balance, and dynamic circulation. These waves achieve far larger amplitudes in the
Martian thermosphere than are typically observed at Earth. Thus, at Mars such waves may play an even more important role
than they do at Earth. Without a strong magnetic field, observations of ions at Mars also commonly reveal features of GW
that frequently track those in the neutral atmosphere. However, the solar wind (SW) is also capable of producing fluctuations
or irregularities in the ions that may have wavelengths similar to GW and can confuse such an analysis unless data from both
ions and neutrals are used simultaneously.

Here we identify characteristics of both atmospheric waves and SW induced fluctuations seen in MAVEN observations of
the Martian thermosphere and ionosphere. We applied the Neutral Gas and Ion Mass Spectrometer (NGIMS) aboard MAVEN
measures both neutral and ion densities during the period from 2015 to 2020 for five years. The wavelike fluctuations of
neutrals, CO2, No, O, and ions, O2F, CO,™", O™, are identified by the polynomial fit to the individual profile altitudes from
160 and 240 km. The two-fluid model has been used to identify properties of GW and acoustic waves (AW). For each
set of NGIMS observations orbit by orbit to both the neutrals and ions, we search through the range of possible GW/AW
frequencies, wavelengths and see if they can fit the observed density fluctuation amplitudes and phases.

Based on the analysis of 68 characteristic cases, we demonstrate that atmospheric waves do not explain the fluctuations
attributed to impacts of the SW. In at least some cases, this transition is consistent with the increasing gyro/collision
frequency ratio along the height. We then present the occurrence rates of these SW impacts, their relationship to the solar
wind itself, and spatial distribution across the planet. In a wide survey, we see currently unexplained behavior both at night,
and especially near dusk over the stronger crustal magnetic field features. Although the basic process might be understood by
analogy in the Earth with a stronger intrinsic magnetic field, we would like to deepen our consideration from a comparative
planetary perspective.

KRBENIE, BERGHICEBINCEELTED, TR LY —MlBR T Bk 2 5 EHEBRE T 2788 2 LT
B, WEBERDTDES, EFE - BANS U2, KROMERETHA BRGS0 RICHELZRIFT, Zh o KRKIEFHELL
WK EBE TR T RINCBII XN 2 X D B EOICKERIRENBR N TN D, E-oT, KETIFHIERED X5
WCEEREE ZH o TWAAHENED D 2, HMOBHEATEE LW E T, AR PERR e X BIERilE R
FTIEMRBWN, —HT, PRV LICED, FHEL2LDOKGEPEZ AL —RTHPEZARICHEIES I
TEHAROES TPTHAMEEZERL S 2, 207D, KEBHETIITEL S 250D 5 DM H & OB EHE
WA > TEFMHRENTE D, ZOMEMNNREEECYID 5B EEERED /- DIFEETH 5,

AHZE TR, KK EEEHRE MAVEN I & 2 K EREEREBN T — X 2 VT RED 5 ORKIEE) & FiHd 65Dk
RIS & 2450 &5 ORBEH S 2012 %5, MAVEN I8 & N7zt - 4 4V EE9Hes NGIMS % W 2015 4
5 2020 £ 5 FEMICEBIE N 7=AME COaN.,0 & 4 4> 0,7,C0,T,0F OBEBELR D 2N T 2, 2h2h0
BELE 2 1E. S 160~240 km O 4 DBLETH LN ZEESMICH L TEZENX 7 4 v M2k i35, BRlcH S
NFEELR I LT, SHRABIEE S AR KRS 2 2 2 T, KKENE - BROREZRET 5, BHlX - BELE)
DIRIE & (AH % FiRARTRE 2 KGR ORI SE M A2 #iPH CHIAC & 2 R i3 %,

AR 72 68 Bl 7 — X &R L 72558 H 6. KEFEUCEER 3 2 BELK 2 I ZTMIKE 7V % v 72 K&RIRE) CLlEEE D
OPRENWI ERFIHTEIENTER, ZOBE. - 442 e OFERBEARIZICE S v 4 AR XD ERT
BIGE. BBV AV h Y TU Ik D, BEERKTICA SN EELIP AR UL KK IEE Tt
HT2ZeMWTE, —HTY v A nABERDPERT 28551, BHEASKIFEOEILALNS Z D, PO
DD —ATHERTEIENTEZ, RICEDZBLDTFT—XEHWT, KEEEEr OBR, ZR91HP SZA Ik7EFEH: 72
AR RIS 2T L, ZOREE, K. FICEWHIERIGHE G 4 B, KRKIEEI TSI D 22 2 WiR
BZENNALND IR bh oz, X DEVEGRGE R OHIRICE T2 7 e TEANR o RI3HEFETE S L
EZTWDBD, HEREZMNCEZRED TOE N,



