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Abstract

The presence of plasma waves upstream from the Martian bow shock, with frequencies near the local proton
cyclotron frequency in the spacecraft frame, constitutes, in principle, an indirect signature for the existence of
planetary protons from the ionization of Martian exospheric hydrogen. In this study, we determine the "proton
cyclotron wave” (PCW) occurrence rate between October 2014 and February 2020, based on Magnetometer and
Solar Wind lon Analyzer measurements from the Mars Atmosphere and Volatile EvolutioN mission. We characterize
its dependence on several wave and solar wind (SW) properties, and solar longitude ranges. We confirm a previously
reported long-term trend with more PCWs near perihelion, likely associated with changes in exospheric hydrogen
density. Furthermore, we report for the first time a decrease in median PCW amplitude for each consecutive Martian
perihelion. Such variability cannot be attributed to differences in the distribution of SW conditions. This trend could be
associated with changes in solar inputs, foreshock effects, and asymmetries due to the SW convective electric field
influencing newborn protons. In addition, we observe PCWs more frequently for low to intermediate interplanetary
magnetic field (IMF) cone angles, slower SW speeds, and higher SW proton densities. The IMF cone angle
preference likely results from the trade-off between associated linear wave growth rates, wave saturation energies,
and pick-up proton densities. Moreover, the dependencies on SW speed and density indicate the importance of the
characteristic SW transit timescale and the charge exchange process coupling SW protons with the hydrogen
exosphere.
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Instruments (MAVEN)

e MAVEN:the Mars Atmosphere and Volatile EvolutioN mission
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MAVEN MAG and SWIA Observations (MSO Coordinates):

(a) 26 Nov 2018, 16:12:18 - 16:20:50 UT
—lA ‘323 T & T p ’r\' ’\l {‘ = L] L L] . T ) 4()
Case Study : PCW é P AVATAVAVAVAVATAVAVA W\fJ WAV 20§
Event on 2018/11/26 ol Rl A AT
(b)
= 75 T T T T T T T -1.0
e [®1:2018/11/26 16:12:18UT - PP S AVAVAVAVAVTVAVAVASAVARV VAV AVAVACAVAVAVAVAVAVAY, Y =
16:20:50UT TELBIS N F=PCWA " 48 N\/\f\/\/v\/\/\/\/w/v\,vw\/\/v\/\f\/\/\ 5.0 o~
Uk =745 : : : . . L L : -7.0
o RSLSWEEMDMSORSEAE L i
io;rif‘;ﬂ; ﬁfio 3nT., EHIMFIL g v . 'NWMVIJM/WVVVwmﬂm\N; %58
¢ ROIRIEIGHT.SNT. S 3 S ANAWAMAMAV W Y+ =
B0=[2.6,-2.4,0.9] L B Gl ML R WN\ P
o ZDARVIDIGE. FHSWE (d)
FE [£vSW=[-344.0,54.7,3.6]3— eA—r—T—T—T1 1 1 1 | 2.
pﬁ'i3600 i 360 V‘«ﬁvﬂ\’VA«AMNF\fWN 4.0 E
o SWEEOEBIIHSEBERAL 2 2 MWWV 20 =
BiR#EE TS ©) |
o 0/s=0.04TH T MEEHEE o N
E 45 M‘/\\[\’M\,\/\M
7 a0t :
5

16:13 16:14 16:15 16:16 16:17 16:18 16:19 16:20
Time (UT)



X2(a)R1 &R R RS 12F T
BOICEAI D FATROTEEEM T D /N

—IXRGRILE =
E&%i'iﬁaﬁﬁéghzgfjml\n, J_J’& ( ) PSD and MVA of MAVEN MAG Observations: 26 Nov 2018, 16:12:18 - 16:20:50 UT

0] " B 7 a 2
$fc=0.056Hz . ' [T — © o — T
PSD(Bperp] D EIXfeifi Aoa sl T A
0.051Hz(0.91fc) CRAIZAY . FE 10 N T f Q
K THPSD[Bpara] D #928% T \ﬂ/\/\' i3 ﬂ( (\"Li ‘
(b)16:14:50~16:15:44DRE TS L L0 : c i '
— ° oo £ e 0451 L &
{z_:%ﬁeksl;ua.o THEYHIBICEE o ; - < t_\ & E p
() =10 ' FYTIEEAN X
(ZZAM(A1/A2=1.07), F@ERK : g:‘:; ,5' 7,‘:/
(\2/A3=82.52)THY . iEiE L 10°| ::::g:gL]] : -1.05 } \_,}<\\ S /\_J;f‘f' "_7;1,.
5B=0.5nT = e i
oo ) B : -1.35 . . . .
S R R CEEET. LS5 102 107! 10° -1.65 135 -1.05 -0.75 -045 -0.15 0.15

Frequency (Hz) B, (nT)

HEINF-PCWOHEE—H



PCW Selection Criteria
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Tem poral Varlablllty Of PCW (a) PCW Occurrence Rate Upstream from the Martian Bow Shock (Oct 2014 - Feb 2020)
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PCW Main Properties
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Spatial Distribution of PCW Amplitude Upstream from the Martian Bow Shock (HR Groups)
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PCW Amplitude Upstream from the Martian Bow Shock (HR Groups)
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Solar Wind Conditions Favoring PCW Generation
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