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Proton cyclotron waves (PCWs) generated upstream of the Martian Bow shock (BS) have been studied in detail in terms of
Mars-solar wind interactions since the first observation by Phobos-2 (Riedler et al., 1989; Russell et al., 1990, 1992) because
they could have a significant impact on the ionosphere. In the presence of newborn pickup protons resulting from Mars’
hydrogen corona extended beyond the BS and solar wind protons, the resultant proton velocity distribution function is often
unstable to drive the electromagnetic ion/ion right-hand (RH) and left-hand (LH) resonant instabilities (Gary, 1991, 1993;
Romeo et al., 2021). The dominant mode of the two depends on the angle between the solar wind velocity and the inter-
planetary magnetic field (cone angle), among other plasma parameters. For instance, the LH (RH) instability is predominant
for large (small to moderate) cone angles (Gary, 1991). When the excited waves are observed in the spacecraft reference
frame, their frequencies are Doppler-shifted due to the relative motion between the spacecraft and the solar wind, and these
waves resulting from both instabilities are left-hand and elliptically polarized with a frequency close to the local proton gy-
rofrequency (Romanelli et al., 2013; Romeo et al., 2021). Case studies based on Mars Atmosphere and Volatile EvolutioN
(MAVEN) revealed that the PCWs are advected back to the BS by the solar wind flow, and ring” the induced magnetosphere
as the associated pressure pulses drive compressive magnetosonic waves in the ionosphere at an ultralow frequency (ULF)
similar to that of the upstream PCW (Collinson et al, 2018; Fowler et al., 2018, 2021). Furthermore, if the waves propagate
to altitudes at which planetary heavy ions (mainly OF, O, ™) are dominant components, the waves are thought to be capable
of heating these ions via wave-particle interactions (Andersson et al., 2010; Ergun et al., 2006). Indeed, Fowler et al. (2018,
2021) reported some events in which MAVEN presumably observed wave-heated ions.

However, since there have been few analyses based on multi-point observations of the upstream of the BS and the iono-
sphere, the probability at which the upstream PCWs drive the new ULF magnetosonic waves in the ionosphere (defined as
ringing probability in this study) has not been derived yet. Accordingly, it has been also unclear how much the ringing process
contributes to long-term Mars’ atmospheric loss.

In this study, we estimate the ringing probability by analyzing multi-point observations of local magnetic fields based on
MAVEN and Mars Express (MEX) obtained between October 2014 and December 2018. First, we identify a number of
events in which the Mars Advanced Radar for Subsurface and Ionosphere Sounding (MARSIS) instrument on board MEX
operated in the ionosphere while MAVEN confirmed the PCWs with its magnetometers in the upstream region. Then, we
estimate the local magnetic field magnitude at MEX for each event from ionograms obtained by MARSIS (Akalin et al.,
2010; Gurnett et al., 2005), and automatically identify whether compressional fluctuations were detected in the ionosphere at
frequencies close to those of the upstream PCWs, thereby estimating the ringing probability.

As of this writing, we have completed analyses for 99 orbits of MEX and the results show that the ringing probability is
about 30% on the dayside (SZA <80 [degree]) and about 23% just above 200 — 300 km on the dayside, at which the ULF
waves can heat planetary ions (Ergun et al., 2006; Fowler et al., 2018). In this presentation, we will report the results of the
analysis with an increase in the number of orbits to about 130. In addition, we will discuss the global ion escape rate possibly
driven by the ringing process in the context of previous studies such as Andersson et al. (2010), Ergun et al. (2006), Fowler
et al. (2018, 2021), and Romeo et al. (2021).
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