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Abstract 

The Mars Advanced Radar for Subsurface and 

Ionosphere Sounding (MARSIS) onboard Mars 

Express (MEX) and the Shallow Radar (SHARAD) 

onboard Mars Reconnaissance Orbiter (MRO) suffer 

from severe degradation in the ground reflection 

signal almost every time a solar energetic particle 

(SEP) event strikes Mars. The most notable case 

occurred in September 2017, when the signals of 

both radars were completely absent for several days 

(Figure 1) [1]. The cause was likely the precipitation 

of SEP electrons of a few tens of keV that are 

believed to produce a lower ionospheric layer within 

the collision-dominated atmosphere which can 

absorb the radar signals. In this study, we go one step 

further and evaluate when and under which 

conditions this absorption layer appears and its main 

properties for the lifetime of both the MEX and MRO 

missions. 

1. Radar signal attenuation 

It is well established at Earth that energetic electron 

and proton precipitation can produce enhancements 

of the lower ionospheric layers, the D and E layers, 

which then absorb radio signals. At Mars, previous 

studies have shown that different phenomena, such as 

meteoritic showers, CMEs, corotating interaction 

regions (CIRs) or SEPs, can result in radar absorption 

both on the nightside and dayside due to a rise in the 

electron density of the low ionosphere [1, 2, 3, 4, 5, 

6]. However, no spacecraft has ever directly 

measured these lower altitude ionospheric layers, and 

the source of ionization that is able to produce a 

continuous 10-day radar blackout on the deep 

nightside of Mars remains unknown.  

In this study, we start from the level of attenuation 

that the MARSIS and SHARAD radar signal suffered, 

and after considering the radar frequencies, the 

appropriate electron-neutral collision frequency of 

the nightside atmosphere, and the altitude deposition 

of the SEP particles, we indirectly estimate the 

properties and possible shape of the ionospheric 

absorption layer created by space weather electron 

precipitation.  

2. Case Study September 2017 

The Active Region (AR) 12673 at the western limb 

of the solar disk emitted a X8.2-class flare on 10 

September 2017, and released a powerful Coronal 

Mass Ejection (CME). SEP electrons (20-200 keV) 

started to arrive at Mars 3h later, and ions (20 keV-6 

MeV) 6h later.  

While the radar blackout lasted at least ~10 days for 

MARSIS, it lasted only ~3 days for SHARAD 

because radio absorption processes are frequency-

dependent. SEP electrons were present during the 

entire period of the radar blackout and therefore 

suggests that precipitating energetic electrons, rather 

than ions, were responsible for the creation of a 

lower nightside ionospheric layer that absorbed the 

radar signals [1]. 
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Figure 1: (a) MAVEN-EUV irradiance observations 

of wavelength 0.1-7 nm. (b) MAVEN-SEP ion 

differential flux spectra. (c) MAVEN-SEP electron 

differential flux spectra. (d) Each symbol denotes 

when MARSIS and SHARAD were in operation. 

Empty symbols designate the cases when the surface 

was observed, and filled symbols when was not 

observed. The exception are green diamonds that 

indicate the times when SHARAD observed a highly 

blurry surface [1]. 

3.  MARSIS and SHARAD radio 

blackouts during for the last 15 

years 

In order to understand whether the characteristics of 

the September 2017 blackouts are typical, we repeat 

the same process for the entire life of MEX and 

MRO missions.  

The length of the events seem to be consistent with 

the length of the SEP electron particles precipitating 

into Mars’ atmosphere (at least for the time that 

MEX and MAVEN missions coincided). On average, 

the length of these events is 7 days, which is much 

larger than the typical duration of a blackout at Earth 

(~minutes/hours). This indicates a clear different 

ionization mechanism for both planets, as we will 

assess.  

In addition, these blackouts do not seem to have a 

preferred location or time of the day to occur, having 

been observed at both day and night sides, as well as 

in both the Northern and Southern hemispheres.  

4. Conclusions 

Taking advantage of a larger dataset during 

over the lifetime of both the MEX and MRO 

missions, we evaluate when and under which 

conditions this absorption layer appears and its 

main properties. As it is leading to the loss of 

radar signals at least between 5 and 20 MHz, 

the outcome of his work will allow better 

assessment of high frequency radar 

performance during future space weather 

events. 
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