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Vortices and Dust Devils As Observed by the MEDA Instruments onboard Mars 2020 Perseverance
R T ———
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ABSTRACT

s An important and perhaps dominant source of dust in the martian atmosphere, dust devils play a
s key role in Mars’ climate. Datasets from previous landed missions have revealed dust devil activity, constrained
+ their structures, and  clucidated their dust-lifting capacities.  However, cach landing site
©  and observational season exhibits unique meteorological properties that shape dust devil activity and
5 help illuminate their dependence on ambient conditions. The recent release of data from the Mars Environmental
w  Dynamics  Anmalyzer  (MEDA) instrament  suite  onboard  the  Mars 2020  Persoverance
u Tover promises a new treasure-trove for dust devil studies. In this study, we sift the time-series from MEDA's Pressure
w  Sensor (PS) and Radiative and Dust Sensors (RDS) to look for the signals of passing vortices and dust devils. We
u detected 309 vortex encounters over the mission’s first 89 sols. Consistent
w with predictions, these encounter rates exceed InSight and Curiosity’s encounter rates by factors of several. The
= RDS also allows us to essess whether a passing vortex is likely to be dusty
n (and therefore is a true dust devil) or dustless. We find that about one-third of vortices show signs
4w of dustlofting, although unfavorable encounter geometries may have prevented us from detecting dust
w  for other vortices. In addition to these results, we discuss prospects for vortex studies as additional

» data from Mars 2020 are processed and made available.

Keywords: Planetary atmospheres (1244), Mars (1007)

1. INTRODUCTION
# The Mars 2020 Perseverance rover landed on 2021 February 18 (L, = 5.6° — http://www.tinyurl.com/MarsClock) at
5 the Octavia E. Butler Landing site within Jezero Crater on Mars (18.4447° N, 77.4508° E). The primary goals of the
% mission are to seck signs of extant and extinct life and collect rock and soil samples for a future return to Farth by

% acquiring imaging, and other to Martian soils, rocks, atmosphere, and other
% aspects of the environment (Farley et al. 2020). To address these goals, the rover carries seven scientific instruments, as
= well as a sample acquisition and caching system.

» These instruments include the Mars Environmental Dynamics Analyzer (MEDA) suite consisting of sensors to
»  measure environmental variables — air pressure an (the pressure an sensors, PS and
w  ATS respectively), up/downward-welling radiation and dust optical depth (via the Radiation and Dust Sensor RDS),
w  wind speed and direction (wind sensors 1 and 2, WS1 and 2), relative humidity (via the humidity sensor HS), and

% ground temperature (via the Thermal Infrared Sensor TIRS). This combination of powerful, accurate, and precise
»  instrumentation will enable novel investigations of atmospheric processes on Mars, ranging from estimation of the

% near-surface radiation budget on sub-diurnal and longer timescales to exploration of the role of dust in thermal forcing
% to investigation of the wind stress thresholds for driving aeolian transport (Rodriguez-Maniredi et al. 2021).

» Small-scale, dry, and dust-laden convective vortices, dust devils act as a key if ephemeral aeolian transport mechanism
% on the surface of Mars, lofting perhaps as much or more dust than any other mechanism on Mars (Fenton et al. 2016).

% Observations of martian dust devils go back to the Viking mission (Thomas & Gierasch 1985; Ringrose et al. 2003),
% and they appear frequently in imagery from landed and orbiting spacecraft (Murphy ct al. 2016; Fenton & Lorenz
w  2015). As a boundary layer phenomenon, they also register in meteorological datasets collected both on Mars and the
“  Earth. These signals come in the form of short-lived (few to tens of seconds), negative pressure excursions (AP < 1%
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