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Introduction:  Electrostatic dust charging and 

transport on airless planetary bodies, due to the expo-
sure of their regolith to the solar wind plasma and solar 
radiation, has been a long standing problem. This pro-
cess has been hypothesized to explain a number of 
unusual space observations [1]. The first set of evi-
dence was from several Apollo observations, including 
the so-called lunar horizon glow, the high-altitude ray-
pattern streamers reported by the astronauts, and the 
low-speed dust impact events registered in the Lunar 
Ejecta and Meteoroid Experiment (LEAM) instrument. 
Since then, observations of other airless bodies, such 
as the radial spokes in Saturn’s rings and the “dust 
ponds” on asteroid Eros and comet 67P, have also been 
suggested to be casued by the electrostatic dust 
transport processes. It has remained an open question 
to understand its role in shaping the surface properties 
of the the Moon and other airless bodies. 

However, one fundamental problem about the exact 
charging and transport mechanisms remained unsolved 
for decades. Recent laboratory studies have greatly 
advanced our understanding [1,2]. In the laboratory 
experiments micron-sized dust particles were lofted to 
several centimeter high by exposure to ultraviolet (UV) 
radiation and/or plasmas (Fig. 1).  

 
 

Fig. 1 Left: Trajectories of lofted dust particles under 
UV radiation; Right: Patched charge model. 

A new “patched charge model” (Fig. 1) has been 
developed and validated with the experiments. It ex-
plains that emitted photo and/or secondary electrons 
can be re-absorbed inside microcavities formed be-
tween neighboring dust particles, causing the accumu-
lation of surprisingly large negative charges on these 
particles. The resulting repulsive force between them 
ejects the dust particles off the surface. These experi-
ments also showed that electrostatic dust transport can 
be an efficient process in shaping the surfaces of air-
less bodies, such as the surface morphology and poros-
ity, surface materials redistribution, and alteration of 
space weathering effects, providing a new paradigm 
for the surface formation and evolution. 

Based on these laboratory results, electrostatic dust 
transport is  a surprisingly fast and efficient process.   
However, its true contribution to reshaping regolith 
surfaces can only be tested by in-situ measurements in 
space. These measurements will provide an insight into 
their effects on the regolith physical properties and 
near-surface dust environments around airless bodies, 
such as the Moon. In addition, these measurements 
will estimate and evaluate the potential dust hazards 
and enable the development of mitigation strategies for 
future robotic and/or human exploration.  

Instrument and Mission:  A new dust instrument, 
called the Cubesat Electrostatic Dust Analyzer 
(CEDA), is under development at the University of 
Colorado. CEDA is a 6U cubesat with an integration of 
a 2U dust sensor deployed on the surface of the Moon 
or other airless body. This instrument measures the 
charge, velocity, mass of lofted dust particles, and pro-
vides their lofting rate that estimates the efficiency of 
the dust transport process. 

 
Fig. 2 Cut-view of the 2U dust sensor. 

The design of the dust sensor is based on a proto-
type of the Electrostatic Lunar Dust Analyzer (ELDA) 
[3]. The sensor consists of two identical Dust Trajecto-
ry Sensors (DTS) each on one end of the sensor and a 
Deflection Field Electrodes (DFE) unit lying in be-
tween the two DTS, as shown in Fig. 2. A charged dust 
particle can enter the sensor from either end. The 
charge and velocity are measured with two arrays of 
the wire electrodes in the DTS on which the image 
charge of the dust particle is induced. The charged 
particle will be then deflected by the DFE and exit 
through the second DTS on the other end. The mass is 
derived from the deflected trajectory. The charge sig-
nals are measured using the Charge Sensitive Amplifi-
ers (CSA).  

3066.pdfDeep Space Gateway Science Workshop 2018 (LPI Contrib. No. 2063)



The 2U dust sensor will be integrated in the 6U cu-
besat (Fig. 3). CEDA has a symmetric design so that 
the dust sensor measurement is independent of the ran-
dom landing positions. The cubesat will be tilted for 
larger field-of-view (FOV) using miniature linear mo-
tion actuators (mLMA). Solar wind plasma and UV 
radiation are blocked by door covers. The tilted side 
and open door are away from the Sun which position is 
determined by the sun sensors.  

 
Fig. 3 Schematic drawing of CEDA. It includes the 6U 
cubesat system with an integration of the 2U dust sen-
sor.  

With the landing support, CEDA can be deployed 
from a robotic lander or rover, or by astronauts on the 
lunar surface. The Deep Space Gateway will be used 
as a communication relay between the CEDA and 
Earth to command the spacecraft and downlink the 
data. 

Summary:  Electrostatic dust charging and 
transport has been suggested to explain a number of 
planetary phenomena including several lunar observa-
tions. Recent laboratory studies have shown the sup-
portive results for its occurance on the Moon and other 
airless bodies. The Deep Space Gateway provides a 
great opportunity for conducting in-situ measurements 
on the lunar surface. These measurements will verify 
and better characterize this phenomenon and its effect 
on the lunar surface processes and near-surface dust 
environment as well as potential dust hazards to future 
robotic and human exploration. 
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