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Introduction: Dust charging and transport on air-

less planetary bodies, due to the exposure to the solar 
wind plasma and solar radiation, has been a long stand-
ing problem. This process has been hypothesized to 
explain a number of unusual space observations [1]. 
The first evidence was the so-called lunar horizon 
glow, which was suggested to be caused by levitated 
dust particles scattering off sun light. Since then, many 
other observations, such as the radial spokes in Sat-
urn’s rings and the “dust ponds” on asteroid Eros and 
comet 67P, have also been suggested to be the result of 
the electrostatic dust transport processes. 

However, the exact charging and transport mecha-
nisms remained unsolved for decades. Recent laborato-
ry studies have greatly advanced our understanding 
[1,2]. A “patched charge model” (Fig. 1, top) was de-
veloped and validated with the experiments. It explains 
that emitted photo and/or secondary electrons can be 
re-absorbed inside microcavities formed between dust 
particles, causing the accumulation of surprisingly 
large negative charges on these particles. The resulting 
repulsive force ejects them off the surface.  

 

 

 

Fig. 1 Top: Patched charge model; Middle: Trajecto-
ries of lofted dust particles under UV radiation; Bot-
tom: Time lapse of surface mobilization under UV ra-
diation. 

In our laboratory experiments, micron-sized dust 
particles were observed to lift off the surface to several 
centimeter high by exposure to ultraviolet (UV) radia-
tion or energetic electrons (Fig. 1, middle). It was 
shown that dust movement can change the surface 
properties (Fig. 1, bottom), such as surface morpholo-
gy and porosity. These laboratory experimental results 
showed that electrostatic dust transport can be an effi-
cient process in shaping the surfaces of airless bodies, 
redistributing surface materials, and altering space 
weathering effects. 

In-situ measurements are necessary in order to es-
timate the true contribution of electrostatic dust 
transport to the evolution of regolith surfaces. These 
measurements will provide an insight into their effects 
on the regolith physical properties and near-surface 
dust environments around airless bodies. In addition, 
these measurements will 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 currently under development by the Dust 
BUSTER student team at the University of Colorado. 
CEDA is a 6U cubesat with an integration of a 2U dust 
sensor. This instrument measures the charge, velocity, 
mass of lofted dust particles, and provides 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 
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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).  

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 
landing position. The cubesat will be tilted for larger 
field-of-view (FOV) using miniature linear motion 
actuators (mLMA). Solar wind plasma and UV radia-
tion 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.  

CEDA can be deployed from a mother spacecraft to 
hard land on an asteroid or deployed on the lunar sur-
face with soft landing. The mother spacecraft orbiting 
the object also provides the communication relay be-
tween 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 
unresolved planetary phenomena. Recent laboratory 
studies have shown the supportive results for its oc-
curance on airless planetary bodies. In-situ measure-
ments enabled by CEDA will verify and better charac-
terize this phenomenon and its effect on the surface 
processes of airless planetary bodies and their near-
surface dust environments as well as potential dust 
hazards to future robotic and human exploration. 
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