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Introduction:  The possibility of flying an exter-

nally mounted instrument on the Deep Space Gateway 

(DSG) to measure small particles in a halo orbit close 

to the Moon presents a unique opportunity for both 

scientific investiagtions and spaceflight safety and 

engineering. Small objects around the Moon are main-

ly meteoroids, rather than space debris, which is con-

centrated closer to Earth. Thus, concerning small parti-

cles, the environment for the DSG is more instructive 

with repect to the environment that will be encoun-

tered on the way to Mars, as opposed to the environ-

ment closer to Earth. Measuring meteoroids with suffi-

cient statistics requires a large area-time product for 

the sensor. The time aspect is well covered by the 

DSG, as it provides a persistent platform in space. 

Achieving a large sensitive area generally requires 

large physical structures and is thus resource intensive. 

However, a novel instrument concept that uses a light-

sheet to create a “virtual witness plate” allows large 

sensitive areas without requiring a physical structure to 

support it.  

In the following we briefly discuss the science op-

portunities for a Lightsheet Meteoroid Detector and 

outline the sensor concept, including the expected 

spacecraft resources for the sensor.   

Science Opportunity:  The solar system contains a 

thick circumsolar disk of dust and meteoroids (inter-

planetary bound particles with diameters between 30 

m and 5 cm) known as the Zodiacal Cloud (ZC). Cur-

rent dynamical models suggest that the ZC is mainly 

formed from products of asteroid break-up events 

(ecliptic dust bands [1]), cometary activity and disinte-

gration [2, 3, 4]. Solar radiation effects, specifically 

radiation pressure and Poynting-Robertson drag [5], 

and the gravitational effects of planets act as sinks for 

the ZC meteoroids and dust particles on timescales of 

hundreds of thousands or millions of years. The exist-

ence of the present ZC suggests that a balance between 

the sources and sinks in the solar system is maintained 

and the currently observed ZC contains relatively 

young material that is formed in a significantly 

evolved system, posing a contrast to recently observed 

circumstellar disks around young stars such as Beta 

Pictoris [6]. Understanding the nature of the ZC sheds 

light onto the history and evolution of our Solar Sys-

tem as well as extra-solar planetary environments [7, 

8, 3, 9, 10]. 

Planetary bodies and satellites sweep through the 

ZC while they move along their orbital path experienc-

ing a constant bombardment of particles. For the case 

of bodies with atmospheres, these particles heat up as 

they interact with an increasingly dense atmosphere, 

decelerate, and ablate most of their material in the at-

mospheric aerobraking region, and introduce species 

such as magnesium, sodium, and iron [11, 12, 13]. For 

airless bodies, such as the Moon, meteoroids impact 

their surfaces with all their kinetic energy producing 

secondary ejecta and ionized and neutral vapor clouds, 

which are the sources of their exospheres [14, 15]. 

And thus, besides understanding the origins and for-

mation of the Solar System, studying meteoroids pro-

vide insight on planetary atmospheres and exospheres. 

 

Finally, for airless bodies, missions like the Lunar 

Atmosphere and Dust Environment Explorer 

(LADEE) and the MErcury Surface, Space Environ-

ment, GEochemistry, and Ranging (MESSENGER) 

have shown recently that meteoroids play a major role 

in space weathering and material removal from airless 

bodies [14, 15, 16]. 

Despite the recent development of dynamical mod-

els and new results brought by space missions, many 

properties of the ZC are not yet understood. The flux 

and density of meteoroids with a diameter of >10 m 

at different places in the solar system is virtually un-

known. This information is a critical part of any dy-

Figure 1: Basic concept of the Lightsheet Meteoroid 

Detector 
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namical model of the ZC, which enables an absolute 

calibration for the solar system as a whole. This criti-

cal gap in our knowledge results from a lack of obser-

vations and prevents us from accurately estimating 

fluxes of meteoroids of a wide range of sizes at any 

place in the solar system and ultimately developing 

predictive capabilities. New observations, specifically 

in the mass range above 1 μg (>100 μm in diameter), 

will directly contribute to new predictive capabilities 

for possible hazards for all space missions in the solar 

system, modeling of impacts of meteoroids on surfaces 

of airless bodies in the solar system like Mercury, the 

Moon, and the icy moons of giant planets, and as-

sessing the contribution of meteoroids to metal layers 

in planetary atmospheres.  

To improve over Pioneer data which has the largest 

area interplanetary particle detector flown to date, we 

have to achieve a sensitive detection area of more than 

about 0.57 m2, corresponding to an effective lightsheet 

disk of about 0.44 m radius. According to Grün et al. 

[17], a 1 m2 collecting area would allow the detection 

of about 30 particles with a mass of >1 μg (diameter of 

>100 μm) per year at 1 au.  

Instrument Concept:  A lightsheet is created us-

ing a collimated light source and a conic mirror, as 

shown in Figure 1. When a particle penetrates the 

lightsheet, it scatters light and a portion of that scat-

tered light is detected using a camera and wide-angle 

(fisheye) lens [18]. The camera continuously views the 

scene and can be read out at a slow cadence, e.g. every 

second (1 Hz). The detected signal is then used to 

count and locate the objects. To be counted, the de-

tected signal has to be large enough to be identified 

over the instrumental noise sources, such as read noise, 

and dark current shot noise. The lower size limit of the 

detectable particles is determined by the brightness of 

the light source, the distance of the scattering event to 

the center of the lightsheet, the distance to the detector, 

the particle albedo, the trajectory angle, and the parti-

cle speed. The viewing direction information from the 

recorded image, together with the known light sheet 

geometry is used to determine the location of the parti-

cle. For larger objects and smaller distances to the 

camera, the detected signal also provides information 

on the particle size and shape. The lightsheet can be 

viewed as a virtual witness plate that does not need 

any mechanical structure to support it.  

To avoid false detections due to high energy parti-

cles or cosmic rays, which can create similar signals 

within the detector, one can, e.g., form two redundant 

images on the detector.  Variations of this concept can 

be implemented depending on the science focus. For 

example, one can use two lightsheets to reconstruct the 

particle trajectory direction from the two scattering 

events. 

Spacecraft Resources: The Lightsheet Meteoroid 

Detector can be implemented with different perfor-

mance parameters, tailored to the specific science fo-

cus. For this abstract we baseline a 1 m2 sensitive area 

for particles of 100 μm in size and above. Note that 

closer to the center of the lightsheet, smaller particles 

can also be detected. Using these assumptions we es-

timate an instrument power of about 40W, a payload 

mass of about 3 kg and a total payload size of about 10 

cm x 10 cm x 30 cm. The lightsheet generation does 

not have to be at the same location as the camera. The 

data rate depends on how much image processing is 

performed on orbit. Ideally, only images with a poten-

tial detections are downlinked, which would limit the 

data rate to about thirty CCD images (~2 Mbytes each) 

per year, but realistically, more data is desired to allow 

for verification of on-orbit algorithms and, at least at 

first, the ground analysis of all potential particle detec-

tions.  
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