
Construction of a Dust Detector for the Colorado Dust Accelerator 

Evan Thomas 

University of Colorado 

REU summer 2009 

Introduction 

 Since the Apollo years, lunar scientists have been left searching for explanations to 

anomalous dust transport on the surface of the Moon, given the lack of wind on the Moon’s 

surface. The Apollo 17 crew observed bright streams extending to about 100 km above the lunar 

surface. These observations were attributed to dust grains, on the order of ~0.1 μm, scattering 

sunlight [McCoy and Criswell, 1974; Zook and McCoy 1991]. Visual observations and 

photographs from the Clementine mission also indicated there is dust at high altitudes in the 

Moon’s exosphere (an exosphere is a very diffuse atmosphere), though there has been no 

definitive proof of this up to now. Further measurements on the lunar surface and remote sensing 

observations suggest that dusty plasma is responsible for the transport of grains from the surface 

[Criswell, 1973; Rennilson and Criswell, 1974]. Future missions like the Lunar Atmosphere and 

Dust Environment Explorer (LADEE) could shed light on the exosphere’s characteristics, but for 

these missions to be successful, a deeper understanding of the dynamics of this plasma and how 

it relates to dust transport is needed. This paper will describe current lunar models as well as 

describe an upcoming dust accelerator experiment, which hopes to uncover key parameters of 

these models, focusing on dust parameter detection. 

 During the Moon’s orbit outside Earth’s magnetosphere, the surface is bombarded with 

Solar wind plasma and UV radiation. The side facing the sun becomes positively charged due to 

photoelectrons leaving the surface and escaping. Because the Solar wind is traveling above the 

thermal velocity of the ions but below the thermal velocity of electrons, there is a “void” of ions 

behind the dark side of the moon, which readily becomes filled in with fast-moving electrons. 

This leads to the dark side becoming negatively charged due to electron collection [Manka, 

1973]. A photoelectron sheath forms above the surface and acts as a diffuse plasma. 

Interplanetary micrometeoroids also impact the surface of the Moon at speeds of around 20 km/s 

[Hörz et al, 1975], which cause cratering and secondary ejecta. These ejecta can be ionized in the 

sheath and can either escape the Moon’s gravitational pull or return to the surface. The exosphere 
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is said to be collisionless due to its diffuse nature, so ejecta from impacts can be approximated to 

have an infinite mean-free path and travel in ballistic trajectories until they either leave the 

exosphere or fall back to the surface [Stern, 1999]. The figure below shows a diagram of this 

process. In this way, a dynamic equilibrium forms between solar wind electrons and ions and 

photoelectrons and ejecta from the surface. 

 

  

 

 

 

 

 

 

 

 

Figure 1: The lunar surface charge equilibrium 

The Apollo Suprathermal Ion Detector Experiment (SIDE) measured the energy of the 

ions at the lunar surface in an attempt to understand the dynamics described above. The 

instrument used a mesh as an artificial ground and collected the ions from solar wind electron 

impacts and photoionization. These energies were used to estimate the accelerating electric field 

between the surface and the instrument, and the electric field was used to estimate the surface 

potential of the Moon. However, the plasma above the surface leads to large uncertainties in the 

surface potential due to the fact that the plasma determines a shielding distance known as the 

Debye length, λD [O’Brien and Reasoner, 1971]. The dynamics of photoelectrons coming from 

the surface, photoionization of gas in the exosphere, and impacts from interstellar 

micrometeoroids need to be understood to truly understand the plasma composing the exosphere. 
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The largest unknowns in this dynamic system are the micrometeoroid impacts and their ejecta. 

By studying the vapor released from the impacts, the vapor’s ionization, and the secondary 

impacts, the source rates of the plasma can be determined, thereby increasing the accuracy of the 

lunar models. 

Experimental Set-up 

 In order to investigate the micrometeoroid impacts, a dust accelerator is being built at the 

Lunar Environment and Impact Laboratory (LEIL), which is part of the Colorado Center for 

Lunar Dust and Atmospheric Studies (CCLDAS) in conjunction with NASA’s Lunar Science 

Institute. The facility will house a 3MV accelerator capable of accelerating dust particles up to 

~50km/s as well as a smaller accelerator used to test new components. 

 

 

 

 

 

 

 

Figure 2: The beamline schematic 

Figure 2 above shows the beamline. Also, the beamline is shown in a larger format in the 

appendix. The beamline description proceeds from right to left. On the far right is the 3MV 

accelerating chamber, labeled Pelletron chamber. A series of potential rings within the Pelletron 

pressure vessel accelerate the dust particle through a focusing electrode (not shown), through the 

first beamline pumping stage, and through x and y steering modules, which puts the particle in a 

rough alignment with the LEIL target chamber. A cryo-pump and a turbo pump (further down 

the beamline) bring the rest of the beamline down to operating pressure. The ion deflector acts as 

a preliminary particle selection unit (PSU), filtering out particles with very high charge-to-mass 

ratios. Next, a series of three particle detectors (a detailed description of which is in the next 
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section), detect the charge and velocity of a wide range of particles coming from the dust source. 

Two of the detectors have very sensitive electronics and the last has less sensitive electronics in 

order to measure a variety of absolute charge levels. The velocity and charge measurements are 

split between the two higher sensitivity detectors, while the lower sensitivity detector measures 

both properties. The PSU contains deflecting plates with a strong electric field between them to 

deflect all particles coming down the beamline. The PSU interprets the signals from the detectors 

and turns off the deflecting plates to let the particles through if the parameters are correct. The 

two meter long line is used in case the LEIL chamber is too big for a particular measurement. If a 

small detection chamber is needed instead, the two meter line can be removed and the smaller 

apparatus can be placed right after the turbo pump. Just as the particle is entering the LEIL 

chamber, one last particle detector measures the properties of the particle for redundancy. 

 

 

 

 

 

 

 

 

 

Figure 3: The detection module of the beamline 

At the end of the beamline is a lunar environment simulation, labeled LEIL chamber in 

Figure 2. This will house the dust targets, as well as additional UV and plasma sources and a 

suite of diagnostics. Figure 3 above shows a diagram of the proposed setup. The vapor released 

from the impacts will be measured with a time-of-flight mass analyzer. The analyzer will be 

placed close to the impact site and the angular/energy distribution of the vapor will be measured 

over a wide range of particle sizes and impact energies. Bayard-Alpart (BA) gauges will also be 
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placed close to the impact site and will measure the ionization of the released vapor. In order to 

measure the secondary ejecta, photomultiplier tubes (PMTs) will be arranged similarly to the BA 

gauges and will measure the impact flashes. When the secondary ejecta reach the PMTs, a 

second flash or series of flashes occur. By measuring the time delay, one can obtain a velocity 

distribution and by measuring the intensity, one can measure the mass by the empirical 

relationship I = Cm
1.25

v
5
, where I is the intensity of the flash and C is characterized by the target 

material [Eichhorn, 1976]. Apart from vapor and secondary ejecta, the detection module will also 

measure photoelectrons near the artificial lunar surface as well as simulated solar wind electrons, 

as these are important parameters of the plasma. Langmuir probes are a tool to measure low 

energy plasmas [e.g. Brace, 1998] and will be used by performing a sweep of the probe potential 

from ion and photoelectron saturation to electron saturation. The resulting I-V data can then be 

split into contributions from photoelectrons, solar wind electrons and ions, and photoemission 

from the probe. 

 

Figure 4: Cutaway 

of particle detectors 

 

 

 

 

 

 

Dust Particle Parameter Detection 

 As mentioned above, the beamline contains detectors which detects not impacts, but 

instead detects the charge and velocity of a dust particle in flight. Three concentric conducting 

cylinders function as the detector, as shown in Figure 4 above. A charged dust particle enters the 

end of the innermost cylinder and an image charge forms on the cylinder’s surface. This image 
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comes through a grounded circuit, which sits in between the two outermost cylinders, and these 

cylinders perform the function of shielding. A small circuit board connects the surface of the 

innermost cylinder to the detection electronics and carries the image charge. The total charge 

accumulated on the surface is exactly equal to the charge of the dust particle, so by amplifying 

the number of charges coming from the ground, one can obtain a measurement of the particle’s 

charge. A typical output waveform is shown in Figure 5 below. The signal output from the 

detection electronics contains a characteristic peak-to-peak amplitude from the ground level to 

the start of the signal (a rise time of roughly 100ns) and a particular width, which will give the 

dust particle’s charge and velocity, respectively. Figure 6 shows the peak-to-peak amplitude. By 

calibrating the output, the PSU can use the signal to admit only particles which lie within 

prescribed ranges to the target chamber. With the charge and velocity determined, one can use 

the relationship 

     Energy = qV = (1/2)mv
2
     

Given that the accelerating voltage is known and the velocity is simply determined by the 

residence time of the particle in the fixed-length detector, the mass of the particle is easy to solve 

for. At this point 

in the particle’s 

path, all relevant 

information is 

known. 

 

 

 

 

Figure 5: Output waveform for an input pulse of around 140mV 
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Figure 6: The peak-to-peak amplitude of output signal 

  

 

 

 

 

 

 

 

 

 

Figure 7: The schematic of the detection electronics 
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Now we will describe the detection electronics in more detail and refer to the circuit 

schematic shown above. The circuit will be explained from left to right. The input pulse comes in 

through the left input, labeled LSP1; however, in order to test the circuit, there are two capacitors 

that charge and discharge as a square pulse is applied to the input labeled “test1”, which 

simulates the pulse nature of the actual signal. For an input pulse of 30mV, a charge of roughly 

1.5 x 10
-14

C builds up on the capacitors, which translates to about 93,600 electrons. These 

electrons represent the amount of electrons that will accumulate on the surface of the cylinder in 

a real signal. A FET is used in the feedback of an A250 charge sensitive preamplifier chip, which 

prepares the raw signal to be amplified. It has been shown that the A250 chip significantly 

increases the signal-to-noise ratio of the circuit when compared to competing charge sensitive 

preamplifiers [Srama and Auer, 2008]. Next, the signal goes through a low-pass filter followed 

by a high-pass filter removing the highest and lowest frequency noise and any DC bias the A250 

has placed on the signal. A 10x amplification inverting op amp increases the signal’s amplitude 

to more practical levels and a high-speed buffer amplifier provides a driving force for the signal 

along 50Ω lines due to its low output impedance. All power supplied to this circuit is DC and 

filtered through low-pass filters to provide the ICs with a very clean voltage supply. These 

components create a clean, unambiguous signal that the PSU can use in the next stage of the 

beamline. Careful attention must be paid to all sources of noise, since these detectors are meant 

to be sensitive to extremely low signals (~20,000 electrons and above). 

Preliminary Calibration 

 A preliminary calibration has been performed on the first version of the detection 

electronics and calibration curves are shown in Figures 8 and 9. The calibration process 

proceeded as follows. A digital oscilloscope connected to the output of the circuit read in the 

signal as well as the output from the pulse generator. This pulse was split between the 

oscilloscope as well as the LSP3 input on the circuit board (the test input). The peak-to-peak 

voltage mentioned in the previous section was averaged for both the input and output signals and 

the input signal was varied over a wide range to give a broad data set describing the behavior of 

the circuit. While taking data, it became clear that the behavior of the circuit called for two 

separate fits over two ranges of inputs. The low input voltage range seemed to behave linearly, 

while the high input range behaved quadratically. It was then possible to take the output from the 

circuit, plug it into the fit and obtain the unknown input voltage. However, the input voltage 



T h o m a s      P a g e  | 9 

 

quantity itself is not the charge of the particle. In order to know this information, the capacitance 

needs to be known. Since the calibration was performed using the capacitors from the LSP3 

input, the capacitance is assumed to be about 0.5pF.  

 

 

 

 

 

 

 

 

 

 

Figure 8: Low input voltage preliminary calibration data and fit 

 

 

 

 

 

 

 

 

 

Figure 9: High input voltage preliminary calibration data and fit 
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The relationship Q = CV gives the charge directly from the fit quantity. In practice, an 

analysis of the capacitance of the circuit as a whole is needed to use this relationship; however, 

such an analysis has not yet been performed. In the near future, a more precise calibration of the 

circuit will take place using much more sensitive tools than the digital oscilloscope used in this 

preliminary calibration. This more in-depth analysis will also include the uncertainties inherent 

in the calibration process. Another important measurement of the circuit is the noise level.  

Conclusion 

 The construction of this accelerator allows for the possibility of having a true simulation 

of the lunar surface environment. The measurements of the vapor, ejecta from micrometeoroid 

impacts, and the measurements of the plasma will reduce current uncertainties in exosphere 

models by shedding light on the biggest unknown in the models: the source rates for the plasma. 

These improved models will not only be interesting from a purely scientific perspective; they 

also have practical applications in the design of instruments used to measure lunar surface 

properties. The parameter detection electronics are ready for rigorous calibration so the PSU can 

interpret the output signal with small uncertainties, leading to a precise measurement of the dust 

particle’s charge. With this new facility, many calibration opportunities for future space 

instruments present themselves, like the calibration of the dust detector onboard LADEE, making 

CCLDAS a key partner in NASA’s long term lunar goals. 
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Appendix 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A1: The beamline schematic 
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