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Figure 1. 3 MV dust accelerator installed at in the CCLDAS Lunar Environment and Impact Laboratory.  
The accelerator is used to simulate the effects of dust impacts with speeds >> 10 km/s for micron sized 
projectiles. The facility will be also used to test and calibrate plasma and dust instruments, including the 
Lunar Dust EXperiment  (LDEX) for the LADEE mission. The facility is now operational and available for 
the lunar community for impact studies. 
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preparation lab” as well as a meeting room equipped with a videoconferencing system for remote 
meeting participation. 
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Figure 3.  The design of an ‘in-line’ dust detector to measure the charge and the velocity of a dust particle 
(left) with a photo of a working detector (right), for in-flight selection of a desired dust mass and velocity. 

  
Figure 2. The design of the dust source that enables the injection of highly charged dust particles for 
acceleration (left) with photo of the working dust source (right). 
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Figure 4.  20 kV “mini-accelerator” for use in component testing 
and dust-source preparation. 
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Figure 5.  The Lunar Environment and Impact Laboratory chamber exterior (left) and interior (middle) 
housing a dust-trajectory instrument for testing.  This impact chamber will house UV, electron, and ion 
sources to simulate the variable plasma conditions on the lunar surface, and will act as a target chamber 
for the dust accelerator. The UHV (right) chamber, designed for experiments of impact products, where 
ultra-high vacuum conditions are required. 
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Figure 6. Potential distributions 1mm above the surface across the beam/shadow boundary with three 
energies (left). Images showing dust transport into shadow with the beam energy at 80eV. The labels 
indicate the time elapsed after turning on the beam (right). 
!
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Figure 7. Experimental configuration for dust transport in a half-pipe. Two dust patches are in orange 
color. The red arrowed-line shows the emissive probe track for the potential measurements (left). Images 
of dust transport in the half-pipe with the beam energy at 80 eV. The labels indicate the time elapsed after 
turning on the beam (right).  
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Figure 9. Magnetic field 
configuration in a small 
chamber. 
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Figure 10. Vertical potential profiles above the surface in the magnetic fields (left).  Horizontal potential 
profile along the magnetic field lines (right). 
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Figure 11: The photoemission experiments 
are conducted in a vacuum chamber having 
UV sources at 170 nm. Initial work is done 
with a 50 cm dia. Zr surface that is beneath 
grids that are biased to define planar potential 
surfaces. The photoelectron plasma is 
measured by a Langmuir probe and the 
electrostatic potential is mapped by the 
emissive probe. The grids are biased to repel 
spurious electrons from the chamber walls 
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2'! .6*.! E,! 8*-! 6*D,! *! 20//787,-.(G! 24*((! 1,HG,! 267,(+7-M! +72.*-8,! Ue>@! 84V! 7-! '0)!
,\5,)74,-.! .'!'H2,)D,!26,*.6!,//,8.2B!O6,!26,*.6!402.!6*D,!*!1,HG,! (,-M.6!24*((,)! .6*-!
.6,! 86*)*8.,)72.78!+74,-27'-2!'/! .6,!,\5,)74,-.B!O6,!1,HG,! (,-M.6! /')!'0)!56'.',(,8.)'-!
(*G,)!72!*H'0.!<!84`!E6786!72!27M-7/78*-.(G!24*((,)!.6*-!.6,!.)*-2D,)2,!+74,-27'-2!Ul?@!84V!
'/!.6,!,47..7-M!20)/*8,B!L,-8,!E7.6!'-(G!*!/'0)!'/!.6,!>@!(*452!'5,)*.7-M!.6,!,\5,)74,-.!72!
E,((!E7.67-!.6,!),M74,!E6,),!267,(+7-M!,//,8.2!*),!'H2,)D*H(,B!
 
 
 
 
 
 
 
 
Figure 12: Plot of photoemission 
from a Zr surface as a function of 
distance from one and two UV 
lamps. The photoemission at a 
typical working distance is of order 
1 microamp/cm2. Photoemission 
from the lunar surface is about 0.4 
nanoamps/cm2. 
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Figure 13. The first derivative of Langmuir I-V characteristic for a probe above a photoemitting surface 
having an adjustable bias potential. The peak in the first derivative occurs at more positive voltages as 
the photoemitting surface is made more positive (left).  Location of the peak in the derivative of the 
Langmuir probe I-V characteristic plotted against the potential of the photoemitting surface. The data 
show that the peak follows the surface bias potential with and offset of about one volt (right) 
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Figure 14. The LPLUS logo developed by the students (left), schematics of the LPLUS deployable boom 
structure (middle), and the LDEX prototype machined, build and tested by students.  '
!
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Figure 15.  LPLUS- instrument. 

!
@.5!7%&=+2',+#+9=!60*#2!A0,+!U*#%3X&2!>76AU?!
!!!!!! O672!7-2.)04,-.!+,D,('54,-.!6*2!H,,-!7-7.7*((G!/0-+,+!HG!.6,!;(*-,.*)G!%-2.)04,-.!
1,/7-7.7'-!*-+!1,D,('54,-.!;)'M)*4!U;%11;V!.'!+,.,8.!*-+!*-*(GW,!.6,!.)*g,8.')G!'/! ('E!
D,('87.G! 86*)M,+!+02.! 5*).78(,2`! 2086! *2! ,\5,8.,+! .'! H,! 5),2,-.! 7-! .6,! -,*)K20)/*8,! (0-*)!
,-D7)'-4,-.B!Q#13!6*2!H,,-!+,D,('5,+!.'!O:#!o!<!HG!.,2.7-M!.6,!(*H')*.')G!5)'.'.G5,!7-!
*7)B! O6,! Q#13! '5,)*.7'-! 8'-8,5.! 72! H*2,+! '-!4,*20)7-M! .6,! 7-+08,+! 86*)M,! /)'4! *! +02.!
5*).78(,! '-! *-! *))*G! '/! E7),! ,(,8.)'+,2B! 32! 5*).! '/! .6,! &&#13$! 7-2.)04,-.! +,D,('54,-.!
,//').`!.6,!Q#13!7-2.)04,-.!+,D,('54,-.!8'-.7-0,2!/')!7-8),*27-M!7.2!O:#!(,D,(!HG!.,2.7-M!
*-+!8*(7H)*.7-M! 7-!*!),(,D*-.!,-D7)'-4,-.B!3!D*8004K8'45*.7H(,!D,)27'-!'/! .6,!Q#13!6*2!
H,,-! 8'-2.)08.,+! *-+! 72! 0-+,)! .,2.7-M! 7-! .6,! #0-*)! Q-D7)'-4,-.! *-+! %45*8.! U#Q%#V!
86*4H,)!U)*+,-.'#0VB!O,2.2!*),!5,)/')4,+!HG!+)'557-M!86*)M,+!+02.!5*).78(,2!7-.'!Q#13`!
*-+!4,*20)7-M! 7.2! D,('87.G! D,8.')! *-+!4*22B! O6,2,!4,*20),4,-.2! *),! H,7-M! 0-+,).*Z,-!
-'E!*-+!.6,!-,\.!2.,5!E7((!H,!.'!2.0+G!.6,!5,)/')4*-8,!0-+,)!JN!7((047-*.7'-!*-+!,\5'2,+!
.'!('EK+,-27.G!5(*24*B!;*)*((,(!.'!.6,!Q#13!6*)+E*),!*8.7D*.,2`!*!-04,)78*(!5)'8,+0),!/')!
.6,!*-*(G272!'/!.6,!,\5,)74,-.*(!+*.*!72!*(2'!0-+,)!+,D,('54,-.B!

! !

 

!

Figure 16. The ELDA instrument tested in the LEIL chamber (left); the newly developed low-noise 
Charge Sensitive Amplifier (middle), and signals from a slow-speed dust particle as it drops through the 
position sensitive wire-planes of ELDA (right). 
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Figure 17. On September 18, 2010, in downtown 
Boulder, a line of people gazed at the Moon with 
their homemade telescopes, most of which were 
built by K-12 students, but enjoyed by all ages!  
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Figure 18. Before the update:!The flat-plate accelerator (left) and light-gas gun (right) before installation 
of the new vacuum plumbing (left).!The new vacuum plumbing in place on the flat-plate accelerator (blast 
chamber on the extreme left) and the light-gas gun (free-flight chamber on the right).  Vent lines for the 
vacuum pumps have been installed and the pneumatic lines have been partially completed in this 
photograph (right).!
!
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Figure 19. Distribution of electric field on the crater surface for 
different angles of solar incidence (0 and 90 degrees correspond to 
solar wind parallel and normal to crater surface). T@ !
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Figure 14. Dust particle trajectory above a crater. The grain starts at right (red 

points), oscillating stably above the lunar surface. As the grain enters the region 
above the crater at later times (yellow to blue points), the grain is trapped by the 

near-surface electric fields. Eventually, the grain comes to rest on the surface 
inside the crater. 

!
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