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Prospectus: Focusing, Alignment and Particle Selection for a 3 MeV Dust Particle Accelerator
Paige Northway
Advisor: Tobin Munsat

The Colorado Center for Lunar Dust and Atmospheric Studies (CCLDAS), within the Laboratory
for Atmospheric and Space Physics (LASP) and in coordination with the NASA Lunar Science Institute
(NLSI), focuses on three main areas of research: dusty plasma processes at the moon's surface,
environmental effects of human and robotic activities on the moon, and new instrument concepts for
lunar exploration. The relevance of these subjects is derived from the lunar atmosphere being a Surface
Bound Exosphere (SBE), which consists of approximately 100 molecules per cubic centimeter in
comparison to the 100*1012 molecules per cubic centimeter of Earth's atmosphere. The constituents of
the Moon's SBE emanate from a variety of sources, including solar wind, sputtering, micremeteoroid
impacts, outgassing, and ionization. The atmosphere remains stable as molecules from these sources
occasionally escape the exosphere or fall back to the surface. In the case of dust, macroscopic particles
follow a ballistic trajectory whereas micron and submicron size particles are affected by electrostatic
forces present on the moon's surface. Studying the lunar atmosphere will also provide insight on the
atmospheres of Mercury, the rings of Saturn, icy satellites, large asteroids, and Kuiper Belt objects,
which have similar SBEs. :

A major part of this research will be conducted using facilities currently being constructed. These include
a 3MeV micrometeoroid accelerator capable of accelerating particles of .2 to 2.5 um in diameter up to
velocities of 100 km/s. A beamline equipped with detectors capable of determining the velocity, charge,
and mass of each particle and a selection unit to deflect particles not matching the requirements of a
given experiment follows the accelerator. Additionally, interchangeable large and small test chambers
are to be placed at the end of the beamline. The large chamber contains UV sources and a solar wind
simulator in order to simulate the lunar surface, whereas the small (Ultra High Vacuum) test chamber is
comprised of a rotatable target to be bombarded by micrometeoroids surrounded by detectors which
will run microphysics diagnostics on the results of the impacts.

My work focuses on developing hardware to ensure that the dust particles traverse the beamline to the
desired destination. The first step of this occurs before the accelerator in the form of electrostatic
lensing to focus the trajectory of the particles through the beam line to a small spot size in the center of
the target. Simulations run in the ion optics simulation program, Simlon®, determined the optimal
geometry and settings for the electrodes of an Einzel lens used and, according to simulation, a
distribution of particles can be focused to a spot size of .5 mm at the position of the target. To place the
target at the point at which the particles are focused, | have created a laser alignment system, which
incorporates a laser and a retractable 45° mirror to indicate the point on the target where the particles
should impact while a new target is being placed inside the end of the beamline. In the event that the
particles are not following the expected path, | am also developing a removable beam position detector
modeled after the Dust Trajectory Sensor {DTS) Jianfeng Xie is working on. This detector will give a rough
X-Y position of particles in the beamline, indicating whether the beam is centered in the beamline. The
position of the beam can be corrected by X-Y steering plates. Finally, experiments of simifar nature at
the Max Plank Institute for Nuclear Physics in Heidelberg, Germany have shown that it is possible for a
particle to lose its charge after being accelerated, thus rendering it invisible to all the detectors but stili
allowing it to impact the target. | have been running simulations to investigate the possibility of
electrostaticly bending the trajectory of the particles in order to prevent these undetectable particles
from striking the target.




Timeline

August/September 2010:
Design particle position detector and laser alignment system

October 2010:
Finalize design for particle position detector and begin building; also finalize design for laser alignment

November 2010:
Build final parts for the laser alignment and begin setting it up; continue work on particle position
detector

December 2010/January 2011:
Finish work on both laser alignment system and particle position detector; write background section of
thesis

February 2011:
Run any necessary tests on both systems; begin filling in details of thesis; determine any
numbers/simulations/tests that | still need

March 2011:
Do any final Simlon simulations; finish writing thesis

April 2011:
Defend thesis
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