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Experimental Setup3,4 

ÅGuide beam of xenon ions into a Test Cell filled with xenon atoms 
ÅMeasure current on the walls of the Test Cell from MEX and CEX ions 

Monte Carlo-Particle in Cell (MC-PIC)5,6 

üMC collision model 
üPost-collision velocity calculation with 
ÅClassical scattering equation using spin-orbit free 

potential7 (high energy species) 
ÅVariable hard sphere model (low energy species) 

üParticle-induced electron emission model 

Spin-Orbit Free Potential for Xe++Xe 

Biased Electrodes 
Å Surface emitted electrons (SEEs) are non-negligible aspect of the experiment4,9-10 

ÅNegative Inner Cylinder bias effectively suppresses electrons from Exit Plate 

Characterization of Ion-Atom Collisions for Electric Propulsion Plasma Conditions 
Marlene I. Patino*, Taylor S. Matlock**, and Richard E. Wirz*** 

Background: Ion-Atom Collisions 

Ion Beam 

Exit Plate 

Exit Orifice 
D = 5.10 mm 
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Motivation 
Ion-atom collisions are fundamentally important to 
the behavior and performance of plasma devices 
and electric propulsion, including: 
ÅPlasma processing 
Å Thruster lifetime (e.g., ion thruster grid erosion) 
ÅSpacecraft interactions 

Objective 
Provide canonical data for plasma propulsion and 
processing conditions to validate computational 
models 

0hr of operation 23,307hr of operation 

Ion thruster grids1 and grid erosion2 

Ion beam profile 
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Grounded Electrodes 
ÅExperiment and computational models show increasing large 

angle CEX current to the Inner Cylinder and small angle MEX 
current to the Exit Plate with density3-6,8,12 

Conclusions 
ÅExperiment provides repeatable/reliable canonical data for 

validation of computational and analytical models 
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Momentum-exchange (MEX) 
(Xe+ + Xe Ą Xe+ + Xe) 

Resonant charge-exchange (CEX) 
(Xe+ + Xe Ą Xe + Xe+) 

Excitation 
(Xe+ + Xe Ą Xe+ + Xe* 
Xe + Xe Ą Xe + Xe*) 

Ionization 
(Xe+ + Xe Ą Xe+ + Xe+ + e- 
Xe + Xe Ą Xe + Xe+ + e-) 
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Segmented Electrodes 

üDSMC collision model 
üPost-collision velocity calculation with 
ÅClassical scattering with empirically derived 

differential cross-section8,11-12 (high energy species) 
ÅVariable hard sphere (low energy species) 

üParticle-induced electron emission model 

Direct Simulation Monte Carlo-
Particle in Cell (DSMC-PIC)8-10 

Exit Plate  
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Differential Cross-Sections for Xe++Xe 
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Purpose: Use experimental results to validate computational models 
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Future work 
ÅSegmented electrodes for improved resolution10 

ÅIon-induced and electron-induced electron emission 
experiments for material characterization14 

Exit Orifice 


