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Prof. Lyman Spitzer  founded 

PPPL in 1951 for the Matterhorn 

Project on magnetic fusion 
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Heavy Ion Fusion Program 

ÅCollaboration between LBNL, LLNL, PPPL 
ÅGoal to produce high intensity ion beam as driver for inertial fusion. 
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Beam with ~100V self potential 

SEY studies for ion beams A. Molvik 

Gas Ionization by Ion Beam: I. Kaganovich 
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Neutralized Drift Compression 

Experiment  (NDCX) 

Beam Compression in plasma  

~70 longitudinal, ~100s times radial  

Experiments: P. Roy, P. Seidl  

Plasma neutralization theory: I. Kaganovich 



Plasma-wall interaction in the presence of strong 
electron-induced secondary electron emission (SEE) 

Å Any plasma with electron temperatures above 20 eV for dielectric walls, and 
above 50-100 eV for metal walls is subject to strong secondary electron 
emission (SEE) effects: 

Å Strong secondary electron emission from the floating walls can alter plasma-
wall interaction and change plasma properties. 
 
Å Strong SEE can significantly increase electron heat flux from plasma to the 
wall  leading to: 1) wall heating and evaporation and 2) plasma cooling. 

Hall thrusters and Helicon thrusters 
Hollow cathodes for high power microwave electronics 
Multipactor breakdown and surface discharges  
Space plasmas and dusty plasmas  
Fusion plasmas 
Plasma processing discharges with RF or DC bias 
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Plasma applications where SEE is important 
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Magnetron discharge: used for 
deposition, plasma switch for 
electric grid 

From: www.angstromsciences.com  

e 
e 

Hall Thruster discharge: used for 
electric propulsion 



Modelling of SEE in plasma research 
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two-stream instability 

electrons during 

neutralization 

Å 3D BEST PIC code: includes electromagnetic 
(Darwin scheme) and electrostatic modules. 

https://nonneutral.pppl.gov/  

Å 3D LSP code includes electromagnetic and 
electrostatic modules. In collaboration with 
Voss Scientific.  

 

Å 1-2D PIC code EDIPIC. Implemented electron-
atom scattering, ionization, and excitation as 
well as electron-ion and electron-electron 
collisions, complex SEY models. 
https://w3.pppl.gov/~ikaganov 
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Plasma properties can be changed by applying 
engineered materials  to the surface  

Application of carbon velvet to channel walls improves considerably thruster 
performance by reducing the electron cross-field current and by increasing 
nearly twice the maximum electric field in the channel compared with the 
conventional BN ceramic walls. 

Å Velvet suppresses SEE and reduces current at high voltages (good) 

Å Sharp tips can enhance field emission leading to arcing (bad) 

Å Need to engineer velvet morphology so that inter fiber gaps and 
protrusions are located well inside the sheath  to avoid damage by arcing 

 Need to take into account spatial and temporal variations of sheath 
width due to plasma non-uniformity or instabilities  
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Simulations and Theory of SEY of complex surfaces: Velvet  

Velvet: regular or irregular lattice 
of normally-oriented fibers 

SEY as a function of incident angle for different packing 
density of velvet.  
Lines: Analytic model. 
Points: Monte-Carlo simulations. 
 
Discrepancy is due to tertiary and higher-order 
electrons. 
 
Velvet is well-suited to suppressing normally incident 
primary electrons 

C. Swanson and I. Kaganovich, J. Appl. Phys. (2016) 
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Simulations and Theory of SEY of complex surfaces: Fuzz/foam  

C. Swanson and I. Kaganovich, J. Appl. Phys. (2018) 

Fuzz/foam: irregular lattice of 
isotropically-oriented fibers 

SEY as a function of incident angle for 
different packing density of foam.  
Lines: Analytic model. 
Points: Monte-Carlo simulations. 
Discrepancy is due to tertiary and higher-order 
electrons. 

Foam is not well-suited to suppressing 
normally incident primary electrons 


