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Abstract: A well-documented effect of cosmic and solar 
radiation on TWTs used in satellites is the production of 
secondary electrons from the bombardment of incident 
particles and the resultant cascade and growth of these 
secondaries, which in turn leads to tube failure. Our work 
focuses on numerical simulation of gap closure in coaxial 
geometry due to the multipactor effect.   The secondary electron 
yield (SEY) is dependent not just on material properties, but 
also on the geometric properties of the surface and of the tube, 
as well as the size of the interaction space and the operating 
frequency.  We then focus on particle-in-cell simulations of a 
coaxial testbed that will generate data to develop advanced 
models that incorporate patterned surfaces, new source 
geometries, and new materials developed to suppress SEY.  
This paper presents preliminary results from our coaxial PIC 
simulations utilizing the CST Design Studio and Spark3D 
codes.  
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INTRODUCTION 
Traveling wave tubes (TWTs) operating from C, L, Q, and V 
bands are used for signal amplification in communication 
satellites.  The harsh radiation environment in orbit leads to 
incident charged particles generating secondary electrons 
which can disrupt TWT operation [1].  These electrons may 
couple to the amplified signal which can be multi-tone and 
modulated and impinge on the walls of the TWT.  Under the 
right conditions this bombardment can lead to the production of 
secondary electrons from the wall surface.  The SEY from these 
surfaces is dependent on surface adsorbates, surface treatments, 
angle of incidence, base material, as well as a host of physical 
and geometrical parameters of the tube, such as signal 
frequency and interaction space gap, as well as distance to 
dielectric surfaces [2-4].  Some critical combination of 
conditions has been identified, independent of material, and 
curves for these, based on the product of the frequency (f) and 
gap spacing (d) - have produced guidelines for regions where 
the multipactor effect can be found for a given geometry [5,6]. 
This large parameter space presents opportunities for reducing 
the SEY contribution, via surface treatments, material changes, 
and novel source geometries. 

 At the same time this large parameter space poses serious 
challenges for understanding and ultimately mitigating SEY 
production.  To this end, researchers at the University of New 
Mexico (UNM) are developing particle-in-cell (PIC) models of 
a coaxial geometry testbed as a first step in developing complex 
models of TWTs with different emission properties as well as 
different modulated tonal inputs.  Figure 1 shows a cartoon of 
an electron coupling to the incident amplified signal leading to 
a multipactor avalanche and eventual failure of tube 
components. 
 

 

                             
Figure 1. Cartoon describing the multipactor phenomenon 
(adapted from [5]). 

Model Geometry 
CST Design Studio was used to generate our preliminary 
multipactor models.  The testbed geometry consists of a 2 cm 
inner radius cylinder and a 3 cm outer radius cylinder.  The 
chosen base material was Cu, partly to tie into the Density 
Functional Theory (DFT) modeling being performed by UNM 
and other university colleagues and members of our multipactor 
group who had selected Cu is the basis for much of their initial 
work [see papers by Matanovic and by Polak in this 
conference]. 
      The 1 cm gap lends itself to lower frequencies, in the range 
of 100-500 MHz for the multipactor effect to take place.  The 
coaxial geometry is the starting point for more complex models 
that may include a full TWT tube geometry.  Figure 2 shows a 
cross section of our geometry using an adaptive mesh approach. 
Electromagnetic fields and S-parameters were generated in 
Design Studio and then imported into Spark3D.  In Spark3D 
electrons are launched into the interaction space and their 
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trajectories are self-consistently tracked; the resultant avalanche 
and growth of electron current due to a prespecified SEY 
emission were determined with the following assumptions: 
maximum SEY occurs at 165 eV with a value of 2.3 and with a 
first crossing point (W1) occurring at 35 eV. 

 

 

Figure 2. Cut-away view of the coaxial multipactor testbed 
showing the basic set-up for multipactor to occur. 

MULTIPACTOR SIMULATION USING SPARK3D 
Three different frequencies were used in our simulations: 100, 
300, and 500 MHz.  For each of these frequencies power was 
increased from 50 to 4000 W, which in turn yielded breakdown 
occurring at 91.4 W for the 100 MHz, 2324.9 W for the 200 
MHz input, and 3424.9 W for the 500 MHz signal.  The 100 
MHz input yielded a first order multipactor mode, the 300 MHz 
input yielded a 3rd order multipactor mode, and the 500 MHz 
input produced multipactor in the 3rd and 5th order modes. These 
breakdown values fall within the multipactor susceptibility 
curves [2,3]. As the f-d product increases, the multipactor mode 
also gets higher with a narrower susceptibility zone [4].  Figure 
3 shows electron growth as a function of time for various 
powers for a 100 MHz input signal.  Figures 4 and 5 show 
electron growth for 300 and 500 MHz input signals, 
respectively. 

Figure 3. Electron evolution as a function of time for a 100 MHz 
input signal with an initial number of 30 electrons. 

Figure 6 presents a snapshot of electrons in the coaxial 
multipactor testbed at different stages of evolution for a 500 
MHz input signal. 

 
CONCLUSION 
Our preliminary PIC model of a coaxial multipactor testbed 
serves as a foundation for more advanced material, surface and 
geometry models.  This paper presents multipactor results for a 
coaxial geometry at 3 different frequencies and for powers up 

to 4000 Watts. These results will serve as the foundation for 
future experiments.   

 
Figure 4. Electron evolution as a function of time for a 300 MHz 
input signal with an initial number of 50 seed electrons. 

Figure 5. Electron evolution as a function of time for a 500 MHz 
input signal with an initial number of 50 seed electrons. 

 

Figure 6. Snapshots at different stages of electron growth in the 
coaxial testbed for a 500 MHz input signal; the times range from 
0 to 120 ns.  
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