
 
 

 

 

 

 
 
 

 

 
 
Multipactor is an electron avalanche occurring when stray 
electrons are trapped and accelerated by radiofrequency (rf) 
waves in a vacuum, hitting walls and ejecting other electrons by 
secondary electron emission (SEE). The rapid multiplication in 
the number of electrons ultimately creates noise, heat and 
possibly damage in a wide range of environments from space 
communication systems to accelerators and microwave tubes.  
Modern design standards use “susceptibility diagrams” for 
multipactor based on theory developed in the 1950s by Hatch and 
Williams, which considers multipactor as a resonant discharge.  
Observed discrepancies with experiment are accounted for by the 
addition of arbitrary margins that have no theoretical basis.  
Modern theories acknowledge that multipactor does not 
necessarily have a single resonance, but can exhibit higher 
periodicity, or even non-resonant forms.  These theories, 
however, rarely depart from the conventional paradigm of 
presuming a multipactor mode, then deriving the conditions for 
that mode, an exercise that can be exceedingly difficult for more 
complex trajectories. 
 
A novel approach based on the methodology of nonlinear 
dynamics and chaos is presented, in which all possible modes 
are recovered with no a priori assumptions.   The new 
methodology systematically applies iterative maps to identify 
multipacting region boundaries and stability more reliably and 
comprehensively than existing models.  It does so by globally 
analyzing the structure of dynamical space, resulting in 
bifurcation diagrams that summarize all possible multipactor 

modes over a wide range of parameters.  This information is combined with secondary electron 
emission properties of the surface material to predict multipactor growth rates and identify parameter 
regions that are multipactor free.  Three-dimensional simulations with the WARP PIC code successfully 
validate the model under more realistic conditions of random emission velocities of secondaries and 
more realistic rf field profiles. 
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