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Abstract—We investigate multipactor effects due to secondary
electron emission (SEE) using an electromagnetic particle-in-cell
(EM-PIC) algorithm implemented on unstructured grids with
the Furman-Pivi probabilistic SEE model. The present EM-
PIC algorithm yields an energy- and charge-conserving time-
update for fields and particles on unstructured grids, from first
principles. The Furman-Pivi model enables a realistic description
of SEE in EM-PIC simulations. We study the effects of the surface
roughness for the reduction of secondary electron yield (SEY) on
copper surfaces.

I. INTRODUCTION

Multipactor is an effect associated with secondary electron
emissions (SEE) at conducting or dielectric surfaces arising in
resonance with an external RF field and leading to exponen-
tial electron multiplication [1]. Multipactor can affect many
applications related to high power microwaves (HPM) [2].
In particular, multipactor is of great concern for satellite
payloads due to the harsh space weather conditions conducive
to SEE. On the other hand, multipactor can be harnessed in
applications such as electron guns, plasma displays, and so
forth [3]. For several decades, multipactor has been studied
based on approximate analytical approaches and experimental
data; however, with the dramatic rise of computational speeds
in recent years, accurate numerical analysis has become feasi-
ble to bridge the gap between analytic and experimental works,
particularly through electromagnetic particle-in-cell (EM-PIC)
algorithms [4]. EM-PIC algorithms solve Maxwell-Vlasov de-
scribing the interaction of a large number of charged particles
(collisionless plasma) and the electromagnetic field [5].

In this summary paper, we discuss the numerical analysis of
multipactor effects using an EM-PIC algorithm coupled with
the Furman-Pivi probabilistic SEE model [6]. The present EM-
PIC algorithm yields energy and charge conservation from first
principles on unstructured grids [7]-[10]. The algorithm is
constructed based on the exterior calculus framework [11]—
[13] and the use of Whitney forms [12]-[14] to expand the
electromagnetic field degrees of freedom on the grid. The use
of unstructured grids enables the representation of complex
geometries with minimal defeaturing. Our study investigates
the effects of surface roughness as a strategy to mitigate
multipactor. We also investigate the saturation process in the

electron population arising from the mismatch between the
external RF acceleration and the space-charge self-field.

II. ALGORITHM DESCRIPTION

Due to computational constraints, PIC algorithms are based
on a coarse-graining of the phase space where a collection of
charged particles is replaced by a smaller set of superparticles.
In EM-PIC algorithms, the temporal dynamics of each super-
particle is simulated by performing four serial operations at
each time step: (1) field update, (2) gather, (3) particle pusher,
and (4) scatter. These four operations are described in detail
elsewhere [7]-[10]. In addition, for multipactor problems, it
is necessary to implement a SEE model at surfaces. Here,
we implement a Monte Carlo based Furman-Pivi probabilistic
SEE model with three components in the secondaries: (1)
back-scattered (almost elastic), (2) re-diffused (inelastic), and
(3) true-secondary (almost inelastic). For every single primary
impact, the present algorithm evaluates the total number, the
launching kinetic energy, and the angle of the secondary elec-
trons under certain physical and mathematical constraints [6].

III. NUMERICAL EXAMPLES

Consider two parallel metallic plates separated by a gap
Dy, = 0.002 [m] and fed by a RF alternating current source.
The resonant condition for multipactor is given by
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where frr = 2 [GHz] and Vgr = 1,143.16 [V] are the
frequency and RF voltage amplitude of the input signal, and
g and m, are the electron charge and mass, respectively. The
entire problem domain is discretized by a two-dimensional
unstructured (irregular) grid. The left and right sides of the
domain are truncated by perfectly matched layers (PML) [15]
to mimic open side boundaries. The metallic surfaces are
modeled as perfect electric conductors (PEC) for the purpose
of implementing the field boundary conditions. We initially
place 1, 000 superparticles uniformly distributed near the lower
plate, and launch them with zero velocities. In the simulations,
each superparticle represents 2 x 107 electrons. In order to
avoid large lateral electron spreading, the actual metallic
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Fig. 1: Multipactor saturation effect. (a) Population amplification factor A™ versus RF voltage cycle. (b) Output signal in the

time domain. (c) Output signal in the frequency domain.

plate yielding the secondaries covers a lateral extension of
Ly, = 0.03 [m], while the other surfaces comprise collectors
(i.e. absorbing electrons). Here we compare multipactor effects
on flat and triangularly-grooved surfaces, and the role played
by the groove angle. It has been suggested before that adequate
choices for the latter can mitigate multipactor [16]. The width,
depth, angle, and number of the grooves are given by w, =
0.0002 [m], hy = 0.00055 [m], oy = 40°, and N, = 150,
respectively. We employ a local mesh refinement technique
near the grooves to accurately model the near-singular field
behavior near the tips. In order to capture the saturation
process, we ran EM-PIC simulations for both types of surfaces
up to 100 RF periods and measured the population change
in stray electrons and the output signals. Fig. la illustrates
the electron population amplification factor A™ versus RF
voltage cycle, with A" = N /NI()J where IV, is total number
of superparticles flying between two metallic plates at the n'
time step of the simulation. Exponential electron multiplication
is observed during the initial build-up. After several RF cycles,
saturation occurs because strong space-charge self fields pulls
back emitted electrons to the surface. On the other hand, in the
intermediate stage, the amplitude of external RF fields prevails
over the self field and most secondaries can escape from the
emitted surface. It is interesting to observe that the electron
population in the grooved surface is about half that of the flat
surface case. In addition, the grooved surface case exhibits a
smaller electron population in the saturation regime. Fig. 1b
and Fig. 1c show output signals for both surfaces in the time
and frequency domains, respectively. As expected, the output
power loss due to multipactor in the flat surface case is more
severe than in the grooved surface case as can be observed by
a higher drop in the amplitude of the time domain signal in
the former case. In addition, generally stronger harmonics of
the fundamental frequency (2 [GHz]) are present in the flat
surface case, as seen in the frequency domain plot.
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