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Abstract
The code for multipacting simulations in axisymmetrical
RF cavities, periodical structures and coaxial lines is presented. Physical model includes secondary emission simulations and particle trajectory integration in realistic RF
fields. The code calculates multipacktor voltage levels and
discharge distribution. The paper contains simulation results for 180 MHz cavity of INP microtron-recuperator as
well as measured data for this cavity demonstrating good
agreement with the calculations.
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random number from the range [0;1]. If the random number is less then the value of back-scattering coefficient, the
electron is scattered back. Back-scattered electrons have
the same energy as arrival one and the opposite direction.
The number of secondary electrons is calculated using
following procedure. If acts of emission of secondary electrons are supposed to be independent on each other, the
process of emission can be described in term of Bernulli
model of random processes [4] and then the probability of
emission of n electrons is
Pn =

PHYSICAL MODEL AND ALGORITHM

Physical model and algorithm consist of two parts. The
first part is the calculation of electrons trajectories in
electromagnetic fields. The second part is the surface
phenomenons simulation such as secondary emission and
back-scattering of electrons.

When the electron collides with the surface, two phenomena take place secondary emission and back-scattering [3].
Both of them are taken into account. The distributions of
back-scattering coefficient and secondary emission coefficient versus the energy of arrival electron and the angle of
its velocity vector with respect to the surface were taken
from [3] and modeled by analytical functions for each type
of material.
After each collision the decision about back-scattering
of electron is made and the number of secondary electrons
is calculated. The decision is made after comparison of the
value of back-scattering coefficient for this collision with
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for k =0,1,2,... If x more then xk−1 and less then xk , k is
supposed to be the number of secondary electrons for this
collision.
The energy and angular distributions of secondary electrons were taken from [3] for each type of material. Using
those distributions, two equations are solved, to get the energy and the angle of each secondary electron:
Z E2
FE (E)dE = xE
(3)
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1.2 Surface phenomena

(1)

where δ - value of secondary emission coefficient for each
collision, i.e. for the energy and the angle of the arrival
electron, F - enhancement factor, which depends on the
material and the condition of the surface. To determine the
number of secondary electrons, a random number x from
the range [0;1] is compared with value

1.1 Electrons trajectories
Since the density of electrons is supposed to be small, trajectories of electrons are calculated by means of integration of motion equations in axisymmetrical external electromagnetic field without taking into account space charge
distribution. The code SLANS [1] is used for geometry input, finite element mesh generation and calculation of RF
field in the nodes of the mesh. If there is an external electroand magnetostatic field, the codes SAM [2] is used for its
calculation in the same nodes. Using node values, field is
interpolated by using finite element method and electron
trajectory is calculated by Runge-Kutte’s method of integration. The calculation of electron trajectory continues
until the collision with the surface.

n
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exp−F δ
n!

Θ2

FΘ (Θ)dΘ = xΘ

(4)

where E2 - the energy of the secondary electron, Θ2 - the
angle between the secondary electron velocity vector and
the normal vector to the surface in the point of collision,
FE (E) and FΘ (Θ) - the energy and angular distribution of
secondary electrons, xE and xΘ - random numbers from
the range [0;1].
In our model the process of back-scattering and secondary emission is assumed to have no time delay between
impact and scattering or emission because of in reality its
values are negligible.
2

THE COMPUTER CODE MPS

Based on described above methods and algorithms, codes
MPS (MultiPacting Simulation) was developed and tested.
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Figure 1: The geometry of 180 MHz cavity for microtronrecuperator and electrons inside.

Figure 2: The time dependence of the number of electrons
in the cavity.

To simulate multipacting in axisymmetric device, this code
is run after saving data from SLANS and SAM to files. The
following initial parameters have to be defined, before the
start of the calculation:

to determine multipacting zones on the parametric plane
(U ; f d), where U - peak voltage between the plates, f frequency of voltage, d - gap between the plates. Two
zones was determined for two values of enhancement factor
1.5 and 2.0. This two zones and the experimental data [5]
are shown on the Figure 3. The experimental data are presented by three curves: 1 - initial, 2 - intermediate, 3 - final.
Each curve is for different time of discharge process, dur-

• radio-frequency
• normalization of field in term of peak voltage for cavity or power for travelling wave structure
• materials of surface
• enhancement factor for each material
• elements of surface, where initial electrons will start
• number of initial electrons
• initial phase shifts of electrons
• number of RF-cycles to calculate
• step of integration
During the process of calculation, it is possible to monitor electrons dynamics inside the device and behavior of
regions of multipacting in first output window (see Figures 1 and 4) and the time dependence of the number of
electrons in the second output window(see Figure 2). If the
number of electrons are increasing dramatically, the multipacting is supposed to take place in such a device under
defined conditions.
3

TEST RESULTS

A few final tests were performed to check the code:
• Two parallel plates with homogeneous electric field
• 430 MHz E010 -mode toroidal cavity
• 180 MHz E010 -mode cavity for microtron-recuperator

Figure 3: The results of the experiment and the simulation
for parallel plates.

3.1 Two parallel plates

ing which the enhancement factor is getting smaller until
the constant value is set up (curve 3). The Figure 3 demonstrates a good agreement between the experiment and the
simulation for parallel plates.

Series of calculation were performed for two parallel plates
with homogeneous electric field between plates:

3.2 Toroidal cavity

Ez (t) =

U
cos(2πf t)
d

(5)

Simulation of multipacting in the 430 MHz E010 -mode
toroidal cavity (see Figure 4) was made under various val-
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ues of voltage along the axis, which is
Z ∞
U=
Ez (z)dz

n
1
2
3
4

(6)

−∞

The multipacting zone was determined for two side high

Figure 4: The geometry of 430 MHz toroidal cavity and
electrons inside.
order multipacktor in the central gap. Obtained results
were compared with measurements of electron current in
the central gap under various axial voltage [6], which were
carried out by using Faraday pick-up. The result of comparison is presented on the Figure 5.

Fm
0.99
1.33
2.26
3.7

U (kV)
930
550
370
280

Where n - order of multipacting, Fm - minimal enhancement factor for which multipacktor still take place under
the axial voltage - U . The order of multipacting can be
determined visually during the observation of electron dynamics or after analysis of time dependence of the number
of electrons.
For this cavity the measurement of axial voltage levels
was carried out [8] and following results were obtained.
At first the multipacting levels were 380...580 kV and
800...1000 kV. The first zone disappeared after few minutes of RF processing. It appeared again after opening of
the cavity but was processed easily as well. The second
zone remained all the time, only it got very weak and narrower: 900...950 kV. As one can see, the comparison of
the measurement with the calculation demonstrates a good
agreement between them for the first and the second order multipacktors. The measurements of the higher order
multipacktors were not carried out because of in reality the
enhancement factor is not enough high to get the multipacting.
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Figure 5: The results of measurement and calculation in the
toroidal cavity.
The dotted area represents the calculated multipacting
zone and the curve represents measured Faraday pick-up’s
current versus axial peak voltage. A good correlation between the calculation and the measurement can be seen.
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