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Calculation results of multipactoring possibilities in various parts of microwave structures are presented. 3D
multipactoring simulation code MultP was used. Source code was improved and now it allows making the calcula-
tions for standing and traveling waves. Improved code possibilities are tested for coax and different types of input
couplers. Obtained results are compared with known experimental data.
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1. INTRODUCTION

The program “MultP” has been developed at Insti-
tute for Nuclear Research to investigate possible elec-
tron multipacting in RF cavities using preliminary nu-
merically calculated field components. The main chal-
lenge was development of multipacting simulation pro-
cedure for realistic 3D shape of RF cavity. Also an easy
and convenient interface along with a broad range of
possibilities was considered as an important goal.

The “MultP” provides different options of numerical
study of electron multipacting. Particularly it is possi-
ble:

e to track separate electrons;

e to track a group of electrons;

e to scan electric field levels and initial phases of elec-
trons and to determine a possibility of resonance
electron multipacting;

e to simulate multiplication of a number of randomly
distributed electrons. [1].

The simulation of multipactor discharge ignition in
device under investigation starts with direct modeling
statistical computation. This computation of multipactor
discharge for given RF power level (for waveguides) or
accelerating field strength (for accelerating cells) is car-
ried out for detecting of dangerous areas subject to mul-
tipactor. After statistical simulation and dangerous areas
scouting the electron trajectories are investigated. The
variations in electron parameters are implied including
initial velocity and field phase at the emission moment.
Electron trajectories analysis yields the additional data
for possible multipactor discharge whether it is one or
two point one and the multipactor order.

However, till nowadays there was not possibility to
calculate structures at TW-regime. It is necessary for
research of such structures as waveguides and TW acce-
lerating structures. Moreover it is necessary to research
multipactor possibility at TW structures. From 2006 RF
laboratory at MEPhI in cooperation with Institute for
Nuclear Research improve account possibilities of the
program. Main goal of this work is program creation
giving possibility to research multipactor rise at any
element or construction of accelerating structure. No-
wadays program can including earlier created possibili-
ties ca solve following problems:

e to carry out calculations at SW-regime (accelerating
cavities) and at SW-regime (waveguides);
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e to set values of second emission coefficients for var-
ious materials, that is important for calculations of
ceramic windows at power couplers;

e to draft relatively complicated geometrical construc-
tions, because program includes additional geometry
primitives such as toroid, cone.

Because of these upgrades existing and enlarge pro-
gram MultiP gives possibility to calculate most ele-
ments of accelerating structures including power coup-
lers. At this report program new possibilities are shown
on waveguide different elements account. Results were
compared with known calculation and experiment data.

The statistical simulations were made using 1000 in-
itial particles of 1eV energy. Secondary electron emis-
sion yield for metal was 3, i.e. electron of energy
50...1500 keV hitting the surface gives spawn three
secondary electrons. This assumption well suites for
such evaluative simulation with relatively small number
of particles. For the more precise study of multipactor
properties for different secondary emission yield the
simulations with more than 100.000 particles should be
done.

2. MULTIPACTOR ANALYSIS FOR
COAXIAL WAVEGUIDES OF INPUT
COUPLERS

In order to test the upgraded MultiP code several dif-
ferent geometries were simulated and the results com-
pared to the ones obtained with Multipac code 2.1.

2.1. The coaxial waveguide for TESLA Test facility
power coupler model TTF3 was investigated [4]. Exter-
nal conductor diameter D is equal 42 mm, internal one d
is 17 mm. Electromagnetic fields were computed by
Microwave Studio code with mesh consisted of about
30.000 nodes. Multipactor simulation showed the dis-
charge could occur for the RF power in range from
60 kW to about 1100 kW. Most severe discharge up to
4th order is observed for power exceeding 260 kW.
Figs.1,2 present the examples of statistical simulations
for waveguide operated at 200 kW RF power with elec-
tron trajectories shown. It is seen that the particle num-
ber grows exponentially with field period’s number in-
crease thus indicating the multipactor discharge is very
probable to occur. The electrons trajectories allow one
to figure out that this discharge is one-point multipactor
of 5th order, i.e. electron hits back the surface it was
emitted from after five full RF field periods.
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Fig.1. Electrons trajectories. RF power P = 200 kW
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Fig.2. Particle number on RF periods dependence.
RF power P = 200 kW

The multipactor simulation results for one-point dis-
charge ignition possibility at different power levels are
present at Table. The comparison with results obtained
using Multipac code is also presented.

Multipactor discharge order found in coax lines. MuliP
and Multipac codes results

D=42mm, d=17 mm
P, kW 105 | 165 | 200 | 260 | 350 | 601 | 890
MultP 7 6 5 4 3 2 2
Multipac | 7 6 5 4 3 2 1
D =62 mm, d=28.8 mm

P, kW 200 | 270 | 365 518 898 1556

MultP 8 7 6 5 4 3

Multipac | 8 7 6 5 4 3
D=62mm, d=22.8 mm

P, kW 233 | 314 | 424 | 545 1043 1808

MultP 8 7 6 5 4 3

Multipac | 8 7 6 5 4 3

2.2. The second model analyzed was the coaxial line
like the one used in warm part of Energy Recovery Li-
nac power coupler [5]. External conductor diameter D is
equal 62 mm, internal d is 28.8 mm. The Microwave
Studio code was used to get the electromagnetic fields
with mesh consisted of about 30.000 nodes. The re-
search results showed the multipactor discharge could
arise for power range from 65 to 1600 kW. Most dan-
gerous multipactor discharge of 4th (and less) orders
was found at 800 kW and higher power levels.

2.3. The same simulations were done for coaxial line
used in ERL power coupler cold part. Outer conductor
diameter is equal to D = 62 mm, inner is d=22.8 mm.
The RF power range from 75 to 2100 kW is found to be
dangerous. Multipactor less than 4th order was found
for powers exceeding 1000 kW.
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It is seen that the results obtained with MultiP code
are in good accordance to the Multipac ones. Research
data were shown as program test results.

3. RECTANGULAR WAVEGUIDE
SIMULATIONS

For the geometries having no axial symmetry such
as rectangular waveguide the full 3D multipactor mod-
eling is essential with electromagnetic fields non-
symmetric pattern taken into account.

At Elementary Particle Physics Lab at Cornell Univer-
sity the experimental researches of multipactor in rectangu-
lar waveguides were carried out [6] and its suppression
ways were proposed. It was observed that for RF power
more than 180 kW at 1.3 GHz in WR650 rectangular wa-
veguide (165 x 82.5 mm) the low-order multipactor arises.
Introducing the slot made along the waveguide broad wall
introducing the negligible disturbance in electromagnetic
fields pattern could do discharge depression. The re-
searches confirmed that this change in design lead to the
multipaftor lowered 2 to 7 orders.

Fig.3. Statistical simulation of WR650 rectangular wa-
veguide operated on 200kW power

[ 1ad

Fig.4. Statistical simulation of rectangular waveguide
with groove operated on 200kW power

The upgraded MultiP code was used for simulation
of multipactor both for regular waveguide and for the
one having 5x5 mm groove on the inner surface just like
in the Cornell proposal. Electromagnetic fields were
obtained using Microwave Studio code for model con-
sisted of mesh with about 100.000 nodes.

The simulations were done using MultiP code for
both waveguides transmitting power in range from 100
to 450 kW. It was found that the multipactor in regular
waveguide occurs at power exceeding 180 kW that
agrees with experiment results [6]. Statistical simula-
tions confirm that the groove depresses or eliminates the
multipactor in this power range. The examples of statis-
tical simulation for both structures at 200 kW power are
presented on Figs.3.4.



The statistical simulation results obtained using
MultP code in 3D mode for both designs agree with the
experimentally observed multipactor depression in rec-
tangular waveguide by minor design modifications [6].

4. MULTIPACTOR IN CERAMIC RF
WINDOWS RESEARCH

The MultP code after the upgrade is suitable for
doing the multipactor simulations in power coupler ce-
ramic RF windows. The ceramics has high secondary
electron emission yield and is usually limiting the entire
device performance due to multipactor. Moreover it
could be permanently damaged by discharge due to
electron bombardment and surface heating. The ceramic
window design used for ERL power coupler simulation
results are presented below.

The cold window model used for simulations in-
cluded the ceramics, upstream coaxial line from warm
window (D=62 mm, d=28.8 mm) and the downstream
one to cavity (D=62 mm, d=22.8 mm).

The statistical simulations were made using 1000 in-
itial particles of 1eV energy. Secondary electron emis-
sion yield for metal was equal to 3 and for the ceramics
was 6. Electromagnetic fields were obtained using Mi-
crowave studio run for model with 30.000 nodes.

The simulation results showed that the multipactor
could occur for power range from 50 up to 4000 kW.
For low power less than 200 kW the dangerous areas
located close to coaxial waveguides whereas the dis-
charge in the ceramics vicinity could occur for higher
power. Fig.5,a,b presents the areas marked blue with
electron number rapid growth.
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Fig.5: (a) — Statistical simulation results for ceramic

window operated at 100kW; (b) — Statistical simulation
results for ceramic window operated at 700 kW

For power 1500 kW and more main area subjected
to multipactor discharge moves to the wall of transition
from cold coax to ceramic window as shown on
Fig.6,a,b.
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Fig.6: (a) — Statistical simulation results for 2800 kW

power; (b) —Sample electrons trajectories for 2800 kW
power

Figs.7,8 present the sample simulation results and
electrons trajectories in the areas where the multipactor
discharge is most probable to occur for 250 kW power.
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Fig.8. Sample electron trajectories for 250 kW power
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According to the electrons behavior it was found
that the multipactor order will be 6 or higher for RF
power not exceeding 500 kW. However the simulations
done were evaluative ones and more detailed study
should be done.

CONCLUSIONS

New version of MultP code could be used as a tool
for multipactor simulations. This code is suitable for
multipactor analysis in wide range of particle accelera-
tors RF components. Provided with 2D or 3D electroag-
netic fields obtained by any electromagnetic simulation
code available MultP is able to simulate multipactor
discharge in either traveling or standing wave mode
depending on the device under study.
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HOBBIE BO3MO’KHOCTHU TPOI'PAMMBI MultP
M.A. I'ycaposa, B.U. Kamunckuii, /1. B. Kpasuyk, C.B. Kyyaes, M.B. Jlanaan, C.I. Tapacos, H.Il. Co6enun

IIpencraBiensl pe3yabTaThl pacdeTa pa3dUdHbIX 371eMeHTOoB CBU-ycTpoICTB ¢ TOUKM 3peHHs BO3MOXKHOCTHU
BO3HMKHOBEHHS B HUX MYJIBTUIIAKTOPHOTO pa3psaa. [y pacueTa HCIONb30BaIach IPOrpaMMa TPEXMEPHOIo MoJie-
smpoBanus MultP. [IporpamMma ycoBepiieHCTBOBaHa M ITO3BOJISIET MIPOBOJUTE PACUETHI KaK B PEXXUME CTOSYEH BOJI-
HBI, TaK ¥ B pexuMe Oerylei BosHbl. Ha npuMepax KoakCHaIbHBIX M IPSMOYTOJBHBIX YCTPONUCTB BBOJIa MOLITHOCTH
B CBEPXIPOBOSAIINE PE3OHATOPHI MPOJEMOHCTPHUPOBAHBI BO3MOKHOCTH MPOrpaMMBI, Pe3yIbTaThl CONOCTABIEHBI C
N3BECTHBIMH IKCIIEPHMECHTAIBHBIMA JaHHBIMU.

HOBI MOKJIMUBOCTI ITPOI'PAMMU Multl
M.A. I'ycapoesa, B.1. Kamincokuii, J1.B. Kpasuyk, C.B. Kyuaee, M.B. Jlanaan, C.I. Tapacos, H.Il. Cobenin

[IpencraBneHO pe3yIabTaTH PO3PAXyHKY pisHHUX eneMeHTiB HBU-npucTpoiB i3 mOTisay MOKIMBOCTI BHHUKHEH-
HSl B HUX MYJIBTUIIAKTOPHOTO po3psiay. st po3paxyHKy BHKOPUCTANACS MpOrpaMa TPUBHUMIPHOTO MOJIEIFOBAHHS
MultP. IIporpama BIockoHajieHa 1 J03BOJISIE IPOBOJUTH PO3PAXyHKH SK y PEXHMI CTOSYOT XBHJII, Tak 1 y pexumi
XBWJI, 1110 ODKUTH. Ha mpukianax xoakciajdbHUX 1 MPSIMOKYTHHUX MPUCTPOIB BBEJCHHS MOTYXKHOCTI B HaAIPOBIIHI
PE30HATOPH MPOJAEMOHCTPOBAHI MOXIIMBOCTI MPOrPaMH, PE3yJIbTATH 3ICTABJICHI 3 BIIOMUMHU €KCIICPUMEHTATbHUMU
JaHUMH.
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