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Abstract— During RF conditioning of the ion cyclotron reso-
nance heating (ICRH) system on WEST, under vacuum, pressure
rises are measured inside the antennas. A proposed hypothesis
for the cause of this phenomenon is multipactor, an electron
multiplication process taking place in RF devices under vacuum.
Modelling multipactor conditions in a resonant antenna, i.e.,
under high standing wave ratio, requires particular precautions.
This paper proposes a methodology to determine the multipactor
conditions in such a context. Using the proposed approach,
the operational conditions, expressed as the generator’s RF
powers, of the appearance of multipactor inside a WEST ICRH
antenna during its RF conditioning under vacuum, are deduced.
Calculations are performed for two different surface states: when
the surface is baked but non-conditioned, and when it is baked
and fully conditioned. For the non-conditioned surface state, it is
shown that when only one side of the under-conditioning ICRH
antenna is powered, the off-mode side is prone to multipactor
when its capacitors are tuned. Detuning the capacitors on the off-
mode side suppresses almost the multipactor on the non-powered
side for the frequency range of interest. Moreover, it is shown
that the fully conditioned antenna surface state can suppress the
appearance of multipactor in some regions of the antenna.

Keywords: Ion Cyclotron Resonance Heating (ICRH), mul-
tipactor, conditioning, Total Electron Emission Yield (TEEY)

I. INTRODUCTION

Ion cyclotron resonance heating (ICRH) is one of the possi-
ble plasma heating systems for fusion reactors. It is commonly
used in experimental magnetic confined nuclear fusion exper-
iments. In the WEST tokamak located at CEA/Cadarache,
France, the ICRH system consists of three identical four
straps-antennas. These antennas are operated in the frequency
range [46− 65] MHz [1], [2].

Each WEST ICRH antenna is composed of two sides: left
and right. Each side is constituted of two variable capacitors,
a passive three-ports of T-junction type called ”bridge”, a two-
step impedance transformer, used to match the impedance
of the main transmission line (30Ω) to the low T-junction
impedance, and an RF feed-through made with an alumina ce-
ramic. The RF feed-through ensures the tightness between the
vacuum-pumped part on the tokamak side and the Nitrogen-
pressurized parts of the coaxial transmission lines connected to
the RF generators. An illustration of the different components
of one ICRH antenna is given in Fig.1. Each side has its own
RF power generator so that either one or both sides of the
antenna can be powered, generally in dipole phasing (180◦

phase shift between sides). Each antenna side’s high-power

Fig. 1. Top – An illustration of the different components of one ICRH antenna
used on the tokamak WEST. Each side has its own high-power generator.
Bottom – The inner conductor representation of the feed-through window,
impedance transformer, and T-junction.

generator can provide up to 1.5MW, hence leading to up to
3MW per antenna.

Before each WEST experimental campaign, the tokamak
and its heating systems are baked up to 200 ◦C. During plasma
operations, the machine and the antennas are water-cooled at
70 ◦C. Before using the ICRH system on plasma, a prelimi-
nary RF conditioning phase is performed during the tokamak
commissioning. During RF conditioning under vacuum, each
side of the antenna is powered separately on short pulses until
reaching the voltage’s limit for not exceeding the maximum
current of the antenna’s capacitors (< 27 kV). During this step,
pressure rises are measured inside the antenna, by vacuum
gauges connected to the rear of each impedance transformer,
in association with an auxiliary pumping system (Fig.1).
In addition, visible light, RF sub-harmonics, and reflected
power are observed during this conditioning phase [2]. One
possible cause explaining these observations is the multipactor
phenomenon, a resonant RF vacuum discharge [3]. This paper
proposes a generic methodology to determine how and where
multipactor discharges can be triggered, during realistic opera-
tional scenarios, in complex geometries such as a WEST ICRH
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antenna. As an example, this generic methodology is applied
to the case of a single ICRH antenna operated during the RF
vacuum conditioning phase and without a toroidal magnetic
field. In such a case, the standing waves and the cross-talk
between the sides of a single antenna are not negligible and
must be taken into account self-consistently.

The paper is organized as follows: Section II recalls the
definition of the multipactor phenomenon and lists the required
conditions for its ignition and sustainability. Section III details
the methodology used to solve the problem. Section IV
presents the results obtained and discusses the main findings
before concluding in Section V.

II. MULTIPACTOR DEFINITION AND CONDITIONS

Multipactor is an electron avalanche caused by secondary
electron emission from the surfaces of an under-vacuum radio-
frequency (RF) device. For all-metallic devices where the
electric field is normal to the surfaces, the multipactor occurs
when some primary electrons, which are accelerated by the
RF field, impact a surface and cause a release of additional
secondary electrons. Released electrons are also accelerated
by the electric field and release additional secondary electrons
after impacting a surface of the device. This mechanism can
lead to an electron avalanche [3], which can cause electrical
discharge and damage to the equipment. In a metal coaxial
geometry, such discharges can occur on a single conductor
surface or between the inner and the outer conductor surfaces
[4].

Although this phenomenon could be beneficial for some
signal amplification applications [5], this is not the case for
many applications: such as RF satellite payloads, particle
accelerators [6], accelerating cavities [7], vacuum tubes or
experimental fusion reactors’ heating systems [8]–[10].

In the RF heating systems of nuclear fusion devices, mul-
tipactor electron cloud can induce reflected power (detuning),
create outgassing, and increase components’ temperature [11].
These effects can ultimately lead to RF breakdowns with the
following consequences: metallization of the vacuum feed-
through ceramics (called RF windows) by arc-induced sput-
tering [12], or corona discharges [13], [14].

In all-metallic devices, such as the ones studied in this paper,
for this resonant secondary electron emission mechanism [15]
to occur, two conditions must be simultaneously fulfilled [3].
i) The impact energy of electrons colliding with a surface of
the structure must be sufficient to emit more electrons from
the surface than the impinging electrons. In electron emission
terminology, this condition means that the electrons’ impact
energy should exceed the first cross-over energy of the material
while remaining lower than the second cross-over energy so
that the total electron emission yield (TEEY) of the electrodes’
surface is greater than one [16], [17]. ii) The synchronization
(resonance) between the electrons’ motion and the phase
change of the RF electric field. The first condition depends
on the material surface’s properties and is known to affect
largely the multipactor’s occurrence [18]. For this reason, it
is essential to properly characterize the secondary emission
properties in conditions relevant to the RF device operation.

The TEEY characteristics of the WEST ICRH antenna are
detailed in the next section, followed by a description of the
methodology used for the multipactor thresholds calculation.

A. TEEY characteristics within WEST relevant operational
conditions

Before operating the RF heating system on vacuum or
plasma, the ICRH antennas are subject to in-situ condition-
ing treatments: baking (during the general tokamak baking)
and RF conditioning. RF conditioning is an antenna-surface
conditioning technique based on short RF power pulses (ms),
used to clean and remove impurities deposited on the surfaces
[19]. In some conditions that we would like to identify, these
RF power pulses trigger multipactor inside the different com-
ponents of the antenna. Multipactor discharges – among other
possible phenomena – are known to be responsible for the
elimination of hydrocarbon elements, and adsorbed hydroxides
from the surfaces of the antennas’ components [19]. As a
result of baking and RF conditioning, the emission properties
of the antenna’s surfaces are modified. As in [19], the RF
conditioning is mimicked by an in-situ electron bombardment.

Therefore, accurate knowledge of the materials’ TEEY char-
acteristics is essential for conducting proper multipactor analy-
sis [18]. The TEEY of the silver-coated surfaces of the WEST
ICRH antennas has been measured for relevant operational
baking temperature, baking duration, and surface temperature
(70 ◦C) in [19]. The results are briefly summarized here. This
paper analyzed two extreme situations (Fig. 2): i) the TEEY
measurements before any conditioning treatment, represented
in red, for a silver-coated sample baked for three days at
200 ◦C, and maintained at 70 ◦C. This situation characterizes
the surface characteristics of the antennas at the beginning
of the RF conditioning phase and can be considered the
worst situation. We refer to these TEEY measurements as
“non-conditioned”. The TEEY measurements, for the same
baked sample, after the saturation of the TEEY properties
(where the first crossover energy and maximum TEEY can no
more be reduced with additional conditioning on the sample’s
surface) represented in black [19], which we refer to as
“fully conditioned”. These latter measurements characterize
the antennas’ surface properties mimicking the end of the RF
conditioning phase.

The TEEY of the conditioned surfaces is reduced, reducing
hence the multipactor occurrence. The latter observation is
corroborated in practice, as RF operators see a progressive
increase in the voltage standoff of the antennas (up to the
nominal regime). The choice of these two extreme TEEY is
motivated by the goal of determining how RF conditioning
affects the antennas’ vulnerability to multipactor at the begin-
ning and the end of the RF conditioning phase.

III. METHODOLOGY

During its RF vacuum conditioning phase, operators of the
ICRH antennas control, for a given frequency, the RF power
of the generators feeding one or both sides of the antenna
and the four internal variable capacitors. Hence, our goal is
to determine the generators’ forward powers and capacitor
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Fig. 2. TEEY measurements for a baked WEST ICRH representative silver-
coated sample, maintained at 70 ◦C. In red, the TEEY data are measured
before any conditioning treatment; and in black, the TEEY data are measured
after a full conditioning treatment of the surface (with a cumulative electron
dose of 2338 µCmm−2) [19].

states that can trigger multipactor inside the different sides
and components of the antenna and deduce the best strategies
to reduce or avoid multipactor.

During this RF conditioning phase, there is no plasma
in the vacuum vessel, and we will assume that no toroidal
magnetic DC field is present. As the antennas face vacuum
loading they have a very low coupling under these conditions
and only a very small fraction of the generators’ power is
coupled into the vacuum vessel. The forward power of the
generators during this phase is, in practice, limited to the
range [5− 20] kW per antenna side, and applied during 20ms
maximum, to avoid exceeding the voltage and current limits
of the variable capacitors. During the antenna conditioning
phase, one antenna side is energized at a time while the other
generator remains off. Once the nominal voltage across the
capacitor (27 kV) is reached, both sides are energized in dipole
configuration (180◦ phase difference between sides). Once
achieving 27 kV on both sides of the antenna, the duration of
the RF pulse is progressively increased, up to 5 s. As cross-
talk between the two sides of one ICRH antenna can also
trigger multipactor into the non-energized side, meaning we
should determine the conditions triggering multipactor and
the locations where multipactor is initiated on both powered
and non-powered sides of the antenna. Additionally, all these
results also depend on the secondary emission properties of
the antenna surfaces, which itself evolves during conditioning
[19].

As mentioned previously, the capacitors are variable, and
there are two capacitors per antenna side (i.e., four capacitors
per ICRH antenna). Therefore, their capacitance can be tuned
to match an antenna side at the frequency of interest. When
the capacitors are tuned to match the antenna at a particular
frequency, they are called tuned capacitors. When the capac-
itance of each capacitor is set to the value 120 pF (highest

Fig. 3. Illustration of the main three steps used to solve the problem for a
given frequency. The blue lines correspond to the electric field multipactor
thresholds, the black lines correspond to the excited electric fields, and the
red lines correspond to the resultant generators’ forward powers triggering
multipactor inside the geometry.

capacitance value), this configuration is called detuned capac-
itors, as the antenna side is no more resonant.

Given the fact that we have variable capacitors and two
generators per antenna, three operational cases are studied:

Case 1: The generators of both sides of the antenna are
on, and the capacitors of both sides are tuned. The
antenna is operated in dipole, that is with a 180◦ phase
difference between both sides.

Case 2: The generator of one side of the antenna (right or
left) is on, the generator of the other side is off, and
capacitors of both sides are tuned.

Case 3: The generator of one side of the antenna is on, the
generator of the other side is off, and the capacitors of
the powered generator are tuned, while the capacitors
of the off-mode side are detuned.

To achieve our goals, the problem is divided into three main
parts, illustrated schematically in Fig. 3 for a given frequency:

1) Determining the electric fields responsible for triggering
multipactor inside the different components of the an-
tenna (blue lines in Fig. 3). In this work, we deduce
the multipactor electric field thresholds from multipactor
power thresholds determined with Spark-3D1 software.
As our software’s version only supports metallic bound-
ary conditions and single TEEY, our study excludes
the ceramic vacuum feed-through and focuses on the
main components of the WEST ICRH antennas: the
bridge and the impedance transformer. These thresholds
are called the multipactor electric fields thresholds and
are determined while considering the measured WEST
material secondary emission properties.

2) Solving for the electric field in antenna sections, using a
full-wave and a circuit solver (ANSYS Electronics). This
takes into account self-consistently: the generator powers,
the capacitor states, and the coupling between both sides.
Thus, this step leads to the determination of the excited

1version 1.6.3
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Fig. 4. Left – The design of the T-junction, where in red the inner
conductor is represented, in blue the vacuum volume, and in dashed black
the outer conductor Right – The cut view representation of each of the bridge
multipactor regions. The bridge is divided into three different multipactor
regions: (1) – Region A, (2) – Region B, and (3) – Region C.

Fig. 5. Top – The design of the impedance transformer, where in red the
inner conductor is represented, in blue the vacuum volume, and in dashed
black the outer conductor. Bottom – The cut view representation of each of
the impedance transformer multipactor regions. The impedance transformer is
divided into four different multipactor regions: (1) – Section 1, (2) – Transition
1, (3) – Section 2, and (4) – Transition 2.

electric fields in all components of the antenna (black
lines in Fig. 3).

3) Comparing the multipactor electric fields thresholds to
the excited electric fields. It leads to the determination
of the forward generators’ powers (lower and upper
thresholds) triggering multipactor inside the different
components of the antenna (red points in Fig. 3).

In the following subsections, we elaborate these steps.

A. Multipactor Electric Fields Thresholds’ Determination

To accurately determine the multipactor thresholds in the
bridge and impedance transformer components, which are
of complex 3D geometries, we have split each of these
components into separate multipactor analysis regions. The
multipactor regions are chosen such that the electromagnetic
fields and/or the geometry are as much as possible homoge-
neous. The geometry of the bridge (represented in Fig. 4) is
divided into three regions: Region A being close to a parallel-
plates-like geometry, Region B a coaxial geometry of elliptical
cross-section and Region C being the two regions connected to
the capacitors, joined by a parallel-plates-like geometry. The
geometry of the impedance transformer (represented in Fig. 5)

is split into four regions: two circular coaxial transmission
lines regions of characteristic impedance 5.5Ω (Section 1)
and 17.4Ω (Section 2), and two complex tapered transitions
geometries called Transition 1 and Transition 2.

As the WEST ICRH antennas are resonant, they are subject
to standing waves (SW). In standing wave conditions, it is
more relevant to define the multipactor thresholds in terms
of the electric field rather than power [20]–[22]. For each of
the defined regions, there will be two multipactor electric field
thresholds: a lower multipactor electric field threshold, respon-
sible for the ignition of the multipactor regime in the region,
and an upper multipactor electric field threshold beyond which
the multipactor extinguishes in the analyzed region. Details on
the determination of these multipactor electric field thresholds
are given in Section III-C.

For the analyzed geometries, it was found that the Region
A and Region C of the bridge are prone to multipactor for the
non-conditioned TEEY case, whereas, only the Region C is
prone to multipactor when using the fully conditioned TEEY
case. For the impedance transformer, Section 2 and Transition
2 are the problematic regions when using the non-conditioned
TEEY, and only the Transition 2 remains problematic when
it comes to the fully conditioned TEEY. We have found that
for 3D complex geometries, the conditioning effect on the
multipactor electric field thresholds is the same as the one
observed in [19]. A reduction in the multipactor electric field
range is observed when the surface is conditioned: i) the
lower multipactor electric field threshold is higher for the fully
conditioned case than that for the non-conditioned case. ii) The
higher multipactor electric field threshold is lower for the fully
conditioned case, than that for the non-conditioned case.

B. Determination of the Antenna Electric Fields

The circuit model of one ICRH antenna during its RF
conditioning is represented in Fig. 6. In this circuit model, all
the components (RF feed-through, T-junction, and impedance
transformer) of the left and right sides of the antenna are taken
into consideration using their full-wave models, except for the
capacitors that are modelled using an equivalent lumped circuit
[23]. To mimic the operational situation, the in-series resistor
is set to zero (infinity) when a generator is on (off), while
the shunt one is set to infinity (zero). This is done to model
accurately the forward impedance seen from the RF window’s
side when the generator is off.

At a particular frequency of interest, and for each side: i)
the generator state is chosen – on or off, and the forward
power(s) of the on-mode generator(s) is (are) set. ii) The
capacitors’ state is chosen – tuned or detuned along with the
capacitance values for the tuned side(s). Then, solving the self-
consistent simulation leads to the determination of the excited
electric fields in each multipactor region of the bridge and
impedance transformer components. The excited electric fields
are then evaluated in two susceptible zones: the susceptible
zone corresponding to the lower multipactor electric field
threshold, and the one corresponding to the higher multipactor
electric field threshold, as described in the next section.
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Fig. 6. Circuit model of one ICRH antenna, during its RF conditioning phase, where both sides of the antenna are modelled to take into account the RF
coupling. Each side of the antenna is composed of: (1) – one generator that could be in one of two possible states (on or off), (2) – one RF ceramic feed-through
window, (3) – one impedance transformer, (4) – one bridge, (5) – two variable capacitors. Both sides of the ICRH antenna are connected through: (6) – one
front face. The operator of the antenna could only configure the RF frequency, powers and phases of the generators and the values of the capacitors.

Fig. 7. The steps summarizing the applied methodology for the determination
of the multipactor electric fields thresholds for each of the components’
regions.

C. Multipactor Analysis Under Standing Wave

We are interested in determining the lower and upper
multipactor electric field thresholds regardless of the reflection
coefficient – as the ICRH antennas are prone to regimes
under mixed or standing wave patterns resulting from the
combination of incident and reflected waves.

In the first step (Fig. 7), the electromagnetic (EM) fields
cartography is generated for a given region after choosing
the power ports’ excitation and the appropriate TEEY curve,
before being imported to the multipactor tool analysis (Spark-
3D). In the second step, the multipactor analysis is done by an
iterative scaling of the ports’ excitation by a factor fi, before

making a decision on the existence of multipactor based on
the number of electrons’ evolution in time [19]. The output of
this step is the determination of the lower and upper scaling
multipactor factors, as well as the multipactor susceptible
zones. The multipactor susceptible zone corresponds to the
region’s part where the multipactor conditions are simultane-
ously fulfilled. In the last step, we have extracted two multi-
pactor criteria: i) the relevant physical quantity for the lower
multipactor threshold, is the peak value of the electric field’s
magnitude evaluated in the multipactor susceptible zone. We
refer to this physical quantity as the lower multipactor electric
field threshold. ii) The relevant physical quantity for the
upper multipactor threshold is the mean (average) value of
the electric field’s magnitude evaluated in the multipactor
susceptible zone. We refer to this physical quantity as the
upper multipactor electric field threshold. It was found that
the developed criteria are constant regardless of any variability
in the initial ports’ excitation, i.e. reflection coefficient. The
intention behind the idea is that under SW patterns if the
multipactor conditions are met, the multipactor ignition is near
the SW electric field’s peaks, whereas its extinction is near the
SW electric field’s nodes [20].

IV. RESULTS

In this section, multipactor regions are given by the lower
and upper generators’ forward powers triggering multipactor
on each antenna side as a function of the antenna frequency
range. Red curves represent the results of the non-conditioned
TEEY, for the left and the right sides of the antenna. Black
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curves represent the results of the fully conditioned TEEY. The
nominal generator forward power range during RF condition-
ing is represented as a grey band.

A. Case 1

In this first case, both generators are powered with the same
forward power and both capacitors’ sides are tuned. Because of
the antenna symmetry and vacuum loading (non-anisotropic),
it is expected to obtain similar multipactor power thresholds
on both sides. The thresholds illustrated in Fig. 8 confirms this
expectation as, for both TEEY cases, left generator’s forward
powers triggering multipactor on its side are the same as for
the right side.

Surface conditioning reduces the multipactor thresholds, as
also shown in [19]. In particular, it tends to increase the lower
generators’ forward power thresholds and decrease the upper
generators’ ones, thus reducing the multipactor domain.

The regions where multipactor takes place are deduced
by looking at the generators’ forward powers responsible
for triggering multipactor in each component. The bridge’s
and impedance transformer’s different multipactor regions,
corresponding to the right and left sides of the antenna, are
represented in Fig. 9, and Fig. 10 respectively. The solid lines
correspond to the results for the non-conditioned case (red
curve of Fig. 2), while the dashed lines correspond to the
fully-conditioned case (black curve of Fig. 2). Results of the
left side of the antenna are identical to those of the right
side. It also shows that the surface conditioning suppresses
multipactor in the Region A of the bridge, the Section 2 of the
impedance transformer. In addition, the multipactor zone is
reduced within the Region C of the bridge, and the Transition
2 of the impedance transformer.

B. Case 2

In the second case, only the generator of the right side
is energized. Hence, multipactor-triggering powers correspond
to the right side generator’s forward powers. In other terms,
we are interested in determining the forward powers for the
right generator triggering multipactor in both the powered side
(right) and in the non-powered side (left), the latter being
caused by the cross-talk between antenna sides.

Fig. 11, represents the minimal and maximal forward pow-
ers, triggering multipactor in the left, and the right sides of
the RF-conditioned antenna, for the non-conditioned TEEY
in red, and the fully conditioned TEEY in black. This figure
reveals that, in the RF-conditioning nominal power range,
and within the ICRH frequency range, leaving the off-mode
side’s capacitors tuned leads to the trigger of multipactor in
both sides of the antenna, for the non-conditioned TEEY
measurements. Nevertheless, the probability of multipactor
trigger on the non-powered side is reduced when the surface
of the antenna is fully conditioned. Therefore, the very re-
markable similarity between Case 1 and Case 2, especially
for the non-conditioned TEEY curve, is explained by the state
of the capacitors. In particular, for the TEEY measurements
before any conditioning, the multipactor-triggering generator’s
powers for the bridge of the right (on) and left (off) sides

Fig. 8. The generators’ forward powers, as a function of the ICRH frequency
range, responsible for triggering the multipactor in its corresponding antenna
side (the figure of left (right) corresponds to the results of the left (right)
side of the antenna). The red (respectively black) curves correspond to the
minimal and maximal forward powers triggering multipactor in one antenna
side for the non-conditioned (fully conditioned) TEEY cases represented in
red (black) in Fig. 2. The dashed grey band corresponds to the nominal RF
conditioning operational powers.

Fig. 9. Left (Right) – In solid lines, the generators’ forward powers, as a
function of the ICRH frequency range, responsible for triggering multipactor
in the multipactor-prone regions (Region A and Region C) of the bridge for
the left (right) side of the antenna. The solid lines are the results for the non-
conditioned TEEY case. In dashed lines, the generator’s forward powers, as a
function of the ICRH frequency range, responsible for triggering multipactor
in the multipactor-prone region (Region C) of the bridge for the left (right)
side of the antenna. The dashed lines are the results for the fully conditioned
TEEY case. Region A is not prone to multipactor for the fully conditioned
TEEY case.

of the antenna (represented in Fig. 12), are very comparable
even though one of the sides is not even powered. When
the capacitors of the off-mode side are tuned, the power is
coupled to the off-mode side and is responsible for triggering
the multipactor in the bridge, the nearest component to the
front face, due to the sides’ cross-talk. Nevertheless, this is not
the case for the impedance transformer, as shown in Fig. 13.



7

Fig. 10. Left (Right) – In solid lines, the generators’ forward powers,
as a function of the ICRH frequency range, responsible for triggering
multipactor in the multipactor-prone regions (Section 2 and Transition 2) of
the impedance transformer for the left (right) side of the antenna. The solid
lines are the results for the non-conditioned TEEY data curve. In dashed
lines, the generator’s forward powers, as a function of the ICRH frequency
range, responsible for triggering multipactor in the multipactor-prone region
(Transition 2) of the impedance transformer for the left (right) side of the
antenna. The dashed lines are the results for the fully conditioned TEEY data
curve. Section 2 is not prone to multipactor for the fully conditioned TEEY
case.

Fig. 11. The right-side generator’s forward powers, as a function of the ICRH
frequency range, responsible for triggering the multipactor in the different
antenna sides (the figure of left (right) corresponds to the results of the left
(right) side of the antenna). The red (respectively black) curves correspond to
the minimal and maximal forward powers of the on-mode generator, triggering
multipactor in one antenna side for the non-conditioned (fully conditioned)
TEEY data curve represented in red (black) in Fig. 2. The dashed grey band
corresponds to the nominal RF conditioning operational powers.

At a given frequency, the forward power needed to trigger
multipactor inside the impedance transformer of the off-mode
side (left) is higher than for the on-mode side (right) as the
impedance transformer is farther from the capacitors than the

Fig. 12. Left (Right) – In solid lines, the on-mode generator’s forward powers,
as a function of the ICRH frequency range, responsible for triggering the
multipactor in the multipactor-prone regions (Region A and Region C) of
the bridge for the left (right) side of the antenna. The solid lines are the
results for the non-conditioned TEEY data curve. In dashed lines, the on-
mode generator’s forward powers, as a function of the ICRH frequency range,
responsible for triggering multipactor in the multipactor-prone region (Region
C) of the bridge for the left (right) side of the antenna. The dashed lines are
the results for the fully conditioned TEEY data curve. Region A is not prone
to multipactor for the fully conditioned TEEY case.

Fig. 13. Left (Right) – In solid lines, the on-mode generator’s forward powers,
as a function of the ICRH frequency range, responsible for triggering the
multipactor in the multipactor-prone regions (Section 2 and Transition 2) of
the impedance transformer for the left (right) side of the antenna. The solid
lines are the results for the non-conditioned TEEY data curve. In dashed lines,
the on-mode generator’s forward powers, as a function of the ICRH frequency
range, responsible for triggering multipactor in the multipactor-prone region
(Transition 2) of the impedance transformer for the left (right) side of the
antenna. The dashed lines are the results for the fully conditioned TEEY data
curve. Section 2 is not prone to multipactor for the fully conditioned TEEY
case.

bridge.

C. Case 3

In this last case, the capacitors of the off-mode (left) side
are detuned while the capacitors of the on-mode (right) side
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Fig. 14. CASE DESCRIPTION. Same caption as Fig. 11.

Fig. 15. CASE DESCRIPTION. Same caption as Fig. 12.

are tuned. On-mode generator’s forward powers responsible
for multipactor trigger are illustrated in Fig. 14. This figure
shows that, for the non-conditioned case, in the nominal power
range for RF-conditioning, and within the frequency range
[46− 63] MHz, multipactor can be triggered only in the on-
mode side and not the off-mode side. Nevertheless, within
[63− 65] MHz, multipactor can still be triggered inside the
components of both sides of the antenna. Moreover, for the
fully conditioned case, within the ICRH frequency range,
multipactor is only triggered on the on-mode side, while the
off-mode side is not prone to multipactor.

The differences between Fig. 14 and Fig. 11 are attributed
to the capacitors’ states of the off-mode side, which are re-
spectively detuned, and tuned. This result reveals the necessity
of having detuned capacitors to avoid or reduce multipactor on
the non-powered side. This conclusion is particularly relevant
to operation, as, during RF conditioning on a single side, safety

Fig. 16. CASE DESCRIPTION. Same caption as Fig. 13.

interlocks do not depend on the off-mode side.
For Case 3, the forward powers needed to trigger multi-

pactor inside the bridge and the impedance transformer (shown
in Fig. 15, and Fig. 16) of the non-powered side are higher
than those seen in Case 2, as the cross-talk to the off-mode
side is reduced when the capacitors are detuned.

V. CONCLUSION

In this paper, we proposed a self-consistent methodology to
determine the WEST ICRH antenna forward powers trigger-
ing multipactor during RF conditioning under vacuum. This
general methodology led to the determination of the multi-
pactor locations and power thresholds for relevant operational
scenarios.

The results obtained indicate the best strategy to follow for
the RF operators to minimize risks associated with multipactor
during this phase, which is to detune the capacitors of the off-
mode side of the ICRH antenna when only one side is active.
In addition, the methodology was applied for two extreme
cases of the silver-coated antenna’s surface properties, that is
for non-conditioned and fully conditioned surfaces. It is shown
that the reduction of the TEEY associated with the surface
conditioning reduces the multipactor power domain or even
totally suppresses it.

Further studies will concentrate on modelling the multi-
pactor triggering powers during plasma operation in WEST,
taking into account the cross-coupling between different an-
tennas through the plasma. This methodology will also be
extended to include the front face, capacitors and geometries
having multiple TEEY, i.e., the ceramic vacuum feed-through.
The methodology exposed in this work is generic and can be
used to study the occurrence of multipactor on larger antennas,
for example in ITER.
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