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Abstract

The main aim of this paper is the analysis of the feasibility of employing permanent magnets for
the multipactor mitigation in a coaxial waveguide. First, the study of a coaxial line immersed in a
uniform axial magnetic field shows that multipactor can be suppressed at any RF frequency if the
external magnetic field is strong enough. Both theoretical simulations and experimental tests
validate this statement. Next, multipactor breakdown of a coaxial line immersed in a hollow
cylindrical permanent magnet is analyzed. Numerical simulations show that multipactor can be
suppressed in a certain RF frequency range. The performed experimental test campaign
demonstrates the capability of the magnet to avoid the multipactor electron multiplication
process.
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Abstract—The main aim of this paper is the analysis of the [2], whilst an axial magnetic field is inserted for multipactor
feasibility of employing permanent magnets for the multipactor  suppression in rectangular waveguides [3]-[7].
mitigation in a coaxial waveguide. First, the study of a coaxial The multipactor effect in a coaxial line under the presence

line immersed in a uniform axial magnetic field shows that f if ial . ic field . . di
multipactor can be suppressed at any RF frequency if the external ©f @ uniform axial static magnetic field was investigated In

magnetic field is strong enough. Both theoretical simulations & previous paper [8]. These results evidence that RF power
and experimental tests validate this statement. Next, multipactor thresholds (the lowest RF power value at which the multipactor
breakdown of a coa>_<ia| line immersed in a ho_IIow c_ylindrical discharge appears) are strongly influenced by the magnitude
permanent magnet is analyzed. Numerical simulations show ¢ e magnetic field. These results were obtained for a fixed

that multipactor can be suppressed in a certain RF frequency . . .
range. The performed experimental test campaign demonstrates RF fréquency. In this paper, we extend this previous study by

the capability of the magnet to avoid the multipactor electron analyzing the effect of the RF frequency signal, as well as the
multiplication process. magnetic field strength. As we shall see, the total suppression

Index Terms—Multipactor effect, RF breakdown, permanent ©Of multipactor breakdown can be obtained regardless of the
magnet, DC magnetic field, coaxial waveguide, multipactor mit- RF signal frequency for magnetic field strengths over a onset.
igation. In addition, we discuss about the feasibility of multipactor

suppression by means of the realistic non-uniform magnetic
|. INTRODUCTION field pattern of neodymium permanent magnets.

The multipactor effect is a resonant vacuum electron di - This paper 1s structure_d as fo_IIows._Sectlon II-A describes
%e physical model used in our simulation code to perform the

charge that appears in components operating with RF high= *" . . .
g PP P b ¢ gwmencal calculations of multipactor breakdown. In section

power electromagnetic fields [1]. This phenomenon is pres i . ; o
in many different environments such as RF satellite payloadE,B’ we derive analytical expressions for the ".‘agne“c f|gld
particle accelerators, klystrons or cyclotrons. When cert Tgrength produced by a magnetlzgd hollow cyllnder._ Se_ctlon
conditions are satisfied, the free electrons synchronize w HA analyz_es the effect of a uniform D.C magnetic f|e_|d
the RF electric field, and impact against the metallic walld" the _mu|t|pactor power threshold showing .bOth theoretlcal
releasing secondary electrons. Thus, the increase of the e _qlatlons and .experlmental re;ults. Next, n sepuon Il-B,
tron population in the device leads to an electrical dischar e |mple.me'ntat|on of a non-uniform magneth field along
that degrades the component performance and can physically c0a><.|al line by means of hoIIow.neodymlu'rln magnEt’
IS “investigated. According to the required specifications, a

damage the structure. b :
This RF breakdown effect has been the subject of a nuf€Cdymium magnet has been designed and manufactured to

ber of studies addressed to designing multipactor free [QRITY out experimental tests in order to validate the theoretical

components. Several techniques are applicable for avoidfifigults: Finally, the conclusions are drawn in Section IV.

this undesirable effect, such as chemical polishing, groove

insertions in the metal surface, surface coatings or changes [I. THEORY

in the gap dimensions. However, surface treatments degradepultipactor algorithm

in time, surface grooves impair the RF performance andI thi Monte-Carl de t ; th

geometrical modifications are unpractical in most microwave n this paper, we use a ionte-L.arlo code to perlorm he

components. Recently, some authors proposed the use of ﬁ@ulatmns of multipactor in coaxial transmission lines using
. s fhe

magnetic fields for the partial or total discharge mitigatio traditional single effective electron model [10], [11]. This

Sometimes, the direction of the applied magnetic field I chnique is based on the 3D tracking .Of a set of eﬁectlve
oriented along the transverse plane for a coaxial geome ctrons governed by the electromagnetic field. The trajectory

of the effective electron is found numerically solving its
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iTEAM, Universidad Poliécnica de Valencia, Spain electron describes a particular electronic population which

S. Anza, C. Vicente and J. Gil are with AURORASAT, Valencia, Spain evolves in time by colliding with the coaxial metallic walls of
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model formulated in [13], [14]. After that, the collidingderived using the equivalent volume and surface currents [18]

electron is re-emitted from the impact place with randometermined as’M VxMandKM M x ii; JM andKM

initial velocity given by a Maxwellian distribution with a meanbeing the volume and the surface currents, respectivetie

average energy df eV. The velocity launching angle is givenunitary vector normal to the surface, amfl = M2 the volume

by the cosine law [15]. magnetization. Once the equivalent currents are obtained, the
The total driving electromagnetic field experienced on eadatic magnetic field inside and outside the magnet can be

effective electron is the sum of three contributions: the excitedlculated by means of the Ampere’s Law [18], resulting the

RF fields, the electric field due to the Coulombian repulsidiollowing expressions:

among electrons, and an applied external DC magnetic field.

The excited RF fields are those related to the fundamental M [T6rg [E(k)  E(kr)
mode of the coaxial guide at frequengy The electric field — B,(r, z) _Ho 0 2 _ L
caused by the electron cloud is modelled by means of a dm r ke k1
single electron sheet, following the same procedure proposed 1 2 2
in [16]. Two different kinds of external DC magnetic field 2 (1 - 2) K (k1) ( - 2) K(ka)| (4)
will be considered in the present work. First, in section IlI-A, !
a uniform magnetic field oriented along the axial direction of
_the_ coaxial Ilne Second, in Sgcthn IlI-B, the coaxial sample B.(r,2) = Lo . ﬁ kTl (k, o) +
is immersed into a hollow cylindrical permanent magnet. In 9 1 2 2
this case the non-uniform magnetic field has radial and axial TvTrTo ( + E)
components. o h r
The effective electron dynamics is governed by the non- — |25 ) kll(k,0)| - 7037'(T7 z)  (5)
relativistic Lorentz force expression leading to [17],
~drrg
2 do TR
dv, d°r e
— = = —— |Erp(7,t) + Es (7, t)—
at ~ de (dt) m |BRE @8 + Baelr 1) rr—
1) ki = \/ 5
P+ (- )
“V‘BRF(??,t) Uz+Bezt7z('F) U¢] B \/ 47‘7“0
= ., hy2
% dQ(b Qﬁdﬁ_ e (7+7‘0)2+(Z+§)

dat a2 T Cardt T om|

Bewt,z(F) Ur + Bewt,r(F) Uz . . -
wherep is the magnetic permeability of vacuuilt(k), E (k)
(2) andIl(k,o) are the complete elliptic integrals of the first, the
o second and the third kind, respectively [19]. Note that the
dv, d°z e R . o .

—t == Beytr(F) vy + Brr(T,t) v, (3) azimuthal magnetic field component is zero due to symmetry.
dt dt Finally, magnetic field expression for a hollow cylinder can
where—e andm are the electron charge and electron mass ¢ obtained by considering the superposition of the magnetic
rest, respectivelyi is the vector posmorms the time, ¢, ¢, )  fields generated by two homogeneously magnetized cylinders
are the cylindrical coordinatesy (= %, v, = r r{lif v, = &) with different radii, the same magnetization strength and

are the corresponding components of the electron velocigRposite magnetization direction.

ESC = E,.7 is the electr|c field that takes into account the

space charge effecERF = Erp 7 and BRF = BRF¢ are I11. SIMULATION AND EXPERIMENTAL RESULTS

the electric and magnetlc fields of the TEM coaxial mode; and niform static axial magnetic field

Bm Beyt r 7+ Best,» 2 1S the external magnetic field.

The coaxial dimensions for multipactor simulations, as
well as the testing sample, are as those employed in Ref.
B. Magnetic field produced by a hollow cylindrical magnet [8]. The experimental set-up is the standard one, commonly

In this subsection, we present the procedure to compumployed in multipactor measurements is shown in Fig. 2
the magnetic field of an homogenously magnetized holloffor a full-detailed description see [9]). The inner and outer
cylinder in terms of the expressions of a simple homogenousBdius dimensions are = 1.515 mm andb = 3.490 mm,
magnetized cylinder. In Fig. 1 it is depicted the magnetizedspectively; the gap length i€ = b — a = 1.975 mm,
hollow cylinder under consideration, whose dimensions atiee characteristic impedance & = 502, and the length
by and by for the inner and outer radius of the cylinderpf the total sample i90.4 mm. Both conductors were made
respectively; and: is the height. As indicated, the referencef copper, with the following SEY parameters: first cross-over
frame is centered in the mid-height of the cylinder. W1 = 25 eV, the maximum SEY coefficiemt,, .., = 2.25, and

First of all, we are going to present the magnetic fieldn incident electron energy far, .. given by W,,., = 175
generated by a uniform cylinder with radiug. Static mag- eV. The uniform static axial magnetic field is applied by means
netic field of an homogenously magnetized cylinder can loé a long solenoid, where the sample in inserted.



103

102

Fig. 1. The scheme of the hollow magnet with heightand b; and by ‘I 01
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Detection Fig. 3. Comparison of the experimental multipactor power threshold levels
in Watts (solid lines) with the numerical simulations (dashed lines) against the
ratio f./f. Numerical simulationsf = 0.435 GHz, solid circle;f = 1.145

GHz, solid diamond;f = 2.000 GHz, solid triangle;f = 3.000 GHz, solid
square. Experimental datgi:= 0.435 GHz, open triangle;f = 1.145 GHz,
open circle. It is covered th¢./f range where multipactor is expected to
trigger.

Pulse
Moniftor

Signal
Generafor

RF signal frequency. For the investigated range the numerical
Spectrum calculations show that this critical quotient is within the range

Analyser

e fe/f € 10.7,1]. It should be remarked that the analyzed RF
=() Pefection frequency range is wide enough to cover the most suitable
frequency gap zone for the multipactor discharge.
Fig. 2. Standard set-up used for multipactor measurements. In our experiMultipactor mitigation phenomenon can be understood in
ment, three detection methods were employed: nulling system, third harmotéems of the electron resonant trajectories. The classical theory
detection and electron probe. Pressure was in an intatvaf-10~7 mbar (pf multipactor states that the time between two successive
during the experiments. RF signal generator operated in pulsed mode with a . .
pulse width 0f20 us and duty cycle 02%. Impacts must be an odd (even) number of RF semiperiods
for double (single) surface multipactor modes. In numerical
simulations it has been found that the electron flight time be-
Theoretical results show that multipactor resonant eleween successive impacts decreases as thefiatfoincreases.
tron trajectories are disturbed by the presence of an extHrthe flight time is too short, the electron will never be able
nal uniform axial DC magnetic field [8]. In this case, thdo synchronize with the RF electric field and, consequently,
equations of motion of the effective electron are simplifiethe electron kinetic energy at the impacts will be too low to
since B..;» = 0. The effect of such an axial magnetic fieldelease secondaries. In Ref. [8] the cas¢ ef 1.145 GHz in
in the electron motion is the appearance of an azimuthalg. 3 was analyzed by examining the electron trajectories at
acceleration in eg. (2). This component of the acceleratisame relevant points of the multipactor power threshold curve.
bends the electron trajectories around the magnetic field fllixvas found that as the external axial magnetic field increases
lines, pushing the electron back to the departure conductter; a fixed RF frequency (i.e. the ratig./f grows), the
allowing the presence of single-surface multipactor mode®ultipactor order diminishes. Moreover, the applied magnetic
Thus, the external magnetic field influences the electron fligield introduces single-sided multipactor modes. According
time between successive impacts with the coaxial walls. 10 classical resonance modes, the lower multipactor single-
the numerical simulations, it has been found that the ratioirface order possible is two. If the ratfp/ f is such that the
between the cyclotron frequengyy = (eBpc)/(2mm), and flight time of the electron is below two RF semiperiods, the
the frequency of the RF electromagnetic field, plays a cruckgisonance between the electron and the RF electric field cannot
role in the multipactor behavior, as reported in [4]. Fighe achieved, and consequently, no multipactor discharge is
3 reproduces this effect, where the multipactor RF powgpssible.
thresholds against the ratio of the cyclotron frequency to Experimental measurements were performed at RF frequen-
the microwave frequency are represented. Theoretical resuiiss of f = 1.145 GHz and f = 0.435 GHz in order to
predict that no multipactor discharge occurs when the ratialidate the previous theoretical simulations. These results are
fo/f exceeds a certain limit that varies depending on tlelown in Fig. 3 together with the theoretical ones. It should




TABLE |

MEASURED POINTS FORf — 1.145 GHZ WHERE NO MULTIPACTOR permanent magnet. Its magnetization and dimensions were
DISCHARGE WAS FOUND UP TOPrax determined to hinder the multipactor multiplication within the
Bpc (MT) | fo/F | Pmas (W) required microwave frequency range.
34.25 0.837 1450 In our case the inner and outer coaxial radiusaare 1.238

37.56 0.918 1450
68.43 1.673 1450

mm and b = 2.850 mm, respectively; the gap between
conductors isd = b — a = 1.612 mm, the characteristic
impedance iZ, = 50¢2, and the sample length isl.0 mm.

M jABLE I Both conductors were made of copper, with the following SEY
EASURED POINTS FORf = 0.435 GHZ WHERE NO MULTIPACTOR
DISCHARGE WAS FOUND UP TOPaz parametersiW; = 19.5 eV, 640 = 2.61, and W4, = 219.7
BDC (mT) fc/f Prax (W) eV. . . . . .
10.0 0.644 120 The inner radius was selected to hold inside the coaxial sam-
11.5 0.710 120 ple leaving an small gap to allow the outgassing of the system.
13.3 0.856 120 Later, a parametrical study was performed to study the effect of
148 0.952 120 »ap: ywas p Ludy
152 0.978 120 the variation of the outer radius in the magnetic field structure.
18.9 1.216 120 The main effect of increasing the cylinder thickness (for a fixed

magnetization value) is to enlarge the strength of the magnetic
field inside the gap of the magnet. In our case, a thickness in
range fron® to 4 mm is desirable (the minimum thickness
mm due to manufacturing considerations). Therefore, the
ner and outer radii for our prototype wdre= 12.5 mm and

be mentioned that although some experimental measuremén%,
for f = 1.145 GHz were previously presented in [8], new>
measurements have been performed in order to explore gﬂ ; . . .
multipactor-free zone for higherf./f values. These new 2 — 16'.5 mm. In Fig. 4 it is represented the aXIaI and radial
measurements are summarized in Table I, where it is indicat®\ gnetic field components of a hollow cylindrical magnet, as

the magnitude of the static axial magnetic fieltho, the ? _urr:;:tlon_ ofttr?e axial cqordlgatt_a ”;ng“zf_d t0” tgeltmagnet
corresponding ratiof./f, and the maximum level of RF €Ight, using the expressions derived in section Ti-b. 1L 1S seen

input power available in the experimental test-beg, that the axial (radial) magnetic field component is symmetrical
No multipactor discharge was found up ..., as \ZZ" (anti-symmetrical) with respect to the plane= 0. Moreover,
as in Table Il for f — 0.435 GHz. Two addiréi(gr;al checks It IS also noticed that the axial magnetic field presents a local

were performed aff = 0.435 GHz in order to confirm that minimum (in absolute value) in the center of the magnet.

large f./ f ratios hinder the multipactor breakdown. First, th<\—,(\lhe_n we mgvfh tovxf[ardstthe maé;net eidge the;e |sha Ioc_al
RF input power was fixed a0 W and the axial magnetic maximum and then the strength drops to zero. As shown n

field was ranged from8.9 mT (f./f = 0.572) to 19.0 mT subsection. [lI-A the higher_ thg axia! componeRt is the
(f./f = 1.223). Secondly, the RF input power was fixed apgtter mgltlpactor suppression is ach_levgd. As a consequence,
120 W and the axial magnetic field was swept fram1 mT It is deglrable Fhat the aX|'aI magnetic field over the coaxial
(f./f = 0.972) to 57.0 mT (f./f = 3.668). No multipactor sample is as high as possible. It is evident that a long magnet

discharge was observed in any of the two aforementioned teg‘fg.l_“d prowd_e avery h'gh homogenepus C(_antral magnet|c_f|eld
region, but in practical implementation this prototype might

Our experimental data and numerical calculations are if . G
gturb other microwave components and electronic circuits

good agreement and suggest that electron multiplication . .
precluded over &./f threshold. This fact proves the muI_surroundlng the coaxial sample. Thus, we have preferred to

tipactor discharge suppression by a uniform DC magneﬁ'(,es!gn a permanent ”?agnet W'th the minimum he|ght._To
field along the waveguide axis. However small discrepanci@'%h'eve that, the coaxial wavegglde center must be a_X|aIIy
exist between the theoretical values and the experimgptdl a |gned with t.he .mag.net geometrical ce_nter, since the hlghest
thresholds that delimit the multipactor free domain. The ial magnetic field is reached approxmately in the region
small discrepancies between the experimental data and nu gts_crlbed by:/h € [-0.3,0.3], and it becomes We"’?"er as we
ical simulations would be basically caused by the inaccura proach to the magnet edges. In order to avoid these low

of the SEY model as well as the assumed velocity distributi ial magnetic field zones, the magnet height is selected to be
for the secondary electrons — 10% higher than the coaxial length. Finally, the height of

the magnet has been chosen to be: 44 mm.

In Fig. 5 the multipactor RF input power threshold as a
function of the frequency gap (gap remains fixed) is plotted

The results discussed in previous section evidence thafoatwo configurations of the coaxial waveguide just described
strong enough magnetic filed prevents the multipactor multir this subsection. The first configuration corresponds to the
plication in coaxial lines. However, the experimental implecoaxial line without the magnet; the second case is for the
mentation which requires of heavy coils and power suppliesaxial waveguide immersed in the neodymium magnet. These
is unpractical in most cases [8]. Alternatively, the multipactorumerical calculations evidence the multipactor mitigation
breakdown might be attenuated or mitigated using the inhaithin a certain frequency gap range using the permanent mag-
mogeneous magnetic field produced by a set of permaneet. The magnet inhibites the discharge belpw d = 4.030
magnets. In order to explore this possibility, the coaxi@Hzmm (f = 2.5 GHz), which corresponds té./f = 1.12
sample was introduced into a hollow cylindrical neodymiurgf. has been calculated in= 0, » = (b—a)/2, the coaxial gap

B. Non-uniform magnetic field



9 T
Ar —
- A
= 10° & EEEE =
..~ g - y — =
lE N— |
—-60 -
ol ()] B 4 L 2R 4 &
-80 = . oa g
o 10 E — e
_100! ] o = AO =
o (1) | Gy (111) (iv) I&— B - A | No Magnet 7
05  —0.25 0 0.25 05 A & Magret
z/h A O | Ex
p. Data
1T O
6 10" = =
& 0 2 4 6 8
ol . fxd(GHz mm)
=
é 0 Fig. 5. Comparison of numerical calculations (solid symbols) with the
- experimental data (open symbols) without external magnetic field. The RF
_ol | power thresholds are represented against the frequency gap (gap remains
fixed). Note that multipactor discharge was not experimentally detected in
4 the presence of the permanent magnet in the explored frequency range.
(1) (11) (111) (v)
Bs5 025 0.25 0.5
z?h
dv, e .
Fig. 4. The axialB, and radial B, components of Fig. 1 given by Egs. ad - m ERF(r)t) + Bewt,Z(ﬁ Vo (6)
5 and 4 as a function of the normalized coordinagé. The value of the
radial cylindrical coordinate has been chosen in the center of the coaxial dv¢ e
gap,r = 2.044 mm. Magnet dimensions and propertiés: = 12.5 mm, T ~ *Bext,z(F) Ur (7
by = 16.5 mm, h = 44 mm, andM = 1.153 x 10% A/m. i tm
v e
dtz ~ EBext,T(m (%) (8)

For this electron trapping argumentation we do not consider
) ) o ) the electron acceleration caused by the microwave electric
point where the axial magnetic field is maximum). It shoulgle|q. For this situation [21], the electron trajectories are found
be mentioned that multipactor appears above such frequegg¥pin around magnetic field lines with an angular frequency
gap value with an RF power threshold lower than for the cage ;. — (¢/m)B. If the axial magnetic field is oriented along
without magnet. This fact is due to the appearance of singige . direction, the electron will spin clockwise leading to
surface multipactor mode, that may have a multipactor thresﬂ; < 0 sincevy = r (d¢/dt) (andde/dt < 0 for clockwise

old even lower than the classical double-surface multipactRfiation). Despite the presence of the RF electric field in our

resonance [8], [20]. case, we can assume that the electron will still spin with

Despite the non-uniform magnetic field, the multipact g < 0. As a consequence, the axial acceleration approximated
' y (8) will be positive or negative depending only on the

threshold for a coaxial waveguide immersed in a hollo

cylindrical magnet, is similar to those of subsection ”I_Ayalue O_f B"‘_ If B, >0, then B, v, < 0 anddv./dt < 0.
Next, we analyze the electron trapping in the waveguide um%];hermse, 'f.B’“ < 0, then B, vy > 0 and dv. /dt > 0. As .
the inhomogeneous magnetic field. First, from Fig. 4 the rad}&lcan be noticed from opservmg Fig. 4, the radial magnetic
componentB, < B, and therefore the axial magnetic fiel leld has zeros at the points = —z, z = 0, andz = z.
strength B, is dominant for the electron motion. This facfb‘Ccorollng to th'sf We can dehrmt four regions for the axial
allows to neglect the tern.,; , v, with respect toB.,: . v, electron cynematics as follows:

in (2). Additionally, for the considered RF power range the (i) 2 < —2¢ By >0, (dv./dt) <0

microwave magnetic field3rr is also negligible compared (i) —zc <z <0, B, <0, (dv./dt) >0

with B,. Thus, the termsy Brr could be dropped from (i) 0 <z <z, B, >0, (dv./dt) <0

Egs. 1 and 3. Typical values of the aforementioned termidy) z > zc, By <0, (dv./dt) >0

obtained in the numerical simulations aB,:,.v ~ 10* T Thus, an electron starting from zone (i) will be pushed towards
m/s, Beyi . v ~ 10° T m/s andv Bgr ~ 10® T m/s. Egs. 1, —z, and will eventually leave the coaxial waveguide inhibiting
2 and 3 for the earlier stages of the electron multiplicatictme multipactor discharge. However, if the electron is initially
become, in the region (ii), it will be pushed towards-z, and may



reach the region (iii). Now, in the zone (iii), the electron wilhollow magnet up to the maximum RF power availabld @

be accelerated towardsz, back to zone (ii). It is clear that W. The second test series were carried out within the L-band
an electron starting from zone (ii) will tend to move betweefor the frequenciesf = 1.0 GHz (f x d = 1.612 GHzmm),
zones (i) and (iii) indefinitely, and therefore it will remainf = 1.145 GHz (f x d = 1.845 GHzmm), f = 1.3 GHz
inside the coaxial line. Similar argumentation applies for aff x d = 2.096 GHzmm), f = 1.45 GHz (f x d = 2.337
electron starting in region (iii). Finally, an electron initiallyGHzmm) andf = 1.6 GHz (f x d = 2.579 GHzmm).
placed in zone (iv) will be pushed towardsz and will Again, the multipactor discharges trigger for RF power levels
eventually leave the coaxial waveguide. In these conditioris,agreement with the theoretical simulations as evidence the
only electrons starting from regions (ii) and (iii) will contributeresults of Fig. 5. When the magnet is present, no multipactor
to the multipactor discharge. This point is crucial since, if nbreakdown appeared (in this case the maximum available RF
radial magnetic field were present, multipactor would appeiaput power was60 W), in good concordance with the theory.

in regions (i) and (iv) at lower RF frequency than in the regiorBespite that theoretical simulations explore frequency values
(i) and (iii) (this is because the axial magnetic field is weakerp to4.96 GHz (8 GHzmm, see Fig. 5), the return losses of the
in zones (i) and (iv) than in regions (ii) and (iii)), and thusoaxial sample increases at RF frequencies above the L-band.
the multipactor mitigation efficiency would be reduced. Thif the return loss increases we will have a considerable fraction
fact is explained in accordance to the analysis of the uniforaf the input RF power being reflected by the coaxial sample,
magnetic field of Subsection IlI-A. The multipactor mitigatiorand as a consequence the RF amplifier might be damaged
takes place when the empirical conditign/f > [0.7,1] is during the multipactor test. In order to avoid this, the frequency
roughly fulfilled. If we take the worst case in the previousange of the multipactor measurements presented is restricted
condition we have that the multipactor should be mitigated P-band and L-band, both in the magnet and without magnet
for RF frequencies belowf.. In our case, the lowest axial configurations.
magnetic field in regions (ii) and (iii) (in absolute value)

is 100 mT (see Fig. 4), which gives a cyclotron frequency

of f. = 2.8 GHz (f x d = 4.5 GHzmm). By inspecting

Fig. 5, it is noticed that in fact no multipactor discharge is In this paper, we have studied the possible mitigation of
expected for RF frequencies belgiv= 2.5 GHz (f xd = 4.0 the multipactor discharge in coaxial waveguides by means of
GHzmm). However, in regions (i) and (iv) the axial magneti@n external magnetic field. First, we have analyzed the most
fields are lower than in regions (ii) and (iii). Actually, theSimple scenario of a coaxial line immersed into an axial static
axial magnetic field in the borders of the coaxial Waveguid@agnetic field. The numerical simulations evidence that no
is around40 mT, which givesf. = 1.1 GHz. Therefore, if the Multipactor discharge triggers when a strong enough external
radial magnetic field were not present to expel the electrgragnetic field is applied. Our experimental results are in good

from the coaxial waveguide, multipactor would appear for RFgreement with the theoretical calculations. Next, we have
frequencies abovg = 1.1 GHz (f x d = 1.77 GHzmm), analyzed the case of a coaxial line immersed in a hollow

which is not the case. cylindrical magnet. The multipactor simulations predicted the

We assessed this analysis by inspecting typical electron tf&ppression of the discharge for RF frequencies below a
jectories calculated in numerical simulations of the multipactégrtain value which depends on the specific magnetic field
breakdown. The microwave frequency was fixed within th@ropertlgs. Finally, a strong magnetlzed_ neodymium magr_let
multipactor mitigation range and electrons were launched frofs designed and manufactured. A multipactor test campaing
different axial initial positions. It was found that an electromvas performed in order to validate the theoretical results. The
released from the zone (i), it was pushed out of the coaxR¥Perimental measurements in P-band and L-band are in good
waveguide in few RF periods. It is also noticed that the grow@greement with the simulations, demonstrating the capability
rate in time of the electron population in the simulations is lo@f permanent magnets for multipactor suppression.
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