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Abstract

We present Lhe resuits af a study of mullipactur phenomena
which have oceurred in a 52 MHz cavity which is used for
acceleration of protons in PCTRA JI at DESY. Analytical
estimations and camputer sinulations show that the special
disteiburion of the RF-iiclds along a ceramic eylinder which is
placed in the acceleriation pap, together with an extrenwely
high clectron re-emission cocfficicnt of the ceraimic material,
provide favorable conditions for muitipactoring.

L. INTRODUCTION

In the PETRA 1l 52 MHz cavities, which arc described
elsewhere [1] in more detail, the vacuum in the beam tube is
scparialed from the normal air pressure in the cavities by a
ccramic cylinder in the gap. This is also shown in Lig.l.
Afrer scycrul years of successful aperation u ceramic cylinder
had to be exchanged because of a vacuum lcuk.
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Figure 1. Schematic view of thc 52 MHz cavity. Only the
bcam tube is evacuated. Therefore a ccramic cylinder is placed
in rhe acceleration gap between the ends of the stainless steel

drift tubes.This IFig. js raken fram {1].

Unlike the original cylinder its repiacement showed strony
sighs of multipuctor which made apcration practically
impnssible. The replacement cylinder had been produced by
the samc manufacturer at the same timc as the original one. A
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difference hetween the cylinders muy arise from the fact that
the first onc had been installed in the cavity some five ycars
ago only a few weeks alter having been manulactured and it's
inner surface had been subjected o vacuum far almost all the
time. whereas our sparc cylinders have been stored under
normal conditions since then.

Ax long as therc was air of normal pressure in the heam tube
vperation at ail gap voltages up (o 100 kY, the specificd
maximum value. was possible with any ol the replacement
cylinders. Once the beam tube had been evacuated a threshold
below 5 kV gap voltage nccurred. Initially it was possible o
get through this threshold by some conditioning with pulsed
RI‘. When increasing the RF voltage then. we realized that
now much more RF power was nceded 10 reach a particuiar

cavity vollage than before. This cffect could be partially cured -

by conditioning, so thai for example 20 kV could be reached
without any abnormal increase of ransmitler power. But o
reach 40 kV, about S times as much power was needed than
normally. and at higher voltage it become even worse. This
effect lnoked like some kind of non-resonant multipactor since
it occurred in a very large range of cavity voltages.

In the following wc describe an analysis ol the multipactor
phenomenon which we have performed in order to improve
our understanding and to find possible solutions.

2. ANALYSIS OFF THEE MULTIPACTOR PHENOMENA IN OUR
52 MHZ CAVITY

As a Arst step the RE {fefd distribution of the fundamental
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cavily RF mode has been calculated with the code _

MULTIMODE [2]. There was pood agreement between
calculatcd and measured Lrequency.

Figs. 2 and 3 show the electric field lines in the region
hetween the ceramic cylinder and the inctallic drfl tubce.
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Figure 2. The RF ticld distribulion (Electric ficld lincs) in the
cavity. Here only onc quarncr cavity is shown.

The field distribution is essenrially non-uniform. and we can
distinguish 1wo regions which are the most probable ones for
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“ mullipactor to occur. One of them is the region hetween the
ceramic cylinder and the drift tube. Here the radial electric ficld
components are dominating. The uther unc is the central part
of the ccramic cylinder where the electric field lines are
parallel ro the cylinder's surface.
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Figure 3. The RF field distribution in the cavity. The field in
the region between the ccramic cylinder (upper horizoatal line)
and the drift tube has heen emphusized. The beam axis
coincides with the lawer horizantal linc.

For the acceleration volage of 1 kV the mean amplitude of
the electric ficld in the first region is approximately equal to
1-2 kV/m. Neur the wall of the central part of the cylinder the
mcan amplitude of the longiwudinal electric field is
approximatcly cqual (0 3-4 kKV/m.

The coefficients for cmission of sccondary elecirons [or
Al2Q1 ceramic material which arc given in table 1 are taken
from cxperimental data from (3, 4).

Table 1
Coilt- | 100 200 200 1400 | 200Q | 3000 | 4000
ston | oy ev eV |ev |ev ey Y
Eace-
oy €
Coemn [ 80 |3 |7 |3 2 |15 |13
cient

The results of our simulations and estimations depend on
these figures and may be different from the exact ones for the
ceramic in thc PETRA cuvitics. The emission properties ol
the ceramic subjected o RI7 and static electrie (ields may also
he diffcrent [4].

The basc of our investigations was the calculation of the
electron mation in the cavity with the code TRAJ2. The code
calculates the clectron trajectories in the axially symmetric
cavities and uses either a calculated RF ficld distribution or
the field given in some analytical form. The cadc solves the
system of equations of relativistic clectron motion in onc
symmectry plane, i.e. flelds which are changing rhe azimutal
clectron velocity are not taken into account.

Up to 600 electron trajectories can bhe calculated
simultancously. This is useful for multipactor simulations.
The secaondary cmission mudecl includes clastic. inelastic and
true secondary rc-cmission processes and uses experimental
data for the given matcrials.

The code finds the eonditions for resonance mullipactoring.
determincs the dependencies between the parameters of the
multipactor process and simulates its evolution. The relative
number of ¢lectrons, their inean energy of collision with the
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cavity walls and an integral re-emission cocfficient are
calculated. These fipures characterize a progress or a regress of’
a muliipacter process.

Our calculations indicate the cxisienee of several kinds ol
multipuctoring, but here we will resirict ourselves only to the
most probablc phcnomena.

3. ONE-ELECTRODE RESONANT MULTIPACTORING

Usually one-electrode resonant multipactoring can exist only
in the prescnce of some returning force - static elcetric and
magnetic fields, the fields of space charge or the intcraction of
an RFT field with a dielectric material {5).

In our case the increasing radial compenent of the clectric RF
field in the direction from the ceramic cylinder (o the drift tube
acts as a rewrn force for the electrons in a wide range of RF
phases and provides the conditioas [or onc-clectrode resonant
multipactoring for aceelerating voltapes around { kV, In this
case the vlectron retums to the clectrade from which it had
heen emitted, ic. the ecramic cylinder, without touching any
other clectrode.

In Fig. 4 onc of thc possiblc resonant electron return-
trajectories under the influence ol radial and lonagitudinal
elecrric field components is shown,

Figurc 4. Typic;;l cleetrun trajectory for the casc of resonant
multipactoring at the accelerating vnitage of | KV..

The relative importance of this particular process seems to be
small since it is cssentiaily monochromatic and oceurs only
in a very limited range of magnitude of accelerating voltage
and spatial displacainent. The current is also limited by the
spatial instability of the wryjectory duc o the longitudinal RF
licld component. The collision cacrgy isonly 4 - GeV.

4. CIHARGING OF TIE CERAMIC,
Background electrons which may originate from any point in

the volume of the cavity have the following mean collision
energies with the ceramic:

Table 2
Mecan 47 cY 270eV 3300 eV [ 7100 eV
collision
enerny €
Accelerating 2kV 5 kv 10 kY 20kV
vollage
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For accelerating voltages ranging from 4 to 1S kV the
simulation shows a muitiplication of background electrons
due to the high cmission coefficient of the ceramic at these
collision energies.

Since thc number of emilted electrons is larger than the
number of incident oncs, u posilive charge is generated on the
surface of the ceramic (4, S]). The static clectric {icld duc ta
this positive charge provides the return farce necessary for
non-rcsonant multipactoring.

5. NON-RESONANT MULTIPACTORING

Non-resonant multipactoring arises when the initial velocity
of the cmitted electrons becomes significant for their
dynamics and can not be neglected. In general, electrous
emitied at a given RF phase retumn to the clectrodes within a
broad region of RE phase. Therefore the bunch of electrons
moving synchronously with the RF field does not exist, but
some stahlc distribution of electrons over the initial phases is
formed.

All electrons have difTcrent collision energy, so an integral re-
emission coefficient < G > is used to characlerize the intensity
of a re-emission process.

Naturally, a fraction of the electrons is constantly going our
of the game. For compensation of these losses the achievable
re-eniission coefficient must be not lexs than 3.5-3.7 lor the
electrons of maximum collision encrgy at a threshold level of
the RF [ield |S].

The non-resonant one-electrode multipactoring can arise in
particular in the presence of the positive surface charge of the
highly emitting ccramic ar on the surface of an isolated metal
elecirode which can aiso be charged and when the RF clectric
field is parallel to the surface of the cicctrnde. We have this
situation in the central part of our ceramic cylinder.

If the value of the electrastatic ficld Ey is smail, then the time
of flight betweca einission of the electron and collision with
the wall largely exceeds the RF period.

Sincc the secondary electrons can leave the surface of the
clectrade at any RF phase, the distribution of the colliding
clectrons aver the phases of the RI field is practically
uniform. In this case the amplitudes uf the RI lield L and
the eicctrostatic one arc independent. The encrpy pain provided
by Erg must be sulficicat to caabie re-cimission and the furee
returning most of the eclectrons to the eiecrmdes comes from
Le. This kind of non-resonant multipactoring is considered in
[s.6].

In our case the electrons could not return to rhe wall
immediately if only a weak elcetrostatic ficld were present but
would be caprured by the strong accelerating field and end up
far away.

Most electrons are rerurned to the wall only if E¢ is so high
that the time of flight of the eiectrons is less than aone RF
period. Then the values of Eqf, F¢, and < & > are no more
independent and there appear well defined relations.

The dependence of < & > on L lor dillerent values of Lef is
shown in Fig. S.
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Figure 5. Integral re-emission coefficicnt <> us a function of
the clectrostatic ficld . (see text) for three different
acceleratng voltages. The upper curves stem from the test
sitnulaton, the lower onces from the simulation with the

' “real” ficlds.

These curves werc obtained by a test simulation of
multipactoring near a flav electrode in the presence of a
perpendicular uniform electrostatic field Lg and @ uniiormn RF
licld Ef parulicl 1o the clectrode. Ore can sce that there is an
optimal valuc of Fe for which < ¢ > is maximal. A sudden
increase of L: above this optimal value would Jead to a
decrease of the value of < 6 > which results in an
autorcpulation of the positive charge on the elecuode.

Onc sces also that the optimal value of Le increcascs with
increasing Erf.

The multipactor simulation in our cavity was pecformed with
the calculated "real” RF ficlds and in the presence of the
uniform clectrostatic field which was perpendicular to the
surface of the ceramic. Here the maximal value oi< o> is
smaller than in the test simulation because of the additional
losses of elecuons due to the non uniformity of the rcal ficlds.
The resuits ol the simulations are presceated in Fig. 6 and 7.

In unilform liclds the mullipactar process may begin at the
acceleration vollage of 3 kV [S1. Our simulation shows that
in the "real” ficlds stable mulipactoring begins around § kV.
The upper limit can be estimated with the help of dingrams
presented in [G] to be at least 100 KV. This cstimation does
aot take into account the refation between B and Ber, It
expresses rather an cnerpetical possibility. The experimental
lact is that fromn a certain Ievel of the RF field on, the
positive poteatial on the surface of the electrode stops
increasing {6]. The rcason may be the discharging of the
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clecirade by leakage currents and by the limited multipactur
currcnt.

Presently wc are not able to simulate this complex process
and to determine the upper limit of the potential
quantitatively.

6. CONCLUSIONS

Our calculations show that the conditions for multipactoring
arc fulfillcd in the contral part of the ceramic eylinder and the
region between the ceramic cylinder and the drift whe. In
particular we find that

1. At the accelerating voltage of 1 kY nesonant onc clectrode
multipactor may arise. However. the relative strength of rhis
process seems 10 be small.

2. Beginning at 5 kV non-resanant multipactoring can (ake
place on the surface of the central part of the ccramic cylinder
under the influeace of the longitudinal clectric RF field and
the radial electrostatic field ncar the ccramic surface. We
believe that this is the most important process. The resulrs of
its simulation arc summarized in Fig. 6 and 7.

3. A non-resonant one-¢lectrode multpactor process at the end
of the cylinder inay accompany the onc in the central part.
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Figure 6. Simulation of one-electrode non-resonant
multipactoring at the accelerating voltage of 5 kY and the
clectrostatic ficld 1.9 kV/m.

Figure 7. Same as Fig. 6 for different randomly chosen initial
conditions and line representation.
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Expcrimentally we obscrve the onsct of non-resonant
multipactoring at RF voltages between 8 and 20 kV.
depending on the statc of conditioning. These phenomcaa
strongly increascd a5 a function of RF voltage.

6.] The cure

Since the cavitics are installed in the PETRA ring our
possibilitics to work on them were scvercly limited during the
run. (Inc opportunity was used to install corona rings at the
crulx of the drift tubes, but we hud to learn that this would not
be the solution of our problems. This is consistent with the
resulls of our simulations which say that the main process
takes place in the middle of ihe cylinder.

Once we ran the cavity with normal air pressure in the beam
tube at full voltage, i.c. 100 kV, for some hours. Then, after
repumping, things jovked somewhat betier fur some days, and
we slarted hoping that further conditioning would improve the
situation. During conditioning, however, some kind of spark
occurred al S5 KV and all of the jittle progress was last.
Coating the surfuces of coupling windows or caviries etc.
with Ti. or beticr TiN, has proven 10 be a reliable cure of
wultipactoring in many cases hecause ul’ the low encfficient
of emissivn of secondury clecirans.

Therefure we prepared [7] one ceramic cylinder for insmallation
in the cavity during thc shut down by coaling it's inner
surface with a layer of TiN of 100 - 200 Angstriimn thickness.
During initial gperation, the multipactor process occurred at
low RF voltage as previously. After a few hours .of
conditioning with pulsed RF it disappcared completely, and
we could increase the RF voltage up to the inaximum valuc
of 100 kV without any further signs of resonant or non-
resonant 1nuitipactor.
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