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Abstract

We presentexperimentalresultsobtainedfrom stand-
alonewaveguidesectionsdesignedto testmultipactingin
CESRtyperectangularwaveguidecouplers.Wefoundthat
multipactingstartedat about30 kW when the RF power
wasinitially applied. Multipacting below 180 kW canbe
eliminatedby RF processing.However, above 180 kW it
persistsevenafteranextendedprocessingperiod. Theef-
fect of multipactingis found to be dependenton the RF
pulselength. In shortpulse(2 msrange)modeit is essen-
tially harmless;but in longerpulse(20 ms range)or CW
modeit inducesgaseousdischarge andhencetrips power
transmission. The conceptof a slotted waveguide was
testedand proven bene�cial. The completemultipacting
suppressionis realizedwith the magneticbias technique,
for whicha10Gaussbias�eld suf�ces.

1 INTRODUCTION

Rectangularwaveguidecouplersarewidely usedin su-
perconducting,aswell asnormalconducting,RF systems
for feedingpower into RF resonators.Examplesof such
applicationsincludecolliderslikeCEBAF, CESRandPEP-
II, aswell aslight sourcessuchasSRRC,DIAMOND and
CLS. With the increasingdemandsfor beampower and
systemstability, theperformanceof RF couplersbecomes
critical to thesmoothoperationof thesemachines.Multi-
pactingis anoutstandingproblemin RF couplers,thatcan
causefailureif notproperlyaddressed.

Presentedin this paperis thestudyof multipactingin a
waveguidesection.This waveguidemultipactingscenario
wasrecentlysuspectedto beresponsiblefor thecouplerre-
latedRFtrips in CESRsuperconductingRFsystem[1]. In-
sight into thewaveguidemultipactingwasgainedthrough
calculationswith thecomputercodeXing [2]. It wasshown
thatthereexistshigherordertwo-surfacemultipacting,the
impactenergy beingin therangeof 100 to 1000eV. With
the aid of the code,the DC magneticbias techniqueand
the slotted-waveguideconceptwereproposedto suppress
multipactingin thewaveguidecouplerof SRFmodulesfor
CESR[3].

We have designedandbuilt two waveguidesectionsof
CESRtype,oneregularandonewith aslotonabroadwall,
to verify simulationpredictionsandfurtherextendtheun-
derstandingof waveguidemultipacting.
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2 EXPERIMENT AL APPARATUS

Fig. 1 illustratesthetestwaveguidealongwith theasso-
ciateddiagnostics.This18” � 4” stainlesssteeltestwaveg-

Figure1: Themultipactingtestwaveguidewith associated
diagnosticsincluding electronprobesP1 throughP4, the
electronenergy analyzerEEA andthePMT.

uide,is sandwichedbetweentwo taperwaveguides,which
in turnconnectto standardWR1800waveguidesleadingto
theup-stream-endklystronanddown-stream-endRF load.
Two Mylar windows areinsertedbetweenthe testwaveg-
uide andthe tapers.A 50 L/s turbo pumpattachedto the
narrow wall providesa baselinevacuumin the mid- �	� 
 �

Torr range.TheRFpower is providedby a600kW Philips
YK1300 klystron. The diagnosticsinclude four electron
pick-upprobes(P1throughP4),onephoto-multipliertube
(PMT), oneelectronenergy analyzer(EEA)[4], onecold
cathodegauge,andseveralthermo-couples.ThePMT sig-
nals (peakandaverage)andvacuumsignalsare also fed
into an interlock system. Partial or full re�ection is ob-
tainedby insertingan inductive iris or a shortingplatebe-
tweenthe�angesof thedown-stream-endtaperandthead-
jacentWR1800waveguide.

3 RESULTS

3.1 Existenceof Multipacting

The existenceof multipactingis bestdemonstratedby
thedetectionof a currentby thethreeelectronprobes,P2,
P3 andP4,placedalongthe centerline of oneof the two
broadwalls.



Figure 2: (a) Multipacting currentbeforeand after pro-
cessing.(b) Calculatedmultipactingbands.Thecalculated
electronimpactenergy is shown also.

3.2 Processing

For a reasonthat will becomeclear later, moststudies
wereconductedin thepulsedmode(pulselength � 2 ms).
WhentheRFpowerwasinitially applied,strongelectronic
activities accompaniedby strongvacuumand light activ-
ities were detected. Rampingthe power has to be per-
formedin a stepby stepmannerbecauseof many break-
down eventsthat trip the systemdueto PMT light. This
procedureis similar to RF processing. For an unbaked
waveguide,multipactingstartsatpower levelsaslow as30
kW; With thehelpof RF processing,powercanberamped
up ultimately to the 600 kW range. Processingdif�culty
increaseswhena multipactingbarrieris encountered.

After RF processing,multipacting below 180 kW is
completelyeliminated,asdemonstratedin Fig. 2 (a). This
processingeffect is presumablya result of reductionfor
thesecondaryelectronemissioncoef�cient dueto electron
bombardment,which is mostpronouncedfor lower impact
energy. Calculations(Fig. 2(b)) show the corresponding
impactenergy is 
 360eV for powerlevelsbelow 180kW.
Multipactingcurrentsfor higherpower levelschangelittle
evenafterfurtheraggressiveprocessing.

3.3 PowerScanningandMultipactingBands

Systematicpower scanningis performedafter process-
ing to map out the multipactingbandstructure. Fig. 3
depictsthemultipactingbandsfor thetravelingwavemode,
aswell asstandingwave andmixed wave mode. As one
cansee,themultipactingcurrentbearsanon-zerovaluefor
all power levels above the onsetthreshold. Multipacting
onsetcomesearlierat higherre�ection ratiosandtheband
structureis mostevidentfor thetravelingwavemode.

Figure3: Multipactingbandsfor the traveling wave (TW)
mode,standingwave (SW) mode,andmixedwave (MW)
modewith a 16.6%re�ection ratio.

Figure4: Suppressionof multipactingby a 5mmwide slot
openedalongthehigh E �eld regionof thebroadwall.

3.4 SuppressingMultipacting

Fig. 4 illustratestheeffect of a 5 mm wide slot opened
alongthecenter-line of thebroadwall which lies opposite
to theprobes.A factorof 2 to 7 reductionin multipacting
currentis obtained.Thebene�cial effect of theslot is also
evidentduringtheprocessingperiod. Processingbecomes
muchquicker above 180 kW; while for a regular waveg-
uide,quickprocessingcomesmuchlater, at270kW.

Fig. 5 depicts the effect of a longitudinal DC mag-
netic �eld. Completemultipactingsuppressionis realized

Figure5: Theeffect of a magneticbias�eld on multipact-
ing current.Completesuppressionis realizedabovea crit-
ical �eld value.



with bothbiaspolarities.This techniqueis effective up to
550kW, for which a 10 Gaussbias �eld suf�ces. Multi-
pactingis enhancedat a bias�eld slightly smallerthanthe
suppression�eld. This effect is attributableto theoblique
incidenceof impactingelectrons,whoseorbit is bentdue
to the bias magnetic�eld. By associatingthe cyclotron
radius of multipactingelectronswith the narrow dimen-
sion of the waveguide,we have derivedan analyticalfor-
mulafor thesuppressionbias�eld � � � , which is givenby

� � ���
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�������! , where "$# is the forward power, % the
wavepropagationconstant,& ' thepermeabilityof vacuum,

( theangularRF frequency, ) and * thewide andnarrow
dimensionof thewaveguiderespectively.

Multipacting suppressioncoils have beenin operation
in theCESRcryomoduleinstalledin theE1 positionsince
July2001.Weuseabiascoil onthewaveguideportionthat
is outsidemagneticshieldingof thecryostat.Thebias�eld
is about10 Gauss.The result is positive and in the long
termwedid notseeany adverseeffectsontheperformance
of thesuperconductingRF cavity dueto thebiasmagnetic
�eld.

4 DISCUSSION

A comparisonbetweentheexperimentalresultsandthe
previous simulation resultshas beenmade. Reasonably
good agreementexists for the bandpositions,as well as
for the impactenergies. The code's resultswerehowever
muchmoreclear-cutthanwhatwasobserved,probablydue
to the simpli�ed mechanismsthat the codeuses.The ex-
perimentrevealedvaluableinformationabouttheeffect of
processingandof pulselength,for which modelsneedto
bedeveloped.

4.1 ProcessingEffect

Duringtheinitial processingperiod,thewaveguidepres-
sureincreasecloselyfollowstheelectroncurrent,typically
reachingthehigh-�	� 
 + Torr range.Light activity may be
detectedon thePMT andis a precursorto vacuumbreak-
down. After sitting at the power level for a variabletime
(dependenton thehardnessof themultipactingband),the
electroncurrentbecomesessentiallystable(but notnil) and
waveguidepressurebeginsto recover. No light is visibleon
thePMT at thisstage.Theseobservationscanbeexplained
by gasdesorptionstimulatedby themultipactingelectrons,
whichcanthenleadto a gasdischargebreakdown.

Gasexposuretestshave beendoneto checkif the pro-
cessingeffect is preserved. The multipactingcurrentwas
slightly enhancedaftera 5-minuteexposureto �ltered N2
gas. In contrast,theprocessingeffect wascompletelylost
afteranair exposure.

4.2 PulseLengthEffect

The RF pulse length has a large effect. In the short
pulse(2 msrange)mode,themultipactingcurrentis self-
sustainedfor reasonsthat are not yet understood. No

Figure6: Multipacting induceddischarge. The rectangu-
lar box outlinesthewaveguideboundary. Thecentraldark
zoneis observedfor aslotted-waveguide.

changein re�ected power canbe measured.Multipacting
in theseconditionsis essentiallyharmless.

However, with a longerpulse(20 ms range)or in CW
mode,the initial self-sustainedmultipacting�nally devel-
ops into an exponentialincreaseof the electroniccurrent
accompaniedby an increaseof waveguidepressureto the
mid- �,� 


�

Torr range. Somere�ected power canbe mea-
suredin thiscase.Thiselectronavalancheis alsoaccompa-
niedby whitish-bluelight, whichis visiblethroughtheMy-
lar windows. Interestingly, a dark zonewasobserved for
a slotted-waveguide(seeFig. 6), asopposedto a brighter
zonefor aregularwaveguide.Theelectronenergyanalyzer
revealsa largefractionof low energy electronsduringsuch
activities. By reversingthe bias polarity of the electron
probe,a currentdueto positively chargedparticlescanbe
measured.Theseobservationssuggestthatthedirectcause
of RFtransmissionbreakdown is dueto gaseousdischarge,
resultingfrom the impactionizationbetweenmultipacting
electronsandthedesorbedgasmolecules.For this reason,
gasdesorptionis asimportantassecondaryelectronemis-
sionwhenaddressingmultipactingin anRFpowercoupler.
Ideal waveguidematerialor surfacecoatingsshouldpos-
sessbothalow secondaryelectronemissioncoef�cient and
a low electron-stimulatedgasdesorptionyield. Pumping
capacityshouldalsobemaximizedin thecouplerregion to
reducegasdensityandhenceto reducetheionizationrate.

5 CONCLUSION

Multipacting canbe eliminatedby RF processingonly
for lower power levels. At higherpower levels, it persists
even after an extendedprocessingperiod. In short pulse
(2 ms range)mode,multipacting is essentiallyharmless;
but in longer pulsedoperation( - 20 ms range)or CW
modeit inducesgaseousdischarge andhenceinhibits the
RF transmission.Theslotted-waveguideconcepthasbeen
shown to bebene�cial. Completemultipactingsuppression
canberealizedwith abiasmagnetic�eld of 10Gauss,low
enoughto not adverselyaffect the performanceof super-
conductingcavities.
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