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1\" a fif'3l step the RF field distribution "r the: fundamental
cavily RP mud~ has been calculated with the code
MULn~IODE 12). There was good a&:reent,,~nl bel..-eel1
c:Ol1culalal and mcasureU frequency.
riMS. 2 and 3 show the elcctric field lines in the region
herwccn the C1:r.unie cylinucr anc.1tbc melallic Win Lube.

2 ANALYSIS or- THU MULTtPAcmR I'llr!NOM~NA IN OUR
52 MHZ CAVITY
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difference between the cylinders may arise fmm the fact that
rhc finn one: had been insLa11cd in the cavily some five years
ago nnly u few weeks ufter havinS been mWlufucwrcd nnd it'~

inner surfat."e hiad been subjected 10 vacuum for ~lmost all the
lime. where:ss ollr 5parc cylindl!r5 have been stored under
normal cOOl'ljli(Jn~ sinee rhen.
1\)( Inng :l.~ rhen: watt nir nf nnnnal prc.'\surc in rhc henm tuhe
ullCr•.1liun al ull ~ilP vt,hagc~ up h.\ 100 kV. lhc spccHiccJ
m:aximum value. w,~ pus!iible with any uf the rc:plHc..:cmc:nl
cylindcr.i. Once lhc: bcaIn tub&: haeJ been cvu.cuateU a thre,bolu
below 5 IcV gnp vnltagc occurred. Initially it wus pos"ihlc lo
gel lhroogh this threshold by sotTIe conditioning wirh !"ulsed
RE When increasing the RF voltage (hen. we l-ealiterl rh:n
now much more RF power was neeLled to ~ach a particular
cav;ry volr:lgc than hefon:. This erra:t caul£] be partially cured
hy cnndirioning, so thal ror example 20 kV could be reached
wiLhnuL i1DY ilbnnnn.u inc;rcusc o( u-amilnills:r power. llUl lu
n:nch 40 kV. abnul S times as much power wa..'i nCl.~cd than
nnrmaUy. :and:11 higher voltage it becume evcn worsC. This
effect lnnkcd like some kind of non·resonant multipaclOr since
i' occum:d in n very large ran&!c nf ca\'ity vnl....t;c."i.
Tn rhe foUnwin! we dc.~ribc an ;,mal)'sis or lhc mullipa<.:lur
phenomenon which we h:Lve performcd in ordcr tu in1pro'Vc
,1ur undersrnnding nnd to find possihle solulions.
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We prc.~cnt the resulrs of 01 ~tudy of mullipaclur phenomtlnn
which h;lve occurred in a .52 MHz cavity which i!\ Uo-;cd for
acceleration of prolun~ in PIlTRA II :1f DF.SY. Analytical
\'~sLimari(\ns ;mel computer simulations show rh:u rhe special
distribution of thc RF-lic.:kls "long l'l c:er:mllc cylinder which is
placed in Lhe iu;~~cler;'ljon gup. lo£clher wilh .m c,,"lrclHcJy
high clcc.;lron fe-emission coefficient of the ~ramia.~ mi\terinl.
providc ra'V~)rabJeconditions for multipacloring.

In the PETRA 11 S2 MHz cilvitie.... which arc dcscrib~c.1

el.'cwhcrc [1] in more detniJ. the v;u:uum in the beam Lube i~

~cparalcc.l from the normnl nir prc."isurc in the cavities by rt

ceramic cylinder in the ~iap. Thi" i~ also sbown in. Hg.l.
1\ ffer ~C"cr-.il years of successful operation a ceramic cylinucr
had to he exchanged becc1use of n vacuum leak.

Abstract

Figure 1. Schemaric view of the 52 MH" cavity. Only me
be;lm lube is evacuated. Therefore n ccnunic cylindt:r is placed
in The. acceleration gap between the end~ of the ~tuinlc..'is slc:cl

drift lubes.This Fig. is r~ken from r11.

Unlike the original cylinder its repl:lCEmcnt showcd strong
sial'S of mullipactor which mnde opcr:1tion practically
irnpn5~ihlc.The replacement cylinder had bun produced by
the ~amc rmmut"c1clurer :tt rhe same timc :1... thc original am:. A
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Figure 2. Thc RF tield distrihution fEJceUic field linc.\i) in thc
cav;ry. Hue only one qUDncr c:lvify i~ shown.

The field distribution is e5senrinlly non-nniform. and we can
disting\1ish twO reg;ons which are the most probable on~ fur
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.,.. muJlipaclor to occur. One. of them i5 the region hetwccn rhe
cerumic cylinder mad the drifl tube. Here the radial electric: fie'd
cmuponents are domillnring. The lither nne is .he centra) pari
of the ceramic cylinder where the electric field lines ;are
pamllcl ro the cylinder's 5urfacC.
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Figure 3. The RF field distribution in me cavity. The field in
lhe regiC'n betw~ lhe ccnunic cylinder (upper hori:wntaJ 1in~)

and (he drift rube ha.' hccn cmphasi7.Cd. The beam axis
coincides wnh the lower hnriznntal line.

For the acceleration volQge nf 1 kV the mean amplitude of
the electric field in thc first region is approximately equal to
1-2 leV/m. Ncar the wall of the centra! part of the cylinder rhe
mC:ln Clmplilude of the longitudinal electric fielel is
approximlltCly cquallo 3-4 koV/m.
The coefficients for emilisinn of secondary eJeclrons for
AI203 ceramic m:Jterial which an: given in lable 1 are lelk.cn
from experimental data from (3. 4J.

Table I

Culli, 100 200 ~O{) 1400 2000 3000 4000
slon eV eV eV cV eV eV tV&ct.
~ry c
Coctn .8-.9 :3 7 3 2 1.5 1.3
cieo(
6

The res\llts of our ~imulatinn... and atimaLions uc:pcnd un
the!';e figure... :md may be different from the exact ones foc the
ceramic in the PETRA cavities. The emissiun properties of
rhc ceramic ~ubjcc;t.ccJ tu RF and static cj~trjc ficllis may also
he differenL (41.
The h:1.~e nf uur investigations was the calculation of lhe
electron morion in the cavity with the:: coo&: TRAJ2. The c01Jc
calculares the electron lrUjc:clories in the axially syrnmeuic
cavities and uses either :l calculated RF ficltl wsLributioD or
the field given in some annlytic::1i fonn. The code :mlvc:; the
sy~Lem of equations of relativistic electron molinn in nnc
l'ymmcU'y plane.. i.e. fields which are changing the D7.imut:l1
elcctron velocilY are not laken into aCCC'unr.
Up La 600 electron trajectones can be c:llculat~d

simulr:lOcously. This is useful for multipac\or simulations.
The sec:ond41ry cmi~~inn model incluucs clastic. inelastic and
true secnndnry rc-c:mis:iion processes and uses eJlperimentul
data for rhe given materials.
The code find~ the condition." for resunanc~ mullipactoring.
rleruminc.'i the dcpcnuCI1cies between the parameters of the
multipa.clor process and simulates its evo}urion. The relative
number ()f elcctrons. their mean ener~ of collision with rhe

CAviry wal15 and nn inleJ;ral fe-emiSSion coefficient are
calculated. TIlCSe figures cl14r.1dcri7.C:l progress or n regress uf
iI muhip:JCrnr (1f'OCCSS.
Our c.,lculntiuns inuie-lte thc cAisLcncc nf .~eyenlJ kind' or
JIlultipw:.lOting. but here wc will restrict ourselves only to the
m05l pnlbahlc phcnomenu.

3. ONH-HLECTRODE RESONANT MULTIPACTOIUNC

IJ~uAlly nn~~leCTTOde reso[\~O( muhipactoriol' can exi~t only
in the J)J'·c:.~nce of some returning force - static electric and
mngnetic fields, the fields of space char~ or the intcr.1Ction of
:an RF field with a dielectric maluinJ l5J.
Tn our case the increasing mdial component of \he electric RF
field in rhe direction from the ceramic cylindc:r to thc drift tube
acts as a relUrn force for the elecuons in a wide ramse of RF
phas~ ell1d pro\'id&:s the l."'Ondition.' ror one·c1ccrrod& ~son;mt

mullipacluring Cur acceleraling VOh3sc-lI; 3r0l1nd I kV. In this
ca.~ Lhc deemln rclum.'i tn the clcctmrle from which it had
been cmiU.cd~ i.e. the c:c:r:smic cylinder, without touchin~ any
other electrode.
In Fig. 4 one of the pO~!iible rC!lionnnt eleetron return
ttnjc:ct\lrics un\ler lhe inOucncc of nu)ial and longitudin:ll
electric field components is shown.
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Figure 4. Typical clc:ctron lrlljeetory fnr the ~~c of re.~nni1nt

rnultirmctnring a.tlhc .accclenuing vnl~ge of 1 leV..

The relar1\-e imponanee of this pnnlcular process seems to be
!limall since. it i5 c.s.'\entinlly mt'nochromDrie and occurs only
in :l very limitC'd mnge of I1Ulsnitude of :1Cccler:lfing volrn~e

and !il'ilLial displa.cement. The current i!li 3l!lio limited by the
~I'ulial inslOlbilily or lbc trajectory clue: Ln Ihe lonsirudinnl RF
licit! componenl. The l-.ullision energy ill' only 4 - 6 e.V.

4, CHARGING Or- TI m cnRAMIC.

Bnckground .dec:tmn5 whieh m:lY originare from any polin in
the volume of the cavity have the following mean collhliion
energies with (he ceramic:

Table 2

MC:JIl 47cV 270cV 33(}() eV 7100 eV
collilSion
£ner1!ve
A'-"'Ceternling 2. kV 5 kV 10 k,V 20 kV
Y01U1S!e
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For accelerating YollaB~ ranging from 4 LO 13 kV the
simulatJon shows a muhiplication of background electrons
due ret the high emi"",ion coefficienl of the cer.amic at the-ItC
collision energies.
Since the number of emitted electrons is larger than lh~

number of incident ono;. II poJritivc charge is gcncraLCd nn lhc
surface of the ct:mmic [4. 51. The sWic c1cxlric field uuc (0

lhis positive chaf£c provide3 tt. retum force neces~:n'Y for
non-rc."onant Jnultipacloring.

5. NON-RESONhNTMULTlPAcrORINO

Non-resonant multipaetoring 3ri~ whcn the initial velocity
of the emitted electrons becomes significant for their
dynnmjc$ and can nol be neglccteu. In general. eJecU'OllS
emitled elt a Given RF phase return to the elcctmdC\ wiLhin a
hmad region of RF phase. Therefore the bunch of electrons
moving synchronously with the RF field does not exist. bm
some 5tahlc dil'tributinn of electrons over the initial phases is
fomled.
All elecrron~ have different collision energy, so an jntegr~ 0:

emission coefficient < a> i5 u~ tu ch:1raclcrizc Lhe inLCnsily
of a re-emission process.
Nalurally, a fraction of rhe ~ICCfrons i~ con5rnntly going nur
of the game. Por compensation of these Josses lhe achievable
re-emission coefficient m~t he nnt I~ t.h:an 3.3-3.1 rur the
electrons of mnximum coUisicm energy 3t :1thrc...hnld level nf
rhe RF fic:ld IS).
The non-rC5onanl onc-el~U'Odcmultipacloring can arise ill
pnrticular in the presence of the positive surface chars" or the
highly emitting ccnamic nr on the SurfiICC of an isolated mela!
electrode which em also be ch:1rgcd :md when the RF electric
field is pnraUcJ to the surt:ac~ of the clcctmdc. We h~yc this
situation in the cerural pan of our e:crDmic cylinder.
If th" value of rhe elec:tr'OS~tie field Be i~ 31imwl. Lhcn tilc time:
of nighl belween elnission of the elecrron :lnd cofJisicm with
the wall largely exceeds the RF period.
Since the secondary electrons can leave th~ surface. of the
electrode at any RF phase. the uislribution of the col1idilJ~

clcctrnnli nver lhe phases of the RF fie!d is practictlll)'
uniform. In this case the amplitudes uf the RF nell.! Erf eJrll(

the eJcctm,;l4tie one un: indc::pc:mk:nL ib: c.:n~y J;ain pro,' illcd
by F.rt' mw.l. bc :iuffieicnl to enable n:-c:mission and lh~ furc;c
returninG most of the ~lec:rro"~ ro 'he eJ~rrn.d~ eome.~ fmm
[e. This kind of non-resonant multipacroring is considered in
[5,6) .

In our case rhe elecrrons could nor return ro rhe wall
immedintely if only :1 wcnk elccun...wie field wen: prc."ent hue
would be caprured by the l'tmng accelernting field and end up
faraway.
Most electrons are rerurned eo (he wall only if Ec i~ ~o high
that the lime of flighe of the eiectron~ i~ le.~ than nne nr
period. Then the vnlues of Erf, Foe. and < (1 > ore no mo~
indcJlCndcnt anu then: appear weU defined relations.
The depende:nce or < (1 > on 'ue lor differenl yalu~ of Erf is
shown in Fig. 5.
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Figure 5. Integral re-emission coefficient <0> us a function of
thc clcc1.l"OSlalic field Foe (~ee text) for three different

ucc:cl~ruting \'ol~cs. TI1C upper CoUNC." st.em from the test
~ianulalion. the lower onCJi from the lltimu1::uion wifh the

"real" field...

These eur\'c~ wcrc "btaif1cd by a test simulation of
nl\1hipnctoring nec'\r a fhu electrode in the presence uf a
perpt:ndic:ular uniform electrostatic fiebJ ce and a uniforrn RF
Iicld Erf purullc1 tu the eIC:Clrnde. One c::m ~ce rh~t rhere is nn
optima! value nf Foe fnr which < 0 '> is max.imal. A sluJden
increDse of Ec above this olo'timal value would lead to a
decrease of the value of < (J > whiell results in an
auttJrcguliltinn of the: pn~itive charge on the electrode.
One ~a!l> abo rh::u the oPlimt11 value of ce increases willi
ifl\.~rea~illgcrf.

TIle multipactor ~imulalion in nur C::lyiry W:J!\ performed with
the ealculaled "rca'" RF tield" and in the presenc,,~ of the
unifnrm electm,.tl1tic field which \V~! perpel1dlc~1I3r to the
surfnce of the ceramic. Here the maxima! "alue of< cr > is
smaller than in the test simulation because uf the additional
losses of electrons due to the non unifurmily of the rcnJ tield~.

The rcsull.5 or the l:iimulaLiuns arc pn:."icnLcd in Fig. 6 nnd 7.

In unifuml liclcJ.s UIC mullipuclur procc.'\JIi mny begin at the
a~elcrc1lion "ullage or 3 kV [51. OUT ~imulU1ion shows that
in the "real" fich.!!; liu,blc mullipQctorin~ hegin~ nrnund 5 kV.
The upper Umir can be estimated with the help of diugranu.
pre$ented in (6) to be at least 100 k,V. This c.~limat.inn doc..4\
not take into account lhc relation belween F~ nnri Ert". It
cxprc.'isc... r.lLhcr an cncrgclienl po~~jbililY.TIle experimental
r:l~l is lhul frum a c&:rlcUll level uf the RF field on, lhe
posilive putential un Lhe ~urface of rhe electrode SLOpS

increasing 161. The rca."nn m:lY be th~ discharging of the
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electrOde by leakage c:urrenla and by~ limited IDUllipac:tur
cum:nL
Presently we are not able to simulate (his complex pl"OCCS5
and to determine lhe upper Iimil nf the potentinl
quanti~livcJy.

ExpcrirnenlaUy we nbKr"Y11 the onset of non-resonant
multipaetoring 3l RF voltage." between 8 :md '20 kV,
dcpc.,dinJ: OD Lhc stilte of conditioning. These phenomena
stton~l, incl'CL~cd :as a function "r RF voltase.

6./ Thecure

6. CONCLUSIONS

3. A non-resonant one-eJcc:uode InulLipae:tnr procc.",,, :l1 the end
of lhe cylinder may accolnpany the nne in rhe central p;lrt.

1. At the accelerating VOltage of 1 kV resonunt one electrode
multlpactor may arise. However. 1hc: rclaLivc ~lrength of rhis
process seems to be smal1.

Since lbc caviuCA are installed in the MITRA ring our
possibililics tn work on them were severely limited dwing the
run. nnc opponunity was used tn instull corona rin~ &1t rhe
c:nd.~ of the drift tubes. but we had to learn that thi5 would not
be tbe solution of our problems. ThIs is consistent with lhe
rcsuUs of our 5imulnrio"5 which say Lhilt the main procc...~
ta~ plac:e in the middle of Ihe cylinder.
Once we ran tbe c:ilYily with normal air pressure in the beam
mbe at full volli.lb'C~ i.e. 100 kV, for some houn\. Then, after
rcpumplng. things Junked somewhat beuer for "orne days, and
we swtcd hoping thar funher conditioning would improve the
situlltWn. During condirioninG. however, lI'orne kind of spark.
occurred at 5S kV oand aJl of rhe tittle proJ;J"CS.' \Va, lOST.
Coaling the liiwfUCCl' nf couplinn windows or cavities etc.
wilh TI. or beller TiN, hal' proven 10 be a reliable cure of
n'llltjl'&'~"lurinl:!in many ea.~c.", hec01\t!'C uf the low coefficient
\If crni~iunofM:COnUW')' clcclrons.
Therefore we prepared r71 nne cennnic cylimlcr for in.~rnllnTion

in rhe c:lvity during Lhc "hut uown by coating il's inner
wrface with illaycrnfTiN of 100 - 200 Ang5lriim thickness.
During initial operation. die mulupactor process occurred at
low RF voltage as previously. After a few bours M
canriilioning with pulsed RF it ui~ppc:lrerlcomplelely, ami
we could increase the R.F volUlge ul' 10 the lnaximum val'1C
nf '00 kV without any further lIiign$ or resonant or non"
resonanllnullipa1Clor.
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Our calc:ulminns ~how that thc c:nndirions for multlpaaorint]
arc fulfilled in the ccntnd pal:t of the a:ram1c cylinder and Lhl:
region berween rhe ceramic cylinder and the llrift. tulle. Tn
particular we find thai.

2. Beginning at S leY non-rannant mulripactorint can take
place on lbe surface of Lhc central part of the ccrmnic cylinder
under tile influence of the: longiludinal clectric RF field ;lnd
tile radial electroslalic field ncar the ccr.unie .~urface. We
believe lhal this is the most itnpunanl fJruc:cx5. The rc.~ulr~ or
its simulation an: summarized in Fig. 6 o:md 7_
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