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Abetract 

An X bead kh*tn* welag a theet beam and vclgaltr foeue. 
iag DM ehaehtod aabif t h l i j dtoeoefeail particle in cell 
Mdt MAnt.< SiualUtea «T llw tfcwrHtai «w br M t w i^th* 
part apptialmillta wad to aMdaUlagatatortdctd Uyfanm.1 

The wcjgeiie,, whh • m taH leaf p WMMH. migaih to K U W I 
the eeqalrod tatd ttltagtat, W l t l M M aebeg — 
aaarytk «r»raarioo with M eapeaeatiel rite aad • I 

I en « ctaaaoMal variation. Cavity 

am tad • mote nalle-
tkbeaatetaa«grmeMato«aetewewe**died. Jaravahage 
at * » kV and CWMM «f*0 top Mr Hoeer CM eaVieaclee of 
apprarimtiehr MM were cifciikni. 

hUoJyciro* 

The if m w far» M m Mlrllar ftVoald ho at a eabttaa-
ticily Mgbar rrtjiaacT Un* the I t AC fratiott j rfWH MBt, 
Aaw^a^tJtirtitwrfawlllllwii^wciriwMtlwriratt-
aa tchrfire i.a»aanittttgla»hllrtdlMahm»,aadlav»erotofod 
energy whkl greatly Impede both tipkaJ cart and •pmtiH 
cert rf* large machine.1 lUnml ttadra at t U C have tended 
toereidi the range if &MWMM M M I end < ticeea the 
SLAC frteaenry of MM MBi. \ 

•riling caaveatloaal Uyetreae to each Ugh rVoqaecciei 
« N U re*W the eatpet power Ui aakljr a i m aMgamlto, ekeee 
the taut cement moat W tedaced to t l tareeah a rantler 
attache*. T w | i f « t e i l t o ) N i l R n M k t o t m M p , 
wMcahtoBM»ibM»(ftMwaMtowbat«>taw*«dltto s 

l i t petal thai epara i>ii | i etta to anpttl Ha enfclati j Tl • 
I Ml that» w y abaOar concept» 
r at Oarfordmle^,4wtocarM the device the by*. 

m r ^ c d e ^ r ^ e - t e w b - m e v 
by Starmck* Ordinary atliacllt'-caaaot be aai 
beam, art — ai icagciiiaU of djpcec a p l i 
chetroaa to "wbjtV periodical]'/, ia the abac of the beam, 
provldm very ettoag locating. 1te*K a a'HB |acbaaiHnlatati 
M M M that eatcaatorod by an •eiortron bail porting tlirongh 
ib« itiggkr magnet tor • free electron later; the awn Se fbcuMd 
towtrde the median plant of the wiggle by A* edge Btlde or the 
alternating djpolt nagnct*. Tin foenrinj actloa it only In the 
diMetioa aotaal to tin audita picaa, tat appteprlatc ahaplni 
of tilt fi»lds mt tat « t l of tfci dipolal ea» sbo pnvlde adit 
foetulbf <£ the ibait batm. Tbla Uekal4M to aba commonly 
appliad la fret aWclian Itttr wlajte magMti. A (chemttlc 
a»«B|eBKBI e/ U» cwspoatntt It ibawa la Pi|. 1. As noted, 

• Work mppsrttd In pan by iha XEK-SLAC 
c .fl by 0M DtputiBtAt el Energy, contract DE>ACD»-
7tai?oo»u. 

tk« fccnli| actkM It (piltc ttrang bacaute It dota cot 
allaraattr/ lacaa and daftcat: tack *df» 0»M fotu»oj, Th« 
i m t l caaairaiala of fiMwbtg UniU and Mop band* «f periodic 
Snctulac apptr, bat with laateaabla dtpok ialdc of about 0.1 
taria, iha cwianto that cm ba Itanaaerted iraattr axcaad what 
c«nb«r»»Brtk !ylaJ>tttd.TWTO^a>liu|r»aub«rnt»iUwlllb* 
fMwda»Av«r -octrywaaVtoarutjawarMtfithbintba 

Tbota i tUtc «nMto4aritn»lWMWHwrf»orX4and 
pmwrrt l i . a lOl fc . Tnanaglaalrtartla>dajl»-ai 
Ibr lUaaMwaw: 'MkVfct t 
tola) catraat In at iaaar cm. Than i 
Botcytln^biiwwu.hajoaldUdlaVatetoiMwnMtbhbjiat 
Mkagai wHheat toaaut the ««tMM «a«Hy cap fan *lda (du» 
to hieihdima cfttdarttlant) far ajaod touyttoi. UknrSn, it 
woald bo dMbeaH to get aoek Ufaat canaat damlttai from a 

SHEET KAM Kt-YSTRON 
RF CovitiH 

rb> 1. eclMaiatk««'taatka«tataaBlr(Uc«tho«lat drift 
tabo. curtUit and twiggjar toagiwrj. 

Dai lga Study 

IMA3K 5 tram thatt naawwl nratt , « a kwa t 
to dtalga tha rf latanctloa tagtoa to oblate i 
ontoat. Yho rf caitrtltt ata nwdillid attog the part i 
authM datctftod by 8. Yv.* Wt tanaw a ghtn i 
pbaac at a boaadtiy eandStlon. Tin coda than cakatatat tbt 
indoctd cuiant (ram th* bean dynaaica (once ttaady ttata 
hat bum nacaad) wbaaca tba dttliad eavlty Imptdtncai can 
beobtainad. 

The input beam wta tret Uk«a to be parely laminar wltli 
eero t.ruitvent velocity. Panmtter ttuditt were nude viryinii 
the uvity lecatioTU and voltagei to optlmiw eSkieocy. B u m 
volucie and current were then varied to explore their effect on 
efflclnicy. 

I i « wiutii field WJJ modelled nolag an Idealited tnalytlc 
expirauioB derived (rem a vector potential which waa a prod net 
of 8. ainiwoid in the BI dirtelioB (paraltel to the beam) and a 
hyperbolic tine in thr s i direction. More freedom wet obtained 
by adding a product function f(m) in the »t direction, which 
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could allow a linear ramp find/or aa exponential rite. While 
thk k no longer an exact eolction of Laplace'i equation, 
and tana inchidae a na*>phyileal current auttrce, It it not a 
bad apprariaullan a* long aa the function f(x() varies (lowly 
with rcepect to the wiggttr period. While them wiggler 
oxproorioae will not correspond exactly tin flelde produced by 
the cwmanetit aagnct/lron aannbliea,they are a reasonable 
•rat approximation to Sat magnet dailgn made tiling the code 
PUISSON. 

Initial calculation* w«r* made ueing an input cavity, one 
idler cavity, aad an output cavity. Bectuuc of tilt potential 
problem of feedback h* tin aeocutoff TE mode* were excited, 
it aeamed eWrabta to heap Ik* fain at lew w potaible. We 
amu^ihalMpvtpewcroftfceorderef 10to»ftkW at X 
band could be obtained, far example from traveling wave tubea 
If fclyatrca* want not readily availabte. Thia cofreaponda to a 
voltage of about d aV •*, the input cavity. (The precis* value 
will depend em what twUagaad external Q are attorned.) 

The location and vohag* of the Mcoctd cavity coatrol the 
gain bat do net appear to be very critical In determining 
the maximum rf carreat downatream (watch conlrola the 
efficiency). The gala of the eecond cavity determine* the 
i>s41me»evift length to t t o s e ^ e t a g e . Th* voltage and 
Inraima fcr th* mend cavity war* patted to ***d*<* optimal 
hunching In a hmgth IhM eeeam nrneniM* for coastractioa 
a>di 

It was found that higher enV!oacy<*«ld be obtained by the 
additba of another cavity, corresponding to th* p«uKim*t* 
cavity in a standard tab*, aHfcough th* optimal voltage for 
thie cavity it low compared to that In a llaadard klyitron 
for the seats beam voltage, The voftagm and location! of 
the penultimate and output cavitim war* varied to optlmlae 
efficiency. 

Figure 3 etiowa the beetle— for the cavities of a four-
cavity wlggler tbeuaed Uyttron. The flgweahowi the electron 
dsrtributiea tahan a* a snapshot at a partkolar mttant within 
an rf cycle. ThJ* mample at worn a ran m which both the 
top and bottom of th* klyttraa at* efcsnleted, thus making 
farther simulatioM peedM* h which the affects of saymetrk 
caoetractioa can be examised. 

Fig. 3. Electros fceltioa-epace distribution (not to aceft) lor 
the wiggler focused Uyetron with an initially loratoar beam. 
RF porta are ahowa a* gap* in the block*. All dimension! ire 
In mm. 

The phase of cavity 1 was arbitrarily eat to 0. For cavities 2 
and 3, il We* acsumed that the Q would be high enough that the 
shew difference between voltage and induced current would 
be about */S. For the output cavity, the phase was varied to 
optimise atteicnr*. The st rength and slope of the ramp of the 
magnetic field were afcw varied to produce optimum bunching 
with minimal interception before the output cavity, and thus 
mcKimum output power. 

Vol tag" and phases are ohown In Tabic 1 for the optimum 
efficiency eat*, The efficiency come to about 46% or BO MW 
for 200 MW of beam pow«r (torn a 50 cm wide klyitron. 

Table 1. Cavity Voltage* and Current! For the Laminar Beam 

Cavity RF Cap Voltage (Phase) Induced Current (Phase) 

1 4TB0 (-.10) 0.0 i».u5) 

a «M40(9JI) J** (.80) 

3 MM0 (-1.40) fie. (-a.n) 
4 aSMOO (-.SO) 774. (-.«) 

Bcatn Vefc*ze and Current Ptatijawter Study 
Wag th* l«m1n*T mput beam and iaporid wiggler floldt, 

th* vohag* and cumat wot varied to explore their elfeet 
•n inV.lenty. The cavity vohagm, itc, wen optimljed for 
manhaum efficiency for each point (although not at much 
UaM.wat apiM at la Ik* initial itudy, to th* true optimum 
may ha *e^l»f Idahor). Mchnuy was not snoltive to beam 
currant with fat* voltage an to * factor of three tlnm th* 
nominal entrant (Fig. J). At thit point aCchmcy began to 
drop, Bafelency oajp increased slightly m nktfng the voting* 
toa«)hVib»»«»ppa<toah**]t4la**cant*tUakV(wlth 
coe*tMta«rva*M*). ThaitneJwdiaetnotte held waa roughly 
Bneartahmmcurwnl. lltcrevtm a smell Incrscewm required 
aaagnetk held with higher voltage. 

4 0 0 0 8000 
U7M* CURRENT/LINEAR METER, lempsl 

Fig. S. Efficiency venmi current, 200 kV beam energy. 



It b unclear what bcton limit the ettelency of the wiggkv 
focuaed klyalron. For a standard klyetrc* the efficiency would 
bn expected to Increase own with lower pervcence than m i 
observed kin. W« not* that for both cylindrical and flat 
klystrons the bunching it much better In the part of the beam 
• w w th» walk, hit ia th« cylindrical case the pearly bunched 
beam Mir ilw ub> contain* enly a email fraction of the total 
current, while tor the flat can it contains nearly half. The 
variation in bunching might be dot in part to variable rf fields 
scroti the drift tube. However, reducing the drift tube by 
a factor rf four in height (with corresponding reduction in 
beam current and aixe) did not improve the efficiency. It li 
potiiMe that the variation in focusing Iron the transversa rf 
and dc mtgMtk Selde acroet the drift tube an responsible 
for the variability of Ike buBckln|. It It *Jeo possible that If 
nwra time had been rpeni on optimisation in the low perveante 
liwuletlcuu) the aiukkMcy might have beta Increased further. 

Effect of Realktic Input Bum 
AaMnre^atkia|wlcondUie«weeabtalMdbyaf!i)ctne 

e)ectr«MatkIGirNcMletocdc«k^tlMb««MdietribvjUonat 
the Input to Urn drift tube. The gun catadettoa tttumsd a» 
•agattlr laid, an MAM used a magnetic M i trhlch wen ini-

wwtolKii*Mtkan«MiuHkelet«tttpewdtiMMcavteyto 
compenstts tor the Irs—tats* avttavatuan awpulst totsn tkat 
cavity. The veftafai and currants are aknum fat Table 7. For 
this design Ik* Xi kxatlewaf Ike cavHIm wart M1* Ike lam­
inar cate, but attne variation In the m e*M of the drift tube 
was made. The final aeaciency, ended upte be similar to the 
hMnmet H M , about MR. That* Indhtui on tentative because 
the BMdnJUnf ef Ike tum-te ef ike magnetic ield at tbt beam 
mputvwear*4l^cnideaty»lnmtienof>»eteldt*natwould 
be produced by tk* actual eajgsett. 

Table t . Cavity Voltag** and Current* for Ike Realistic Becm 

Cavity »JG**Veft«*M (Fuses) Induced Current (Phan) 

1 44*0 (-.10) ft£(LM) 

9 MIOO (IJt) 41.1 (1.06) 

t MMO (-1.13) f i t . (-»,•») 

4 M0400 (-.40) IM. (.14) 

Radio Fraquency Cavity Couidemtioru 

The initial concept ef the rf cavity design vm that c:-.e 
cavttllunheuldcprrate at iraton'iicthat^tteM would not have 
any variation h) ttrength along the length of a cavity. Wc new 
believe that tokwancas, and the CIOH prosimtty of many mod s 
at cutoff, make this aolution Impractical. A better solut: n 
wac suggested by P. Mclnlyre* whs would oat traveling wr ;e 
cavltka which create a bunch that it tilted with ntpecl to I e 
dinctkm of motion of the ctatieat. We n w believe thes a 
•mall chaar ia the pattern of rf currents on the beam le mt 
a prcMtm, And that traveling wave cavltltt can be uttd, ev; a 

placed on a line normal to the beam direction, provided tiiat 
the phtM vo? -city ef the desired mode b the name for each 
cavity. TUOM traveling wave structures are actually tuned 
resonant tinge, with a directional coupler for the input and 
the output cavities. Except for the resonant ring, the device 
now closely mumbles the sketches from Kompfner from 1947. 

The UM of traveling wives in the Interaction cavities causa 
an additional wireltcatlon to tin electron dynamic*, due to the 
transverse magatifc Held* that meat accompany the traveling 
wave. Then magnetic field* are normal to the plane of the 
aheet beam and accordingly act to deflect the electron orbito 
within the plane ef the theet beam. The transverse magnetic 
Held and the longitudinal electric fluid have their maxima in 
the tame piece, and the direction of the magnetic field 1* audi 
that the deflection on the beam It in the dlnetion eppeeite 
to the power flow for particle which wra r*ued to nlv* up 
energy to the rf utldi. For the parameters of the UIU MW 
klyitron being studied here, end for waveguide with a group 
velocity of v* • 0,7«, the magnetic field ie about 0.1 *e*la in the 
output cevfty. Thti la clearly not negliglbta and It thua become* 
nw^iatory to atudy the klystron with a three dimensional -
code m order to adequately eimulate the peectas m the output 
traveling wave cavity, fur Ike partlckja in tka bunch that la 
being dei ilnatail. II hi pntslhls In leigilj i iiiiuiimtTt fur Itile 
dse>etlrobr*4r»ntmttlM.sMldtmtlM^ 
tka electron* eater lb* output cavity at an appropriate angle. 

Conclutiotii 

A wiggltr-focustd theet beam klyalron with tffieltactat 
of about 50 percent and power ateacid HM MW per linear 
meter appear! tktorttleally attatnabw. If gun detkw permllt 
aubftaatWIy higher peneance without lacrteeine the drift 
tube alM, up to • factor of three higher power may be pcectbie 
without muchloei la eiWclency. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an ajicticv of the 
United State* Government. Neither the United States Governirtnt nor w»y agency 
thereof, nor any of their employees, ma&r- any warranty, tapreu or implied, or 
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