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Abstract

An X band kiysiron waing & sheet bearo and wiggler focus-
ing wae shmvulated weing the 3 + | dimeoslonal particle in cell
code MABK.! Sicauletion of the 1f cavities wes by meano uf the
post apprenisnition wiwd in medelling of standzid kiysizons.d
The wigglers, which would nesd pormtnent inagasts 1o achieve
thc required fleld strengths, were medaliod weing om idealised
smalytic exprmcion with an swpenentia) rise and & Hnear to-
par supatimpoted on 3 einuanidal vorlation. Cavily lecations
and tenings were varied for maximnm euipwt power. Beam
vohtage and current were alno varied 4o axplove the effect on
eliciency. Both an idealised luminar bewn and 3 more realls-
tic boam frem & gua design: cade were studied. For a voliage

of 300 &V and curreat of 30 amp per lnowr ¢ siliclancles of
appreximately $0% were ¢
Introduction

The 1l power for & future collidor should be at & subetan.
tially higher fraquency thas the SLAC frequency of 2054 Mis.
Ameng the advaniagesof the higher froguency are highoer gradi-
eats before sncountoriag the broskdiown Namit, snd Jowerstored
e=ergy whici gresily impacts both caphial cot and eperatiog
cost of a Jarge machine.’ Recont studion at SLAC have tended
tows:da the range of [requencies
SLAC(requency ol OO MMs, =

lﬂmumhﬂmm
would reduce the sutput pewee is saly & Sow megawatis, sluce
the beam coriont must be reduced o 8 through = smmaller
m‘!ﬁbmhﬂhnmmmm

by R. Kemplace at Oxford ln 1557, whe calied the davice the
Straveling wave kiyotson.* [

The fucusing of shoet heunss of Aollow boams wan Ceveioped
um‘mmtmu-ﬂh-&;
that sauses the

same as that encoantered by an lectron beam pessing through
the wiggler magnet for a free slectrom laser; the baam ls focused
towards the madian plane of the wiggles by the odge Aelds o the
alternating dipole magnets. Tha focusing action is only in the
direction norraal to the madian pisne, but appropriate ahaping
of the Sclds at the eads of tha dipoles can sleo provide ofige
forusing of the abeet beam. This techniqae la also commonly
applied (o free alectron laser wiggler magaets. A schemntic
arrangement of the camponanta s shown in Fig. 1. Az noted,

B Worhugmudln an by the KEX-SLAC Collaboration
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3 and 4 timen the

the fucwalug action o guite strong becawse it dom mot
altarnately Gacus and defocws; sach odge Oold foruses. The
usual constraints of focwsing limits and atop bands of perlodic
focualng upply, but with reascaable dipole Selds of about 0.3
teala, the currentu that can be tranaported graatly excesd what
ean be realistle 1y Injocted. The foruaing requiremests will be
mhmm. -oetly on effects of tcanaversy of Belds in the

The inltlal gc. . was ic design & 200 MW poeres of X-band
power at 1142 GIi=. ‘Tha nominal starting design paramsters
for this devica we: 700 kV baam voltage end 1000 umperes
tota] current ia 5. ineer em. These cumbers are probably
not optisaal; hewevcs, it woald be diflicult 40 weo much higher
veltogm witheut making the cutput cavity gap oo wide (due
te: broakdowa considarations) for goed coupling. Likewier, it
-unuumummm.mmmm.
mv-th-dm

SHEET BEAM KLYSTRON

Fig. 1. Schauatic of the shest b Elystron showiag drit
tubs, cavition, and wiggler magnets, .

Desiga Btudy

Sarting froms these pominal valuss, we Save wed MASK
to daign the of lnteraction region to obials meximum powsr
outpet. The of cavities are medelied ualag the poct spproxd-
mation describod by 8. Yo.? Wa impose & given voltage end
phese 28 & boundary condition. The code then calewlutes the
induce2 current from the beam dynamics {(once steady state
has boen roached) whenes the daslred eavity impedences can
be obtained.

The input beam waa firet taken (o be purely laminar with
gero transverse velocity. Paramater studies were made varying
the cavisy locations and voltagm 10 opilmise eficiency. Beam
voltape and current ‘wers then varied to explore thelr effect on
efficleney.

‘The wiggles flald was modelled using an [dealised cnalytle
axprossion derived from u vector potentin] which was a producy
of & sinuscid in the x; dirsetion (parallel to the beam) and &
hypesbolic aine in the 2y direction. More fresdom wes obtained
by adding a product function f{n;) in the x; directlon, whick
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could allow a linear ramp snd/or an exponential rise. While
this Is no longer an exact solution of Laplace's equation,
and thus includes & noo-phyaical current soures, it is not a
bad approximation as long ss the function fjx;) varies slowly
with respect t0 the wiggler peried. While these wizgler
expressions will not coeraspond exactly the felds producad by
the parmanent magnet/iton assemblies, they are a teasonable
first approximation to the magnet deign made waing the code
POISSON.

Initial calculations wars made weing an input cavity, one
idler cavity, and an oulput cavity. Becausc of the potential
problem of feedback i the nor~cutoffl TE mades were axcited,
it scamed desirable 10 koep the galn aa low as possible. We
nssuied that input power of the oeder of 10 to 20 kW at X
band could be ebiainad, for example from traveling wave tubes
if kiystrons were 1ot readily available. This corrmponds to a
voltage of about 4 kY ea the input cavily. (The preciss value
will depend on what tuaing snd axternal G are assumed.}

The location and voltage of the second cavity control the
gain but do not appesr te be vary citical in deterinining
the Muaximumn i currént downatream (vihich control the
efficiency). The gain of the second cavity determines the
optimum deilt Limgth to the suiput stage. The voltage and
bmhhthnudmhymp&alummmn
bunching in & loagth that seems yessanabie for comstruction
and simulation conslderations.

It was found that higher aliciency could be obtained by the
addition of another cavity, correspondiag to the pesultimate
cavity in & standard tubs, although the optimal voltage for
tris cavity i low compared tb that in & slandard kiyatron
for tha same beam voltage. The veltages and locations of
the penultimate and output cavities svere varisd to optimize
efficlency.

Figure 2 shows the locations for ths cavitiw of » four-
cavity wiggler focused kiystron. The Sgure shows tha eleciron
dutribution tahen as & sngpshot 8t 5 particular instant within
an rf cycle. This sxample is from & rwn in which both the
top and bottom af the hiystren are simulsted, thus making
further simulations possible in which the effects of saymetric
construction can be examined.

AN gimersions b midimeten

Fig. 2. Elsctron jcaition-opace distsitution (niot to scal®) for
the wiggler focuse} kiystron with an litiatly lowinar beam.
RF porta are shown as gaps in the blocks. All dimensions ere
in mm.

The phase of cavity 1 was orbitzarily set to 0. For cavities 2
and 3, it was assumed that the Q would be high enough that the
phase difazence detwesn voltoge and induced current would
be about /2. For the cutput cavity, the phase was varied to
optimise efficienc~, The steength and alope of the ramp of the
magnatic field were alsu varied to produce optimum bunching
with minima] intarception before the output cavity, and thua
meximum output power.

Voltagea and phases ure chown {n Table 1 for the optimum
efficiency case, The efficlancy came to sbout 48%, or 88 MW
for 200 MW of baam: power f2om & 50 em wide klystron.

Table 1. Cavity Voltagos and Currents For the Laminar Beam

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

1 4750 (-.10) 2. ya-B)
2 20840 (2.21) 29.0 (.o0)
3 88210 (-1.40) 716, (~2.93)
4 250800 (~.50) 774, (—04)

Beam Voliage and Current Parameter Study

Uslag the laminar Input beam and iaperad wiggler fields,
the veliage and curreat were varied 10 axplore their effect
o olicioncy. The eavity voltagm, ste. ware optimized for
mankmuss afficlonsy ‘for esch point (although mot s much
ime_ was opint &0 in the inltla! study, 50 the tiue optimum
may b skightly higher). Eficloncy was aot scnaitive to bsam
current  fined voltage vp 10 & fazior of thres times the
nominal t (Pig. 3). At this peint oficimcy began to
drop. Rficiency enly iacressed slightly in ralsing the voltage
to 300 kV; but droppod to abeut 41 percant at 103 kV (with
constant parveante). The sequired magnatic fiold was roughly
Baeur in boam current, There was & small incresse in required

magsetic Beld with higher voltage,
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Fig. 3. Efficlency versus currcat, 200 kV beam energy.
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1t 5 unclear what factors Himit the sfficiency of the wiggler
focused kiystron. For a standard kiystroi the sfficiancy would
by expected to incresss more with fower perveance than was
cbuerved here. We note that for buth cylindrical and flat
kiystroms the bunching is riuch batter in the purt of ihe beam
nearer the walls, but in the cylindrical case the poorly bunched
beam near the axis containe caly & axnall fraction of the total
current, while for the fiat case it containa nearly half. The
variation in bunching might be due in past to variable if Selde
across the drift tube. However, raducing the drift tabs by
» foctor of four in helght (with coxresponding reduction in
beam current and size) did not improve the efficiency. Rt Is
possible that the variation in focusing from the transverse of
and dc mognetic felde across the drift tube ars reaponsi™le
for the variabllity of the bunching. It is aleo possible that i
wiors time had baen spent on optimisation in the low perveantce
sitiulatioi the elilciency might have besn increased further.

Effect of Realistic Input Beam

A mere felistic input condition was sbislned by using the
slectrsatatic EGUN cade io calculale the boam distribytion ut
the lnput te the &rik tubs. The gun calculation assumed 5o
maguotic fiald, 00 MASK veid & magnotic Seld which wes in}-
tially pore nnd turndd en supensitiolly. Anethir medification:
was 10 incrense the flald just bafore the penniticate cavity to
compenente for the traneverss momentum iipabe fraim that
cavity. The voliages and currents aie shown in Table 2. For
this dasign (2 x; Jocations of the cavities were 08 ia the lam-
inar case, buk some veriation in the %; sine of the drift tube
was kaade. The Sinal oficiency ended up %0 be similar to the
lamsinar cose, about 50%. These Endings ore tentative becauss
the cedelling of tho turn-ox of the magnetic field at the boam
input was a rother crude approximetion of the Sold thet would
be produced by the aciual segaels, -

Tuble 2. Cavity Voltages and Currents for the Realistic Berm

Civity RF Gap Veltage (Phass) Indueed Current (Phase)

1 4490 (—.30) 3.2 (1.90)
s 20000 (2.55) 417 (1.00)
] 93840 (~1.13) ™, (-30)
‘ 200400 (-.40) 1 (1)

Radio Fraquency Cavity Conslderations

The iaitla]l concapt of tha = cavity design wao that t:e
cavitiasheuld operate a2 cutolf ac that the f¢3d wonld not ha e
any variation is strength slong ihs kngth of a cavity. Wercw
beliave that tolerances, and the close proximity of many med =
at culeff, make this solution itcprectical. A better solutin
wae suggenied by P. McIntyre® who would use traveling we e
cavities which creata a burch that is ti1ted with respest o U e
direction of motion of tho clerirons, 'We pow bellave thet a
small chear in the patiers of of curreris on the béam s n
a preblem, and that traveling wave cavities can be used, &0

placed on n line normal to the beam direction, provided that
the phase ve! <ity of the desired mode {3 the same for cach
cavity, T.ase traveling wave structures are actually tuned
resonant rings, with a directionat coupler for the input and
the output cavities. Except for the rescnant ring, the device
now closely resembles the aketehe: from Kompfner from 1947,

Thae use of traveling weveain the interaction envitics causes
an additlonal comntication to the electron dyassics, dus to the
tranaverse fle}ds that must accompany the traveling

shest beam and accordingly act to deflect the electron orbita
within the plane of the sheet beam. The transverze magnetic
field and the longitudina) electric fiald hava their maxima In
the same plice, and the direction of the magnetic field is such
that the deflection on the beam is in the direction opposite
to the power fow for particl2s which ore phesed to niva up
ensrgy to the of felds, For thie prrameiers of the 100 MW
kiystron belng studled herc, and for wavegulde with a group
valzsity of vy = 0.7¢, the magnetic field lo abaut 0.1 tesla in the
output eavity, This ls clearly not negligible and it thus becomen
mr-aatory 10 study the kivetron wilth a thres dimnensional-
cinde in order to adequately simulate (ke process in the autput
tzavaling wave covity. For the purticles in the bunch that b
being decelerated, it is posible to largely compcasate for this
dellection by adjusting the felde ia the wiggler magnete so that
the eloctrons snter ihe output cavity at ax sppropriate angle.

Oonclunioa;

A wiggler-focuied shest beam klystron with efficlencka
of sbeut 50 pereent and power arcund 200 MW per llnear
meter appears theuretically attainable. If gun design permits
substantially higher pirveance wphont incressing the drift
tube siee, up to & fator of three higher powsr may ba possibla
without muck Joss in officiency.
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