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Abstract

In orderthat it may be built within aeasonabldength
and with reasonable ac powearonsumption, a 5 TeV
linear collider must employ an acceleratimgdientand rf

dark current capture threshold gradient, whidcales
linearly with frequency. Experiencewith accelerating
structures at S-bandnd X-bandindicates that, using
appropriate machining, cleaniranpd vacuum techniques,
the structures can proceand operatewith satisfactory

frequencywhich areboth higher than for present 1 TeV levels of field emission at gradients of at least 1-1/2 times

collider designs. Thaequiredpeak rf power per meter,

which will also be higher than for 1 TeV desigonan be

the dark current capture gradient, &40 MV/m at 30
GHz.

provided either by relatively conventional rf technology or
by a two-beam scheme such as that proposed for CLIC. In Beforestarting on adetaileddesign of a 5TeV, 30

this paperthe first alternative, a 30GHz rf system
employing microwavetube power sources togethsith

rf pulse compression, islescribedwhich produces an
accelerating gradient otihe order of200 MV per meter.
Limitations on the peakowerthat can be obtained from
conventional klystrons as a function dfequency are
discussed; it is foundhat such klystronsare only

GHz linac operating at #adedgradient of200 MV/m,
we need toask whether a machine with thgsgrameters
can operate at a reasonahlepetition rate with a
reasonable aavall plug power. The ac power for a
machine with a gradient G, pulse lengt}y @ctive length
L, repetitionrate f and rf system efficiency n varies
approximately as P~ f, G°A’T L,/n. Assuming that the

marginally adequate as a power source at 30 GHz. Sevepalse length varies in proportion to the structure filling
alternative rf sources, such as multiple-beam klystrontime (-A*?), and that the gradient is scaled as @ the

sheet-beamklystrons, gyroklystronsand annular-beam
ubitronsare describeavhich are capable oproviding the

ac power then scales ag P f, E.,,A*%n. In scaling
from the 11.4GHz NLC design at 1 TeV to a 5 TeV

required power, after pulse compression, of about 600collider at 30GHz, theunloaded gradientwill increase

MW per meter.

1. INTRODUCTION

Initial parameter sets [1],[2] have bedevelopedor a
linear colliderwith a center-of-mass energy of BeV, a
luminosity on theorder of 1 x 10®cmé/sec, and an

operating frequency in the 30-34 GHz range. To keep tH¥
length of thecollider linac within reasonable bounds (on

the order of 30 km), the operatilggadientmust beabout
200 MV/m. Several potential problemenmediately
come to mind. First,can a gradient othis order be
substainedwithout rf breakdown,and even below the
breakdown threshold, will field emission lead to

from 85 MV/m to 225 MV/m if G ~w scaling is
followed. The factoA®? decrease the ac power byfaator

of 4.3, almost balancing these-fold increase in energy.
Thus at a repetitiomate of 120 Hzand a scalegulse
length of 60 ns, the apower would remainnearly
constant. In thelesign tofollow, the pulse length will
tually be about twice this, making it necessary to reduce
the repetition rate to 60 Hz.

The peak power per meteequired to drive the
accelerating structure scales approximately,as B*AY2
For G ~w scaling, thisbecomes P ~ w*% The NLC
structurerequires145 MW/m for anunloadedgradient of
85 MV/m. This scales to 615 MW/m for gradient of

unacceptable rf processing time or possibly to arcing, g&€> MV/m at 30 GHz. A third questias, are rf sources

bursts and
Concerning the breakdown threshold, the resultsoefv
and Wang [3] extrapolatedrom X-band to 30 GHz
indicate a breakdown surface field ¢me order of 1100
MV/m (correspondingapproximately to araccelerating
gradient of 450 MV/m) for pulses two orthree
microseconds in length. For pulse lengths ondtuer of

surface  degredationduring  operation? available (or possible) which, together withheasonable

rf pulse compression system, can supply ffeskpower
with a reasonable spacing between sources?érhainder
of this paper will be devoted to answering this question.

2. BASIC RF-RELATED PARAMETERS
Table 1 gives basic garameters for a 3GHz, 5

100 ns, ascontemplated for a 30 GHz collider, theTeV collider for two accelerating structure designs.

breakdown threshold should be considerably higher.
Problems due to field emissidand to escalate above the
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Table 1 3. RF PULSE COMPRESSION

RF Parameters for two Structure Designs The use of rf pulse compressionénhancethe peak
Str. A Str. B power output from the rf source becomes more important
Group Velocity/c .067 .075 as the rf frequency increasesand the power output
Structure Length (m) 0.70 0.75 capability of microwaves tubeends todecreaseSeveral
Filling time Tx(ns) 35 33 pulse compression schemes have the capability in
Q 3500 4590 principle of providing a peak power enhancemené &,
Ty = 2Qko (ns) 37 49 as assumed herayith reasonable efficiency. Current
T=TdT, 0.95 0.68 efforts at SLAC are being directed toward a so-called
Shunt Impedance(8/m) 87.5 125 Delay Line Distribution System(DLDS) scheme in
Unloaded Gradient (MV/m 228 232 which the power from eight klystrons is combinedfded
Loaded Gradient (MV/m) 200 200 four groups of accelerating sections, each for a el
Peak Power/meter 700 580 to one-fourth of the klystron pulse length. In this scheme,
(MW/m) power is directed to accelerating sections upstrgauward
Power per Structure (MW 490 435 the gun),andthe beam return timserves toreduce the
Power per Klystron (MW) 74 66 delay line length by afactor of two. Applied to the
Pulse Length at Str. (ns) 140 138 present 30 GHz parameters, the klystron pulse length
Pulse length at Kly.|(s) 1.12 1.10 would be 4x 140 ns = 560 nsandthere would by 30 m
AC Power (MW) 340 280 of delay line per meter of accelerating structio@npared
to 9m/meter for the NLC design).
Structure A, having a shunt impedance of 87G/M, is An alternatively possibility is a BP(Binary Pulse

a designdeveloped[2] bythe CLIC group atCERN. Compression) system usigadeddelaylines consisting
Dipole-mode damping ischieved byheavy coupling to of a series of 5-10 high Q energy storage cavities. Such a
external loads. Structure B iscaledfrom the current system having a compression ratio o&i®&l apower gain
design forthe NLC damped detunedtructure having a of 6.6 (82.5% efficiency) is assumed for th@ameters in
shuntimpedance of 95 M@/m at 11.424GHz (group Table 1. Although possible in concepgsign details for
velocity = 0.05c). Scaling this to 30 GHz, opening up theuch a system remain to be worked out.

iris to make yc = 0.075 (to give lowewakefields and

allow a longer structure lengthgnd deratingthe shunt 4. RF POWER GENERATION AT 30 GHZ

impedance r by —8% (5% in Q and 3% in r/Q) to allow for - There are two basiimitations on thepowerthat can
possible additional damping, results in a shuredance pe generated by @onventional round-beamklystron.
of about 125 M2/m. The beam loading current sed  First, it is well known that thelectronic efficiency of a
on a train of 200 bunches spaced 0.5 ns\j1&part,each klystron depends orthe microperveancedefined as K =
with a charge of 3x 1C° electrons. Including a 5% (1 /v,3?) x 10°. An expression that fiteecent sirlations
overheadallowance forfeedbacketc., and assuming two 4t gL AC is:n = 0.75-0.17K. To achieve an efficiency
10 GeV injectors, the active length of both main linacs igf gt |east 65%, thenicroperveancenust be lesghan
26.15 km. The pulse length includes a 5 ns tis&e  apoyt 0.6. The output power at a beam voltage of 500 KV
allowance. In calculating the ac power, an rf systefyoyid than be less than about 68 MW. From Table 1,
efficiency of 45% is assumed: klystron, 60%; modulatiofyig marginally meets the klystrqrower requirement for
efficiency (assuming a gridded tube), 91%; pulse the two cases shown.
compression efficiency, 82.5%. A second limitation on klystron power is related to the
At this gradient and pulse length, there is potentiallyreg of the electron beam, whichdoes depend on
serious problem with pulse heating at twpper surface, \yayvelength. To achieve good coupling to the longitudinal
estimated be about 10 The yield strength icopper is f fields in the output gap, theadius ofthe beamshould
exceeded at pulsetemperaturgise on theorder of 46C ot pelargerthan abouth/8. If the beamradius exceed
[4]. However, the extent to which thisurface damage this, then electrons on the beam aaislelectrons at the
might degradethe rf surface resistance isot clear; an edge ofthe beam willsee asubstantiallydifferent rf gap
experiment is underway at SLAC to measure the effects %Itage, and efficiency will suffer. Next, the beamea at
pulse heating with éemperaturerise of severalhundred the cathode can be largénan the beararea inthe drift
degrees on a demountable surface in an X-band cavity [5]egion by afactor A, the areaconvergenceatio. This
Finally, it would highly desireable taeducethe ac ati0 is limited by aberrations in the gun optics,
power by increasing the rf systeafficiency above 45%. transverse emittance, alignment tolerances, etgosd
A reasonablegoal might be: Kklystron, 65%; Klystron measure oftheseeffects is the convergence half-angle,
modulation, 95%; pulse compression, 85%; Systefhich is related tothe f-ratio of conventional optics. In
efficiency 52.5%. Thiswould reducethe acpower by practice, it is foundhat the convergence half-angle is
15%. limited to about 48 correspondingroughly to f 0.6.
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Because othe dynamics of space-charge-limited electrorgyroklystronfrequency-doubledrom 17 to 34GHz has
flow in the gun region, the gun focal length and hence theeendesignedwhich produces aroutput power of 150

area convergenceratio depends onthe perveance. By

plotting A, vs K, for a variety of gun designwith a
convergencehalf angles of 354, the pointscan be
crudely fit (within a factor of two or so) by [6] A =
150/K2,. A further limitation is the acceptablecathode
loading current pesquarecentimeter, |. Putting these
factors together, the output power is

MW at a simulatecefficiency of 42%[9]. A single-stage
depressed collector can increase the efficiency to 56%.
Another annular-beandevice capable of delivering
high power output at highfrequencies isthe Ubitron
(FEL) proposed by McDermott et. al. [10]. Using a,FE
mode coaxial cavityand a PPMwiggler, it produces a
simulated output power of 250 MW at 11GHz with an

efficiency of 50%. It shouldtill be capable of producing

R.= NVl ,Am(A/8)" . @

If A(K,) as specified above is inserted tims and the
result equated to, P= r]KVb5/2,an expression isbtained
for the maximum allowable perveance:

[1]

K, =1941,°222 12 . (2)

Taking |, = 10 A/cnt, A = 1.0 cmand V, = 560 kV,
then K(max) = 0.59 with acorresponding efficiency of
65% and output power of 68 MW. By coincidence, this is
just theefficiency and output power specifiedabove. At
shorter wavelengths the perveance would have tower [4]
and theoutput powerless (although thefficiency would
be somewhat higher). [5]

The bottom line is that it should be marginally[6]
possible to build a klystron at 3GHz which hasgood [7]
efficiency (65%)and anoutput power orthe order of 65 [8]
MW. To obtain this or higher power from more
coservative power source, theaie severalpossibilities.

For example, three or four lowgerveancéeamscan be
packagedogether in the same vacuum envelope. Such a
multibeam Kklystron having common rf cavities but

separate PPM-focusdzeams hasndeed been proposed  [9]
[7].Klystrons using a sheet beam, which is essentially

2]
3]

a high output power when scaled to 34 GHz.
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equivalent tomany roundbeams in parallelare capable [10]D. B. McDermott et al., “Periodic Permanent Magnet

(in simulations) ofproducing150 MW at 34GHz with
good efficiency[8]. It is well known that gyroklystrons
are also capable of producinghigh power at high
frequency. At the University of Maryland, a coaxial-circuit
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