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Abstract . : . .
for an idealizedrectangularpillbox cells, in a constant

Pulsed rf heating is fundamentalimit on high-gradient  gradient structure with attenuatioparameterr=1, and
acceleration in coppestructures. Reduction opulsed pulse lengthequal to afill time. These scalings are

heating is favored by a short exposure time for the coppfgpicted in Fig. 1. Also seen are gradients achieved to-
yet in conventionalaccelerators, efficiency requires an

exposure time of order a cavity fill time. At-Band, the T IB kdl -
cavity beat-wave transformer concepermits efficient 102 P ea “:‘\. / reakdown .
energy transfer to resonant accelerating modes on a sub- .. \)/Trapping
nanosecondime-scale. Were-examinethis acceleraton ;41 &
scheme as it appears atB&nd, with attention todrive &
beam dynamics. S
o 100
1 INTRODUCTION e
High energy physics today is limited by the O 101
acceleratorandlittle else. The mosteverelimit arises
due to accelerating gradient, for machines of arbitrarily 10-2 . . . . = s
great dimension are not supportable by socigywever, 104 103 102 101 100 101 102
it is impossible toconceive of an electrorcollider A (cm)

operating with agradientof, say, 1GeV/m, relying on
known collider conceptsand technology. Inventions are
required.

For the linac proper one must account ti@pping,
breakdown and pulsed heating Trappingrefers to the
accelerationfrom rest of field-emitted electrons in the
structure. Thegradient G, and wavelengthA, may be
related to the trapped fractidh by means of théinding
field expression [1], with the result,

Figure: 1 Current state of the art imgh-gradient
accelerator research.

date, versus acceleratorwavelength. Overlaid are the
trapping condition, an extrapolation of knowreakdown
scalings,andcurves ofconstantpulsed temperaturese.
The fit to empiricalbreakdowrresultsextendsonly over
the solid portion of the curve. Also showare recent
results for theLaser Wakefield Accelerator (LIRA) [3]
and the PlasmaBeat-Wave Accelerator (PBWAJ4].
Points corresponding tahe 0.5TeVcollider concepts are
also depicted[5]. Shown but notlabelled areDESY S-
Breakdown is a phenomenological problem at present, bBand, NLC 1l, VLEPP, and KEK C-Band. The block
it doesexhibit aclear pulse lengthdependenceFor a marked"SLC" extendsfrom 20MV/m as for a typical
pulse lengthequal tothe natural fill-time of a travelling structure, to 40MV/m as for certain highgradient
wave structure with attenuatiggarameten™1, experience structures on the linac.

GA =32Mv{1-sinn(F-3)]} "

at S and X Band is consistent with a limit on elecfigtl These scalings imply thatigh-gradient requires

[2], short-wavelengthFor a 1 GeV/m linac, interest begins
in theW-Band 75-110GHz. We havedded across-mark

E, =254 f1/2(1+ 2_7f3’8), in Fig. 1 as ahelpful landmark, corresponding to 1

GeV/m. The corresponding frequency is close to 91.4GHz

. . . (3.3mm), the32nd harmonic ofthe SLC fundamental
wheref is the rffrequency inGHz. Pulsed heatingefers frequency, 2.856GHz.

to the suddendeposition of heat, by Ohmic loss, in the :
. The curves of pulsed temperature rise malear
conducting structure. For a pulsed temperatureAise . ; .
too, that such a linac wilsuffer severe pulsebeating,

1/4 and the conventional travelling wave structure \Wwave
Gev) — aT \V2f ot . : )

G(—m ) = 0-25(—400.() SICTE taken as our paradigm, will surely fail short of 1 GeV/m.
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To be sure, it is yet an open question exactly wielic
pulsed temperature rise a structure can withstamdithis

is the subject of ongoingesearcH6]. It should also be
emphasizedhat the technology of handling high mm-

wave power does not yet extend to the 150-200 MW levebrresponding

one would require to establish GeV/m gradieB&sed on

experience atonger wavelengths, one would expect toR=vy/V = 2(k/ K)”z_

find serious problems witlfield emission. Fieldemitted
current density takes the form,

J(mA) =~ 6x10™(BE)** exp(—%),

with E the theoreticakurface field in M/m, and 3 a
phenomenological“field-enhancement factor'typically
50-100, depending on the state of the surface
(composition, cleanliness, finish) [7]. Such feeld
enhancement wouldesult in explosive emission at
GeV/m gradients, and would be unacceptable. Astirae
time, there is experimental evidence thiald emission is
inhibited on short, ns time-scales [8fnd this is
encouraging insofar as the natural fill tirfer a W-Band
structure is on the order of 10ns.

2 CBWA CONCEPT

This problem of pulsed heatingan be solved in
principle by aradically different acceleration technique,
first proposed by Henkf]. The concept is ofhe two-
beam type and promises the high-efficiencies often
discussed in connection with such schemes. tlefscted
in Fig. 2, consisting of two beamlineand two side-
coupledcavities. The couplindgpetweenthe two cavities,
for the case of isolated resonancesy be characterized
by the beat-period.

K

9+

Figure: 2 Oneperiod of a CBWA,consisting of two
beamlines and two side-coupled cavities.

A drive bunch of charg®, passing through the drive
cavity will deposit energy?v=KQ,? in the fundamental
mode,characterized byoss-factorK. Total energyloss,

all modesconsideredwill be larger by a factoB>1. The
corresponding average decceleratiraitage in thedrive
cavity isV=KQ,. In a timeTg/4, this energywill appear
in the acceleratingcavity, characterized byoss factor k,
to a no-load acceleratingoltage,
The transformer ratio is then

This energy subsequently

reappears irthe drive cavity, and can beextracted by a
second drivébunch, modulo higher atelossesandwall
losses in a beat period.

To evaluate these scalingdgditional ingredients are
required. Given the desired wavelength for operation
(3.3mm) geometry constraitksto at most “32V/pC, and
a more conservative value, includimgduction due to
beam ports would be 13V/pC. Finally, pulsed heating in
the drive cavity requiresthat thedeceleratingsoltage not
be too large. We will takB5. Assuming cavitiespaced
at 1/3 of a wavelength, onarrives atthe parameters
indicated inTable 1. The problem with the concept is
clearly indicated in the last row: an enormalive charge
is required. From the point of view of single-burtmam
dynamics, this isintenable

v=2(kK)M2Q,.

Table 1 Example Parameters for a W-Band CBWA

Parameter Value
Drive Cell Loss FactoK 2 VIpC
Drive Cell[R/Q] 14 Q

" per unit length 13CKm
Accelerating Cel[R/Q] 20 Q

" per unit length 82Ck'm
Peak Accelerating Gradient QeV/m
Avg Decelerating Gradient 200 MeV/m
Drive Cell Avg Voltagev ~ 220 kV
Drive Charge, 110nC

Thus despite any attractive features of the concept, it

is clear that the firsandmost importantlaw is stability

of the drive beam. To attempt taepair the transverse
dynamics, one can split trdFive chargeup, employing a
bunch train. To hold pulsed heating to 2Q0one needs a
quarter-beat period 0800ps. Thus at most 30 -Band
periods are available for thedrive bunches,and one
requires abunch charge of5nC. We consider next the
transverse stability of such a bunch train.

3 DRIVE-BEAM DYNAMICS

From the foregoing discussion it dearthat the
beat-wave accelerator requires iatense drive beam to
propagate through mm-dimension apertures. Having
required the drive beam to interact strongly with the
fundamental mode othe structure, one suspectswill
obligingly find other modes of the structure to drive. For
the longitudinal wake, onetooncernsmay beallayed to
somedegree bythe enlargedoeamaperture presumed by
the lower[R/Q] of the drive structure. Thetransverse
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wake, howeverrequiresspecial attention. While the low
[R/Q] is favorable for transverse wake reduction, dhee
beamcharge is quitehigh, and one must consult the
details of the scalings for beabreak-up toassess the
viability of the concept. The beam centrdidatisifies,

(v &+ i) = for St -r)er 2

with I, the beam current, angl17kA. We take as a model
wakefield a single dominant, damped mode,

W(T) = W, sin(Qr) exp(—%).

The wakefield amplidute takes the  form,
W, = Ww®/c?, where the dimensionlessamplitude

W1 for aclosedpillbox, and diminishes as thdeam-
port is widened.

Treating the drive beam current waveform as
asymptotic

constant, and assuming strong-focusing,
growth for an initial offse§, takes the form [10],

£=024  exp(A-%),
with exponent,

. 1/2
A=(Few)

If the Q for the dipolemode is sufficiently low, such
thatr > 1, = 2W,Q*/k,Q* asymptotic growth is a
maximum at T=Tg» scaling as
& 18, =03 /QAY?where the exponent is
A =2NQ/2)k,Q. These scalingarequite harsh for a
drive beamcharge inthe range of110nC. Forexample,
even with an extremely lowQ™2, a high drive beam
energy "1GeV, and a modest rarfE00m, andassuming

an extremely low wakefield amplitud#y = 0.1, one can
hold the saturated growth t§_ /&, =14 only by means

of a very short betatron perioq,ﬁzzmkﬁ:lo(;m. Such

strong focusing is not out of the question, for exampl

with ion-channel guiding. While otheures are available
[10], theresearchemphasis for such a concept diear:
single-bunch wakefield analysis for a largeaperture

geometry, one that implements very strong damping of

multibunch wakefields, and, if exotic focusing
mechanismare to be avoidedhen detaileddesign and

Tl

analysis of small aperture magnets for mpwave
structures, along the lines of the work by Hill [11].

4 CONCLUSIONS

The cavity beat-wave transformguermits efficient
use of rf in stronglycoupled (high [R/Q]) accelerating
structures, while limiting the time to whicbopper is
exposed to high fields, to the rangesefveralhundred ps.
This cannot beaccomplished in a conventional travelling
wave structure, constrained by the fill tirmed bandwidth
product. In the limit of 100's of ps exposure tinpalsed
temperaturegises can be held tdelow 200K. It is an
open question whether such heating is acceptable [6,7]. At
the same time, thbeat-wave concepuffers, as all two-
beam concepts do, from theeedfor an intensedrive
beam, and the attendantproblems for thedrive beam
dynamics.
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