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Abstract and Introduction
.._. Pr0b,_upllngHoes

. This paper reports continuing work on accelerator u_fc_vl_
structuresfor future TeV linear colliders, These structures,
in addition to having to operate at high gradients, must /l_s_o=

minimize the effects of wakefield modes which are induced ' _,rn
by ei" bunch trains. Two types of modified disk-loaded A_lu,o
waveguides are under investigation: damped structuresl in _r._ DiskPlatss
which the wakefield power is coupled out to lossy regions I
through radialslots in the disks and/or azimuthal rectangular I_rr_tr_ Waye_tdos
waveguides, whereby the external Q of the undesirable
HEM 11 mode is lowered to values below 20, and detuned [ "_...T---_vlty outerWall '

structures in which the fa'equencies of these modes _are _<_ --_
modified from one end _o the other of each section by _'--'-'_-'-- -" L°w°rHalf_v'ty

-10%, thereby scrambling their effects on the beam. Beam j , . _k
dynamics calculations indicate that the_ two approaches are "" '""'
roughly equivalent, MAFIA, ARGUS and URMEL codes Figure I. Single-cavity (two halves) model of damped S-band

have been used extensively in conjunction with low-power _mcturewithtwo radial slotsandwaveguides.

te,_tson S- and X- band models to identify mode patterns,

dispersion curves and Q values, and to demonstrate damping TM01 , HEM11
or detuning of the HEM modes. Results of calculations and o . 0 ,_
measurements on the various structures ate presented and .27

• evaluated. ........

Damped Structures ......

...... k

The first structure investigated is best thought of as a _ / i
conventional disk-loaded cylindrical waveguide in which the _ " I1, ' ' -

disks are divided imo four quadrants by four orthogonal -aT_I ) WJW" [
radial slots. The slotted disk quadrants Continue radially 2,4 4,4
outw.ard past the walls of the cavities, transforming.into ,.,0 F,equar_ (C_z) ,.,,_
oouble-ridged waveguides. These waveguides are
dimensioned so their TEIO mode cutoff is below the Figure2. Single-cavityresrmancesexcited through probes CorD
fiequencies 'ofadlresonances of the accelerator cavities. The _ that they cannot couple through the ridged_ waveguides,

fundamental accelerating mode of the structure is
nevertheless undamped because its symmetry is such that it n-mode couple to the waveguides which, when shorted al
does not couple to the TEio mode of the waveguide, equal radial distances from the structure axis, form a coupled-

, cavity system with multiple resonances above and below the

An exploded view of a single-cavity version is shown in fixed dipole 0-mode lesonance. As the waveguide lengths (D)
Figure !. This simplified structure is able to support only to shorts are decreased or increased, the resonances move up
the 0 and n modes, which facilitates understanding ._ts or down in frequency, respectively. The external Q (Qe) and
behavior. Figures 2 and 4 show network analyzer $21 plots resonant frequency (fr) of a cavity connected to malched
obtained with coaxial E probes inserted in the designated waveguides can be determined from the frequency dependence
end-plate holes (Figure 1). of the.system as a function of D, as shown in Figure 3. The '

calculation yields a value of Qe of 8. I ± 18% and a value of

With. probes in C and D, the 0 and n resonances for the fr of 3939 MHz ± 0.5% (see Reference I). When the
first two branches of the dispersion diagram (TMoI and waveguides are left open at theft outer ends, some power
HEMI 1) are shown in Figure 2. Tbr fields are oriented so radiates outward, lowering the Q of the resonances. When
so that.they do not couple to the ridged waveguides. When the waveguides are terminated, the resonances canno! be seen

probes are inserted in A and B, the fie_,fqr...,_. _'dil_e on the display (Figure 4).

,_i:ff,._,_. _ _ _, _| A similar experiment was performed al X-band with
* Work supported by the Department of Energy, two full cavities and two half-ones in which 0, n/3, 2rr/3
...... r_= ^rma ',,:e=:,_a¢, 5 and n-modes could be..excited. Basically, the same general'g,,4JUU n_,.t a.,,'a--,-r_,_,..,v..,.- # -..._,_a ..;.,_.....a. .
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results wer_ obtained. 'Thus, ii can be concludedthat this
structurecaneffectivelydampthe undesirabledipolemodes.

.__

I I _ "1' 1

5000

_x_- -

I IO I_ 12A5

gr Figure 5. High power slotted,di_ structure.

3oo0 Table I. Breakdown-limited gradiem for 2n/3
slotted.disk stmctme

_ .. I _ I _ F'l_luenc'y _ 2,1357
0 4 8 12 iris diameter arn 3,6

,.N D (cm) 0,,,,, Total length can 2 l

Filling time* Hs 0.87
Figure 3. Mea,c, tred single-cavity waveguide r_,wmance f,requencics

(designated by +) as a function of waveguide length D. Solid Paise length Ix_ 1.5-2.5
lines are obtained by calculation, Pe.nk power int'ml MW 21.5

MV/m 315
.F-_acc forSW mmmre 5,10t

TM01 HEMI 1
0 n 0

-27 .... , ] * Asmnrning critical coupling
-- ' : l-- t The value obtained from MAFIA was 4.86. However,

........ SUPERFISH being more accurate, we multiplied this value
_ J by a factorof 1,047, the ratio of the values calculatedfor an

I -_ i _ I[_ unslotted-disk structure(4.73 with SUPERFISH and 4,516

: h_j_ _ __ 'I' i_i with MAFIA),_" _ . _'-" _ coupling out dipole and hig_r-order modes. The structure
-sT j _.,,,-._'_llk_ i shown in Figure 6 has four guides forming a cross but

2.4 4.4 another variation of this design with three outputs al 120
He Fraa:gutrg'y(GHz) ,,,,_,, degrees is also under consideration. The three-output

structure has the advantage that a greater fraction of the
Figure 4. Single-cavity resonances excited through probe A or B cavil':, wall is available for tuning.
so thai the dipole n mode can couple to tenninated ridged

waveguides,but the0-mode is trapped. The geometry of this structure possibly has the advantage

In paralJel with these low power tests, a four-cavity S- over t_ radially slotted structure that it is easier to f_,bricate.
band model was built with four slots (without radial The waveguide width and the diameter of the small remaining

segments of the central cylindrical cavity must be chosen
waveguide outputs) to examine the effect of the disk slots at carefuily so thai the waveguide TEl0 mode cutoff lies above
highpower (See Figure 5). After gradualRF processing,the.
breakdown-limited gradient that was obtained and_the the frequency of the fundamental accelerating mode and
correspondingexperimental conditions are summarized in below the frequency of the undesirable HEM/I modes.
Table 1. lt was determinedfrom MAFIA that the ratio of the Figure7 shows theresonancesobtainedwith a single cavily,

with the outer endsof the rectangular waveguides shorted.surface field (Es) to the axial accelerating field (Eacc) was
increased8% by tl_ presenceof the slots. The resonancepatterns are independentof coupling probe

positions in the end-plates because the crossed waveguides

For the corresponding uaveling-wave structure, Es/Eac c Couple to ali mode orientations. Again, a multiplicity ofresonances above the fundamental 0 and n-modes are observed

would be equal to 2.55, y/elding a maximum accelerating because of coupling between tJaeshorted waveguides and the
gradient limit of 124 MV/m. cei;tral cavity. With longer guides, the number of

resonances increases. When the guides are terminated, first-
b) Azimuthal waveguide s.tructures. The second order dipole resonances above the fundamental pair are

structure that has been tested is the azimuthal waveguide heavily damped, as shown in Figure 8.
structure which can trap the fundamental mode while
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vary over the length Of each section by some percentage,
Calculations (see Figure 9) show that a frequency spread of
about 10% from inpu! to output of each section is sufficien!

! to allow multibuncb operation for a bunch spacing of
"" ' 42 cm with essentially no transverse displacemen! from

_.,......,...i bunch'to-bunch at the end of a 3 km machine, A simple
t'- _.._ example of such a structure with a linear group velocily
' variation (similar to the constant.gradient design of the

SLAC S-band structure) has been calculated with the

...__. .i"" characteristics shown in Figure 10. The results h)ok very
[,,.___ promising and would of course lead to a structure with a

", much simpler geometry than the damped designs described
earlier, lt remains to be seen if the longitudinal modes

..__ _:._'.f'" which cause bunch-lo-bunch energy differences can also be

__"_ sufficiently scrambled to make this approach enlirely
satisfactory,
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Figure 9. Wakefield behind a bunch, as a function of longitudinal
distance z. The frequencyof the fundamental transverse mmte is
detuned to 25 different values along each section. The weighls of
the diffemr!tfrequencies are given a I_uncatedGaussian di,_tribution

-gO with total width = 5 ¢r and G = 2%,
g 15

a._ Frequ_n,_,(GHz) le_,,
Vg/O (M_lm) a(cm) b(cm)

Figure 7. SingleX-band cavity resonances with four azimuthal 0,10.-110 .....1 i'_I I _ I i T--T-_--0,55-_1,15waveguides_orted. .- _
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-go Figure !0, Design example of an X-braid 1.5 m acceleralor ,_ectic,ng 15
showing the variations of normalized group velocity VglC,b, a amJ=.to Frequency(GHz) w,_t2

_ shunt impedance r as a function of normalized lenglh z/I
Figure 8. Single X-band cavity resonances with four azimuthal
waveguidesterminated.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Governmer_t Neither the United States Government nor an)' agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
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cific commercial product, process, or service by trade name, trademark, manufac-
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