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Introduction

About 1971 a proposed sccelerating structure was
described by the Radiotechnical Ingtitute, Hoscow,
vhich wvas intended for proton acceleration in a planned
meson factory linac.l The etructure has several quite
uszful featurea and has been subsequently investigated
by AECL {Chalk River, Canada), LASL (UC Los Alamos,

NM) and Argonoe National Laboratory. A sketch of the
structure is ehown in Fig. 1, which reveals the origin
of the name ''disc-and-wasner structure (DAW).
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The origin and development of the concept upon
vhich the structure is founded is provided from con-
siderations of a chein of individual T™-0l cavities
designed tc produce kinetic energy gain to a bunched
bean transiting their common axis. It 1s assumed the
cavities are individualiy excited without inter-coupl-
ing; so that for maximur: energy gain there 1s 8 specif-
1ic phasing requirement tased on the transit time from
the previocus cavity. Such a system would be very
complex to operate and would only be considered in the
special case of a few cavities as, fcr example, the
LASL PEBERMEX,

What 1s wanted is &n autematic or self-phasing
systen., This eystem could be provided by a coaxial
drive line that in the ultimate case included the
accelerating cavities within the center conductor,

Fig. 2. Th2 principal draw-back to such a simple
system, in addition to the stored energy in the feed-
line, is that in the case »f periodic poaitioning of
the cavitles the conaequent periocdicity of the coupling
sperturer, and the associsted reactances, would cause
in the coaxiasl line a propasgation constant which would
depend on details of the coupling apertures and there
fore the phasing of the cavities would not be automat-
ically optimized. This defect could, of course, be
corrected by including periodic compenssting reactances
in the coaxial line so as to produce a filter network
with the appropriste phase shift per perfodic length,
which results in the structure shown in Fig. 3. Alter-
pately, one can view this structure as being composed
of two sets of cavities with different modea of reso-
pance vhere, in the standing wave case, alternate,

*Hork performed under the suspices of the Office of
Basic Energy Sciences, US Department of Energy.
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unexcited cavities are removed from the bean line. Thie
18, of course. the principle of the side-coupled wave-
guide designe.
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Again, one can view the structure as a length of
shorted radial transmission line (outer cavity) matched
to another radial transmission line including the axis
(inner cavity). In any case, vhat is accomplished in
the DAW structure is to provide a cavity resonant in a
TH-01 like mode bur with improved tranait time factor.
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Fig. 3

Field Description

In a physically coamplicated structure, such as the
DAW, one cannot hope to find a solution of the wave
eguation vhich also satisfied Maxwell's equationa, both
conditions beilng neceasssry to describe a wave which will
exist. The usual technique of solving this sort of
problem {s "mode fitting”, that 1s, to describe in esch
region of the structure a supposed set of modes which
match the boundary conditions and each other at their
comnon boundary. Such a program hae been described by
Andreev, et al.,? but the results are too complicated to
be practical. For the purpose of detersining the ap-
pearance of the cavity modes, a practical program con-
slets of experimentally producing a resonance in esch
of the two types of cavities at the intended frequency.
This 1s done In the precent case by fabricating two
cavities, shown in Fig. 4, corresponding to the beam
line and side-coupled cavity severed in the planes of
The dimensions of the cavities are varied to
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Fig. 4

" produce a TM resonance in each at che same frequency,
snd the cavitiee when part of a periodic structure will
be the m/2, or intended mode. Iun this process certain
dimensions will not be varied, for example, the drift
tube (pose come) anéd the washer rhickness. Of course,
the pericdicity of the scructure is fixed by the oper-
ating frequency and phase velocity. The ingide dia-
meter of the waveguide is, Interestingly, set approxi-
mately by the solution of Jo(pgz) = 2, i.e., 3 = d,
the condition for propagation in the T4-02 mode (apaum~
ing the lowest TM-mode on the axis ie intended),

¥xploration of the fields in the structure, by
wmeans of perturbation theory, using needles and small
dielectric and metallic spheres, revealed the patterne
shown in Fige. 5, 6 aud 7. There is mo quantitative
significance to the sketches; the linee shown are the
conjectured electric lines.

What 1is wanted by accelerator designers 15 the
shunt impedance, energy (group) velocity and attenua-
tion coefficient (ar Q) of the structure, and these can
be measured in & conventional manner. Some experimen~
tal values for phase velocities 0.4 < Vp/c 0.8 have
been given, based on S-band scaled modefa by Andreev3
and an extensive study in the phase velocity range
2.4 < Vp/c < 1.0 has been done by computer simulation
by Schriber. By scaling lsws, one can snticipate that

3.‘/3 Q. J
n, ¥ % ¥4

insofar as frequency dependence of surface resistance
can be ignored., Group velocity does not depend on
wavelength, i.e., is & constant in scaling. Also, the
computer simulstion {LASL SUPERFISH) program can only
sccompodate cylindrical symmetry” and must use 2 con-~
jectured surface resistance, which depends on the
materisl and the surface finish of the material

Exper imental Program

For the purpose of estimating the difficulties to
be encountered in fabricating this structure and deter-
wmining the achievable microwsve properties an experi-
mental study was undertaken. In every csse the studies
were for § = 1 only; for an eleciren linac spplication
only this phase velacity is of interest.

Fig. 5. O-mode

g1

Fig. 6. /2 mode

Fig. 7. T-mode

First, it is of interest to determine what non-
varying parsmeters ¢an be set to avoid prolonged inves-
tigation. It is well kmown that the meximum energy
gain in a TM-01 mode cavity occurs when the dimmeter/
length ratio is 7/4; in the pregent cage, this maximum
occurs when the interaction gap (}) and the perlodie
length (p) are in the ratio g/p = 2/3. The nose cone
details are not of serious importence and one can ad-
vantageously use klystron cavity design (30 degree rake
with radius r/A = 0.15). The above decieions are in
sccord with the studies of Schriber and Manca.6 Of
course the periodicity of the structure is given by
p = (vp/e)(A/2) but there 15 no analytic way to decide
the ratio of disc thickness to periodic length. Im
this study we wvere guided by Schriber'as discovery that
maximum shunt impedance occurs when the disc thickneas
15 sbout hali the periodic length,¥ that is, much



thicker than the original RII model.# Obviously the ID The experimental propertiea were:
of the disc was adjusted for resonance when the OL of
the washer was chosen. (r/Q) eff = 2327 fi/m

: vg/t normalized group velocity = 0.593
transit time factor, T = 0.818
gsp form factor, = 8.11 cm

figure of meric, Q, = 22,000

The first part of the present study vas an exsmi-
nation of 5~band structures, because of fabrication
costs. Three ztructures were fabricsted and tested at

2450 oce:
. While the Q is not impressive, that is probably
DESIGHATION s-1 S~2 §-3 owing to the finite length of the structure, ss well

&9 the quality of the plating (contaminants, etc). Mo

Cyl diam., 2Re, in. 5.570 5.896 6.872 deleterious effects were observed from the radisl
Diec diam., 2Rp, in. 4.448 4.972 5.974 support rods, as has been reported. By interpolating
Wach diam., 2Ry, in. 3.948 3.874 3.810 into computer aimulation dats’ the microwave properties

In every case; of this structure do not compare well,

7/2-mode (Fig. 8). In addition, the washers were so . 1800
thin that the possibility of cooling them by inside

wvater passages appeered to be impractical, The values '
given in the table above are only comparable to those

given by Andreev since the disc thickneases were de-

Cyl length, tc, = 1,834 in.
Wash thkn., t,, = 0,150 in. 3500 -
Diac thkn., td, = 0.574 in. ‘L'
i g/L ratio = 0.6 3300 &
: Nose Cone, © = 3r° -
: L] 2),
i For these models the following propertiea were 3100 //
i determined. Cag it M
| 2900
DESIGNATION vy/c K (r/Q)eff T G  Zp ¥d/egm ,/4
| .o
| §-1  0.42 0.69 46.8Q/cn .62 3.97cn .57 27009 ~ -3
i 5-2 0.58 0.69 44,7 .82 4,06 .39 /d
i 5-3 0.76 0.70 38.8 .82 4.11 .26 28005
} vg/c 1s normalized group velocity w
1’ K 48 the coupling coefficient 230042
i (r/Q) eff is the effective */Q y
i T is the trangit time factor 2100
i G = (JE.d£)2//E2dz 1s the gap field shape factor A
Zg 18 the seriea impedance ’
1900 y
At this point there was no object in continuing //
to increase the cylinder dfameter because the Brillouin 1700 "
diagranz showed the 7-mode was dropping down to the . 45/’
71/, :
s
4

signed to be thin 83 in the RII model. Some indication Fig- 8
"+ of the usefulness of the structure is ordinarily
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it ie a consequence of the intendad mode of operation

1. V. G. Andreev, Zh. Tekh. Fiz. 38, 1306 (1968},
transl. Sov. Pnys. 13, 1070 (1969).
V. G. Andreev, et al., Zh. Tekh. Piz. 40, 523 (1970)
transl. Sov. Phya. 15, 40S (1970).

(resonant) that this unususl structure haa great use-
fulness.

Because of the necemsity of obtaining s value of
Q, in the L-band study aluminum models were investi-
gated and the final model (best structure) was dip-
brazed and copper piated. This best version had the
dimensions:

V. G. Andreev, et al., Science (Moscow) II, 150
(1972).

2. V. G. Andreev, Zh, Tekh. Piz. 41, 788 (1971),

tranel. Sov. Phys. 16, 617 (1971).

3. V. G. Andreev, et al., Investigation of the Acael-

arating Structure for the Secomd Part of the Meson
Factory Linae, Proc. of the 1976 Proton Linsc Conf.
AECL Rep. No. AECL 5677 (1976) p. 269.

4. 5. 0. Schriber, Roum Temperatwre Cavities for High-
Beta Acoelerating Structuree, Proc. Conf. on Future
Poss{bilities for Electron Accelerators,
Charlottesville, YA, LASL Report No. LA-79463 (un-
dated).

J. Potter, et al., Experimental and Calculated RF
Properties of the Diso-and-Washer Structure, IBEE
Trans. Nuc. Sci. (1979); LASL Rep. No, LA-79685 (un-
dated).

5. See ref. 4 and K. Halbsch et al., Properties of the
Cylindrical RF Cavity Evaluation Code SUPERFISE,
Proc. of the 1976 Proton Linac Conf, AECL Rep. No.
AECL-5677 (1976) p. 122.

€. J. Manca, et al., Optimization of the Diso-~and-
Washar Accelerating Cavities, LASL Rep, No. LA-7407

DISCLAIMER vashar

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disciosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
menufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
I United States Government or any agency thereof.

cylinder length, te, = 6,030 cm

cylinder diameter, 2R = 34.772 co

disc length, tp = 5.501 cm

disc diameter, 2Rp = 30.7%4 com

washer thickmess, ty = 0.726 ca

washer diameter, 2Ry = 18.144 cm

g/L ratio « 0.60

nose cone sngle = 30°

beam aperture diasmeter 2rp = 2,283 cm
geouetrical periodic length L = 11.531 cn




