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Introduction

This paper deals primarily with a multiply
periodic radiofrequency structure operating as a
standing wave 1/2-mode accelerator. The advanta-
ges of this structure are a high shunt impedance,
and a greater mode separation around the opera-
ting mode., A comparison is made between the
above-mentioned multiply periodic structure, and
symmetrical structures such as the cloverleaf,
slotted-iris, and disc-loaded waveguide.

Choice of Structure

A number of laboratories have been consider-
ing the design of high energy proton linacs with
output energies of 500 to 1000 MeV. Once the
operating parameters of the machine have been de-
fined, such as final energy, beam intensity, out-
put emittance, etc., the design of all components
must be carefully considered to achieve reliable
operation at a minimum cost. One of the major
components that must be considered for both reli-
ability and cost, is the radiocfrequency acceler-
ating structure. There is no single criterion
that can be used to define a good structure. Any
structure selected must be, by necessity, a com-
promise of the following three considerations:
(1) relatively high shunt impedance, to keep the
total radiofrequency power within reasonable
iimits, (2) reduced sensitivity to tank detuning
and beam loading effects, to achieve stable oper-
ation, (3) operation of the structure as an in-
tegrated part of a complex machine.

This report deals primarily with structures
above the energy range of 200 MeV. To date, most
of the structures that have been considered are
the symmetric periodically loaded, such as clover-
leaf, slotted-iris, and iris-loaded waveguide,
operating as a -T-mode standing wave accelerator.
Extensive investigation of the above-mentioned
structures, have been carried out at various lab-
oratories using both equivalent circuit analysis
and model measurements. The properties of these
structures have previously been reported.l'6

It is possible to operate any of the three-
menticned structures in any mode between O and m.
Figure la shows a typical dispersion curve for a
backward wave structure. (It should be pointed
out that for the purpose of this discussion we
will consider backward wave structures, but the

same conclusions apply to forward wave structures.)

For a fixed B8, Figures 1b and lc show the wvaria-
tion of Rgh (shunt impedance), and vg (group ve-
locity = dw/dB, where w = angular frequency and
B = 2mn/Ag, where g = guide wavelength). We see
from Figures lb and lc that the highest Rgp oc-

* Work done under the auspices of the U.S. AEC.

curs at the 1 mode, where the group velocity is
Zero.

To reduce beam loading and tank detuning ef-
fects it is desirable to do either of the follow-

ing:

1. Make |dw/dB| as large as possible. This
corresponds to working in the middle of a passband.
In Fig. 1 we see that this occurs at the 1/2 mode
where the shunt impedance is considerably lower
than the T mode,

2. Make Idzw/dﬁzl as large as possible.
This corresponds to working at the edge of a pass-
band (such as the 7 mode) and making the band-
width as large as possible, (B.W. = bandwidth =
]Z(wo - We)/w, + wﬁl, where W, = angular frequency
of the 1 mode.) It should be pointed out that
either of the above two steps results in a greater
mode separation around the operating mode.

One of the main reasons for the reduction of
Rgh in the m/2 mode as compared to the T mode is
due to the difference of the variation of the ax-
ial electric field. 1In Figures 2a and 2b, we have
two structures which have the same B, operating in
the m and /2 mode respectively, showing the vari-
ation of Iﬁl. (E = peak axial electric field and
is a function of both 2z and t.)

For a synchronous particle, the shunt imped-

ance is defined as
2L 42
[ J E . dz J

0

sh -L
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JO

(this includes the transit time factor but not
the synchronous phase angle), where P 1is the
power loss per unit length as a function of 2z,
and the limits of integration are taken from 0
to L, which represents a periodic length of the
electric field variation as shown in Fig., 2.
Various measurements have shown that Rgn(m/2) is
between 1/3 and 1/2 of Rgn(m), [where Rgh(m) and
Rgh(m/2) are the shunt impedance of the 1 mode
and 1/2 mode respectively] for a symmetric perjod-
ically loaded structure. In the above equation
for Rgp, if we write E = Ef(z,t), where E is
simply a magnitude, then
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Since E? is proportional to the stored energy,
therefore

Qo —E-
L »
[ P dz
‘0
and we may now write
rL -2
R, = KQ [ I, £(z,t)dz J

Comparing some of the measured values of Rgp and
Q for the n/2 and 7 mode in the above equation,
we find that the value of

L
f f(z,t)dz
0

for the 11 mode 'is larger than the same integral
evaluated for the 7/2 mode., The

L
I f(z,t)dz
0

can now be related to the transit time factor, to
show that the transit time factor for the m mode
is greater than the m/2 mode.

Multiply Periodic Structure

In Fig. 3 we have a new structure by altern-
ating the periodicity of the cells. By making
14 < Ly, and operating in the /2 mode, there is
a considerable improvement in the transit time
factor as compared to the conventional symmetric
/2 mode. This structure is referred to as being
multiply periodic.

If only the cell lengths are alternated and
no nose cones are used, the original passband is
split into an upper and lower passband, with a
stopband between the two passbands as shown in
Fig. 4a., Figures 4b and 4c show the group veloc-
ity and Rgp for the above~-mentioned structure.

It is seen from Figures 4b and 4c that, al-
though the shunt impedance of the T/2 mode has
been improved, the group velocity v, is zero at
the 11/2 mode, It is now possible to detune al-
ternate cells (either by perturbation tuners or
by adding nose cones as shown in Fig. 3) to join
the upper and lower sidebands together and elim-
inate the stopband. The above results in a dis-
persion curve as shown in Fig. 4d and the result-
ing group velocity and shunt impedance curve
shown in Figures 4e and 4f,

It was found experimentally that in the m/2
mode, the tuning characteristics of the multiply
periodic structure shown in Fig., 3 have some in-
teresting properties. A perturbation tuner, in
the form of a copper rod passing through a hole
in the side wall, was placed in each cell, By
adjusting the tuners in the small cells only, two
interesting effects were observed: (1) the res-
onant frequency of the /2 mode did not change,

which meant that for the m/2 mode there is no
stored energy in the small cell, (2) the fre-
quency of all other modes, except the 1/2, were
affected by these tuners, which means that it is
possible to change the shape of the dispersion
curve without affecting the frequency of the n/2
mode,

Other experimental measurements were made
with a demountable cavity using sheet metal irises.
The model used H-field coupling, resulting in a
backward wave structure., Typically, the irises
used are shown in Fig. 5a. Tuning of alternate
cells was accomplished by adjusting the nose cone
length. (Nose cone lengths can also be adjusted
to optimize shunt impedance.) Figure 5b shows a
typical structure,.

Measurements of shunt impedance were made on
three different models listed below:

Small Large Drift

Cell Cell Tube R
B Length Length Length sh
.5 .5" 3" .25" 16 M)/m
.6 .25" 4 .375% 22 Mi/m
.8 1.5" 4" .25" 28 M/m

Each of the above models had a 2,.125" bore hole,
The measured values of shunt impedance compare
favorably with cloverleaf, slotted iris, and iris-
loaded structures operating in the T mode. It was
alsc found that the alternating cell structures
were at least ten times less sensitive to tank de-
tuning errors than a conventional 1 mode structure.

At 8 = .5 the cavities were tuned so that we
had a continuous dispersion curve as shown in
Fig. 4d. At 8 = .8 the cavities were tuned so

that a stopband of approximately 7 Mc existed be-
tween the upper and lower sideband as shown in
Fig. 6. The upper bandpass contains the /2 mode
of interest, while the lower bandpass has a redun-
dant /2 mode, 1In Fig. 6 we see that the disper-
sion curve for the upper bandpass is very asymmet-
rical, resulting in the desirable condition of a
large |dZv/dg2| at the m/2 mode.

It should be pointed out that in Fig. 6 the
dispersion curve is for the structure shown in
Fig. 5. 1If the boundary conditions are changed
to those shown in Fig. 7a, then the resulting dis-
persion curve is that as.shown in Fig. 7b, where
the /2 mode is contained in the lower passband,
but not in the upper passband. This n/2 mode in
the lower passband has a very low Rgp.

Work is presently progressing on some new
models, Physically longer models are required to
get more definite results of tank tuning and beam
loading effects.

Future Programs

The problems of tank detuning and beam load-
ing effects are directly related to the spacing
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of the modes adjacent to the operating mode, and
also to L% (when Ly is the total length of a sin-
gle tank). Presently, for a m-mode structure,
tank lengths of approximately 3 or 4 meters have
been considered a reasonable compromise. For a
m/2-mode structure it may be possible to increase
the length of a single tank to 30 meters, There
are many advantages of having long tanks. For
example, in a 500-MeV linac, there may be as many
as 50 tanks, each 3 meters long, with a separate
power amplifier driving each tank. If just one of
these power amplifiers fails, the linac ceases
operation. 1If instead, we had five tanks, each
30 meters long, each tank would have 10 amplifier
driving ports distributed along its length. The
failure of any of these amplifiers can easily be
compensated for by slightly increasing the power
output of the remaining nine amplifiers, and the
linac can continue operating. The feasibility of
this scheme is presently being investigated,

A new structure presently being investigated
is shown in Fig. 8a, with its associated dispers-
ion curve shown in Fig. 8b. Figure 8a also shows
the field configuration for the 7/2 mode. As
shown in Fig, 8a, the structure has five irises,
but it may also be possible to replace the second
and fourth iris by a short drift tube supported
by a stem, It will be necessary to adjust the
electric field loading on the irises and drift
tube to achieve the dispersion curve as shown in
Fig. 8b. Some very preliminary measurements indi-
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cate that the structure may have some interesting
possibilities, It should be pointed out that in
this structures the 1 mode is missing.

I would like to thank Dr. J.P. Blewett and
Dr. T, Nishikawa for their useful discussions.
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