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Abstract

In the context of new accelerating structures
considered for single pass colliders (e.g. wake field
transformer or switched power Linac) it is proposed to
excite the cavity in a phase-locked multi-frequency
mede of operation. The purpose 1is to obtain high
accelerating gradients with smaller average losses than
in the conventional single-frequency operation scheme.
In general, the resonant frequencies are not harmonic-
ally related to each other, Assuming finite Q-values
one can always find a frequency f, such that with a 3
dB bandwidth all resonances considered are at integer
multiples of f,. For the gap voltage one obtains in

this case periodic pulses with a spcacing v = 1/f,.
Increasing the peak gap voltage by adding (exciting)
further higher modes with equal CW power on each mode

(equal shunt impedances assumed) results in power loss-
es  proportional to Vpeax instead ©of Plpgy
Vzpeak for single-frequency operation.

Introduction

The switched power Linac!) is a very promising
accelerator structure. Work is going on at several
labs on different aspects of this proposal. Scaled-up
mode]l measurements have been performed at CERN2) to
study different problems:

- enhancement as function of bandwidth
- radial field components in the accelerating gap
- influence of asymmetric feeding in space on time.

Measurements using synthesized pulse tech-
niques with network analysers have been compared with
those of real pulses and with real-time oscilloscopes.
It was inevitable in this context that these measure-

ments triggered some side-line ideas which, being
judged as of sufficient interest, were also followed
up.
Resonant Excitation
Pulses fed into the model cavity travel sev-
eral times through the structure without too much

attenuation or deformation. This observation suggested
some form of resonant excitation with a pulse train.
This pulse train could be Fourier-synthesized with the
corresponding frequencies of CW transmitters.

The dispersive character of the cavity, how-
ever, will result in a successive deformation of the
pulse. As we are not interested in the exact behaviour
of the pulse but in a maximum field in the center, the
use of the Eigen-frequencies may be an interesting
alternative.

This will not yield a nice square pulse bounc-
ing through the cavity, but, if at a certain moment all
the maximum amplitudes of the individual Eigen-
frequencies are in phase, the maximum field gradient
will occur at the center of the cavity.

We are mainly interested in this very moment
and it is not, a priori, important what happens before
and after. In a way, we have then given up the picture
of a pulse moving towards the center of the cavity and
gaining in amplitude.

Multi-Mode Excitation

The orthogonal properties of the Eigen-
frequencies guarantee the mutually undisturbed opera-
tion of the different RF generators {provided that they
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are isolated with frequency filters, corresponding to
the appropriate mode) and permit a linear superposition
in space and time of the corresponding individual field
patterns in the cavity. In general, there is no ratio-
nal ratio of the Eigen-frequencies. To obtain, never-
theless, a periodic excitation one can choose as
operational frequencies integer multiples of a certain
base frequency f, which are near enough (within the 3
dB bandwidth) to the corresponding Eigen-frequency.
With a defined phase relation between the frequencies
thus selected, electric field maxima will be obtained
at equally spaced time intervals f,”! at the center.

Power Considerations

For most cavities the R/Q decreases for higher
order modes but stays reasonably constant for a flat
pillbox.

This means that we can easily add higher modes
in order to achieve high gradients. Assuming constant Q
and R/Q the maximum accelerating field will increase
proportionally to the input power and not only with the
square-root as for single frequency operation. How-
ever, the maximum field is limited to the very center
and its duration is much shorter in the multi-frequency
mode.

Assuming conventional cavities, the total
power involved is still considerable. The advantage is
nevertheless the high gradient which can be obtained
this way, as compared to the single freguency operation
at the same total power level. In particular higher
gradients can be held when the pulses are shorter!). It
should be noted that this method seems to offer some
control of the pulse shape.

The total energy involved is comparable within
about a factor 2 to the switched power Linac if we
assume that the RF for the cavity is switched on
according to its filling time. During the filling
about an equal amount of energy would be lost in the
cavity. After filling the stored energy should be
equivalent to the switched power Linac, provided that
an “"equivalent” number of frequencies is being used.

2 shows the electric field as a function
3 the same at r = 50 cm.

Fig.
of time at the center and Fig.

Computer Model Calculations

Using the dimensions of our model, the first
20 TMgpo Eigen-frequencies have been determined and
superimposed with the help of a computer program. The
Eigen-frequencies were assumed to have equal amplitude
and their maximum at t = 0. Fig. 1 shows the electric
field amplitude as a function of the radius at
different times. The field distribution is closely
comparable to the one of the switched power Linac.

Preliminary measurements have been carried out

on another cavity built for this purpose (Fig. 4).

Eleven probes are located along one radius. In the
center there 1is one probe coupling mainly to the
longitudinal E-field. Eight positions on the
circumference are used for coupling 1loops. Fig. 5

shows the initial experimental set-up, used to test the
feasibility of simultaneous excitation of the cavity on
several Eigen-frequencies. Due to lack of hardware we
were limited to two frequencies. A network analyzer
was used to demonstrate the radial enhancement in the
frequency range of the first five Eigen-frequencies.

Fig. 6 shows the resulting field levels as function of
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time at three radial positions.

It is planned to increase the number of fre-
quencies in the set-up shown in Fig. 5. In order to
have periodic operation of the structure phase-locking
of the different frequencies is necessary, as pointed
out above. We intend to synchronize them with the
spectral lines of a comb generator. For ease of operat-
ion it is not foreseen to have tuning for the indi-
vidual frequencies in the cavity, as for conventional
accelerators. Instead, electronic phase shifters will
be installed in the individual feedback loops.

Looking at the problem in the frequency domain
we can say that nevertheless, the operating frequency
of each oscillator circuit belonging to a particular
mode of the cavity may be slightly varied by means of
its (electronic) phaseshifter in the feedback path. If
it is ensured that within the possible tuning range
of about a 3 dB bandwidth a spectral line of the comb
generator can be found, phaselocking will be achieved
using a PLL circuit and a harmonic mixer.

In the time domain approach the phase shifter
will be used to correct for phase errors sampled at
intervals given by the comb generator. Hence, the
operating frequency can and must be allowed to jump
from one comb line to the other, but must stay within
the 3 dB bandwidth of the corresponding Eigen-
frequency.

Superconducting Cavities

It is clear that high gradients will require high RF
power. To keep the losses low and to recover the
residual energy of the cavity that has not been taken
out by the beam the use of superconductivity would be
very interesting. For high fields superconductivity is
limited by the RF losses and by the existance of cert-
ain maximum magnetic field levels. In the multi-mode
excitation, however, the high gradients are very limit-
ed in space and time. Hence the RF losses are reduced
as in the normal conducting case. There may also be the
possibility to exceed certain superconducting field
1imits if the time of the applied pulse is sufficiently
short (e.g. about 200 ps for an assumed upper frequency
of 3 GHz). It is extremely interesting to explore
these possibilities at least with type II super-
conductors*). The use of a superconducting cavity with
normal copper surfaces at the center where the high
gradients occur, may also be an alternativeS). Even if
superconductivity could not be used with high grad-
ients, the multimode scheme could nevertheless be an
interesting means to study the behaviour of super-
conductors at high fields with short pulses.
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Fig. 6 Radial enhancement for different radii
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