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ABSTRACT

The possible use of nonlinear media to enhance the performance of
the Cherenkov Wakefleld Accelerator (CWFA) is considered. Numerical
experiments have been performed using a new wakefield code which
demonstrate larger gradients and transformer ratios In the nonlinear
CWFA than are obtained in the linear case.

INTRODUCTION

The CWFA has been the subject of recent theoretical1 and
experimental investigations. The work to date has involved only
linear media, and the question naturally arises as to whether the use
of a nonlinear medium in the CWFA might enhance the gradient and
transformer ratio analogous to what is observed in the nonlinear
plasma wakefield accelerator.3'* The technique of using nonlinear
media in transmission lines to compress electromagnetic pulses is well
known, and it was expected that similar effects should occur in
dielectric wake field devices for an appropriate choice of the
medium. The difficulty of solving Maxwell's equations with nonlinear
constitutive relations argues for a numerical approach; however, none
of the commonly available wakefield codes permit the inclusion of
nonlinear media. Therefore we have developed a code (ARRAKIS) which
calculates the fields in the CWFA for essentially arbitrary dielectric
properties of the medium.

ARRAKIS is based on the two-step Lax-Wendroff technique, which is
found to give good results for nonlinear problems in fluid
dynamics. In its present implementation the driving bunch is taken
to be a rigid, relativistic gaussian charge distribution which passes
on axis through a tube of dielectric material. Conducting boundary
conditions (E - 0) are imposed at the radius and endcaps of the tube.

NUMERICAL EXPERIMENTS

Some initial numerical experiments on nonlinear effects in the
CWFA were performed using a medium which possesses the constitutive
relation plotted in Fig. 1. The shape of this curve is similar to
that observed in real media, exhibiting linearity for small electric
field amplitudes (e = 6), with a'gradual roll off at larger fields.
Eventually the relationship again becomes linear, with a saturation
dielectric constant e s a t => 2. No hysteresis effects were included in
the simulation, and the parameter values chosen are illustrative
rather than characteristic of any particular medium. The tube radius
used was 1.3 cm, with beam parameters oz ~ 0.3 cm, a =- 0.2 cm, and
Qtot * l 6 n C # F o r comparison, a linear case for £ = 6 was also run,
using the same geometry and bunch parameters.
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The time evolution of the longitudinal electric field at r = 0 is
shown for the linear and nonlinear cases in Fig. 2, and expanded plots
for the last time step in Fig. 3. As the bunch traverses the
nonlinear device, the amplitude of the decelerating field inside the
bunch remains constant, while successive periods of the wake behind
the bunch demonstrate increasing amplitudes and steepening, in
contrast to the linear case.

DISCUSSION

Some general inferences may be drawn from these simulations.
First, the nonlinear CWFA can in fact exhibit a compression of the
wakefield, with a corresponding enhancement of the gradient and
transformer ratio. While the strength of the nonlinearity used in
these numerical experiments may be unrealistically large for any
material at microwave frequencies, it may be argued that if any
nonlinearity is present the onset of wave steepening will occur given
enough cycles of the wake. Thus nonlinear wakefield effects may be
observable even in a weakly nonlinear medium, provided that it is
sufficiently nondispersive and lossless.

Work is currently in progress on extending the code to handle
radial beam offsets and to include a central beam hole, with the
eventual goal of investigating transverse wakefield effects in the
nonlinear CWFA. Insofar as the suppression of transverse modes in the
linear CWFA is one of the major advantages of this acceleration
scheme, the presence of strong transverse wakes in the nonlinear CWFA
could offset the benefits of its enhanced gradient and transformer
ratio. Of additional interest is the addition of an explicit
numerical viscosity to the code in order to study electromagnetic
shock wave formation and propagation, since it might be expected that
extremely high accelerating gradients would exist along the shock.
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FIGURE CAPTIONS

Fig. 1. The constitutive relation used for the nonlinear CWFA
experiments.

Fig. 2. Time evolution of the longitudinal electric field on-axis for
the linear (a) and nonlinear (b) cases. The time separation
between traces is 83 ps.

Fig. 3. Expanded plots at t = 996 ps of Ez(r = 0,z).
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DISCLAIMER
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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
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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
United States Government or any agency thereof.
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