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A three-dimensional model has been developed for the investigation of the coupling of symmetric (TM01)
and asymmetric (HEM11) modes in a high-power, high-efficiency traveling-wave amplifier. In the framework
of a simplified model it is shown that the coupling between these two modes is determined by a single
parameter that depends on the beam characteristics. For a specific set of parameters corresponding to operation
at 35 GHz, simulations indicate that an initial HEM11 power of 0.5 MW at the input end is sufficient to deflect
electrons to the wall. The build-up of this parasitic mode is investigated over many round trips of the wave in
the structure and a threshold criterion for self-sustain oscillation is established. Finally a way for suppressing
the HEM11 mode is analyzed.

PACS number~s!: 41.75.Ht

INTRODUCTION

Theoretical analysis@1# and preliminary experimental
studies @2# indicate that implementation of a 35 GHz
traveling-wave amplifier based on a set of coupled cavities,
is feasible. However, beam power requirements and techno-
logical constraints push the internal radius of the structure
upwards such that when comparing the vacuum wavelength
with a practical internal radius (Rint), we find that at theKa
bandRint is larger than the simple frequency scaling criterion
dictates. For example, anX-band~say 11.66 GHz! structure
may have a typical internal radius of 7 mm when driven by a
beam of 3 mm radius. If we require comparable power levels
carried by the beam for a system operating at theKa band
~35 GHz! then the beam radius can not be reduced below 2
mm and the internal radius of the structure may not be re-
duced below 3.5 mm. This radius is almost by 50% larger
than the simple frequency scaling criterion implies.

The implications of large internal radius regarding opera-
tion with the symmetric TM01 mode, were discussed in Refs.
@1# and @3#. In this study we shall focus our attention to the
coupling with anasymmetricmode that may develop due to
asymmetries of the electrons’ distribution or asymmetries of
the structure~e.g., feed system or output arm! or both. Such
modes are called hybrid electric and magnetic~HEM! modes
and the main problem associated with their presence, is their
ability to deflect electrons to the wall. This phenomenon is
well known in the accelerator community@4,5# under the
name of beam break-up~BBU!. On the other hand, big ef-
forts are directed in the design of the next linear collider
~NLC! acceleration structure in order to suppress these
modes~see Ref.@6#, and the references therein!.

Recently, pulse shortening was observed in high-power
traveling-wave amplifier experiments conducted at Cornell
University @7# and this triggered the current study in which
we examine to what extent the HEM11 mode contributes to
the beam deflection to the wall in the course of beam-wave

interaction in a high-power, high-efficiency traveling-wave
output structure. The build-up of asymmetric modes as a
very narrow bunch traverses an acceleration structure is un-
derstood but, to the best of our knowledge, there is no
equivalent analysis corresponding to a traveling-wave ampli-
fier where the longitudinal bunch is of the order of the wave-
length, its transverse size is several orders of magnitude
larger in the amplifier case comparing to an accelerator and
collectiveeffects play a dominant role.

In this study we investigate the main aspects associated
with the operation of a high-power traveling wave amplifier
operating at 35 GHz taking into consideration also the lowest
asymmetric mode (HEM11!. The extent the HEM11 mode is
destructive, is quantified in terms of increase in the effective
radius of the beam. We also examine the coupling of sym-
metric and asymmetric modes when the latter is selectively
suppressed by specific suppression technique discussed at the
end of this study.

3D QUASI-ANALYTIC MODEL

Suppose that a bunched beam, generated by either a series
of cavities ~klystron! or a slow wave structure, is injected
into a uniform disk-loaded periodic structure. The structure
is designed so that the phase velocity of the interacting wave
generated by the bunched beam is synchronized to the aver-
age velocity of the electrons. The main interacting wave is
the TM01 mode, but as mentioned before in the Introduction,
due to asymmetry that may occur, we assume that one asym-
metric mode may develop. According to the dispersion
curves, the closest asymmetric mode to the TM01 that may
interact with the beam is the low branch of the HEM11 mode.
In order to analyze the system behaviors, we have to develop
a set of equation describing the dynamics of the system. In
this work we present a simple quasi-analytic model that en-
ables quantitative analysis of the interaction of TM01 and the
low branch of HEM11 in the presence of an electron beam in
a traveling-wave amplifier. Within the framework of this
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