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Abstract

Twisted hollow waveguides with noncircukw cross
sections may be considered as slow-wave structures. In a
twisted waveguide, propagating radio fkequency (rf)
waveguide modes can have phase velocities slower than
those of simikr modes in a straight waveguide. This
property is interesting since a twisted waveguide
basically has a uniform cross section along the
propagation direction. In such a waveguide, periodic
standing waves may exist regardless of the mechanical
periodicity. This type of waveguide structure may have
applications in acceleration, bunch compression, and
deflection of charged particles, etc. Results of the
investigation on these waveguides for the rf properties
are presented.

1 INTRODUCTION

Regular straight hollow waveguides have phase
velocities greater than the free-space speed of light for
propagating electromagnetic waves. Conventional slow-
wave structures used for accelerating charged particles
and other applications employ reactive loadings in
hollow straight waveguides to reduce the phase velocity
of electromagnetic fields in the specific mode to be used.

Twisted waveguide sections have been implemented in
waveguide circuits for simple plumbing purposes with no
attention to their phase properties. It has been found that
the twisted hollow waveguides may support slow-wave
waveguide modes. With an optimum shape of the cross
section and pitch angle, a twisted waveguide can have
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Figure 1: Geometry of a section of twisted waveguide.
section of the bow-tie waveguide.

the desired phase velocity of a specific mode. The
waveguide can be an accelerating structure, if an
accelerating mode is chosen. This type of accelerating
structure may have many advantages over iris-loaded
structures. The uniform structure may enable ease of
manui%turing and tuning that can lead to cost reduction
that is important for Iargescale accelerators, such as the
next-generation linear colliders.

In this paper, the slow-wave properties of the twisted
waveguide for TEol-like mode and Th@l-like mode, are
discussed. The twisted waveguide structures have been
modeled and simulated using MAFIA [1] and Agilent
HFSS [2] codes, the 3-D electromagnetic solvers, to show
the slow-wave properties.

2 TWISTED WAVEGUIDE

A tsvisted waveguide maintains a uniform cross section
at any location on the beam axis except the bearing
angle. Figure 1 (a) shows a section of twisted waveguide
with end walls orthogonal to the twist. For a complete rf
section, the end wall surf%ces are no longer flat 2-D
planes and must be twisted. The cross section of the
waveguide in the x-y plane can be arbitrmy, but a bow-tie
like cross section is shown in Figure 1 (b).

Consider a TEO1mode in a rectangular waveguide. If a
simple rectangular waveguide is twistedj both electric
and magnetic fields in the waveguide will be twisted
along the guide to satis$ the boundary conditions. The
twist angle is a knction of radial distance r as the
normal vector on an end wall changes the direction as a
fimction of distance r.

Ar
,
i

. . . . . . . . . . ;\ , ,,\J \

.~’ ,(,,

(b)

(a) a waveguide section with twisted port surfaces, (b) cross
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Figure 1: Switching system configuration.

A similar system, which also provides constant
circulation of the SF6, has been used successfully used at
the Duke University Free-Electron Laser Laboratory at up
to 34-MW peak power [6]. Addition of this further
refinement has not been implemented to date but remains
an option for the future.

3.2 New WR340 Window

The WR284 waveguide system uses purchased
waveguide windows to provide isolation between vacuum
and pressurized sections and to keep to an irreducible
minimum any possibility of contamination reaching
accelerating structures or SLED cavities.

A window is under development in-house for use with
the WR340 waveguide. A return loss of greater than 40
dB on all units has been set as a design goal. The
prototype window has achieved a pre-braze measured
return loss of 52 dB. However, very strong sensitivity of
return loss to assembly pressure has raised concern over
the ability to maintain tolerances during the brazing
process. Therefore, a modified design. which incorporates
tuning adjustments that can be set after brazing. has been

created. Figure 2 is a drawing of the modified window
design, showing the tuning adjustment provisions.

F@re 2: Tunable window design.
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4. CONTROL IMPLEMENTATION

“Implementationof controls for the switching system is
being coordinated with the new, more flexible equipment
interlock system. Programmable logic controllers (PLCS)
were chosen for the new interlocks for their ease of
configuration and diagnostic capabilities.

Each sector of the linac will eventually have its own
interlock chassis where all interlock cabling is run. The
PLC that resides in thk chassis (see Figure 3) watches all
inputs and generates the proper permits based on the
interlock logic. Thestatus of all inputs and outputs from
each interlock chassis will be available in the form of
operator screens. Additionally, atime-stamped fault stack
was created to aid in diagnostics.

The interface to the high-power components of the
switching system will utilize the same type of PLC as
the new interlock system, fiis PLC will be responsible
only for actuating the switch itself and verifying that the
switch is in a valid position. The switching PLC will
notify the interlock PLCS via either dkreet outputs or
high-level messages of the switch positions. The user
interface to the switching system will be a rack-mounted
touch panel with a key switch. Activating the key switch
will disable klystron drive, enable waveguide switch
power, and place the switching PLC in the active mode;
all accomplished via hard-wired connections.

The design of the interlock logic is complicated by the
fact that the cause and effect relationships are dependent on
the current operating mode of the linac. For example, if a
loss of vacuum in one waveguide section occurs, the
proper modulator-klystron must be notified. It is the
responsibility of the local PLC interlock system to grant
or deny permits based on the input conditions, as well as
the switch positions.

Figure 3: PLC in interlock chassis.

5 CURRENT STATUS AND PLANS

Waveguide switch rework and testing is close to
completion. The window design is not complete and is
the probable gating item in the schedule. Interlock and
interface circuits have been tested and are ready to install
in most cases. A complete compatibility review is
required before the system design can be considered final.
In any event, commissioning is expected to be underway
during the first half of fiscal year 2001.
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