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Abstract

A high power model of the biperiodic L-support DAW for
electron acceleration is fabricated and under test. Two 1.2m
long accelerating tubes are coupled by a bridge coupler, which
has an RF coupler, a vacuum port, and three frequency tuners.
Each end of the bridge-coupled tube set is terminated by a
full-cell endplate for the accelerating mode. The operating
frequency is S-band so that the DAW accelerating tube can
replace a conventional disk-loaded-waveguide accelerating
tube for high power tests. The mechanical design and the
measured parameters are described.

Introduction

An electron linac [1] has been installed at the Accelerator
Laboratory, Institute for Chemical Research, Kyoto
University. Its use is mainly intended as the injector for the
electron storage ring KSR [2, 3], which is being assembled.
Three of 3-m disc-loaded wave-guides are installed as the
accelerator tubes, which are operated at 2857MHz. By
replacing one of the wave-guides with a new accelerating tube
with a higher shunt impedance and the higher accelerating
gradient, the output energy can be increased with the same
input RF power.

Design of Power Model

A cold model made of Aluminum was fabricated to study
the characteristics of the DAW structure with biperiodic L-
supports [4]. Based on the results from the cold model tests, a
high power model was designed and three units of the power
model have been  fabricated.

Figure 1 shows the schematic drawing of the power
model. Because of the biperiodicity of the structure, one unit
of the power model contains a disk-ring and a unit frame with
two washers supported by L-supports. The unit frame is
reversible with 90˚ rotation. The unit frames and the L-
supports are made of chromium copper for the mechanical
strength. In order to have the cooling water channel, the
washer is divided into two OFC (Oxygen Free Copper) parts,
which are brazed together in a furnace. The L-supports are
bent pipes with the thickness and the diameter of 1mm and
6mm, respectively. Two washers and four L-supports are
brazed on the frame. Photo 1 shows the unit frame.

The disk-ring is inserted between two unit frames, where
the RF contact is achieved by 0.2mm hight knife edges on the
inner corners of the unit frames. The seam between two unit
frames will be welded together. The disk-ring is made of OFC,
and has four 2 mm x 2 mm evacuation grooves on the outer
surface so that the space between the knife edges and the
welded seam is open to the inside. The whole assembly is
covered by a stainless steel pipe, and cooled by water jacket.
Cooling water comes from outside of the jacket pipe to the
washers through the pipes screwed on the frames and through

Fig. 1 Schematic Drawing of the power model.

Photo 1 Unit frame of the power model.
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the L-supports. The other ends of the L-support-pipes on the
outer surface of the unit frames are open to the water jacket.
Two  outlet ports are located on the outer surface of the
stainless steel jacket pipe. The assembled accelerating tube has
longitudinal symmetry with 90˚ rotation so that the direction
can be reversed for an improvement of the electric field
distribution.

Two of the accelerating tubes are coupled by a coaxial
bridge coupler, which has an evacuation port and frequency
tuners. The RF power is fed through the coupling slot on the
coaxial bridge coupler. The spool in the bridge coupler is
supported by four straight pipes connected to the body of the
bridge coupler, so that the cooling water can go through the
spool. The electric field distributions in the bridge coupler for
the accelerating mode and the coupling mode are shown in
Fig. 3 and Fig. 4, respectively.

Low Power Test of Unit Frame

Three of the power model units are fabricated for
mechanical investigations. Each accelerating mode frequency
is measured with two half cell endplates. The half cell
endplates are made of Aluminum, so as not to distort the edges
on the unit frame much. A unit frame is put between the half
cell endplates, and the stack is pressed by six M8 bolts at the
torque of up to 150 kg•cm (see Photo 2) . The results are
shown in Table I. The estimated Q-value by SUPERFISH is
21000, which does not include the power loss on L-supports.
Although the surface of the washer, which is made of OFC as
stated before, seems clean, the surface of chromium copper
looks dark, which may be one of the reason of the low Q-
value. The conductivities on the chromium copper and
aluminum are assumed as 70% and 65% of that on copper,
respectively, which may not be accurate enough for us to
compare the absolute value of the Q-value.

Photo 2 The configuration of the accelerating mode
frequency measurement. The unit frame is put
between the half-cell endplates, and the stack is
pressed by six bolts.

Table 1 Measured accelerating mode frequency and Q-value.

Serial Number Frequency [MHz] Q value
1 2860.167 14100
2 2860.887 13900
3 2859.385 13900

Washer of
regular section

Washer of
regular section

Evacuation Port

Support

RF Coupling Slot

Bridge Coupler Spool

Fig. 2 Coaxial bridge coupler

:2856MHz DAW BCbeta=1.0 -20% FREQ= 2849.654

Fig. 3 The electric field plots for the accelerating mode.

:2856MHz DAW BC beta=1.0 -20% FREQ= 3082.703

Fig. 4 The electric field plots for the coupling mode.
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All the three units are stacked together with two
aluminum alloy disk-rings inserted in between, and the
accelerating mode frequency is measured as 2858.083 MHz.

The measurement of the coupling mode frequency is not
as easy as the accelerating mode frequency, because of the
termination problem. Strictly speaking, the measurement of
even the accelerating mode frequency does not show the right
biperiodic configuration, because the half cell endplate gives
mirror symmetry, and then the configuration is quad-periodic.
The L-supports do not perturb the accelerating mode much,
and then the periodicity problem should not be serious on
accelerating mode. The coupling mode frequencies are being
evaluated combining with the cold model cells.

The electric field distributions are measured by the bead-
pull perturbation method. The three-stacked unit frames are
put between the cold model cells (see Photo 3). The measured
electric field distribution for a configuration of nineteen
accelerating gaps is shown in Fig. 5. The electric field
distribution in the power models is smoother than that in the

cold model, which shows the higher mechanical precision of
the power model than that of the cold models.

Conclusions

We are accumulating the technical knowledge for
building the high power structure through these experiments.
Because the duty factor for this particular application is very
low (less than 10-4), the heat problem may not be so serious.
Simulation studies on the water flow, the heat transfer, and the
thermal expansion are scheduled.
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unit frames are put between the cold model cells.
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Fig. 5 The measured electric field distribution for 9 unit configuration with full-cell accelerating-mode endplates.
The vertical scale is proportional to ∆f. A number below the line is a serial number of a unit.
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