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In this research the compact Local Power Distribution System (LPDS) for the
International Linear Collider (ILC) is developed and tested in the Super-conducting RF
Test Facility (STF) at the KEK.

The 250 GeV ILC accelerates the electron and positron beams to 125 GeV by the Super-
conducting (SC) cavities. The RF power generated from a 10 MW multi-beam klystron
is transmitted to 39 cavities by the Power Distribution System (PDS). The RF signal
has a frequency of 1.3 GHz, a repetition rate of 5 Hz and a pulse width of 2 ms. The
total number of RF units and cavities are 236 and approximately 8,000 for the 250 GeV
ILC. The distance between adjacent cavities is 1,326 mm thus the phase difference
between adjacent cavities is 90°. Each PDS is composed of three LPDSs for 13 cavities.
The power fed to the LPDS is divided to three secondary LPDSs for four or five cavities
by the variable power divider. The average input power for the LPDS for five cavities
is approximately 1.3 MW. This research focused on the development of secondary LPDS.
The ILC Technical Design Report (ILC-TDR) indicates the accelerating gradient of SC
cavity has the variation of £20% owing to the cavity performance, yielding variation of
input power. The requirement of LPDS is presented in the ILC-TDR: the LPDS is
remotely controlled; the adjustment of input power satisfy the variation of accelerating
gradient for SC cavity; the LPDS can be integrated on the cryomodule. Also the beams
are expected to be accelerated on the crest of RF field to improve the beam energy. The
variable hybrid (VHB) and variable phase shifter (VPS) are occupied in the LPDS to
adjust the power and phase of SC cavities. The cryomodule integrated with LPDS is
installed in tunnel by cart due to the limited space of tunnel. Considering the LPDS
presented in the ILC-TDR, the cart cannot be removed after the installation result in the
assembled difficulty.

The compact LPDS is developed to solve the assembled difficulty and reduce the
production cost. Several candidates with new arrangement of RF components for the
compact LPDS are presented. The VPS are moved from bypass of each cavity to the
main road of compact LPDS to compensate the phase shift of subsequent VHB. Thus
the phase shift of VHB is not accumulated for all the following cavity. This arrangement
can reduce the required adjusted phase range and also geometrical length of VPS. The
adjustment of input power for SC cavity is estimated for +25% to satisfy the +20%
variation of accelerating gradient. The corresponding coupling ratio of the VHB should



have the range from -8.84 to -2.04 dB. The compact VHB is designed to satisfy required
coupling ratio. Two metallic fins are installed in the VHB and moved symmetrically to
adjust the power coupling ratio. The length of compact VHB is decreased from 1,100
mm to 730 mm. The simulated reflection is less than -30.0 dB and the power transmitted
to dummy load is less than -29.6 dB. In case of £25% variation of coupling ratio, the
maximal phase shift of the VHB is 17°. Considering some margin, the required phase
of the VPS is 35°. The geometrical length of compact VPS is decreased from 600 mm
to 300 mm. The simulated phase of the VPS can be adjusted from 35.9° to -1.9° with
return loss less than -30.0 dB. The Fixed Phase Shifter (FPS) is designed to adjust the
phase difference between adjacent cavities to 90°. The phase of FPS can be shifted from
standard waveguide by changing the width of waveguide. Total eight FPSs with narrow
width or wide width are designed for the upstream and downstream compact LPDSs.
The simulation of compact LPDS satisfy the requirement of power distribution and
phase. Total three VHBs, four VPSs and three FPSs are manufactured to constructed
and demonstrated the compact LPDS for four cavities in the STF.

Before constructing compact LPDS, the measurement of S parameter and test of power
handling capability are necessary for the RF components. The S parameter is measured
by the network analyzer. The measured coupling ratio of the VHB satisfy the required
range from -8.84 dB to -2.04 dB, and the measured return loss is less than -29 dB while
the fin is moved from 1.5 mm to 15.0 mm. The measured phase of VPS is adjusted from
36° to -1°, and return loss is less than -30 dB while the fin is moved from 0.0 mm to
43.0 mm. The measured phase shifted range of VPS is 37° and satisfy the requirement.
The phase difference between measurement and simulation for the FPS is less than 1°.
This phase difference can also be compensated by the VPS. The measured return loss
the three FPSs are all less than -33 dB.

Considering the worst condition of total reflection, some margin of power and system
interlock time (~ 7 us), the target of high power is test is a power of 2.0 MW with a
pulse width of 2 ms and a power of 5.2 MW with a pulse width of 200 us. These two
targets are corresponded to the operation with full pulse width and reliability in case of
total reflection. In order to test the power handling capability of RF components for the
compact LPDS, the L-band resonant ring was constructed and evaluated maximal power
in the STF. The VPS are tested when the fin is close to the wall, half and full of moving
range. The VHB are with the coupling ratio for average power distributed condition and
maximal value. The test result indicate that the designed RF components can be operated
with the target power.

Finally the compact LPDS for four cavities are constructed and connected to the
cryomodule ‘CM-2a’ in the STF. The low power test indicates the compact LPDS can
not only satisfy the average power distributed condition but also 25% variation of input
power for SC cavity. The phase difference between adjacent cavities is held around 90°
during the adjustment of power distribution. The feasibility of compact LPDS is initially



demonstrated. The high power test and beam operation will be done in the next year to
demonstrate the compact LPDS completely. The operated procedure of compact LPDS
is presented to be the preparation for the beam operation.
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