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Summary (Abstract) of doctoral thesis contents

The International Linear Collider (ILC) is an electron and positron collider facility
for precisely investigating the Higgs boson, dark matter, and possible extra
dimensions. In order to conduct such a precise experiment, high quality beams are
required. Beams are accelerated in the cavities by radio frequency (RF) field. One of
the important parameters that affect beam quality is RF stabilities. To achieve RF
stability requirements, a field programmable gate array (FPGA)-based digital low
level RF (LLRF) control system is used to regulate the amplitude and phase of the
accelerating field with vector sum feedback (FB). The vector sum is the sum of
complex vector representing the accelerating fields in all cavities. The RF stability
requirements for ILC are 0.07 %(RMS) and 0.35 deg(RMS) for amplitude and phase,
respectively. The ILC is organized in approximately 400 RF stations. Each RF station

contains 39 cavities and driven by one 10 MW multi-beam klystron.

The objective of this study is to develop digital low-level radio frequency (LLRF) for
the ILC. In the development process, the minimum setup of digital LLRF control
system for ILC was demonstrated at superconducting RF test facility (STF) at KEK.
The size of the ILC is huge which may arise many issues for its subsystems including
digital LLRF control system. One RF station spans approximately 60 m. One issue
related to this situation is that the long cable from cavity to the control system may
introduce additional delay to the control loop which can lead to the instability. In
digital LLRF control system, signals from cavities are down-converted to
intermediate frequency (IF) signal before being digitized by analog to digital
converter (ADC). Each IF signal requires one ADC. In order to get stable operation,
many parameters have to be monitored. It implies the large number of signals from
cavities must be measured. This creates the problem of mounting large number of

ADCs in one board of digital LLRF control system.

Digital LLRF control system with master-slave configuration is proposed to
eliminate the problems. In one RF station, the digital LLRF control system consists
of master and slave controller. The slave controller is placed near the cavities to
shorten the signal transmission from cavity to controller. Using this configuration,
the large number of signals from cavities can also be distributed to several slave
controllers. The slave controllers calculate the vector sum of their corresponding
cavities, and send the result through optical communication link to the master
controller in which the total vector sum calculation and control algorithm are
performed. The minimum system of LLRF control system consisted of one master and

one slave controller to regulate eight cavities with vector sum feedback controller,
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was constructed at STF-KEK. The stability of 0.006 %(RMS) and 0.027 deg (RMS) in
amplitude and phase, respectively, can be achieved. These stabilities can fulfill the

ILC requirements.

Another way to mitigate the large number of ADC required in ILC is to implement
IF-mixture technique in which several intermediate frequencies (IFs) are combined
and fed in one analog digital converter (ADC). In this experiment, the four IFs were
used. It leads to the reducing of the required number of ADC by fraction of fourth.
Since the system uses more than one IF, the selection of IF should be considered to
avoid interference among IFs. Those IFs were combined by a passive combiner. In
practical situation, a combiner has certain level of nonlinearity which may introduce
intermodulation. Intermodulation is generated by nonlinear device if two signals with
different frequency are fed to it. The intermodulation can interfere other signals.
Therefore, during the development, IF selection was performed by considering the
intermodulation product generated by combiner. The digital LLRF control system
with IF-mixture technique to regulate eight cavities with vector sum feedback
controller was demonstrated at STF-KEK. The stability of 0.006 %(RMS) and 0.046
deg(RMS) in amplitude and phase, respectively, can be achieved and fulfill the ILC

requirements.

The additional error to signal estimation may also be introduced by the
down-converter characteristic such as non-linearity and temperature dependency. The
direct sampling technique for signal monitoring is proposed to eliminate the
down-converter. Because of the absence of down-converter in the control system, the
non-linearity and temperature dependency of down-converter can be avoided. The

signal monitoring with direct sampling method was demonstrated at STF-KEK.
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