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Abstract

The accelerator complex at The Wakasa Wan Energy Research Center (WERC) consists of a 5 MV Schenckel type
tandem accelerator and a 200 MeV proton synchrotron. Using this system, the element analysis,medical, biological and
material sciences are performed. In the 2016 fiscal year of the period from June 7, 2016 to April 28, 2017, experiment
time amounted to 2030 hours. The percentage of experiment time using the synchrotron was 50%. Also we report an
improvement in a LLRF (Low Level Radio Frequency) controller and a development of a feedback control of the beam
extraction. In our system, the phase noise superimposed on RF for the acceleration causes to excite phase oscillation
of beam bunches. An frequency multiplier which 10 multiplies the frequency generated by the DDS (Direct Digital
Synthesizer) amplified phase noise. To remove the phase noise, DDS directly generates RF frequency to eliminate the
frequency multiplier. On the other hand, A signal to detect the cavity voltage had to be produced by up-conversion. This
system has been employed form October, 2016. The extracted beam increases from 3.59 nA to 3.90 nA. The stability
of the beam is improved from 23% to 6%. The feedback control system of beam extraction aims to obtain constant
beam intensity during the extraction period. The beam spill signal through a LPF is fed back to the gain of RF for the
extraction. We confirmed the operation of the system in a beam test.
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Figure 2: Trend of beam time of the synchrotron catego-
rized by experimental interests.
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Figure 3: Schematics of current circuit of LLRF
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Figure 4: An improvement plan of the circuit to generate
reference signal.
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Figure 5: Frequency dependency of amplitude of cavity
voltage due to image component of the IRM.
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Figure 6: Amplitude of phase oscillation as a function of
synchrotron frequency.
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Figure 7: Comparison of accelerated charge with the syn-
chrotron between before and after the improvement.
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Figure 8: A schematic diagram of a feedback control of the beam extraction.
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Figure 9: A beam spill of 200MeV proton bea
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Table 1: Parameters of Beam Test of the Spill Feedback
Control

Synchrotron | Proton Extraction Energy 200 MeV
RF center frequency 3.460 MHz
tune converted 1.677
RF spectrum band-width +25 kHz
tune converted 1.682- 1.672
RF spectrum division 1 kHz

Feedback AD sampling frequency 100 kHz

system 1/Trpr 500 Hz
1/Ty, 5.2 Hz
1/Ty 500 Hz
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