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Abstract

At the KEK PF-Ring, an issue was observed with one of the four klystrons used as high-frequency (RF) amplifiers.
When attempting to output RF power beyond a certain threshold, a sudden and significant increase in reflected
power from the cavity triggered the equipment protection interlock, resulting in RF shutdown. Large fluctuations
in amplitude and phase were detected immediately before the shutdown, suggesting a high likelihood of malfunction
within the klystron itself. A high-power test conducted with the klystron connected to a dummy load revealed
discontinuous variations in RF amplification gain. Suspecting multipactor discharge in the intermediate cavity of the
klystron as the cause, we attempted to suppress the anomaly by adjusting the current of the solenoid coil used for
focusing the klystron beam current. As a result, we successfully identified operating conditions under which the
klystron could stably output the power required for PF-Ring operation. No further anomalies related to this klystron
were observed during the subsequent three-month operational period. This presentation reports the details of the
observed malfunction and the countermeasures implemented.
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Figure 1: Schematic diagram of one of the four RF
systems at PF-Ring.
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Figure 2: Waveform of cavity input captured at the
moment of RF shutdown.
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Figure 3: Waveform of reflection signal from RF cavity
and dummy load when RF is stopped.
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Figure 4: Waveform of cavity input signal measured by
DLLRF when RF is stopped.
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Figure 5: Solenoid coils for electron beam focusing
installed in klystron E3774.
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Figure 6: Waveforms of cavity input signals observed
when RF shut down, with the klystron focusing coil
current value arranged.
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Figure 7: Configuration of the RF system during the test
conducted with the klystron connected to a dummy
load.
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Figure 8: Gain curve of the klystron observed in the
high-power test conducted under normal operating
conditions.
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Figure 9: Gain curve obtained from the test with higher
cathode voltage.
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Figure 10: Gain curve obtained from the test with
reduced current setting of focusing coil L3.
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Figure 11: Spectrum obtained under unstable gain
conditions. Top: Klystron output; Bottom: Reflection
from klystron cavity.
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