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Abstract

Since the accelerating voltage and the RF phase tend to fluctuate under the condition in which superconducting
accelerating cavities have high Q-value, LLRF system suppresses these fluctuations. In CW(Continuous Wave) operation
on cERL in KEK, the fluctuations are actually observed on 15Hz and 50Hz. Assuming further higher Q-value operation
in the future, the cause of these fluctuations were investigated.
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Figure 1: Microphonics on 9-cell cavities. There are

15.4Hz and 49.3Hz as the components in Cavity#1, and
16.9Hz, 45.6Hz, 49.3Hz as well as 100Hz in Cavity#2.
When the feedback function on LLRF system is turned on,
the fluctuations of the the RF phases and the accelerating
voltages are suppressed.
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Figure 2: 9-cell cavity on testing. The eigen frequencies of
a 9-cell cavity was investigated by forced oscillation tech-
nique. Aluminum cubes were put on the top of the equator
of each cells, and the amplitudes of X, Y and Z were mea-
sured by a capacitive distance meter(MicroSense4830).
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Figure 3: Resonant mode of 9-cell cavity. It shows the
eigen vibration of the 9-cell cavity. 58Hz, 147Hz and
260Hz are the fundamental wave, the two times and the
three times wave of the transverse wave, 124Hz is the fun-
damental wave of the longitudinal wave.
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Figure 4: Composition of main linac on cERL. The
cryomodule of Main Linac includes two 9-cell cavities
mounted on the SK-frame. Each cavity has two piezo ele-
ments as frequency tuner, and using these piezo elements,
forced oscillation technique was carried out.
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Figure 5: Result of piezo to piezo test. The resonances
with red circle are as same as Figure 3.
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Figure 6: Setup of RF measurement. When Main Linac
was cooled down at 2K, the RF fluctuations of two 9-cell

cavities were measured by phase difference between Pin
and Pt.
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Figure 7: Fluctuation of RF signal. It shows only the S0Hz
fluctuation seen in LLRF. It is unknown why the 15Hz
peak does not appear.
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Figure 8: Results of RF free run. The output signal of piezo
element was directly input to FFT analzer. It shows only
50zHz resonant as same as previous RF measurement.
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Figure 9: Vibrational state of floor around Main Linac.
When the rotary pump turn on, S0Hz component is excited.
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Figure 10: Vibrational state of cryomodule. Using hammer
in order to excite the eigen vibrations of the cryomodule,
vibration of frequency range less than 50Hz was excited.
This vibration is possible to contribute the microphonics,
15Hz and 50Hz.
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Figure 11: Phase measurements among 4 piezoes. A multi-
channel FFT analyzer is used. One piezo was used as
the drive oscillator of forced oscillation technique, and the
phase relations among three piezoes were confirmed. The
drive piezo was cyclically changed.
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Figure 12: 4 piezoes. There are same phase and opposite
phase among three piezoes for 49Hz and 51Hz for either
measurement. When the resonance transits from 49Hz to
51Hz, those phase condition changes, too. It is thought
that 49Hz and 51Hz are different vibration modes.
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Figure 13: Vibration mode of 49.5Hz. The phase relation
among the three piezoes can be summerized to the phase
relation among the four piezoes, we can know the direc-
tions of the force on the four piezoes.
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