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Abstract

J-PARC Main Ring (MR) is a high intensity proton synchrotron which accelerates protons from 3 GeV to 30 GeV.
The beam power for fast extraction reached 470 kW, which corresponds to 2.4 x 10'# proton per pulse, in February,
2017. We have observed the longitudinal dipole coupled bunch instabilities in the MR for beam power beyond 470 kW.
To investigate the source of instabilities and to mitigate them, we have identified the modes of the longitudinal dipole
coupled bunch oscillation and measured their growth during the cycle using the beam signal. The identification and
measurement were done with two different methods which use the motion of bunch centers and the frequency spectrum
around the harmonics of the revolution frequency. In the presentation, we present the method and the result of the
measurement of the longitudinal coupled bunch instabilities in the J-PARC MR.
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Table 1: Operation Parameter of J-PARC MR and RF sys-
tem for Fast Extraction

circumference 1567.5 m

energy 3-30 GeV

beam intensity (achieved) 2.4 x 10'* ppp
beam power (achieved) 470 kW
repetition period 248s

accelerating period 14s

accelerating frequency frr 1.67-1.72 MHz
revolution frequency frev 185-191 kHz
harmonic number:hArr 9

number of bunches Ny 8

maximum rf voltage 300 kV

fundamental harmonic cavities 7

second harmonic cavities 2
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Figure 1: The frequency response of the impedance of the
RF cavity.
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Figure 2: Mountain plot of 8 bunches in the J-PARC MR
for 480 kW during study.
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Figure 3: Coupled Bunch Oscillation mode for J-PARC
MR. (M=9, m=1)
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Figure 4: The track of the center of mass of each bunch.
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Figure 5: Amplitude of CB Oscillation Modes.
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Figure 6: Amplitude of CB Oscillation Modes at the ex-
traction timing.
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Figure 7: Procedure of Single Side Band Filtering.
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Figure 8: Amplitude of each harmonic component.
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Figure 9: Spectrogram for I component (h=8). Red dotted
line represents the estimated synchrotron frequency.
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Figure 10: Amplitude of USB components.
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Figure 12: Comparison between Bunch Center Motion

analysis (Red) and Harmonics analysis (Blue).
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