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Abstract

The J-PARC 3 GeV Rapid Cycling Synchrotron (RCS) employs wideband RF cavities. During the high power beam
acceleration, the acceleration gap voltage includes not only the driving harmonics, but also other multiple harmonic
components due to the wake field. The low level RF control system for the RCS demodulates the harmonic components
up to the fourth harmonic (h = 8) of the accelerator gap voltage. The recent beam tracking simulation studies suggested
that the higher harmonic components above h = 8 may affect the longitudinal beam behavior during the high power beam
acceleration. In this study, we measured the acceleration gap voltage during the | MW beam operation, and analyzed the
higher harmonic components existing in it. Longitudinal beam tracking simulation is carried out to evaluate the effect
of the higher harmonic components on the longitudinal beam behavior. The result of tracking simulation shows that the
higher harmonic components deform the potential and bunch shapes at the end of the | MW beam operation.
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Table 1: Parameters of the RF System of the RCS

Number of cavities 12
Fundamental harmonic number 2
RF frequency (h=2) 1.227 MHz-1.671 MHz

Driving harmonics 2,4

Max. acc. voltage (h=2) 440 kV

Shunt impedance (R;) 2400 Q/cavity
Resonant frequency (f) 2.1 MHz

Q value 2.3
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Figure 1: Impedance of typical RF cavities of the RCS.
The frequency range of the representative harmonic com-
ponents is also depicted.
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Figure 2: Harmonic components of h = 2,4, 6, 8 of the ac-
celeration gap voltage, which is demodulated by the LLRF
control system at the | MW beam operation.
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Figure 3: Amplitude of the higher harmonic components of ~ Figure 5: Amplitude of the higher harmonic components of

the acceleration gap voltage at the 1| MW beam operation.
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Figure 4: Comparison of the amplitude of the h = 12 com-
ponent of the acceleration gap voltage for each RF cavity.
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Figure 6: Comparison the amlitude of h = 12 component
of acceleration gap voltage. The red line shows the direct
measurement of the acceleration gap voltage. The blue line
shows the wake voltage Vj,q obtained by the calculation
using Z and Tpeam.
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Figure 7: Comparison of bunch shapes at 5 ms (top), 10 ms
(2nd stage), 15 ms (3rd stage), and 20 ms (bottom). Black
lines show the measured bunch shapes acquired by the
WCM at the 1 MW beam operation. Green and blue lines
are simulated bunch shapes considering the harmonic com-
ponents up to i = 8 and 1 = 26, respectively.
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Figure 8: The behavior of (ho/h;)(V;/Vy) during the
1 MW beam operation.
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Figure 9: Comparison of the potential shapes at the 10 ms
(top) and 20 ms (bottom) with and without considering the
higher harmonics.
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