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Abstract

At J-PARC MR, an upgrade toward a beam power of 1.3 MW is being pursued. For high-intensity operation, it is
essential to enable long-term observation of tune variations to monitor the effects of ripple noise and tracking errors from
magnets during continuous operation. Currently, tune measurements are performed only during test operation, where
high-intensity beams cannot be used, and each measurement requires a few minutes, making it impractical during con-
tinuous operation. Therefore, an upgrade of the tune meter is underway. The main challenges are: (1) improving tune
measurement accuracy during acceleration, (2) increasing data transfer and processing speed, and (3) accommodating the
beam intensity during continuous operation. In the new system, ADC sampling is synchronized with the RF frequency
to improve both measurement accuracy during acceleration and data processing speed. A method for evaluating synchro-
nization errors of the ADC clock has been established. Furthermore, it has been confirmed that this approach suppresses
the uncertainty in measured tune values caused by the revolution frequency variation during beam acceleration.
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Figure 1: Block diagram of the current tune meter in J-
PARC MR.
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Figure 2: A sample tune analysis by the current tune meter.
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Figure 3: Block diagram of the new tune meter system.
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Figure 4: An example of tune measurement by new tune
meter system. The first two bunches are induced at 1,858
turn and acceleration is start from 26,000 turn. Note that
this spectrum is downconverted by 3 f,f = 27 fioy for this
setup.
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Figure 5: The frequency spectrum of 1.2 s. The inset is a
zoom on the 1 X f,., peak. Note that the vertical axis of
inset is linear scale. The sidebands at 1 + 0.002 f,e, and
1 4 0.004 f,c, are considered the synchrotron oscillation
before acceleration.
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Figure 6: RF frequency acceleration. Blue line (vertical
left axis) shows f,r and red line shows the differential of
frt normalized by initial f,; as shown with fif ase in the
figure.
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Figure 7: Frequency spectra at f,., peak by current tune
meter. Black and red lines are at acceleration and flat top,
respectively.
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Figure 8: Frequency spectra at f,., peak by new tune me-
ter. Black and red lines are at acceleration and flat top,
respectively.
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