Longitudinal Mode-by-Mode Feedback System for The J-PARC Main Ring
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J-PARC MRand Longitudinal Coupled Bunch Oscillation

Coupled Bunch (CB) Oscillation
« Main Ring (MR) accelerates protons from 3 GeV to 30 GeV.  Larger longitudinal coupled bunch « For M bunches, there are M coupled bunch oscillation
oscillation appears beyond 470kW. modes with the mode number! =0..." -1.
* MR delivers 2.6 x 10'* ppp (500 kW) as of May2018. _
| | | | » The suppression of the Coupled bunch « Appears as the sidebands of the harmonic component
" Sloyonchrotron F"fefl- F: Is ch??gmg during the acceleration. | oscillation is key to reach beyond 500 kW. | inthe beam spectrum. USB f, = nf. + fs
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Longitudinal Mode-By-Mode

Feedback System Requirement for the FB processor
 Detect and control the synchrotron sideband of each harmonic component

 Challenge: the synchrotron frequency is changing during the acceleration cycle.
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 Detect the oscillation component of the beam \ ¢ROWURO —3\*Q$T
signal (synchrotron sideband). Hardware )

M Implemented function of the feedback processor
. Control the oscillation component by Feedback MicroTCA.4 platform (AMC+RTM)

. AMC with 8ch. ADC. 2¢h DAC and  ° Demodulate and Modulate the baseband I/Q signal of the selected
. Share High Level RF with existing LLRF system [ | Zynq FPGA. narmonic component by DDC and DUC.
. EPICS-IOC running on the « Detect and control only the sideband component.
» RF cavity for the acceleration has the | embedded LINUX in Zyng CPU . Filtering by Single SideBand Filter (SSBF).
Impedance large enough to generate the kick _ . .
voltage in h=8 and h=10 to be controlled. « Remote control via Channel Access* DDS generates sin/cos signals for DDC and DUC and SSBF.
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Frequency response of the system Beam EXxcitation Measurement
. The frequency response of the system was measured with the « Excited the beam by the system and monitor the beam oscillation
network analyzer. » 12 kW low intensity beam was chosen to have the beam without the oscillation.
» FB loop was closed with only P-control enabled to check the « Excitation Amplitude: 2.5kV applied from 1.0 s after the beam injection.
frequency response of the filter. . Excitation by modulating the reference pattern to excite the USB of h=8 (CB mode n=8)
« Amplitude frequency response matched well with the calculation Beam Oscillation CB mode analysis Sidebands Detected by the system

* Rejection of the DC component and the change of the bandwidth - Beam was successfully . Based on the bunch « Only LSB of h=10 and USB of the h=8
and the peak of the passband along with fs were confirmed. excited. motion analysis of the (CB mode n=8) had growth

OIT=Tremsaremert 953 snabiea| R I —— I Prove the capability to oscilloscope data . Growth similar to the oscilloscope
"0 | generate the kick . Confirmed that only the analysis based on the different method.

i voltage large er_wugh 0 mode n=8 was excited. | Detection part worked as designed.
contol the osclltlon.
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Summary and outlook

*We developed longitudinal mode-by-mode feedback system to control the CB oscillation.
*The sideband detection performance was measured with the beam excitation measurement.
*We will perform the beam test to suppress the beam oscillation by closing the FB loop.
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