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Abstract

At J-PARC LINAC, a digital feedback and feedforward (DFB&FF) system is employed to meet the stringent stability
requirements of the cavity field. As part of an obsolescence mitigation program, the upgrade from a cPCl-based platform
to either a digitizer-box or a pTCA.4-based DFB&FF system has successfully performed for 324-MHz stations. During the
summer shutdown in 2024, the RFQ digital control system was migrated from the digitizer box to the 4 TCA.4-based system in
order to secure a spare RF&CLK board. The new system offers broader applicability and has been operated with beam-loading
compensation for thinned beams, enabling the required performance to be maintained even with the thinning beams destined
for MR. In addition, the response time of the RF switch implemented on the xRTM board was measured, confirming that it can
serve as a replacement for the ‘pulse modulator & RF switch module’ of a NIM module. We will proceed with the replacement
of the 324-MHz analog boards and the upgrade of the 972-MHz DFB&FF system in order of priority. In light of the increasing
number of discontinued components, we will prioritize the replacement of 324-MHz analog boards, followed by the upgrade of
972 MHz DFB&FF systems.
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Figure 1: (a) A standard intermediate pulse for two bunches,
and (b) an intermediate pulse with a thinning pattern.
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Figure 2: Beam loading compensation methods: (a) using a

conventional rectangular structure, (b) adapted to the thinning
pattern of the beam shown in Fig. 1(b).
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Table 1: Amplitude and phase stability during MR operation, showing results for both conventional and thinning-beam - adapted

beam loading compensation.

beam lodding compensation method  buncherl DTL SDTL
amplitude [%]  conventional rectangular structure +0.24 +132~+140 +£0.74 ~ £1.53
adapted to the thinning pattern +0.17 +0.23 ~ +0.51 +0.16 ~ +0.36
phase [deg.] conventional rectangular structure +1.39 +0.39 ~ £0.61 +£0.25 ~ £0.65
adapted to the thinning pattern +0.61 +0.12 ~ +0.28 +0.08 ~ +0.17
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Figure 3: (a) Amplitude and (b) phase of the RF cavity pickup
signals of buncher 2 for the MR operation. The black and
red lines indicate the one to use the beam loading compensa-
tion for the conventional rectangular and thinning structure,
respectively.
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Figure 4: (a) Amplitude and (b) phase of the RF cavity pickup
signals of DTL3 for the MR operation. The black and red lines
indicate the one to use the beam loading compensation for the
conventional rectangular and thinning structure, respectively.
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Figure 5: (a) Amplitude and (b) phase of the RF cavity pickup
signals of SDTLO09 for the MR operation. The black and red
lines indicate the one to use the beam loading compensation
for the conventional rectangular and thinning structure, re-
spectively.
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Figure 6: A schematic view of the LLRF system with a
pTCA.4-based DFB&FF system. The tRTM board within the
pTCA 4 platform incorporates the RF switch function. In con-
trast, the RF switch in the NIM module labeled ‘pulse mod.’
in the figure is used to rapidly stop the RF.
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Figure 7: (a) Time from detection by the VSWR meter to stop
RF using the NIM module RF switch (3.0 us); (b) Time from
detection by the VSWR meter to stop RF using the RF switch
on the uRTM board (2.9 us).
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