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Abstract

At the J-PARC LINAC, the digital feedback and feedforward (DFB&FF) system within the low-level radio frequency
(LLRF) control system plays a critical role in maintaining high-precision cavity fields. While all 324-MHz stations have been
successfully upgraded with digitizer boxes or uTCA.4-based systems, the 972-MHz stations still rely on the original cPCI-based
system installed during construction. To evaluate the feasibility of future upgrades, a cPCI analog board and a digitizer box
were provisionally implemented at the ACS21 station. The control software operated successfully, achieving amplitude and
phase stability of +0.10% and +0.07 deg., respectively, under no-beam conditions. achieving amplitude and phase stability
were +0.8% and £0.2 deg. during nominal two-bunch beam operation, respectively. Even under beam thinning conditions,
significant improvements in field stability were observed. These results indicate that upgrading the DFB&FF system in the
972-MHz stations could lead to improved beam quality for injection into MR.
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Figure 1: Schematic view of the DFB and FF test at the 972-MHz station. The system utilizes a cPCI analog module for RF
and clock generation, downconverter, and IQ modulation, along with a digitizer box for DFB and FF processing.
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Table 1: Main Cavity Parameters of the ACS21 Module [4]
fo 972 MHz

resonance frequency

shunt impedance per length Zsh 53.6 MQ2/m
averaged accelerating field Ey 4.12 MV/m
wall loss Py 1.18 MW
beam loading (50 mA) Pyeam 0.54 MW

3. ATSAVEHE
3.1 ADC [0|¥5175 DFf%E

A ONEEEDN BT LT, BEFED cPCI Z{#H L
TRETHRHEAF Yy v EERBL, EHHNORKIES L O
Pk % HEE X E 7z, ZDHIT, PCIIZE>T7 4 —FK
Ny T EREHEIE, TYXRATRY ZANSDRF HEN
ZELO fFF BRTORET, TV XA PRy 7 2D FPGA
WD IQ ¥ 7V v J D EIRITH DR % FEh L 7=,
ADC (Analog-to-Digital Converter)l $ & OF ADC2 DHIE
R RAE DKL TN T2 16500 au. 75 K5I
L, MAIZDWTIL 45 deg. DEIH DR WMEIZAR S
270 r I LTHREL -,

Xy AUN=ZANDANINT—ENHDT v T
F—REEM - BRETEZIETRENIZHEL, T0D

12 FPGA N D [AEEITH]I/NF5 A — Z DFFIZE L T,
BAZO 75 LERAWTERML -,

3.2 DAC [H[#E4T 51 0D %

ADC [EZfFH] D FAFE L. RF H 7% BEAFED cPCT &
ATFLDPSEEMNR TV RA YRy 7 228 b FHx
TEREL 72, &I, O T v 72— X EEM - IR
k952 T, RF AT —D KT 7% E
U7zo RIZ, 74 —=RKNY IZDBFRELRWVE S IZHL
DAC (Digital-to-Analog Converter) [B]§i£17 %1 % F8) Cii%E
U7z, TOFEER, 74— KNy 2 2EMZ LB HEE
LI LINHES L b DAC B R/ sNS, 71—
Ny JDHERLUTTZ 14— K747 —=REIFTZON
HEREZERT S0, 20 EE507 DAC
ZHET 57008 DAC HEEf75] 20 H L TRE
U7z (Fig.2), ZOFEIZLD, 74— KNy 7%
ZLTh, WILAHDSE DX EHEBLDOD, 71—
RNy ZENREBE AEDOIEEL 285 Z &0 #E
L5,

BBDIQ A 7y DR 1T - 721212, FHE DAC
[AIBET4 D AL 2 FEfE L T\ 5,

ACS21: DAC rotation matrix (202505192240):

= S000E
=
= 7000E- @
=
e 5000 =
é 4000 =
B 3000 original value
5 2000 = calculated result
1000~ fitted result
% 500 1000 1500 2000 2500 3000 3500 4000
time [a.u]
ACS21: DAC rotation matrix (202505192240): phase
— E T
150
g 10 L® |
= 100k
=
P
@«
< 0f-
=
8 S0 original value
-100E result
—150E fitted result
[ 500 1000 1500 2000 2500 3000 3500 4000
time [a.u]

Figure 2: (a) Amplitude and (b) phase of the DAC output with
feedback enabled. The black, green, and red lines indicate
the original DAC output, the calculated DAC output, and the
fitted result, respectively.
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Figure 3: Histogram of the IQ values with feedback enabled
and the setpoint set to zero.
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Figure 4: (a) Amplitude and (b) phase of the open-loop trans-
fer function measured without beam.
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Figure 5: (a) Amplitude and (b) phase of the cavity pickup
signal within the macro pulse measured without beam.
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Figure 6: (a) A standard intermediate pulse for two bunches,
and (b) an intermediate pulse with a thinning pattern.
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Figure 7: Beam loading compensation methods: (a) using a
conventional rectangular structure, (b) adapted to the interme-
diate pulse, and (c) adapted to the thinning pattern of the beam
shown in Fig. 6(b).
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Figure 8: (a) Amplitude and (b) phase of the cavity pickup sig-
nal within the macro pulse with a standard two-bunch beam.
The black line indicates the condition without beam loading
compensation, while the green and red lines represent only 1Q
adjustment and combined IQ and delay timing adjustments,
respectively.
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Figure 9: (a) Amplitude and (b) phase of the cavity pickup sig-
nal within the macro pulse with a standard two-bunch beam.
The black line indicates the condition without beam loading
compensation, and the red line corresponds to compensation
based on the open-loop transfer function in the frequency do-
main.
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Figure 10: (a) Amplitude and (b) phase of the cavity pickup
signal within the macro pulse with a thinning beam, as shown
in Fig. 6(b). The black and red lines indicate compensation
using a conventional rectangular structure shown in Fig. 7(a)
and one adapted to the intermediate pulse in Fig. 7(b), respec-
tively.
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Figure 11: (a) Amplitude and (b) phase of the cavity pickup
signal within the macro pulse with a thinning beam shown in
Fig. 6(b). The black and red lines indicate compensation us-
ing a conventional rectangular structure shown in Fig. 7(a) and
one adapted to the thinning structure shown in Fig. 7(c), re-
spectively.
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