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Abstract

The new intra-bunch feedback processor is under development in J-PARC for the main proton synchrotron (MR) and
the RCS for future increase of their beam current. The processor is based on RFSoC, an FPGA with ADC and DAC. The

architecture and some bench test results are described.
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Table 1: Parameters of MR and RCS

MR RCS [4]

Circumference 1567.5 m 467.9 m
Energy 3GeV 30GeV 04GeV 3GeV
Revolution 5.384 5.231 1.629 1.197
Period 1 sec 1 sec 1 sec 1 sec
Revolution 185.7 191.2 613.7 835.8
Frequency kHz kHz kHz kHz
Harmonics 9 2
RF Frequency 1.672 1.721 1.227 1.672

MHz MHz MHz MHz
Bunch Length 100ns  Tens ns 100 — 500 ns

(full width)
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Figure 1: Block Diagram of Feedback Processor[3].
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Figure 2: Integration of BPM signal with removing offset
produced by noise signal.
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Table 2: Specification of FPGA Boards

PASJ2025 FRPO075

F72, ADC X° DAC O AHIIZED LTV 2 balun
VHARE I A @ 720D T Balun ZFREL CIREKRET
BIESSE LM He AC G EL, ADC X° DAC O Z7EH)
AT DT TFE R NDHZEELTZ,

4. FHEHETO BPM EEHEHHER

HIEIZI T, 2.1 HiOR Y REIEIC OV TR E
FICEVEMEER R LT, ¥y Ty 7% Fig 4 (TRT,
ZORER T E EEEI I A /D 3 GeV TOAEIZ [ E
LTEY, o7V 78/EE N F—EETHL, 7'r
Yo I ANy MZRIBILTAAE 52 T 530123 G S
NTWLDOT, ENEMEERE LS (“Function
Generator”) DR T ELTEFZHTND, ZHUZEDJE
[B]ER BN AL T DO ARG S 7 ey LRI
WD LM TED, Ffft (5 B3 F R IIZITV Y 100 ns
BEODEIOBIEELTZ, ZOREE S13M o (X
tH @ “Differentiator”) Tk /3 4L ADC O A J1L72 5
(“ADC in”), #8#(5 5Tl rise time 3 fall time JV &
SULT=23, FNA3ADC in” DR DIERFREL THANT
WD, BT SMA-T (2 LT r—7 Vel 35
Z LT, IS IVTEAT B AN ARG i O S R L LT
HEINHZEEHWTWD, ADC OFT — X I8y 2%
(“Integrator”, Fig. 1) {ZX0 /N7y MEITRE /3 S4L, i RIT
DAC I2X07Fu/E 5L L THASNA(“DAC out?),
INBHDEFIIE T ARV LA A —
THRAGL WD, ZORER% Figs. 5, 6 |29, 22T
“PC” LLTRSNTWAE L, A rAa—7 Tl
L7= “ADC in” % PC I[ZHUAHRFE D LT=HDTHD,
Figure 5 13, {5 57PC” (22 T’DAC out” D JEE D
D= A — L BLIOA 7 2y b L -H DT
HY ., WEOWLEILELS T4 — R 2oy ks e L
LTV D, F2, WO RIDIE B TH D FG out” L Fl
I RN B2 BT OV T, R SR D REIZ LA D
LEZ QNS L2AT,"DAC out” 1 5 Tlt, X"—A7
A DADIELI2> TS, ZAUTHE IR T 58912, DAC
Hi /)R> ADC AJ18 AC FEAALEILTNAZ LR L
TWBERDLNS, G5 TIET 2—7 44— 50/50
TRV TZOBGNENLN N —F AR E) A
UT2BED(E 513 AC #E B DLV E W AC 5 Th
HDT, NR—=ATANI0ERDEZZTND, £H T/
La i 2 T EEEO BPM (5 BTk § 52 DD AL A5
FEL G ATREE T D T ETH D,

d(x(©I))
dt m Integrator xOI®) DAC
il 12 MHz T TB (Bucket timing)
Clock | fRF : constant (3GeV injection) v

=> TB : Bucket Timing
NT: Number of Sampling/ Revolution
(integer in this frequency)

DAC out

Generator

TB (Bucket timing)

Model MMC-TR02-B | ZCU216 S?]ilf)f:;ntiatof Trigger I
Maker MEDS AMD ) end S5 | [CHNN - S
FGPA (RFSoC) | XZCU27DR-1 | XCZU49DR-2 {3 Conerater | L’"u =¥
Speed grade 1 2 C e ;-..Jm ‘

#of ADC DAC | 8 16 HiTS

ADC 12-bit,4.1GS/s 14-bit, 2.1GS/s

DAC 14-bit, 6.5GS/s 14-bit 9.85GS/s Figure 4: Bench test of “integrator”.

-953 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 FRP075

s 1.5 ADCin  ———— PC w
D — — — DACout - FG out 4 ng
g 1.0 A @
— w
13
g 0.5 1 o
o .8
g 0.0 4 >
w
- 14
g -0.5 4 z
n \ / _to&
-1.0 . . . . . .
-0.4 -02 0.0 02 04 06 0.8
Time [us]
Figure 5: Signal of each point in Fig. 3.
LER
/ﬂ DAC Dutﬂ
c 0.6 { ! — — FC
§ | |
2 | !
T 0. 1
5 i
7 | l
= 02 ! i L
S I | |
no0.0 - \ &N-.N 0
-0.2 1 L
—0.4 -0:2 a.0 0.2 0.4 0.6
Time [us]

Figure 6: Comparison of “DAC out” and “PC” signal
shapes.
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