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Abstract

A stable and precise LLRF (Low Level RF) control system is indispensable for acceleration of high intensity proton
beam in the J-PARC RCS. The original LLRF control system had been operated without major problems for more than
ten years since the start of operation of the RCS, while maintenance of the system became difficult due to the obsolesce of
the old FPGAs in the modules. We developed and installed the next-generation LLRF control system based on MTCA 4.
The key function of the system is the multiharmonic vector rf voltage control feedback. We describe the system overview
and the commissioning results. The performance of the beam loading compensation is significantly improved.
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Table 1: Parameters of J-PARC RCS and Its RF System

parameter
circumference 348.333 m
energy 0.400-3 GeV
beam intensity (achieved) 8.33 x 103 ppp
harmonic number 2

accelerating frequency 1.227-1.671 MHz

maximum RF voltage 440 kV
repetition rate 25 Hz
No. of cavities 12

Q-value of RF cavity 2
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Figure 1: Configuration of the next-generation LLRF con-
trol system.
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Figure 2: Block diagram of the common function module.
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Figure 3: Block diagram of the cavity driver module.
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Figure 5: Photograph of the next-generation LLRF control
system.
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Figure 6: Harmonic components of the gap voltage with
acceleration of 1 MW equivalent beam in the cases of
(top) that the feedback for the fundamental acceleration
harmonic (h = 2) is closed and the output of the others
are turned off, (middle) the feedbacks for all harmonics
are closed, and (bottom) vertically magnified view of the
middle plot.
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Figure 7: (Top) Harmonic components of the cavity volt-
age vectorsum, (middle) mountain plot of WCM beam sig-
nal, and (bottom) harmonic components of the WCM beam
signal, with acceleration of 1 MW equivalent beam.
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Figure 8: Momentum deviations (dp/p) of the beams with
various intensities from injection to extraction, (top) with
with feedforward and (bottom) with feedback.
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Figure 9: Beam signals just before extraction for various
beam intensities, (top) with feedforward and (bottom) with
feedback.
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Figure 10: (Top) Harmonic components of the cavity volt-
age vectorsum with compensation up to (h = 6) for all
cavities.

BEICE, NYFORA I VT OBBERIEMEIZIER I/
W,
T4 —F7 37— RDGEETONRYFDERA IVTE

X HEEI R OBERTEL. DDA e — 4
MRE, Y— %% HW3 MR O TEM EoOBET
H o7l MR @D RF &Y OFULNZ AET 272912 MR
@ RF NAHFARE R FIRE G 7+ v b 2 W7z RCS HUD
HUEBIROFEEZRE D L I2/T5 2 g, B e
THotze KM AT LTI 4 —FRYv ZITLBE—
20 —F 4 Y IHENTbRE LSk, ZThsDil
FERIEEDRIH X N Z £ T, MR OFEICHEIT 2 FIE
NI ] AT R A=

R LLRF HIf# S 2 7 £0%, 8 AL E I EH X
NTED, 2020 EHIfTRbDNZ I MW E— 2487 —
T 38 K] MLF HEHHEIZICBWT D B — L B ZEIC
MET 2 Z e NTER,

4. E—LO-TarJmEORLICEITT

FRHOZHHARBE YL 725 T2 Di%, K HRFO YIRS R
@#ﬁ%ﬁﬁﬁm;éolMWMﬁ%mwmﬁ&%@
. REBHIEGRE B Iy MESEWHE R REZET
zb HTEIEOEAIC X 2 NEF v v TBIEOEALE
WIET 27012, 74— FENw 22X KERHMNE
BEERL, BRELTRFIRA72D Y v 7 (BE)

BOEIESRH 1%, G ERSE) 2L E 260
TW3, HWIRER, FICEREIEBSEIRMR O EEANETH
D, FARERBL TN

HREREESR D EEE DT X — X DBEFAELENTH
%, RCSTWxZhET, BEEEOEMEMHITILEH
El’ﬂ\_\ H72% (TH589) ® 7 4+ 9 X~ FEFE 450 A 18

BICHREL CEREE{T-oTE/R, Zh%E 480 A X5 L
. ¥RV — 7Yy REEE 175KV 205 2.0kV

W EIF3Z 2T, MEMIESRD S 4 > % BT, REIEHE
'FE%%@EJﬁ’ETH‘é ZEMTES [6]l, 2DNRTRX—=XK
&b, 1 MW IERIC 12 B2 TOZRT (h = 6) %
T®ﬁ%%ﬁ5;tk&WLto;®F®12 DZEfR
DRZ PVERETLEDN—TF = v 7 K57 % Fig. 10 1271
3, Figure 7 ERI & tER2Z &, (h = 6) o BIZIF5EE
CHIHIE T WD Z e b b,

X ORI FEY LT, Y7oy R2E [7] 12
3 —2m—F4 T ZDBDDEKBBIREEINTE
b, 5B 1 BOEADS V7N Ly REFAADE %
B2 DETH XN TV,

5. F&&

KA LLRF HIf S 2 57 21F 2019 4Fi2 4 Y R b —
. AT, v LFN—FE=Zv 77 )L RF
EBEHIE 7 4 — RN 212k b, WIS RT LD T 4 —
R747—FREbdbL—2ru—F 4 v ZHEOMRELM
EF2z 2B, RETE —A T — I MW IZBWT
X O REIREREFEHL 7, MEOM LD DI HIES
ZROWEPZEAN D E &1 2 72 ¥ ARE FHEEX AT WS

BE B

[1] PICMG, “MicroTCA Overview”’;
https://www.picmg.org/openstandards/microtca/

[2] F. Tamura et al., “Development of Next-Generation LLRF
Control System for J-PARC Rapid Cycling Synchrotron”,
IEEE Trans. on Nucl. Sci., 66, 1242, 2019.

[3] F. Tamura et al., “Flexible Chopper Gate Pulse Generation for
the J-PARC RCS”, in Proc. of J-PARC2019, Tsukuba, Japan,
2019, pp. 011021.

[4] F. Tamura et al., “Multiharmonic vector 1f voltage control for
wideband cavities driven by vacuum tube amplifiers in a rapid
cycling synchrotron”, Phys. Rev. Accel. Beams, 22, 092001,
2019.

[5] F. Tamura et al., “Commissioning of the next-generation
LLRF control system for the Rapid Cycling Synchrotron of
the Japan Proton Accelerator Research Complex”, Nucl. In-
strum. Methods Phys. Res., Sect. A, 999, 165211, 2021.

[6] M. Yamamoto et al., “Vacuum tube operation tuning for a
high intensity beam acceleration in J-PARC RCS”, to be pub-
lished in Proc. of IPAC’20.

[71 M. Yamamoto et al., “Conceptual Design of a Single-Ended
MA Cavity for J-PARC RCS Upgrade”, in Proc. of IPAC’ 18,
Vancouver, Canada, 2018, pp. 987-989.

174 -





