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Abstract

The J-PARC Main Ring (MR) delivers 2.6 x 10'* protons per pulse, which corresponds to the beam power of 500
kW, to the neutrino experiment as of May 2018.The longitudinal coupled-bunch instabilities were observed in the MR for
the beam power beyond 470 kW. To mitigate them for higher beam intensities, we have developed a longitudinal mode-
by-mode feedback system. The feedback system consists of a wall current monitor, a FPGA-based feedback processor,
RF power amplifiers, and a RF cavity as a longitudinal kicker. We report the preliminary beam measurement results to
suppress the beam oscillation with the developed feedback system.
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Table 1: Parameters of the J-PARC MR and its RF system |, ' | ooy — ﬂ;;};@ﬂ m = 2 DS XU

for the FX BRI KN T B MR DA, M =9 72D,
parameter value BI1IZRT & 5 R iREE— ]\f) MFAET S, AN
circumference 1567.5 m EZ v 7D TH o> TH LI (Upper Side Band,
energy 3-30 GeV USB) & T4 (Lower Side Band, LSB) Tl j&3
beam intensity (achieved) 2.6 x 10 ppp 2z N> FHEASIEEIT — RBRELIZELEHNS
beam power (achieved) 500 kW
repetition period 248s Egzz::i: :Z:g ho
accelerat%ng period 145 h=t h=2 h=3 h=4 h<5 h=6 h=7 h=8 h=10  h=11
accelerating frequency frrp 1.67-1.72 MHz
revolution frequency frey 185-191 kHz 0 8[1 7]2 6[3 5[4 4[5 3[6 2[7 1[3 ofo 8[1 7[2
harmonic umber . 9 eIttt tl ettt et a4t ¢l
number of bunches NV, 8 Frequency
maximum rf voltage 320 kV Figure 1: The spectra of the synchrotron sidebands cor-
No. of cavities 7 (h=9), 2 (h=18) responding to the coupled bunch oscillation mode for the
Q-value of rf cavity 22 J-PARC MR [3].
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Figure 2: Block diagram of the longitudinal mode-by-
mode feedback system [5].
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Figure 3: The frequency response of the impedance of the
RF cavity.
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Figure 4: Pictures of the longitudinal mode-by-mode feed-
back processor. [7]
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Figure 5: Block diagram of the longitudinal mode-by-
mode feedback processor [5].
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Figure 6: Block dlagram of the Slngle Sideband filter block [5].
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Figure 7: Phase adjustment with LUT.

42  JihbziAER

PNEAEIMHIE LUT FE R & [RIBRIZFRIE 13 kW D ¥ —
LI U THFy 7B EZRZEZ TNV FHESRE %2
L., FUIH L TT7 =Ry 228020 T
Y — L DIREHRIE D 2L % R T2,

T4 =KXy IOEHK, ZUTPIHHEZNETND
TA Y DEANES NV FREGIREIE—Rn=8D
RIBOZALZX 8 IZRT, 71— KNy 73 nsEE
A5 095s ABRIZERIIZLTWE, 74— RNy
I EAMZT HET, PHIFEKRTIHIEIZE > T —
LNV FERESIREDPNZ SN T WD ELMHERTE
%, BHZ PRI EEAT TR O A5E X 2 1 R )
ERHITETVWAEN, ZHE 74 —RKNNw IV AT
LNDBIEN AR E W D12, PHIFITIED £
D74 —= KR 2714 U TWRWHEDFHK &
ZEZoNh5b,

oWy —KRNwroEECcORTI YTV
Oy bOHEEERT, 74— KXy ZHEELDIRET
WEINEEEE E TEN Y FPRRIRIETRENLT WD DI
U, BOREIZ L2 74— KRy 22635
ZETHPPIZENYFOIREBIHFHI EN T WL H
MW" 5,

P) 8 & g ) S S
1.4/ 88 et G G G
HEREREIEEE
T3 S50 $.8 S
S X SS9 g
G120 ¢ « o
< :
c1ll
WERRERARE
Y— S
1.0 4 2
g S § : S8 s
= < S S S
|—09 b ; S % S 2
Sl os S S 5 3 $ %
$ 2 %2 3 2 2 s 3
0.-85—"1000 2000 3000 4000 5000

Time in each turn[ns]

PASJ2018 FROL10

30 ﬁ'/MN
— 25
o Wi
520
3
3 15| — 13kw wkick ™)
)
= —  w/FB P-gain=4 "\
E‘ 10l — w/FB P-gain=8
< —  Ww/FB P-gain=16
—  WJ/FB I-gain=1/170 ]
5 W/FB I-gain=1/85
— w/FB I-gain=1/64
8.6 0.8 1.0 1.2 1.4
Time[s]

Figure 8: Oscillation amplitude of the CB mode n = 8 for
the excited 13 kW beam with and without FB.
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Figure 9: Mountain plot of excited 13 kW beam without FB(left) and with FB (right) of I-gain=1/64.
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Figure 10: Oscillation amplitude of the CB mode n = 8 for
excited beam with and without FB (P-control) for various
beam power.
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Figure 11: Oscillation amplitude of the CB mode n = 8 for the beam without FB (Left) and with FB (right) of I-control

for various beam power.
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