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Abstract

Beam loading compensation for the magnetic alloy (MA) cavities is indispensable to accelerate high intensity proton
beams in the J-PARC 3 GeV rapid cycling synchrotron (RCS). Thanks to the wide-band frequency response of the MA
cavity of the RCS, the dual harmonic operation, in which a single cavity is driven by a superposition of the fundamental
and second harmonic rf signals, is possible. On the other hand, the wake voltage in the MA cavity contains multiharmonic
components due to the wide-band response, and multiharmonic beam loading compensation is necessary. The J-PARC
RCS has been using the rf feedforward system for multiharmonic beam loading compensation and the commissioning
was successfully performed. The RCS successfully demonstrated 1 MW beam acceleration with feedforward. During
the high power beam tests, we have found some weak points of the feedforward due to its open loop configuration and
are considering to employ a feedback compensation. We developed a prototype of a vector voltage control system. We
describe the detail of the system, the commissioning methodology, and preliminary test results.
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Figure 1: Simplified block diagram of the multiharmonic
vector voltage control system.
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Figure 2: Measurement setup for commissioning of the
vector voltage control system.
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Figure 3: Measured frequency responses of the I/Q signals
and phase. (Top) before and (bottom after )setting of the
phase offset LUT.
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Figure 4: Comparison of the frequency responses of the
amplitude. (Blue) gain LUT set to constant, (green) after
the first setting, and (red) after the second setting.
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Figure 5: Comparison of open loop transfer functions from
A to A’ in Fig. 2. f_1.2 MHz. (Blue) with constant gain
LUT and (red) with the gain LUT set.
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Figure 6: The close loop transfer functions from B to C
in Fig. 2. f_1.2 MHz. (Top) with constant gain LUT and
(bottom) with the gain LUT set.
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Figure 7: Comparisons of (top) the harmonic components
of the gap voltages and (bottom) the gap voltage waveform
just before extraction, without and with feedback.
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Figure 8: Comparisons of the amplitudes and phases of the
harmonic components for h = 2, 4.
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Figure 9: Comparison of the harmonic components of the
cavity gap voltage. (Top) with feedforward, (middle) with
feedback and the constant gain LUT, and (bottom) with
feedback and the gain LUT set.

CEPIRRDIZDOWTIE, BETRIT I LD D
Sms ¥ TOM., RIEOMAB X OMHDMEA & B IZIE
HIZINZ N,

EHE5DN—FEZ 7 AIZDOWTH, LEHIZETE %2R
EXERVEFRREIZ, E— AR H UEZRIZ %F@
Bkt BB BIFELTWS, Bhia EA D OEFEIE
Tu s 5 LDREEITE K@@LTBD\%%®E—A
BEROBIZIEZT A VR R — I X BB BETH 5
EER DB,

BEZD LLRF §fHY A5 A CEFEE2FEIE, ¥ —4
O—F 4 Vv HiEE 71— K747 — NThro358. 7

PASJ2017 THOL16

4/1UT—mfmﬁbw EIEHIEN & A EERE 21T
=56, 74 Y LUT ##&%E L725E T, 7.7 x 10 ppp
@ﬁﬁﬁt A%Mﬁbt%@n—%:v&ﬁﬁ%f
oy hUL7zbD%, Fig.9IZRd, 74— K747 —K
LBEE. 2fEEHENEE TS AN 012725 Sms
DB CHRA 1.5kV, 3 M5EH3AY 1 kV BEFREL TV
b, T3S DEFEKS L, ’71—&%&”&%&3"6&&@
., WEHiEsE PR L ZKOEARS S &
INET74— K757 —RTHIT5Z til%f%
%, RZ NIVEEHIENETE A OENHNIZ 5@ < A3,

1Y LUT B’—EDLGETIE. 4ms 75 15 ms EBJ:U‘
18ms HHELD U IZHIF T, 2 6%, 3f5EFEITK
0.6kVREERELTWS, FIZIO B UhaTiE, #
AL DBEIEN DI, BE V OEFWE S TH -
TH, BEFRFICKEREAEZEZ S,

4 v LUT 2R ELIGE TR, 245 3%
DIRIEIFERA 03 kV FEE L X SIZRWITHIBRE ST
W3, Kz, WO HUMHETY 1~ LUT —EDHEIC
HRXTLY)RWIIHIAESNTE D, Znid, RIEE
SEWHEBTCT 7 — KAy I 5 VMR T wWB 2
EDORIREEZ B,

5. FEHESE

J-PARC RCS Tl I F TEBEEMEARZRIZAED
rEAKREEDY -0 —T 10 VIHEDO DIz
FN—FZV I T4 =R TFT—RKVATLERFETS
LBz, FABTHEEML L, KRERT Y — L
%:ﬁoférf:o T4 —RK74A7 =KL —-TTHBZ

IZEET B WL D OHEIZHIGT 5 72 :\mﬁ
&URFH@/XTAT@ R NVEFESIE
¥—2u0— Tf/ﬁﬁﬁ@%%%@ﬂbfbéo%m
FEEIZEELZ7 MR TR 1R2BD0ERDS HD 1
BLlAGLETRREZIT-> T, MHBEBEERNS
A—RTHBMHEAT7EY N LUT BLOF7 1 > LUT
DHFETFIE 2 ML U 7=,

920 kW FTORBEY —LZHWEZY —LAREBRT
X, X2 MVEERIEICE Y v o —2BERIHIL, <
WNFN—F=w IR — L0 —F 1 v 7 EIAEET
HBZERUEZ, 74 —FKNRXv LT TH 3
72Dz, TFEXEREY-LEMEDO RN TETOMREZE FIE
TRIEWARETH D, —F. EX vy TEEDHIHE
IEBRREENRONTED, T T4 — KN w2
KT 2EONEIESRRIZLDEDE2RETT 58
DD D,

SiE, AR LLRF > 27 L ORI W
TANEDEHEORBELRETTIA— K72 LT
DOMEREM Ex I b e iz, AKKRY vy — 2 ff
ZEBEDOFEIEMNAEER Y AT A2 BFEL TV FE
ThHd, Flo. MEVATLOESHBZIIIKLER I E
T ERBBEORLEL D B,

Fa

SE

[1] F. Tamura ef al., PRST-AB, 12, 041001(2009).
[2] F.Tamura ef al., PRST-AB, 14, 051004 (2011).
[3] H. Hotchi et al., PRAB, 20, 060402 (2017).

245 -





