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The J-PARC main ring was upgraded to ramp up beam power by shortening the acceleration times. The repetition time of
the slow extraction operation was shortened from 5.20 s to 4.24 s. Suppression of the beam instability occurring during the
debunch process is significant for the slow extraction operation. An RF voltage pattern for a 4.24 s cycle, considering beam
instability suppression, was proposed based on tracking beam simulation. In the proposed pattern, the momentum spread at the
beginning of the acceleration is similar to that of the 5.20 s cycle pattern. The proposed pattern has been adopted for the 4.24 s

cycle slow-extracted user operation.

1. EUSHIC

J-PARC A A ) ¥ 7 Clid, ME, 325 230 K %
JofE U CHARE S 72 D O DR LK E e 2 &
&b, U= HAZHMT 28082 EML 72, =2 —
bV IREIEERD 72 0 DEGEL) H LI TR, D
WUEERAS 248 #0225 136 DI I NNy — v
TOMEZHB L7 [1], — /B I L 2#RHT 2
AR vEBRICBWTIE, 79y b by THERBOZEH
S, HGED H LS & R U S R IR RIS
THZEICED, BEDIRLZ 520 05 4.24 BIC K
THHZRD I, BEOIL) H LUEIEICB LT, T
DHLETD T Ny FlfECHRET LMD E— L%
BEMEDOMFNDIzDIZHER DL v ¥V A% REL
TAIBLERHH, DI — L ASEIZ RF H2HH
A 7%y bEDFTWE (RifA 7€ v F A [2].
E— AAREWRDFE AR TNy F iR T oMM
DE—LRICHIKET 2, BUEMHEA 7€y b AS
IZIMAT, 79y b by 7CRFELEZ 2BETEYR
T 2 EEZITR > T3 [3], EOED H LEIETO
RN I D H L ERIU 1.4 8226 0.65 B ~JE
S Nn2h, H¥A RFEEXES A2 2 EICL 50
FZER T B — AR LY, ©— AALEM % B L
IWBIEPBRINS, E—LBREZBDIRLELHE
HEEUICT I =L BEDO7A T4 7%, AHIED Y
Sal—yava—FNIck )il %, F &R
REDEBNRIADS D KT 2 2 LI L 2 EE) R ORI
HE—2uv 2@ S S HEY) R INEELEZEAR, D
oy iar—vavofifyroiREI Nk RF EE
N = iE, BAED 30 GeV, 80 kW TOEWELD H L
TR (4] CEALI N, SHBDI 5% 5 RF E— L
TEDABEIEIC b S KR T 5,

* masahito.tomizawa@kek.jp

2. WHINY—>

MR D E — L 37 —BIER D 72 b DXEVEL Y H L R
DD IR LR, 5.20 B2 6 4.24 PRI G S L7z,
WD LR IC B 1 2 88 D IR U IR RZE SR 0 4 fit
B 7 7 2V —TH % QFN Dfii,¢¥ — >~ % Fig. 1
IR, WSO E 3D IR GED Y L SR &
L T14825 0.65BIEHINTE D DL
T2 b IZIERCTH S, AFREITHI 77y bR
FAL EBOEROYHBLEZITI 77y R hy TEEIZT Y
7L — FHiBTETIZ 20, 0K L IRZE T2
DY A I 7BEBIZ Table 1 ITRINT V5,

800

600

400

QFN Current (A)

200

0

0 1 2 3 n 5 6
Time (s) from PO

Figure 1: Quadrupole family QFN current patterns before

(blue) and after (red) the upgrade.
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Table 1: Time Relation in MR Cycles

time period before upgrade  after upgrade
flat base (from P0) 0.14 0.14
parabola acceleration 1 0.1 0.1
linear acceleration 1.2 0.45
parabola acceleration 2 0.1 0.1

flat top 2.61 2.61
total cycle time 5.20 4.24

LDIZHT B EEST T 7 4 —DHIERB RIS T v ¥ v
TR O DYIHS M EER L7, P ET T T 4 —
T—=FIE, NvFHH DRAED 7.5 x 1012 ppb D
FtEcllEI N, FET T 74 —T—F L, EHEhm
ERAHDZEMT 149 x 149 DA v > a YA Xtz 2
RITOHE % LTI e — L 2B L 7z, Figure 2 13#
100 ST KL% F8 4 S & I G & DAL 22 D KL 153 4 T
»%, ShOFHEIZ, FEEEMERIPE—00y
TV ITA VY E=FV ADMREEEL I, KT
BB E 270 1 ok FTh 7 v ¥ v 7EHE
i1o7z,

0dfF = = 7 = "¢ * 7 ¢ EF = *g§ & v¥ [ 7 v v

0.2

0.0 -

Ap/p (%)

[ R T
Phase (deg)
Figure 2: Initial beam distribution.
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Figure 3: Beam motion for the phase offset of —55 deg.

Table 2: Summary of Simulation Results

index | @ (b) © ()
cycle time (s) 5.20 4.24 4.24 4.24
2nd harmonics w/o w/o w/o w/
phase offset (deg.) —55 0 —55 0
rms-cz, (eV-s) 0.77 0.23 0.77 0.43
full-er, (eV-s) 12.2 43 11.6 7.6
max. Ap/p (%) +0.69 +045 4072 +0.54
min. Ap/p (%) —-0.69 —045 —0.71 —0.53
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Figure 4: Patterns for 5.20 s cycle.
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Figure 5: Phase space distributions at the end of acceleration
for 5.20 and 4.24 s patterns.
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Figure 6: Patterns for 4.24 s cycle.
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Figure 7: Beam debunched turning off the RF voltage by one
step.
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Figure 8: Beam debunched turning off the RF voltage by one
step.
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