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Abstract

The J-PARC main ring (MR) provided high power proton beams of 220~240 kW to the neutrino experiment. The J-
PARC linac output energy was upgraded from 181 to 400 MeV in 2014 operation. Several improvements and upgrades
were also performed and newly utilized in the MR. Especially, to reduce beam losses, the improvement of the injection
kickers and applying the transverse intra-bunch feed-back system were very effective. To localize beam losses in the
collimator area, beam duct replacement and RF voltage modification were effective. Fall 2014, the ion source current
will be upgraded from 30 to 50 mA, and we seek over 300 kW operation in the MR. For the high power operation, we
checked the capability of using 2nd harmonic RF cavities, and sum resonance correction. In this presentation these
commissioning procedures and beam dynamics simulations are shown, and our upgrade plan is discussed.
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Figure 1: Typical operation status of MR Fast Extraction.
The red line is accumulated proton numbers and the blue
line is the kinetic energy pattern in a 2.48 s cycle.
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Figure 2: Effect of the injection kicker improvement on
the beam intensity. K1 injected bunches are kicked by the
reflection pulse part of the injection kicker field at K3,
and by its tail part at K4. The tail matching circuit has
been adopted since March 2014, and it reduced beam
losses at K4.
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Figure 3: Effect of the transverse feed-back systems on
the beam intensity. The red line shows for using the
bunch-by-bunch feed-back only, and the green line shows
for adding the intra-bunch feed-back system. The red line
is the same as the red line in Fig. 2.

Figure 2 (X, A F v I —UBORIiKE T, Vo7
MICERE SN 7= EET =4 —DCCT THlEL/-E—
LEFRERB LIZ O TH D, 7t 4 MOAFZ A
I U7 #JEIZ KL, K2, K3, K4 MRS, KI TASTLZ
E— A, K3 TR HkOor 2% £ L, K4 T
ToHEkOa2AZ4AE T TNWDE, ARNF Y I—TH-
W=y T TREEBMLUIZER, K4 TOR RAR
KELLKEBSNTZZ EBNDD, AHF v b — b
Wk & UCIE, BITEMB X v 1 — 2 FrH R L
2015 OB AEZ BHIE L T 58

Figure 3 X, 2012 75 FAWTW% BBFB 2/l %,
Intra-BFB b &b H CHA L7z & EDE—LEFRT
b5, AKX Y D —OFMEITH~ v F v 7 RIEKEMN
#%OLOTHD, Intra-BFB O T K3 2 AN K&
<ESINT, ZHITAHRT v I —KEHKICE-T-
AR E—AD, NUFNTORTHDEASD Intra-
BFBIZ LV hRE<HESNI-RLEEZOND,

Intra-BFB (Z76 4 B — ARZEMERN R E L TEAX
ﬂto:@@%ﬁ\MWMB§A%K\6ﬁ$ME

WL AMEEZRD T, FEbZITEHIZB TS 7 1~
F AT 4 BEARTD~ -4 3~ -1 128X FIF T,

E— ARLEM B & 2 &I o ABEFEE N ]
Bl o7 Z L CTHERR ST D, 2014 Rk BIE
MEFHLED, Fa— YRE = sae T Y
T A MHIE/ S X — 2 Intra-BFB i€ D A

TREZITV, v AD0FMEZE BT,
2014 EARIZIE MR TOE— AMEEE =5 —

(BPM) D& & 186 & IZxf L . beam-based
alignment (BBA) 235871 L7z, ZOHEE., @FEE D
COD HHIEAFREEL 720 | v AR H 5 L T\ 256,

RCS Tix. BEHM~SA » AR =Y 7 & LT 100
7© mm mrad, 50 ® mm mrad DFHFEZITV, MR ~D 1
22w ET 5 PRI, SENEKRe 2T
HoT-BEBEERATED, E—LRENERDELED
I 72 PR = U TIFZE LT 5 EF 2 b,
Z DOHE DR E21T 5,

RCS & MR Z#¥ <k 7 A CTh 5 3-50BT Tld,
a2 A—Xx ) 7@ Achromatic FH%IZ L 5. MR &
3-50BT © 2D T 24k, 3-50BT 776 MR ~®
Dispersion J§HL DM IEZ 2014 EFEN ST ZIED T,
LIRS Twiss ~ v F U 7 b ED = ABTEEZITH

[7.8]

22 2014 FFETOE— L1 RRTE(L

MR (T EffEnS, a2V A—X U T &I AFHE
B Ins A L FDFWT — 2788 Arc A, SX =V 7%
ETeEA Ins B & Z O Rt 7 — 27 %6 Arc B, RF %
e FX = U 7 &2 S TeEME Ins C EZ2D Fi7T —
7 Arc C oINS, E—2u 2D FFTEN
HESNTNWLaY A—=FT YT LZDETD Arc
A EFAIZZTCT2< . Arc A THifl, Arc B, Arc C
® Dispersion Peaks T ZRRIAR RN E N &% 2013
FEREFTOEBHOBEE 2> TWEPL 207Dk
FHEIH 2 BRYE LT, 2013 Ev v v A T U HI
I, IV A=F YT LZOTFHICMZ T, &2FD
£ Dispersion Peak Y15 6 MiERLA & Z OMED 4

- 246 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

@ﬁhﬁm&ybéﬁmiﬂg%&/%mxﬁbto
¥¥1Z Dispersion Peaks ¥Tf5D % 27 MIFM %%
72, KEFHEOZEE 130 mm 5 142 mm
WZIRF7200 F7= Vo7 a ) A—20a¥% 4 A
NH T HRICHEMR LT,

2014 FEFETITEZ v a v 21 TR —Lm R
PHIR R EICHEA D, ZOkE—Lr A%
100 W 25| & EiF 5 2 L 2R LI ET, B—24
o AR LIRS, T, Vo ral A—4
DAL EMED -8, VAT LOKREREEICK L
T, BRSO NT-720, REEEE > T
5, ABEREHFIH LIV 2 L—Ya vy biiE
%%%5~<@J¢T%é

IZEZ X T2DIX RF BEBRIEOFREETH D, U
/7W@mx T OREEREE ZFAETD &, )
B D RZ R Z D BRI IE ST L7 RE 4 ¢
Arc HHCRANDH D Z ENbhroT, ZOWRET
1%, RF bucket ® momentum filling factor 25 &' —7 %
MWz % A6, longitudinal beam emittance % /s S
T, MEERF O K RF BJE% 280 kV O F FIZ

L7 ET, 5% K3 GeV TO RF &% 160 kV
226 180 kV 1251 & Eif7e, ZOREREARFEO R 2
X RCS L DI A~y FRERLIZTZD, 20 W R
L2, Eh e 2 &IXFABREOEER AD
Ins A, Arc A EiR~DOREIZEPI LTz, 72, [
RER AT IE, T2 — M, B — A RLEMEMSI 07
DI AT AV T 4%~ -1 DD~ 2 CETTH7
E. BAMEFENL N, Figure 4 1%, 2014 4E 5 A %
T& 2014 4 6 ANGEM L7 RF EENSF— 1,
Arc i TO 1 AFE OO RERI##EE X, RF &L
S —VEERIO S DN Fig. 5. A H%IL Fig. 6, Fig.

7 1% RF BE/NZ — 22 HRi#% T, Dispersion Peak

TECcoOr A Ly RERd,

300
S 250 * o
=3

Ep 200

G

> 150

&

< 100 —e— May 2014

= —e— June2014

50
0
0 200 400 600 800 1000 1200
Time from K1 injection (ms)
Figure 4: RF voltage pattern in May 2014 and June 2014.
The patterns were switched at 2014/05/30 16:00.
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Figure 5: The time structure of beam loss at each arc in
May 2014. The counts of BLMs are summed in each arc.
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Figure 6: The time structure of beam loss at each arc in

June 2014. The counts of BLMs are summed in each arc.
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Figure 7: Trend of the time integrated BLM count around
a dispersion peak in Arc C before and after switching the
RF voltage pattern at ~16:00 05/30/2014. BLMs at other
dispersion peaks also show the similar change.
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Table 1: Radioactive at dispersion peaks: measured at 2
weeks after FX operations in 2013 and 2014.

Magnet name May 2013 July 2014

QFX054 in ArcA 250 uSv/h (SUS) 28 pSv/h (Ti)
QFX098 inArc B 1.0 mSv/h (SUS) 30 pSv/h (Ti)
QFX198 in Arc C 460 uSv/h (SUS) 40 pSv/h (Ti)

BMI30inArc B 200 uSv/h (SUS) 130 puSv/h (SUS)
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Figure 7: Beam edge horizontal radii for fundamental

harmonic RF only (V_fund = 160 kV) and for adding 2nd

harmonic RF (V_fund = 200 kV, V_2nd = 70 kV). Solid

lines are simulated 99% radii, and plots are measured

beam edge with the flying wire.
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