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Abstract

Beam commissioning with a circulating period of 1.36 s was performed in the main ring synchrotron (MR) of Japan
Proton Accelerator Research Complex (J-PARC). To realize the high repetition operation, we are upgrading the power
supplies of the main magnets, RF system, septum magnets for fast extraction, machine protection system, and collimator
system. After optics tuning, the beam was well controlled with an intensity of 2.7 x 10' protons per bunch during the
beam injection period. It corresponded to a beam power of 740 kW considering the beam survival ratio. Split quadrupole
families caused resonance enhancement, resulting in beam losses. Further beam loss reduction is planned by increasing
the trim coils of quadrupole magnets and recovering the symmetry of the accelerator.
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Figure 1: Betatron functions and ratios of measured to
model betatron functions. The blue circles and red trian-
gles show horizontal and vertical measured results, respec-
tively. In first, third, and fifth panels, the blue and red lines
represent horizontal and vertical model betatron functions,
respectively.
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Figure 2: Measured (red circles) and model (the black line)
dispersion functions.
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Figure 3: Fourier spectra of horizontal beam positions ob-
tained every 1 ms by BPMs at high-dispersion positions.
The blue and red lines represent the results before and af-
ter the upgrade, respectively.
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Figure 4: Beam survival before (blue) and after (red) ad-
justing split quadrupole families measured by the DCCT.
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Figure 5: Beam loss counts measured by proportional
beam loss monitors during 220 ms. The horizontal axis
denotes the address assigned based on the positions of
the quadrupole magnets. The gains of proportional beam
loss monitors at collimating area (red bars) were 8 times
smaller than those at non-collimating area (blue bars).
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Figure 6: Horizontal (top panel) and vertical (bottom
panel) measured phase advances of the arc sections with
the beam optics before (blue triangles) and after (red cir-
cles) adjusting split quadrupole families. The error bars
represent rms of 10 data.

42 3 [EBFIMEDEL & A

FREDTEA LT — 20 A2 TLE S DIFHE
LI TH S, —RICIDOEEERILE NS DX
MHFRY 72 HIRIRIC X o T X 2 IEME ISR TH 5,
MR 2B 2 0 PR 72 ISR & U Tl Sa (520
b EZNMmMEAEA D) 1T & 255 & 22/ E &R R
DBH b, ZDD BN X - THIE X0 2 IEFEEH
M BE LTl oo b 4 3BT 4 » BT el iE /S i
W5 E 52 THIEST 222 TV 5 H, ZEMERIC
X o TR SN 2 IEMEIIBICRI LTl 3 » A CHIIEM
W5 % 52 2 U FED R RNRIRT5TH 5,

Figure 7 13> 22l —Y a Y Lko>THEZEL—240D
Fa— VI L EET 2 HEIBERK 4 RETHIVW
HDOTHY, ZEREBERIMET 2 IEHELIBIIRHE TR
EhTW3, chkD 3 KDHE (U ABC) 23F 2 —
VDB DICKRELTWS B SD b, £y HAID
Fa—rikLF2eu02AHEMT 268D OF
HBHRENVWELEZLNTWDS, HIBDRXIIEBITR
ENBDT, 4 KDOHBORIEZIT S ITITEBEANC 8 »
AT CHIEVIMBRES 2 5 2 2 08B R3 D 5, bHAALDE
ROMIGEE Z X Z DI 5 2 5 N EFIERS ORI
Z %o

WIEa A VBB K 2 HBORIERREMEICDOWT,
Resonance Driving Term (RDT) [13] %= W T 4 R
Y UCHGEE L7z B — a4 LTi& 2.7 x 10' ppb
DREDOY —LZEEL, TIvRIA% 2,y AL D
47 mm mrad, $REEIIE—2ZHEERHAL 3.9x 101 m!
¥ L7ze B—AN%R YL LTI Fig. 6 0087 7 31 —
Tt GF) ONAHEAZHIR T 3 X 5 IO RE 2 %

v, 215 =

E N Al szl -

214 I 7
: B..:.: ;'.:."M. ::F"". Al

213F 4 £
[ C iad RN

212  LmemeE A\

21.1F
b 201 212 213 214 215

VX

Figure 7: Simulated tune spread distribution of the 3.2 x
10*3-ppb beam and resonance lines. The individual tunes
were calculated using the phase advances from the 4999th
to 5000th turn. The red lines represent space-charge-
induced nonstructure resonances up to fourth order and the
black lines show other major resonances.
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L7zo MHERBSZEM L2WES, &3HIBD RDT &
Resonance A (4v, = 85) : |Ga085] =27.98 m™!
Resonance B (2v, + 2v, = 85) : |Ga 285 =4.73 m™*
Resonance C (4v, = 85) : |Go.a85] = 11.45 m™!
Resonance D (4, = 86) : |Go.486] = 15.32 m™!
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