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Abstract

The J-PARC 3-GeV rapid cycling synchrotron (RCS) is now intensively developing a high-intensity beam test to
realize a high-intensity low-emittance beam with less beam halo required from the following 30-GeV main ring
synchrotron (MR). This paper presents the recent experimental results while discussing emittance growth and its

mitigation mechanisms.
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Figure 1: Layout of the J-PARC 3 GeV RCS.
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Figure 2: Beam widths at 1 ms right after injection,
measured as a function of the painting emittance.
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Figure 3: Schematic diagrams of injection painting and
emittance exchange.
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Figure 4: (Left) 2d plots of betatron actions calculated at the end of injection (at 0.5 ms). (Middle)
Beam profiles measured at 0.5 ms. (Right) Tune footprints calculated at 0.5 ms.
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Figure 5: Single-particle behaviour of one macro-particle causing emittance growth. (Left) Turn-by-
turn betatron actions. (Right) Transverse phase space coordinates.
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Figure 6: (Upper) Operational parameter settings tested;
(A)—(D). (Lower) Tune variations from injection to
extraction applied for (A)—(D); ID1-3.
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Figure 7: Tune footprints calculated at 4.7 ms.
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Figure 8: (Left) Normalized rms emittances measured
over the first 7 ms. (Right) Corresponding numerical
simulation results.

T,y FAoO=I v 2%, KFodns s~
EHICHESND, ZHUX, y FOZI v XA
WRO—FITHL, x FHllb, v=6 & 2v—2v,=0
DAEETREBRO T I v X ABRPFEAEL TV 5D,
BUROBMERZEHMH T HIRD | 2ve—2vy=0 Lg%
SERIZEBEET 2 2 S LS, v, =6 ([ZDOW TR,
MEREDOTF 2 — s u~T 4 VT 4 —ZEMIC
A bR — LT H2ET, BEIA IR T v
N FEZHT D Z LT FoAETHILDOT, =
DA IR > TE— LFH%E - R AT o 72,
IOE—ARBRBRTHWERT A=y T T
2% Figure 6 IZE L OHLNATWND, ZOHT, (AR
JLR D/NT A —ZIZHET 5 Fa— I TRICR
T IDI T, Z7u~7 437 4 —IHESN TR0,
ZOBAIE. Figure 7 OEMITRENSEY ., B—
LOHODEBIINLE T DRLTF NI T A oo T
WHORRTEND, ZORRELET D720,
AP BDY)~ERT A —H EBEHEIZEEL T o
720 B) F=—>2% ID1 2°5 ID2 ([ZEE (i@
TOFa— D FREELBUE) . (C) NEEMA
REJME L Cru~T 4 7 0 —fIEAE A (GE
BEANVHERDTF 2 — A7 Ly RE/NSLSMZ
72) . (D) Fa2—r% ID2 2°5 ID3 ([ZEF (y S
DF 22— ZFIZ EH~WER L72) . Figure 7 12
RENDEY . B — BRT L v=6 I L DS
L—a UiE, (A HD)~D 8T A — X IEHECE
WUE STV,

Figure 8 OAEKIZ, (A)~D)DF/3T A —X & H
THELZE—LALxT I v XA (rms) DORFEIKTF

10 —(©) ]
—(D)

with bipolar sextupoles|

°

o

o

&

o

Horizontal position x (mm)

15 20 o 5 10 15 20
Time (ms)

°
)
o

Figure 9: Horizontal beam positions measured over the
whole acceleration time of 20 ms.

-

-2 Natural chromaticity Dc excitation

oo99o
NDhOo®

N o

. Chromaticity

oo
o »

Bipolar excitation

N~
- ©

-12

Sextupole field (arb. units)

o

5 5 20

10 15 10 1
Time (ms) Time (ms)
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pattern required.
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Figure 11: (Left) Un-normalized rms emittances measured
at 3 GeV (at 20 ms). (Right) Beam profiles at 3 GeV
measured by a beam halo monitor [11].
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Figure 12: BLM signals measured at the MR collimator.
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