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Abstract

Uncontrolled beam loss in the 3 GeV rapid-cycling synchrotron (RCS) of the Japan Proton Accelerator Research Complex
(J-PARC) was investigated. A significant amount of uncontrolled beam loss was observed, especially at each arc section, despite
the RCS being equipped with a collimation system designed to collect halo particles with one scatterer and five absorbers. Based
on the time-dependence of the beam loss measured in the collimation system and arc sections, the particles lost at the arc sections
are found to be likely scattered by the absorber rather than the scatterer, contrary to the design of the collimation system. By
changing the configuration of the collimation system, it was determined that the absorber through which the majority of the
lost particles passed was the 2nd absorber. In addition, the trajectory of such a particle was investigated by using numerical

simulation.

1. ELC®HIC

J-PARC3 GeV ¥ > 211 b1 Y (RCS) IZH AT 1 MW
Y — L xYEAGRI P ERR KOEY v v on
FEATHHFE L TWS [1], T D & S 2 KIRE G iR
MTIE. B— LK BEDO BRI LDRE % F/
fbL., BEDA YT F U AMEZEGET S Z Y — A
DEEMIBIZBWTIEFICEETH B, FDORH, ©—
LR EWETHED B ¥ — LBEDEBIZINA T, RCS
TV A=R VAT LERWEZZDRAMEAK S N
TW3B 2], I3V A=KV AT LIZRCS X7 b HBEZ{E
22 LT B AREME D & B KIRIE 2R F % s =R (5]
INU., SO b2MHI T2 Z e TAYTF U A
PEOBEIZKELFLELUTE 3],

Figure 1 IZmR T D2V A =XV AT LIFAGHE
BEMOTFTRICRBEINTWS, TN —LH5EIZM
TES ImmDE VI AT UREFATS 1 HiFD
BELREIZ N A T, JE X 200 mm D71y 7 & A
355 ErOWPAHTHERZINTWSE, XV IT AT
VIR O T a2 IE AR\ T Y — AduE %
LI ETEADADTORESINTED, ThH
e T — AT A A 772 m 2 NENZ AT TV 5,
JY A—=R VAT LADPKIRE AR 7% [T 588 %
Fig. 2 1Z/R T, RCSDAV A =XV AT LIZ2 AT —
AV A=V av 4 EIFENSHFRERALTED, 1
AT — Y H T RIEE b F X ERELR I 529 5, BEL
RO BE O ERER I KRS 7k F S D88 & 0 B i/
ZdAHEDIZ324r mmmrad £ TV A =X AT LA
D 486w mm-mrad & LS L TR EI N T WS, Z
I TOHELINR F I Y — AR DO AT N EZE
FINZHER D, 2 AT — YV HTIX TR 5 2 RIUA &
229 %, WRIUAIZ 400 MeV D5 FH5858E L 72\ 4 72
BEXz2F->THEY, HRELEETRETOEHT R
F—r2LWEINEINE, BEARIZEZEL 2RO 9
i, VA=KV AT LhzEBmTAMIZEGS LK
ETORBUAIZ & > TAHUDDHI S, BRIz B

* kunihiro.kojima@j-parc.jp

\ 2
A re-a
-5
Al £ At AL
A1-2
Al-1 3
1 = ey,
s 2
a3 N Q\lvl 4 %- SeC‘[]O
Wy B B AL
2 Abs. 1 % A2-2 S
Cl = Scatterer O= E—
= 2 ®
g A2-3 2
Foil S
S
K o>
+A33 8 < %ee\\o
e *
32 A3l
3, “ |
7
d‘?’o

Figure 1: Schematic layout of the J-PARC RCS. The positions
of the scatterer and absorbers are indicated by blue squares,
and the positions of the BLMs are indicated by red circles.
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Figure 2: (a) Trajectories of the particles projected on the horizontal plane in the collimation system, and (b) horizontal phase
spaces. Apertures of the scatterers are shown in gray squares, while the apertures of the absorbers are shown in brown squares.
The scattered particles are indicated in red. The particles having horizontal emittances of 32471 mm-mrad are shown in gray.
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Figure 3: Schematic diagram of the beam scattering at the cor-
ner of the copper block in the 3rd absorber. Red and blue lines
represent the horizontal and vertical beam envelope, respec-
tively. Green lines represent the scattered particles.
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Figure 4: BLM signals measured in the collimation system.
The positions of each BLM are indicated in Fig. 1.
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Figure 5: BLM signals measured in the arc sections. The po-
sitions of each BLM are indicated in Fig. 1.
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Figure 6: Integral of the BLM signals over 6 ms from the beam injection when one of the copper blocks of right, left, up, and
down is pulled out by 4 mm in the 2nd absorber. Each signal is normalized by the BLM signals measured with the current

configurations of the collimation system.
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Figure 7: (a) Particle distribution projected on z-y plane at 1 m
downstream of the 3rd absorber, assuming that the particles
having kinetic energy of 400 MeV are scattered through 1 mm
(red) and 5 mm (blue) length of path in the copper block of the
3rd absorber. (b) Red and blue lines show the corresponding
energy spread after the scattering.
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Figure 8: Particle motion in the vertical phase space. The particles that are supposed to hit the 2nd absorber before the copper

blocks are pulled out are indicated by red circles.

Ist arc Extraction

2nd arc RF 3rd arc

4 6

A3-1 2

15000

10000 A

Counts

5000 4

15000

10000

Counts

5000 1+

[ 1 Abs.3,1 mm
Abs. 3, 5 mm

[

50 100

150 200 250 300

Path length [m]

Figure 9: Beam loss distribution along the RCS. Dotted lines represent the positions of BLMs. The dotted and solid lines
correspond to the simulation result assuming the particles are scattered in the 2nd and 3rd absorbers, respectively. Red and blue
lines represent the particle scattering through 1 mm and 5 mm lengths of the propagation in the copper block, respectively.
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