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Abstract

The increase of space charge effect in high intensity beam causes the increase of the beam-loss. Beam-loss limits beam
intensity depending on the amount of accelerator equipment activation. Therefore, it is important to suppress the emittance
growth due to the space charge effect. I focused on the low energy region in the linac where the space charge effect
becomes remarkable. In order to identify the origin of the emittance growth due to the space charge effect, a simulation
was performed with IMPACT, a 3-D particle-in-cell simulation code, and evaluated the influence of space charge effects
in the J-PARC medium energy beam transport line (MEBT1) entrance to DTL exit. As a result, it was confirmed that
distortion of phase space distribution occurred due to nonlinear space charge force and that leading to emittance growth.
I proposed to suppress the emittance growth by using an octupole magnet that gives nonlinear force to the beam. The
simulation in the MEBT1 entrance to DTL exit in the case of three octupole magnets were installed to MEBT1 was shown
that the emittance growth ratio €¢/€; was suppressed from (Ef‘x [€ix Ecy/ ei,y) =(2.32,1.81) to (ef,x [€ix €Ecy/ ei_y) =

(1.42,1.32).
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Figure 1: Layout of J-PARC Linac.
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Figure 2: Space charge force strength 1/f,y? in J-PARC
Linac (normalized to be 1 in ACS exit).
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Figure 3: Horizontal (solid) and vertical (dash) f function and layout of MEBT1.

_ODJZ INZZEMEM NIE =L F—fHTH D k-
VEEBIZ TREICRE VW, £ 2T, RFRIMHAEHZH
FRIANTE 3 R TT Particle-in-cell ¥ 2 = L—3 3 a—
R IMPACT[2]% VT MEBTI % i Bl
o FEh L, ZEMEM RIS K DAL,
MEBTI1 O#x51E Fig. 3 D L 510/ ->THY . mzm
DI VYR EE R A7 (Quadrupole magnet, QM) 8 &
N F 2 BRRESNTND,

2. ZERBERAICLDHTII VR RBKX

Figure 4 ([ZFEHfE 0 mA B L 50 mA OHLED
MEBT1 A§H#236 DIL HEHEFTOV I 2 L —
va URERONMABER SRR T, ZORRLY .
B ANk R B ER 2R E 75— am—
BEAL, TIvH U RABERBEI>TWVDH I EN
3D, TOE—Lboa—ofEJEE LT, Fig. 5 I
RoND X IR — LM DERDFHEAEL, (LFHZE
B EICIERAZ LI sTE—Lb g —L7sT
HEEZ]-, T 2T Fig 5 138 — A0 DELHH
FBIZ/Z D X 91T, Twiss N T A —H (a, B L=
I v H U ReE VT, IERY LA

X 1 /1 0\/x
(X’)=\/_E(a ,[?)(x’) )
WAL SN TED
X2+ X% =¢ 2
i 7233
E—ABEOKFEFRORRKE — AR %, $hE S
MORKE—LEER L L, Ut —F— Ny 7554

2 2

OmA

¥ mrad/ Y]
=)

y' [mrad / By]
=)

y [mm] y [mm]

Figure 4: Vertical phase space distributions at DTL exit in
the case of 0 mA (left) and 50 mA (right) peak current.
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Figure 5: Vertical normalized phase space distributions in
MEBT1. Dashed circles show initial (inside) and current
(outside) 99 % emittance.
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Figure 6: Dependence of octupole magnet strength on horizontal (red) and vertical (blue) 99 % emittance at DTL exit for

eight different OM that combined QM in MEBT1.

HBIET) . 5SROI 1. TIROIEFRIE ) ... OFN
KoTikaEnd, XA L IR EZ T8
B B LaAE 2 B E R D 72203 HIER T A

W& T, ZAIUTRT R —fEIRIC wft A8
BEORLT-OEENRKE VD, ZOHGIILDE— A

Aﬁ@¢kiﬁg5?ﬁ6ﬂé%%k*ﬁbf%@\
— LA DBV IERIE ZE BRI LD H DT
bDHZEER BT D,

3. IIyARUABROMHEIFE

3.0 J\MREBAICEL D= I v & v A RKOIHIF
%

G22I BTN K B B — DA DB & B
fﬁE?"\ . /\Wﬁ&E(Octupole magnet, OM) % ff]
WHZEIZ R T I v X AR EMGITHZ &
ERTICERT D,

E— AR \BEMA D OZIT D%, BE—24
OET FIMOEE & A, \RERA DS AR %
03Bjox3L T 5 L

om _ € 0°B(x3—3xy?
a 5@( 3yx) ®)
WX THALND[S5], DX oIz, I\ER
X B INFZERIER ] & R B — 2R 71T 3 /)*\’0)#
WML %52 570, IFEHIBZEREM XKD E—

LA DEAREF T HIET Z EBMFFTX 5,
MEBTI IZ®% % 8 DD B A %2 /\ER A & D
KBRS S EROICEE LA D Y I 2 — 3
CERAITIR D, I\WERAIC J:ééz\ﬁ‘ﬁ%ﬂ:&:i\ oy
RS A DO TH L XIS & 52

(x’) _ (xo) e 0°B (xg - 3xo}’§)
y') \yg

¥s — 3Yox4

6p 0x3 ©)

ETAHI LIk CEHEAEFEIT L,

1 &2 & C\WBEMA DR E % 2 >,
MEBT1 A5 DTL HFHHE T I 2 b — 3
Y EITo T, FORERE Fig 6 1[I d, T I T,

DIL i FEF Ty Ial—a v &2iTo-0lF
ngp%fi5mmﬁKiOTiﬁLm%%uﬁm
ZEMEMADNESNEBZZ N2 THD, Fig. 6
WA T L DI DTL HEHERIZ BT 5 9% =X v ¥ A
1. BEMAIC LS TUSE L, FOENERT 5
ZEMNIRENT,

32 JUEMAICL DT I v & A RO

B E O\ WEMA BT 522 Ltk T, =
iy&/%ﬁk%%ﬁ?éﬁ@%%*bé Jihtss 3
HINMBEBAITL, T v X ASNDIRENRRKE L,
AARZEM] E TR D ERZMIEL TV D QMO2,
QMO04, QMO7 D 3 & & Lz,
WRE. oA, BT K > T+ 2 HEHIZ L 5%
BChHdI vy AWK ER/INZT DS A D
HAEbEERDITHZLIIREETH D, Lo T,
TEEL D FRAGAR DAFE R & 8/ LW &2 AT 5 18
RHIT7 LT ZLD—D>Th D ESHEIEIZL - T
B L EIT -T2, KEFHESREF RO 99%=T I v
B ANER/INT I B K 9T, I\ ERA DRGSE A
73[—=10000 T/m?,10000 T/m?3] & 72 2 i PH Cfif % 1
LI, 22T, 20 mmd MEBTI1 ZEHANIZE
i} 510000 T/m3i%

B < 10000 T/m? (0.02 m)3 = 0.08 T )
Eﬁﬁk%égﬁfo%EM®%%\%ﬁ
(5;5>2==—62612017nﬁ
(§i§> = —4252.80 T/m3 (8)
dx3 .
(63—B> = —8716.23 T/m?3
dx3 .

LB EINT, TNHOHEIZT T 4 ARE—AD5%

PITIRIFT D720, FMFEEZXT5HOMITERR D

BE7ed,
K@D H

(2B FEREAT % bl L 72565 0D 99%—

- 730 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan
PASJ2019 THPIO08

| MEBT1 | DTL
1.0

0.9 ‘— OM on OM off ‘

o
©

growth = 2.32

-
o

Horiz. emittance €2°* [t mm mrad / By]
)
e b

0.5¢
growth = 1.42 ]
04! ! : i
0 5 10 15 20 25 30
—_ Distance [m]
2 1.0,
= .
E 0.9 ‘— OM on OMoff‘
E 1
E 08 1
E Vert. ]
807 i growth = 1.81 |
1 1
8 0s i :
£ ! |
£ 05 ! growth = 1.32 }
E 0.4 I . N N i . . N N . .|
> 0 5 10 15 20 25 30
Distance [m]

Figure 7: Horizontal (top) and vertical (bottom) 99 % emittance in MEBT1 entrance to DTL exit in the case of OMs on
(solid) or off (dash).
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Figure 9: Horizontal (left) and vertical (right) normalized
phase space distributions at MEBT]1 exit. Colored particles
are horizontal (red) and vertical (blue) beam halo particles
at DTL exit. Dashed circles show initial (inside) and
current (outside) 99 % emittance.
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