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Abstract

When the Hamiltonian cannot be expressed in terms of only linear terms due to a significant self-field, the perturbation terms
can cause fluctuations in the distribution of the action variables, leading to emittance growth. In order to evaluate the emittance
growth in a region where the self-field is dominant, such as the upstream of a high-intensity ion linear accelerator, a theoretical
expression for the emittance variation due to the self-field is derived. By comparing the results of the calculation with those of
an existing particle-in-cell code, a similar trend in the emittance variation was confirmed. Therefore, this theoretical expression
can be used to understand the results of multi-particle calculations. This result provides a basis for suppressing emittance growth

and is expected to improve beam intensity and stability.

1. BFUSHIC

E— AR 23520) B KT v ¥ v LHSEEIE D A TFE
FTIEVRTELRVGSE, ZOEBEHICL-> TIZIv IR
DEHHPG|EFZ I3 [1], FHTRIREEA 4 ¥ BB
D EFRED X 9 12— A DEEE D RO A1 X,
- AHMHEE R EOHEICH A o RERTIEER T
Wa#to, ZICTIy ¥V AREHT 5, KBEA 4 v
JEERICBIT AL I v ¥ v 2ADOHKIZE — L BEKDTE
RU%%@mM%M@ﬁIE&D\ﬁ%ﬁ#ﬂﬁﬁ%&m
HEHIERHEI NS, COLIRIIv Iy AWKITHE
O OBV MEICRET 5720, Rk
WIS EREI L Z L CHBGRMEL, Ty vy U R
BER ARG 2 HESREI N T3 [2], HOSHiE 2%
B9 3 72 0 IR % 524 X ¥ 2 BREA DB 7= 1T BESE &
nTEh [3]\ FAMHE =L I VICEAT B ETT
Sy UABKBIMEIZ D 2 EBEERNICHE,ID 5 NT
Vw3 [4],

R IC & 2 A OIS HIE 2 TN IEH $ 2 2 1
. IERIEEIESG OB, E. B X OBRE 2 a2k %
EZELTRELL 2T R o 20w, BHETRZNS X
GRFEEIC X M D IC k> TIREEN TV B, F7-,
MIBIUORG 2 EHE T2 L ACE EHT 2720, 5HBE 5
KRB S v ¥ v AR EIHT 2 2ok, SIZICR
5 L I IR — I IS L S e U e & s,
DL XD, RIFIEIERTE E — A RO BLE D S B TRIHR
B & RIS S 2 A L ol iE 2B 2 L2 HINIC
HEOHOENTVREHDTH S,

AKX Tk, HCHOWED T CHE I NS E— b
BB o R 2EE L, 2205623y ¥ U RE
WEERT 5 2L MmN IR AL T 5, . PR
Particle in Cell 2@ — FOFFEFER & KT 2 2 & THERD
EMMEEREIEL, 32— a VSRICER2 52 2,

®

chimura@post.j-parc.jp

2. EBHEICLDIEREHOEL
2.1 E—LBRE DN

HESE OO T Clifik X3 ©— LRI T 0 E B 7
BRE2EHT 2720, AR E— 2B FDNI Lk
ﬁ7/%§<o$mifi\t L LD EE s, E—
LEICETT 2RI BT AR AAE n, SEAAE
b, K% ¢t TET, ®HAEZHEMIKI) 72D, E—2D
HAIERTOWS LAHE DI Bg. B—L ¥ VAT v, M

NE=7 v

e, ROFEEER 7% s 1E L 7215 to 2 W, RS
MOEREE LT

T = —Bovoc (t — o) (D
ZH VS, TOLEEDANIN N7 UR, HEE p, K

(= n,b, 7). HEEERT-OEEE po. KOHIEE DL
ky ZH»T

Hl (napn7b7pb>7—7p7’a Z( X + pOkXX ) +h

X
(2
BRI NB ERETB[5], 2T hIERFYI YLD
JERBENICEIR 2 R > BEIEHTH b . KT DFRFOER g K
OCRFyE v AZHGT,

h = q (fYOAT + As)nonlinear (3)
tibsnsg,

IEHEZE B2 il &SRB R & MR o EERAER J I
BT B ET, NIV T UIR

H2 (wnv Jnv'(/)ba Jbawry JT7 S

}:—7+h (4)

LETILMTES, JIT, flEN—F L VK TH

- 1064 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

O, AZE - ERZBIIAE - EBE L

X =4 /L]XBX COS 1y,
Po
2J,p . 1ds
Dy = — /ﬁo (smz/JX - 2dsxcoswx)

OB H 2, R G) oah b kI, EHAEE J K
VI EAHZER BB W TR E RIRIBCEB 21T, W
ZA2, fEREK O AHZERIC BT 2 ©— A0 A
DMWY ZRL, TIv ¥y 2E—%T3%, X @) 2K
HEAICEHA T2 2 etk b, AEEE EHERDZIE

)

Wy 1 oh
ds B,  0J,

o oh ©
ds Oy,

ERBZEDS, BEE L ZEERWEAIIIERES T
BEB L 2V, Moo, BEIESERICE SEI0IEZ
WAL/ Iy YV RADOEFPE ERIINE I &N
FHIN B,
22 E—A¥Ial—yavitkabe—2a5tinZEll
AT vy v VOIEMIBIEIC IR % Fi > BEE h 256 %
I BEDE—LY I 2L —3 3 v %, Particle in Cell
a— R IMPACT-Z [6] Z IV THEIF L7z, SHEEFTLEL
T, J-PARC V=7 v 7D 3 MeV E—Alik T A > OhijH
WERSEOME2EON 15mOES2R>F A FHE—
LT 4 THBRFQ 7 A M AF v F (RFQ-TS) [7] 2HH%E
L %, RFQ-TS Tli, #HEIN T3 3 HOVUMERA %
VT E — LB IS T E 2 5 M OIS 2 54 3, R
ORI Tb R\, F7, B —L5M1E Table 1 1R T
B, RFQ-TS EA%IC7%2 % X HITHE L 72,

Table 1: Main Parameters of Particle-Tracking Simulations

Particle Negative Hydrogen lon
Kinetic Energy 3 MeV

Total Charge —10%¢

Emittance 0.2 mm MeV/c

Beam Distribution ~ Gaussian
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Figure 1: Variation of horizontal (blue, solid) and vertical (ma-
genta, dashed) beam width (left) and emittance-growth ratio
(right) obtained from the RFQ-TS beam simulation.

(b) Final state

(a) Initial state

Figure 2: Horizontal phase-space distribution obtained from
the RFQ-TS beam simulation. Differences in color represent
differences in density.
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Figure 3: Angle variable dependence of the change rate of
angle variable (left) and action variable (right) due to self-
induced fields. The solid blue lines represent the case where
the action variable has a mean value, and the dashed magenta
lines represent the case where the action variable has four
times the mean value.
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Figure 4: Changes in the action variables obtained from the calculation. Blue points represent the case with a beam width of
2 mm, and magenta points represent the case with a beam width of 4 mm.
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Figure 5: Variation of the mean of the action variable for dif-

ferent beam widths. The solid blue line represents the case

with a beam width of 2 mm, and the dashed magenta line rep-

resents the case with a beam width of 4 mm.
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Figure 6: Variation of the mean of the action variable with
beam shape. The solid blue line represents a spherically sym-
metric distribution with a beam width of 4 mm; the dashed ma-
genta line represents an ellipsoid-symmetric distribution with
a beam width of 6 mm and other beam widths of 8v/3 / 3 mm.
In both cases, the geometric mean of the beam widths in the
three directions is 4 mm.
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