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Abstract

The positron source for the International Linear Collider (ILC) requires the generation and acceleration of high-current
multi-bunch positron beams. The beam loading effects in the positron capture linac are complex due to the simultaneous
acceleration of both electrons and positrons, beam losses, and the unique acceleration sequence in which positrons
transition from a decelerating phase to an accelerating phase. In this study, we conducted a beam tracking simulation of
the positron generation section and the first four accelerating cavities of the capture linac, based on the design of the ILC
positron source test bench in the KEK-STF. We used the PIC solver in CST Studio to evaluate the beam loading effects
in this complex environment. Our simulation results show that the positron capture yield is low with the current design,
primarily because of beam losses caused by the transverse kicks from the flux concentrator. We demonstrated that
increasing the solenoid magnetic field near the collimator can improve the transmission rate. Furthermore, our multi-
bunch simulations confirmed that beam loading leads to a decrease in energy and an increase in bunch length for later
bunches, as well as a shift in bunch spacing. While adjusting the amplitude of the RF accelerating field can correct the
energy decrease and bunch length increase, it does not resolve the bunch spacing shift, suggesting that a separate
correction method is needed. This paper reports on our findings regarding methods to improve the positron capture yield
and to correct for beam loading, based on these simulation results.
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Figure 1: Beamline layout of ILC E-driven positron
source[1].
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Figure 3: The cut view of the prototype of the positron
generation part for ILC E-driven source at the KEK-STF.
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Figure 4: Accelerating field profile and solenoid magnetic
field strength along the beam axis(z-axis).
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Figure 5: Input geometry for the simulation.
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Figure 6: Positron number and bunch length versus RF
phase at the exit of the 4th APS.

Table 1: Optimal Phase

Eace APS1 APS2-4 Bunch length
[MV/m]  phase [deg] phase[deg] [mm)]

6.0 70.0 20.0 11.3

7.8 70.0 30.0 10.8

12.0 50.0 30.0 10.2
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Figure 7: 2D plots showing the positron number and bunch
length for different RF phase settings of the first APS
cavity and the subsequent 2nd to 4th cavities.
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Figure 8: Energy vs. longitudinal position (upper) and
longitudinal position distribution (lower) for both electrons
and positrons at each location.
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Figure 9: Positron number and energy evolution along the
beamline.

D% IEZEROE /7 THAR 2 2 L TD, I
R CorAL, BELRIC>TERY, YL /AR
AN DRI D D572 HE 4 TRANE X TUVD,
Figure 11 (X, BFEFDOE —ILEEAADENT, V
L VAR O GRS TRLE O A A DREIL TWHAHD 08
53D, Fo, FC IZLDF v 712kh, U A—X 1T
XD TERY , SHITIEZE R CHALE (25 mm DA
TRYRPTETCND, ALEDOT IOV ARNIERT 5
AT T, E—LaANEETCNBEEZ HND,

4 KB OMERZERH 1 CORE 7301359 8000 fE &
i,e@ =y MIAF LT - EUC kT A8 TE 715

B EOEIEZET Yield 1%, 0.8 2725, ZDHh, #v

-329 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEP047

LTV T ~ESIAE TSN, AT H O340
TE—20O+xT7mm LNOBGE IR Em s, Zi
TR 372D T, NFA=FOFE LSO E T A
DU BNLEEELR D,

uuuuuuuu

Collimator
FC

Number of positron

FC Collimater | Ls{APS

0 a3 1 L5
Time [ns]

Figure 10: Left: Illustration of beam-collimator interaction.
Right: Change in positron number with z position near the
collimator.
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Figure 11: Beam position (X, y) and size (ox, Gy) along the
beamline.
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Figure 12: Energy and bunch length for each bunch in the
multi-bunch train at the 4th APS exit.
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Figure 13: Comparison of positron bunch energy with and
without electron acceleration at the 4th APS exit.
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Figure 14: Phase shift of positron bunches as a function of
bunch number at the 4th APS exit.
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Figure 15: The charge of each positron bunch as a function
of bunch number at the 4th APS exit.

PASJ2025 WEP047

3. F&OH

ILC TIIKREROGE B —ANERIND, 7272,
WETIRORET AT 7B WL, B ETF%
[ BF LN 35, BoE TR AL AR S INENI AR £ C
BENT 5, E— LA TEIRNPEITHRERDHY, & —
Aa—TF 4T DR BIIER LT D, £ T, IO EE
AT D720, BE T IROGE AR DI 11
T AF oI DONEZER 4 KEFTOE—LRTyF 7
1T o7, FDRERZ, KEK-STF (2D EFIRET AR
CFOEBOBERLLIaL—ar RN E R
WREZ B IAIL, TEDIETEBRICEILIZE T, BE
D Yield R — b0 —F 7 DREBE T~

ZOFER AAREH ONIRZEFT Yield 130.8, ¥ B
TV T S AP TELETHENDE O Yield 1 0.4
LKW, FCIZEDREF M OF v ZIZREN T 58— LA
NERFRDO—>THD, BlziE, 2VA—ZE OS5
0.5T £TLEIFALaVA—XDOFHRFIL 1.4 %720 Yield
WENHEFTES, 513 Yield (K FOJRREFRAC,
TROBBPI 2T T Yield dEx His4, 2. 2hb
DFERITIRDIEBEF AL DR EFREZ 2D FTHEHE
HEies,

2 ILF R FE— A TOE—La—F 4 T DR
DWW, B HNNTF ORI F— (L T2 ThRL A
VT EOBMRBIONRCTEBOEIREND, RF
\CEDIMR B R A% HIFERLT DI 7em—T 47 Hf
EZ{THIZET, TRAF— R FTBILUNCTFEHKIC
OWTIIRIEN A RETHAHEE X LID, 12721, /3T
GO T AU IE TER) -T2, —F 4V MIEE 1T
BN REEZDMLERHDHEE X HIND,

At%1X, Yield EDT=D YV ARG OT A
BRI, A TR — R RORLE R E D@ b a1 T,
EERFOUB OO OEHEBRFL L, £, 45
Blx 4 ABOIEZAETOFETZ 7225, AkDth
TV =T 7 ONRZERDOAELTTH D 36 AETHLIEL T
FRIDHIELRTFL TS,

By B —2% ILC 72 TRl ok AR DE
W a7 A% —ChLELR D, SEIEHIL- 7T,
ZENHOATAE —DOBEFIROT VA AZHLE ATH
LEMFEESND,

HiEE

ARWFFEIE, SR A DR gs oM E M Bl 1w
T BB BERFTER 5 | 2 JPMXP1423812204 D)
a2 T DT,

SE R

[1] ILC Technical Design Report,
https://linearcollider.org/technical-design-report/

[2] Report on the ILC Positron Source, PUBDB-2019-00651,
2018.

[3] CST Studio Suite,
https://www.3ds.com/ja/products-
services/simulia/products/cst-studio-suite/

[4] M. Fukuda et al., “Beam tracking simulation of the capture

linac for the ILC E-driven positron source”, Proc. of
IPAC’25, Taipei, Taiwan, Jun. 2025, pp. 453-455.

- 331 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEP047

[5] M. Kuriki et al., “A design of ILC E-Driven positron
source”, Proc. of IPAC’22, Bangkok, Thailand, Jun. 2022,
pp. 1889-1892.

[6] M. Kuriki et al., “Beam loading compensation of standing
wave linac with off-crest acceleration”, Proc. of IPAC’22,
Bangkok, Thailand, Jun. 2022, pp. 1893-1896.

[7]1 Y. Enomoto et al., “Status of positron source development
in KEK iCASA”, PASJ2025, Tokyo, Japan, Aug. 2025,
FRPO045, this meeting.

[8] M. Fukuda et al., “Design and fabrication study of L-band
alternating periodic structure(APS) cavity for the ILC
positron capture linac”, PASJ2024, Yamagata, Japan, Jul.-
Aug. 2024, THPO038, pp. 662-667.

[9] S. Agosinelli ef al., “GEANT4 - a simulation toolkit”, Nucl.
Instrum. Methods Phys. Res. A, vol. 506, Issue. 3, pp. 250-
303, 2003.

[10] SLAC Blue Book, pp 581-582,
https://ahro.slac.stanford.edu/resources/slac-blue-book

-332-



	1. はじめに
	2. ビームシミュレーション
	2.1 シミュレーションの入力条件
	2.2 シングルバンチシミュレーション
	2.3 マルチバンチシミュレーション

	3. まとめ

