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Beam Uniformization Study of the High-Energy Beam Transport in a High-Current

Accelerator-Driven Neutron Source
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Laboratory, Xi’an Jiaotong University, Huzhou, Zhejiang 313000, China;3. Hua Boron Neutron Technology(Hangzhou) Co. ,
Ltd. , Hangzhou 310000, China;4. China Institute of Atomic Energy, Beijing 102413, China)

Abstract: To meet the dual requirements of high transmission efficiency and beam uniformity for accelerator-based neutron sources
operating in continuous wave (CW) high-current mode, this study presents the beam dynamics design and uniformization optimiza-
tion of the High Energy Beam Transport (HEBT) line. An optimized HEBT layout is proposed, enabling both dual-target beam deliv-
ery and terminal beam uniformity. Through magnetic lattice optimization, a 2.8 MeV, 20 mA, 100% duty cycle proton beam is effi-
ciently transported from the RFQ exit to the target station, achieving a transmission efficiency exceeding 99.90%. A dual-direction
bending dipole magnet is introduced before the terminal section to realize independent beam delivery to two target stations, signifi-
cantly improving beam utilization. To address the limited space in the terminal section, a compact magnetic structure—consisting of
two doublet quadrupole pairs and two consecutively placed octupoles—is implemented, enabling uniform beam expansion in both x
and y directions within a 3.2 m space. A square beam spot of approximately 110 mm in size with over 90% uniformity is formed on
the target surface, satisfying the combined demands for efficiency and uniformity. Moreover, by adjusting the parameters of the ter-
minal quadrupoles and octupoles, the beam spot size can be flexibly tuned within the 50 - 130 mm range while maintaining unifor-
mity above 86%. Multi-particle tracking simulations using TraceWin were conducted to evaluate the robustness of the design under
non-ideal input beams and magnetic field errors. A feedback correction mechanism, integrating beam position monitors and steering
magnets, was established to effectively correct beam trajectory deviations. Results from 1,000 random error simulations demonstrate
that the design consistently maintains transmission efficiency above 99.84% and beam uniformity above 80% under various condi-
tions, confirming its strong error tolerance and engineering feasibility.

Key words: Accelerator-based Neutron Source;High Energy Beam Transport;Beam Dynamic;Beam uniformization;Octupole Mag-
net

e T A BE AR I &% TR R — M R B e A R L AR B R B R T A T e AR T
% 1.8 MeV A b, B J5 857 7 RIS i # 0, 5 K "LiCp, n)'Be A% N T = v F . BT & g AL R B
AL PR JE S AT B T AR BT T R BB R U BRI 8 2 A B A . I 5 e YR R BT O 4
PR3 B AT %2 4RSS A, O AR HOR B T P S T BB S 2

WoRE H 3 22025 - 05 - 07



BRI\ TFI LK 2025 4F

el e UL A% i 28 CHEBT) 5 A0k &% mb 7 I o e 42 2 ok 2% 15 40 ol 1) 3 B4 it 7 2 E I g2 i 2 A2
SE MUK 1 R B TR AL i ARl SE I T AN R AL . HEBT AN ZE 5 A2 U IR 2 1) 43 A7 R B I it
VRS S BB R, I T RO 40 R 1 ) 5 R A 2 Ao LBl Jg o Vv T B R ORI A O Bl R R A
w9 s B B AT A R

TN T A5 00 SR 2K e T 3 A SRR R TR T A R R DU A T A R BUIR  fm  R BE R  AE A B
I PR T P A o R T ARG TR O o AT I T S R R W B 2 I R T B B RT
T R AR T A, W] DO OB HEAT £ 50 A Ak B A TR T A 2 50 b o3 A A8 TG XS A £ A [R] I SRR 2D R
N I SIA0 R B ARCBE AT LR A e Th 5 R, SR v R AL AT R 2 B Th R IR

SR S A6 I 5 A T R B I R R AR R M T bR 4 R R SRR R O
it T 4 T R A B RO BT e 0 SROBE AT R i RBP4 50 R, A8 56 [ ORI SIS AR R o
F IR TR LR 1 b SR A SR FRBE AT 3 ST AR ek A e T S 2k — 4 R o BRI 1 R
FAAR . A AT IR AR BN RS, 38 I 3 4 B Bk 1S R R Y — 8 B AR A BE R B, SE LI TR AR S
3 A B (K R B B0 A o R TR SRR e R P R T LA R R R X, AT S R T R
PBIBIRE o SRT, A ik & 77 AE B i I Th 3, AR B HE B 5 5 SOHR R A Rl Ak o 43090 Bk X 1k R R
8 Bl 7 B PR AR E AR S B PR T TS R O R, AT R R B I TR I kR U A R
I, 2% 5 16 SR b A IR R & AN R A L e v SR A Al 4 ek (B 8 B
BRUS O B BT ) o SRR R AT A L A i, R P S R X T M 22 T R TE AR L K R A0 A (SR
PR AE 35 20 43 AR o AR L Pk T AL S B3 1 L X 4 B2 SRA FL T S8V e 0 P 0% 4RI < (AR 2R ME R
B X AL b S5 B SR R 0 R 22 R BT SR 3 0 2 B e R RUK

A SC A SR 2 S FF) 5 9 0 T A m T 9 e e A i 4 AR SR AT R R BN A0 S et s DA e AR A R AT
e i S TR 8 51 B bR D0 A Bk A R AN Bk 2 B % ) RO B 48 OF 2 R HEBTT A% 460 R0 5 0 #7 8 Wik
B AT I 7 S A AR L 4R B L SROBE Y B0 B A RO AR b BN R 2 BEALAE SRR 0L SR U A B 1
B IF BN IE Tk AN AL o B AR U % BB 5 2 o) SR, 3 e HEBT H 18 22 TU AR E il ik 2 i B AL 3% 22 1) OR
Vi S A, B E HEBT i 7 S8 K 4R 22 0 A2 BE AN R AT S 4% .

1 RRfEmiRs

B SRS A5 AT LA A N AR B (2, 2y 35y 05 0, )e FH sy RoR 2 7 VR y 7 B B sy
Fom 77 1) Ay 7 1) IR ECAR 5 0, ) K FE 43 185 0, R F IR Bl AR X T A 20 R 7 AR G & o G S 4R AL R
AT LU S 5 BE A A R A N 4R S (2, 2y y v 8, 0, ) B oF BR800 A2 T PR A 4R AR

J [z 3,550 5 8,)dada'dydy'dd,dd, = N, (D
Horh Ny /& SORCF #6740 A I RO, B x T T B, T BAR o B R RO AE 2o AR 7 (] (K 40 AT o R
B R N

o,:|:0'11 0'12:' (2)
Oy Oy

e 0 23 A 10 SR AR SR AR B 4k b i B AR e B A B, R S B AR T DL AR B B R RO
X,=R;X, (3)

o X A0 X2 i A R A B SRR AR AR R B SRR AL AR S H (2, & v, s 8L 0p)s RN i B 3 j AL E
Y — I A A R B o 0F T R 3T 20 AT BOORE R, AR 20 0 2k A B 2 S TS AR AL v W A . BRI A1k,
S S I AR o 8 LA — b =B RE R LN SRR IR A bR AR A ROR W BL R A

r, =Rz, + Tyx,x,+ Tyxx,x; (4)
T, Ty 1 T, 73 50 O B M =B Ze ¥ R T RABUERE o a7 A tF 550, 38 88 SR F R Bk 0 8L 7 SR v B0 8 ARl 2k
IFEF o« FEMEREZRITALTS , 8 BRME SR T x 77 1e) 1 A0 2% 4 F WT LA R

x 210+ kO° (5)



BRI\ TFI LK 2025 4F

XA 0 R 7 B K F 5 R WA BE 5 LA ko B 280, 5 8 IR TAR N FLAZ 37 9 P A RO B S AT 0% 5 —
TGN R 105 55 — WO WSSOI, k<0, 8 A% B Bk 7 A2 (¥ W 3 A P A2 S0 B SR IO K 0 B0/ 1) ARG 170 Ah 4
K 0 UECK I AR AT BLHE . 8 AR S) 0 2 vk 3 A E 1 8 MR Bk 2 B, T LUKE R 3 0 A1 R SRR T K

— B HEEESIT
— § W

B 1 A QAR sk Fo Ty 8 WA 4K B 69 R A 5 3t ik

Fig. 1 Comparison of beam distribution with and without the presence of the octupole mag -
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Fig. 17 Impact of transverse displacement error and transverse angular error on beam spot
uniformity.
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Table 4 Amplitudes of magnets parameters errors used for error studies

8 W7 HE % 247 B
4R B Q, 4R R Q, 0 b

A 0AE A HA A 0HE A HA

x 77 16 # /mm 0.2 0.02 0.2 0.02 0.2 0.02 0.2 0.02

y 7 1 # /mm 0.2 0.02 0.2 0.02 0.2 0.02 0.2 0.02

X771 e d /(%) 0.2 0.02 0.2 0.02 0.2 0.02 0.2 0.02

y 77 E /(%) 0.2 0.02 0.2 0.02 0.2 0.03 0.2 0.02

z 77 /() 0.2 0.02 0.2 0.02 0.2 0.03 0.2 0.01

B3 A3 5 /% 0.2 0.02 0.5 0.05 0.5 0.05 0.2 0.01
2 B FEAL IR 25 5 A BT R AL S B L, Y B R ZE AR A . 20 1 000 IR M BE ML IR 22 B4, 79 31 o BT H

1SR A PR A K VH — A R % B 4 A Gn BT 18 FH ] 19 T
A 1 000 ¥k B B 1R 75 %5 FE 40 AT ml A0, FE 4 R ZE G D0 R, SR ) RO RT3 A8 G O, 2B 38 70 2 kL
TERERTEE L. 1000 K AL 2200 A 1 5BE 2 5] B AL 3 208 G it 1 20 BT 7, 76 1 000 Y BE HL
i ZE AR R i A2 38K T 96.0% 5 F P AE i AR 2R KT 99.9% i UCEL (5 F1 9.0% 5 1 38 5T B KT 80% (1
VOB 5 S B0 7.5% , 1] L5 22 56 5B 2 4 B B e 4 K
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Fig. 18 Phase space distribution at the exit with the superposition of 1 000 random er -

rors.
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Fig. 19 Normalized beam density distribution after the superposition of 1 000 random er -

rors.
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Fig. 20 Statistical analysis of Uniformity and transmission efficiency based on 1 000

iterations of random error simulation
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Schematic diagram of the positions of BPM and correction magnets.
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Fig. 22 Normalized beam density distribution after the superposition of 1 000 random er -

rors, with beam center correction applied.
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Fig. 23 Beam phase space distribution at the exit, with the superposition of 1 000
random errors and beam center correction applied.
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Fig. 24 Comparison of beam center positions with and without the application of correc -

tion magnets.
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Fig. 25 Distribution profiles of uniformity and transmission efficiency in 1 000 Random
error simulations with calibration
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