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Monte Carlo simulation of proton beams and investigation on ripple filters
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Abstract: Objective To explore the effect of ripple filter structure on the broadening of proton beams. Methods Monte Carlo
program FLUKA was used to establish a proton beam model, and the model was verified. The situations that proton beams passed
through triangular prism type (A-type) and pyramid type (B-type) ripple filters were simulated, and the simulation data when the
ripple filter was used or not were compared. The simulation data included the width between 50% of the maximum dose of the
beam entrance and 50% of the maximum dose of the distal beam (E50-D50), the width between 80% of the maximum dose of the
beam entrance and 80% of the maximum dose of the distal beam (E80-D80) and the width between 80% of the maximum dose
of the distal beam and 20% of the maximum dose of the distal beam (D80-D20). Results The difference of E50, E70 and D80
between the integral depth dose curve plotted according to the simulation value of 121.1 MeV proton calculated by the model and
the actually measured integral depth dose curve was no more than 0.06 mm. The E50-D50, E80-D80 and D80-D20 broadened
by A-type ripple filter was 0.80, 0.27 and 0.08 mm wider than those broadened by B-type ripple filter. Conclusion The Monte Carlo
model of proton beams is proved to be reasonable, and the triangular prism type (A-type) ripple filter has better effect on broadening
the proton beams.

Keywords: proton beam; ripple filter; Monte Carlo simulation

B & HUSHB YT R RIS 10T 1O 0T TR
z f,umq:aﬁﬁa@mrﬁwé@eo%9@%%*%
ZHARAIT . BUHATT 15 B RAETE % A SUR P 1)
(7% E #112019-12-07 RS i b SN T = N1 )7 = 2 b
[REMBENIE 15571 (16CR30976) WY LA O I PRI F S5 e s )
R T EmaeTeseszzen ﬁ@ﬁﬁﬂé“ L U R R e B8 OB, 575

(5 {E4 ] %7 . E-mail: ging.zhang@sphic.org.cn XA Tk, NI YA . 51880061k



- 536 - rh e ey

2L I

TR N %37%

SHAIT AL, T T AR AR AR g 1 =0, BAY
KU ARTE A, WA SO R AR A X [l 1E H 44
FRIER DT A I PR 8 DX 7] e B8 s $ L T B . H A, I
TIRIT O As TG IR, IF B T — iyragt ™

5 H A R T8 o R 1 5T S,
] b — /NS TR SRR X Gl | I
B2 2 43 38 A i AR i S BN S Xl
TR AR BE T SR U 04 A P A% AR B, an
48.1 MeV Jiz 1) H I AR Ui Fre A9 4 1) 809 ZI PR TEA
Uity fe K5 1) 20% (1) 5 % (D80-D20) {4 0.41 mm,
Il PR YA s 575 £ FH 221~ R 1t )2 B in LA R IE A X551 o
Bisge, BB FE A — BTG 2 4~ 6 sSE M —
JE R Y)A, Ani R AT FLRE 2948 50 )2 gt
LT B B V48 i 7 15 )RR 3 4 min, S I PRYA YT o AR
5 SRR B 7 SRR R o SR S T ) K T
RERBURH TCILM 32, 5 R S 2% A & A1k,
AT 5 1) 351 6 43 A AOORS B 1 o 6T A B9 L A
U (457 37 J e 70 2 B8 B S T, SRR 7 I Tl
TSR A 07 B 2 A 00 DX A7 it 2 iR A 5 o T IR AR
I, G R b e % 3 2y WP R 42 ) sl 1] 42 A ke 4 1 b
JeR B % Bl , T AT I R A N T RE TE VA it
2 A B T 1 2 3 P 2 o s T T R, T AR T B0
FR T T 2 DX PR S R AR R AR T Y
B T HBO AR R, JA 7 A9 IE K (R
BRI TR TN S B, R, iR YT I U
S5 4B 0T B LA KR YT I 1R] B2 v A RS B 1 A
IRITRCR BRI AR .

MR H A Sk B8 18 U 2% nT R 5 A Pk
=) H RSk R E 22 RS R F A T U e
T = AT A% U, B A RIS 5 A A U6 R BE 1Y)
Hph el ARIFST HUE L HE ST T AR SR R R O A
PRSI | AR UL 70 0 I8 4 6T oG A 7 A 06 1) Ji i
AR, AR 38 2o 7R i D 25 R T IO A A% U X
I PRI A O FH A

1 MRS

11 REFFERF

FRR TR T AT P e o AL B
SRR INEAE R R A BRI SR
BI7 RSN Tz o A, AT R R, B
JE T LSRR A AONRE T B B R 2 H AT
PR B R BORL T oz TH 807k . WS R
BRI FLUKA ,MCNP ,MCNPx fil Geant4 5% .
A LA, TR FLUKA RA B E
FRARE R 2K [] Ak ads A 5 DA ) ) L 2 R LA = 2t 4

g EXFTRZHBINH, FLUKA f FH 3 R 75 2
WY B, AT FLUKA T 5 R
L
1.2 RFRFN= R RARBIEIE

MR B SCHR [ 20 ] Al 5 1% 4K 15 48.1.59.8 ,104.5
124.2 1136.2 MeV 19 51 H 7 1Y 7K Hh BR 3 T B ) o
Sy A SR 2 R FLUKA YT iR A [ 6
1 P AR A AL, AR AL A K R R TR B
F i oA A o K FR A I i R AR AR R R
O3 A EAE AT A — |, ) FE e (53 BRI s e A
I 50% ¥R J& (E50) . B It B ¥ify 5z 7 & 70% IR &
(E70) FN o it A ity e K571 4 80% VR S (D80) , 15 i
0Lt 2 50 1 £k 1] E50 . E70 F1 D8O 14 2518 , [ &
AR 1% o R R S P AR B A ORI A
T A E, B 2B 2 (8] ES0 . E70 F11 D80 1Y 2%
HI7E 0.2 mm DAPN o BEHE I 0 S5k e 030 ) a2 LA
I 5] 4y 88 T ek 7 A 400 R i R R LB SDLRC R . 3
1EXF AR 5 RE R A S AL, R B S A
PLRE XTI 6 R, A 57 0 F R i I 2 5 R D AR
FIHI121.1 MeV [t 5R3t I 52 235 R XHZB AR E 1 7
IS o
1.3 ABIE IR K

ARV TE U8 I 7 B = e ke RS TR B i 2 e &
1o AR IR IE B AR P as /i . % s £
J2E A TS 1 5 M A T D U0 45 1) A Ak o 202 A1 S
FEELRI MR, fb 2 2l BER & , LA R I8 B ROCR 1 F
SENE . ANHIFSE e PR A HLBE I AR (PMMA) , % R
1.17 g/lemd, BT E I # 0 EREE Ry 2.7 mm, A4 I
ANBG RS TR 0.3 mm, JIE S T AR IE A HLBE B A
YRR M, B = AR By SEE R 1.0 mm,

T
(2]

Firr

iy .
el »
0.3 mm -

1 ABERIEKERNTFELED
Fig.1 Planar structure of A—type ripple filter
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Fig.2 Planar structure of B—type ripple filter
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Fig.3 Proton relative integrated depth dose distribution curves of

simulations and measurements without using ripple filter
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Fig.6 Comparison of relative integrated depth dose distribution curves simulating with or without using an A/B type ripple filter
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Tab.1 Comparison of E50-D50, ES0-D80, D80-D20 simulation values under the condition of without using

ripple filter and using A/B ripple filter at 5 different energies (mm)

FEH
48.1 MeV 59.8 MeV 104.5 MeV 124.2 MeV 136.2 MeV.
E50-D50 A 2.36 2.98 7.20 9.70 11.19
Al 6.76 7.10 9.91 11.71 13.05
B M 5.60 5.99 9.17 11.23 12.53
E80-D80 AMEH 0.81 1.01 2.41 3.21 3.69
AT 2.19 2.33 3.35 3.90 430
B 1.81 1.97 3.08 3.72 4.14
D80-D20 A 0.49 0.58 1.30 1.73 1.97
AT 1.48 1.48 1.83 2.12 2.39
B M 1.42 1.42 1.77 2.05 2.26
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