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Characteristics of medical proton irradiation beams based on ultra-intense pulse laser
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Abstract: Objective To explore the medical proton irradiation beams based on ultra-intense pulse laser for laying a foundation
for the development of a laser-driven proton knife based on miniaturized ultra-short and ultra-intense laser-driven proton
accelerator for tumor therapy. Methods The characteristics of medical proton irradiation beams were explored on SILEX-I laser
facility. The density and yield of proton beams were measured with nuclear track detector CR39. Moreover, the proton energy
spectra and the spatial distributions of proton beams were measured by Thomson magnetic spectrometer and HD810 radiochromic
film, separately. Results The spatial profiles of proton beams showed disc-, filament-, and ring-like distributions. The proton
beams emitted along the direction of normals to the rear surface of targets within a small cone angle, irrelevant to the direction
of incident laser beams. For composite targets, with the same thickness of Al layer, the proton beam flux decreased with the
increase of CsH; layer thickness. The sharp cutoff energy which existed in the proton energy spectra was depended on target
thickness and target material. The sharp cutoff energy was decreased with the increase of target thickness. With the same target
thickness, the sharp cutoff energy of Al foil target was higher than that of Cu foil target. Conclusion The experiment results provide
an important reference for the development of miniaturized laser-driven proton accelerator and tumor radiotherapy.
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Fig.1 Schematic diagram of experimental setup

Sk 0 A S A T 2 TR ) SO T R A [ 0 A
FEFE B H0T5 26 mm A2 47 AL E 4 RCF (5 cm*5 em)
WA PR AT S . FTHERT 0 Y B A B R
9107 Pa, WO AL T 2k p Ak, AT A7 BE SR 239,
SR A5 RSB RCF A3 2 AP L3 1,

2 LIHHER

2.1 RFR=ZBDHMELER

AL R HD8 10 245 RCF il 4 i F 5 5[] 43
Mo 12 s i s 25 5, S Wit T i R A A5 ] 4y
i J¢ RCF B A A8 4k, , 512 RCF 28 (5 i 225 K 1
ST BT ARSEE Y RCF X 58 X 44k fii
PR T ANEEURE, R, Jo T SR B A R R A
RCF 75 (gl B , RCF BT IS i1 247 50) s gl b o, B
OD R A . i 5 4% €8 )2 R T 32 8 U T A 230 € F 3%
FFY 3 5T A0 Ay W 8, o BT ) 58 55 R 2 ) 43 A1 15
18 5 RCF 4 578 (0 i 5 55 FITE DR SO . 769
Jo rP IO N, A O R AR i AR T B — A~ BE
PR Y Bragg 16 , X /™62 FH T 19 FEL o8 ARk
SRR 5 AEWE AT BRI 0 T — N ™ Y R AR
S X3, X2 5 1 RCF 28 (7 i) 2 B2 A

H T 2 T8 1 AT, 2R FHAH ) )22 B R bA e v g
AR, BT 3R 8 B BRI RCF (5734 7] oA, ol
TR LR, B2 IS AR 55 . 2 AL R AN AR 1 ik
/1N CoH JEEBE B, RCF (8 P34 351 d B A, o S ek
SR TS KA ISR, SRR/ NG



6 AR, A TR KOG Y B BT R N AR SE - 623 -

F1 MBAEEERIESH

Tab.1 Optics density and experimental parameters

Shugnts  UAPRE WOGRERA BREum  DPREE/W - em® HLERE/um OLEE

a Al+CHy 2.86 16x31
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c Al+CsHs 2.93 16x35
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Fig.2 Spatial distributions of proton beams
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Fig.3 Intensity distribution curves of proton beams and Gauss fitting results
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Fig.4 Proton beam spectra of targets with different thickness
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