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Generation of high-quality proton beam in nanobrush targets
driven by PW laser pulse
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Abstract: High-energy proton beam sources produced by ultra-intense laser acceleration have wide application
prospects in basic physics, materials science, biomedical research and other fields. Based on SILEX-II device of Laser
Fusion Research Center, the experimental studies on proton acceleration of nanobrush targets driven by high-contrast
femtosecond PW laser pulse have been carried out. Plasma mirror technology was used to further improve the laser
contrast, which effectively reduces the influence of pre-pulse on the structure of the nanobrush target. Compared with
planar target, the proton cut-off energy of nanobrush targets increased to 1.5 times, and the proton beam yield
increased by nearly one order of magnitude. This successfully verifies the enhancement of nanobrush targets on laser
ion acceleration at ultra-high power density, and the improved uniformity of the proton beam spatial distribution.
These results provide a technical way for the generation and application of high-quality proton beam sources.
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Fig. 1 High-contrast laser nanobrush-target proton acceleration experiment configuration

P 1 oo LB O 29 K Il 5 ST 56 e A

101004-2



B R, & B ELHOGER B 4K ) RE e 5 BT R R R A

(Radiochromic Film Stack) 73 5112 W 25 BE 15 Rl A1 4345 5 8., WF 5% 98 K il 3 X5 0T 15— e A9 34 i g0 . 4 e i
TR L BE , e AR IO T I v X 308 i 40 0K 22 25 4 (9 S ), S5 v R A B AR FOR o 7ERET 10 mm A0V N 45 51
IR, L2 5 A SFOCAERE J7 0] 2 459 f, PRIEEOG S T RE 6% 3 1 8 SR 21 44 K Rl ¥ 1T 5 O B AR B 36 4
B R B 2R T R HOG T 3% FE 29 2x10" Wem?, £33 55 85 155 J5 WOG RT3 KT 50%. 38 5 s 45 25 1R 58, T LA
FEARBOGTRK M 1~ 2 AN G, DT LR A7 48 K Rl S ) 08 1 490 0K 22 55 K AR 52 BOG TURK o e 3R

WORRE SRR : K 800 nm, B 30 I, Bk 9E 30 fs, 10 um P4 5 4R T B KT 50%, FE IR 20 ps BAAMEOE
FCBEIR B 107, BOGIE(E DR FT AT LK F] 4x10™° Wiem?, 8 I045E B 1R85 5 B 23 ok e i, ok 2k &=
it DR 1Y 40%. SLE R TV AR 5 UK FE RS . P IR, APEEY Cu, JEEE S pm, A 1 mmx1 mm. 44
KRR 224K 20 um, 22 AT 0.2 pm, 2Z[A] 15 0.4 um, DK 228080 Cu, FEEJEE 5 um, LA KB Ag,

TR 0T EG SO 4 Kl 5 i SE B2 W A SR AR 1(b) B o G Kl #8 I ELROBALHE 7 nlCE:, S 7A4L S om
Ab 7k E RCF, DU 5 8 A R it . A iUff . 72 A 455 25 RCF TR AL, BRIEFR 43 25+ 1 S A Wi 1A .
bt 1 ST M S 1 2k 38.5 om Do A S TR RE A L SRR R . MR IR ER 22.5°9¢ A (R R AR 22.5°) b TCE
F 1% 4% (Electron Magnetic Spectrometer, EMS ) , 1l & #U f5 #8410 7= 40 L 1R 55, T IEWmOe T R % 5 | #ok 3l
SERE R R G B . TRT Lk 6003 M AL ICE K, O FiT 4 CCD, T HOL 3 K, 6 FRYRE 55 L3R

2 #ZRE5WR

S 55 H UL 1) 0 K X B o R O B SR AR BT 2 4 R N Y T T RE S R CHREE . A EE TR ET R, SR
A KRB T RO IR BB S H 8.8 MeV 42 THE 12.4 MeV, i FAE S 42 THE T 1.5 fiF o BEAM, B oAy A s )
FHE, LSRN 8.9x10° ANIEANE] 7.4x10° A4S, W HE BT TR BUE R 7L — RO g R, CHRY L fE
T 12 MeV #2712 18 MeV, AN 1 — N ECE 9. SRR, SR AGUOR RS T 1 B 7R OE AE &, RIS
E I TR A A, GRS G OK R RE 5 2 3 B OB B R R TR RE AR R

: --- nanobrush B nanobrush
10% ¢ e - - - planar target 107 o - -~ planar target
P 1: \\\ AN — rl,\\/q
% ' Toen o \
T 10%t K <100 \
% ‘\ % \\
=3 : S \
= \ = \
S 10 2 3 10°} \
| " .-
% \ Y \ ?/ | o
NN FANIAN Loa
4 Vo NN 6 REAS
104+ \ 106+ Ny .
\ \ 7/
1 1 1 1 1 LT L L L L L
4 6 8 10 12 14 16 18 5 10 15 20 25 30

E/MeV
(a) proton energy spectrum

E/MeV
(b) C** energy spectrum

Fig.2 Ion energy spectra produced by different targets
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Fig. 3 Hot electron energy spectra produced by different targets
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Fig.4 Comparison of experimental results of two targets at different laser powers
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Fig. 5 Proton beam spot distribution of different targets
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