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We have demonstrated the usefulness of a nano structure target to improve the maximum energy of laser-accelerated 
proton beam. A moth-eye filem is irradiated by 10TW femotosecond laser pulses. The maximum energy of proton beam 
is much enhanced to up to 9MeV at most, while lesss than 3MeV for a polethylene foil target. This result would be a 
motivation to drive much more development of the targets for future proton laser acceleration.  
 
 
1. Introduction 
 Proton beams generated and accelerated by the 
interaction of intense laser pulses with foils have 
unique characteristics such as temporal shortness 
(pulse), low emittance, and high brightness. These 
are promissing for the applications such as a proton 
beam cancer therapy[1], proton radiography[2], and 
radioisotope production for PET (Positron Emission 
Tomography) [3]. Many studies have been 
performed to reduce  beam divergence angle 
(emittance), and energy spectra width to get higher 
beam quality. It is rather important issue in 
particular to generate higher energy with a compact 
laser system. It is of importance to develop ways to 
improve the quality of proton beam, without 
depending on the intensity of laser pulse emitted 
from rather huge facilities, that is, to develop 
targets. There have been some reports that high 
energy proton beams are generated from 
nanostructured targets[4],[5],[6]. In this study, we have 
studied the performances for the target of a 
moth-eye film. This nanostructured film is made of 
polymer and promising for reduce the cost of target 
supply [7]. On the surface of the film, small pillars 
(their height and radius are few hundred nm) line up 
in a honey-comb-like structure. Irradiating 10 TW 
short (40fs) laser pulses on this film, then we have 
succeeded in generating much higher energy 
protons than for the plastic film without 
nanostructure. 
 
2. Experiments 
 The experiment was conducted using the T6 laser 
system at the Institute for Chemical Research, 
Kyoto University. Laser pulses are generated from 

Ti:sapphire chirped pulse amplifiers, the pulse 
duration is 40 fs, and the central wave length is 
800nm. The laser pulse is focused on the foil target 
to a spot size of 3µm × 5µm (FWHM) by F/3.2 
off-axis parabolic mirror to have the intensity of 
2×1019 W/cm2. Schematic of experimental setup is 
shown in Fig. 1. The angle of laser incidence is 45°. 
The targets are a moth-eye film and a polyethylene 
film. To detect proton beam, we have used stacked 
CR-39 plastic track detectors (CR-39 stack) . The 
“CR-39 stack” consists of five-layered CR-39 and 
is covered with an aluminum filter (11µm 
thickness).  The first CR-39 layer of the CR-39 
stack is in 100µm thickness and the stack from the 
second through fifth CR-39 layers have 900µm 
thickness. Table I shows how much energy of 
protons are detected in each layer. We have 
estimated the maximum energy of the proton beam 
by observing the tracks on the CR-39. 

 
Fig.1. Schematic top view of the experimental setup.  
The “CR-39 stack” is set in the direction of the target 
normal. 
 
Table I. Energy of protons detected in each CR-39 layer. 

CR-39 layer Energy of protons E (MeV) 
1st 0.9 < E 
2nd 2.8 < E 
3rd 9.2 < E 
4th 13 < E 
5th 16 < E 

18pB-5 



 

3. Results 
 When laser pulses are irradiated to the 
nanostructured side of a moth-eye film target, 
proton tracks can be seen on the second CR-39 
layer. On the other hand, for a polyethylene target, 
no proton tracks can bee seen as all (Fig. 2). From 
this observation, we confirm that the maximum 
energy of proton beam from moth-eye film target is 
much higher than that from a polyethylene target, 
and its energy is estimated from 2.8 to 9.2MeV. 

 

 

 
Fig.2. Processed the second CR-39 layer for the targets 
of a moth-eye film target (a) and a polyethylene film 
target (b). 
 
4. Summary 
 We have succeeded in generating higher energy 
proton beam by using a moth-eye film target than 
using a polyethylene target. This shows that this 
nanostructured film is useful to enhance the 
maximum energy of laser-driven proton beams.  
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