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Previous achievements:  

               Experiment @ APRI GIST (Korea) up to 280 TW 

Laser parameters  

(with PM) 

 power/intensity: 

       up to 280 TW, 

       7x1020 W/cm2 


  Pulse duration : 30 fs 

  Wavelength: 805 nm 

  Polarization: p 

  Spot diameter: 5 mm   

    (FWHM) 

 main/pedestal contrast: 

 ~5x1011 @ 6 ps            

For more information read: 

• D. Margarone et al. PRL 109, 234801 (2012) 

• D. Margarone et al. PRST 18, 017304 (2015) 

Main achievements of NS targets: 

1. Enhancement of the max 

energy; 

2 

1 

3 

2. Enhancement of the number of 

protons; 

3. Better homogeneity 
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Experiment @ LLC 
Laser Lab experiment, LLC0002134. PI: Lorenzo Giuffrida 

Laser parameters 

• EL (before compression) = 2 J 

• EL (on target, after PM) =  475 mJ 

• Time duration: 38 fsec 

• Laser contrast (w/o PM): 109 at ps level 

• Laser spot (FWHM) = 3,5 mm 

• Intensity on target: 4*1019 W/cm2 

Mirror 
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Experiment @ LLC 

Nanospheres targets 

500 nm Mylar foil 

400 nm spheres 

Laser beam 

NS on the front 

surface of the target 



Date: Page: 

Experiment @ LLC 

Nanospheres targets 

500 nm Mylar foil 

400 nm spheres 

Laser beam 

NS on the rear 

surface of the target 
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Experiment @ LLC 

TOF measurements 
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What about protons??? 

Deconvolution by Maxwell-

Boltzmann shifted functions 

Proton and ion signal is 

partially overlapped 
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Experiment @ LLC 

TOF measurements 
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for the energy 

distribution dN/de 

Colored curves are 

estimation of the 

proton signal 
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Experiment @ LLC 

Energy distribution 

Spectrometer CDV 

Emax(MeV) EMax(MeV) 

Mylar foil 3,8 2,8 

NS front 4 3 

NS rear 3 2,4 

Remarks 
 No enhancement 

in NS front 
targets; 
 

 Emax in NS rear 
target is lower. 

 

Because 45° laser-target 
(in agreement with J. Appl. Phys. 114, 

083305 (2013).) 

smaller homogeneity in 

the electric field 

smaller efficiency on the 

acceleration mechanism 
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Experiment @ LLC 

Spatial distribution 

Divergence 5° 4,3° 10,3° 

Inhomogeneity 16% 11% 8% 

Protons 1,9e10 2,4e10 1,7e10 

Mylar 900 nm NS front side 

  

NS rear side 
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zoom 

Experiment @ LLC 

Grating targets 
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Experiment @ LLC 

Spatial distribution 
Reference Grating 1 micron 

  

Grating 2 micron 
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• Divergence reduced parallel  to the grating orientation 

 

• Stretched beam perpendicular  to the grating 

orientation 
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Experiment vs 3D PIC simulations 

In flat foil proton beam ~3 times denser 

larger Coulomb repulsion and thermal expansion by hot electrons  

Reference target 2 mm grating target 

increasing the beam divergence 
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3D PIC simulations: Electric field E 

broader angular 

distribution of 

protons 

(stretching effect) 

E field similar 

Reference target Grating target  2 μm gap 

E ⊥ 

grating 

E  ∥  
grating 

Transverse 

component of E 

No difference in 

term of divergence 
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Conclusions 
Mylar covered by NS targets 

1. NS front targets 

 Enhancement of the homogeneity;          

 Enhancement of the proton dose;            

 No enhancement in the maximum proton energy           
2. NS rear targets 

 Enhancement of the homogeneity;  

 

Grating targets 

1. Reduced proton beam divergence parallel to the grating orientation;  

2. Stretched proton beam perpendicular to the grating orientation.  
 

Spatial profile modulation and control with target engineering 

 

Applications??? 
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