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L2A2: Laser Laboratory for Acceleration and 
Applications at the USC

• A new laser facility for J and mJ short laser pulse generation. 

• Low energy particle acceleration in over dense media 

• Electron acceleration 

• X ray generation 

• Micromachining materials 

• Related facilities and equipment Just%follow%
the%sign%!!%



Laser system @ L2A2

Peak power 45 TW 30 GW

Nominal Energy 1.2 J 1 mJ

Pulse duration <25 fs <35 fs

Central wavelength 800 nm +- 10 nm 800 nm+-10 nm

Repetition rate 10 Hz 1 Khz

XPW: 1011!

ps contrast !
Dazzler : Spectral 
control!

High power 
Adaptive Mirror!

Beam pointing 
stability for 
underdense 
experiments!

Energy stability < 
1.5 % rms 
Strehl radio >0.6 
Divergence 15 
urad



Laser system @ L2A2



Contrast management.



L2A2: New Building
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L2A2: New Building



Initial experiments

Overdense. 
!
TNSA 
10 um Al foils 
Single shot 
10 MeV protons 
!
Underdense 
Gas jet 
100 MeV 



High rep rate x ray source.

E  0.8  mJ 

τ 120  fs 

ν 1  kHz 

f  15 mm 

Spot (r) 2.4 µm 

 I 1016  W/cm2 

Incidence 
Angle  45 (deg) 

45λx9λ2 405λ3 

a 
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X ray source.

Lead (Pb) 
Fit  35.13 KeV 

Gold (Au) 
Fit  54.76 KeV 

Copper (Cu) 
Fit  43.85 KeV 

ELEMENT Z 
ELECTRON 
COLD TEMP. 

ELECTRON  
HOT TEMP. 

Cu 29 10.8 keV 43.9 KeV 

Au 79 11.1 keV 54.8 KeV 

Pb 82 8.5 keV 35.1 KeV 

ELEMENT Copper (Cu) Gold (Au) Lead (Pb) 

LINE Kα 
8.05 keV 

Lα  
9,6 keV  

Lβ  
11,5 keV  

Lα  
10,6 keV  

Lβ  
12,6 keV  

EFICIENCY 3.81e-7 1.65e-9 1.54e-9 5.63e-10 4.84e-10 



Non linear propagation in air.
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Plasma source 
Linear prop. 

Non Linear 
prop. 



The initial question:  
Activation by laser produced protons



The initial question: 
Almost 10 years after this estimation what has changed?

I = 1020W/cm2

1.1⇥ 10811C

3.1⇥ 10718F

I = 4⇥ 1020W/cm2

94.8 Gbq

9.7 Gbq

per shot 1Khz 1hr

per shot 1Khz 1hr

104 Gb (2.8 Ci)18F 1Khz 1hr



The initial question: 
Almost 10 years after this estimation what has changed?



The initial question: 
Almost 10 years after this estimation what has changed?

• Decentralized approach:  

• Resources to produce on demand of interest. Low cost, 
automated, user friendly,  

• Low capital cost 

• compact size with minimal infrastructure requirements 

• User friendly operation 

• Multiple runs per day 

• Integrated quality control



The initial question:What has changed?

•  At the end of each trial, the correct category was revealed and the subjects 
recorded the accuracy of their category guess. !

Nuclear activation with protons.!
Nuclear reactions for the activation of PET isotopes by protons 
accelerated by a laser field needs could will not replace cyclotrons 
for the production in the short term. !
But it can help to implement the “coffe machine” paradigm where 
medium size installations can produce isotopes to study their 
medical potential!

PET$image$

• Can the laser proton replace the cyclotron: No! 

• 150 Mbq for preclinical images.



Structured targets activities @ USC

• Pulsed laser deposition (PLD) 

Passoni, et al (2014). Energetic ions at moderate laser 
intensities using foam-based multi-layered targets.  
Plasma Physics and Controlled Fusion, 56(4), 045001.

Zigler, A., et al. (2011). 5.5–7.5 MeV Proton Generation by a 
Moderate-Intensity Ultrashort-Pulse Laser Interaction with H2O 
Nanowire Targets. Physical review letters, 106(13), 134801.

Zigler, A., et al (2013). Enhanced proton acceleration by an ultrashort laser 
interaction with structured dynamic plasma targets. Physical review letters, 
110(21), 215004.

Sgattoni, A., Londrillo, P., Macchi, A., & Passoni, M. (2012). Laser ion 
acceleration using a solid target coupled with a low-density layer. Physical 
Review E, 85(3), 036405.



Structured targets @ USC

ns, 1064 nm

Powerline E, Rofin

galvanometer beam 
steering systems

f=300 mm



Structured targets @ USC

PLD with brass Aluminium

Brass



Structured targets @ USC

Transmitance for different regions

Al Cu/Zn
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