
SPARC_LAB recent results 
Sources for Plasma Accelerators and Radiation Compton with Lasers And Beams 

Massimo.Ferrario@LNF.INFN.IT 

 



Ti:Sa FLAME laser


Stretcher	
   Amplifiers	
   Compressor	
  
LWFA	
  

Electron	
  Self	
  Injec9on	
  
And	
  

Protons	
  



S-band 
Gun


Velocity 
Bunching


Long 
Solenoids


Diagnostic 
and 

Matching


Seeding


150 MeV 
S-band 
linac


12 m

Undulators


λu = 2.8 cm


Kmax = 2.2


λr = 500 nm


15 m


Spectrometer


Linac and FEL




HB photo- injector with Velocity Bunching




Undulator chain




Thomson back-scattering source






NEW: TWO COLORS SASE FEL 

two bunches  with 

a two-level energy distribution 

and time overlap (Laser COMB tech.)


produce two wavelength 
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Electron beam requiremetns
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Laser Comb technique: 

generation of a train of short bunches


- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704. 
- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006




  

Laser Pulse Train Generation 
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Electron beam diagnostics 
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Measured 2 bunches distance versus VB phase 
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Achieved Electron Beam Performances 
Whole beam 
"   Peak current: 300 A (with 160 pC)  
" Bunch duration: 300 fs 
" Normalized emittance: 1.7 (0.1) mm mrad 
"   Energy spread: 0.6% 
"   Energy: 93.04 (0.03) MeV 
 
Single bunch  
"   Energy spread: 0.2% / 0.3 %  
" Bunch duration:  100 fs / 250 fs 
 
Energy separation: 1.07 (0.05) MeV 
 
Time separation: 0.42 (0.03) ps 
 
FEL parameter  ρ: 6.7x10-3   



FEL Photon Diagnostics 
"   Fiber Spectrometer  

"   Resolution: 1.2 nm @ 800 nm  
"   Window: 200-840 nm  
 

" Joulemeter  
"   Minimum detected energy: 1 pJ  
"   Calibration: 5.96e8 V/J @ 1µm 
"   Optical density filters 
 

"   FROG: NIR-Grenouille 
"   Time-bandwidth product: <~10   
"   Spectral resolution: 0.7 nm @800nm 
"   Single shot sensitivity: 1 µJ 



  

FEL Experiments: Two-levels radiation spectra 

λmin	
  (nm)	
   769.8	
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FEL EXPERIMENTS: Two-color tunability 

Δλ	
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FEL Experiments: Time-modulated pulses 
Energy	
  Separa9on	
  (MeV) 1.07	
  (0.05) 

Time	
  Separa9on	
  (ps) 0.42	
  (0.03) 
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Expected time modulation at shorter wavelength 



CONCLUSIONS 
•  Production of a two-pulse beam with time and energy separation tunable with 

linac settings 

•  Demonstration of the possibility to control time and energy separation 

•  Achievement of beam quality necessary for FEL applications 

•  Generation of a two-pulse beam, each pulse shorter than the Lc, acting as 
independent radiation source in a quasi-single spike regime 
•  Production and characterization of a two-color FEL spectrum and of a train of 

short FEL pulses 
•  Different techniques: 

•  Chirped seeding è G. De Ninni et al., PRL 110, 064801 (2013) 
•  Alternate K undulator à A. A. Lutman et al., PRL 110, 134801 (2013) 
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