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Thomson Interaction region (20-550 keV)  
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Laser Comb Technique




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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Overcompression
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Laser COMB: experimental results


-  M. Ferrario et al., Nucl. Inst. and Meth, A 637 (2011)  
-  A. Mostacci et al., Proc. of IPAC 2011, Spain




Particle Wake Field Acc.




•  Weak blowout regime with resonant amplification of plasma wave by a 
train of high Brightness electron bunches produced by Laser Comb 
technique? 

•  Ramped bunch train configuration to enhance tranformer ratio? 

•  High quality bunch preservation during acceleration and transport? 

Resonant plasma excitation by a Train of Bunches 









A FEL driven by Plasma Accelerator at SPARC_LAB? 
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TWO COLORS FEL �





NEW: TWO COLOURS SASE FEL 

two bunches  with 

a two-level energy distribution 

and time overlap (Laser COMB tech.)


produce two wavelength 
SASE –FEL radiation 

with time modulation
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Electron beam requiremetns


1 MeV


γ1 − γ2
γ

> ρ•  To prevent mode competition:


δγ1,2
γ1,2

< ρ•  Lasing condition:


•  Single spike condition:
 lb ≈ Lcoop =
λr

4π 3ρ

two bunches  with 

a two-level energy distribution 

and time overlap (Laser COMB tech.)




  

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	
  (2)	
  
BWλmin	
  (%)	
   0.5	
  
λMax	
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  (1.3)	
  
BWλMax	
  (%)	
  	
   0.7	
  
Δλ (nm)	
   18.8	
  (2.9)	
  

ΔE	
  (MeV)	
   1.1	
  (0.17)	
  

FEL	
  Energy	
   >	
  37	
  µJ	
  



  

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

Time	
  Separa9on	
  (ps) 0.42	
  (0.03) 
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Second 
Beam 
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(1.56)	
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Laser Wake Field Acc.
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Courtesy P. Tomassini
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S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

No laser guiding: gas cell, very easy from the experimental point of view. 

e-beam 

Gas cell 3 cm 
Laser 

(on axis w0 = 61 um) 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Sample beam with gas cell (VERY PRELIMINARY): Δt = 157 fs, σx = 3.8 µm.  

εnx = 4.5 µm 

σx = 5.4 µm 

E = 120 MeV 
 
Charge loss = 
8% 

Δγ/γ= 4.5 % 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Laser guided by a capillary tube: more performances but much harder to implement 

Gas 
leakage 
5 mm e-beam 

Capillary 10 cm 
Laser 

(on axis but slightly 
unmatched) 



S2E simulation: plasma acceleration 

The External Injection experiment @ SPARC_LAB 

Best beam: Δt = 182 fs, σx = 3.8 µm.  

εnx = 3.5 µm 

σx = 2.0 µm 

E = 630 MeV 

Δγ/γ= 7.7 % 





FLAME activities




	

γ-RESIST 

Laser (scattering) Laser (main) LWFA electrons 

Inverse Compton scattering of of self-injected, LWFA sub-GeV electrons1,2  

γ-rays 

Exp’ed: 2E8 photons/shot 

Photons at screen: image and spectrum 

PIC (Jasmine) 
self-injection 

on a 4 mm 
gas–jet 

Montecarlo TSST: 
expected angular 
and spectral 
distribution 
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Measured bunch 
fully established 

July 2013 run: 
monoenergetic+ 

low emittance 

First measured (July 
2013) γ-ray signal: low 
S/N ratio. 
Higher shielding,  
collision stability and 
laser beam energy 
needed 

NaI Crystal array 
Divergence 
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1L.A. Gizzi et al., NIM B 309, 202-209 (2013);2T. Levato et al., NIMA A720, 95-99 (2013) 3P. Tomassini et al., Appl. Phys. B 80, 
419-436 (2005) 
 





THz Source

Courtesy E. Chiadroni, S. Lupi




The SPARC_LAB THz beam lines 

2014年 1月 31日  51 enrica.chiadroni@lnf.infn.it 

CTR	
  source	
  

CTR	
  and	
  CDR	
  
sources	
  

Linac-based source: Coherent Radiation from an aluminum-coated silicon screen (Coherent 
Transition Radiation, CTR) and from a rectangular aperture in the metallic screen (Coherent 
Diffraction Radiation, CDR). 

YAG:Ce	
  screen	
  

Si-­‐Al	
  screen	
  (CTR)	
  

5	
  mm	
  slit	
  (CDR)	
  

3	
  mm	
  slit	
  (CDR)	
  



Broad-band THz radiation: 
Measurements 
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Electron beam parameters 

Energy (MeV) 100 

Charge (pC) 260 

RMS bunch length (fs) 260 

E. Chiadroni et al., Appl. Phys. Lett. 102, 094101 (2013) 
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Narrow-band THz radiation:  
2-bunches train measurements 

Current profile as measured at 
the end of the linac 

Measured Longitudinal 
Phase Space (LPS) 

Electron beam parameters 

Energy (MeV) 122 

Charge/bunch (pC) 80 

RMS bunch 1 length 
(fs) 150 

RMS bunch 2 length 
(fs) 165 

Time distance (ps) 0.91 
(0.019) 

Autocorrelation 
measurement  
of CTR with  
a Michelson 
interferometer 

0.9	
  ps	
  

40%




Achieved THz Performances 

Radiation  
parameters 

SPARC  
(single bunch) 

SPARC  
(4-bunches/train) 

Energy per pulse (J) 40 10-6 0.6 10-6 (@ 1 THz) 

Peak power (MW) > 100 3 (@ 1 THz) 

Average power (W) 1.8 10-4 6 10-6 

Electric field (kV/cm) 500 > 10 

Pulse duration (fs)  160 < 100 

Bandwidth (%) broadband < 25 
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Electron beam  
parameters 

Single bunch 
(VB mode: max 
compression) 

4-bunches per train  
(VB mode + laser comb) 

Charge/bunch (pC) 300 50 

Energy (MeV) 130 100 

Bunch length (fs) 160 200 

Rep. Rate (Hz) 10 


