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HB photo- injector with Velocity Bunching

Free Electron Laser
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Thomson backscattering
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Front view (shielding) 

Rear view (PMT) 

Detector: CsI scintillator (20x20x2 mm) + Photo Multiplier Tube 
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TWO COLORS FEL �


Two	  electron	  energies	  scheme	  

Split	  undulator	  scheme	  

Two	  colors	  opera9on	  

F.	  Villa	  -‐	  Two	  colors	  FEL	  at	  SPARC_LAB	   16/14	  

•  Easier	  
configura9on	  

•  Lower	  FEL	  light	  
energy	  

•  Higher	  FEL	  
intensity	  

•  Electron	  
manipula9on	  
required	  
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17	  

2	  Color	  Free-‐Electron	  Lasers	  

2	  pulses	  with	  
	  
-‐tunable	  energy	  difference	  
	  
-‐tunable	  arrival	  9me	  

Many	  applica9ons!	  
	  
-‐  x-‐ray	  pump/x-‐ray	  probe	  
-‐  2	  color	  diffrac9on	  imaging	  

A train of fs FEL pulses

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.)

  

FEL Experiments: Two-levels radiation spectra 

λmin	  (nm)	   769.8	  (2)	  
BWλmin	  (%)	   0.5	  
λMax	  (nm)	   788.6	  (1.3)	  
BWλMax	  (%)	  	   0.7	  
Δλ (nm)	   18.8	  (2.9)	  

ΔE	  (MeV)	   1.1	  (0.17)	  

FEL	  Energy	   >	  37	  µJ	  
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FEL EXPERIMENTS: Two-color tunability 

Δλ	  (nm)	   20.7	  (1.7)	  

ΔE	  (MeV)	   1.066	  (0.086)	  

Δλ	  (nm)	   26	  (3)	  

ΔE	  (MeV)	   1.35	  (0.14)	  

ΔE(MeV) -‐1.01	  (0.03) ΔE(MeV) -‐1.14	  (0.06) 

  

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

Time	  Separa9on	  (ps) 0.42	  (0.03) 

Energy 
(MeV)   

En. Spread 
(%) 

 Length 
(ps)  

 Charge 
(pC)  

First Beam 
92.515	  
(0.033)	  

0.174	  
(0.005)	  

0.147	  
(0.002)	  

82.15	  
(1.58)	  

Second 
Beam 

93.588	  
(0.033)	  

0.317	  
(0.005)	  

0.283	  
(0.003)	  

77.85	  
(1.56)	  

Whole 
Beam 

93.038	  
(0.032)	  

0.631	  
(0.003)	  

0.305	  
(0.004)	  

160.00	  
(3.10)	  

Δλ(nm)   BW 
(%) 

RMS Time 
duration 

(fs)  

 Time 
separation 

(fs)  
18	   0.86	   80	   110	  

110	  fs	  

FROG	  traces	  
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Expected time modulation at shorter wavelength 

VI 
Fiber broadband 
Spectrometer 

V IV III II I Linac 

Transfer line 
quadrupoles 

Mirrors 

Splitting Mirror 

5% 
95% GRENOUILLE 

Short  
quadrupoles 

Diagnostic  
chambers 

ACCEL Undulator  
modules I-VI 

SPARC-FEL and diagnostics layout 

•  To	  increase	  stability	  as	  well	  as	  intensity	  we	  added	  a	  laser	  
seed	  at	  a	  wavelength	  at	  the	  average	  of	  the	  two	  FEL	  colors	  

F.	  Villa	  -‐	  Two	  colors	  FEL	  at	  SPARC_LAB	   24/14	  

Seeding laser 

Se
ed
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cube	  

Focusing	  	  
mirrors	  Periscope	   Periscope	  

Interac9on	  point,	  	  
laser	  focus	  

Undulator	  I	  
LINAC	  

Linear	  
Step	  Filter	  

e-‐beam	  

Seeding	  laser	  scheme	  

Two	  colors	  FEL:	  seeding	  
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•  With	  seeding	  we	  achieved	  
increase	  stability	  and	  intensity	  

F.	  Villa	  -‐	  Two	  colors	  FEL	  at	  SPARC_LAB	   25/14	  
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Spectral	  stability	  in	  9me	  of	  
SASE	  (top)	  and	  seeded	  FEL	  
(bogom)	  
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Two	  colors	  FEL:	  seeding	  

Test	  of	  mul+stage	  cascade	  FEL	  at	  SPARC	  F.	  
Ciocci	  
	   •  Installa9on	  and	  first	  test	  of	  short	  period	  undulator.	  	  

•  Simula9on	  work	  	  
•  Preliminary	  report	  ready	  

 
DELTA like undulator λu = 14 mm, gap 5mm, Br = 1.22T 
 
Undulator tested in two stage SASE-FEL: 
630nm  to 315 nm 
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Two different group of spectra in the same acquisition run: the intensity of the emission 
from the first five undulators seems to marginally affect the intensity in the last 
undulator. 

May be explained as an effect of electron beam mismatch in the first five sections connected to 
machine temporal drifts;  
 
In the last section, the beam is always strongly focused in both directions and a mismatch at the 
entrance of this short section do not produce a significant reduction of the  signal. Simulations 
show that other effects, such as variation of energy spread or electron bunches duration (with 
consequent variation of peak current) reduce in the same ratio both signals 

	  Experiment.	  Example:	  	  
	  Short	  period	  sec+on	  used	  as	  “aAerburner”	  

Plasma Wake Field 
Acceleration
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EXIN

COMB

Interaction Layout 

Enrica Chiadroni (INFN - LNF) 30 

e-beam 

EOS chamber 

Courtesy of R. Sorchetti 

Interaction chamber 

Gas: Hydrogen 
 
Gas cell and/or capillary 
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•  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 

CPA	  
Ti:Sapphire	  +	  
harm.	  gen.	  

PBS	  HWP	  

αBBOs	  

Motorized	  stage	  

PBS	  

half	  drivers	  energy	  

to	  the	  photocathode	  

Energy	  par99on	  

Variable	  delay	  	  
witness	  

Periodic	  mul9bunch	  
drivers	  

HWP	  

Driving and witness bunches generation
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Ramped Bunch Train è longer active length 



18

Sezione	  Banda	  C	  

Gruppo	  Pompe	  Vuoto	  

Permanent	  magnet	  
actuator	  

YAG/OTR/EOS	  crystal	  
actuator	  

Camera	  interazione	  e	  
Sistemi	  ancillari	  di	  
pompaggio	  e	  iniezione	  
gas	  

YAG/OTR	  actuator	  

COMB plasma interaction chamber
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Consolidation

Upgrade 1 GeV

Some future
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Grazie 


