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•  ULTRAINTENSE LASERS: CURRENT STATUS 

•  FLAME: STATUS 

•  TEST EXPERIMENT ON LPA w. SELF-INJECTION 
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Chirped pulse amplification requires large bandwidth gain 
medium; 

Ti:Sa combined with bandwidth and phase control devices 
(dazzler, mazzler) are used to overcome gain narrowing and 
keep flat phase distribution over a 70-80 nm bandwidth; 

Optical parametric CPA is rapidly being developed for a new 
generation of ultra-high bandwidth (up to 3x Ti:Sa) front-end; 

BANDWIDTH 1/2 
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7J FLAME spectrum 

With mazzler 

Without mazzler 

BANDWIDTH 2/2 
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Established techniques include  
•  electro-optic devices (Pockel cells) for prepulse reduction; 
•  moderate gain in fromt end and saturable amplifier for ASE 
management; 
•  Other advanced techniques (e.g cross polarized wave 
generation) again for front-end contrast enhancement;   

Temporal contrast (ASE) in 
excess of 10 orders of mag. 
required for peak intensities 
on target of  >1022 W/cm2. 

CONTRAST 
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A high beam quality is required to achieve high laser intensity in 
the focal spot.  

Strehl ratio (energy in the focal spot/total energy) and M2 
(deviation from the Gaussian shape) are used to measure beam 
quality; 

Multi-pass and regenerative amplification implies large number 
of reflections off mirrors, passes through optics, gain medium and 
air; 

Small imperfections of optics and air turbulence impose white-
spectrum spatial scale distortions of the phase-front.  

BEAM QUALITY 1/2  



Leonida A. Gizzi 

Active spatial phase control technique can be used to correct 
moderate distortions; 

Sensors are used to measure intensity and phase map of the beam; 

Deformable mirrors are used to correct the measured wave front 
distortions in a close loop; 

BEAM QUALITY 2/2  

S.-W. Bahk et al., Optics Letters 29, 2837 (2004) 
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Laser technology is rapidly progressing towards higher peak 
power and higher repetition rate: 

Systems undergoing commissioning ww include (e.g.): 

•  1.3 PW, 30 fs, 1 Hz repetition rate (LBNL, USA) => 10 GeV e- 

•  1 PW, < 30 fs, 1 Hz repetition rate (CLPU, Salamanca, Spain) 

•  10 PW ≈500 fs (CLF, Rutherford Appleton Lab, UK) 

Still based upon Chirped Pulse Amplification and using flash-lamp 
pumped, frequency doubled Nd:YAG pump lasers. 

ELI Pillars (Czech Rep., Romania, Ungheria …) 
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Da http://www.laserlab-europe.eu/  
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Da http://www.laserlab-europe.eu/  
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Chan Joshi, University of California Los 
Angeles 
ICFA 08 Workshop ,SLAC Oct 30 2008 



Leonida A. Gizzi 



Leonida A. Gizzi 

FLAME LASER 



Leonida A. Gizzi 

SCHEMATIC BLOCK DIAGRAM 
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FLAME: A FEW CHALLENGES … 

•  FLAME to operate a 250 TW, 10 Hz system 

•  Basic issues/challenges (project driven): 

• Pulse contrast (>1010) 

• Pulse duration (<30 fs) 

• Performance stability to compare with LINAC 

• Mechanical stability (2 µm at focal spot) 

• … 
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PROJECT LASER REQUIREMENTS 
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CONTRAST MEASUREMENTS  

Best pulse duration (<25 fs)!
(with Mazzler loop)!

“Natural” pulse duration (<55 fs)"

  Contrast level@200mJ well within specs; 
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Efficiency of the vacuum compressor >70% 

Periscope 

Big Grating  Corner cube 

Little Grating  

Output 

Input 

PH53 
PH51 

PH52 

Pulse duration with the test compressor  
Spider measurements 
•  natural duration < 55 fs 
•  corrected duration < 25 fs 

Efficiency of the vacuum compressor >70%  compressor >70%  compressor

Periscope

Big Grating 
Corner cube

Little Grating 

OutputOutput

Input

PH53

PH51

PH52

COMPRESSION   COMPLETED 
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Summary of performance (to date) 
•  Energy before compression @ 7 J 
•  Vacuum compressor transmission > 70% 
•  Pulse duration down to 23 fs 
•  ASE Contrast ratio: better than 2x109 

•  Pre-Pulse Contrast better than 108 

•  RMS Pulse Stability @ 0.8 % 
•  Pointing Stability (incl. path) < 2µrad 

SUMMARY OF FLAME LASER 

 Enhancement of pumping configuration/extraction efficiency; 
 Full vacuum compression test to be performed at LNF shortly; 



Leonida A. Gizzi 

SELF-INJECTION TEST EXPERIMENT 
(SITE) 
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GeV ELECTRON ACCELERATION 

Project acknowledgements: FISR “BLISS”, INFN-CNR “PLASMONX” 

See: L.A. Gizzi et al., EPJ-ST, 175, 3-10 (2009) 

Calculated electron spectrum 

Goal: 0.9 GeV in 4 mm 

Main set up parameters 
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NUMERICAL SIMULATIONS 
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PSC RUNS FOR S.I.T.E. 

Need to run for longer axial and transverse length 

IN PROGRESS … by N.Pathak, L.Labate, T. Levato …  
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FLAME TARGET AREA 
(FOR S.I.T.E.) 
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Main beam (>250 TW) 
acuum transport line 
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45 AND 15° TURNING MIRROR MOUNTED 
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1 m focal length, 15° Off Axis Parabola (SORL) 
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AGENDA FOR NEXT WEEKS 

•  Full power FLAME test: transport, compression, OAP 
focusing (no target); 
•  Laser performance test at output: far field, contrast, width, 
phase distortion, measurements … prepare for adaptive 
optics; 
•  Completion and and test of HW and SW control and 
diagnostics; 
•  Completion of hardware and registration for radioprotection, 
safety and control of operations; 
•  Laser on (gas-jet) target at >50 TW level. 
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PLANNED ACTIVITY 2/2 
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SUMMARY 

•  FLAME commissioning entering experiment phase; 
•  Requirements on peak power, contrast, stability are 
challenging; 
•  Measurements to date show that parameters are 
within specs; 
•  Radiation protection measures in place – awaiting 
authorization 
•  Rapidly approaching self-injection LPA 
measurements 
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THE END 


