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Calculated electron spectrum

Goal: 0.9 GeV in 4 mm
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NUMERICAL
SIMULATIONS



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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SCHEMATIC EXPERIMENTAL SET UPSCHEMATIC EXPERIMENTAL SET UP
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MAIN BEAM with  F/10 off-axis parabolaMAIN BEAM with  F/10 off-axis parabola
Wavelength: 800 nmWavelength: 800 nm
Pulse duration and energy: <25 fsPulse duration and energy: <25 fs
Focal Spot diameter (FWHM): 13.5 µmFocal Spot diameter (FWHM): 13.5 µm
Depth of focus: < 250 µmDepth of focus: < 250 µm
Max Intensity(per Joule of energy): 5x10Max Intensity(per Joule of energy): 5x101919 W/cm W/cm22

MeV electron
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NaI+PMNaI+PM



FLAME TARGET AREA
(FOR S.I.T.E.)
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VERT. AND HORIZ.VERT. AND HORIZ.
SHIELDINGSHIELDING



MAIN BEAM OPTICS INMAIN BEAM OPTICS IN
PLACEPLACE

45 AND 15° TURNING MIRROR MOUNTED



FOCUSING LASERFOCUSING LASER
1 m focal length, 15° Off Axis Parabola (SORL)



LASER AT TARGET CHAMBERLASER AT TARGET CHAMBER
CENTERCENTER

Pointing stability at TCCPointing stability at TCC



GAS JET TARGET IN PLACEGAS JET TARGET IN PLACE



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.



PLANNED ACTIVITY 2/2



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



“TEST” EXPERIMENT DIAGNOSTICS

OPTICAL DIAGNOSTICS FOR LASER PROPAGATION STUDIES

Thomson scattering

Femtosecond optical probing

Transmitted and scattered beam spectroscopy

ELECTRON DIAGNOSTICS FOR ELECTRON ACCELERATION MEAS.

Establish self-injection acceleration conditions

Provide benchmarking for modelling



Agenda for next 6-8 months

• Completion and commissioning of subsystems:
•Clean room, Cooling network, Ethernet (before end of
July ‘09)

• Full laser installation (Sept. 15th – December 2009, in
phases;)
• Assembling of transport line from optical compressor to
experimental target chamber (July – September ‘09)
• Assembling of self injection test experiment diagnostics
(September – December ’09)
• Laser on (gas-jet) target at >50 TW lavel Feb-March 2010.



Conclusions

• Installation of main subsystems in progress
Clean room, Laser, Cooling, Conditioning;

• Components of beam transport line in
production;
• Design of test experiment completed;
• Construction of electron spectrometer in
progress;
•



Attività PLASMONX a Pisa
L’attività Pisana continuerà a svolgersi presso il
laboratorio ILIL-INO-CNR dove è operante un sistema
laser Ti:Sapphire da 3TW.
Essa consisterà nella messa a punto di nuove
diagnostiche per la caratterizzazione degli elettroni
accelerati mediante LPA e del plasma in cui
l’accelerazione si sviluppa.
L’Unità PLASMONX-Pisa continuerà a svolgere un
cruciale ruolo nella  formazione di giovani ricercatori nel
campo dell’interazione laser-plasma ad alte intensità
finalizzata allo sviluppo di Nuove Tecniche di
Accelerazione
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ELECTRON ACCELERATION EXPERIMENTELECTRON ACCELERATION EXPERIMENT
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(400 nm, <40 (400 nm, <40 fsfs, <5 , <5 mJmJ))
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THOMSON 90°￼

MAIN BEAMMAIN BEAM
Wavelength: 800 nmWavelength: 800 nm

Pulse duration and energy: >40fs, >120mJPulse duration and energy: >40fs, >120mJ
F-number: 6F-number: 6

Focal Spot diameter:<10 µmFocal Spot diameter:<10 µm
Depth of focus: < 50 µmDepth of focus: < 50 µm

Max Intensity: up to 5x10Max Intensity: up to 5x101818 W/cm W/cm22

MeV electron
bunch

NaINaI+PM+PM

NaINaI+PM+PM



Gas-Jet nozzle

Laser



Gas-Jet nozzle

Courtesy of T. Hosokai, Tokyo Institute of Technology



A TOP VIEW OF THE INTERACTION
as seen in the optical domainLaser



Thomson Scattering

Laser



ACCELERATION LENGHTACCELERATION LENGHT

Thomson scattering clearly shows the region of propagation of the laser pulse, with evidence of
self-guiding over a length approximately three times the depth of focus (+/- 50 µm).



Corresponding interferometry map

Laser

200µm



ELECTRON BEAMELECTRON BEAM
He@50 barHe@50 bar

10°LANEX screen 10°

The LANEX screen shows a collimated electron beam.



Electron spectrum



Strong self-focusing occurs on a longitudinal scalelength of approx.
50 µm leding to a 10-fold increase of the local intensity

LASER BEAM EVOLUTION IN MEASURED
DENSITY PROFILE

Aladyn numerical simulations (di C. Benedetti et al.,)



ACCELERATION REGIME
Numerical modelling shows
that, in spite of the relatively low
laser intensity, a single
acceleration cavity develops;
This behaviour resembles the
so-called bubble-regime
originally proposed by A.
Pukhov & J.Meyer-ter-Vehn,
(Appl. Phys. B, 74, p.355
(2002));
Bubble regime differs from
traditional wake field
acceleration in that one drives
the plasma far beyond the wave-
breaking limit, such that a single
wake, rather than a regular
plasma wave train is formed (M.
Geissler et al., New J. Phys. 8
(2006) 186);from Geisser et al., 

New J. Phys. 8 (2006) 186
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