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Acceleration gradient of plasma wave can be large

Maximum acceleration gradient limited by the wave breaking
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Non-relativistic wave-
breaking amplitude

Relativistic wave-breaking amplitude
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SLAC on a slab !!!

Electron can be accelerated by plasma wave:
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How to generate plasma wave ??

1. Mode conversion

2. Beat wave excitation with two laser pulses

3. Raman scattering

4. Relativistic wake plasma wave excitation by
electron beam or short pulse laser



Raman scattering causes electron acceleration



Monoenergetic electron beam by short pulse laser

Mangles et.al, Nature, 431, 535 (2004),
Faure et.al., Nature, 431, 541 (2004),
Geddes et.al., Nature, 431, 538 (2004)

Observation of monoenergetic
beam of electrons with energy
50-170 MeV by three groups.



Chen, et.al.(Particle accelerator group, Academia Sinica, NCU)

First direct measurement of acceleration gradient;

eE=2.5 GeV/m ~ 103 of linac.



Maximum electric field of the plasma wave
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4) Relativistic wake plasma wave excitation
by  electron beam or short pulse laser



Micro magnetosphere

Relativistic self focusing
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Relativistic effect            increasesγ→

Ponderomotive effect            decreases
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Resultant effect          ion channel formation→

Laser wakefield acceleration and ion channel
formation in laser



2D PIC Simulation of  Injection and Acceleration of2D PIC Simulation of  Injection and Acceleration of
Mono-Energetic Electrons in a Laser Wake FieldMono-Energetic Electrons in a Laser Wake Field
Accelerator by Accelerator by S. H. Chen and L. C. TaiS. H. Chen and L. C. Tai

Academia Sinica

•  Plasma Density =  4.0e25 m^-3

•  Peak Laser Intensity = 8.0e+18  // W/cm

•  Pulse Length (FWHM) = 45.0e-15  // s

•  Laser Wavelength = 0.81e-06 // m

•  Bandwidth = 0.027e-06   // m, for chirped pulse

•  Waist Size = 4e-06 // m



Initial Plasma Density



Time = 0.735ps



Time = 0.829 ps



Time = 1 ps



Time = 1.1 ps

50 MeV mono energetic electron beam



The wake field bunches the electrons in real space.
Time = 1.1 ps



The modulated laser field traps electrons and push electrons
moving with the laser pulse. Time = 1.1 ps



The modulated laser field traps electrons and push electrons moving
with the laser pulse.
(The plasma is turned off at time = 1.33 ps)

Time = 1.43 ps
50 MeV mono energetic

electron beam

Ez of laser pulse




