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Plasma universe

Three minutes after Big Bang ----- Plasma dominated 
universe

Radio jets, X-ray sources,    -ray bursts, pulsar, 
accretion disk etc….  

γ

We observed this universe mostly by EM waves,   
its dispersion, e.g. distance of pulsars by dispersion 
relation,                    222
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Cosmic ray acceleration





“Why plasma is such a capitalistic society 
in which so much energy is given to so 
few electrons” ??

Eugene Parker



Monoenergetic electron beam observation and 
maximum acceleration of an electron beam 
Mangles et.al, Nature, 431, 535 (2004), 

Faure et.al., Nature, 431, 541 (2004), 

Geddes et.al., Nature, 431, 538 (2004)

Hogan Hogan et.al. et.al. Phys. Rev. Lett. 95, 054802 Phys. Rev. Lett. 95, 054802 
(2005)(2005)

Observation of monoenergetic beam of 
electrons with energy 50-170 MeV by 
three groups and demonstration of 
highest possible acceleration in beam 
driven wakefield acceleration



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



Plasma as medium for waves
Plasma wave

Ion wave

EM wave 222
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Oscillatory velocity, cmeE 0osc ω=υ Wave particle resonance and 
hence acceleration is 
possible if, phosc υ=υ

kph ω=υ

No acceleration is possible by direct light wave but by 
plasma wave and ion wave



Nonlinear wave-wave interaction
Parametric instabilities:

Raman scattering

Brillouin scattering

Two plasmon decay instability

These processes can produce both plasma wave and 
ion wave



Acceleration gradient

Maximum acceleration gradient limited by the wave breaking
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How to generate plasma wave ??

Mode conversion

Two laser pulse: Beat wave excitation

Short pulse laser wakefield generation (Raman 

scattering)                               

Relativistic electron beam wakefield generation 



Beat wave excitation

– Two long laser pulses (ps)

– Plasma wave excitation possible if,
– Maximum saturated amplitude of the plasma 

wave due to relativistic mass effect
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Raman Scattering by 
Plasma Wave
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Relativistic electron beam plasma wave 
excitation

Maximum electric field of the plasma wave
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Laser wakefield acceleration and ion channel formation

Wei Lu et.al.

Micro magnetosphere

Relativistic self focusing

crPP ≥ whereLaser power,
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Relativistic dielectric constant

Relativistic effect            increasesγ→

Ponderomotive effect            decreases2
pω→

Resultant effect          ion channel formation→



Solitons and acceleration of electrons in 1-D

Eliasson et.al.submitted to PRE

The Eqs. for 1-D solitons are 
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hc and γγ are the relativistic Lorentz factor for cold and hot 
electrons



Time development of EM wave envelope and phase space 
evolution of electrons for A=1.0 and k0=3.0 at time t=60.



for A=2.0 and k0=3.0. 





Ion acceleration

Borghesi et.al, PRL, 94, 195003 (2005)



Concluding remark

• With the recent breakthroughs in the plasma 
accelerator research, we can envisage that 
21st century will be a century of plasma 
science and technology. 



Thank you
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