
Free Electron laser (FEL)

Applications:

Imaging

Medical

Defense
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Free streaming in z:



Resonant factor:



Compton (Thompson) scatteringCompton (Thompson) scattering
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In beam frame

http://en.wikipedia.org/wiki/Image:ComptonScattering-s.svg


In vacuum



Deacon, Stanford, PRL 1977Deacon, Stanford, PRL 1977

Spontaneous Stimulated



Free electron laser

Kinetic dispersion relation (Sec. 7.6) 

Cold-beam stability properties (sec. 7.7) 

Warm-beam Compton regime (Sec. 7.8) 

Nonlinear evolution (Sec. 7.9)

Sideband instability (Sec. 7.10) 

Harmonic generation in planar wiggler (Sec. 7.11)

High-gain FEL amplifier experiments (Sec. 7.12) 



1D Kinetic dispersion relation (Sec. 7.6)
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Vlasov-Maxwell
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Discretized
 

coupling due to wiggler



Maxwell

{ } det 0  ijD =

DR



Susceptibilities:

Longitudinal and transverse dielectric functions:



Polarization relation Polarization relation 



DR

Coupling due to the wiggler

Beam intensity

Compton regimeCompton regime

(1) 0χ →



Compton regimeCompton regime

0δφ→



Scattering of EM wave
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Cold Beam Stability Properties (Sec. 7.7)

Be careful about the details 
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( )zA kδ −( )0δφ +zk k ( )02δ + +zA k k

Full Dispersion Relation

Coupling due to the wiggler

Unstalbe
 

coupling by wiggler
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Tunable FEL experiments (Fajans, et al, PRL 1984)

Finite geometry effect

Two modes



Numerically solution of the full DR

→∞zk



Compton regime approximation
FDRFDR

CDRCDR



Compton regime approximation incorrect for long wavelength 

Correct

Incorrect



CDRCDR

Compton regime approximation –
 

growth rate 



Compton approximation is valid for 
tenuous, relativistic beams

 

Compton approximation is valid for 
tenuous, relativistic beams

Raman regime: high intensity, lower 
frequency

 

Raman regime: high intensity, lower 
frequency



Warm beam effect (Compton regime)
Landau dampingLandau damping



Compton regimeCompton regime







Sideband instability (coherent nonlinear theory, Sec. 7.10)

Wavelength depends on output powerWavelength depends on output power



High-Gain FEL amplifier experiments (Orzechowski, PRL, 1985)

Beam: 3GW, 0.85KA, B=3.72kG, 3.45GHZ 

180MW 1GW



( ) . β =ze z const
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