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Free Electron Laser (FEL) 



Classical Laser 







Semiclassical laser theory (Lamb) 



Semiclassical laser theory 

Maxwell: 

Bloch: 



Classical theory of FEL 

Maxwell: 

Pendulum: 



Synchrotron radiation: emission angle 



Emitted radiation: wavelength 



FEL: classical theory 





Reduction to 1-D problem 



Ponderomotive potential 



Bambini-Renieri frame:  



Bunching 



FEL: Hamiltonian and states 

electron laser wiggler 



Momentum states: Bambini-Renieri Frame 

kq 2



Dynamics  



Dynamics: Raman-Nath equations  

classical wiggler 



Transition to Quantum FEL  



Quantum regime: Effective two-level behavior 

Classical FEL Quantum FEL 1/~ sQuantumnes
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QFEL: Two-level dynamics 

QFEL 

  

 

 

 

 

 

 

center-of-mass motion of electron 

    

       

 

 

two-level system 

 

 

 

 

 

 

 

 internal degrees of freedom  

q/2 

-q/2 



QFEL: Probability distribution for the electrons 



Phase-shift compared to classical potential 



Atomic laser: Scully – Lamb (1967) 



Density operator: Dynamics 

von Neumann: 

propagation over time  : 

initial time 



Quantum theory of amplification  

reservoir 

system 

density operator of system  

coarse-grained derivative: dynamics of system 



Coarse-grained dynamics  

H ≡ interaction between system and reservoir 



FEL: quantum theory 



Comparison: laser versus FEL 



FEL: gain (small signal) 



QFEL: Experimental parameters 
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70 
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Summary 


