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Channeling radiation 

Standard approach 



Channeling radiation 

Radiation, stimulated by laser beam 

In the accompanying system, moving parallel with the electron beam 
ω = (2πΔE/h)(E/mc2) ~ (2πc/d)(EU)1/2/mc2 < 2ω0E/mc2  

ΔE ~ (10-100eV)(mc2/E)1/2 < hω0/π ~ 5eV 

z 

ε Ψ = (π – ε) << 1 

= ~ 2ω0/(mc2/E +Eψ2/mc2) < 2ω0E/mc2
 



Channeling radiation 

Radiation, stimulated by periodically inhomogeneous 
planar channeling potential 

Electron in planar channeling.  
Plane consisting of axises 
 
ΔΕ ~ (U/E)1/2(hc/d) ~ (hc/d)θL (planar) 
 
θ0  > θL (axial) >> θL (planar) 
 
hv = hc(θ0/d)(E/mc2)2 >> ΔΕ(E/mc2)2~                
~ hc(θL/d)(E/mc2)2  

θ0 << 1 
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Kinematics 



“Accompanying” reference (coordinate) system 



In “accompanying” system 
 



Induce scattering laser photon by “bound” electron 

 
 
 
 
 



Structure of energy bands and radiative transitions of 56-MeV 
electrons channeled along the (110) plane in Si  



Scattering of a photon by a “bound” electron 

  



Matrix element 



   
Probability of photon scattering by a “bound” electron 



Resonance scattering laser photons 



Channeling radiation 

Spontaneous radiation Stimulated radiation 

1. Potential in lab. system: U0 ~ 20eV; d ~ 0,2-0,3 A (Si);  
     in accompanying system (vx = 0): U = U0 (E/mc2) 

U0 d 

2. Number of levels: N ~ Px maxd / h ~ (EU0)1/2d / hc  
3. Distance between levels in acc. system: ΔE ~U/N ~ (EU0)1/2(h/mcd) 
4. Laser photon energy in acc. system:  

 hv = 2hv0/(mc2/E +Eψ2/mc2) < 2hv0E/mc2
 

 
 
5. In resonance conditions stimulated radiation can be very effective:  

  ΔE ~ (EU0)1/2(h/mcd) = hv < 2hv0E/mc2 = 2hE/mcλ0
 

 6. Resonance can be reached by correctly orienting laser beam, if:  
   E/U0 >(λ0 /2d)2 ~ 107-8 

Ei Ei -ΔE 
hv =ΔE hv =ΔE 

hv0 -laser 
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