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Insertion Device (FEL) Resonance 
Condition

( )
( )θβ

βθθ
cos1

coscos *

*

*

*
*

−
−

==
k
kz

Angle transforms as
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Wave vector in lab frame has
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In the forward direction cos θ = 1

( )λ λ ( )2
*2 2 1 / 2

2 2
ID ID

e Kλ λλ
γ γ

≈ = +

Physics 417/517 Introduction to Particle Accelerator Physics  11/17/2009



Power Emitted Lab Frame
Larmor/Lienard calculation in the lab frame yields
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Total energy radiated after one passage of the insertion device
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Power Emitted Beam Frame
Larmor/Lienard calculation in the beam frame yields

22
* 2

*
0

2 1
6 2

eP cK π
πε λ

⎛ ⎞= ⎜ ⎟
⎝ ⎠

Total energy of each photon is ħ2πc/λ*, therefore the total 
number of photons radiated after one passage of the insertion 
device
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Spectral Distribution in Beam Frame
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Begin with power distribution in beam frame: dipole radiation 
pattern (single harmonic only when K<<1; replace γ* by γ, β* by β)
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Number distribution in terms of wave number
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Solid angle transformation
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