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Equilibrium solution:	
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Small perturbation:	
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Perturbed trajectories oscillate around the equilibrium with the same frequency but 
with different amplitudes:	
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Envelope oscillations drive Emittance oscillations 
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Emittance Oscillations are driven by space charge differential 
defocusing in core and tails of the beam 
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Emittance evolution for different pulse shapes 

Optimum injection in to the linac with: 
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The “problem” of relativistic bunch compression 
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Length contraction? Low energy electron bunch injected in a 
linac: 

Why do we need a 
bunch compressor? 

Bunch length in the moving frame S’

Inverse Lorentz transformations:

€ 

c " t = γ ct − V
c

z
% 

& 
' 

( 

) 
* 

" z = γ z −Vt( )

+ 

, 
- 

. 
- 

€ 

" t o, t = to = 0
" z o, t = zo, t = 0

# 
$ 
% 

leading for the tail particle to: and for the head particle to:
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The key point is that as seen from S’ the decelerating force is not applied 
simultaneously along  the bunch but with a delay given by: 

€ 

Δ # t o = # t o,h − # t o, t = −
V
c

# γ oLo < 0

More interesting is the bunch dynamics as seen by a moving reference frame 
S’, that we assume it has a relative velocity V with respect to S such that at the 
end of the process the accelerated bunch will be at rest in the moving frame S’. 
It is actually a deceleration process as seen by S’
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�
Velocity Bunching�



Velocity bunching concept (RF Compressor) 

If the beam  injected in a long accelerating 
structure at the crossing field phase and it is 
slightly slower than the phase velocity of the 
RF wave ,  it will slip back to phases where 
the field is accelerating,  but at the same time 
it will be chirped and compressed. 
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