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This is an eigenvalue problem: truncating and numerically solving it gives normal modes 
that are linear superpositions of the          , each with a complex frequency Ω.

If Ω has a positive imaginary part then the system is unstable
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 In the longitudinal plane the effective damping depends on the mode number
 The diffusion time tdiff for a perturbation with characteristic scale length Δpz is

 Diffusion also results in additional coupling between modes, but this is weak 
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Mode coupling at zero chromaticity is very similar 
to that of Vlasov theory

ξ = 0

Approximate 
merger of modes

m = 0

m = -1

In Vlasov picture the matrices 
are purely real at zero 

chromaticity, and two distinct 
real eigenvalues collide to 

become complex conjugates 
of each other
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Mode coupling is less clear for non-zero chromaticity
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only stable modes
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Unstable eigenmode is comprised of many 
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