
Vlasov-Maxwell Theory for Collective Dynamics of High 
Intensity Beams (Davidson & Qin, Chaps. 4, 8, 10)

Nonlinear Vlasov-Maxwell equations

Collective eigenmode and instabilities  

Surface mode 

Body mode

Stability theorem 

Two stream instability

Nonlinear delta-f particle simulation method 
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KV beam is unstable



Global conservation constrains for the nonlinear Vlasov-Maxwell equations.
Determine Class of beam distributions that are stable at high intensity.  

R. C. Davidson, Physical Review Letters 81, 991 (1998). 

Physics of Intense Charged Particle Beams in High Energy Accelerators (World Scientific, 2001), R. 
C. Davidson and H. Qin, Chapter 4; 

Nonlinear stability theorem
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Focusing field
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One-Component Beams

Harris and Weibel instability driven by temperature anisotropy

Resistive wall instability

Propagation Through Background speices

Two-stream instability
Ion-electron (Electron cloud) instability

Propagation Through Background Plasma

Resistive hose instability
Multispecies Weibel instability 
Multispecies two-stream instability

Collective instabilities in intense charged particle beams 
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Long-time nonlinear perturbations of a thermal equilibrium beam

contain 
perturbation 
spectrum
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Collective interior mode excitation

Mode structure confined 
inside the beam

Mode structure confined 
inside the beam

Collective dynamics 
manifest by eigenmodes

Collective dynamics 
manifest by eigenmodes
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Collective surface mode excitation

Dipole mode structure

Dispersion relation:
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Electron-ion two-stream instability

0t =

200/ bt βω=

Surface mode destabilized by background species.

Observed in high intensity proton beams (PRS).

Could be a show stopper for high intensity 
accelerators, e.g. SNS.

Transverse geometry and dynamics are important.

Damping mechanisms (Landau damping) are 
important. 
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Agrees well with experiment observations (Proton Storage Ring) 

Mode structure

Growth rate

Real oscillation frequency

Instability properties predicted by BEST simulations

Late time nonlinear growth observed. 

There are two-phases to the instability.
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