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Square Well Model / Airbag Square Well

▪Semi-Analytic model for studying 
beam dynamics

▪ Longitudinal dynamics assume 
airbag beam distribution confined in 
square potential well
• Simplified longitudinal systems gives 

mode coupling 

▪Quickly solvable for large Δ𝑄𝑠𝑐
▪Possible to generalize this model to 

a more complex system

SWM Equations of Motion



Multi Loop Square Well
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▪Possible to expand on SWM/ABS
▪Adding Multiple wells and loops of 

current yield more realistic 
longitudinal phase space

MLSW Equations of Motion



▪Multiple Wells change 
dynamics of system

▪Exact Changes depend on 
exact shape of approximated 
distribution and potential

▪Several obvious changes to 
model
• Each loop of current increases 

the number of possible 
eigenvalue solutions, but can be 
degenerate

• Standing waves favored by 
SWM/ABS harder to drive

Qualitative Effects of Multiple Loops
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▪Complexity of the system 
increases with 𝑁2 where 𝑁 is 
the total number of 
wells/loops of current

▪ Important to know how large 
𝑁 must be to get valid 
solution

▪ Looks as though 5 wells may 
be sufficient to model a 
Gaussian Distribution

Possible MLSW Convergence
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▪Comparisons between ABS 
and Rigid-Beam Equations by 
Burov show good agreement

▪MLSW has more eigenmodes
• We do not expect these to have 

the same solution
• Similar Eigenvalues implies 

similar physics

▪Can compare Gaussian Rigid 
Mode Equations to 2 loop 
MLSW
• Can get good agreement 

between specific modes.

Comparison With Rigid Beam Equations
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Thank You
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