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Physical model

3

Without wake field

Variations in transverse  
beam size are neglected  

=> Linear space charge forces 
in the transverse direction  

(like KV distribution)

Quadrupolar force Dipolar force
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General eigenvalue system

◆ The general eigenvalue system to solve is given by 

◆ N.B.: it has the same form as the one to be solved for instance in 
my GALACTIC (impedance) Vlasov solver

Note that it is a Vlasov  
solver with both impedance 

and space charge
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As it should: a rigid oscillation of 
the bunch as a whole does not affect 

the space charge force under 
consideration

Azimuthal mode
 x = ΔQSC /Qs

Sign convention  
from M. Blaskiewicz (>0)
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ΔQD
0 + ΔQQ

0 = + x /2 − x /2 = 0
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azimuthal modes are 

different from the 
radial modes
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Boxcar distribution, due to the 

quadrupolar (defocusing)  
force
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remains at 0 due to the proper 

treatment of the coupling between 
the different modes => Mode 

coupling is needed to have the 
mode 0 at 0!
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See also D. Amorim et al., IPAC2025
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◆ BOXCAR distribution 

✴ An excellent agreement is found between M. Blaskiewicz  
(with the corrected typo of the factor 1/2 missing) and        
V. Balbekov for all the few modes shown by V. Balbekov 

✴ The fact that the tune shift of the main mode 0 remains 0 is 
due to the compensation between the dipolar (focusing) 
and quadrupolar (defocusing) forces  

✴ The main positive azimuthal modes are different from the 
radial modes and this is due to the dipolar (focusing) force 
=> The quadrupolar (negative) tune shift is constant 

✴ Many radial modes exist due to the dipolar (focusing) force 
✴ All the radial modes are grouped together with a slope 

close to −x
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Due to radial modes!
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