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TMCI Suppression 
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Vanishing TMCI 
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Burov & Ng, 1999 



Strong Space Charge Approximation: 
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   q = ΔQsc / Qs ≫ 2k +1 q  is the space charge parameter  

Arbitrary bunch distribution function, both longitudinal and transverse 
 
Arbitrary RF shape 
 
Arbitrary number of bunches, train structure, dampers 
 
Arbitrary driving and detuning wakes. 



SSC+Wakes, no LD 
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Qeff (τ ) = 0.52Qmax exp −τ 2 / 2( )



SSC+Wakes, no LD 
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With                                           : 



No-Wake Eigen-system: 1D array of natural numbers 
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the coherent tune shift         is in units  ν

  

Qs
2 / ΔQeff ≡ Qs / qeff

ΔQeff = 0.52ΔQmax



Non-monotonic  
TMCI  Threshold vs SC 

Resistive Wall and similar wakes 
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Burov, 2009 

Balbekov, 2016 



Damper 

For a space-flat damper 
 
 
 
 
 
 
If it is not flat, the pickup / kicker form-factors can be taken into account:   
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SB Wake + Damper: 2D stability area (“lake”) 
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Kappa is the intensity parameter. For RR, kappa=3.5 



Coupled Bunches, Flat CB Wake 
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 κŴ→κŴ +κĜ !Wµ



More details on the dampers and coupled-bunch  
with SSC and ZSC 
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http://arxiv.org/pdf/1606.07430v1.pdf 



Landau Damping, analytical 
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The numerical factors have to be checked 
 
The scaling has to be checked 
 
Intermediate SC is interesting as well 

Intrinsic LD: Octupole’s LD: 

 
δQoct > 0; Λk ∼ 30

δQoct
2

ΔQmax

≪
(k +1)Qs

q



Landau Damping, PATRIC tracking 
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KV-Gauss 



Landau Damping, PATRIC tracking 
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3D-Gauss 



SYNERGIA Tracking vs Theory 
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Mode Shapes, 3D-Gauss 
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 SSC : q≫ 2k

the coherent tune shift         is in units  ν

  

Qs
2 / ΔQeff ≡ Qs / qeff

ΔQeff = 0.52ΔQmax



Mode Shapes 
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 SSC : q≫ 2k



KV vs Gaussian, SYNERGIA vs PATRIC 
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KV vs Gaussian, 
 

SYNERGIA  
vs  

PATRIC 
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Coherent Tunes 
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Landau Damping 
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Out of the coupling resonance, the agreement with my prediction is 
even better:   

2.4k 4 / q3 → (1.2 ÷1.4)k 4 / q3

A. Macridin et al., 2016, to be published  



Conclusions 

•  In 2009, theory of SSC was formulated for arbitrary SB and CB wakes, 
RF form, 3D distribution functions and feedbacks.  

•  For modes shapes and tunes, the problem is reduced to a standard 
eigensystem problem of the linear algebra. 

•  Mode shapes, tunes and damping rates for intrinsic and octupolar LD 
were quantitatively predicted. 

•  Many of the theoretical predictions are already confirmed in recent 
simulations, some other are still to be done; the work is in progress.  
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Outline 

•  Particles and Waves 

•  SSC Approximation: the general equation 

•  SB wakes: weak and strong HT, TMCI thresholds. 

•  CB wakes and feedbacks 
 
•  Landau Damping: theory and tracking simulations 

•  Some Results  
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Particles and Waves 

•  In general, collective beam dynamics can be approached both in the 
language of particles (tracking codes) and in the language of waves 
(Vlasov equation, VE). 

•  Each of the approaches has its advantages and limitations.  

•  Tracking codes are applicable for any problem (in principle). However, 
a multi-parameter survey for multi-bunch beams still requires 
enormous computing resources.  

•  Wave approach can be many orders of magnitude faster than particle 
tracking. The problem is that no effective algorithm for VE is found yet 
for general space charge (SC).   

•  Problems for VE: proper basis and Landau damping 
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The problem was reduced to 1D Sturm-Liouville problem: 
 
 
 
 
 
 
                                   
                   
                       is the local space charge tune shift, transversely averaged. 
 

Strong Space Charge Equation, No Wake, No LD 
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  Q(τ ) ∝λ(τ )



 

                                           For a Gaussian bunch 
 
 
 
  
 
 

Strong Space Charge Equation, No Wake, No LD 

29	  ω0Qs
2 / ΔQsc ≡ω s / q

the coherent tune shift         is in units  ν



No-Wake Eigen-system: 1D array of natural numbers 
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No-Wake Eigen-system 
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Weak Head-Tail Growth Rates 
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Rates are qualitatively similar to no-space-charge case 

head-tail phase 



Nonlinear LD 
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