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Session 3 summary: 
Particle Scattering  
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• Theoretical models calculate the IBS growth rates: 

• Complicated integrals averaged around the rings 

• Depend on optics and beam properties 

  Classical models of Piwinski (P) and Bjorken-Mtingwa (BM) 

 Benchmarked with measurements for hadron beams but not so 
well for lepton beams 

 High energy approximations Bane and CIMP 

 Integrals with analytic solutions 

  Tracking codes SIRE and CMAD-IBStrack 

 Based on the classical approach 

 

The Intrabeam scattering effect 

• Several theoretical models and their approximations developed 

over the years  three main drawbacks: 

▫ Gaussian beams assumed 

▫ Betatron coupling not trivial to be included 

▫ Impact on damping process? H. Bartosik for F. Antoniou 



Comparison between theoretical models 

• Comparison between the theoretical models for the SLS lattice 

• All results normalized to the ones from BM 

• Good agreement at weak IBS regimes 

• Divergence grows as the IBS effect grows 

• Benchmarking of theoretical models and MC codes with measurements is 
essential  
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H. Bartosik for F. Antoniou 



Energy choice for IBS reduction 

• Broad minimum of the emittances around 
2.5 GeV (left) while the IBS effect 
becomes weaker with energy (right) 

• Higher energies are interesting for IBS but not 
for the emittance requirements 

• Energy increase (2.424  2.86 GeV)  
reduction of the IBS effect by a factor of 
2 (3  1.5)  

• The scaling of the output emittance with 
energy reflects the domination of 
damping time or IBS growth time in each 
energy regime. 
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H. Bartosik for F. Antoniou 



 

• Scanning on the detuning factor 
(here DF=1..25),  optimal phase 
advances can be found where 
chromaticity, IBS growth rates and 
space charge detuning are 
minimized 

• Other interesting regions 
according to the requirements of 
the design also exist 
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TME optimization with respect to IBS 

H. Bartosik for F. Antoniou 
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• Beam profile modification due to scattering 
– Theory for non-Gaussian beams (B. Nash, PhD thesis) 
– Effect in core particles is “known” (Gaussian core?) 
– Scattering in tails is less evident (Touschek-like effect 

dominant?) 
– Influence of lattice non-linearities and other collective effects 

(space-charge, impedance,…) 

• Agreement of IBS theories 
– Only a matter of including tail cuts? 
– Influence of optics (especially in high-energy approximations) 

• IBS theory including vertical coupling 
– Kubo and Oide formalism, other ideas? 

• Impact on damping process 
• Effect of Scattering in polarisation and vice versa 
 

Open Questions 



• Full employment of particle scattering codes for 
shedding light in previous questions 

– Benchmarking with measurements 

• Disentangling IBS with other collective effects 
(especially in measurements) 

– Accurate knowledge of machine model and its current 
dependence (optics distortion, coupling) 

• Instrumentation for resolving tails in beam profiles 

• Measuring energy spread  

– Especially in absence of good model on longitudinal 
profile evolution 
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