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Pre-words 

Waveguide accelerating structure coupling problems: 
How to determine the coupling coefficient β given couping 
dimension？ 
Usually so called Rf expersts use: 
Experiments and/or numberical sumulation by computer 
program  

Problem 1 



  

Wakefield problems by a charged bunch in a 
discloaded structure: 
How to know the wakefields both longitudinal 
and transeverse？ 
Usually so called acclerator expersts use: 
numberical sumulation by computer program  

Problem 2 

Problem 3 Dynamic aperture problems by a wiggler  
in a storage ring: 
How to know the DA by a wiggler？ 
Usually so called acclerator physicists use: 
numberical sumulation by computer program 



  

Single bunch transvers instability threshold  
problem: 
How to know the wakefields both longitudinal 
and transeverse？ 
Usually so called acclerator expersts use: 
  

Problem 4 

Few people know that it should be expereesed as 
by Bruno Zotter (B. Zotter knows F~1 , but don't  
know the expression of F) : 

Almost no people know that F should be  
expereesed as: 
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A nonlinear multipole   

For one multipole  

Circular machine 

m≥3 
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A nonlinear multipole   

For one multipole  

For more independent multipoles  

Relation between X and Y  

Standard Mapping 
Chirikov Criterion 

Hénon and Heiles 
problem 

Circular machine 

m≥3 

Many multipoles 



  
Bsseti-Erskine formula for beam-beam induced 
transverse kicks  

Nonlinear beam-beam effects-1 (e+e-) 

J. Gao, “Analytical estimation ofthe beam–beam interaction limited 
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Nonlinear beam-beam effects-7 (e+e-) 



Nonlinear beam-beam effects-8 (e+e-) 
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IPN is interaction number 



Nonlinear beam-beam effects-4 (e+e-) 
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Round beam vs flat beam 



Parasitic crossing beam-beam effects 

J. Gao, “Analytical treatment of the nonlinear electron cloud 
effect and the combined effects with beam-beam and 
space charge nonlinear forces in storage rings”, Chinese Physics C Vol. 33, No. 2, Feb., 
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Beam-beam effects with crossing angle 
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cwF

cwF

cwF > 1, is a factor describing crab-waist effect 



  

J. Gao, “Emittance growth and beam lifetime limitations due to 
beam–beam effects in e+e- storage ring colliders, Nuclear Instruments and 
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Discussion on CEPC interaction point number NIP 

NIP 

Sum lumnosity of  NIP/ luminosity of single IP 

1                2               3               4               5               6    
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Conlusions 

1) Theoretical understanding of nonlinear motion in accelerators are very 
important  
 
2) Analytical formulae of dynamic apertures and beam liffetimes due to 
beam beam nonlinear effects in circular colliders have been established  
 
3) Aanalytical formulae have find their applications in real machine designs 
and analysises 
 
4) Increasing interaction points will results in decreasing beam beam 
limited dynamic aperture and beam lifetime and limiting the sum 
luminosity of NIP 
 
5) It is not recommended to have more IPs than 2 for CEPC 
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