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5. Longitudinal dynamics 

 for synchrotrons  

 

u Acceleration 
n The pillbox cavity 

u Synchrotron oscillations 
n Momentum compaction 
n Phase stability 
n Energy spread and bunch length 

u Longitudinal acceptance 
n The bucket 
n Phase acceptance 
n Momentum acceptance 
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Acceleration 

u Radio frequency (RF) cavity 

n metallic volume, vacuum 

n standing electromagnetic waves 

n spatial pattern (mode) determined  
by cavity geometry  

u Pillbox cavity  

n cylinder of length L, radius R 

u Standing wave modes 

n Calculation:  Maxwell’s equation ® wave equation  
   with metallic boundary conditions 

n Classification by number of nodes in r, f, z 

n Best mode for acceleration: radial symmetric, max. Ez on axis 

n Other modes, higher order modes (HOM): beam instabilities ! 

 Þ HOM suppression = challenge in cavity design 

5. Longitudinal beam dynamics Acceleration 
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u Longitudinal electric field in pillbox cavity 

 

 

n Jm is the mth  Bessel function and ymn its nth zero  (y01 = 2.405) 

n m, n, p are integers: 

w m azimuthal mode number, m = 0 radial symmetry. 

w n radial mode number 

w p longitudinal mode number, p = 0 longitudinally constant 

n Mode definition: TMmnp ( TM = transverse magnetic) 

n Accelerating mode: TM
010 
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