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To make rather large expressions (16-25) into a manageable, let’s consider a case of plane orbits 
with uncoupled transverse motion: 
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as expected giving us: 
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What we learned today 
•  Synchrotron radiation is a natural phenomenon when charged particles are accelerated 
•  There is dramatic difference between acceleration in the direction if particle’s motion with 

that transverse to it (e.g. bending of particle trajectory). The transverse acceleration 
generates γ2-fold more radiation and energy loss compared with the longitudinal 

•  Synchrotron radiation is a strong factor of particle’s relativistic factor γ – wavelength of 
photons ~ R/γ3 and energy loss per turn grows as γ4! Hence we focused on the case of ultra-
relativistic particles with γ>>1 

•  Since in a given field, the power of synchrotron radiation is inverse proportional to the 
square of particle’s mass. It means that light charged particles, such as electrons and 
positions radiate much more energy - ~ 4.106 fold more -  than protons and antiprotons, 
which are about 2,000 heavier. Synchrotron radiation is becoming important for protons at 
LHC energies and above. 

•  We treated synchrotron radiation momentum loss as a weak perturbation to calculate 
damping decrements of synchrotron radiation 

•  We used quantum fluctuation – e.g. randomness – of radiation to calculate diffusion 
coefficients for energy and betatron motion 

•  We finished with deriving average values for actions (square of amplitudes) for each modes 
of oscillation 

•  We are leaving question about the resulting distribution function for next class, where we 
will be solving Fokker-Plank equation 
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