
Transition crossing

Transition crossing occurs when the energy of the particle reaches the so 
called transition energy, and therefore the slip factor changes sign:













































Let's start the investigation of the effect of transition crossing on phase 
stability by writing equation 2.61 for a circular accelerator with the 
following conditions:

















































































































Under the two assumptions above the equation of motion is exact. At large 
t, where we are far from transition, we expect to recover the results of two 
previous subsections. This is Because with transition occurring at time t=0, 
at large time, we will have the case of slowly varying energy, I.e. Adiabatic 
damping. If we cross transition holding only              constant, equation 
2.78 remains a good approximation; i.e. it would no longer be exact.































The two equations are identical in form. These equations are a special 
form of the generalized Bessel differential equations 
























































These are the solutions that incorporate the response at transition. One 
can show that the asymptotic behavior of the solutions presented here will 
result in the same scaling laws as derived previously; specifically,


Amplitude can be shown to scale as
◦



Phase can be shown to scale as 
◦


Let's look at the behavior of the solution at transition, I.e., t=0













































































































































This means that the energy spread at transition is about 11% larger than 
the energy spread at injection under these assumptions. 



Need for transverse focusing

In this chapter, we saw how an RF field can be used to accelerate charged 
particles in such a way that stable oscillations about the design energy will 
be maintained.



But if these were the only sources, motion in at least one transverse 
dimension would be unstable. This because the cavity includes an 
azimuthal magnetic field: 




























Appendix: Procedure for finding maximum energy 
excursions at transition:

This value is calculated by studying an ensemble of particle on an ellipse in 
the longitudinal phase space in the adiabatic limit. For this ensemble, each 
particle will have a different initial conditions characterized by different 
values of A and B. But for all particles, 



























































For this particular particle (with the largest energy excursions), constant ‘B’ 
is set to zero. Therefore, variable ‘A’ characterizes the amplitude of energy 
oscillation for large values of ‘t’ as well as for transition (where t=0). So we 



can compare maximum energy excursions at transition with maximum 
energy excursions at large t (both excursion are maximized for the same 
particle). 











































































