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Abstract 

A new e&id method for the direct and accurate computation and 
correction of chromatic&es and parameter dependent tnne sbifta in ac- 
celerators is preeented. The method is based on the dif&rential algebraic 
treatment of beam dynamica and is applicable to cbromaticities and tune 
shifts to arbitrary order. Contrary to the previoo. approach to obtain 
the same result, no Lie algebraic methods md no normal form theory is 
needed, resulting in a significantly more &cient Algorithm. The method 
can be used for a direct correction of cbromatidties. The method hsll 
been implemented in the design and simulation code COSY INFINITY 
and tested against the nomml form approach as well Y conventional ma- 
merical techniques. 

1 Introduction 

The dependence of the tune of a repetitive system cm energy and amplitude aa 
well aa on system parameters is one of the most important characteristics of the 
system and usually has to be adjusted carefully. Thus the computation of these 
dependencea is of prime importance. I&.ditionally, the linear tune of the system 
ia readily calculated from the linear matrix following the Courant-Snyder theory 
PI. 

The calculation of the tune dependence on energy, the chromatieity, and the 
dependence on the amplitude or emittance is more involved and usually requires 
extensive tracking and subsequent Fourier analysis. Thii task is particularly 
involved if the dependence on energy deviation or amplitude is rather nonlinear 
and if the dependence on a larger number of system parameters is required. In 
this CUE, often a rather large number of particles haa to be analyzed, which 
significantly increases the effort. 

Parallel to the numerical techniques there were aforts to compute the nonlin- 
ear tune dependencea analytically. In thii context the main idea was to perform 
a nonlinear change of variables to coordinatea in which the motion performs 
a simple rotation with a frequency that does not change from turn to turn. 
The dependence of this frequency on energy, amplitude and perhaps pamme- 
ters then directly gives the desired chromaticitiea and amplitude- and parameter 
tune shifts. 

The pioneering idea in thii direction was formulated under the name normal 
form theory in [2] in the Lie algebraic picture, and in a conceptually similar 
form in [3]. Outside the field of accelerator physics, similar ideas have been 
discussed in [4,5]. It took several years before the technicalities were refined to 
allow a first practical use. In 1986 Neri [6], among other things benefiting from 
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