
 

 

MATHEMATICAL MODEL OF CHARGED PARTICLES DYNAMICS 
OPTIMIZATION IN RFQ ACCELERATORS 

A.D. Ovsyannikov#, Saint-Petersburg State University, Saint-Petersburg, Russia

Abstract 
Mathematical model of optimization of transverse 

motion of charged particles in accelerators is suggested. 
Problems of finding of transverse motion specifications 
could be formulated as complicated multi parameters 
optimization tasks. Problems of optimization of transverse 
motion to be solved effectively should be considered as 
step by step optimization process [1]. The main problems 
are focusing problem, problem of minimization of 
effective emittance growth and the problem of 
matching the parameters of the beam at the entrance to 
the RFQ structure [2, 3]. In the case of linear equations of 
transverse motion of particles it is convenient to 
consider envelopes as characteristics of the beam. In 
nonlinear case one can consider RMS characteristics of 
beam of trajectories to estimate the parameters of motion 
and to set functional of quality. Optimization algorithm 
based on mini-max functionals is built. Numerical results 
for RFQ accelerators are presented.  

OPTIMIZATION PROBLEM 
Let us consider the following equations to describe 

longitudinal and transverse motion of charged particle 
beam in RFQ structure [4]: 
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where сt , c 2 , U  is the intervane voltage, T  

is accelerating effectiveness, 0W  is the charged particle 

rest energy,   is  the accelerating field frequency, 0  is 

the initial phase, c  is the velocity of light, a  is the radius 
of the channel, xr  and yr  are the beam envelopes,  I  is 

the beam current, 0I  - Alfven current. LK 2 , L  - 

cell (period) length,  T41  .  

Let us turn to the independent variable z . Then 
equation (1) could be written as follows:  
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where 0
~    is particle phase, 

c

z
  .  

Transverse motion equations (2), (3) then have the 
form:  
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Equations (5), (6) could be rewritten as the following 
system of equations 
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where  21,  ,  x1 , 
dz

dx
2 ,   21,  ,  

y1 , 
dz

dy
2 , and matrices xA  and yA  have the form   
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 Let the sets of conditions of system (7) fill in the 

planes 







dz
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x,  and 








dz

dy
y,  at 0z  ellipses 

   10
0*  xG ,   10

0*  yG , (8) 

correspondingly. 
Then, the matrices xG  and yG (describing the ellipses 

in corresponding planes) satisfy the following system of 
matrix equations 

 xxxxx AGGAG
dz

d
 * , (9) 

 yyyyy AGGAG
dz

d
 * . (10) 

The system of equations (9), (10) should be solved on 
the interval from the entrance into the regular part of the 
accelerator to the end of structure, i.e. from 0z  to 

Zz  . Initial conditions for the system (9), (10) are the 
matrices of ellipses (8) defining acceptances of the 
regular part of the accelerator at initial admissible control 
(the variation of the radius of the channel), depending on 
an initial phase 0  : 

   0
0

0,0  xx GG  ,     0
0

0,0  yy GG  . 

The minimization problem of effective emittance 
growth is to find a function  za , i.e. law of the radius 
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