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Abstract and Introduction 2. Calculations procedure 

On the occasion of DC1 construction the question 
was advanced cf possible improvements of usual methods 
concerning closed orbit correction. The calculations we 
expose here present two advantages : 

- The perturbations and corrections are not treated 
as pointlike dipoles, but inserted in lattice computa- 
tion by their exactly corresponding transfer matrices. 

- The selection is not made among all possible cor- 
rectors. A set of the statistically most efficient cor- 
rectors is determined by a computational simulation. 

1. Alignment errors are converted to field errors 
according to Brown formulas4. The whole set of dipole 
perturbations is then simulated by a Monte-Carlo method. 

2. For a given set of dipole perturbations, the 
closed orbit is calculated by solving the equation (2). 

i 
3. The elements g are calculated according to the 

formulas : j 

I. Theoretical recollections 

bssuming the linear relation between the closed 
orbit deviations and correcting dipoles : 
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with T (m * n) matrix, m : number of beam position mo- 
nitors, n : number of correctors, 

x : correctors vector, 

j < I 

with : N : total number of magnetic elements, 

b : vector composed of the orbit deviations at the 
b?am position monitors. 

u. 
J 

: vector representing the derivative of the 
non-homogeneous part of the jth element, 

The correcting dipoles are usually approximated 
by pointlike dipoles’zZ, leading to solve the system 
(I) by successive approximation. 

and the element Tij are then calculated by expression 
(3). 

Taking into account the real configuration of 
correctors, we obtain an exact expression of the matrix 
T, allcwing to avoid, at least in theory, any itern- 
[ion. 

4. A set of the statistically most efficient correc- 
tors is determined by a computational simulation. The 
less efficient correctors turn out to correspond to 
the largest diagonal elements of the matrix (T T)-1, 
? being the transpose of T. These results are in agree- 
ment with the Arnt-Macgregor theorem’. 

The clostd orbit deviation at the entrance of the 
;th element of the magnetic lattice is given by the 
relation : 

(I - Rij Yi = Vi 

with : I : unit matrix, 

(2) 

5. A particular set of correctors is then selected 
to minimize the sum of the squares of the orbit devia- 
tions at the observations stations, following the 
strategy proposed by Autin and Bryantl. 

3. Results 

1: : transfer matrix of the whole machine at 
L 

the entrance of the ith olc,ment, 

YL : orbit deviations vector, 

1’1 : ‘;vCtOT .‘riual to thy non hxlcgcneous part 
Of tilt’ tr3nsfcr IXQtrix. 

The closed orbit deviations are measured on DC1 
by 20 beam position monitors regularly spaced on the 
machine circumference. The accuracy is assumed to be 
t 2 mm. 

Tll(, eliwont T.. i.s directly obtained by differcn- 
ti.ltiun of tht’ tqudtjon (2) : 

The correction is realized by a set of dipole 
fields created by suitable windings on I2 quadrupoles, 
selected by considering the :; functions for the diffe- 
rent operating points. 

I’,, + LJ ir+c;i- 2$ (3) 
J 1 

wi Lh : ;\. Jipc)le strength of the corrector located in 

ti:i, j th ;!l cnc nt. 

tt n3i.y r~auins t3 solve thus system (I j by using 
i,lr ;r;:,t.in,.t. t.11,~ Gi~llii)-H[l;lst.hul~cr mc-tllc,d . 

(4) 
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Results may be summarized as follows : 

I. Table I shows the statistical results for the dif- 
ferent operating points. The orbit deviations turn out 

times more important in the vertical direction than in 

to be, depending on the operating point, two or three 
the horizontal one. This is due to the difference bet- 
ween the 6 functions in the two directions. 
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Table 1 

According to these results the observed deviations give a good estimation of the maximum deviations. 

2. A set of correctors, ’ minimizing the sum of the 
squares of the closed orbit deviations at the observa- 

maximum deviations and the corresponding residue, for 

tion stations, is calculated. Figures I and 2 show the 
the vertical direction of the opera:ing pcint n” 6, as 
functions of the number of correctors. 
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3. Figures 3 and 4 show for the operating point no6 of utilization of each corrector. The corresponding 
respectively in the X and Z directions, the frequency diagonal elements of (T T)-1 are given in table 2. 

Fig. 3 : Frequency of utilization of correctors 
(X direction) 

Fig. 4 : Frequency of utilization of correctors 
(Z direction) 

X direction 

1 
i I 2 3 4 5 6 7 8 9 IO I I 12 

(T T);; .I405 .7745 .4556 .4556 .7745 .I405 .I405 .7745 -4556 .4556 .7745 .I405 

Z direction 

i 1 2 1 3 4 5 ‘6 7 8 ‘9 110 11 12 

tT T,T! .0867 1.9520 .I785 .I785 1.9520 
11 

.0867 .0867 1.95?0 .I785 .I785 1.9520 .0867 

Table 2 

4. Based on these results the initial number of cor- yen residue, the same average number of corrector is 
rectors is reduced to 8. Table 3 shows that, for a gi- used for both cases. 

Residue 

0.02 

0.01 

0.005 

Complete set Reduced set 

X 2 X 2 

I .7 3.0 I .7 3.0 

3.4 4.7 3.7 4.8 

5.8 6.2 6.3 6.2 

Table 3 
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4. Conclusion 

The proposed method allows to reduce both the 
number of iterations necessary to correctors calcula- 
tions and the dimension of the initial set of correc- 
tors. The resulting reductions, concerning as well the 
processing time as the memory allocation, should be ap- 
preciable in case of automatic closed orbit corrections. 
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