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1. Introduction 

It is an elaborate process to evaluate the stability limit of 
particle moUon in the presence of multipole field errors. Extensive 
analysis on the lineer and nonlinear lattices and tracking studies are often 
required. It is therefore very useful to design "screening" procedures to 
tell if a particular set of multipole errors is unocceptoble 1rtithout 
extensive studies. 

Although pessi ng the ~;creeni ng does not necessarily mean good 
stability limits, failing U1e screening does mean the stability region is too 
small to bB acceptable. 

In this note we propose one possible screening procedure to be 
applied to the random multipole field errors in the SSC. Other screening 
procedures are not excluded from being opplied simultaneously. 

2. Anolysis 

Consider o dipole magnet that has a vertical magnetic field error 
given by 

( 1) 



A pertic1e pa;:;:;ing tJ1rougr1 this dipole gets on orbital kick due to 
the error field 

(2) 

where Se, is u·1e bending angle of the dipole magnet. In its subsequent 
motion, the particle oscillates with an amplitude 

(3) 

Every Ume the particle comes around to the magnet, it gets a kick. 
These kicks are correlated according to the tune of the accelerator. Close 
to a nonlinear resonance .. the kicks add up to a large orbital deviation. 
Away from the resonances .. the orbital deviation remains of the order of 
that caused by a single kick. The resonance behavior is not '.¥hat we 
address in this screening procedure. The orbital de vi ot ion caused by the 
particular dipole magnet is tJ1erefore given by eq.(2). 

Now consider a particle e~~ecuting o betatron oscillation 

(4) 

for one revolution around the storage ring. 'we have ignored the 
beta-function variaticin in eq.(4). The amplitude A is to be evaluated at an 
average beta-function in the cells. 

Tl"ie particle pas~;es through all dipoles in the ring, each having a 
random multipole field error. Assuming the rnultipole errors are 
uncorrelated from magnet to magnet, tt1e orbital deviation of the particle 
accumulates stot1stlcally for one revolution .. i.e. 

(5) 
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-.,,..... 

I I~ \ I , 2 '\ 
,1n ::..n l L;\:; 

/ r) (6) BL, - ) ,_on/ /.::. ( sin - ' \ I , \ 
\ .:..____ 

'(\ 

and N8 is the number of 1ji po 1 e magnets. l n deriving eQ.(6) we r1ave assumed 

that the random mult.ipole error coefficients bn have zero average and 

that they are uncorrelated, ttrnt is, <bn>=O and <bnbm>=<bn>8nm 

In eq.(5) .. we sum over a 11 rnul ti po 1 e orders n=2,3 , ... 'we assume that 
the 1 i near (n= 1) term can be cance 11 ed in pract.i ce by engi neeri n!~ 
corrections on individual magnets .. by shuffling and by the correct.ion skew 
quadrupo l es. 

(7) 

The average over si n2n 'f in eq.(6) is 
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Since away from resonances the orbit deviation does not increase 
further .. eq.(5) gives the perturbation on the betatron osclllation amplitude 
due to nonlinearities as a function of the unperturbed amplitude A. 

T'No definitions of apertures can be made [ 1]. The first is when the 
amplitude ~·ariation due to nonlinearities is comparable to the unperturbed 
amplitude; then the motion is most likely unstable. Tr1e second definition 
is when the amplitude variation reaches, soy, 10% of the unperturbed 
amplitude; then the motion becomes nonlinear although it is very likely 
stable. In other words, 

stability aperture: 
6 ,A.,'rTnS. 

100% ::: 

A 
(8) 

1 i near aperture: 
D. A-rms ' ){ .,,. 10' 1 lo 

A 
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The proposed screening procedure is, tr1en, as follows: For a given 
set of rms multipole errors, compute 

(9) F(A) - _1 Jr_ r I bl.', /\1r, 

A -n "'. ") r\ 
f1::.1.. 

as a function of amplitude A. Stability aperture is given by the value of A 
\¥hen F(A) = 1. Linear aperture is given by the value of A when F(A)=0.1. 
\'\''hen the obtained operture(s) is too much smaller thon that required for 
beam operation and manipulation, the proposed rms multipole errors are to 
be rejected without extensive analytical and tracking studies. 

3. ExamQles and Results 

It is necessary to point out that the procedure suggested is rather 
crude. In particulor .. no resonance effects ore included. Also .. no 
counterpart of the skew components of multipole errors is considered. 
Rather, the procedure serves os a screening technique and not as o 

/ 

substitute for aperture evaluation. 

Therms values for the random multi pole error coefficients bn [2] 

are taken from the SSC database and are summarized in table ( l). The 
bending angle 88 and the effective value of the beta function, f, are 
defined by 

( 10) 
- R 
(!> ::: -
I y 

where R is the radius of the ring and v is the part of the tune contributed 
by the normal cells. These values are summarized in table (2). (The number 
of dipoles for each design is taken from the Reference Design Study). 

The four curves in fig.( 1) represent the function F(A) evaluated for 
the four test lattice desiQns TLA 1, TLA2, TLC 1 and TLC2 {31. The horizontal 
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lines at 0. 1 and 1 define U1e linear and stable apertures, respectively, 
according to the criteria described above. The resulting values of the 
linear ond stable operture values are also summarized in table (2). 

n 2 3 4 5 6 

designs A 1,A2 .73 2.7 .5 .7 .06 .085 

designs C1,C2 1.0 1.0 .5 .4 .5 

Table 1 

RMS values of the coefficients bn for designs A and C. Units are 

10-4 cm-n. 

NB 81) (mrad) p (rn) linear stable 

aperture (cm) aperture (cm) 

TLA 1 3870 1.62 212 0.3 2.0 

TLA2 3870 1.62 144 0.45 2.35 

TLC1 990 6.35 285 0.3 1.4 

TLC2 990 6.35 186 0.45 1.6 

Table 2 

Number of dipole magnets .. bending angle per dipole .. ~ .. and 
resulting values for linear and stable apertures for each lattice design. 
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