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Introduction 

The position of the closed orbit in SPEAR is affected by 
the field errors and the alignment errors ln the magnets. 
Deviations of the beam orbit from the ideal position are de- 
tected by the 20 position monitors located at approximately 
every quarter betatron wavelength along the orbit. The 
closed orbit errors as measured by these monitors can be 
corrected by using appropriate localized beam bumps at 
some of the magnets chosen as correcting elements. 

A computer program MOVQ has been written to find an 
“optimum” set of magnets to be used as correctors and to 
calculate the strength of the beam bump for each corrector. 
The method of corrector selection is the same as that used 
by Autin and Bryant1 for the ISR orbit correction at CERN. 
The values of the field strength for the correctors are chosen 
such that the sum of the squares of the orbit deviations is 
minimized. This program has been used successfully for 
SPEAR orbit corrections. The purpose of the report is to 
give a brief description of the computational procedure used 
in MOVQ and to present some results. Other methods of 
corrector selection can be found in the literatures. 2, 3, 4 

Theory 

The orbit correction vector & at all the monitors is re- 
lated to the beam bump e”at all the correctors by: 

xc = Ti? (1) 

nhere T is a m x n matrix with m the number of monitors 
and n the number of correctors; the elements of T are5 

,,‘tii i’j 
Tij ” 2 sina Y COS !J (* II + +i - Qj) (2) 

where v is the betatron wave number, 13 is The bekXrOn 
function, i/ ii is the betatron phase. The plus sign in front 
of ;I is used for the case of qi < ~j and the minus sign for 
<$i > <Tj. The orbit deviation is given by: 

2 = ;;,+I2 
C (3) 

where & ‘L_ h 1s t e orbit deviation measured before correction. 
i-hf sum 01 the squares of <he orbil de\ ikt;iOtl 

s = 2 (lOi’ A,i)? (4) 
i-l 

?\‘tb :b i+h lo find 3 veclor 7T’ v:hiuh mininiizcxs the ~vnlue 
(jr S, i.i&., ;S .d! 3 for j .: 1,’ 3, . . . . il. S:incc 
,:,lci ‘f’j = T;, llid condition for S to be a minimum ljWOlll(‘S 
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with the minimum value of S given by substituting this vector 
into Eqs. (1) and (4). 

Computation 

For a given operating configuration we calculate the m:+ 
trb elements of T using the fi ‘and d values at the middle of 
each magnet. The dimension of T is 20 x n where n is the 
maximum number of magnets to be used as correctors. The 
computational procedure in MOVQ is as follows: 

1. Scan the n possible correcting magnets and calculate 
for each magnet the value of S. Remove from the list of 
correcting magnets the magnet cl which has the least value 
of s, say SI. 

2. Scan the remain&y (n-1) correcting magnets and 
cakulate the value of S for each magnet when paired with the 
magnet c 1. In addition to cl, remove from the list the rn‘xg- 
net c2 which gives the least value of S, say S2. 

3. etc. 

By repeating this procedure k times we can find k mng- 
nets (cl, c2, . . . . ck) to be used as correctors. Since 
Sn + I( Sn, this procedure may be terminated wheg the 
value of Sk is less than some acceptable value Sa. 

Results 

Figure la shows the values of horizontal orbit deviations 
measured at the 20 monitors before orbit correction. The 
maximum orbit deviation is 13.6 mm and the rms deviaticn 
is 7.1 mm. 

Figure 2 shows a plot of the predicted rms orbit deviation 
arms and the maximum orbit deviation A,,, for six succes- 
sive scans. It can be seen that the value of’s decreases as 
the number of correcting elements increases. When three 
or more correctors are used, the value of Arms becomes 
comparable to or less than 1.5 mm, the accuracy of the posi- 
tion monitors. Orbit deviations measured by the position 
:nonitor for the case of using three bending magnets as cor- 
rectors are sho\%?l in Fig. lb. It has been found that the 
differences between the measured and predicted values are 
‘51 iiliiii ill62 LciAIaC) 61 ik pGbitiCd iiiCiiiiGi~d. 

Similar results have been found for the vertical or,it 
corrections. For SPEAR operation the value of ,: at the in- 
teraction region, & *, rxries over 3 large r:tngc. Lnr:z:‘c’r 
orbit deviations nr@ usunlly found for lowc>r rnlucs of ,i,,.‘. 
Since for low ,d, * configurntians ,j,. becomes 1;trfe :lt the 
I;u:tdrupoles nc<~ r the intcrnc:ion ri,gion, the u,;e of !hc.;e 
magnets for corrections is \-erc; cffectiuc. 

Wsctd on these ob:.cr::ltil)ns, SPEr\R orbit corrrctions 
up to date h:tve IWell :natic by jXj\Y(‘rinc lhc trim tt intling:d (ill 

!hrrc bcntiing m~t~ncts jr. thr SPEAR cells for horizont;lI (jr- 
Ilit corrections :tnd the four r;ldi:jll;; focussing c~unc!rul~~~1e 
txtqlct,; near the intc r:1ct:ion rcgicins 101, IWh lli1l~1~~rnl~ll 
:mci vertic:d corrections. 1%~. using these correctors, pc:llc 
,jr}jit <&;j',~i-tj<;;ij <‘al: IjC ;c{lu<~< c! :,; ; :, 1:::;; ,,‘;(-.r 1; .:;;;!c r;;t;g< 
of oper:lting confiLWrntion.s. 

‘!\ ll~.l.. :,q,1~~jrtiltl I)! thtr L. S. .‘lto.liic. E:rw~gy Conlinissi~~t~. 
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FIG. l--Predicted orbit deviations for different scans. 
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FIG. %--Horizontal orbit deviations before correction (cm). 
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