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ASYMMETRIC NONLINEAR FIELD CORRECTION
WITH 5-DIPOLE HALF-CELLS

David Neuffer

SUMMARY

The modification of F,C,D correctionfor use in a 5-dipole half-cell lattice is described;
"Simpson’sRule" correctorstrengthsareperturbedto matchthe asymmetricgeometry. First-
Ordercorrectionof nonlinearitiesis similar to the symmetriccase. Second-Ordercorrectionis
degradedby 10-20%. Tuneabiityis alsodegradedto a similardegree,andclosed-orbitsensitivity
is magnified by a similar degreeof loss of quasi-locality. As the correctionmethodreduces
nonlineareffectsby ordersof magnitudein both cases,this degradationdue to asymmetryshould

be tolerable.

INTRODUCTION

F,C,D correctors123have been found to be extremely effective in the compensationof

nonlinearities. The methodrequiresinsertionof nonlinearelementsin thecenterC of half-cells,
which would requiretheexistenceof an inter-dipoleslot at thehalf-cell centers.Currentlylattices

with 4, 5, and6 dipoles/half-cellarebeingconsidered.While thehalf-cell centeris accessiblein 4

and 6 dipole lattices, a five-dipole lattice hasa dipole at the centerand the correctormust be

displacedseeFigure 1.

Figure 1 showsasuggestedgeometryfor correctorplacementin a 5-dipolecell. A C correctoris
placedon one sideof thecenterdipole, which meansthat it is displacedfrom thedesiredcentral
location by -10% of a half-cell length9 rn in the90 m SSC lattice. Correctorsarealsoplaced
near the quadrupoles.Figure 1 showscorrectorson both sidesof the quads;in practicethese
would be combinedin units on eithersideof the quads. There would be only two physical
elementsperhalf-cell.
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First-Ordertune shifts depend on integrals of powersof betatronand dispersionfunctions
13x, 13y’ ii andall of thesefunctionsarereflection-symmetricaboutthequadrupolesin a matched

FODO lattice. Assumingthis reflection symmetry, "the three-point" systemFigure 1 is
equivalentto a four-point half-cell correctionsystemwhen avengedover a full cell, with virtual
correctorsat L=0, 0.4L, 0.6L, L. This 4-point systemFigure2 has a Simpson’sRule - like
integrationrule, which is exactthroughthird-order. The weighting rule is:

fD=fF=44

Thus integration-rulecorrectionstrengthsofthecorrectorswould be:

SF = SD 4BnL = 0.30555...BL

5C fBnL = 0.69444...BnL.

Thesevaluesarenot greatlydifferent from the valuesof Simpson’sRule; the geometryis a

relatively small perturbationof theSimpson’sRulegeometry.

Tables1 & 2 show correctionof first-order octupoleanddecapoletune-shifts,in areference
SupercolliderFODO lattice L=90m, =90° Lattice. Correctionby -2 ordersof magnitudeis

obtainedfor both symmetricandasymmetriccases.The asymmetriccaseprovidesslightly better
first-ordercorrectionin this idealizedmatchedlattice. This is expectedsince,to first-order,the
asymmetric2-3 5-dipolecaseusesa 4-point integrationrule, which shouldbe betterthanthe3-
point rule, althoughthe"improvement"is small.

Unlike thesymmetriccase,the2-3 casedoesnotprovidecomplete"quasi-local"cancellation4of
multipolecontentat thehalf-cell level. The degreeof asymmetryimplies lossof quasi-localityat

-10% level. This implies that second-ordereffectsand closed-orbitsensitivitywill be enlargedat
that level.

In Table 3 we show calculationsof second-ordersextupoletune shifts for the two cases. With

symmethccorrectionthetuneshifts are-20% smaller, implying a-10% largerlinearapertureor

nonlinear"tolerance." This agreeswith theabovequalitativediscussion.
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Closedorbit and latticeperturbationsensitivity shouldbe enlargedby thepartial lossof quasi-
locality. With quasiocality,only the"local" perturbationswithin half-cellscontribute;"global"

multicell perturbationsdo not contributeand theseareexpectedto be an orderof magnitude
larger, the-10% lossof quasilocalityimplies globalerrorsat that levelconthbute.The neteffect
shouldbe similar to the local perturbationlevel and this is not expectedto be large,particularlyfor
b3 and b4. Furtherstudy, includingparticle tracking studiesfor long-termstability, would be

usefulto confirm this ad hoc discussion.

SeparableF, C, D tuneability is somewhatdegradedby the asymmetricplacement,and this
capability is particularlyuseful for theoctupoles.The two C correctorspercell could, in principle,

be separablebut in practicearenot clearly separableandshouldbe run in series. The averageof

thedisplacedC correctorsis closeto the effectof thecenteredC. The critical factorsfor octupole
tuneshift are f3, 2j3 , 3 I3,andtheseparabilityfactor

=

213x 13v C, averagedover C1 and C2 locations,is reducedby only 7%.
13x C

AdequateF, C,D separabilityis maintained.

The ability to correct randommultipole contentquasilocally3is alsoslightly degradedby the

asymmetricplacementbut thecorrectionis still possible,degradedby only 5 10%.

Tables4, 5, 6 show similar calculationsfor a variant lattice, aweaker-focusingcasewith =72°.

Advantagesare shorter,cheaperquadsand -40% superiorability to control chromaticity. While

linearity beforecorrectionis somewhatdegraded,thelinearity after correctionis the same. The

additional case showsthe generalapplicability of the correctionmethod, in symmetric or

asymmetricforms, andsuggestsa possibledesignvariation.

SUMMARY

Asymmetricplacementof theCenterC correctorin F, C, D correctionto fit a5-dipolehalf-cell

hasbeenconsidered.While somecorrectionfeaturesaredegradedat the -10% level from the

symmetriccase,correctionby ordersof magnitudeis still obtained. The correctionis very
desirablein eithercaseandwill greatlyincreasethe linearaperture.
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TABLE 1
CORREC11ONOF OCrUPOLE*

L=90, 8 = 0.4431°,4 =90°, b4=404cm-3

[0.5 cm, <0.001,IsV 5 ±0.005J

CorrectorConditions

Correction "Tolerance"
SymmetricF. C. Dl Geometry Factor Units

0,0,0 0.136 1 0.037
121

v. 0.0019 76 2.6
11 50 11

0.0026 52 1.9

ChromaticityOptimized
.1627, , .1633 0.00127 107 3.9

OverallOptimized

.166, .6545, .166 <0.00025 >550 >20

2-3 Asymmetric F. CD Geometry
121

‘ z 0.0050 27 1.0
ii 50 11

0.øøi5 90 3.3

ChromaticityOptimized

.1496,, .15 0.0010 135 5.0

OverallOptimized

.152, .684, .1525 <0.0002 >700 >20

*L is the half-cell length, 0 is the bend per half-cell, 4 is the phaseadvance/cell. The

"CorrectionFactor" is theratio of maximum correctedto maximumuncorrectedtuneshifts within

the design aperture. "Tolerance"is the maximum b for which themaximum tune shift is

s ±0.005. A unit is & n = l0 cm-s.



TABLE 2
CORRECFIONOFDECAPOLE

L=90, 8 = 0.44310,4 =900, b4=l04cnr’

[0.5 cm, <0.001, ày 5 ±0.005]

CorrectorConditions

Correction "Tolerance"
SvmmetxicF. C. Dl Geometry AVmax Factor Units

0,0,0 0.65 1 0.077
121

0.00217 30.0 2.3
11 50 11

j.j.7j 0.00174 37.4 2.9

ChromaticityOptimized

.1627,
,

.1633 0.000196 332 2.6

Opted

.159 .661, .169 <0.00003 >1800 >170

2-3 AsymmetricF. C. Dl Geometry

0,0,0 0.65 1 0.077
121

0.0043 15.1 1.2
11 50 11

72’ 72 0.00174 37.4 2.9

ChromaticityOptimized

.14544 .155 0.00051 127 9.8

Optimized

.1467, .6893, .155 <0.00003 >1800 >170



TABLE 3
SECOND-ORDERSEXTUPOLETUNE SHIFrS

L=90,m0 = 0.4431,4=90° Lathce,b2 = 1010

[0.5 cm < 0.001, Av2 ±0.005]

CorrectorConditions "Tolerance"

F, D only 0.040 3.5

SymmetricF, C,D; C = 0.0056 9.45

SymmetricF,C,D;C=0.6 0.0051 9.9

2-3AsymmetricF,C,D;C=fi 0.0070 8.45

2- 3 AsymmetricF, C, D; C = 0.6 0.0063 8.9



TABLE 4
CORRECTIONOF OCTUPOLE

L=90 m, 0 = 0.4431,4=72°; b3 = l0

[0.5 cm,9<0.001,Av 5±0.0051

CorrectorConditions

Correction ‘Tolerance"
SymmetricF. C. Dl Geometry Av1 Factor Units

0,0,0 0.236 1 0.021
121

6’3’6 0.00115 205 4.3
II 50 It

j..7j 0.00313 75 1.6

ChromaticityOptimized

.1644, , .1659 L065 360 7.7

OverallOptimized

.166, .663, .266 <0.0002 >1200 >25

2-3 AsymmetricF. C. Dl Geometry

121
0.0050 47 1.0

11 50 11
0.00092 255 5.4

ChrornadcityOptiUIiZCd

.151, , .1521 0.00051 460 9.8

Optimized

.152, .6915, .152 <0.0002 >1200 >25



TABLE 5
CORRECTiONOFDECAPOLE

L=90 m, 0 = 0.4431,4=72°, b4 = l04

[0.5 cm, <0.001, ày 5 ±0.005]
a

CorrectorConditions

Correction "Tolerance"
SymmetricF. C. Dl Geometry Factor Units

0,0,0 0.134 1 0.037
121

j.g 0.0020 67 2.5
11 50 11

7272’72 0.0022 61 2.3

ChrornaticityOptimized

.1611, , .1702 0.00043 310 12

Oed

.1614 .6677, .1668 <0.00005 >2700 >100

2 3 AsymmetricF. C.Dl Geometry

Hk 0.0050 27 1.0

0.0016 84 3.1

ChromaticityOptimized

.1483,, .1556 0.00035 380 14

Optimized <0.0002 >700 >20



TABLE 6
SECOND-ORDERSEXTUPOLETUNE SI-TIFFS

L=90, 0 = 0.4431°,4=72

[0.5 cm, <0.001, Isv 5 ±0.005]

CorrectorConditions Isvmax "Tolerance"

F, 0 only 0.040 3.5

SymmetricF,C,D;C= 0.0091 7.4

SymmetricF, C, D; C = 0.6 0.0079 8.0

AsymmetricF,C,D;C=fi 0.0110 6.7

AsymmetricF, C,D; C = 0.6 0.0090 7.45
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Figure 1

An SSC cell with 5 dipoles/half-cell and displaced center correctors.
Correctors on opposite sides of quads would be combined in units on
either side.
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Figure 2

Reflection of the center corrector location about the D quad
obtains virtual corrector locations F, Ci, C2, D. Integration Rule
corrector strengths for this virtual geometry are also shown.


