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ABSTRACT

Compensation of systematic dipole errors with the new, shorter, 90 m half-

cells andthenew,higher,2 TeV injection energyis investigated.Compensationis

greatly simplified comparedto the previoussituation. In that caseit wasknown

that either bore-tubeor various lumped correction schemes,such as Simpson

Neufferor Gaussian,weresatisfactory. Suchsophisticatedcorrectionschemesare

no longerneeded.Having a correctionelementin eachhalf-cell interior, though

no longer strictly necessary,doespermit compensationmany times better than

specifications;the exactpositionin the interior is not critical. Nonlinearsystem

atic multipolesthat certainly requirecompensationare b2 and b4. Accuracyof

this compensationdoesnot favor eitherof the two configurationstested,five or

six dipolesper half-cell, relativeto theother. The precedingstatementsapply to

dipoleswith borediameterof 4 cm. Compensationof dipoleswith 5 cm bore is

also studiedand shownto be still more accurate.Determinationof the needfor

compensationof the "unallowed" b3 dependsupon presentlyunavailableinput

data.
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This canbe regardedasan addendumto the report SSC-SR-1038,Compen

sation ofSSCLattice Opticsin the Presenceof Dipoie Field Errors. It gives the

large amplitude tunesin the new, shortened,90 meter cells. The tableshave

the sameformat as in that report. The main conventionabout the entries is

that theyaretuneshifts, awayfrom small-amplitude,on-momentum,tunesmea

suredin units of 0.001. In theseunits, 10 marksthe boundarybetween"good"

and "bad". More precisely, at standard9arge" amplitudesof 5 mm 3.6 mm

off-momentumthe differencebetweenthe most positive and the most negative

entrywasspecifiedto not exceed10 units. For more detail refer to SSC-SR-1038.

Systematicmultipoles,appropriatefor 2 TeV injection, with 4 cm and 5 cm bore

diametersare taken from Table D.2 p. 84 of that report. For 4 cm, in the

standardunits, they are 62 = -3.0,63 = 0.1,64 = 0.20,b = -0.05. For 5 cm,

they are 62 = -1.9,6 = 0.1,64 = 0.09,b6= -0.017.

All resultsin SSC-SR-1038areappropriatefor 1 TeV injection into a collider

having cells of length 115 m. The effect of going to the new, more conservative

parameterscanbe inferredby comparisonwith numbersin that report. Briefly,

it canbestatedthat tunevariationshavebeenreducedby a factor of two or three

or more, in correspondingcases. In one casebelow a table will be transcribed

from that report for sucha comparison.This reductionreflectsitself in a simpler

compensationschemebeingrequired. For example,it appearspossibleto avoid

lumpedcorrectorsinterior to half-cells, at leastif the acceptabilitycriteriaof the

previousreport areretained.

The samestandardamplitudesare analysedas in the previousreport. In

effect, this makesthe acceptability criteria more conservativebecauseit does

not takeadvantageof any reductionin the "neededaperture" accompanyingthe

reducedbeta-functionsand the increasedinjection energy. Another comment,

in the samespirit, applies to both the previous and the present report. The

acceptabilitycriteria are applied to very large position and energyoffsetsfrom

the centralvalues;they will be required only during injection. During colliding

beamoperation,when very small tune spreadswill be required,the amplitudes
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required will be less by factors of at least three. Since the dependencesbeing

compensatedare quadraticor higher powers of amplitude, much tighter tune

control will be possibleduring coffiding beamoperation.

Resultswith 4 cm bore arepresentedfirst. From the first table it canbe seen

that havingno correctionat all is unacceptable,but that distributedbore-tube

compensationof 62, with no further correction,is almost acceptable.

90 METER CELLS, 4 CM BORE

NO LUMPED CORRECTION

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3,6,0 3.6,3.60,3.6

Uncorrected ALQZ

aQ
4.0 3.8 3.8

-2.9 -1.6 -1.9

9.3 -12.0 -14.6

-11.1 7.7 5.8

15.9 -4.8 3.5

-15.0 4.2 -3.8

Bore-tube62

correctiononly

SQ

SQ

0.2 1.1 0.1

0.3 -0.6 -1.6

-4.7 -0.5 -7.0

-0.7 -5.0 -6.9

-11.4 -4.2 -11.7

-0.2 -3.5 -4.4

Two lumped-correctionschemesareknown from the previousreport to give

adequatecompensation;in the present,more conservative,lattice this is neces

sarily evenmore true. The schemesare "Simpson-Neuffer" if there are6 dipole

units per half-cell, and "Gaussian" if there are 5. Both require correctorsin

mid-cell locations. Gaussiangives somewhatbetter compensationand is free

of end effects; Simpson-Neufferpermits somewhatweakersteering elementsif

the steeringelementsand correctionelementsare in the samepacket-whichis

convenient.

The next two tables show, with either of the two sophisticatedlumped

schemes,Simpson-Neufferor Gaussian,that lumpedcompensationof 62,63 and 64

gives glorious, ten times betterthanspecs,compensation.This doesnot depend
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on 66 compensationbut leaving out the 64 compensationreducesit to marginal

acceptability.

90 METER CELLS, 4 CM BORE

SIMPSON-NEUFFERCORRECTION

S . -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

62,b3,64,b6 a1Q

iQ

0.2 0_i 0.2

0.5 0.5 0.5

0.2 0.1 0.1

0.4 0.5 0.4

0.1 0.1 0.1

0.5 0.5 0.5

62,63,64only AQ

AQ

0.3 0.2 0.2

0.3 0.5 0.5

0.2 0.1 0.1

0.4 0.5 0.4

0.0 0.1 0.1

0.6 0.5 0.5

62, b only

AQ1

-6.8 4.0 -3.4

7.2 -2.9 4.5

0.2 0.1 0.2

0.4 0.5 0.5

7.0 -3.8 0.2

-6.9 2.7 -2.8

62 only OQt

AQ

3.2 3.6 2.5

-2.9 -1.6 -1.6

8.0 11.9 -15.2

-11.0 8.0 5.1

15.6 -5.6 1.3

-15.0 4.2 -3.6

GAUSSIAN CORRECTION

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

62,63,64,66 SQ
AQ

0.2 0.1 0.1

0.4 0.5 0.5

0.1 0.0 0.0

0.4 0.5 0.3

0.1 0.1 0.0

0.4 0.5 0.3

62,63,64only SQ

AQ

0.2 0.1 0.1

0.2 0.5 0.4

0.1 0.0 0.0

0.2 0.5 0.3

0.0 0.1 0.0

0.5 0.5 0.4

62,63 only AQ

zQ,

-6.8 3.9 -3.5

6.5 -3.0 4.4

0.1 0.0 0.1

0.3 0.5 0.3

6.6 -3.8 0.2

-6.9 2.4 -2.9

62 only AQ

AQ

3.0 3.4 2.0

-3.0 -1.6 -1.7

8.0 -12.0 -15.3

-11.6 7.9 5.0

15.4 -6.0 1.0

-15.0 4.2 -3.6
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It should be rememberedthat all kinds of effectsnot being indudedin the

presentanalysiscausetune shifts at the "10 unit" level; for that reasonit is

somewhatof an empty accomplishmentto achievecompensationat the "1 unit"

level, ashasbeenaccomplishedhere. In anycase,compensationat the "10 unit"

level can be accomplishedusing "remote" or even "global" compensation.This

hasbeenstudiedin SSC-SR-1038.

With the 115 m half-cell length and 1 GeY injection energy,it wasknownto

be impossibleto obtain adequatecompensationwith steeringelementsrestricted

to spool-piecelocationsbesidethe quads.With the presentlattice, this question

canbe re-opened.

The next table dealswith the possibility of restrictinglumped correctorsin

thisway. It showsthat theacceptabilitycriteriabarelymiss beingmet,usingonly

lumpedcorrectorsat the spool-piecelocationsbesidethequadrupoles.Correctors

requiredare62,63 and 64. Thecorrectorstrengthsareadjustedsimply to remove

thefield integralof eachparticularmultipole, integratedaroundthering, without

referenceto the beta-functionvaluesat the correctionelementpositions.

With the correctionelementswired in families, it is still possibleto change

the family strengthsempirically, ratherthan to cancelthe field integral, aswas

done in the previous table. The next table shows the resultsalter empirically

optimizing thesettingsof thelumpedb and 64 coils that arelocatedin thespool-

pieces.In both casesshownthe 62 strengthsareset to cancelthe chromaticities.

In thefirst case,this 62 compensationis with bore-tubecoils; in the second,it is

with lumped elementsin the spool-pieces.It can be seenthat the specifications

aremet. -
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90 METER CELLS, 4 CM BORE

SPOOL-PIECEONLY CORRECTION,4 cm bore.

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

62,63,64,66 A1Q

aQ
1.1 -0.3 0.8

0.4 -0.2 -0.9

-3.7 -4.1 -4.1

-0.9 -6.8 -6.8

-9.9 -3.9 -11.3

-0.1 -3.4 -4.1

62,63,64only AQ

AQ

3.]. -0.3 1.1

0.1 -0.4 -1.6

-3.7 -0.5 -4.1

-0.9 -4.5 -6.8

-11.1 -3.9 -11.5

0.3 -3.4 -3.8

62,63 only AQ

AQ,

-10.9 0.5 -7.9

7.2 -4.3 1.4

-3.7 -0.5 -4.1

-0.8 -4.8 -6.9

2.6 -7.3 -3.9

-7.1 0.5 -5.9

62 only SQ

AQ

4.0 3.8 3.8

-2.9 -1.3 -1.7

9.2 -12.0 -14.7

-11.1 7.9 5.9

15.9 -4.9 3.4

-15.0 4.2 -3.7

2 TeV INJECTION, 90 mIIALF-CELLS, OPTIMIZED SPOOL FITTING

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

Bore-tube62

Spool 63,64 fit

àQ

AQ

0.5 0.6 0.4

-0.2 -2.7 -3.0

0.7 -4.9 -7.0

-6.4 -3.4 0.8

1.6 -4.3 -5.2

-6.9 -4.1 0.6

Chrom. 62 fit

Spool 63,64 fit

AQ2

akQ

3.2 3.3 0.9

0.0 -2.6 -2.8

3.6 -3.8 -6.1

-6.7 -3.4 0.9

3.8 -3.8 -4.6

-7.7 -4.1 0.7
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Thelast entriesin the previoustable canbe comparedwith thosein the next

table,copiedfrom SSC-SR-1038p. 34. It showsthat thelargeamplitudebehav

ior is not betterin the shortenedcell, but that the off-momentumcompensation

is severaltimes more accurate.

1 TeV INJECTION, 115 m HALF-CELLS, OPTIMIZED SPOOL FITTING

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

Chrom. 62 fit

Spool 63,64 fit

AQ

AQ

8.1 17.3 12.2

12.5 11.7 0.6

-2.7 -5.0 -3.7

-3.3 -7.1 -3.4

-15.6 -27.8 -17.0

-19.6 -22.5 -7.6

From these successesat compensationit can be seen that shorteningthe

cell length and increasingthe injection energy haseliminatedthe needfor so

phisticatedschemes.It continuesto be true that compensationto levels many

times betterthan the specsis possible,but it requireselementsin the interiors

of half-cells.

Obviously the sensitivity has beenreducedto levels such that neither the

Simpson-Neuffernor Gaussianschemesneedsto be followed religiously. Thedata

in the next table investigatesthis statement.A "Displaced Gaussian"lumped

configuration is testedin which the Gaussiancorrectorsare displacedby one

magnet,so that one correctoris in the convenientspool-piecelocation. That is,

insteadof appearingat locations1-2 and 4-5 within the half-cell, they appearat

locations0-1 and 3-4. The notation1-2 indicatesthe drift spacebetweenmagnet

1 and magnet 2, and so on. Otherwise they have equal strengths,the same

as for Gaussian,dead-reckonedto cancel the integratedsystematicmultipole.

This could also be thought of as a modification of the Simpson-Neufferscheme,

with the "center" correctorsomewhatoff-center. This suggeststhat the optimal
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weighting of strengthswould be betweenthe 1:2 of Simpson-Neufferand the 1:1

of Gaussian. The resultsin the table show that the specificationsare met by

a factor of 4, even without botheringto optimize this ratio. Cursory efforts to

improvethe compensationfurther by adjustingthis ratio gaveno improvement.

DISPLACED GAUSSIAN

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

Chrom. 62 fit

63,64 Gaussian

AQ

iSQ

0.2 0.1 0.2

0.4 0.4 0.2

-0.1 0.0 -0.5

0.1 -0.6 -2.1

-1.7 -0.3 -2.6

0.3 -0.1 -0.6

From theseresultsoneconcludesthat thedecisionasto thenumberof dipoles

per half-cell canbe madeon the basisof cost and/orconvenience,without refer

enceto the issueof compensation.

The remainingtablesrepeatmany of the previousconditionsexcept for the

changeof using systematicerrors appropriate to a bore diameterof 5 cm. The

compensationis somewhatbetter than with 4 cm bore; typically 30 percent or

so.
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90 METER CELLS, 5 CM BORE

NO LUMPED CORRECTION

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

Uncorrected AQ

AQ

6.9 0.3 3.5

-6.6 0.3 -3.3

8.3 -12.4 -15.4

-11.1 6.3 4.9

11.9 -3.6 3.2

-11.2 1.2 -4.1

Bore-tube62

correction

AQ

AQ1

0.8 -0.3 0.0

-3.3 -0.6 -3.2

0.7 -7.0 -5.0

-6.7 0.9 -3.4

1.1 -3.7 -3.5

-6.8 0.1 -4.0

SIMPSON-NEUFFERCORRECTION

5 -0.001

3.6,0 3.6,3.60,3.6

0.0

5.0,0 5.0,5.00,5.0

0.001

3.6,0 3.6,3.60,3.6

62,63,64,66 AQ

z1Q

0.1 0.1 0.1

0.4 0.4 0.3

0.1 0.1 0.1

0.4 0.4 0.3

0.1 0.1 0.1

0.5 0.5 0.4

62,63,64 only

AQ

0.2 0.1 0.1

0.4 0.5 0.4

0.1 0.1 0.1

0.4 0.4 0.3

0.1 0.1 0.1

0.5 0.5 0.5

62,63 only SQ

LSQ

-3.5 0.9 -0.2

3.5 -0.6 1.0

0.1 0.1 0.1

0.4 0.4 0.4

3.5 -2.1 0.1

-3.2 0.8 -1.1

62 only

AQ

5.4 0.3 3.0

-6.5 0.4 -3.2

8.0 -12.0 -15.4

-11.0 7.8 4.8

11.8 -3.6 2.4

-11.2 1.5 -3.7
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90 METER CELLS, 5 CM BORE

SPOOL-PIECEONLY CORRECTION

5 -0.001

3.6,0 3.6,3.6 0,3.6

0.0

5.0,0 5.0,5.0 0,5.0

0.001

3.6,0 3.6,3.60,3.6

62,7,3,64,66 AQ

AQ

2.1 -0.2 0.2

-3.3 -1.0 -3.3

2.4 -7.2 -4.3

-6.8 0.7 -3.7

2.7 -3.7 -3.1

-6.8 -0.1 -4.5

62,63,64only AQ

AQ1

2.5 -0.2 0.1

-3.3 -1.0 -3.3

2.4 -7.2 -4.3

-6.8 0.7 -3.7

2.3 -3.7 -3.1

-6.8 -0.1 -4.4

62,63 only AQ,,

SQ

-0.1 0.0 -0.9

-2.5 -2.8 -3.2

2.4 -7.2 -4.3

-6.8 0.7 -3.7

4.4 -3.8 -0.5

-7.3 0.5 -4.5

62 only AQ

AQ

6.9 0.3 3.4

-6.6 0.3 -3.3

8.3 -12.4 -15.4

-11.1 6.3 4.8

11.9 -3.6 3.2

-11.2 1.2 -4.1
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