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Introduction

The circumferencesof theSSCaccelerators,LEB, MEB, HEB andcollider, must all be
an integer numbertimes XRF, the RF wavelength. So, the ratio of circumferencesof two
neighboringaccelerators,C2:C1 is a rational fraction. In practice C1 and C2 havea rangeof
possiblevalues, typically within a few percentof a nominal value. Without the benefit of
constraints,thereis a very largenumberof possiblerationalfractionsfor eachacceleratorpair.

This note first presentsthree constraintswhich reducethe numberof solutions
significantly. Then it goesthroughtheexerciseof applyingtheseconstraintsto arrive at a straw
man set of proposedparametersfor the four accelerators.Finally, someof the advantagesand
disadvantagesof theconstraintsandtheir applicationarepresented.Theintention throughoutis
not to proposeparameters,but to propose - for the purposesof discussion- oneway of setting
them.

Constraints

The samethreeconstraintsapply to all four accelerators.They axe -

I. The circumferenceis an integermultiple of 72 S3. or 360 meters,where S3 = 5.0
metersis the nominalbunchspacing. Note that S9 = 6 Xpp, asdiscussedin SSCL-A-l. This

allows the nominal bunch spacingto be increasedby any factor of 72 = 23.32 while still
maintainingevenlyspacedbunches.

2. The circumferenceis anintegermultipleof Mm thehalfcell length. This looselyimplies
that,as in thecollider lattice, eachlattice is constructedof moduleswhich themselvesare measured
in unitsof half cell lengths.
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3. Thehalf cell lengthis an integernumbertimes SB/2, or 2.5 meters,the nominal length
betweencollisions. Thus the HEB half cell length, for example,which is currently listed as
39.116meters,would migrateto either37.5 or 40.0meters.

Oneaot’Iication oftheconstraints

The generalprocedurein filling out Table 1 below goesasfollows. Takethenominal
values for C and H112, as reported in the 7119/89 parameterlist. Examine four cases,
correspondingto two C and two H1 valuesjust aboveand just below their nominal values,
accordingto the modularconstraints1 and 3 above. Calculatethe numberof half cells in one
circumferenceto seeif it is an integer- in which caseconstraint2 is passed- for eachof the four
cases. In the caseof the collider this procedureis unnecessary,since the values are already
satisfactory.

Accordingto this procedure,then, theresultsin Table I showthatthe circumferences
of thecollidersarein theratio 241 : 30: 11: 1, wheretheunit of lengthis 360 meters. The half
cell length of theHER may be either37.5 or 40.0meters,andof the MEB is 22.5 meters. The

LEB is a specialcase,in that thereis no reasonablyclosevaluesof theLEB half cell lengthwhich
satisfiesconstraint3.

Advantnesanddisadvanta2es

A directresultof the 241 30 ratio of colliderto HEB circumferencesis that thereare
241 possiblelocationsinto which a referencebunchmay be injected,with a maximum"seek"time

of 241 HEB turns,or about 9 milliseconds. In order for thebunchto be placedinto any of the
possiblelocationsseparatedby S9. fine tuning may be performedby using RF cogging. For
example,if theavengeradialdisplacementin theFEB is 10/ 2g millimeters,then thereference

bunchmovesonecentimeterperHEB turn, at an equivalentspeedof 278 meterspersecond. It

thereforetakes 0.65 secondsin order to move 2.241 of thecircumferenceof thecollider. By

contrast,if the circumferenceratio were exactly S to 1, it would take 0.3 millisecondsfor the
coarseadjustment,and 19.4 secondsfor thefine coggingadjustment.This argumentdisfavorsa

low orderrationalfraction,especiallybetweenthelargermachines.
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Accelerator C[m] C/360 C/SB H[m] C/H1 Comment

Collider 86,760 241 23.32.241 90.0 22.241 nominal

HEB 10,701 39.1 **** nominal
10,440 29 23.32.29 37.5 **** FAIL

40.0 32.29 OHia is odd

10,800 30 37.5 25.32 PASS
40.0 2.3.5 PASS

MEB -3,900 23.5 **** nominal

3600 10 24.32.5 22.5 2.5 far from 3,900

25.0 24.32 far from 3,900

3960 11 23.32.11 22.5 2.ll PASS

25.0 **** FAIL

LEB 405 "" 3.6 "I’ nominal

360 1 23.32 ? PASS?

Table 1. Circumference parametersbeforeand after application of the constraints.
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Whena bunchtrain is injectedinto an accelerator,theremustbe an emptygapin order
for the injectionkickers to rise andfall. Theremust alsobe a somewhatlarger gap for the
extractionor abortkickers to rise. See,for example,figure 2.7 in SSC-164by L. K. Chenand
M. A.Funnan.If accuratevaluesof thesetimes areavailable,thenit is possibleto deadreckona
circumferenceratio which is just larger than an integer, in order that all theinjectedtrainsare
identical exceptthat thereis a largerextractiongap betweentwo of them. For example,if the
collider/HEBratio is 241 / 30= 8.033.., then theextradistancebetweenS identical trainsis 360
meters,or 1.2 microseconds.This is not enoughfor a 20 TeV abortkicker. However,therise
andfall times areprobablynot well known, andthemodularity of this schemeis uncomfortably

large - forcing circumferencechangesat the 5% level. With thepossibility of bunchknockout
schemesin an earlyaccelerator,and with the flexibility of transferringa referencebunchinto any
desiredlocation, it shouldanywaybe possibleto carvean appropriatelylargeextractiongap, while
at the sametime ensuringa maximumfilling fraction.

Constraint3 allowscollisionsto takeplacein an acceleratorwith no further conditions
exceptthat thedistancebetweenneighboringinteractionpointsshouldbe an integernumberofhalf
cell lengths. Collisionsarealsoguaranteedif thebunchspacingis increasedby anyfactorof the
numberof collision spacingsperhalfcell.

If themodularityof thecircumferencesis toorestrictiveat the360meterlevel, it may be

reducedto 180 meters,correspondingto 36 nominally spacedbunches.Then thenominal bunch

spacingmay be increasedby any factor of 36, while still maintaining an evendistributionof

bunchesin eachaccelerator. In this senseconstraint1 takesa variableparameter,unliketheother
two constraints.
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SSCL-A-1

SSC RF parameters.with 90 meterhalf cell length

S. Peggs.JLPeterson
July, 1989

With the changein half cell length to Hia = 90 meters,it is necessaryto adjustthe
nominalbunchspacing, S8, andhencetheRF wavelength, ?,y, to maintainan integernumber

of bunchCROSSINGS,NB, per half cell, so that

= Hi

We propose NB = 36, so that S = 5.0 meters,slightly largerthan theCDR valueof 4.8 meters,
andthemostrecentvalueof 4.774meters. This guaranteesthat thenominal bunchspacingcanbe
increasedby factorswhich divide exactly into 36 = 22 32, that is, 2,3,4,6,9,12,18and36. Other
factorsmay alsobe possible,dependingon the numbersof half cell lengthsbetweenadjacent
interactionpoints - both the shortway and thelong way, aroundan arc. Thesenumbersmustbe
integers.

The bunchspacingitself mustbe an integernumberof wavelengths,S9 = Npy Xgy,
so that

2 H112
XRF

= NBNRF

Maintaining the old value of Nps=6 leadsto a value of qp = 0.8333.. meters,and an RF

frequencyof approximately360 MHz assumingc = 3 108 meterspersecond.This value, very
closeto thePEP,LEP andSPEARvaluesof 353 Mhz, 353MHz, and358MHz, is somewhatless
thanthemostrecentSSCvalue, 377.1 MHz.
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