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Abstract

The consequencefr the beamdynamicsare discussedf concen-
trating the radio-frequeng acceleratingsystemof a very large circular
ete” collider VLLC in afew placesaroundthe circumference.As spe-
cific example,a VLLC with four long straightsectionswith RF systems
andpossiblyinteractionpointsandfour arcsis used. At 184 GeV beam
enepgy, eachRF systemaccelerateshe two beamsby aboutl GeV, and
cause®nepy variationsbetweent-0.27% aroundthe circumference By
arranginghe RF systemsymmetricallyaroundtheinteractionpoints,the
centre-of-masenepiesthereareall equalto twice thebeamenegy. In a
VLLC modelwithoutlow- insertionstheeffectsof this savtoothenegy
variationon the mismatchof the horizontalorbit anddispersionandthe
amplitudefunctionsareall rathersmall.
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1 INTRODUCTION

This brief note containsa discussiorof the consequencesf concentratinghe radio-
frequeny acceleratingystemn afew placesaroundthecircumferencef averylarge
circularete™ collider VLLC [1, 2]. Thepurposeof theRF systems compensatinghe
synchrotrorradiationlosseshat amountto about4 GeV on a turn, or about2.174%
of thebeamenepgy £ = 184 GeV. | assuméhatthe RF systemsareinstalledin the
long straightsectionscloseto the interactionpoints,andthatthe dispersionvanishes
there. Thereareseveral very goodreasondor this choice. In the specificcontext of
this note, it avoids exciting synchro-betatromesonanceby the RF system.Thelong
straightsectionscontainthe samefocusingarrangemenasthe arcs,i.e. FODO cells
with length L,,, phaseadvancey in unitsof 27, andfocal length f of the quadrupoles
asshavnin Tah 1.

2 LAYOUT OF A SUPER-PERIOD

A superperiod startsandfinishesat an interactionpoint IP. Next to the IP arelow-
[ insertionsandassociatednatchingsectionsthat matchthe low- 3 insertionsto the
FODO latticein the restof the VLLC. | have not studiedthesesections and simply
replacedthem by three FODO cells for the purposeof this note. The RF systems
areinstalledin thedrift spacedetweerthe quadrupole®f thefollowing FODOcells.
Eachhalf cell of the lattice contains40 RF cavities, that operateat about400 MHz,
areabout2 RF wavelengthdong, andhave about6.7 MV peakvoltage. The remain-
derof thelong straightsectionis usedfor separatinghe two beamsnto two different
magneticchanneld3]. Installingthe RF systemin the straightsectioncommonto the
two rings halvesthe numberof cavities, but doesnot changethe RF power needed.
Installing the RF systemsymmetricallyaroundthe interactionpoints hastwo benefi-
cial effects: (i) it minimisesthe distancebetweenbunchesin the VLLC, andhence
maximisestheir number and (ii) it ensureghat the centre-of-mas&negies of the
beam-beancollisionshave the nominalvalueby symmetry[4]. Fig. 1 shavsthelay-
outof aFODO cell with the RF system.Thearcsin a superperiodaresurroundedy
dispersionsuppressorsThe far endof a supefperiodcontainsFODO cells for beam
separationan RF systemthe matchingandlow-( insertions.

Thenumberof supefperiodsmustbeatleasttwo, resultingin aVLLC of racetrack
shape TheRF systemsn thetwo longstraightsectionsnusteachaccelerat¢hebeams
by about2 GeV. Theenepy offsetsatthe entrancesindexits of thearcsarethenabout
+1 GeV, or about+0.54% of thebeamenenpy.

3 RF SYSTEM DESIGN

Thetotal peakRF voltageVrr follows from therequirementhatthe quantumiifetime
mustat leastbe 7, = 24 h. The calculation[2] yields Vzr = 4.27326 GV. If the
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Figurel: Schematidayoutof a lattice cell with 40 RF cavities in eachhalf cell, and
orbit functions/3, and, /3,

whole RF systemconsistedf cavities similar to the superconductingLEP cavities,
eachhaving aboutl0 MV peakacceleratingoltage,atleastabout432 cavities would
beneededn total.

Tablel: VLLC Parameters

Collisionenegy £ 184 GeV
FODOperiodlength, 223.464 m
Phaseadvanceyu/2m 0.25
Focallengthof quadrupoley +79.3774 m
Max. amplitudefunction 3, 383.268 m
Max. horizontaldispersionD,, 1.12054 m
Frequeng of RF systemfyp 399.989 MHz
Numberof RF cavities 640
PeakRF voltageVrr 4273.26 MV
Stablephaseangley, /27 0.308234
Relative bucket height 5.98466 - 103




4 ORBITAL EFFECTS

In my calculations] assumehatthe VLLC hasfour supefperiods,andresembles
squarewith roundedcorners.| install onelattice periodwith 80 RF cavities on either
side of all four centresof long straightsectionswhetherthey areinteractionpoints
or not. In this case,the total numberof RF cavitiesis 8 x 80 = 640, andthe peak
acceleratingvoltageis 6.68 MV. Fig. 2 shaws the relatve momentumerror §, and
demonstrateshe variation of the beamenegy alongthe orbit in savtooth fashion.
Therelatve momentunerroré vanishesieartheinteractionpointsat eitherendof the
superperiod. It rapidly increasesn the RF systemto the left of the graph,reaching
about0.5 GeV or about0.27%,staysconstanin therestof the long straightsection,
andthendropsthroughthe arc. In the long straightsectionat the right edgeof the
graph,it staysconstantagain,andrisessteeplyin thesecondRF system.Fig. 3 showvs

the horizontal orbit offset along a supefperiod, if 1 do not take stepsto adaptthe
strengthsof the dipolesto the variationof the beamenegy. The peakvalueof z is

comparabldo the RMS beamradiusin a horizontallyfocusingquadrupolen thearcs
o, =~ 2 mm. Notethelittle orbit wigglesin thelong straightsectionsareeitheredgeof

thegraph.Onecanarguethatan orbit correctionsystemwill re-centrethe horizontal
orbit, by addingbendingpower attheentranceof thearcswhered > 0, andsubtracting
bendingpower at their exits whered < 0. If therearehorizontalcorrectorsnext to

every horizontallyfocusingquadrupolethentheir strengthmustbe about0.0123Tm

for only correctingthe enegy sawtooth. This strengthcorresponds$o a 0.5 m long

correctorwith thefield of a standardarcdipole.
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Figure 2: Relatve momentumerror ¢ Figure3: Horizontalorbit offsetx in me-
alonga superperiodof VLLC tresalongasuperperiodof VLLC

Figs.4,5, 6,and7 show closerviews of thehorizontalorbit offsetz, thehorizontal

dispersionD,, and the orbit functions/3, and \/ﬂ: through 16 lattice periodsin
thelong straightsectionbetweerthe RF systemandthearc. All thesefunctionsrepeat



themselessincethe phaseadvancethroughalatticeperiodis 7 /2, theformertwo four
times, the latter two eighttimes. The horizontaloffsetz in the long straightsections
is about60 m at most,only about3% of the RMS beamradius. ThedispersionD,in
thelong straightsectiondgs about40 mm at most,lessthan4% of thearcvalue. The
beatingof /3, and\/ﬁ: is alsosurprisinglysmall,only afew percent.lt is causedy
the chromaticitycorrection.
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Figure4: Horizontalorbit offsetx in me- Figure5: HorizontaldispersionD,, in me-
tres along 16 lattice periodsin the long tres along 16 lattice periodsin the long

straightsectionof VLLC straightsectionof VLLC
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Figure 6: Horizontal orbit function v/, Figure 7: Vertical orbit function /3,

along16latticeperiodsin thelongstraight along16 latticeperiodsin thelongstraight
sectionof VLLC sectionof VLLC

5 CONCLUSIONS

The consequencef®r the beamdynamicsare discussedf concentratinghe radio-
frequeng acceleratingsystemof a very large circular et e~ collider VLLC in afew
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placesaroundthecircumferenceAs specificexample,a VLLC with four long straight
sectionswith RF systemsand possiblyinteractionpoints and four arcsis used. At
184 GeV beamenepy, eachRF systemaccelerateshe two beamsby aboutl GeV,
or 0.54%of the beamenegy, andcausesneqgy variationsbetweent-0.27% around
thecircumferenceBy arrangingthe RF systemsymmetricallyaroundtheinteraction
points, the centre-of-masg&nepiesthereare all equalto twice the beamenengy. In
a VLLC modelthat doesnot containlow-3 insertions,the effects of this savtooth
enegy variationonthe mismatchof the horizontalorbit, thehorizontaldispersionand
the amplitudefunctionsareall rathersmall. In a VLLC with only two long straight
sectionsandtwo half-circulararcsthey would betwice aslarge.

The VLLC parametersirecomputedn my Mathematica notebook2]. It writes
a shortfile with datafor MAD [5]. In turn, MAD doesthe matchingfor elementsof
finite length, computesthe orbit parametersand prepareghe graphs. This scheme
allows aneasyadaptatiorto changesn the VLLC parameters.
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