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Abstract

The consequencesfor the beamdynamicsare discussedof concen-
trating the radio-frequency acceleratingsystemof a very large circular
e
�
e� collider VLLC in a few placesaroundthe circumference.As spe-

cific example,a VLLC with four long straightsectionswith RF systems
andpossiblyinteractionpointsandfour arcsis used.At 184GeV beam
energy, eachRF systemacceleratesthe two beamsby about1 GeV, and
causesenergy variationsbetween

�������
	
% aroundthecircumference.By

arrangingtheRFsystemssymmetricallyaroundtheinteractionpoints,the
centre-of-massenergiesthereareall equalto twice thebeamenergy. In a
VLLC modelwithout low-� insertions,theeffectsof thissawtoothenergy
variationon themismatchof thehorizontalorbit anddispersion,andthe
amplitudefunctionsareall rathersmall.
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1 INTRODUCTION

This brief notecontainsa discussionof theconsequencesof concentratingtheradio-
frequency acceleratingsystemin afew placesaroundthecircumferenceof averylarge
circulare

�
e� colliderVLLC [1, 2]. Thepurposeof theRFsystemis compensatingthe

synchrotronradiationlossesthatamountto about4 GeV on a turn, or about2.174%
of thebeamenergy ��
����
� GeV. I assumethat theRF systemsareinstalledin the
long straightsectionscloseto the interactionpoints,andthat thedispersionvanishes
there. Thereareseveralvery goodreasonsfor this choice. In thespecificcontext of
this note,it avoidsexciting synchro-betatronresonancesby theRF system.The long
straightsectionscontainthe samefocusingarrangementasthe arcs,i.e. FODO cells
with length ��� , phaseadvance� in unitsof

���
, andfocal length � of thequadrupoles

asshown in Tab. 1.

2 LAYOUT OF A SUPER-PERIOD

A super-periodstartsandfinishesat an interactionpoint IP. Next to the IP are low-
� insertionsandassociatedmatchingsections,thatmatchthe low-� insertionsto the
FODO lattice in the restof the VLLC. I have not studiedthesesections,andsimply
replacedthemby threeFODO cells for the purposesof this note. The RF systems
areinstalledin thedrift spacesbetweenthequadrupolesof thefollowing FODOcells.
Eachhalf cell of the lattice contains40 RF cavities, that operateat about400 MHz,
areabout2 RF wavelengthslong, andhave about6.7 MV peakvoltage.Theremain-
derof thelong straightsectionis usedfor separatingthetwo beamsinto two different
magneticchannels[3]. InstallingtheRF systemin thestraightsectioncommonto the
two rings halvesthe numberof cavities, but doesnot changethe RF power needed.
Installing theRF systemsymmetricallyaroundthe interactionpointshastwo benefi-
cial effects: (i) it minimisesthe distancebetweenbunchesin the VLLC, andhence
maximisestheir number, and (ii) it ensuresthat the centre-of-massenergies of the
beam-beamcollisionshave thenominalvalueby symmetry[4]. Fig. 1 shows thelay-
out of a FODOcell with theRF system.Thearcsin a super-periodaresurroundedby
dispersionsuppressors.The far endof a super-periodcontainsFODOcells for beam
separation,anRF system,thematchingandlow-� insertions.

Thenumberof super-periodsmustbeat leasttwo, resultingin aVLLC of racetrack
shape.TheRFsystemsin thetwo longstraightsectionsmusteachacceleratethebeams
by about2 GeV. Theenergy offsetsat theentrancesandexits of thearcsarethenabout� � GeV, or about

������� � % of thebeamenergy.

3 RF SYSTEM DESIGN

ThetotalpeakRFvoltage���� followsfrom therequirementthatthequantumlifetime
must at leastbe !�"#
 � � h. The calculation[2] yields ���� $
%� ���
	
&
�
' GV. If the
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Figure1: Schematiclayoutof a latticecell with 40 RF cavities in eachhalf cell, and
orbit functions 7 �98 and �9:

whole RF systemconsistedof cavities similar to the super-conductingLEP cavities,
eachhaving about10 MV peakacceleratingvoltage,at leastabout432cavities would
beneededin total.

Table1: VLLC Parameters

Collisionenergy � 184 GeV
FODOperiodlength �;� 223.464 m
Phaseadvance�=< ��� 0.25
Focallengthof quadrupoles� ��	
>���&
	
	 � m
Max. amplitudefunction �98 383.268 m
Max. horizontaldispersion? 8 1.12054 m
Frequency of RFsystem���@ 399.989 MHz
Numberof RF cavities 640
PeakRF voltage �A�@ 4273.26 MV
StablephaseangleBDC < ��� 0.308234
Relativebucketheight

����> �
� '
'FE � � �HG
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4 ORBITAL EFFECTS

In my calculations,I assumethat theVLLC hasfour super-periods,andresemblesa
squarewith roundedcorners.I install onelatticeperiodwith 80 RF cavities on either
sideof all four centresof long straightsections,whetherthey are interactionpoints
or not. In this case,the total numberof RF cavities is �JIK� � 
 ' � � , andthe peak
acceleratingvoltageis 6.68 MV. Fig. 2 shows the relative momentumerror L , and
demonstratesthe variation of the beamenergy along the orbit in sawtooth fashion.
Therelativemomentumerror L vanishesneartheinteractionpointsateitherendof the
super-period. It rapidly increasesin the RF systemto the left of the graph,reaching
about0.5 GeV or about0.27%,staysconstantin therestof the long straightsection,
andthendropsthroughthe arc. In the long straightsectionat the right edgeof the
graph,it staysconstantagain,andrisessteeplyin thesecondRF system.Fig. 3 shows
the horizontalorbit offset along a super-period, if I do not take stepsto adaptthe
strengthsof the dipolesto the variationof the beamenergy. The peakvalueof M is
comparableto theRMS beamradiusin a horizontallyfocusingquadrupolein thearcsN 8PO �

mm. Notethelittle orbit wigglesin thelongstraightsectionsareeitheredgeof
thegraph.Onecanarguethatanorbit correctionsystemwill re-centrethehorizontal
orbit, by addingbendingpowerattheentranceof thearcswhereLRQ � , andsubtracting
bendingpower at their exits where LTS �

. If therearehorizontalcorrectorsnext to
every horizontallyfocusingquadrupole,thentheir strengthmustbeabout0.0123Tm
for only correctingthe energy sawtooth. This strengthcorrespondsto a 0.5 m long
correctorwith thefield of astandardarcdipole.
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Figure 2: Relative momentumerror V
alongasuper-periodof VLLC
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Figure3: Horizontalorbit offset X in me-
tresalongasuper-periodof VLLC

Figs.4, 5, 6, and7 show closerviewsof thehorizontalorbit offset X , thehorizontal
dispersionY�Z , and the orbit functions [ \9Z and \9] through16 lattice periodsin
thelongstraightsectionbetweentheRFsystemandthearc.All thesefunctionsrepeat
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themselvessincethephaseadvancethroughalatticeperiodis
� < � , theformertwo four

times,the latter two eight times. Thehorizontaloffset M in the long straightsections
is about

'H� � m at most,only about3% of theRMSbeamradius.Thedispersion? 8 in
the long straightsectionsis about40 mm at most,lessthan4% of thearcvalue. The
beatingof 7 �98 and �9: is alsosurprisinglysmall,only a few percent.It is causedby
thechromaticitycorrection.
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Figure4: Horizontalorbit offset _ in me-
tres along 16 lattice periodsin the long
straightsectionof VLLC
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Figure5: HorizontaldispersioncPd in me-
tres along 16 lattice periodsin the long
straightsectionof VLLC
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Figure 6: Horizontal orbit function h i9j
along16latticeperiodsin thelongstraight
sectionof VLLC
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Figure 7: Vertical orbit function p9q
along16latticeperiodsin thelongstraight
sectionof VLLC

5 CONCLUSIONS

The consequencesfor the beamdynamicsarediscussedof concentratingthe radio-
frequency acceleratingsystemof a very large circular er es collider VLLC in a few
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placesaroundthecircumference.As specificexample,aVLLC with four longstraight
sectionswith RF systemsandpossiblyinteractionpoints and four arcsis used. At
184 GeV beamenergy, eachRF systemacceleratesthe two beamsby about1 GeV,
or 0.54%of thebeamenergy, andcausesenergy variationsbetween

�������
	
% around

thecircumference.By arrangingtheRF systemssymmetricallyaroundtheinteraction
points, the centre-of-massenergies thereareall equalto twice the beamenergy. In
a VLLC model that doesnot containlow-� insertions,the effects of this sawtooth
energy variationonthemismatchof thehorizontalorbit, thehorizontaldispersion,and
the amplitudefunctionsareall rathersmall. In a VLLC with only two long straight
sectionsandtwo half-circulararcsthey wouldbetwice aslarge.

TheVLLC parametersarecomputedin my Mathematica notebook[2]. It writes
a shortfile with datafor MAD [5]. In turn, MAD doesthematchingfor elementsof
finite length,computesthe orbit parameters,andpreparesthe graphs. This scheme
allowsaneasyadaptationto changesin theVLLC parameters.

References

[1] T. SenandJ. Norem,A Very Large Lepton Collider in the VLHC Tunnel, to be
published.

[2] E. Keil, A Very Large Lepton Collider,
http://wwwslap.cern.ch/ t keil/Math/vllc.nb (2001).

[3] E. Keil, Beam Separation in a Very Large Lepton Collider, CERN-SL-Note-
2001-017(AP) (2001)

[4] J.M.Jowett,Consequences of less symmetrical locations of the polarization wig-
glers, LEPNote616(1988)

[5] H. Grote and F.C. Iselin, The MAD Program, Version 8.16, User’s Reference
Manual, CERNSL/90-13(AP) Rev.4 (1995).

6


