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Abstract

The vertical RMS spotsizesat the interactionpoint of
linearcollidersarein the1 nm to 5 nm rangeat beamen-
ergies from 0.25 TeV to 1.5 TeV. Numerical tracking of
particlesthroughthemagneticfocusingsystemsis usedfor
thedesignandtheperformancepredictionof themagnetic
systems.In view of thesmallspotsizesandthehighbeam
energies, it is importantthat the numericalcodesinclude
a carefultreatmentof thechromaticmagnetpropertiesand
an accuratemodelling of synchrotronradiation. Signifi-
cantdifferencesin the resultsof variouscodeshave been
observedandsomefixeshavebeenapplied.In orderto es-
tablisha basisfor futuresimulations,theresultsof various
tracking and modelling codesare comparedfor identical
input.

1 INTRODUCTION

Futurelinearcollidersaredesignedto focuselectronand
positronbeamsdown to the nanometerscalein order to
achieve high luminosity. For the projectspresentlyunder
study, the vertical beamsizesat the InteractionPoint (IP)
rangebetween

�
nmand� nmatenergiesfrom ��� ��� TeV to� � � TeV. Thereis currentlyno high-energy facility suitable

to test the ultimate luminosity performanceof the future
linearcollider. Therefore,thestudyof themachineperfor-
mancemustrely onthesimulationsof trackingcodes.Sev-
eral simulationcodesfor linearcollidershave beendevel-
opedin differentlaboratoriesthroughouttheworld. Here,
the resultsof the comparisonof five codesis presented.
Thecodecomparisonis intendedto giveconfidenceon the
simulation resultsand a basisfor future studiesand de-
sign work. The work hasbeendonewith the joint effort
of CERN,DESY andSLAC.

As a casestudy, thebeamdelivery system(BDS) of the
CompactLInear Collider (CLIC) is considered[1]. The
sameparticle distributions are tracked through the BDS
with thedifferentprograms.Horizontalandverticalbeam
sizesattheinteractionpointareusedasparametersto com-
parethesimulationresults.Thecaseof a perfectmachine
(no misalignmentsof the magnets)hasbeenconsidered.
Buncheswith andwithout energy spreadandsynchrotron
radiationhavebeentracked.

�
PhDstudentof theUniversity of Lausanne,Institut dePhysiquedes

HautesEnergies(IPHE),Switzerland.

2 SIMULATION CODES

Five tracking codes have been compared: 	�
� [2],����	�
�� [3], 	���������� [4], ���������� [5] and ��������	 [6].

� 	�
�� [2] is a generalall purposesimulation code.
Tracking is performedusingthe transportformalism
[7].

� Theprogram����	�
�� [3] trackstrajectoriesof thepar-
ticlesaccordingto thesecondordermatrix formalism.����	
�� doesnot provide synchrotronmotion analysis
but can simulateit. Release2.8, available from the
NLC web-site[8], hasbeenused.

� 	��������� is a � � classlibrary for performingcharged
particleacceleratorsimulations[4]. It wasoriginally
developedat DESY for thesimulationsof linearcol-
lider beamdynamicsand then extendedto include
storageringsphysics.

� ����������� is a tracking programoriginally conceived
for the linac simulations[5]. Recently it hasbeen
upgradedto includedhigh ordermultipolesandsyn-
chrotronradiationandusedfor the simulationsof a
wholelinacandbeamdeliverysystems.Seealso[9].

� ��������	 is a new acceleratortracking codebasedon
Geant4,that combinesfastaccelerator-style tracking
in thebeampipewith traditionalGeant-styletracking
in materials.Moredetailcanbefoundin [6].

3 THE CLIC BEAM DELIVERY SYSTEM

The beamline usedfor the codecomparisonis shown
in Fig.1. This is the designof the CLIC BeamDelivery
Systemfirst presentedin [1]. It containsboth thecollima-
tion systemandthe final focus,for a total lengthof about! � � km. This beamline containsabout"#� quadrupolesand�$!

sextupoles.It hasbeenoptimisedfor a
� � � TeV energy

beam.Horizontalandverticalbetafunctionsat the IP are
of " mm and ��� � � mm, resultingin an ideal beamsizeof
43nm % 1nm. Notethat theopticsusedfor thecodecom-
parisonis not thefinal designproposedfor CLIC. A shorter
beamdelivery systemis presentedin the companionpa-
per[11].

4 SIMULATION SETUP

The propertiesof the bunchesto be tracked thoughthe
CLIC BDSarelistedin Table1 (see[9] for themostrecent
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Figure1: Layoutof theCLIC beamDelivery Systemused
for thecodecomparison.A shorterBDS designfor CLIC
is presentedin [11].

resultson theCLIC linac simulations).Thebuncheswere
generatedwith Matlab routinesin formatssuitablefor the
differentprograms.Thesameseedsfor therandomnumber
generatorswereusedin thevariouscasesin orderto track
exactly the sameparticledistributionswith all programs.
Two valuesof thenormalisedverticalemittancehave been
considered,i.e.

� � nm and ��� nm. The energy spreadis a
squaredistributionwith a 1%full width.

Table1: Beamparametersat theentranceof thebeamline
usedto generatedthe particledistributions to be tracked.
Theparticleenergy is asquaredistributionwith afull width
of
�

%.

Parameter Symbol Value

Energy . � ����� GeV
Energy spread(full width) /0.21#. �

%
Hor. betafunctions 3�4 ! � m5 4 �
Vert. betafunctions 3�6 � " m5 6 �
Hor. norm.emittance 798 4 ! "�� nm
Vert. norm.emittance 798:6 � �;1��#� nm
Bunchlength <= >��@?�A

Horizontal and vertical beam sizes at the interaction
point aretheparametersusedto comparethecodes.They
arecalculatedas the RMS valuesof the particledistribu-
tions. Five bunchesof ���#���#� particleswith the proper-
tiesof Table1 have beentracked. Theaveragebeamsizes
are then calculatedand the errorsestimatedas the stan-
darddeviationof the BDCE� availablevaluesmultipliedby� 1#F BHG � CI��� � . Simulationshave beendonefor a per-
fect machine(no misalignmentof thebeamline magnets).
For two valuesof 798 6 , the caseswith andwithout energy
spreadwere considered.For the latter case,synchrotron
radiation in all the elementsof the beamline (dipoles,
quadrupolesandsextupoles)hasalsobeenincludedin the
simulations.
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Figure2: Differenceof the horizontalparticlepositionat
theendof theBDSversusparticleenergy, ascalculatedby	��������� and 	�
�� .

5 RESULTS OF THE SIMULATIONS

Thetrackingresultsaresummarisedin Tables2 and3 for
thecasesof 798 6 C � � nm and 7@8 6 CJ��� nm, respectively. A
goodagreementbetweentheresultsof thedifferentcodesis
foundwhenthesynchrotronradiationemissionis not con-
sidered(first andsecondcolumns).Thedifferencesof the
beamsizesarewithin the error bars(threesigmas). The
largestdiscrepanciesarefoundfor thehorizontalbeamsize
for buncheswith energy spread. In particular, with 	�
��
slightly largervaluesfor < 4 arefound.Theabsolutediffer-
encesdo notexceed��� K nm(horizontalplane).Fig.2 gives
thedifferenceof thehorizontalparticlepositionsat the IP
ascalculatedwith 	�
�� and 	���������� . Maximumdifferences
up to about>�� nmarefoundfor particleswith largeenergy
offset. The datastandarddeviation is > nm. On the other
hand,if ����	�
�� and 	��������� arecompared,differencesup
to
�$!

nmanda standarddeviationof
�

nm arefound.
When the synchrotronradiation is considered,differ-

encesup to �;� > nm and ��� K nm arefoundfor thehorizontal
andverticalbeamsizes,respectively. Thecodesconsidered
usedifferentmodelsfor synchrotronradiationsimulations.
The implementationin 	�
�� is describedin [12]. To ac-
countfor energy lossesdueto photonemission,the beam
is re-acceleratedafter eachelementsuchthat it keepsthe
nominalmeanenergy andis matchedwith thedownstream
lattice. On the other hand, ���������� , 	��������� and ��������	
implementtheMonteCarlogeneratorof [13] andre-scale
magnetstrengthsto matchtheactualbeammomentum,as
in arealmachine.����	�
�� simulationshavebeenperformed
usingthe “option 11” [3], which includessynchrotronra-
diation in all theelementsof thebeamline for eachbeam
particle,accordingto themodelof [14]. This optiondoes
not includecompensationfor theenergy losses.

From the above, it is thereforenot possibleto compare
directly the resultsobtainedwith the different programs.
Differencesof the beamsizesup to K % in the horizontal
directionandup to �#� % in theverticaldirectionarefound.	��������� and���������� , whichimplementthesamemodelfor
thesynchrotronradiationsimulations,show indeedabetter
agreementthanwith the other programs. The larger dif-
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ferencesfoundwith ��������	 areunderinvestigation.Larger
valuesarealsofoundwith ����	�
�� , maybebecausetheused
optiondoesnot compensatefor theenergy lossesandasa
consequencethe beam-latticematchis lost. Note that the
beamsizescalculatedasRMS of particledistributionsare
verysensitiveto thepositionof thefew tail particles.Com-
parisonsof true luminosity performancesareexpectedto
agreebetter.

6 CONCLUSIONS

Theresultsof thejoint effort of CERN,DESYandSLAC
to comparetracking codesfor linear collider simulations
have beenreported. 	�
�� , ����	�
�� , 	��������� , ���������� and��������	 have beencomparedusingtheCLIC beamdelivery
system.Theprogramsarein goodagreementfor thesimu-
lationsof aperfectmachinewithoutsynchrotronradiation.
Minor differencesappearwhentheenergy spreadis taken
into account.Differencesof the beamsizesascalculated
with synchrotronradiationareup to K % in the horizontal
planeand up to ��� % in the few nanometervertical size
(e.g.,

� � �J¹º��� > nm). The small differencesareattributed
to thedifferentmodelsused.
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