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Abstract

Backgroundstudies during the design, construction,
commissioning,operationandimprovementof BaBarand
PEP-IIhave beengreatlyinfluencedby resultsfrom a pro-
gramreferredto asLPTURTLE (Lost Particle TURTLE)
which wasoriginally conceived for the purposeof study-
ing gasbackgroundfor SLC. This venerableprogramis
still in usetoday. We describeits use,capabilitiesandim-
provementsandrefer to currentresultsnow beingapplied
to BaBar.

ORIGIN OF LPTURTLE
At SLAC, for many years,electron-positroncollisions

have beenthe mainstayof the High Energy Physicspro-
gram.Thus,thestudyof backgroundprocessescharacteris-
tic of thesebeamsof light particleshavealsobeenof inter-
est.With theconstructionof theworld’sfirst linearcollider,
with its long transportlines, it wasrealizedthatnew tools
would be useful for the investigationof the background
from electronsor positronsinteractingwith the residual
gasescontainedwithin the1.4km beamlines.Smallangle
scatteringof thebeamparticlesfrom theCoulombscatter-
ing processcould generatebeamhalo that could accom-
pany the beamfor long distances. Shorter ranged,but
equally detrimentalare background� ’s and ��� emanat-
ing from beam-gasbremsstrahlung.This latter process,
with the � ’s directedin a straightline and the ��� having
an energy loss, usually do not generatebackgroundun-
lessthescatteroccurscloseto thedetectordownstreamof
the large bendmagnets.Concurrentwith SLC conceptu-
alizationa new chargedparticlebeamopticsprogramDE-
CAY TURTLE [1] becameavailable.Thiswasa modifica-
tion of the programTURTLE [2], a ray tracing program
that includedhigher order optical and geometricaberra-
tions. It wasrealizedby several SLAC physicists[3] that
the 2-particlepion decay(onechargeddaughterplus one
neutraldaughter)couldbereplacedby Coulombscattering
andBremsstrahlung;in both cases,the scatteredcharged
particle retains its mass(that of the electron)while the
masslessneutralparticleis retained(brems.)or discarded
(Coulomb).Additionalmodificationsof DECAY TURTLE
would thenallow evaluationof backgroundratesfrom both
CoulombandGas-Bremsstrahlungscattering.

SCATTERING PROCESSES
For Coulombscatteringthe differentialcrosssectionis

found in Rossi[4] as the modified RutherfordScattering
�
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Formulafor smallangles
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is energy of ra-
diatedphoton,
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, andwhereZ andA arethecharge

andmassnumbers,N is Avogadro’snumber,
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is theclas-
sicalelectronradiusand c � ;;W?ed is thefine structurecon-
stant.

Thecrosssectionsfor thetwo interactionsof interestare
proportionalto

2gfH2
, so h � canbeneglectedwhereasthe

abundant ikj is well representedby 0 � . For simplicity
thegasis assumedto be1 nTorr 0 � distributeduniformly
aroundthering. Thedensityof 0 � at this pressureis l G . f
ADm d 0 � atoms/n 8 ?

. The ��� per bunchat 1 A ring current
are usedto calculateabsoluterates. Thus the resultsare
normalizedto events/beamcrossing-nT-A. Weightingwith
a vacuumprofilecanbeadded.

CREATING LPTURTLE INPUT
The PEP-II [5] machineopticsevolves;descriptionsin

MAD [6] codeof runningconfigurationsareconstantlybe-
ing updated.Taking thesenew optics to a completedde-
scriptionin LPTURTLE format is a processof many steps
startingwith writing afull MAD Twisstableto file (Fig.1).
This file containsa completedescriptionof all optical el-
ementsand valuesof importantbeamparametersat pre-
scribedpointsof path-length.Thereis oneknown excep-
tion, whereinan importantparameteris missingfrom this
table,which cancausesomedifficulty andthat is the fail-
ure to includethe quantitiesFINT andHGAP, describing
the extent of the fringe fields for the bendmagnets.The
datain this tableis processedusingPerl codeto generate
a descriptionof the ring using the TURTLE input proto-
col. The PEP-II InteractionPoint (IP) representeda spe-
cial challengeto characterizethesuperpositionof a yawed
detectorsolenoidfield onto that of the beamlinemagnets
within thedetector. Thesebeamlinequadsandbendmag-
netswererepresentedaszerolengthdevicesnestingsmall
incrementsof the axial solenoidfield. The effect of the
3.5mradyaw of thedetectorwasrepresentedby incremen-
tal verticalkicks. Translatingtheseunusualfeaturesin the
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Figure1: Flow chartof the processesfrom PEP-II design
descriptionto input for GEANT4 backgroundsimulations

MAD representationwassubjectto error. To checkfor er-
rors, it was requiredto generatetwo input decksone to
be run usingTURTLE codeandthe otherTRANSPORT,
becauseof subtledifferencesin the way eachcodetreats
bendingmagnets. The TRANSPORT codewas usedto
check for survey and optical errorsand helpeddiagnose
problemswith theTURTLE code.

Fromengineeringdrawingsandspreadsheetsa descrip-
tion of the beamline aperturesis obtainedandconverted
to an ASCII tablecontainingthe positionsof the limiting
aperturesalongthe beamlineandthe extent of eachaper-
ture wrt to the beamin plus and minus directionsof the
transversecoordinates.Aperturesin LPTURTLE can be
elliptical or rectangularandarespecifiedto bestmatchthe
givenchambershape.

Thisdatais usedin two ways.In long regionswherethe
vacuumpipe is smooth,the sizesareput directly into the
MAD-TURTLE conversioncodetherebyinsertedinto the
beamlinefile. In regionswheretheaperturesarechanging
rapidly, i. e. nearthe IP, anothermatchingcodeis used
thatreadsboththeapertureandthebeamlinefiles,matches
locationsalongthepathandinsertstheappropriateaperture
in thebeamlinefile.

CAPABILITIES
LPTURTLE allows the usera greatdeal of control to

performthe desiredphysicstasks.Selectablearethe pro-
cesses(Coulombor brems.),the rangeof kinematicvari-
ables (scatteringangles,energy loss), the region where
scatteringtakes placeand the region wherestoppedpar-
ticlesareto beregistered(usuallylimited to within thede-
tector).Thecapabilitiesof two graphicaloutputsareavail-
able:TOPDRAW [7] andPAW [8]. In Fig. 2 anexampleof
a TOPDRAW plot showsbremsstrahlungparticlesstriking

Figure 2: X-Z and Y-Z TOPDRAW plots of
Bremsstrahlungparticles near the LER IP, located at2U�ÖÕ

. Aperturesaregreen,particletracksarered

theLER vacuumchamberwithin theBaBardetector. Note
thatonly particlesthatstrike within eightmetersof theIP
areretainedfor study. Also, notethehigh densityof aper-
turesrequiredto emulatethecomplicatedvacuumchamber
geometrywith its synchrotronradiationmasksneartheIP.
This densityrequiredtheautomaticaperturematchingand
insertioncodeearliermentioned.

In the plot of the x-z planeit is clear that it is the off-
energy positronsbendingoff-axis in the magneticfields,
that are hitting the chamber. Theseparticlesexhibit be-
tatron oscillationstypical of charged particles. Photons
behave differently, becausethey arenot affectedby these
fields; in the curvilinearcoordinatesystemthey have the
appearanceof beingdeflectedsharplyat dipoleswhereit
is thebeam-following coordinatesthatactuallychangedi-
rection. This can be seenin the y-z planeat z=-10 me-
terswherethephotonsappearto bekickedupward,when,
in fact, the beamis beingdeflecteddownwardby a verti-
cal bendingdipole. Again, in Fig. 2 oneseesthat at Z=
-27 metersthereis a concentrationof particlesthathave a
largetransverseoffset in the+X directionin thex-z plane.
Theseparticlesarecandidatesfor eliminationby collima-
tion. In similar plots of Coulombscattering(not shown)
it is evenclearerthat haloclustersexhibiting largeampli-
tudebetatronoscillationscanpropagatetheentire2 km cir-
cumferenceof the ring. Studiesof the dependenceupon
the scatteringandcircumferentiallocationversuslocation
of detectorhits using PAW can guide the placementof
backgroundsuppressingcollimators.Guidedby theTOP-
DRAW plots and an understandingof the machinefunc-
tions, the userplacesmarkersin the input to LPTURTLE
atpotentialcollimatorlocations.At thatlocation(s= accu-
mulatedpathlength)theprogramthenstoresthetransverse
positions,anglesandvalueof s, i.e. (x, x’, y, y’, s) of the



scatteredparticleinto a singlePAW ntuple. Besidesthese
user× -chosenntuple entries,specialparametersdescribing
the scatteredparticlesare always available in the ntuple.
Theseparametersfor only the particlesstriking the user
specifiedregion are1) thevalueof s wherethescatteroc-
curred,2) particletype,( ��� or � ) 3) energy, 4) x, x’, y, y’,
sat thestruckpoint.

In Fig. 3 andFig. 4 areexamplesof theuseof PAW for
the LER PEP-Nproposal;applyingcutsallowed for effi-
centstudyof the effect of collimation. Extensive investi-
gation of collimation in the PEP-II rings for BaBarhave
beencarriedout andarereportedelsewherein this confer-
ence[9].

Figure3: PAW plots of LER beamcollimator studiesfor
PEPN,with cutsof particlesfor ØÚÙ #�Õ

cm

Figure 4: PAW histogramsshowing decreasein particle
countandenergy deposited(blue hatching)with collima-
tor cut

INPUT TO GEANT4
LPTURTLE is also used (Fig.1) to provide scattered

beam particle events to the BaBar [10] detectorphysi-
cists[11] usingGEANT4in theirstudyof sourcesof back-
ground. This datais providedasanASCII file containing

asmany asonehalf a million events.Parametersfor each
eventdescribethetypeof event,energy andchargeof par-
ticle, andin the detectorcoordinatesystemthe launchdi-
rectioncosinesandthe locationof the hit on the vacuum
chamber. It wasimportantto verify theagreementfor the
coordinatesof thehit betweenthetwo programsto ensure
consistentdescriptionsof the geometryand fields. Such
agreementwas difficult to achieve becauseone program
performsentirely in the beamcurvilinearsystemwhereas
thesecondoperatesin thelab. Currently, for theLER ring
goodagreementhasbeenachieved,asreportedelsewhere
in thisconference[11].

CONCLUSION
LPTURTLE hasservedthedetectorphysicscommunity

for many years.Its capabilitiesarevariedandprovideuse-
ful insight into backgroundsources.Recently, the mating
with GEANT4 hasmet with successfor the PEP-II LER
ring.

ACKNOWLEDGMENTS
Theauthorsareindebtedto Hobey DeStaeblerfor recon-

structinghis calculationsthatwereincorporatedinto code
morethan20yearsago.His descriptionof thenecessaryal-
gorithmsandmethodsusedin the modificationtheDecay
Turtle codewereusedto guide thoseearly programmers.
We understandthat J. Mathews of John Hopkins Univ.
wrote much of the initial code. D. Coupalof SLAC but
now in privateindustrycontributedmany enhancementsin-
cluding the additionof the PAW capability. A. Snyder of
SLAC introducedtheTOPDRAW capability. Furthermore,
we wish to expressour appreciationto T. Geld,G. Bower
andW. Lockmanfor theirgreatpatienceandskill in mating
LPTURTLE with GEANT4.

REFERENCES

[1] DECAY TURTLE, D. C. Carey et al. SLAC Report No.
SLAC-246,Fermilabcomputingdept.reportPM-31,1982.

[2] TURTLE, Trace Unlimited Rays Through Lumped Elements,
D. C. Carey, FermilabreportNAL-64, 1971.

[3] H. DeStaebler, BaBarnoteto bepublished

[4] B. Rossi, ”High-Energy Particles”, Eq. 2.15.13, Prentice-
Hall, 1952.

[5] SLAC-418,June1993.

[6] H. Grote,F. C. Iselin,CERN/SL/90-13(AP),1990.

[7] J.Clement,”TOPDRAW”, FermilabDoc.PP0005.11993.

[8] ApplicationSoftwareGroup,”PAW: PhysicsAnalysisWork-
station”,CERN/ProgramLibrary EntryQ121,1995.

[9] R. J. Barlow et al., ”PredictingPEP-II Accelerator-Induced
BackgroundsUsing TURTLE”, theseproceedings,1752 -
TPPP032.

[10] B. Aubertet al. [BaBarCollaboration],“The BaBarDetec-
tor”, Nucl. Instrum.Meth.A 479, 1 (2002).

[11] W. S. Lockmanet al., “GEANT-4-BasedSimulationStudy
of PEP-II BeamBackgroundsin the BaBarDetectorat the
SLAC B-Factory”, this conference,2660- WPAE056.


