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Abstract

Background studies during the design, construction,
commissioningpperationandimprovementof BaBarand
PEP-IIhave beengreatlyinfluencedby resultsfrom a pro-
gramreferredto as LPTURTLE (Lost Particle TURTLE)
which was originally conceved for the purposeof study-
ing gasbackgroundfor SLC. This venerableprogramis
still in usetoday We describdts use,capabilitiesandim-
provementsandreferto currentresultsnow beingapplied
to BaBar

ORIGIN OF LPTURTLE

At SLAC, for mary years,electron-positrorcollisions
have beenthe mainstayof the High Eneigy Physicspro-
gram.Thus,thestudyof backgroungrocessesharacteris-
tic of thesebeamof light particleshave alsobeenof inter-
est.With theconstructiorof theworld'sfirstlinearcollider,
with its long transportlines, it wasrealizedthatnew tools
would be useful for the investigationof the background
from electronsor positronsinteractingwith the residual
gasesontainedwithin the 1.4 km beamlines.Smallangle
scatteringof the beamparticlesfrom the Coulombscatter
ing processcould generatebeamhalo that could accom-
pary the beamfor long distances. Shorterranged, but
equally detrimentalare backgroundy’s and e* emanat-
ing from beam-gadremsstrahlung. This latter process,
with the 4’s directedin a straightline andthe e having
an enegy loss, usually do not generatebackgroundun-
lessthe scatteroccurscloseto the detectordownstreanof
the large bendmagnets. Concurrentwith SLC conceptu-
alizationa new chagedparticlebeamopticsprogrambDE-
CAY TURTLE [1] becamevailable. This wasa modifica-
tion of the programTURTLE [2], a ray tracing program
that included higher order optical and geometricaberra-
tions. It wasrealizedby several SLAC physicists[3] that
the 2-particle pion decay(one chaged daughterplus one
neutraldaughterouldbereplacedy Coulombscattering
and Bremsstrahlungin both casesthe scatterecchaged
particle retainsits mass(that of the electron)while the
masslesseutralparticleis retained(brems.) or discarded
(Coulomb).Additional modificationsof DECAY TURTLE
wouldthenallow evaluationof backgroundatesfrom both
CoulombandGas-Bremsstrahlunggattering.

SCATTERING PROCESSES

For Coulombscatteringthe differential crosssectionis
found in Rossi[4] asthe modified RutherfordScattering
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Formulafor smallangles

do/dw = K/(0* + a?)?, 1)
whered is the polar scatteringangle,a takesaccountof
screeningf the nuclearchage by atomicelectronsand
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For BremsstrahlungRossigivesthe crosssection

% = %L(l —u+ (3/4)u?), )
whereL = [182 X (Zr,)? In(183/Z1/3), k is enegy of ra-
diatedphoton,u = k/F, andwhereZ andA arethechage
andmassnumbersN is Avogadros numberr, is theclas-
sicalelectronradiusanda = ﬁ is thefine structurecon-
stant.

Thecrosssectiondor thetwo interactionof interestare
proportionalto 7 - 7, so H, canbe neglectedwhereaghe
alundantCO is well representedby N, . For simplicity
the gasis assumedo be 1 nTorr N, distributeduniformly
aroundthering. The densityof N, atthis pressurés 6.4 -
107 N, atomsém?®. The et perbunchat 1 A ring current
are usedto calculateabsoluterates. Thusthe resultsare
normalizedto events/beantrossing-nTA. Weightingwith
avacuumprofile canbeadded.

CREATING LPTURTLE INPUT

The PEP-II [5] machineoptics evolves; descriptionsn
MAD [6] codeof runningconfigurationsareconstantlybe-
ing updated. Taking thesenew opticsto a completedde-
scriptionin LPTURTLE formatis a procesf mary steps
startingwith writing afull MAD Twisstabletofile (Fig. 1).
This file containsa completedescriptionof all optical el-
ementsand valuesof importantbeamparameterst pre-
scribedpoints of path-length.Thereis oneknown excep-
tion, whereinanimportantparameteis missingfrom this
table,which cancausesomedifficulty andthatis thefail-
ure to include the quantitiesFINT and HGAP, describing
the extent of the fringe fields for the bendmagnets. The
datain this tableis processedising Perl codeto generate
a descriptionof the ring usingthe TURTLE input proto-
col. The PEP-IlInteractionPoint (IP) representec spe-
cial challengeto characterizehe superpositiorof a yawed
detectorsolenoidfield onto that of the beamlinemagnets
within the detector Thesebeamlinequadsandbendmag-
netswererepresentedszerolengthdevicesnestingsmall
incrementsof the axial solenoidfield. The effect of the
3.5mradyaw of thedetectowasrepresentetly incremen-
tal verticalkicks. Translatingtheseunusuaffeaturesn the
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Figure1: Flow chartof the processe§rom PEP-II design
descriptionto input for GEANT4 backgroundsimulations

MAD representatiomassubjectto error. To checkfor er-
rors, it was requiredto generatewo input decksone to
be run using TURTLE codeandthe other TRANSPOR,
becausef subtledifferencedn the way eachcodetreats
bendingmagnets. The TRANSPOR code was usedto
checkfor surwey and optical errorsand helpeddiagnose
problemswith the TURTLE code.

Fromengineeringlravingsandspreadsheetsa descrip-
tion of the beamline aperturess obtainedand corverted
to an ASCII table containingthe positionsof the limiting
aperturesalongthe beamlineandthe extent of eachaper
ture wrt to the beamin plus and minus directionsof the
trans\ersecoordinates. Aperturesin LPTURTLE canbe
elliptical or rectangulaandarespecifiedto bestmatchthe
givenchambershape.

This datais usedin two ways. In long regionswherethe
vacuumpipe is smooth,the sizesare put directly into the
MAD-TURTLE corversioncodetherebyinsertedinto the
beamlinefile. In regionswherethe aperturesarechanging
rapidly, i. e. nearthe IP, anothermatchingcodeis used
thatreadshoththeapertureandthe beamlinefiles, matches
locationsalongthe pathandinsertstheappropriateaperture
in thebeamlinefile.

CAPABILITIES

LPTURTLE allows the usera greatdeal of control to
performthe desiredphysicstasks. Selectableare the pro-
cessegCoulombor brems.),the rangeof kinematicvari-
ables (scatteringangles, enegy loss), the region where
scatteringtakes place and the region where stoppedpar
ticlesareto beregistered(usuallylimited to within the de-
tector). The capabilitiesof two graphicaloutputsareavail-
able: TOPDRAW [7] andPAW [8]. In Fig. 2 anexampleof
a TOPDRAN plot shovs bremsstrahlungarticlesstriking
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Figure 2. X-Z and Y-Z TOPDRAN plots of
Bremsstrahlungparticles near the LER IP, located at
Z = 0. Aperturesaregreen particletracksarered

the LER vacuumchambemithin the BaBardetector Note
thatonly particlesthat strike within eightmetersof the IP
areretainedfor study Also, notethe high densityof aper
turesrequiredto emulatethe complicatedzacuumchamber
geometrywith its synchrotrorradiationmasksnearthe IP.
This densityrequiredthe automaticaperturematchingand
insertioncodeearliermentioned.

In the plot of the x-z planeit is clearthatit is the off-
enegy positronsbendingoff-axis in the magneticfields,
that are hitting the chamber Theseparticlesexhibit be-
tatron oscillationstypical of chaged particles. Photons
behave differently, becausehey are not affectedby these
fields; in the curvilinear coordinatesystemthey have the
appearancef being deflectedsharplyat dipoleswhereit
is the beam-follaving coordinateghat actuallychangedi-
rection. This canbe seenin the y-z plane at z=-10 me-
terswherethe photonsappeaito be kicked upward, when,
in fact, the beamis being deflecteddownward by a verti-
cal bendingdipole. Again, in Fig. 2 one seesthatat Z=
-27 metersthereis a concentratiorof particlesthathave a
largetrans\erseoffsetin the +X directionin thex-z plane.
Theseparticlesare candidatedor eliminationby collima-
tion. In similar plots of Coulombscattering(not shawvn)
it is even clearerthat halo clustersexhibiting large ampli-
tudebetatroroscillationscanpropagatéheentire2 km cir-
cumferenceof thering. Studiesof the dependencepon
the scatteringand circumferentiallocationversuslocation
of detectorhits using PAW can guide the placementof
backgroundsuppressingollimators. Guidedby the TOP-
DRAW plots and an understandingf the machinefunc-
tions, the userplacesmarkersin the inputto LPTURTLE
atpotentialcollimatorlocations.At thatlocation(s = accu-
mulatedpathlengththe programthenstoreshetrans\erse
positions,anglesandvalueof s,i.e. (x, X, y, y’, s)of the



scatteredparticleinto a single PAW ntuple. Besideshese
userchosenntuple entries, specialparameterslescribing
the scatteredparticlesare always available in the ntuple.
Theseparameterdor only the particlesstriking the user
specifiedregion are 1) the valueof s wherethe scatteroc-
curred,2) particletype, (e or~) 3) enegy, 4)x, X', y, Y,
satthestruckpoint.

In Fig. 3 andFig. 4 areexamplesof the useof PAW for
the LER PEP-Nproposal;applying cuts allowed for effi-
centstudy of the effect of collimation. Extensve investi-
gation of collimation in the PEP-II rings for BaBar have
beencarriedout andarereportedelsavherein this confer
encel9].
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Figure 3: PAW plots of LER beamcollimator studiesfor
PEPN,with cutsof particlesfor X < 20 cm
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Figure 4: PAW histogramsshowving decreasén particle
countandenegy depositedblue 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] usingGEANT4 in their studyof sourceof back-
ground. This datais providedasan ASCI! file containing

asmary asonehalf a million events. Parameterdor each
eventdescribehetype of event,enegy andchage of par
ticle, andin the detectorcoordinatesystemthe launchdi-
rection cosinesandthe location of the hit on the vacuum
chamber It wasimportantto verify the agreementor the
coordinatef the hit betweerthe two programso ensure
consistentdescriptionsof the geometryand fields. Such
agreementvas difficult to achieve becauseone program
performsentirely in the beamcurvilinear systemwhereas
thesecondoperatesn thelab. Currently for the LER ring
goodagreemenhasbeenachieved, asreportedelsevhere
in this conferencq11].

CONCLUSION

LPTURTLE hassenedthedetectomphysicscommunity
for mary years.Its capabilitiesarevariedandprovide use-
ful insightinto backgroundsources.Recently the mating
with GEANT4 hasmet with succesdor the PEP-II LER
ring.
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