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Abstract

To improve the understandingof acceleratoinduced
backgroundatthe SLAC B-Factory we simulatelost par
ticle backgroundsn the BABAR detectororiginatingfrom
beam-gasnteractionsand radiatve Bhabhascatters. We
have extendedthe GEANT4-basedABAR detectorsimu-
lationto includebeam-linecomponentandmagnetidields
up to 8.5 m away from the interactionpoint. We describe
the simulation model and then comparepreliminary pre-
dicted backgroundlevels with measurementfrom dedi-
catedsingle-andcolliding-beamexperiments.

INTRODUCTION

Two potential sourcesof backgroundsn the BABAR
detector[1] includelost particlesfrom beam-gasnterac-
tionsandBhabhascatters.Thefirst is single-beanrelated
andscaleswith thebeamcurrentandtheresidualpressure,
while the seconds presentduring colliding beamrunning
only andscaleswith theluminosity. Two horizontalbeam-
separatior(B1) dipoles(Fig. 1) sweepoff-enegy particles
into thevacuumchambemwall. Secondariefrom thesein-
teractionsare a potentialsourceof machinerelatedback-
groundin the BABAR detector Furtherimprovementsin
PEP-II luminosity will requireraisingthe beamcurrents
andlowering the 3—function at the interactionpoint (IP),
possiblyresultingin increasedackgroundevels. To un-
derstandhe detectorbackgroundsothin the currentand
upgradedmachineconfigurationsthe detectorsimulation
hasbeenextendedto include the machinevacuumcham-
ber, lattice elementsand their associatednagneticfields
up to andincluding the final doubletquadrupoles;t8.5 m
from the IP. We arein thefirst stagesof comparingMonte
Carlo predicteddetectoroccupanciesvith thoseobtained
from single-andcolliding beammeasurements.

* Work supportedn partby DOE grantDE-FG02-04ER41286.
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Description

Chagedparticletracksin the BABAR detectoraremea-
suredin a 5-layersilicon vertex tracker (SVT) surrounded
by a 40-layer drift chamber(DCH). Both detectorsare
embeddedn a 1.5T solenoidalmagneticfield. A ring-
imaging Cherenkv detector(DIRC) surroundshe DCH.
Electromagneticshavers from photonsand electronsare
detectedn anarrayof Csl crystals(EMC) locatedinside
the solenoidakoil of a superconductingnagnet.

The detectorMonte Carlo program consistsof pack-
agesfor event-generationparticle transport,detectorre-
sponseandeventreconstruction.The Monte Carlo event
generatorsof relevance for this study include the sin-
gle beamLPTURTLE [2] generatomwhich modelsbeam-
gas bremsstrahlungand Coulomb scatters,the forward
beam-beanbremsstrahlungieneratorBBBREM [3] and
the small-angle radiatve Bhabha generator BHLUMI
[4]. The particle transportpackage(basedon GEANT4
(G4) [5]) is reponsiblefor tracking chaged and neutral
particles through the detectorand the low enegy ring
(LER) andhigh enegy ring (HER) beamlines. This pack-
age recordsspatial, temporaland kinematic information
(“GHits") in the various subdetectors. The detectorre-
sponsepackagedigitizes the GHit information into raw
data(“Digis”) andsimulateshelevel-1trigger The same
reconstructionpackageis usedto processboth real and
simulatedraw data.

The physicsprocessesn the G4-basedparticle track-
ing packagefall into four cateyories: decay electromag-
netic, hadronicand electro-nuclear The decayprocesss
usedfor all unstable long-lived particles. The following
electromagnetiprocessesre used: Comptonscattering,
~ corversion and photo-electriceffect, multiple scatter
ing, e* ionizationandbremsstrahlungs™ annihilation, u
ionization and bremsstrahlunge™-e~ pair productionby
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PEP-II Interaction Region
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Figurel: Layoutof thePEP-Illinteractionregion, top view.
Thebeamseparatiordipoles(B1) areshovn togethemwith
the quadrupole€QD1, QF2,QD4 andQF5. The 9.0 GeV
e~ beamentersfrom the left, the 3.0 GeV e™ from the
upperright.

muons,andhadronionization. The hadronicprocesse-
clude elasticand inelastic scattering,captureand fission.
The electro-nucleaprocessesnclude e*- and y-nuclear
reactions A specialmodelis usedto treatlow enegy neu-
tronsfrom thermalenegiesup to 20 MeV; the Bertini cas-
cademodel[6] is usedfor neutronsabove this enegy and
alsofor protonsandpions. The Low Eneigy Parameterized
model[6] is usedfor all otherhadrons.

To realisticallymodelbeam-relatedbackgroundsn the
BABAR detectora detailedmodelof the vacuumchamber
geometryandmagnetss required.Unfortunatelytheinner
surfacesof thevacuumchamberespeciallyin theregion of
theQF2septumarenoteasilydescribedy ary of thesim-
ple constructve solid geometry(CSG)classesvailablein
the G4 toolkit. Insteadwe approximatehe vacuumcham-
berusinga seriesof CSGtrapezoidsvhich areassembled
to form polytubesandpolyhedra. Theendpointcoordinates
of thesecompositesolids are taken from Solid Edge[7]
modelsof the vacuumchamber Thevacuumchambeiand
magnetsasconstructedy the G4 simulationareshavn in
Fig. 2.

Validation

The geometryof the vacuumchambeiis first validated
using virtual reality visualizationtools to compareeach
componentof the vacuumchamberto its corresponding
Solid Edgemodel. Secondlyaperturdocationsandshapes
derivedfrom trans\erseslice views at key transitionpoints
along the vacuumchamberare comparedwith the CAD
drawings andwith the aperturesn the LPTURTLE simu-
lation. Finally, from a sampleof beam-gascatterecc™’s
producedby LPTURTLE, we correlate(Fig. 3) the loca-
tionsin z (the horizontalcoordinatein Fig. 1) wherepar

Figure 2: G4 descriptionof PEP-Il interactiongeometry
The B1 and QD1 magnetsappearin red, QF2, QD4 and
QF5magnetsn light blue. Part of the LER vacuumcham-
ber(gray)is visible adjacento QD4 andQF5.

ticles strike the vacuumchamberas predictedby G4 and
LPTURTLE, respectiely. This teststhatboththe vacuum
chambemgeometryandthe beamline opticsareconsistent
betweerthetwo simulations.Thelarge peaknearz = 200
cmis dueto a horizontalaperturdimitation in the forward
LER Q2 septumchamber Most of the entriesin this plot
lie alongthediagonal,zg4 = 2LPTURTLE.

Figure3: z positionsof LER vacuumchamberhits aspre-
dictedby the G4 andLPTURTLE simulationsfrom anen-
sembleof bremsstrahlungandCoulomb-scattered™.

Normalization

In data,an eventis definedby all the hits which reside
in eachsubsystens level-1 (L1) lateng buffer whena L1
trigger signalis receved. Thetime window of this buffer,
T, is subsystem-dependeandis typically of order1 us.
In the Monte Carlo, aneventis definedasthe background
hits relatedto a singleBhabha-or beam-gascatter Thus,
the occupang predictedby the simulationmustbe multi-
plied by thefactorNe = L-o-T, whereo is thepredicted
Bhabhascatteringcrosssection, . the instantaneoukimi-
nosity and N¢ the expectednumberof Bhabhascattersn
thetime window T.

To normalizesingle beamsimulationsto the data, we
multiply the Monte Carlo occupanyg by the factor Ng =
I-T- NLPTURTLE/tLPTURTLEn wherel is thesinglebeam



current, N.prurtLE the numberof LPTURTLE events,
and typrurTLE the estimatedmachinetime to produce
NipTURTLE €ventsat a beamcurrentof 1A and a Nj-
equivalentpressuref 1 nTorr.

COMPARISON WITH DATA

Thebeam-gasindluminosity backgroundgredictedby
the simulationdescribedabove, have beenconfrontedwith
systematiomeasurementsf acceleratobackgrounds.in
dedicatednachineexperimentswe determinedhe beam-
current-and luminosity-dependencef the occupang in
eachBABAR subdetectgrand parameterizedt in terms
of beam-gas-juminosity- and beam-beam-inducedack-
grounds. The beam-gasterms are measuredn single-
beammode,filling eitherthe LER or the HER. The lu-
minosity term, predictedto be dominatedby radiatve-
Bhabhadebris, is measuredn collision, and is by def-
inition proportionalto the measurednstantaneougumi-
nosity The remainingbeam-beamerm is the difference
betweerthe total background-inducedccupang, andthe
sum of the beam-gasand luminosity terms. Touschek
andsynchrotron-radiation-indtedbackground$iave been
shavn to beneggligible.

Thesubdetectomostsensitveto beam-gadackgrounds
is the SVT. It consistsof five layersof silicon strip sen-
sors, arrangedin overlappinghexagonalpatternsaround
the beampipe. Eachlayeris double-sidedwith azimuthal
(¢) stripson one face,and axial (z) strips on the othet
A comparisonof the measuredand predicted occupan-
ciesin the SVT ¢ chipsis presentedn Fig. 4 for single-
beambackgrounddrom the LER. The angle¢ is the az-
imuthal angledefinedin the coordinatesystemwherethe
z-axis is in the PEP-II storageplane pointing outwards
and the y-axis points vertically upward. The peaksnear
¢ = 0 and¢ = 180° aredominatedby degraded-enegy
positronssweptinto the chamberwall by the B1 mag-
nets (Fig. 1). The agreementetweendata and Monte
Carlo, bothin shapeand overall normalizationis remark-
ably good, consideringthe simulationassumes uniform
pressurethroughoutthe LER. The other subsystemsre
in the procesof performingsimilar single-beantompar
isons.

To simulatethe luminositybackgroundsye have gener
atedsamplesof forward beambremsstrahlungnd small-
angleradiative Bhabhascattering However, theresultsare
too preliminaryto be presentedat this time. In the SVT,
DCH and DIRC, the predictedMonte Carlo occupancies
from the Bhabhascatteringsamplesappearo be at least
oneorderof magnituddowerthanwhatis obsenedin data.
In theEMC, however, theMonte Carlooccupanciesppear
to bein betteragreementvith data,bothin magnitudeand
shape.

The next stepin this studywill be to modelthe single
beamHER backgrounds.Doing so will provide a better
understandingf the systematiancertaintiesn the Monte
Carlosimulation.
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Figure4: Single-beanSVT ¢ chip occupanciesneasured
with al1A et beam(solid circles)andpredictedoy G4 (his-
tograms)for layer1 (top) andlayer2 (bottom). The simu-
lation assumes 1 nTorr pressuraroundthering.
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