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-theHelsinkiInstituteofPhysicsperspective

Geant4inLHCcomputing

-theHelsinkiInstituteofPhysicsPerspective

TomasLindén,AatosHeikkinen,AndiHektorandVeikkoKarimäki
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Outline

We’llgiveinthistalkanoverviewofHIPGeant4LHCactivities:

•ModelsdevelopedforGeant4

•Geant4evaluationsbyBaBar,ATLASandCMS

•FirstfinnishGeant4meetingatHIP,30.10-31.10.2003

•HardwareforGeant4MonteCarlo

•ParallellGeant4computing
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Background

•HelsinkiInstituteofPhysicsiscommittedtodevelopHETCand

INUCLmodelsforGeant4

•HighEnergyTransportCodeHETCin1970’s:partofmodels

nowreleasedinGeant4

•INUCL(1990’s)hadroniccodebyN.Stepanov(nowreleasedin

Geant4
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BertiniCascadeModels

http://arxiv.org/abs/nucl-th/0306008

•Intra-nuclearcascademodel(INC)withexitons

•Pre-equilibriummodel

•Nucleusexplosionmodel

•Fissionmodel

•Evaporationmodel

•De-exitationmodel

Coversγ,π,n,p,andnuclearisotopesintheenergyrange100MeV-

10GeV.
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UsingBertinicascade

Physicslistsfora’typical’HEPcolliderdetectorbyJ.PWellisch:

http://cmsdoc.cern.ch/~hpw/GHAD/HomePage/geant4.5.2/hep_

detector

•QGSPBERTandLHEPBERT:Below3GeVtheBertini

cascadeisusedfornucleonandpioninducedreactions.Theprice

topayisreducedCPUperformance.Itdoesnotincludegamma

andelectronuclearphysics.

•BaBarorPANDAmaywanttostartfromoneofthephyscislists

includingtheBertinicascade,oncerobustnesstestsarefinalized
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BertiniCascade

•Speedcomparisioninthintargets(D.Wright,BaBar):

–Standardphysicssettings(LEP):0.06ms/event

(parametricalmodelbasedonGeant3/GEISHA)

–Bertini0.64ms/event(semi-empirical)

–NewBinaryCascade3.78ms/event(theoreticalmodel)
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BaBarevaluationofBertinicascade

DennisWright,Geant4inBaBarSimulation,

Geant4Workshop,TRIUMF,Vancouver,September2-7,2003

(http://www.triumf.ca/geant4-03/agenda.html):

•Interestinhadrons:p,n,chargedπandK

(p<4GeV/c,most<1GeV/c)

•CurrentlyusinginelasticLEPmodel

•Only5-7%increaseinoveralleventtimewithnewcascademodels

•Hadronicprocessesvalidationcontinues

•NewcascademodelswillreplaceLEPinproductionafter

robustnesstests
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ImprovedPhysicsPerformancewithBertini

Cascade

Figure1:CurrentGeant4LEP

physicslistsettingagainstdata

(Ouyang,Peterson1992)

Figure2:Bertinicascademodel
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ATLASexperienceofGeant4

A.Dell’Acqua,Geant4PhysicsValidationinATLAS,Geant4

Workshop,TRIUMF,Vancouver,September2-7,2003:

•Geant4physicsbenchmarking:trytounderstanddifferencesin

appliedmodels,e.g.:effectofcutsonsimulationparameters

(rangecutvsenergythreshold)

•Useavailableexperimentalreferencesfrombeamtestsforvarious

sub-detectorsandparticletypestodeterminepredictionpowerof

models

•Geant4simulatesrelevantfeaturesofmuons,electronsand

pionsinvariousATLASdetectorsinmostcasesbetterthan

Geant3

•Geant4isdefinitelybecomingamatureandusefulproductfor

largescaledetectorresponsesimulation
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CMS(1/5)

P.Arce,ValidationofGeant4inCMS,

Geant4Workshop,TRIUMF,Vancouver,September2-7,2003

•OSCAR(ObjectOrientedSimulationforCMSAnalysisand

Reconstruction)is(almost)readytosubstituteGEANT3-based

simulationintheofficialCMSproduction

•ExtensivephysicscheckinghasbeencarriedtotestGeant4

physicsvs.GEANT3andvs.TestBeamdatawhereavailable(

1.2Msingleparticleevents+300kfulleventshavebeen

produced)
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CMS(2/5)

TheCMSDC04challenge(O(100)Mevents)startedinthesummer

2003withGEANT3simulation

•CMSplanstogeneratealargepartofthiseventsamplewith

Geant4

•November2003:>2MeventshavebeensimulatedwithGeant4

fortestsandvalidation

•10Meventsbytheendoftheyear

•Geant4electromagneticshowerslooksthinnerthanthe

GEANT3showers,buttestbeamdataseemstoagreebetterwith

Geant4
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CMS(3/5)

•CPUtimeisacceptable:1.5-2xGEANT3

•Memoryisacceptable:220MBOSCARvs.100MBGEANT3

simulation

•Crashingrateisacceptable:1/20000events

–BecomingsmallerateachGEANT4release

–Stillsomeproblemsintrackingandhadronicphysics
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CMScomparisonofGEANT3andGeant4(4/5)

Figure3:Energydepositedineachlayerofhadroncalorimetershows

goodagreementbetweenGEANT3andGeant4.
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-theHelsinkiInstituteofPhysicsperspective

CMSdetectorgeometryinGEANT4(5/5)

Figure4:XMLdescriptionofthe

CMSdetectorgeometry.

Figure5:GEANT4simulated

HiggseventintheCMSTracker.
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HIPGeant4WorkshopinHelsinki,

October30–31,2003(1/2)

http://www.hip.fi/geant4/workshop/

•ThefirstFinnishmeetingforuserswasdevotedtopractical

studiesofGeant4

•18participantsfromseveraldifferentfieldsofapplication

–Semiconductorindustry

–Spacescience

–Undergroundcosmicradiationexperiments

–Nuclearphysics

–Radiationsafety

–HighEnergyPhysics
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HIPGeant4WorkshopinHelsinki(2/2)

•P.NieminenfromESA:Geant4SpaceApplications(many

interestingapplicationse.g.SpaceStationandMarsmodelled

withGeant4)

•MariaGraziaPiafromINFN:Geant4LowEnergyPhysics

Applications(medicalapplications,suchasGeant4intreatment

planning)
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ParallellcomputationswithGEANT4

•GEANT4willbethelargestCPUtimeconsumingapplicationin

thenearfuture.

•Usingcomputerclustersisthereforeessential.

SinceGEANT4isapleasentlyparallellapplicationthesimplestway

torunGEANT4inparallellonaclusteristo:

•Usescriptsthatsplitlargeeventsamplesintoindependent

subsamplesandrecombinetheresultsafterthecalculation.

•ThisisusedinCMSMonteCarloProductionrunsbythe

McRunJobscriptgenerator.

•Wehavealsodonethisonthemoonshine”night”openMosix

cluster.
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UsingGeant4onanopenMosixPIIIcluster

Moonshineidea:TrytouseCPUcyclesonNTworkstationsinfour

computerclassesontheKumpulakampusthatareidleduringnights

andweekends.

KaiArstila(AcceleratorlaboratoryofthePhysicsdepartment)has

setupthisopenMosixcluster(MulticomputerOperatingSystemfor

UnIX):

•Frontend1.8GHzP4runningRedHat7.xwithkernel2.4.x

•60nodes(nolocaldisk):800MHzPIII256MB100Mb/s

•Availability:65%/week,computingpower≈1,3kSI95.
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ParallellcomputationswithGEANT4

GEANT4supportsintrinsicparallellism:

•ThereisthepossibilityoflettingGEANT4generatenew

subprocessesusingtheTOP-Cpackagedistributingthedataover

availableslaveCPUs.

FordetailshavealookintheGEANT4examplesdirectory

extended/parallellandtheParallellGEANT4webpage:

http://www.ccs.neu.edu/home/gene/pargeant4.html.

WeplantotrythiswayofrunningGeant4inparallellonthenew

64+2CPULinuxclustermillinHelsinki.
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Conclusions

•Geant4isbecomingamatureandusefulproduct.

•ItisbeingusedinthelargestHEPdetectorslikeATLAS,BaBar,

andCMStosimulatethedetectorresponse.

•Geant4isalsobeingusedinawideareaofapplicationsoutside

HEP.

•InCMSallphysicsgroupsagreeinswitchingtoGeant4asthe

officialsimulationtool.

•GEANT4processesmigratenicelyunderopenMosix.

•GEANT4applicationsdemandinghugeamountsofCPUtime

canbedistributedoverclusternodes,usingscriptsorbyletting

GEANT4generatesubprocessesusingTOP-C.
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