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Abstract

Several variantsof evolution of GIGA1 are discussed.The proposed
schemafor communicationsof algorithmswithin ��������� framework with
Geant4structuresallows to useGeant4Tool Kit asblack-boxwithout de-
tailedknowledgeof internalfeaturesof Geant4Tool Kit.
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1 Integration of Geant4into frame-
work

The Evolution of GIGA from stand-aloneGeant4programto a simulation
environmentfully integratedinto ���	�
�	� framework couldberepresented
by a setof phasesandschematicdiagramsof dataflows. All indicateddata
flows consistof objects,specificfor Geant4Tool Kit.

1.1 Phase0

Phase0correspondstoastand-aloneGeant4program.Dataflowsareschemat-
ically representedin figure1.1.
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Figure1: A schematicview of communicationswith Geant4Tool Kit. Dataflow
directionsareindicatedby arrows.

1.2 PhaseI

At this phasewe foreseenthe introductionof GIGA Serviceandthedirect
usageof this serviceandsomelimited numberof Geant4classesby user’s
Algorithms. Dataflowsareschematicallyrepresentedin figure1.2.
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Figure2: A schematicview of dataflows duringPhaseI of integrationof Geant4
into ��������� framework

This casecorrespondsto a native usageof ”stand-alone”Geant4ap-
plication within ��������� framework. User’s algorithmsact like wrappers
over mainprogramof Geant4. Franklyspeakingat very beginningtheonly
oneprofit thatordinaryusergetsfrom usageGIGA Servicewith respectto
an ordinary ”stand-alone”Geant4program,is the fast andeasyaccessto
generalandtechnical��������� facilities like histogram,codeprofiling and
others.On otherside,if onehastheworking Geant4code,it couldbeem-
beddedinto �����
�	� framework usingGIGA facilitiesin a straightforward
way withoutchangingany line of codes2.

DataflowsbetweenAlgorithmandGIGA Serviceindicatedin figure1.2
still containobjectsspecificfor Geant4Tool Kit.

1.3 PhaseII

This phasecouldbeconsideredas”tr ansitionphase”betweenPhaseI and
PhaseIII andit couldbeeasilysubdividedinto somesteps:

2Only themain() functionis to beremoved
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1. At thisstepweenhancethefunctionalityof GIGA by makingpossible
to extracttheeventrecordfrom ���	�
�	� tventstore

2. At thisstepweenhancethefunctionalityof GIGA by makingpossible
to get the DetectorDescriptionby pointing into the root of already
constructedGeant4tree

3. At this stepwe foreseento implementthe automatictranslationof
���	�
��� DetectorDescriptioninto Geant4detectordescription.

4. At thisstepweforeseento implementtheautomaticcreationof Geant4
hits and sensitivevolumefrom their descriptionvia XML. A some
commonbrainstormingwithin closecollaborationwith sub-detector
groupsis necessaryfor performingof this step.

5. At this stepwe foreseento automatictranslationof Geant4hits into
���	�
��� MonteCarloobjects3

6. At this stepwe foreseenthe automaticpopulationof �����
�	� event
store by informationfrom Geant4trajectories4

Thedataflowsattheendof PhaseII arepresentedin figure1.3.All input
andoutputdataflows from Algorithms consistof only ���	�
��� specificob-
jects.An intermediatelayerof Converters andconversionservicesprevents
any contactsbetweenAlgorithms andobjects,specificfor Geant4. Onesees
that now GIGA Serviceitself becomesan internaland invisible object for
ordinaryuser.

In additiononecould foreseentheexistenceof intermediatesub-phase,
sketchedin figure1.3.

After implementingfirst two stepsGIGA Servicecould be considered
as”fr ozen”, sinceall otherstepsto PhaseIII will not requireany changein
functionalityof GIGA Serviceitself.

1.4 PhaseIII

At thisphasenoany user’s algorithmdealsdirectlywith GIGA Serviceand
Geant4classes.All knowledgeof Geant4will be absorbedby setof spe-
cific converters. This setof specificconverters correspondsto anadditional
layer in thedataflow, makingtheuserfree from theknowledgeof Geant4
machinery.

Beingatthisphasewecouldstartto think aboutconfigurationof Geant4
physicslist and/orcut-offs usinginternal ���	�
�	� featureslike jobOptions
Serviceand/or interactive scripting language. Moreover at this stagewe
foreseentheembeddingof theessentialcommandsfrom Geant4interactive
userinterfaceinto ���	�
��� interactivescriptinglanguage.

3Obviously this stepcouldnot bedonewithoutclosecollaborationwith sub-detectorgroups
4Communicationsphysicsandgeneratorgroupsarerequired
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Figure3: A schematicview of dataflows at theendof PhaseII of integrationof
Geant4into ��������� framework

2 Alter nativescenarios

For someproposedcomponentsone could consideralso somealternative
variants.

2.1 Communication with Generator

In theschemesketchedabovewehaveassumedthatfor definingtheprimary
eventGIGA will usethewholeeventrecordfrom TransientStore,prepared
outsidethe GIGA andGeant4. Suchapproachallows us to make a clear
separationbetweengenerator andsimulation.

Alternative schemacould be Generator embeddedinto GIGA and/or
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Figure4: A schematicview of dataflows at someintermediatesub-phaseduring
PhaseII of integrationof Geant4into ��������� framework

Geant45.
Prosof this variantareobvious:
� This is theway, recommendedby Geant4team
� Suchfeatureis foreseenfor PYTHIA 7, written in C++
� Sincenow HepMC indicatesthe tendency to be ”standard”for LHC,

probablywe could benefitfrom somedevelopedHepMC-Geant4in-
terface

Contras arealsoobvious:
� Embeddinggenerator into thesimulationwe loosetheflexibility
� DedicatedB-decaysgenerator is written in FORTRAN
� TunedB-productionandminimumbiasgeneratorsarewrittenin FOR-
TRAN

� Codesupportbecomesproblematic
� PYTHIA 7 is not yet ready

5As it donein SICBMC
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Making comparisonbetweenpros andcontras onecouldconclude,that
nowweshouldno follow thewayof embeddingthegenerator into oursim-
ulation environment,but in someday in the futureaftersuccessfultestsof
new generationof object-orientedgenerators we could comeback to the
rediscussionof thequestion.

3 General ”to be done” list and hints for
implementation

3.1 Ar chitectural issues

3.1.1 GeometryConversionService

GeometryConversionServiceis consideredto beresponsiblefor automatic
conversionof geometry, storedin DetectorDataStoreinto Geometrytree
known for Geant4Tool Kit.

Sincegeometrydescriptionwithin ���	�
��� framework is build on the
samebasicprinciples6 asgeometrywithin Geant4Tool Kit, we arepretty
surethat eachindividual converters(for solids, physicaland logical vol-
umes)usedwithin GeometryConversionServiceis to bequitesimple.

For implementationonecouldusethegeneralprinciplesof theConver-
sionServiceandconcreteConverters,developedfor visualisationconverters
within GaudiLabpackageby Guy Barrand.Thenotionof ”converterwith-
out IOpaqueAddress”fits perfectly into the generalschemaof Geometry
ConversionService.

Oneaspectis to betakeninto account.It concernsthenotionof repeated
volume. Within Geant4Tool Kit thereexist 3 kindsof positionedvolumes
- singlepositioned,parametrisedandreplicatedvolumes.Currentlywithin
���	�
��� framework wealsohave notionsof singlepositionedphysicalvol-
umeandparametrisedphysicalvolume. Both of themmustbe converted
into singlepositionedGeant4volumes.

Also oneneedto extendthefunctionalityof ��������� with introduction
of thenotionof replicatedvolume,which is to beconvertedinto replicated
volumein Geant4. But Oneshouldtake into accountthatno any Alignment
could not be appliedto replicatedvolumes. It immediatelyresultsin the
restrictionthat ���	�
�	� DetectorElementscouldnot beof thetype”repli-
catedvolume”.

6see $DETDESCROOT/DetDesc/Volumes/doc/volume.man.ps, $DET-
DESCROOT/DetDesc/Solids/dos/solid.man.ps and $DETDESC-
ROOT/DetDesc/Solids/doc/Solid.ps
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3.1.2 Material ConversionService

Schemaof materialdescriptionwithin �����
�	� framework is almostidenti-
cal to thematerialdescriptionwithin Geant4, thatswhy wecouldnotexpect
any difficultiesimplementingsuchConversionService.

For implementationonecouldalsousethegeneralprinciplesof theCon-
versionServiceandconcreteConverters,developedfor visualisationcon-
verterswithin GaudiLabpackageby GuyBarrand.

ThisServicecouldbepublic serviceor it couldbejustaprivateservice,
visibleonly for GeometryConversionService.

3.1.3 Primary Event ConversionService

The sameschemeof ”converterswithout IOpaqueAddress”also fits well
into theimplementationof ConversionServicefor PrimaryEvent.

Onecommentshouldbementionedhere. With currentversionof MC-
Particle class,onegetsa significantoverheadin the performancedur-
ing theconversionprocedure.The reasonof this overheadis thenotionof
ParticleID. In currentversionit containstheparticleidentifierusedin
GEANT3 program.Thustheconversionserviceshouldconvert thisGEANT3
identifier into StdHep(Pythia) identifier7 andthenusinglook-uptable
from Geant4, convert this StdHep(Pythia) identifier in the form, ac-
ceptablefor Geant4. Onecouldeasilyskip this additionaloverheadin the
performance,usingStdHep(Pythia) particlecodingschemafor Par-
ticleID.

3.1.4 Hit ConversionService

The servicefor conversion of hits from Geant4structuresinto ���������
TransientStore,theservicefor conversionof secondariesandthestandard
stackingactionsare very closely connected.And it shouldbe taken into
accountduringtheimplementationsof thesenotions.For thefist implemen-
tation onecould assumeno any cleanupactionduring conversionprocess
of hits andsecondaries.Underthis assumption,hits conversionservicebe-
comesvery primitive. And its implementationdependsmainly on thedefi-
nition of hit in Geant4. Hereseveralstrategiescouldbeconsidered,but all
of themutilise the advantageof the approachthenG4Hits in Geant4and
MCHits in �����
�	� areessentially”the same”objects.It meansthat in the
simplestcaseConversionServiceis just changethe representationof the
objects,e.g. it could just changethe baseof the object from G4Hit into
Contained Object. Underthisassumptionconvertersbecometrivial.

7It is notavery fastoperationdueto internalimplementationof IParticlePropertySvc
usingstd::map
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Thestructureof theHit ConversionServicemayfollow eithertheideaof
”converterswithout IOpaqueAddress”or it could usethe ideaof extended
IOpaqueAddress,sincehit-collectionsin GIGA and Geant4could be ad-
dresseddirectly usingsomenameandcollectionidentifier, definedfor sen-
sitive detector.

3.1.5 SecondariesConversionService

Nothingspecificcouldbesaidaboutthis service.All considerationapplica-
ble to previousconversionservicesarevalid for this concreteservice

3.1.6 Declaration of sensitivedetectorand hits

Thepossibility of externaldefinitionof sensitive detectoranddefinitionof
hit structureis understudynow. Suchpossibility couldsubstantionallyre-
ducethedirect communicationsof ordinaryuserswith GIGA andGeant4.
It is not yet clear, if it couldbedonein aquitegenericway, but personallyI
amstill quiteoptimistic.

3.2 Infrastructur e

To get the working simulationprogram,it is not enoughto establishthe
setof convertersdescribedin theprevious sub-section.Also somegeneral
actionsareto beperformed.

3.2.1 Magnetic Field and Steppers

Definitionof Magneticfield for GIGA andGeant4is to bedoneonthebasis
of IMagneticFieldSvc.

Someattentionis to bepaidto thesystemof unitsusedby this service.
Geant4definesseveralsteppersfor transportof theparticles.Theopti-

mal choiceof thestepperdependson themagneticfield description.Track-
ing performancedependsstronglyonacorrectchooseof thestepper. Usage
of unappropriatecombinationof stepperandthefield couldresultin a very
badperformanceandeven in incorrectresults. Somestudyshouldbe per-
formedon thebestchoiceof thestepperfor our magneticfield description,
or eventherevision of themagneticfield descriptionis to bedone.

3.2.2 PhysicsList, Particle List and Generic Cuts

Probablyit is the most importantaspectfor GIGA andGeant4. At initial
stagewecouldusethephysicslist andgenericcuts,adoptedby othergroups,
and the particle list consistentwith SICB particle list. But obviously in
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futurewe shouldpaya lot of attentionfor appropriatedefinitionof ourown
physicslist andcuts,specificfor ourexperiment.

3.2.3 Implementation of specific Trajectories and their rela-
tions with Hits

It seemsto beunavoidableto definea specifictrajectoriesfor implementa-
tion of effective stackingactionandfinal track/hitclean-up.Unfortunately
now we couldnotestimatetheefforts needed.

3.2.4 Declaration of specificparameters

A specialtechniqueis to be developedto provide GIGA andGeant4with
specificparametersneededfor specifiggeoemtryelementse.g. maximal
stepsizefor agivengeometryvolume.

This informationshouldnot bea partof geometrydescriptionandis to
be suppliedadditionallyeithervia a separateXML-file with descriptionof
specificfeaturesandcutsof namedvolumes.

A goodalternative to XML-descriptioncould be definition of suchpa-
rametersusingsomescripticlanguageanduserinterface.

3.2.5 Stepping,stackingand tracking actions

The corrrectdefinition of stepping,stackingandtrackingactionslooks as
oneof themostessentialpartsof tehwholesimulationenvironmentwith re-
spectof CPUperformance,especiallyit concernsthestackingtechniquefor
secondaries.An optimaldefinitionof ourown trajectoriesandtheirrelations
with hits couldhelpa lot.

As it seemsto me,the implementationof suchactionsshoulw be itera-
tive,makingtheoptimalphysicsandCPUperformance.

3.2.6 Interacti vity and user interface and scripting

Currenlt ��������� providesuswith apurebatchenvironmentwithoutevent-
by-eventuserinterface.It is notacceptablefor tuningof parametersof sim-
ulationenvironmentandvisualisation.

In the current implemenattionof GIGA a set of user interfacesfrom
Geant4is usedin a someprimitive way. Obviously it is only temporary
solution,anduserinterfacesfrom Geant4Tool Kit shoulebe replacedby
userinterfacefrom ��������� framework.

Theimplementationof anappropriateinteractiveuserinterfaceandscripring
in ���	�
�	� couldbeconsideredasoneof themostimportantrequestfrom
simulation.
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