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Abstract

Several variantsof evolution of GIGA® are discussed. The proposed
schemdor communication®f algorithmswithin GAUDI framework with
Geant4structuresallows to useGeant4Tool Kit asblack-boxwithout de-
tailedknowledgeof internalfeaturesof Geant4Tool Kit.
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1 Integration of Geantdinto G AUDZ frame-
work

The Evolution of GIGA from stand-alonéseant4programto a simulation
ervironmentfully integratedinto G.AUDZ framenork couldberepresented
by a setof phasesndschematiaiagramsof dataflows. All indicateddata
flows consistof objects specificfor Geant4Tool Kit.

1.1 Phase0

Phase correspondto astand-alon&eant4program.Dataflowsareschemat-
ically representeih figure1.1.

Figurel: A schematioview of communicationsvith Geant4Tool Kit. Dataflow
directionsareindicatedby arrows.

1.2 Phasel

At this phasewe foreseerthe introductionof GIGA Serviceandthedirect
usageof this serviceandsomelimited numberof Geant4classedy users
Algorithms. Dataflows areschematicallyepresenteth figure1.2.
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Figure2: A schematiwview of dataflows duringPhasd of integrationof Geant4
into GAUDZ frameavork

This casecorrespondgo a native usageof "stand-alone”Geant4ap-
plication within GAUDZ framewvork. Users algorithmsactlike wrappers
over mainprogramof Geant4 Frankly speakingat very beginningthe only
oneprofit thatordinaryusergetsfrom usageGIGA Servicewith respecto
an ordinary "stand-alone"Geant4program,is the fastand easyaccesgo
generalandtechnicalG AU DT facilitieslike histogram,codeprofiling and
others.On otherside,if onehasthe working Geant4code,it couldbe em-
beddednto GAUDI framevork using GIGA facilitiesin a straightforvard
way without changingary line of codes.

Dataflows betweenAlgorithmandGiGA Serviceindicatedin figure 1.2
still containobjectsspecificfor Geant4Tool Kit.

1.3 Phasell

This phasecould be consideredas”tr ansitionphase”betweenPhasd and
Phasdll andit couldbeeasilysubdvidedinto somesteps:

20Only thermai n() functionis to beremoved



1. At thisstepwe enhancéhefunctionalityof GIiGA by makingpossible
to extractthe eventrecordfrom GAUDI tventstore

2. At thisstepwe enhancehefunctionalityof GIGA by makingpossible
to get the DetectorDescriptionby pointing into the root of already
constructedseant4tree

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

4. Atthisstepweforeseernoimplementheautomaticreationof Geant4
hits and sensitivevolumefrom their descriptionvia XML. A some
commonbrainstormingwithin close collaborationwith sub-detector
groupsis necessaryor performingof this step.

5. At this stepwe foreseerto automatictranslationof Geant4hits into
GAUDI Monte Carloobjects$

6. At this stepwe foreseerthe automaticpopulationof GAUDI event
store by informationfrom Geant4trajectorie$

Thedataflowsattheendof Phasdl arepresentedh figurel.3. All input
andoutputdataflows from Algorithis consistof only G AU/ DT specificob-
jects.An intermediatdayerof Corverters andcorversion servicegrevents
ary contactdetweenAlgorithims andobjects specificfor Geant4 Onesees
thatnow GIGA Serviceitself becomesan internalandinvisible objectfor
ordinaryuser

In additionone could foreseerthe existenceof intermediatesub-phase,
sketchedin figure1.3.

After implementingfirst two stepsGIGA Servicecould be considered
as”fr ozen”, sinceall otherstepsto Phasdll will notrequireary changen
functionality of GIGA Serviceitself.

1.4 Phaselll

At this phasenoary users algorithmdealsdirectly with GIGA Serviceand
Geant4classes.All knovledgeof Geant4will be absorbedy setof spe-
cific corverters. This setof specificcornverteis corresponds$o anadditional
layerin the dataflow, makingthe userfree from the knowledgeof Geant4
machinery

Beingatthis phaseve couldstartto think aboutconfiguratiorof Geant4
physicslist and/orcut-ofs usinginternal G AUDZ featuredike jobOptions
Serviceand/orinteractive scripting language. Moreover at this stagewe
foreseerthe embeddingf the essentiatommandgrom Geantdinteractve
userinterfaceinto GAUDT interactivescriptinglanguage.

3Obviously this stepcould not be donewithout closecollaborationwith sub-detectogroups
4Communicationphysicsandgeneratogroupsarerequired
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Figure3: A schematioview of dataflows atthe endof Phasdl of integrationof
Geantdinto G AUDZ framenork

2 Alter native scenarios

For someproposedcomponentne could consideralso somealternatve
variants.

2.1 Communication with Genentor

In theschemesketchedabove we have assumedhatfor definingthe primary
eventGIGA will usethewhole eventrecordfrom TransieniStore,prepared
outsidethe GIGA and Geant4 Suchapproachallows usto make a clear
separatiorbetweergeneator andsimulation

Alternative schemacould be Geneator embeddednto GIGA and/or
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Figure4: A schematioview of dataflows at someintermediatesub-phaseluring
Phasdl of integrationof Geantdinto G AUDZ framenork

Geant2.
Pros of this variantareobvious:

e Thisis theway, recommendetly Geantdteam
e Suchfeatureis foreseerfor PYTHI A 7, writtenin C++

e Sincenow HepMC indicatesthe tendenyg to be "standard”for LHC,
probablywe could benefitfrom somedevelopedHepMC-Geant4in-
terface

Contras arealsoobvious:
¢ Embeddinggeneator into the simulationwe loosethe flexibility
e DedicatedB-decaygeneator is writtenin FORTRAN

e TunedB-productiorandminimumbiasgeneators arewrittenin FOR-
TRAN

e Codesupportbecomegproblematic
e PYTHI A 7 isnotyetready
SAsit donein SICBMC




Making comparisorbetweenpros andcontras onecould conclude that
nowwe shouldno follow theway of embeddinghe geneator into our sim-
ulation ervironment,but in someday in the future after successfutestsof
new generationof object-orientedyeneators we could comebackto the
rediscussiomf the question.

3 General "to be done” list and hints for
Implementation

3.1 Architectural issues
3.1.1 Geometry Conversion Serwice

GeometryCorversionServiceis consideredo beresponsibldor automatic
corversionof geometry storedin DetectorData Storeinto Geometrytree
known for Geant4Tool Kit.

Sincegeometrydescriptionwithin GAUDZ framework is build on the
samebasicprinciple$ asgeometrywithin Geant4Tool Kit, we are pretty
surethat eachindividual corverters(for solids, physicaland logical vol-
umes)usedwithin GeometryCorversionServiceis to be quite simple.

For implementatioronecould usethe generalprinciplesof the Conver
sionServiceandconcreteCorverters,developedfor visualisationcorverters
within GaudiLabpackageby Guy Barrand. The notion of "converterwith-
out I0paqueAddressfits perfectly into the generalschemaof Geometry
CorversionService.

Oneaspecisto betakeninto accountlt concernghenotionof repeated
volume. Within Geant4Tool Kit thereexist 3 kinds of positionedvolumes
- single positioned parametrise@ndreplicatedvolumes. Currentlywithin
G AUDT framavork we alsohave notionsof singlepositionedphysicalvol-
ume and parametriseghysicalvolume. Both of them mustbe converted
into singlepositionedGeant4volumes.

Also oneneedto extendthe functionality of G AU DT with introduction
of the notion of replicatedvolume,which is to be corvertedinto replicated
volumein Geant4 But Oneshouldtake into accounthatno any Alignment
could not be appliedto replicatedvolumes. It immediatelyresultsin the
restrictionthat G AU DT DetectorElementscould not be of the type "repli-

catedvolume”.
bsee $DETDESCROOT/ Det Desc/ Vol unes/ doc/ vol une. nan. ps, $DET-
DESCROOT/ Det Desc/ Sol i ds/ dos/ sol i d. nan. ps and $DETDESC-

ROOT/ Det Desc/ Sol i ds/ doc/ Sol i d. ps



3.1.2 Material Conversion Service

Schemaof materialdescriptiorwithin GAUDZ framevork is almostidenti-
calto thematerialdescriptionwithin Geant4 thatswhy we couldnot expect
ary difficultiesimplementingsuchCorversionService.

Forimplementatioronecouldalsousethegeneraprinciplesof theCon-
version Serviceand concreteCorverters,developedfor visualisationcon-
verterswithin GaudiLabpackageéyy Guy Barrand.

This Servicecouldbe public serviceor it couldbejustaprivateservice,
visible only for GeometryCornversionService.

3.1.3 Primary Event Conversion Serice

The sameschemeof "converterswithout IOpaqueAddressalso fits well
into theimplementatiorof CornversionServicefor PrimaryEvent.

Onecommentshouldbe mentionedhere. With currentversionof MC-
Par ti cl e class,onegetsa significantoverheadin the performancedur-
ing the conversionprocedure.The reasonof this overheads the notion of
Par ti cl el D. In currentversionit containsthe particleidentifier usedin
GEANT3 program.Thusthecorversionserviceshouldcorvertthis GEANT3
identifierinto St dHep( Pyt hi a) identifier andthenusinglook-uptable
from Geant4 corvert this St dHep( Pyt hi a) identifier in the form, ac-
ceptablefor Geant 4. Onecould easilyskip this additionaloverheadn the
performanceusing St dHep( Pyt hi a) particle codingschemdor Par -
ticlelD.

3.1.4 Hit Conversion Sewice

The servicefor corversionof hits from Geant4structuresinto GAUDT

TransientStore,the servicefor conversionof secondarieandthe standard
stackingactionsare very closely connected. And it shouldbe taken into

accounduringtheimplementation®f thesenotions.For thefistimplemen-
tation one could assumeno ary cleanupactionduring corversionprocess
of hits andsecondariesUnderthis assumptionhits corversionservicebe-

comesvery primitive. And its implementatiordependsnainly on the defi-

nition of hit in Geant4 Hereseveral stratgiescouldbe consideredbut all

of themutilise the advantageof the approachthen G4Hits in Geant4and
MCHitsin GAUDT areessentially'the same”objects.Ilt meanghatin the

simplestcaseCorversion Serviceis just changethe representatiorof the

objects,e.g. it couldjust changethe baseof the objectfrom GAHi t into

Cont ai ned Obj ect . Underthis assumptiorconvertershecomerivial.

It is notaveryfastoperationdueto internalimplementatiorof | Parti cl ePr opertySvc
usingst d: : map



Thestructureof theHit ConversionServicemayfollow eithertheideaof
"converterswithout IOpaqueAddressbr it could usethe ideaof extended
IOpaqueAddresssince hit-collectionsin GIGA and Geant4could be ad-
dressedlirectly usingsomenameandcollectionidentifier, definedfor sen-
sitive detector

3.1.5 SecondariesConversion Sewice

Nothingspecificcould be saidaboutthis service.All consideratiorapplica-
ble to previous corversionservicesarevalid for this concreteservice

3.1.6 Declaration of sensitve detector and hits

The possibility of externaldefinition of sensitve detectorand definition of
hit structureis understudynow. Suchpossibility could substantionallye-
ducethe direct communication®f ordinaryuserswith GIGA andGeant4
It is notyetclear if it couldbedonein a quite genericway, but personallyl
amstill quite optimistic.

3.2 Infrastructur e

To get the working simulation program,it is not enoughto establishthe
setof cornvertersdescribedn the previous sub-section Also somegeneral
actionsareto beperformed.

3.2.1 Magnetic Field and Steppers

Definition of Magneticfield for GIGA andGeantdis to bedoneonthebasis
of | Magneti cFi el dSvc.

Someattentionis to be paidto the systemof unitsusedby this service.

Geant4ddefinesseveral stepperdor transportof the particles. The opti-
mal choiceof the stepperdepend®n the magnetidield description. Track-
ing performancealependstronglyon a correctchooseof the stepperUsage
of unappropriateombinationof stepperandthefield couldresultin avery
bad performanceandevenin incorrectresults. Somestudy shouldbe per
formedon the bestchoiceof the steppeffor our magneticfield description,
or eventherevision of the magnetidield descriptions to bedone.

3.2.2 PhysicsList, Particle List and Generic Cuts

Probablyit is the mostimportantaspectfor GIGA andGeant4 At initial
stagewe couldusethephysicdist andgenericcuts,adoptedy othergroups,
and the particle list consistentwith SI CB particle list. But obviously in



futurewe shouldpayalot of attentionfor appropriatedefinitionof our own
physicslist andcuts,specificfor our experiment.

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

It seemdo be unavoidableto definea specifictrajectoriesfor implementa-
tion of effective stackingactionandfinal track/hitclean-up.Unfortunately
now we could not estimatethe efforts needed.

3.2.4 Declaration of specificparameters

A specialtechniqueis to be developedto provide GIGA and Geant4with
specificparametersieededfor specifiggeoemtryelementse.g. maximal
stepsizefor agivengeometryolume.

This informationshouldnot be a partof geometrydescriptionandis to
be suppliedadditionally eithervia a separateXML-file with descriptionof
specificfeaturesaandcutsof namedvolumes.

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

3.2.5 Stepping,stacking and tracking actions

The corrrectdefinition of stepping,stackingandtrackingactionslooks as
oneof themostessentiapartsof tehwholesimulationernvironmentwith re-
spectof CPU performancegspeciallyit concernghe stackingtechniquefor
secondariesAn optimaldefinitionof ourown trajectoriesandtheirrelations
with hits couldhelpalot.

As it seemdo me, the implementatiorof suchactionsshouiv beitera-
tive, makingthe optimalphysicsandCPU performance.

3.2.6 Interactivity and userinterface and scripting

CurrenltG AUDZ providesuswith apurebatchervironmentwithout event-
by-eventuserinterface.lt is notacceptabldor tuningof parametersf sim-
ulationernvironmentandvisualisation.

In the currentimplemenattionof GIGA a set of userinterfacesfrom
Geant4is usedin a someprimitive way. Obviously it is only temporary
solution, and userinterfacesfrom Geant4Tool Kit shoulebe replacedby
userinterfacefrom GAUDT frameawork.

Theimplementatiorof anappropriatenteractve userinterfaceandscripring
in GAUDT couldbe considerecasoneof the mostimportantrequestfrom
simulation
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