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Abstract

Thewaytoaccessfor GEANT4 facilitiesfrom GAUDI framework is described.Thetwo-layered
structureof GiGaSvc andGI GA Conversion Services for communicationsof Algo-
rithmswithin GAUDI framework with GEANT4 structuresallows theusageof GEANT4 tool
kit asablack-boxwithoutdetailedknowledgeof its internalfeatures.
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Chapter 1: General

1.1 Simulation envir onment

Simulationis an essentialpart of the generalsoftware in modernhigh energy physics. It is
foreseento useGEANT4 Tool Kit asthemajorsimulationpackagefor theLHC era.

1.1.1 Natural decompositionof simulation envir onment

It is worth to considerany simulationprogramassequenceof steps,eachof themcould be
consideredasascompactunit with somewell definedinput andoutputdataflows.

For almosteachsimulationprogramit is naturalto identify thefollowing steps:

� Initialisation:
At this stepsimulationprogramrequiresto be provided with physicalpropertiesof all
participatingcomponents,like particlesproperties,propertiesof physicalprocesses,de-
scriptionof geometryandmaterials.

� Eventloop

– Eventinitialisation:
At this stepsimulationprogramrequiresto beprovidedwith someeventinput data
- initial kinematics

– Eventprocessing:
At this stepsimulationprogramusuallyneitherrequireto be provided with some
input datanor producesomeoutputdata,but someuseractionmethodsareto be
suppliedto thesimulationprogram(e.g.gustep.F routinein GEANT3 package)

– Eventfinalisation:
At thisstepsimulationprogramis readyto provide theuserprogramwith thesimu-
lationoutputdata- hits,digits andoutputkinematics- secondaryparticles.

� Finalisation

1.2 Communication categories

Fromabovesketchedroughschemeonecoulddeducethatall communicationsof userprogram
with simulationenvironmentcouldbenaturallysubdividedinto 2 categories:

� Callbackcategory:
Communicationsfrom this category are characterisedby dealingmainly with internal
structuresof simulationprogram.They donotproduceor consumethedatafrom theout-
sideof thesimulationenvironment.Usuallythey overwritesomeinternaldefaultmethods

2



1.2. Communicationcategories 3

from simulationenvironmentandthuschangingthedefault behavoiur
Routinegustep.F from GEANT3 packagecouldbeconsideredasatypical representa-
tiveof suchcategory.

� Input-outputcategory:
Communicationsfrom thiscategoryarecharacterisedby eitherproducingthedata,which
to be usedoutsideof the simulationenvironment,like hits, digits, secondaryparticles,
histogramsandn-tuples,or they load dataflow from the outsideof the simulationpro-
gram,like particleproperties,propertiesof physicalprocessesanddetectordescription.
Often communicationsfrom this category couldbe easily identifiedasinput streamsor
outputstreams.
Routineguout.F from GEANT3 packagecould be consideredasa typical represen-
tative of outputstreamcategory andgukine.F couldbe consideredasan exampleof
input streamcategory.

Also communicationscouldbeclassifiedinto 2 classes:

� Configurationcommunications:
Suchtypeof communicationis usedfor configurationof thesimulationenvironmentand
supplyingit with input datawhich areconstantfor a someperiodandsometimesfor the
wholejob lifetime.

� Event-by-eventcommunications:
Suchtypeof communicationis usedonevent-by-eventbasis.



4 Chapter1. General

1.3 GEANT4 essential

A schematicview of communicationswith GEANT4 tool kit is presentedonfigure1.1.Arrows
representthedirectionof dataflows.

Actions

Parameters,
Physics,Cuts

Geometry

(PrimaryEvent)

Secondaries

Hits

Figure1.1: A schematicview of communicationswith GEANT4 tool kit. Dataflow directions
areindicatedby arrows.

StandardGEANT4 basedprogramrequiresto beconfigured.Theconfigurationcouldbe rep-
resentedascommunicationsbetweensimulationenvironments,namelyG4RunManager class
anduserprogramby setof userclasses.Userenvironmentcreatestheseclasses,andsimulation
environmentjust usesthem.Thesketchis presentedonfigure1.2.

G4RunManager classrequiresto be provided with 3 mandatoryclasses,implementingfol-
lowing interfaces

� G4VUserDetectorConstruction
Concreteclass,implementingthis interfaceis responsiblefor creationof GEANT4 geom-
etry treeandmaterialdescription.

� G4VUserPhysicsList Creationof particles,physicsprocessesandtrackingcutsare
underresponsibilityof concreteclass,implementingthis interface.
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Figure1.2: Sketchof classes,essentialfor configurationof GEANT4 tool kit

� G4VUserPrimaryGeneratorAction Thedefinitionof kinematicsof primarypar-
ticlesis underthecontrolosconcreteclass,implementingthis interface.

In additionG4RunManager couldbeprovidedwith:

� G4UserRunAction,
which definesspecificcallbacksto beexecutedin thebegin andat tehendof eachrun.

� G4UserEventAction whichdefinesspecificcallbacksto beexecutedin thebegin and
at theendof processiongof eachevent.

� G4UserStackingAction, whichdefinedspecificactionfor stackingmethod

� G4UserSteppingAction, which definesspecificaction to be performedat every
step.
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� G4UserTrackingAction, which definesspecificaction to be performedfor each
track.

The exist also2 classes,which could be createdindependentlyandwhich communicatewith
G4RunManager in aquitehiddenway:

� G4VisManager for visualisation

� G4UIsession for interactivity

1.3.1 Encapsulationof GEANT4 within GAUDI

To integrateGEANT4 into GAUDI andto isolateGEANT4 from end-usercodesoneneedto put
someefforts to performfollowing steps:

� Definetheonly oneentrypoint for all communicationswith GEANT4.
This is achieved via abstractinterfacesIGiGaSvc andIGiGaSetUpSvc, which are
implementedby GiGaSvc

� For all input/outputstreamsone needto designthe appropriateConversion Ser-
vicesandfor all objectsfrom input/outputstreamsoneneedto implementproperCon-
verters

� Severalmandatorytechnicalactionsalsomustbeperformed:

– Provide the accessto internalGEANT4 event loop. This is achieved with imple-
mentationof GiGaRunManager

– Allow theprimaryeventto beconstructedoutsidetheG4VUserPrimaryGene-
ratorAction class.Thisgoalis achievedwith thepropercollaborationbetween
GiGaRunManager andGiGaSvc.

– Allow thegeometrytreeto beconstructedoutsidetheG4VUserDetectorCon-
struction class.This is achievedwith thepropercollaborationbetweenGiGa-
RunManager andGiGaSvc.

Therestof this documentis devotedto adetaileddescriptionof this programstepby step.



Chapter 2: GiGaSvc Service

2.1 Why Service?

Themostsuitableform for embeddingthe simulationenvironmentinto GAUDI framework is
Service. SeveralsimpleandindependentGAUDI Algorithms,Converters andCon-
version Services could communicatewith with Service supplingit with input data-
detectordescription,particleproperties,descriptionof physicalprocesses,cut-offs andinitial
kinematicsandretrieving from it theoutputdatain the formatof hits andsecondaries.At the
top level, theService is to betriggeredby somealgorithm.

Thewholeorchesterof Service, its triggerAlgorithm andits helperAlgorithmswhich
areresposiblefor providing theService with the input dataandextractionthe outputdata
performstheperfectisolationof end-usercodesfrom underlyingsimulationpackage.

The Service is devoted to be the only one entry point to simulationpackage.Unfortu-
natelyGEANT4 providesuserswith a lot of static accessorsto it’ skey classesandtherefore
any direct communicationswith GEANT4 environmentcouldnot be preventedin a safeway.
But any usermust avoid any directcommunicationswith GEANT4 environmentsnot throught
simulationService.

SimulationService implements2 abstractinterfaces:

� IGiGaSvc interface:
for event-by-eventcommunications

� IGiGaSetUpSvc interface:
for configurationcommunications

2.2 IGiGaSvc interface

All event-by-eventstream-like communicationswith simulationenvironmentdefinedin IGi-
GaSvc abstractinterface. This interfaceis designedto manipulatewith input event dataand
outputeventdata:

� Input eventdataareacceptedin theform of

– G4PrimaryVertex*
representingtheGEANT4 primaryeventrecord

� Outputeventdata,retrievedfrom theService couldbeof theformat:

– G4Event*
provide theaccessto thewholeinternalprocessedevent

– G4HCofThisEvent*
provide theaccessto theall hit collectionsof theprocessedevent

7



8 Chapter2. GiGaSvc Service

– IGiGaSvc::CollectionPair*
provide theaccessto thespecifichit collection

– G4TrajectoryContainer*
provide theaccesskinematicof secondaries

Sinceall communicationswith simulationenvironmentvia IGiGaSvc interfacearestream-
like communications,the overloadedstreamoperatorsareconsideredasmain methodsin the
interfacedefinition:

class IGiGaSvc : virtual public IService
{
public:
...
/// input data
virtual IGiGaSvc& operator << ( G4PrimaryVertex * vertex ) = 0 ;
/// output data
virtual IGiGaSvc& operator >> ( const G4Event* & event ) = 0 ;
virtual IGiGaSvc& operator >> ( G4HCofThisEvent* & collections ) = 0 ;
virtual IGiGaSvc& operator >> ( CollectionPair & collection ) = 0 ;
virtual IGiGaSvc& operator >> ( G4TrajectoryContainer* & trajectories ) = 0 ;
...

};

In additionto thesestraightforwarddefinitions,function-likemethodsaredefined:

class IGiGaSvc : virtual public IService
{
public:
...
/// input data
virtual StatusCode addPrimaryKinematics ( G4PrimaryVertex * ) = 0 ;
/// output data
virtual StatusCode retrieveEvent ( const G4Event* & ) = 0 ;
virtual StatusCode retrieveHitCollections ( G4HCofThisEvent* & ) = 0 ;
virtual StatusCode retrieveHitCollection ( CollectionPair & ) = 0 ;
virtual StatusCode retrieveTrajectories ( G4TrajectoryContainer* & ) = 0 ;
...

};

2.3 IGiGaSetUpSvc interface

All configurationcommunicationswith simulationService aredefinedin GiGaSetUpSvc
interface.
Theinterfaceconsistsof thefollowing definitionsof operator-likecalls:

class IGiGaSetUpSvc : virtual public IService
{
public:
...
virtual IGiGaSetUpSvc& operator << ( G4VUserDetectorConstruction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4VPhysicalVolume * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4VUserPrimaryGeneratorAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4VUserPhysicsList * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4UserRunAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4UserEventAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4UserStackingAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4UserTrackingAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4UserSteppingAction * ) = 0 ;
virtual IGiGaSetUpSvc& operator << ( G4VisManager * ) = 0 ;
...

};

Heretheadvantageof operator-likemethodsis not soclearandobviousandordinaryfunction-
likemethodsaredefinedin addition:

class IGiGaSetUpSvc : virtual public IService
{
public:
...
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virtual StatusCode setConstruction ( G4VUserDetectorConstruction * ) = 0 ;
virtual StatusCode setDetector ( G4VPhysicalVolume * ) = 0 ;
virtual StatusCode setGenerator ( G4VUserPrimaryGeneratorAction * ) = 0 ;
virtual StatusCode setPhysics ( G4VUserPhysicsList * ) = 0 ;
virtual StatusCode setRunAction ( G4UserRunAction * ) = 0 ;
virtual StatusCode setEvtAction ( G4UserEventAction * ) = 0 ;
virtual StatusCode setStacking ( G4UserStackingAction * ) = 0 ;
virtual StatusCode setTracking ( G4UserTrackingAction * ) = 0 ;
virtual StatusCode setStepping ( G4UserSteppingAction * ) = 0 ;
virtual StatusCode setVisManager ( G4VisManager * ) = 0 ;
...

};

2.4 GiGaSvc Service

BothIGiGaSvc andIGiGaSetUpSvc areimplementedby aconcreteclassGiGaSvc. The
classdiagramsfor GiGaSvc areshown onfigures2.1and2.2.
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Figure2.1: Theinheritancediagramfor GiGaSvc class

TheService createsandusestheconcreteinstanceof G4RunManager classfor managing
of all GEANT4 classes.Sincetherecouldbeonly oneobjectof typeG4RunManager at the
sametype,only oneinstanceof GiGaSvc Service couldbeinstantiated.

TheGiGaSvc createsaconcreteinstanceof classGiGaVisManager for usingGEANT4 vi-
sualizationfacilities.Thecreationof GiGaVisManager classis controledwith booleanprop-
erty"UseVisManager" of GiGaSvc class.Thedefault valueof this propertyis false.
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Figure2.2: Thesimplifiedclassdiagramfor GiGaSvc class.Somenamedcomponents,located
andusedby servicearenotshown

TheGiGaSvc takesthecontrolon theinstantiation(usingabstractfactoriestechnique)of the
objectsof following types:

� IGiGaPhysList

� IGiGaTrackAction

� IGiGaStepAction

� IGiGaStackAction

� IGiGaEventAction

Theseconfigurationclassesandinterfacesaredescribedin detail in chapter4. Thecreationof
theseobjectsis underthecontrolof correspondingpropertiesof GiGaSvc:

� "PhysicsList"

� "TrackingAction"

� "SteppingAction"
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� "StackingAction"

� "EventAction"

Eachof thesepropertieslookslike: "<ConcreteTypeName>/<InstanceNick>", simi-
lar to instantiationof AlgorithmsandServices. Deletionof theseobjectsis performedby
GEANT4 kernel.GEANT4 callbackclassG4UserRunAction is notrecommendedfor usage
within GI GA sinceonecouldnot achieve propersinchronizationespeciallyfor terminationof
thelastG4Run.

Essentially, that’sall thatGiGaSvc doesandthat’s for whatit wasdesignedandimplemented.
All otherit’ sfunctionalitycomesfrom delegationtoGiGaRunManager class,whichperforms
therealjob.

All propertiesof GiGaSvc arelistedin table2.1.

Table2.1: Propertiesof GiGaSvc andtheirdefault values.

PropertyName Default Value

"StartUIcommands" empty
"EndUIcommands" empty
"StartOfRunUIcommands" empty
"EndOfRunUIcommands" empty
"StartOfEventUIcommands" empty
"EndOfEventUIcommands" empty
"UIsessions" empty
"ObjectManager" "ApplicationMgr"

"PhysicsList" ""

"StackingAction" ""

"TrackingAction" ""

"SteppingAction" ""

"EventAction" ""

"UseVisManager" false

2.5 GiGaRunManager

GiGaRunManager classis just aspecialisationof generalG4RunManager class.It inherits
from it in a pri vate way to restrictinterfacea little bit. Unfortunatelydueto staticaccessorto
thebaseclassthejob couldnot bedonein 100%safeway. asit wasalreadymentionedbefore,
usersarenot allowed to directly interacteven with this class. All interactionshouldbe done
only via abstractinterfacesof GiGaSvcclass.
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Theessentialpublic intefaceconsistsof following declarationmethods:

class GiGaRunManager: private G4RunManager
{
friend class GiGaSvc;
public:
...
/// declarations
virtual StatusCode declare( G4VUserPrimaryGeneratorAction * ) ;
virtual StatusCode declare( G4VPhysicalVolume * ) ;
virtual StatusCode declare( G4VUserDetectorConstruction * ) ;
virtual StatusCode declare( G4VUserPhysicsList * ) ;
virtual StatusCode declare( G4UserRunAction * ) ;
virtual StatusCode declare( G4UserEventAction * ) ;
virtual StatusCode declare( G4UserStackingAction * ) ;
virtual StatusCode declare( G4UserSteppingAction * ) ;
virtual StatusCode declare( G4UserTrackingAction * ) ;
virtual StatusCode declare( G4VisManager * ) ;
...

};

Weneedto getaneasyaccessto GEANT4internaleventloop andtakea full controloverevent
loop. This is achievedwith implementationof threemajormethods,which performtheactual
accessto controltheevent-by-eventprocessing:

class GiGaRunManager: private G4RunManager
{

friend class GiGaSvc;
public:
...
virtual StatusCode prepareTheEvent ( G4PrimaryVertex * vertex = 0 ) ;
virtual StatusCode processTheEvent ( ) ;
virtual StatusCode retrieveTheEvent( const G4Event *& event ) ;
...

};

Thefollowing functionsfrom G4RunManager is overwritten:

class GiGaRunManager: private G4RunManager
{
protected:
...
/// "the main" method of G4RunManager
virtual void BeamOn( int n_event ,

const char* macroFile = 0 ,
int n_select = -1 );

///
void InitializeGeometry() ;
void Initialize() ;
...

};

TheG4RunManager::beamOn(...) methodshouldnot be called. It is overwrittenand
disabled.

2.5.1 GiGaRunManager states

Thestateof GiGaRunManager is definedby setof flags:

� ”GEANT4 kernelis initialized”

� ”GEANT4 run is initialized”

� ”GEANT4 eventis prepared”

� ”GEANT4 eventis processed”
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Invocationof any declarationmethodfromIGiGaSetUpSvc interfaceautomaticallyswitched
off all flagsandresetGiGaRunManager to it’ s initial state.If declarationmethodis invoked
whenstates”GEANT4 event is prepared”or ”GEANT4 event is processed”is active, it auto-
maticallytriggerstheterminationof currentG4Run.
CurrentGiGaRunManager statecouldbeinspectedusingfollowing methodsform it’ spublic
interface

class GiGaRunManager: private G4RunManager
{
public:
...
/// states
inline bool krn_Is_Initialized () const ;
inline bool run_Is_Initialized () const ;
inline bool evt_Is_Prepared () const ;
inline bool evt_Is_Processed () const ;
...

};

2.5.2 Thr eemajor methodsof GiGaRunManager

Simplified interactiondiagramsfor 3 majormethodsof GiGaRunManager is shown in fig-
ures2.3,2.4and2.5.

GiGaRunManager
&

event'

retrieveTheEvent()

status(

!evt_Is_Processed()? 
processTheEvent()

status(

set_evt_Is_Prepared()(

G4RunManager::GetCurrentEvent()
&

event'

false

Figure 2.3: The simplified interactiondiagramfor retrieveTheEvent(G4Event*&)
methodof GiGaRunManager.
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GiGaRunManager
)

processTheEvent()*

set_evt_Is_Processed()+

!evt_Is_Prepared()? 
prepareTheEvent()*

status+

G4EventManager
)

ProcessOneEvent()

status+

event,

false

set_evt_Is_Processed()+

true
-

set_evt_Is_Prepared()+

false

Figure2.4: Thesimplifiedinteractiondiagramfor processTheEvent() methodof GiGa-
RunManager.

Oneshouldmentionherethat prepareTheEvent(G4PrimaryVertex*) methoddoes
notonly invokeG4Event::AddPrimaryVertex() method,but alsotakescareaboutcre-
ationof currenteventanddeletion(or stackingit into specialstackfor ”previousevents”- whcih
couldbeusefulfor spill-oversimulation)of thecurrenteventif is is already”processed”

Thismethodcouldbeinvokedrepetedlyto addseveralprimaryverticesinto currentevent,thus
constructingquitecomplicatedprimaryevent.It is awayhow thepile-upcouldbeimplemented
in a trivial andtransparentway.

An additionalfeatureof this methodis thatusageof this methoddoesnot forbid theusageof
G4VUserPrimaryGeneratorAction* objectfor generationof theprimary event! This
optionis triggeredby invocationprepareTheEvent(0); andonecouldcombinebothpos-
sibilities andusethemseparatelyor in conjunctionfor constructionof quitenon-trivial sophis-
ticatedkinematicsof primaryevent.

All thesefeaturesarenotshown onsimplifiedinteractiondiagramin figure2.5.
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GiGaRunManager
.

prepareTheEvent()/

!run_Is_Initialized()? 
initializeRun()

evt_Is_Processed()? 0

set_evt_Is_Processed()1

G4Event
.

AddPrimaryVertex()
2

set_evt_Is_Prepared()1

vertex3

false

vertex

true
4

status1

Figure2.5: Thesimplifiedinteractiondiagramfor prepareTheEvent() methodof GiGa-
RunManager. Someimportantfeaturesarenotshown, but explainedin text.

2.5.3 Simulation ”on demand”

From simplified interactiondiagramswhich are shown in figures2.3,2.4and 2.5 one could
easilydeducethatGiGaRunManager allowsto implement”simulationondemand”approach.
Onejust needto retrieve theoutputeventfrom GiGaRunManager andit triggersitself to the
sequenceof self-initialization,eventpreparationandeventprocessing,if eventis not yet ready
for output.

It is not clearwetheroneneedsto have suchoption,but in currentversionof GI GA hehave it
for free.

2.5.4 Interaction with GiGaSvc

Simplifiedinteractiondiagramfor communicationsbetweenGiGaSvc andGiGaRunManager
classesareshown on figure2.6.
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Figure2.6: Thesimplifiedinteractiondiagramfor GiGaSvc andGiGaRunManager classes



Chapter 3: Conversion fr om/to GEANT4

3.1 GI GA Conversion Servicesand Converters

Conversionof GAUDI objectsfrom andto GEANT4 objectsis underthecontrolof setof GI GA

Conversion Services. The classdiagramsfor all GI GA Conversion Services are
shown in figure3.1.

To simplify theconfigurationof eachconcreteserviceall concreteConversion Services
inheritsfrom baseGiGaCnvSvcBase class,which takescareaboutall commoncomponents
neededfor GI GA Conversion Services. This baseclasshasfollowing properties,listed
in table3.1.All thesepropertiescouldbeoverwrittenat run time.

Table3.1: Propertiesof GiGaCnvSvcBase andtheirdefault values.

PropertyName DefaultValue

GiGaService "GiGaSvc"

GiGaSetUpService "GiGaSvc"

EventDataProviderService "EventDataSvc"

DetectorDataProviderService "DetectorDataSvc"

ParticlePropertyService "ParticlePropertySvc"

MagneticFieldService "MagneticFieldSvc"

ChronoStatService "ChronoStatSvc"

ObjectManager "ApplicationMgr"

IncidentService "IncidentSvc"

The analogousbaseclassGiGaCnvBase is devoted to be an commonbasefor all GI GA
Converters. In additionto standardmethodsfromConverter it implementsseveraluseful
accessors:

class GiGaCnvBase: public Converter
{
protected:
/// useful acessors
inline IGiGaCnvSvc* cnvSvc () const ; // "own" conversion service
inline IGiGaGeomCnvSvc* geoSvc () const ;
inline IGiGaKineCnvSvc* kineSvc () const ;
inline IGiGaHitsCnvSvc* hitsSvc () const ;
inline IDataProviderSvc* evtSvc () const ;
inline IDataProviderSvc* detSvc () const ;
inline IChronoStatSvc* chronoSvc () const ;
inline IGiGaSvc* gigaSvc () const ;
inline IGiGaSetUpSvc* setupSvc () const ;
inline IParticlePropertySvc* ppSvc () const ;
...

};

17
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IDataProvider

IDataProvider

IParticlePropertySvc

IMagneticFieldSvc

IChronoStatSvc

IGiGaSvc

IGiGaSetUpSvc

IObjManager

IIncidentSvc

Figure3.1: The simplified classdiagramfor GI GA Conversion Services. Somebase
classes,likeIProperty, IService andService arenot shown. All namedcomponents,
locatedandusedby baseclassGiGaCnvBase areexplicitely indicated
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3.2 Conversion of detectordescription

3.2.1 GeometryConversion Service

Conversionof GAUDI detectordescriptioninto GEANT4 objectsis underthecontrolof Con-
version Service of typeGiGaGeomCnvSvc. This Service implementstheIGiGa-
GeomCnvSvc interfaces.

In additionto properties,inheritedformGiGaCnvSvcBase class,it hasseveralspecificprop-
erties,listedin table3.2

Thesepropertiesincludesthedescriptionof top volumewhereall GEANT4 geometrytreere-
sides.This volumehasbox shape.Otherits propertiesof this top-volumeareunderthecontrol
of propertiesof GiGaGeomCnvSvc.

Table3.2: Specificpropertiesof GiGaGeomCnvSvc andtheir default values.

PropertyName Default Value

WorldMaterial "/dd/Materials/Air"

WorldPhysicalVolumeName "Universe"

WorldLogicalVolumeName "World"

WorldMagneticField ""

XsizeOfWorldVolume 50*m

YsizeOfWorldVolume 50*m

ZsizeOfWorldVolume 50*m

3.2.2 Conversionof materials

Materialsare describedin GAUDI DETDESC packagewith the help of 3 specificmaterial
classes:Element, Isotope andMixture. TheseclassesimplementscommonMate-
rial interface. Sincematerialdescriptionwithin DETDESC andGEANT4 arequite similar
theconversionprocedurebecomestrivial, one-to-onetransformation.Thetabulatedproperties
of materialsarealsoconvertedinto GEANT4.

ThreeconcreteConverters are implemented:GiGaIsotopeCnv, GiGaElementCnv
andGiGaMixtureCnv. They inheritsfrom helperGiGaCnvBase class.

Naming convention

Materialsareconvertedinto GEANT4 classesG4Material, G4Element, G4Mixture and
G4Isotope. Asanameafullpath() of correspondingDataObject is used,e.g."/dd-
/Materials/Air".
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3.2.3 Conversionof geometryobjects

Geometrydescriptionin DETDESC packageis madethrough3 typesof identifiableobjects
LVolume, DetectorElement andSurface 3 . The simplified classdiagramsfor 3 cor-
respondingConverter classesGiGaLVolumeCnv, GiGaDetectorElementCnv and
GiGaSurfaceCnv are shown on figure 3.2. Call-backsfrom geometryConverters to
IGiGaGeomCnvSvc interfaceareexplicitly indicated.

4 5 4 6 7 8 9 8 : 9 ; < = > 8 ? 8 @ 9 A @ B

C D C E F G H I J K L M N O

P Q R S T U V W X Y Z [ \ ]

^ _ ^ ` a b c d e ` f g h i j
IGiGaGeomCnvSvc

IConverter

IConverter

IConverter

Figure3.2: The simplified classdiagramsfor GI GA geometryConverters. The common
baseclassGiGaCnvBase is not shown on thefigure.

Theseclassesareconvertedinto GEANT4 classesG4LogicalVolume, G4PVPlacement,
G4LogicalSkinSurface andG4LogicalBorderSurface.

Naming convention

Logicalvolume(of typeG4LogicalVolume) in GEANT4 getitsnamefromname()method
from ILVolume interface,which is the full addressof logical volumein transientstore,e.g.
"/dd/Geometry/LHCb/lvLHCb".

Situationwith namingof physicalvolumes(of typeG4PVPlacement) is alittle bit morecom-
plicated.Physicalvolumegetsthenameof theform "<MotherLVName>#PVname" if it is
createdduringconversionof its motherlogical volumeor "FullPathForDetectorEle-
ment" if it correspondsto detectorelement,which is convertedin a separateway without
conversionof higherlevel detectorelements.

Surfaces(of typesG4LogicalSkinSurface andG4LogicalBorderSurface) gettheir
namefromfullpath()methodof Surface class,e.g."/dd/Geometry/Rich1/Mir-
rorSurface". ThecorrespondingG4OpticalSurface classgetsthesamename.

k
usedto describetheopticalboundaries
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3.3 Conversion of kinematics

Conversionof L HCBEVENT datamodelinto GEANT4 objectsandfrom GEANT4objectsis
underthe control of Conversion Service of typeGiGaKineCnvSvc. This Service
implementstheIGiGaKineCnvSvc interface.Two concreteconvertersareimplemented:

l GiGaMCVertexCnv for conversionof containerof MCVertex* objectsinto GEANT4
primaryeventandfor conversionof G4TrajectoryContainer classinto container
of objectsof typeMCVertex*.

l GiGaMCParticleCnv for conversionof G4TrajectoryContainer classintocon-
tainerof objectsof typeMCParticle*.

3.3.1 Conversionof primary event

Primaryeventin GEANT4 is representedbyG4PrimaryVertex andG4PrimaryParticle
classes.

Thecontainerof MCVertex* objectsis convertedby GiGaMCVertexCnv Converter to
theseobjectsandtheresultof conversionis transferredto GiGaSvc usingits streameroper-
ator<<(G4PrimaryVertex*) method

Oneshouldpay the specialattentionto be surethat definitionsof particlesfrom IParti-
clePropetrySvc andparticledefinitionsin GEANT4 arein agreement.

Unfortunatelyin currentversionof GEANT4 the informationaboutproperdecaytime in pri-
maryeventis lost. This featureis declaredto befixedsoon.

3.3.2 Conversionof secondaries

Theeventrecordin GEANT4 is representedby G4TrajectoryContainer class,which is
just ancontainerof pointersto G4VTrajectory objects,which in turnscontaininformation
abouttrajectorypointsof pointersto G4VTrajectoryPoint objects.

GEANT4 tool kit providesuserswith two default ”standard”classes:

l G4Trajectory which implementsG4VTrajectory interface

l G4TrajectoryPoint which implementsG4VTrajectoryPoint interface

Unfortunatelyonecouldnot convert theseobjectsinto L HCBEVENT datamodel,sincespace
points are not associatedwith time of flight information. Thatswhy two other classesare
implemented:

l GiGaTrajectoryPoint

l GiGaTrajectory
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__________ 
attribute 
m_time : double 

__________

Figure3.3: Theclassdiagramfor GiGaTrajectoryPoint class
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__________ 
attribute ¸
m_trackID    : int  
m_parentID : int 
m_partDef    : cont G4ParticleDefinition* 
m_4vect        : HepLorentzVector¹  

__________ 

Figure3.4: Theclassdiagramfor GiGaTrajectory class

Theclassdiagramsfor theseclassesareshown on figures3.3and3.4.

G4TrajectoryContainer which containsthepointersto objectof typeGiGaTrajec-
tory is convertedinto containerof MCVertex* by GiGaMCVertexCnv Converter and
to containerof MCParticle* by GiGaMCParticleCnv Converter.

Tracking Action

To be ableto convert GEANT4 event recordinto L HCBEVENT datamodeloneneedto use
GiGaTrajectory classinsteadof default standardclassG4Trajectory. It is achieved
with thehelpof properlyimplementedGiGaTrackAction class.
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3.4 Conversion of hits

Conversionof GEANT4 hits into L HCBEVENT datamodel is under the control of Con-
version Service of type GiGaHitsCnvSvc. This Service implementsthe IGi-
GaHitsCnvSvc.

For eachtypeof hit objectsin GAUDI transientstorea correspondingconverterfrom GEANT4
hits is to beimplemented.Thispartis sub-detectordependent.

3.4.1 Relationsbetween”tracks” and hits

Almost for all typesof hits oneneedto preserve the relationsbetweenhits and”tracks”. The
essentialpoint is, onecouldusethetrackID (from G4Track object)insidehit objectto keep
suchrelation,but but oneshouldtake carethat thecorrespondingG4Track objectis marked
to besavedinto GiGaTrajectory. It is especiallyimportantfor showeringdevices,where
definitely not all G4Tracks could be saved into correspondingobjectsof type GiGaTra-
jectory. Thesaving of theG4Track into GiGaTrajectory is underthecontrolof cor-
respondingclassGiGaTrackAction. Onecouldforcethesaving of particulartracksby us-
ing helperclassGiGaTrackInformation, which implementsG4VUserTrackInfor-
mation interface.Objectof this typeis attachedto eachG4Track objectandcouldbeused
to marktrackto besaved.
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3.5 Streams

To simplify the definitionsof input dataflows of GiGaSvc an utility classGiGaStream is
developed.It is not mandatoryfor usagewith GI GA but it is helpful for providing GiGaSvc
with input data.Essentiallyit is just anAlgorithm which getsthedatafrom transientstore
andputstheminto GiGaSvc usingdefinedConversion Services.

Typically oneneedsto define2 suchinput streams- onefor geometryobjects,to beinitialised
in thebegin of thejob andonestreamfor kinematics,to beexecutedeveryevent.

GiGaStream classinherits from Algorithm andin additionto standardpropertiesit has
specificpropertieswhich arelistedin table3.3.

Table3.3: Specificpropertiesof GiGaStream andtheirdefault values.

PropertyName Default Value

"ExecuteOnce" false

"ConversionSvcName" "GiGaKineCnvSvc"

"DataProviderSvcName" "EventDataSvc"

"DataManagerSvcName" "EventDataSvc"

"StreamItems" empty
"FillGiGaStream" true

And theexampleconfigurationof thejob couldbe:

/// add streams
ApplicationMgr.TopAlg += { "GiGaStream/Kine" };
/// configure input kinematics stream
Kine.StreamItems = { "/Event/MC/Generator/MCVertices" };
///
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3.6 GiGaSvc aspersistency

GI GA couldbenaturallyconsideredasanartificial persistency of ”read-only” technology. This
is illustratedby simplified interactiondiagrammshown on figure 3.5. The illustratedexam-
ple shows the simplified interactionbetweendataprovider ("EventDataSvc"), its persis-
tensy service("EventPersistencySvs"), conversion service("GiGaKineCnvSvc"),
concreteconverter ("GiGaMCParticleCnv") andGiGaSvc. In this context GiGaSvc
is consideredjust externaldatastream,andconcreteconverterjust ”reads”theappropriatedata
from thatstreamusingordinaryoperator>>.
Thejob shouldbeproperlyconfiguredto usethis possibility, e.g.

/// ...
/// add conversion services to Event Persistency Service
EventPersistencySvc.CnvServices += { "GiGaKineCnvSvc" } ;
EventPersistencySvc.CnvServices += { "GiGaHitsCnvSvc" } ;
/// ...

Thischaincouldbetriggeredby following linesinsideuserAlgorithm:

/// ...
/// remember: typedef ObjectVector<MCParticle> MCParticleVector;
const std::string address("/Event/MC/G4/MCParticles");
SmartDataPtr<MCParticleVector> mcpv( eventSvc() , address );
/// check "mcpv" and then use it!
/// ...

<<IDataProviderSvc>> º
EventDataSvc

<<IPersistensySvc>> º
EventPersistensySvc

<<IConversionSvc>> º
GiGaKineCnvSvc

»

<<IConverter>> º
GiGaMCParticleCnv
»

operator>>¼

trajectories
½MCParticleVector

retrieveObject

<<IGiGaSvc>> º
GiGaSvc
»

status¾

Figure3.5: Thesimplifiedinteractiondiagramfor persistency emulationwith GI GA
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4.1 PhysicsList

GEANT4 requirestobeprovidedwith concreteimplementationof abstractG4VUserPhysics-
List interface.

GI GA providestheposibility of instantiationof suchobjectsusingabstractfactoriesapproach.
To getthisbehaviour theintermediateabstractinterfaceIGiGaPhysList is definedby merg-
ing G4VUserPhysicsList andIInterface interfaces.Thenonecould reusethestan-
dardapproachof abstractfactoriesto instantiatesuchobjects.Thesimplifiedclassdiagramsare
shown on figure4.1.
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Figure4.1: Theclassdiagramsfor GiGaPhysList classes

Threeconcretephysicslist classesareimplemented:

l GiGaPhysListGeantino
Definesgeantinoasparticleandtransportationprocesses

l GiGaPhysListEm
Defineselectromagneticparticlesandtypical setof electromagneticprocesses

l GiGaPhysListFull
Definesquite largesetof particlesandprocesses,correspondsto standardexampleN04
from GEANT4 distribution.

26
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Otherconcretephysicslists couldbeimplemented(e.g.to dealwith opticalphotons)by inheri-
tancefrom GiGaPhysListBase class.
The instantiationof physicslist classesare underthe control of GiGaSvc and in managed
throughpropertiesof GiGaSvc:

/// ...
/// physics list to be instantiated
GiGaSvc.PhysicsList = "GiGaPhysListEm/EmPhysList";
/// configure physics list, set e.g. default cut value in mm
EmPhysList.Cut = 50.0;
/// ...

GEANT4 takescareaboutcorrectdeletionof suchobject.

Additional with respectto thebaseclassGiGaBase propertiesof GiGaPhysListBase are
listedin table4.1.

Table4.1: Specificpropertiesof GiGaPhysListBase andtheirdefault values.

PropertyName Default Value

"Cut" 2.0*mm
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4.2 Magnetic Field

Magneticfield for GEANT4 mustbe providedwith concreteimplementationof abstractG4-
MagneticField interface.

GI GA providesthepossibilityof instantiationof suchobjectsusingabstractfactoriesapproach.
To getthisbehaviour theintermediateabstractinterfaceIGiGaMagField is definedby merg-
ing G4MagneticField andIInterface interfaces. Thenonecould reusethe standard
approachof abstractfactoriesto instantiatesuchobjects. The simplified classdiagramsare
shown on figure4.2.
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Figure4.2: Theclassdiagramsfor GiGaMagField classes

Two concretemagneticfield classesareimplemented:GiGaMagFieldGlobal andGiGaM-
agFieldUniform. thefirst oneis justadelegationto IMagneticFieldSvc. Thesecond
onerepresentsthe uniform field with components,which couldbesetby propertiedof corre-
spondingclass(seetable4.2).

Table4.2: Specificpropertiesof GiGaMagFieldUniform andtheir default values.

PropertyName Default Value

"Bx" 0.0

"By" 0.0

"Bz" 0.0
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One could easily implementany other magneticfields using inheritancefrom GiGaMag-
FieldBase class.

Thereexist 2 waysto usemagneticfield in GEANT4:

l definetheglobalfield fo thewholesetup

l redefinethemagneticfield for somelogical volume(e.g.magnetyoke)

Thespecificmagneticfield for logical volumeshouldbedeclaredin thedescriptionof logical
volumeandit would beinstantiatedandassociatedwith logical volumeduringtheconversion
procedureof logical volumeto G4LogicalVolume class:

<!-- XML description of logical volume -->
<logvol name = .........

magfield = ’GiGaMagFieldUniform/MagFieldInYoke’
</logvol>

The global magneticfield is the property of GiGaGeomCnvSvc and could be configured
throughe.gjob optionstechnique:

/// ...
/// declare constant magnetic field as global field
GiGaGeomCnvSvc.WorldMagneticField = "GiGaMagFieldUniform/Uniform";
/// confiugure magnetic field
Uniform.Bx = 0.0;
Uniform.By = 10.0;
Uniform.Bz = 10.0;
/// ...
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4.3 Description of sensitivedetector

Sensitivedetectordescriptionin GEANT4 mustbedonewith concreteimplementationsof ab-
stractG4VSensitiveDetector interface.

GI GA providesthepossibilityof instantiationof suchobjectsusingabstractfactoriesapproach.
Togetthisbehaviour theintermediateabstractinterfaceIGiGaSensDet isdefinedbymerging
G4VSensitiveDetector andIInterface interfaces.Thenonecouldreusethestandard
approachof abstractfactoriesto instantiatesuchobjects. The simplified classdiagramsare
shown on figure4.3.
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Figure4.3: Theclassdiagramfor GiGaSensDetBase class

Eachconcretesensitive detectormustbe implementedby inheritanceform GiGaSensDet-
Base class. Exampleof primitive implementationof sensitive detectoris GiGaSensDet-
Print class,which just performsthe printout of stepinformationwhenparticlecrossesthe
sensitivedetectorwithoutcreationof hits.

Thespecificpropertiesof GiGaSensDetBase classarelistedin table4.3.

Table4.3: Specificpropertiesof GiGaSensDetBase andtheirdefault values.

PropertyName Default Value

"DetectorElement" "/dd/Structure/LHCb"

"Active" true
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Concretesensitive detectoris a propertyof logical volumeandit is instantiatedautomatically
duringconversionprocedureof logical volumeinto G4LogicalVolume class:

<!-- XML description of logical volume -->
<logvol name = .........

sensdet = ’GiGaCaloDetector/EcalDet’
</logvol>

It is worth to mentionthat

l There could be several instancesof the samesensitive detector, e.g. 4 instancesof
calorimetersensitivedetector, onepereachcalorimetersubsystem( Prs,Spd,Ecal and
Hcal)

l Several logical volumescould be associatedwith the sameinstanceof sensitive detec-
tor, e.g. Scintillator tiles andabsorberplatesin electromagneticcalorimeterwould be
associatedwith thesameinstanceof sensitivedetector

l eachsensitivedetectorhasassociationwith certaindetectorelement(default - thewhole
"/dd/Structure/LHCb" detector). Suchassociationis usedto register sensitive
detectorin sensitivedetectormanagerwith appropriatepath

It is worth to seta conventionof the nameof hits collectionswhich arecreatedby a specific
sensitivedetector. Suchconventionwouldbeveryusefulfor automaticcreationof IOpaque-
Address duringtheconversionof hits.

... to becontinued...
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4.4 Event action

Specificeventactiondescriptionin GEANT4 couldbedonewith concreteimplementationsof
G4UserEventAction class.

GI GA providestheposibility of instantiationof suchobjectsusingabstractfactoriesapproach.
To get this behaviour the intermediateabstractinterfaceIGiGaEventAction is definedby
merging G4UserEventAction classwith IInterface interface. Thenonecould reuse
the standardapproachof abstractfactoriesto instantiatesuchobjects. The simplified class
diagramsareshown onfigure4.4.
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Figure4.4: Theclassdiagramfor GiGaEventAction classes

Eachconcreteeventactionmustbe implementedby inheritanceform GiGaEventAction-
Base class.Exampleof primitive(justempty)implementationof eventactionis GiGaEven-
tActionEmpty class,which doesnothing. A little bit lesstrivial imeplemenationis Gi-
GaEventActionDraw classwhich at theendof eventprocessingtriggersthevisualization
of G4Event, which is just thevisualisationof all savedtrajectories,hits andigits. It is worth
to mentionthatonly storedtrajectoriesarevisualized.
Theeventactionis thepropertyof GiGaSvc andcouldbeconfiguredthroughe.gjob options
technique:

/// ...
/// declare the stepping action:
GiGaSvc.EventAction = "GiGaEventActionDraw/DrawEvent";
/// ...
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4.5 Tracking action

Specifictrackingactiondescriptionin GEANT4 ccouldbedonewith concreteimplementations
of G4UserTrackingAction class.
GI GA pprovides the possibility of instantiationof suchobjectsusing abstractfactoriesap-
proach. To get this behaviour the intermediateabstractinterfaceIGiGaTrackAction is
definedby merging G4UserTrackingAction classwith IInterface interface. Then
one could reusethe standardapproachof abstractfactoriesto instantiatesuchobjects. The
simplifiedclassdiagramsareshown onfigure4.5.
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Figure4.5: Theclassdiagramsfor GiGaTrackAction classes

Two concretetrackingactionclassesareimplemented

l GiGaTrackActionEmpty
It is justprimitiveemptytrackingaction

l GiGaTrackActionSimple
It is quitesimpletrackingactionwhichcreatesGiGaTrajectories andprovidespos-
sibility to suppressthesaving into trajectoriesG4Tracks,whichare”out of interest”

Eachconcretetracking action must be implementedby inheritanceform GiGaTrackAc-
tionBase class.
Thetrackingactionis thepropertyof GiGaSvc andcouldbeconfiguredthroughe.gjob options
technique:
/// ...
/// declare the tracking action:
GiGaSvc.TrackingAction = "GiGaTrackActionSimple/SimpleTrack";
/// configure tracking action
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It is worthto mentionthatif oneneedstoconvertthesecondariesfrom GEANT4 to L HCBEVENT

datamodelobjects,onemust exploit thenontrivial trackingactionlikeGiGaTrackAction-
Simple to save tracksinto objectsof typeGiGaTrajectory .

4.5.1 GiGaTrackActionSimple class

GiGaTrackActionSimple classis an a simpleexampleof non trivial trackingaction. It
allows:

l Thesaving of G4Track objectsintoGiGaTrajectory objects,thusallowing thecon-
versionfrom GEANT4to L HCBEVENT datamodelto beperformed.

l Take a full controloversaving of tracks.

Specificpropertiesof classGiGaTrackActionSimple arelistedin table4.4. Theinstance
of this classcouldbeconfiguredthroughe.gjob optionstechnique:
/// ...
/// declare the tracking action:
GiGaSvc.TrackingAction = "GiGaTrackActionSimple/SimpleTrack";
/// configure tracking action
/// store ANY muons
SimpleTrack.StoreByOwnType = true ;
SimpleTrack.StoredOwnTypes = { "mu+" , "mu-" };
/// store all particles with kinetic energies > 1 GeV
SimpleTrack.StoreByOwnEnergy = true ;
SimpleTrack.OwnEnergythreshold = 1.0*GeV ;
/// store all particles which produce muons:
SimpleTrack.StoreByChildType = true ;
SimpleTrack.StoredChildTypes = { "mu+" , "mu-" };
/// ...

Table4.4: Specificpropertiesof GiGaTrackActionSimple andtheir default values.

PropertyName Default Value

"StoreAll" false

"StorePrimary" true

"StoreByOwnEnergy" false

"StoreByOwnType" false

"StoreByChildEnergy" false

"StoreByChildType" false

"StoreMarkedTracks" true

"OwnEnergyThreshold" 10*TeV

"ChildEnergyThreshold" 10*TeV

"StoredOwnTypes" empty
"StoredChildTypes" empty

G4Track objectis savedinto GiGaTrajectory objectif at leastoneconditionis fulfilled:

l "StoreAll" propertyof GiGaTrackActionSimple instanceis activated
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l "StoreAll" propertyis activatedandtrackis anprimaryparticle

l "StoreByOwnEnergy" property is activatedand the track haskinetic energy over
threshold,which is setthrough"OwnEnergyThreshold" property

l "StoreByOwnType" propertyis activatedandthe track hasa type correspondingto
oneof thetypes,whicharesetthrough"StoredOwnTypes" property

l "StoreByChildEnergy" propertyis activatedand the track hasat leastonechild
trackwith kineticenergyoverthreshold,whichis setthrough"ChildEnergyThresh-
old" property

l "StoreByOwnType" propertyis activatedandthe track hasat leastonechild of the
typecorrespondingto oneof thetypes,whicharesetthrough"StoredChildTypes"
property

l "StoreMarkedTracks" propertyis activatedand the track is marked as"toBe-
Stored" usingGiGaTrackInformation class

If G4Track is decidednot to bestored,theParentID field for all its daughterparticlesare
setto be it’ s own saved parenttrack, thuskeepingthe whole event history informationto be
consistent.

... to becontinued...
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4.6 Stackingaction

Specificstackingactiondescriptionin GEANT4 couldbedonewith concreteimplementations
of G4UserStackingAction class.

GI GA providestheposibility of instantiationof suchobjectsusingabstractfactoriesapproach.
To get this behaviour the intermediateabstractinterfaceIGiGaStackAction is definedby
merging G4UserStackingAction classwith IInterface interface. Then one could
reusethe standardapproachof abstractfactoriesto instantiatesuchobjects. The simplified
classdiagrammsareshown onfigure4.6.
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IProperty

ISerialize

IIncidentListener

Figure4.6: Theclassdiagramfor GiGaStackActionBase class

Eachconcretestackingaction must be implementedby inheritanceform GiGaStackAc-
tionBase class. Exampleof primitive (just empty) implementationof stackingaction is
GiGaStackActionEmpty class,which doesnothing.
Thesteppingactionis thepropertyof GiGaSvc andcouldbeconfiguredthroughe.gjob op-
tionstechnique:

/// ...
/// declare the stepping action:
GiGaSvc.StackingAction = "GiGaStackActionEmpty/EmptyStack";
/// ...



4.7. Steppingaction 37

4.7 Steppingaction

Specificsteppingactiondescriptionin GEANT4 couldbedonewith concreteimplementations
of G4UserSteppingAction class.

GI GA providestheposibility of instantiationof suchobjectsusingabstractfactoriesapproach.
To get this behaviour the intermediateabstractinterfaceIGiGaStepAction is definedby
mergingG4UserStepingAction classwith IInterface interface.Thenonecouldreuse
the standardapproachof abstractfactoriesto instantiatesuchobjects. The simplified class
diagramsareshown onfigure4.7.
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Figure4.7: Theclassdiagramfor GiGaStepAction classes

Eachconcretesteppingactionmustbeimplementedby inheritanceformGiGaStepAction-
Base class. Exampleof primitive (just empty) implementationof steppingactionis GiGa-
StepActionEmpty class,which doesnothing. Lesstrivial exampleis GiGaStepActi-
onDraw class,which performsvisualisationof eachstep.It is worth to mentionthat it differs
from visualizationof trajectories.
Thesteppingactionis thepropertyof GiGaSvc andcouldbeconfiguredthroughe.gjob op-
tionstechnique:

/// ...
/// declare the stepping action:
GiGaSvc.SteppingAction = "GiGaStepActionDraw/DrawStep";
/// ...
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4.8 Helper GiGaBase class

All configurationclassesin GI GA usesthecommonhelperbaseGiGaBase. Thesimplified
classdiagramfor thishelperclassis shown onfigure4.8.
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Figure4.8: Thesimplifiedclassdiagramfor helperGiGaBase class.Thenamedcomponents,
locatedandusedby GiGaBase areexplicitely shown

Thestandardpropertiesof GiGaBase classandtheir default valuesarelistedin table4.5.
The baseclassGiGaBase locatesbasicinterfacesof the namedcomponentsusingproperty
informationandprovideswith following accessors:

class GiGaBase: .....
...

protected:
/// Accesors to needed services and Service Locator
inline ISvcLocator* svcLoc () const ;
inline IGiGaSvc* gigaSvc () const ;
inline IGiGaSetUpSvc* setupSvc () const ;
inline IMessageSvc* msgSvc () const ;
inline IChronoStatSvc* chronoSvc () const ;
inline IDataProviderSvc* evtSvc () const ;
inline IDataProviderSvc* detSvc () const ;
inline IIncidentSvc* incSvc () const ;
inline IParticlePropertySvc* ppSvc () const ;
inline IMagneticFieldSvc* mfSvc () const ;
....

};
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Table4.5: Propertiesof GiGaBase andtheirdefault values.

PropertyName DefaultValue

"OutputLevel" MSG::NIL

"GiGaService" "GiGaSvc"

"GiGaSetUpService" "GiGaSvc"

"MessageService" "MessageSvc"

"ChronoStatService" "ChronoStatSvc"

"EventDataProvider" "EventDataSvc"

"DetectorDataProvider" "DetectorDataSvc"

"IncidentService" "IncidentSvc"

"ParticlePropertyService" "ParticlePropertySvc"

"MagneticFieldService" "MagneticFieldSvc"

If propertyvalueis setto beemptyname("") thecorrespondingcomponentis not requiredto
belocated.
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