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Abstract

Thewayto acces$or GEANTA facilitiesfrom GAUDI frameworkis describedThetwo-layered
structureof G GaSvc andGIGA Conver si on Ser vi cesfor communication®f Al go-
rit hnmswithin GAUDI framewvork with GEANT4 structuresallows theusageof GEANT4 tool
kit asa black-boxwithout detailedknowledgeof its internalfeatures.
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Chapter 1: General

1.1 Simulation ervironment

Simulationis an essentialpart of the generalsoftware in modernhigh enegy physics. It is
foreseeno useGEANT4 Tool Kit asthe majorsimulationpackagdor the LHC era.

1.1.1 Natural decompositionof simulation environment

It is worth to considerary simulationprogramas sequencef steps,eachof them could be
considerecisascompaciunit with somewell definedinput andoutputdataflows.

For almosteachsimulationprogramit is naturalto identify the following steps:

e Initialisation:
At this stepsimulationprogramrequiresto be provided with physicalpropertiesof all
participatingcomponentslik e particlesproperties propertiesof physicalprocessesje-
scriptionof geometryandmaterials.

e Eventloop

— Eventinitialisation:
At this stepsimulationprogramrequiresto be providedwith someeventinput data
- initial kinematics

— Eventprocessing:
At this stepsimulationprogramusually neitherrequireto be provided with some
input datanor producesomeoutputdata, but someuseractionmethodsareto be
suppliedto the simulationprogram(e.g.gust ep. F routinein GEANT3 package)

— Eventfinalisation:
At this stepsimulationprogramis readyto provide the userprogramwith thesimu-
lation outputdata- hits, digits andoutputkinematics- secondanparticles.

e Finalisation

1.2 Communication categories

Fromabove sketchedroughschemeonecoulddeducehatall communication®f userprogram
with simulationernvironmentcould be naturallysubdvidedinto 2 catejories:

e Callbackcateyory:
Communicationdrom this category are characterisedby dealingmainly with internal
structuref simulationprogram.They do not produceor consumehedatafrom the out-
sideof thesimulationervironment.Usuallythey overwritesomeinternaldefault methods
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1.2. Communicatiorcategories 3

from simulationervironmentandthuschangingthe default behaoiur
Routinegust ep. F from GEANT3 packagecouldbe consideredsatypical representa-
tive of suchcateyory.

¢ Input-outputcategory:
Communication$rom this cateyory arecharacterisedly eitherproducingthedata,which
to be usedoutsideof the simulationernvironment,like hits, digits, secondaryparticles,
histogramsandn-tuples,or they load dataflow from the outsideof the simulationpro-
gram, like particle properties propertiesof physicalprocessesnddetectordescription.
Often communicationgrom this cateyory could be easilyidentifiedasinput streamsor
outputstreams.
Routineguout . F from GEANT3 packagecould be consideredas a typical represen-
tative of outputstreamcateyory andguki ne. F could be considerecasan exampleof
input streamcategory.

Also communicationgouldbeclassifiednto 2 classes:

e Configurationcommunications:
Suchtype of communications usedfor configurationof the simulationernvironmentand
supplyingit with input datawhich areconstanfor a someperiodandsometimedor the
wholejob lifetime.

e Event-by-eeentcommunications:
Suchtypeof communications usedon event-by-&entbasis.
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1.3 GEANT4 essential

A schematiciew of communicationsvith GEANT4 tool kit is presente@n figure 1.1. Arrows
representhedirectionof dataflows.

Parameters,
Physics,Cuts (PrimaryEvent)

GEANTZ ‘

Figurel.l: A schematicview of communicationsvith GEANT4 tool kit. Dataflow directions
areindicatedby arraws.

StandardGEANT4 basedprogramrequiresto be configured. The configurationcould be rep-
resentecascommunicationetweersimulationernvironmentspnamely&RunManager class
anduserprogramby setof userclasseslUserervironmentcreategheseclassesandsimulation
ervironmentjustuseshem. The sketchis presentean figure 1.2.

ARunManager classrequiresto be provided with 3 mandatoryclassesjmplementingfol-
lowing interfaces

e (AVUser Det ect or Const ructi on
Concreteclassjmplementinghisinterfaceis responsibldor creationof GEANT4 geom-
etry treeandmaterialdescription.

e (AVUser Physi csLi st Creationof particles physicsprocesseandtrackingcutsare
underresponsibilityof concreteclass,implementingthisinterface.
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Important "visible" Geant4 classes B]
1
G4VUserDetectorConstruction
1
G4RunManager G4VUserPhysicsList
< 1
G4VUserPrimaryGeneratorAction
0.1
G4UserStackingAction
0.1 0.1
G4UserEventAction G4UserTrackingAction
0.1 0.1
G4UserRunAction G4UserSteppingAction

Classes with "hidden" relations with Geant4 B]

G4VisManager G4UlIsession

Figurel.2: Sketchof classesessentiafor configurationof GEANT4 tool kit

e (AVUser Pri mar yGener at or Act i on Thedefinition of kinematicsof primary par
ticlesis underthe controlosconcreteclass,implementinghis interface.

In additionG4RunManager couldbe providedwith:

e AUser RunActi on,
which definesspecificcallbacksto be executedn the begin andattehendof eachrun.

e AUser Event Act i on whichdefinesspecificcallbackgo beexecutedn thebegin and
attheendof processiongf eachevent.

e (AUser St acki ngAct i on, which definedspecificactionfor stackingmethod

e (AUser St eppi ngAct i on, which definesspecificactionto be performedat every
step.
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e (AUser Tr acki ngAct i on, which definesspecificactionto be performedfor each
track.

The exist also 2 classeswhich could be createdndependentlyand which communicatewith
GAARunManager in aquitehiddenway:

e (AVi sManager for visualisation

e (AUl sessi on for interactvity

1.3.1 Encapsulationof GEANT4 within GAUDI

TointegrateGEANT4 into GAUDI andtoisolateGEANT4 from end-usecodesoneneedto put
someefforts to performfollowing steps:

e Definetheonly oneentrypointfor all communicationsvith GEANTA4.
This is achieved via abstractinterfacesl G GaSvc andl G GaSet UpSvc, which are
implementecoy G GaSvc

e For all input/outputstreamsone needto designthe appropriateConver si on Ser -
vi cesandfor all objectsfrom input/outputstream®neneedto implementproperCon-
verters

e Severalmandatorytechnicalactionsalsomustbe performed:
— Provide the accesdo internal GEANT4 eventloop. This is achiezed with imple-

mentationof G GaRunManager

— Allow the primary eventto be constructedutsidethe G4VUser Pri mar yGene-
rat or Act i on class.Thisgoalis achievedwith the propercollaborationbetween
G GaRunManager andG GaSvc.

— Allow the geometrytreeto be constructedutsidethe G4VUser Det ect or Con-
structi on class.Thisis achievedwith the propercollaborationbetweenG Ga-
RunManager andG GaSvc.

Therestof this documenis devotedto a detaileddescriptionof this programstepby step.



Chapter 2: G GaSvc Servi ce

2.1 Why Service?

The mostsuitableform for embeddinghe simulationervironmentinto GAUDI framework is
Ser vi ce. SeveralsimpleandindependenGAuDI Al gori t hns, Convert er sandCon-

ver si on Ser vi ces could communicatewnith with Ser vi ce supplingit with input data-
detectordescription,particle properties descriptionof physicalprocesses;ut-offs andinitial
kinematicsandretrieving from it the outputdatain the format of hits andsecondariesAt the
toplevel,theSer vi ce is to betriggeredby somealgorithm.

Thewholeorchesteof Ser vi ce, itstriggerAl gor i t hmandits helperAl gor i t hmswhich
areresposiblefor providing the Ser vi ce with the input dataand extractionthe outputdata
performsthe perfectisolationof end-usecodesfrom underlyingsimulationpackage.

The Ser vi ce is devotedto be the only one entry point to simulationpackage. Unfortu-

natelyGEANT4 providesuserswith alot of st at i ¢ accessort it'skey classesandtherefore
ary directcommunicationsvith GEANT4 environmentcould not be preventedin a safeway.

But any usermust avoid ary directcommunicationsvith GEANT4 ervironmentsnot throught
simulationSer vi ce.

SimulationSer vi ce implement2 abstracinterfaces:

e | G GaSvc interface:
for event-by-e&ventcommunications

e | G GaSet UpSvc interface:
for configurationcommunications

2.2 | G G&aSvc interface

All event-by-e&ventstream-lile communicationsvith simulationernvironmentdefinedin | G -
GaSvc abstractinterface. This interfaceis designedo manipulatewith input eventdataand
outputeventdata:

¢ Inputeventdataareacceptedn theform of

— APri mar yVert ex*
representinghe GEANT4 primaryeventrecord

e Outputeventdata,retrievedfrom the Ser vi ce couldbe of the format:

— AEvent *
provide theaccesdo thewholeinternalprocessedvent

— (AHCof Thi sEvent *
provide theaccesgo theall hit collectionsof the processedvent

7



8 Chapter2. G GaSvc Servi ce

— 1 G GaSvc: : Col l ectionPair*
provide theaccesgo the specifichit collection

— (ATr aj ect oryCont ai ner *
provide theacceskinematicof secondaries

Sinceall communicationwith simulationervironmentvia | G_GaSvc interfaceare stream-
like communicationsthe overloadedstreamoperatorsare consideredcas main methodsn the

interfacedefinition:

class 1G GaSvc : virtual public IService
{
public:

/// input data

virtual |G GaSvc& operator << ( GAPrinaryVertex * vertex ) =0
/1l output data

virtual |G GaSvc& operator >> ( const GAEvent* & event ) =0
virtual |G GaSvc& operator >> ( 4HCof Thi sEvent * & collections ) =0 ;
virtual |G GaSvc& operator >> ( Col |l ectionPair & col |l ection ) =0
virtual |G GaSvc& operator >> ( (ATrajectoryContainer* & trajectories ) =0 ;

.

In additionto thesestraightforvarddefinitions,function-like methodsaredefined:

class 1G GaSvc : virtual public |Service

{

public:
/11 input data
virtual StatusCode addPrimaryKinematics ( GAPrimaryVertex * ) =0;
/11 output data
virtual StatusCode retrieveEvent ( const AEvent* &) =0;
virtual StatusCode retrieveHitCollections ( G4HCof Thi sEvent* &) =0;
virtual StatusCode retrieveHi tCollection ( CollectionPair &) =0;
virtual StatusCode retrieveTrajectories ( ATrajectoryContainer* &) =0 ;

2.3 13 GSet UpSvc interface

All configurationcommunicationsvith simulationSer vi ce aredefinedin G GaSet UpSvc

interface.
Theinterfaceconsistf thefollowing definitionsof operatoflik e calls:

class |G GaSet UpSvc : virtual public |Service
{
public:

GAVUser Det ect or Constructi on
G4VPhysi cal Vol unme

GAVUser Pri mar yGener at or Acti on
GAVUser Physi cslLi st

virtual |G GaSet UpSvc& operator <<
virtual |G GaSet UpSvc& operator <<
virtual |G GaSet UpSvc& operator <<
virtual |G GaSet UpSvc& operator <<

I Y
L L VO [ A 1
OO0OO0OO0OO0OO0O0OO0OO0O0O

virtual |G GaSet UpSvc& operator << ( (AUser RunAction
virtual |G GaSetUpSvc& operator << ( G4User Event Action
virtual |G GaSet UpSvc& operator << ( HAUser Stacki ngAction
virtual |G GaSet UpSvc& operator << ( AUser Tracki ngAction
virtual |G GaSet UpSvc& operator << ( AUser St eppi ngAction
virtual |G GaSetUpSvc& operator << ( G4Vi sManager

.

Herethe advantageof operatotlik e methodss not soclearandobviousandordinaryfunction-
like methodsaredefinedin addition:

class |G GaSet UpSvc : virtual public IService

public:
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virtual StatusCode setConstruction
virtual StatusCode setDetector
virtual StatusCode set Generator
virtual StatusCode setPhysics
virtual StatusCode set RunAction

(AVUser Det ect or Const ructi on *
G4VPhysi cal Vol une *
GAVUser Pri mar yGener at or Acti on *
G4VUser Physi cslLi st *
GAUser RunAct i on *
virtual StatusCode setEvtAction *
virtual StatusCode set Stacking *
virtual StatusCode setTracking *
virtual StatusCode set Stepping *
virtual StatusCode setVi sManager *

GAUser Event Acti on
GAUser St acki ngActi on
G4User Tr acki ngActi on
G4User St eppi ngActi on
G4Vi sManager

[eNelolejoloNeloNeNe)

24 G GaSvc Servi ce

Bothl G GaSvc andl G GaSet UpSvc areimplementedy aconcreteclassG GaSvc. The
classdiagramdor G GaSvc areshavn onfigures2.1and2.2.

linterface
IService IProperty
JAN JAN
1GiGaSvc IGiGaSetUpSvc Service
T T T

GiGaSvc

Figure2.1: Theinheritancadiagramfor G GaSvc class

The Ser vi ce createsandusesthe concretenstanceof GARunManager classfor managing
of all GEANT4 classes.Sincetherecould be only one objectof type GARunManager atthe
sametype,only oneinstanceof G GaSvc Ser vi ce couldbeinstantiated.

TheG GaSvc createsconcretanstanceof classG GaVi sManager for usingGEANT4 vi-
sualizatiorfacilities. Thecreationof G GaVi sManager classis controledwith boolearprop-
erty" UseVi sManager " of G GaSvc class.Thedefaultvalueof this propertyis f al se.
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G4RunManager

T

GiGaRunManager |--------------- =>0O———— "Ulsession

&

GiGaSve = [--------------- =O—— GiGaVisManager

-------- =>0O——{ "PhysList"

Lommmo- =(O———"Tracking Action"

:, ....... =>O—————"Stepping Action"

e =O——"Stacking Action"
IGiGaStackAction

Figure2.2: Thesimplifiedclassdiagramfor G GaSvc class.Somenamedcomponentdpcated
andusedby servicearenotshavn

TheG GaSvc takesthe controlon the instantiation(usingabstractfactoriestechnique)of the
objectsof following types:

| G GaPhyslLi st
o | G GaTrackActi on

| G GaSt epActi on
o | G (St ackActi on
e | G GaEvent Acti on

Theseconfigurationclassesandinterfacesaredescribedn detailin chapterd. The creationof
theseobjectsis underthe controlof correspondingpropertiesof G GaSvec:

e "Physi csList”
e "Tracki ngActi on"

e " St eppi ngActi on”
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e "Stacki ngAction"

e "Event Acti on"

Eachof thesepropertiedookslike: " <Concr et eTypeNanme>/ <l nst anceN ck>", simi-

lar to instantiationof Al gor i t hmsandSer vi ces. Deletionof theseobjectsis performedoy

GEANT4 kernel. GEANT4 callbackclassG4User RunAct i on is notrecommendetbr usage
within GIGA sinceonecould not achiese propersinchronizatiorespeciallyfor terminationof

thelastARun.

Essentiallythat'sall thatG GaSvc doesandthat’s for whatit wasdesignecandimplemented.
All otherit’ sfunctionalitycomedrom delggationto G GaRunManager classwhichperforms
therealjob.

All propertiesof G GaSvc arelistedin table2.1.

Table2.1: Propertieof G GaSvc andtheir defaultvalues.

PropertyName Default Value
"StartU commands” empty

"EndU commands” empty

"Start Of RunUl conmands” empty

"EndOf RunUl commands™” empty

"Start Of Event U commands™ empty

"EndOf Event Ul conmands™ empty

"Ul sessi ons” empty

" Cbj ect Manager " " ApplicationMgr"
"Physi csLi st" "

" St acki ngActi on
"Tracki ngActi on" .
" St eppi ngAct i on” "
"Event Acti on" .
" UseVi sManager " fal se

2.5 G GaRunManager

G GaRunManager classis justaspecialisatiorof generalzARunManager class.It inherits
from it in a private way to restrictinterfaceallittle bit. Unfortunatelydueto staticaccessoto
the baseclassthe job couldnotbedonein 100%safeway. asit wasalreadymentionedoefore,
usersare not allowed to directly interacteven with this class. All interactionshouldbe done
only via abstracinterfacesof G GaSvcclass.
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Theessentiapublic intefaceconsistof following declaratiommethods:

cl ass G GaRunManager: private G4RunManager

friend class G GaSvc;
public:

/11 declarations
virtual StatusCode declare( AVUserPrimaryGeneratorAction * )
virtual StatusCode decl are( AVPhysi cal Vol ume )
virtual StatusCode declare( AVUser Detector Construction )
virtual StatusCode declare( AVUser Physi cslLi st )
virtual StatusCode declare( (AUser RunAction )
virtual StatusCode declare( (AUser Event Action * )
virtual StatusCode declare( G4User Stacki ngAction )
virtual StatusCode declare( G4User Steppi ngAction )
virtual StatusCode declare( GAUser Tracki ngAction )
virtual StatusCode declare( G4Vi sManager )

b

* ok k%

We needto getaneasyaccesso GEANT4internaleventloop andtake afull controlover event
loop. Thisis achiezed with implementatiorof threemajor methodswhich performthe actual
accesgo controlthe event-by-erentprocessing:

cl ass G GaRunManager: private GARunManager
{

friend class G GaSvc;

public:

virtual StatusCode prepareTheEvent ( APri maryVertex * vertex = 0)
virtual StatusCode processTheEvent ( )
virtual StatusCode retrieveTheEvent( const G4Event *& event )

b

Thefollowing functionsfrom GARunManager is overwritten:

cl ass G GaRunManager: private G4RunManager
{

protected:

/// "the main" nethod of G4RunManager

virtual void Beantn( int n_event ,
const char* macroFile = 0 ,
int n_select =-1)

111

voi d InitializeGeonetry() ;

voi d Initialize() ;

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

2.5.1 G GaRunManager states

Thestateof G GaRunManager is definedby setof flags:
e "GEANT4 kernelis initialized”
e "GEANT4 runis initialized”
e "GEANT4 eventis prepared”

e "GEANT4 eventis processed”
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Invocationof ary declaratiormethodfrom | G GaSet UpSvc interfaceautomaticallyswitched
off all flagsandresetG GaRunManager toit’sinitial state.If declaratiormethodis invoked
whenstates’ GEANT4 eventis prepared’or "GEANT4 eventis processedis actie, it auto-
maticallytriggerstheterminationof currentG4ARun.

CurrentG GaRunManager statecouldbeinspectedisingfollowing methodgorm it’s public
interface

cl ass G GaRunManager: private G4RunManager
public:
/1l states
inline bool krn_Is_Initialized () const ;
inline bool run_Is_Initialized () const ;
()
0

inline bool evt_ls_Prepared const ;
inline bool evt_Is_Processed const ;

2.5.2 Threemajor methodsof G GaRunManager

Simplified interactiondiagramsfor 3 major methods of G GaRunManager is shown in fig-
ures2.3,2.4and2.5.

GiGaRunManager

retrieveTheEvent() .

levt_Is_Processed()?
processTheEvent()

—__2> status

set evt_Is_Prepared()
a—— false —O

G4RunManager::GetCurrentEvent()

—__2 event

+t—ecvent ——
t—— status —O

Figure 2.3: The simplified interactiondiagramfor r et ri eveTheEvent (AEvent * &)
methodof G GaRunManager .
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GiGaRunManager

processTheEvent()

set evt_Is_Processed()
|: false —O

levt_Is_Prepared()?

prepareTheEvent()
G4EventManager
<_'_'_‘: status :
ProcessOneEvent() :
< event

set evt_Is_Processed()

true O

set evt_Is_Prepared()

false —QO
<t——status——O

Figure2.4: Thesimplifiedinteractiondiagramfor pr ocessTheEvent () methodof G Ga-
RunManager .

Oneshouldmentionherethat pr epar eTheEvent ( APri mar yVer t ex*) methoddoes
notonly invoke G4Event : : AddPri mar yVert ex() methodbut alsotakescareaboutcre-
ationof currenteventanddeletion(or stackingit into specialstackfor "previousevents”- whcih
couldbeusefulfor spill-over simulation)of the currenteventif is is already’processed”

This methodcouldbeinvokedrepetedlyto addseveralprimaryverticesinto currentevent,thus
constructingquitecomplicatedorimaryevent. It is away how the pile-upcouldbeimplemented
in atrivial andtransparenivay.

An additionalfeatureof this methodis thatusageof this methoddoesnot forbid the usageof
AVUser Pri mar yGener at or Act i on* objectfor generatiorof the primary event! This
optionis triggeredby invocationpr epar eTheEvent ( 0) ; andonecouldcombineboth pos-
sibilities andusethemseparatelyr in conjunctionfor constructiorof quite non-trivial sophis-
ticatedkinematicsof primaryevent.

All thesefeaturesarenot shavn on simplifiedinteractiondiagramin figure 2.5.
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GiGaRunManager

prepareTheEvent()
O vertex - I'run_Is_Initialized()?
initializeRun()
evt_Is_Processed()?
set_evt_Is_Processed()
t—— false —O
G4Event
=l AddPrimaryVertex()
O vertex D‘_‘
set evt_|s_Prepared()
|: true ——O
«+—status ———(

Figure2.5: Thesimplifiedinteractiondiagramfor pr epar eTheEvent () methodof G Ga-
RunManager . Someimportantfeaturesarenot shown, but explainedin text.

2.5.3 Simulation "on demand”

From simplified interactiondiagramswhich are shawn in figures2.3,2.4and 2.5 one could
easilydeducehatG GaRunManager allowstoimplement’simulationondemand approach.
Onejust needto retrieve the outputeventfrom G GaRunManager andit triggersitself to the
sequencef self-initialization,eventpreparatiorandeventprocessingif eventis notyet ready
for output.

It is not clearwetheroneneedgo have suchoption, but in currentversionof GIGA hehaveit
for free.

2.5.4 Interaction with G GaSvc

Simplifiedinteractiondiagramfor communicationbetweerG GaSvc andG GaRunManager
classesreshavn onfigure2.6.
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GiGaSvc GiGaRunManager
<<G4VPhysicalVolume*
O——volume ———» declare()

O——volume ——»

set run_Is_Initialized()

false —O
set krn_Is_Initializes()
— false —O
<<G4PrimaryVertex* !
O vertex > prepareTheEvent()
O vertex
~—— status
>>G4Event*
retrieveTheEvent()
g event
-t status
<t—event ——(

Figure2.6: The simplifiedinteractiondiagramfor G GaSvc andG GaRunManager classes



Chapter 3: Conversionfrom/to GEANT4

3.1 GIGA Conversi on Servi cesand Converters

Corversionof GAUDI objectsfrom andto GEANT4 objectsis underthecontrolof setof GIGA
Conver si on Ser vi ces. Theclassdiagramsfor all GIGA Conver si on Servi cesare
showvnin figure3.1.

To simplify the configurationof eachconcreteserviceall concreteConver si on Ser vi ces
inheritsfrom baseG GaCnv SvcBase class,which takescareaboutall commoncomponents
neededor GIGA Conver si on Ser vi ces. This baseclasshasfollowing propertiesJisted
in table3.1. All thesepropertiescouldbe overwrittenatruntime.

Table3.1: Propertief G GaCnvSvcBase andtheirdefault values.

PropertyName Default Value

G (@AService "3 GaSvc”

G GaSet UpServi ce "G GaSvc”

Event Dat aPr ovi der Servi ce "Event Dat aSvc"

Det ect or Dat aPr ovi der Servi ce " Det ect or Dat aSvc"
Particl ePropertyService "Particl ePropertySvc"
Magneti cFi el dServi ce "Magneti cFi el dSvc”
Chr onoSt at Servi ce " ChronoSt at Svc”

hj ect Manager "ApplicationMr"

I nci dent Ser vi ce "I nci dent Svc"

The analogoushaseclassG GaCnvBase is devotedto be an commonbasefor all GIGA

Convert er s.In additionto standardnethodsrom Conver t er it implementssereraluseful
accessors:

class G GaCnvBase: public Converter

protected:
/11 useful acessors
inline | G GaCnvSvc* cnvSve () const ; // "own" conversion service
inline | G GaGeontnvSvc* geoSvc () const ;
inline | G GaKi neCnvSvc* ki neSvc () const ;
inline | G GaH t sCnvSvc* hi t sSvc () const ;
inline I DataProviderSvc* evt Svc () const ;
inline | DataProviderSvc* det Sve () const ;
inline I ChronoStat Sve* chronoSve () const ;
inline 1 G GaSvc* gi gaSvc () const ;
inline | G GaSet UpSvc* setupSvc () const ;
0

inline IParticlePropertySvc* ppSvc const ;

17



18 Chapter3. Corversionfrom/toGEANT4

linterface <} IlincidentListener KJ}—
A
IConversionSvc <} ConversionSve <}
A
IGiGaCnvSve K
JAN
| |
IGiGaGeomCnvSvc IGiGaKineCnvSvc| | IGiGaHitsCnvSvc | [ GiGaCnvSvcBase| ---
A A A

GiGaGeomCbvSvc GiGaKineCnvSvc GiGaHitsCnvSvc E

IDataProvider

"EventDataProviderService" |———(O=--------r---m-mmmmme e '
|DataProvider . IGiGaSvc

"DetectorDataProviderService” ————QO<-------- kb =>0— "GiGaService"
IParticlePropertySvc : IGiGaSetUpSvec

"ParticlePropertyService" —-O<-------- Ho-mo-- =>O— "GiGaSetUpService"
IMagneticFieldSvc , I0bjManager

"MagneticFieldService" F——-C=-------- SREEEEE =>0O—— "ObjectManager"
IChronoStatSvc : lincidentSvc

"ChronoStatService" —"C=-------- toeen- =>0O———- "IncidentService"

Figure 3.1: The simplified classdiagramfor GIGA Conver si on Ser vi ces. Somebase
classeslikel Property,| Servi ce andSer vi ce arenotshovn. All namedcomponents,
locatedandusedby baseclassG GaCnvBase areexplicitely indicated
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3.2 Conversion of detector description

3.2.1 GeometryConver si on Servi ce

Corversionof GAUDI detectordescriptioninto GEANT4 objectsis underthe control of Con-
ver si on Servi ce of type G GaGeonCnvSvc. This Ser vi ce implementshel G Ga-
GeonmCnv Svc interfaces.

In additionto propertiesinheritedform G GaCnv SvcBase class,t hasseveralspecificprop-
erties listedin table3.2

Thesepropertiesncludesthe descriptionof top volumewhereall GEANT4 geometrytreere-
sides.This volumehasbox shape Otherits propertiesof this top-wolumeareunderthe control
of propertiesof G GaGeontCnvSvc.

Table3.2: Specificpropertiesof G GaGeonCnv Svc andtheir default values.

PropertyName Default Value

Wor | dvat eri al “/dd/ Material s/ATr"
Wor | dPhysi cal Vol unmeNane "Uni ver se”

Wor | dLogi cal Vol uneNane "Wor | d"

Wor | dvagneti cFi el d "

Xsi zeOF Wor | dVol une 50*m

Ysi zeOr Wor | dVol une 50*m

Zsi zeOF Wor | dVol une 50*m

3.2.2 Conversion of materials

Materials are describedin GAublI DETDESC packagewith the help of 3 specific material
classes:El enent , | sot ope andM xt ur e. TheseclassesmplementscommonVat e-
ri al interface. Sincematerialdescriptionwithin DETDESC and GEANT4 are quite similar
the corversionprocedurebecomedrivial, one-to-ondransformation.Thetakulatedproperties
of materialsarealsocorvertedinto GEANTA4.

Three concreteConvert er s are implemented: G Gal sot opeCnv, G GaEl enent Cnv
andG GaM xt ur eCnv. They inheritsfrom helperG GaCnvBase class.

Naming convention

Materialsareconvertedinto GEANT4 classesAMat eri al , AEl enent , GAM xt ur e and
A1 sot ope. Asanameaf ul | pat h() of correspondingat aCbj ect isusedge.g.”/ dd-
[ Materials/Air".
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3.2.3 Conversionof geometryobjects

Geometrydescriptionin DETDESC packagels madethrough3 typesof identifiable objects
LVol une, Det ect or El enent andSur f ace!. The simplified classdiagramsfor 3 cor-
respondingConvert er classesG GaLVol uneCnv, G GaDet ect or El enent Cnv and
G GaSur f aceCnv are showvn on figure 3.2. Call-backsfrom geometryConvert ersto
| G GaGeontnvSvc interfaceareexplicitly indicated.

IConverter
:.--->O— GiGaLVolumeCnv

1 IConverter :
GiGaGeomCnvSvc - --+---=0O—— GiGaDetectorElementCnv -4

' IConverter
L---=>0— GiGalSurfaceCnv

IGiGaGeomCnvSvc

Figure 3.2: The simplified classdiagramsfor GIGA geometryConvert er s. Thecommon
baseclassG GaCnvBase is notshovn onthefigure.

Theseclassesarecorvertedinto GEANT4 classes#Logi cal Vol unme, &APVPl acenent
ALogi cal Ski nSur face andG4Logi cal Bor der Sur f ace.

Naming convention

Logicalvolume(of typeG4Logi cal Vol une)in GEANT4 getits namefromnane() method
from | LVol une interface,which is the full addressf logical volumein transientstore,e.g.
"/ dd/ Geomet ry/ LHCb/ | vLHCh" .

Situationwith namingof physicalvolumes(of type APVPI acenent ) is alittle bit morecom-
plicated. Physicalvolumegetsthe nameof theform " <Mot her LVNane>#PVnane" if it is
createdduring conversionof its motherlogical volumeor " Ful | Pat hFor Det ect or El e-

ment " if it corresponddo detectorelement,which is corvertedin a separatevay without
corversionof higherlevel detectorelements.

Surfaceqof typesG4Logi cal Ski nSur f ace andG4Logi cal Bor der Sur f ace) gettheir
namefromf ul | pat h() methodof Sur f ace classge.g."/ dd/ Geonetry/ Ri chl/ M-
ror Sur f ace" . Thecorresponding4Qpt i cal Sur f ace classgetsthesamename.

lusedto describethe opticalboundaries
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3.3 Conversion of kinematics

Corversionof LHCBEVENT datamodelinto GEANT4 objectsandfrom GEANT4objectsis
underthe control of Conver si on Servi ce of typeG GaKi neCnvSvc. This Servi ce
implementghel G GaKi neCnv Svc interface.Two concretecorvertersareimplemented:

e G GaMCVert exCnv for conversionof containeof MCVer t ex* objectsinto GEANT4
primary eventandfor corversionof GATr aj ect or yCont ai ner classinto container
of objectsof typeMCVer t ex*.

e G GaMCParti cl eCnv for corversionof G4Tr aj ect or yCont ai ner classinto con-
tainerof objectsof typeMCPar ti cl e*.

3.3.1 Conversionof primary event

Primaryeventin GEANT4 isrepresentedy GAPr i mar yVert ex and&4Pri maryParticl e
classes.

The containerof MCVer t ex* objectsis corvertedby G GaMCVer t exCnv Converter to
theseobjectsandtheresultof corversionis transferredo G GaSvc usingits streameoper -
at or <<( G4Pri maryVert ex*) method

One shouldpay the specialattentionto be surethat definitionsof particlesfrom | Parti -
cl ePr opet r ySvc andparticledefinitionsin GEANT4 arein agreement.

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

3.3.2 Conversion of secondaries

Theeventrecordin GEANT4 is representetty ATr aj ect or yCont ai ner class,whichis
justan containerof pointersto 4VTr aj ect or y objects,whichin turnscontaininformation
abouttrajectorypointsof pointersto AVTr aj ect or yPoi nt objects.

GEANT4 tool kit providesuserswith two default "standard’classes:
e (ATr aj ect ory whichimplementS4AVTr aj ect or y interface
e (ATr aj ect or yPoi nt whichimplementsAVTr aj ect or yPoi nt interface

Unfortunatelyonecould not corvert theseobjectsinto LHCBEVENT datamodel,sincespace
points are not associatedvith time of flight information. Thatswhy two other classesare
implemented:

e G GaTraj ect or yPoi nt

e G GaTrajectory
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G4VTrajectoryPoint

T

GA4TrajectoryPoint

T

GiGaTrajectoryPoint

attribute
m_time : double

Figure3.3: Theclassdiagramfor G GaTr aj ect or yPoi nt class

G4VTrajectory std::vector

T 7

GiGaTrajectory

attribute

m_trackiD :int

m_parentiD : int

m_partDef : cont G4ParticleDefinition*
m_4vect : HepLorentzVector

Figure3.4: Theclassdiagramfor G GaTr aj ect or y class

Theclassdiagramdor theseclassesreshovn on figures3.3and3.4.

(ATr aj ect or yCont ai ner which containsthe pointersto objectof type G GaTr aj ec-
t ory is corvertedinto containerof MCVer t ex* by G GaMCVer t exCnv Convert er and
to containerof MCPar ti cl e* by G GaMCParti cl eCnv Converter.

Tracking Action

To be ableto corvert GEANT4 eventrecordinto LHCBEVENT datamodeloneneedto use
G GaTr aj ect ory classinsteadof default standardclassG4Tr aj ect ory. It is achieved
with the helpof properlyimplementeds GaTr ackAct i on class.



3.4. Corversionof hits 23

3.4 Conversion of hits

Corversionof GEANT4 hits into LHCBEVENT datamodelis underthe control of Con-
ver si on Servi ce of type G GaHi t sCnvSvc. This Servi ce implementsthe | G -
GaHi t sCnvSvec.

For eachtype of hit objectsin GAuDItransientstorea correspondingornverterfrom GEANT4
hitsis to beimplementedThis partis sub-detectodependent.

3.4.1 Relationsbetween"tracks” and hits

Almost for all typesof hits oneneedto presere the relationsbetweerhits and tracks”. The
essentiapointis, onecouldusethetrackID (from GATr ack object)insidehit objectto keep
suchrelation,but but oneshouldtake carethatthe correspondingTr ack objectis marked
to besaredinto G GaTr aj ect ory. It is especiallyimportantfor shavering devices,where
definitely not all GATr acks could be saved into correspondingbjectsof type G GaTr a-

j ectory. Thesaving of the GATr ack into G GaTr aj ect or y is underthe control of cor
respondingclassG GaTr ackAct i on. Onecouldforcethe saving of particulartracksby us-
ing helperclassG GaTr ackl nf or mat i on, which implementsG4VUser Tr ackl nf or -
mat i on interface. Objectof thistypeis attachedo eachG4Tr ack objectandcouldbeused
to marktrackto besaved.
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3.5 Streams

To simplify the definitionsof input dataflows of G GaSvc an utility classG GaSt r eamis
developed.lIt is not mandatoryfor usagewith GiGA but it is helpful for providing G GaSvc
with input data. Essentiallyit is justan Al gor i t hmwhich getsthe datafrom transientstore
andputstheminto G GaSvc usingdefinedConver si on Ser vi ces.

Typically oneneedgo define2 suchinput streams onefor geometryobjects,to beinitialised
in the begin of thejob andonestreamfor kinematicsto be executedevery event.

G GaSt r eamclassinheritsfrom Al gor i t hmandin additionto standardoropertiesit has
specificpropertiesvhich arelistedin table3.3.

Table3.3: Specificpropertiesof G GaSt r eamandtheir default values.

PropertyName Default Value
"Execut eOnce” fal se

" Conver si onSvcNane" "3 GaKi neCnvSvc"
" Dat aPr ovi der SvcNane" "Event Dat aSvc"

" Dat aManager SvcNane" "Event Dat aSvc"
"Stream tens” empty

"Fill G GaStreant true

And the exampleconfigurationof thejob couldbe:

/11 add streams

Appl i cationMr. TopAlg += { "G GaStreani Ki ne" };

/11 configure input kinematics stream

Ki ne. Streani tens = { "/Event/ M Generator/MVertices" };
111



3.6. G GaSvc aspersistency 25

3.6 G GaSvc aspersistency

GI1GA couldbenaturallyconsiderecsanartificial persisteng of "read-only” technology This
is illustratedby simplified interactiondiagrammshown on figure 3.5. The illustrated exam-
ple shavs the simplified interactionbetweendataprovider (" Event Dat aSvc"), its persis-
tensy service (" Event Per si st encySvs" ), corversionservice{ G GaKi neCnvSvc"),

concretecorverter ("G GaMCPar ti cl eCnv") andG GaSvc. In this context G GaSvc

is consideredust externaldatastreamandconcretecorverterjust "reads”theappropriatedata
from thatstreamusingordinaryoper at or >>.

Thejob shouldbe properlyconfiguredo usethis possibility, e.g.

...
/11 add conversion services to Event Persistency Service
Event Per si st encySvc. CnvServices += { "G GaKi neCnvSvc" } ;
Event Per si st encySvc. CnvServices += { "G GaHi tsCnvSvc" } ;
...

This chaincouldbetriggeredby following linesinsideuserAl gori t hm

111

/11 renenber: typedef ObjectVector<MCParticle> MCParticleVector;
const std::string address("/Event/MJ G4/ MCParticles");

Smar t Dat aPt r <MCPar ti cl eVect or> ntpv( eventSvc() , address );

/11 check "ncpv" and then use it!

1.

<<IDataProviderSvc>>
EventDataSvc

:IP'S <<IGiGaSvec>>
Ew GiGaSvc

EventPersistensySvc

retrieveObject

<<IConversionSvc>>
GiGaKineCnvSvc

<<IConverter>>
GiGaMCPatrticleCnv

operator>>

-a}—— MCParticleVector
- status e}

le]—— trajectories

@)
A

Figure3.5: Thesimplifiedinteractiondiagramfor persisteng emulationwith GIGA
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4.1 PhysicsList

GEANT4 requirego beprovidedwith concretemplementatiorof abstract4VUser Physi cs-
Li st interface.

GI1GA providesthe posibility of instantiationof suchobjectsusingabstracfactoriesapproach.
To getthisbehaiour theintermediateabstracinterfacel G GaPhysLi st is definedoy meg-

ing AAVUser Physi csLi st andl | nt er f ace interfaces. Thenone could reusethe stan-
dardapproacthof abstractactorieso instantiatesuchobjects.Thesimplifiedclassdiagramsare
shonvn onfigure4.1.

linterface G4VUserPhysicsList
IGiGaPhysList
Zﬁ ? IProperty
ISerialize
GiGaPhysListBase — > GiGaBase O

Zr (g lincidentListener

GiGaPhysListEm | | GiGaPhysListGeantino GiGaPhysListFull

Figure4.1: Theclassdiagramdor G GaPhysLi st classes

Threeconcretephysicslist classesareimplemented:

e G GaPhysLi st Geanti no
Definesgeantinoasparticleandtransportatiorprocesses

e G GaPhysLi st Em
Defineselectromagnetiparticlesandtypical setof electromagnetiprocesses

e G GaPhysLi st Ful |
Definesquite large setof particlesandprocesses;orresponds$o standardexampleN04
from GEANT4 distribution.

26
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Otherconcretephysicslists couldbeimplemented(e.gto dealwith opticalphotons)y inheri-
tancefrom G GaPhysLi st Base class.

The instantiationof physicslist classesare underthe control of G GaSvc andin managed
throughpropertiesof G GaSvec:

...

/11 physics list to be instantiated

G GaSvc. Physi csLi st = "G GaPhysLi st Enf EnPhysLi st";

/11 configure physics list, set e.g. default cut value in mm
EnPhysLi st. Cut = 50.0;

...

GEANT4 takescareaboutcorrectdeletionof suchobject.

Additional with respecto the baseclassG GaBase propertiesof G GaPhysLi st Base are
listedin table4.1.

Table4.1: Specificpropertiesof G GaPhysLi st Base andtheirdefault values.

PropertyName Default Value
"Cut " 2. 0*mm




28 Chapter4. Configuationclasses

4.2 Magnetic Field

Magneticfield for GEANT4 mustbe provided with concreteimplementatiorof abstract4-
Magnet i cFi el d interface.

GIGA providesthepossibility of instantiatiorof suchobjectsusingabstracfactoriesapproach.
To getthisbehaiour theintermediatebstracinterfacel G GaMagFi el d is definedby merg-

ing AMagnet i cFi el d andl | nt er f ace interfaces. Thenone could reusethe standard
approachof abstractfactoriesto instantiatesuchobjects. The simplified classdiagramsare
shonvn onfigure4.2.

linterface G4MagneticField

T 7

IGiGaMagField

[F (F IProperty
ISerialize

GiGaMagFieldBase —> GiGaBase —O

Zﬁ A) lIncidentListener

GiGaMagFieldGlobal GiGaMagFieldUniform

Figure4.2: Theclassdiagramdor G GaMagFi el d classes

Two concretemagnetidield classeareimplementedG GaMagFi el dd obal andG Gam
agFi el dUni f or m thefirst oneis justadelegationto | Magnet i cFi el dSvc. Thesecond
onerepresentshe uniform field with componentswhich could be setby propertiedof corre-
spondingclass(seetable4.2).

Table4.2: Specificpropertiesof G GaMagFi el dUni f or mandtheir default values.

PropertyName Default Value
" Bx" 0.0
" By" 0.0

" Bz" 0.0
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One could easily implementary other magneticfields using inheritancefrom G GaMag-
Fi el dBase class.

Thereexist 2 waysto usemagnetidield in GEANT4:

¢ definetheglobalfield fo thewholesetup
¢ redefinethe magnetidield for somelogical volume(e.g. magnetyoke)

The specificmagneticfield for logical volume shouldbe declaredn the descriptionof logical
volumeandit would be instantiatedandassociatedvith logical volumeduring the corversion
procedurenf logical volumeto G4Logi cal Vol une class:

<l-- XM description of |ogical volune -->
<logvol name = .........
magfield = ' G GaMagFi el duni f or mf MagFi el dl nYoke’
</ 1 ogvol >

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

1o

/11 declare constant nagnetic field as global field

G GaGeonCnvSvc. Wor | dMagneticFiel d = "G GaMagFi el duni f or mf Uni f or nt';
/11 confiugure magnetic field

UniformBx = 0.0;

Uni form By = 10.0;

Uni form Bz = 10.0;

1.
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4.3 Description of sensitve detector

Sensitve detectordescriptionin GEANT4 mustbe donewith concreteémplementation®f ab-
stract4VSensi t i veDet ect or interface.

GIGA providesthepossibility of instantiatiorof suchobjectsusingabstracfactoriesapproach.
To getthisbehaiour theintermediatebstracinterfacel G GaSensDet isdefinedoy meging
AVSensi ti veDet ect or andl | nt er f ace interfaces.Thenonecouldreusethestandard
approachof abstractfactoriesto instantiatesuchobjects. The simplified classdiagramsare
shovn onfigure4.3.

linterface G4VSensitiveDetector

T )

IGiGaSensDet

[ﬁ ? IProperty
ISerialize

GiGaSensDetBase —{> GiGaBase —-0

Zﬁ (g lIncidentListener

GiGaSensDetPrint

Figure4.3: Theclassdiagramfor G GaSensDet Base class

Eachconcretesensitve detectormustbe implementedoy inheritanceform G GaSensDet -
Base class. Exampleof primitive implementationof sensitve detectoris G GaSensDet -
Pri nt class,which just performsthe printout of stepinformationwhen particle crosseshe
sensitve detectomwithout creationof hits.

Thespecificpropertiesnf G GaSensDet Base classarelistedin table4.3.

Table4.3: Specificpropertiesof G GaSensDet Base andtheir default values.

PropertyName Default Value
"Det ect or El enent " "/ dd/ Structure/ LHCh"
"Active" true
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Concretesensitve detectoris a propertyof logical volumeandit is instantiatedautomatically
duringcorversionprocedureof logical volumeinto G4Logi cal Vol une class:

<l-- XM description of |ogical volunme -->
<logvol name = .........
sensdet = ' G GaCal oDet ect or/ Ecal Det”’
</l ogvol >

It is worth to mentionthat

e There could be several instancesof the samesensitve detectoy e.g. 4 instancesof
calorimetersensitie detectoyonepereachcalorimetersubsystent Pr s,Spd,Ecal and
Hcal )

e Severallogical volumescould be associatedvith the sameinstanceof sensitve detec-
tor, e.g. Scintillator tiles and absorberplatesin electromagneticalorimeterwould be
associateavith the sameinstanceof sensitve detector

e eachsensitve detectorhasassociatiorwith certaindetectorelement(default - the whole
"/dd/ Structure/ LHChb" detector). Suchassociations usedto register sensitve
detectotin sensitve detectormanagemith appropriatgath

It is worth to seta corventionof the nameof hits collectionswhich are createdby a specific
sensitve detector Suchcorventionwould bevery usefulfor automaticcreationof | Qpaque-
Addr ess duringthe conversionof hits.

... to becontinued..
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4.4 Eventaction

Specificeventactiondescriptionin GEANT4 could be donewith concreteamplementation®f
HAUser Event Act i on class.

GI1GA providesthe posibility of instantiationof suchobjectsusingabstractactoriesapproach.
To getthis behaiour the intermediateabstracinterfacel G GaEvent Act i on is definedby

memging AAUser Event Act i on classwith | | nt er f ace interface. Thenonecould reuse
the standardapproachof abstractfactoriesto instantiatesuch objects. The simplified class
diagramsareshown onfigure4.4.

Interface G4UserEventAction

T )

IGiGaEventAction

% ? IProperty
ISerialize

GiGaEventActionBase —>i GiGaBase —O

% é) lincidentListener

GiGaEventActionEmpty GiGaEventActionDraw

Figure4.4: Theclassdiagramfor G GaEvent Act i on classes

Eachconcretesventactionmustbe implementedy inheritanceform G GaEvent Act i on-
Base class.Exampleof primitive (justempty)implementatiorof eventactionis G GaEven-
t Acti onEnpt y class,which doesnothing. A little bit lesstrivial imeplemenations G -
GaEvent Act i onDr aw classwhich at the endof eventprocessingriggersthe visualization
of GZAEvent , whichis justthe visualisationof all savedtrajectorieshits andigits. It is worth
to mentionthatonly storedtrajectoriesarevisualized.

The eventactionis the propertyof G GaSvc andcould be configuredthroughe.gjob options
technique

...

/11 declare the stepping action:

G GaSvc. Event Action = "G GaEvent Act i onDr aw/ Dr awEvent " ;
...
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4.5 Tracking action

Specifictrackingactiondescriptionn GEANT4 ccouldbedonewith concretamplementations
of GAUser Tr acki ngAct i on class.

GIGA pprovides the possibility of instantiationof such objectsusing abstractfactoriesap-
proach. To get this behaiour the intermediateabstractinterfacel G GaTr ackAct i on is
definedby mewging G4User Tr acki ngAct i on classwith | | nt er f ace interface. Then
one could reusethe standardapproachof abstractfactoriesto instantiatesuchobjects. The
simplified classdiagramsareshavn onfigure4.5.

linterface G4UserTrackingAction

T 7

IGiGaTrackAction

Zﬁ ? IProperty
ISerialize

GiGaTrackActionBase —> GiGaBase —CO

Zﬁ é) lIncidentListener

GiGaTrackActionEmpty GiGaTrackActionSimple

Figure4.5: Theclassdiagramdor G GaTr ackAct i on classes

Two concretdrackingactionclassesareimplemented

e G GaTrackActi onEnpty
It is just primitive emptytrackingaction

e G GaTrackActionSi npl e
It is quitesimpletrackingactionwhichcreate<a GaTr aj ect or i es andprovidespos-
sibility to suppresshesaving into trajectorieSATr acks,which are”out of interest”

Each concretetracking action must be implementedby inheritanceform G GaTr ackAc-

ti onBase class. . _ ' _
Thetrackingactionis thepropertyof G GaSvc andcouldbeconfiguredhroughe.gjob options
technique:

1.

/11 declare the tracking action:

G GaSvc. Tracki ngAction = "G GaTrackActi onSi npl e/ Si npl eTr ack";
/11 configure tracking action
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It isworthto mentionthatif oneneeddo corvertthesecondariebom GEANT4 toLHCBEVENT
datamodelobjects onemust exploit thenontrivial trackingactionlike G GaTr ackAct i on-
Si npl e to savetracksinto objectsof type GiGaTrajectory.

45.1 G G@ATrackActionSi npl e class

G GaTrackActi onSi npl e classis ana simpleexampleof nontrivial trackingaction. It
allows:

e Thesavingof ATr ack objectsanto G GaTr aj ect or y objectsthusallowing thecon-
versionfrom GEANT4to LHCBEVENT datamodelto be performed.

e Take afull controloversaving of tracks.

Specificpropertiesof classG GaTr ackAct i onSi npl e arelistedin table4.4. Theinstance
of this classcouldbe configuredthroughe.gjob optionstechnique

...

/11 declare the tracking action:

G GaSvc. Tracki ngAction = "G GaTrackActi onSi npl e/ Si npl eTr ack";
/11 configure tracking action

/11 store ANY nuons

Si npl eTr ack. St or eByOmnType = true ;

Si npl eTr ack. St or edOmnTypes ={ "m+" , "nu-" };
/11 store all particles with kinetic energies > 1 GeV
Si npl eTr ack. St or eByOanEner gy = true ;

Si npl eTr ack. OmEner gyt hreshold = 1. 0*GeV ;

/1l store all particles which produce nuons:

Si npl eTr ack. St or eByChi | dType = true ;

Si npl eTr ack. St or edChi | dTypes ={ "mu+" , "nu-" };
1.

Table4.4: Specificpropertiesof G GaTr ackAct i onSi npl e andtheir defaultvalues.

PropertyName Default Value
"StoreAlI" fal se
"StorePrimry” true

" St or eByOmnEner gy fal se
" St or eByOwnType" fal se

" St or eByChi | dEner gy" fal se

" St or eByChi | dType” fal se
" St or eMar kedTr acks” true

" OmEner gyThr eshol d" 10* TeV
" Chi | dEner gyThr eshol d" 10*TeV
" St or edOmnTypes™ empty

" St or edChi | dTypes™ empty

ATr ack objectis savedinto G GaTr aj ect or y objectif atleastoneconditionis fulfilled:

e "StoreAll" propertyof G GaTr ackAct i onSi npl e instances actvated
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e "StoreAll" propertyis actvatedandtrackis anprimary particle

e " St or eByOwnEner gy" propertyis activatedand the track haskinetic enegy over
thresholdwhichis setthrough” OmEner gy Thr eshol d" property

e "StoreByOmType" propertyis actvatedandthe track hasa type correspondindo
oneof thetypes,which aresetthrough” St or edOmnTypes" property

e "StoreByChi | dEner gy" propertyis actvatedandthe track hasat leastone child
trackwith kineticenegy overthresholdwhichis setthrough" Chi | dEner gy Thr esh-
ol d" property

e "StoreByOmType" propertyis actvatedandthe track hasat leastone child of the
type correspondingo oneof thetypes,which aresetthrough” St or edChi | dTypes”

property

e " St oreMar kedTr acks" propertyis actvatedandthe track is marked as" t oBe-
St or ed” using@ GaTr ackl nf or mat i on class

If GATr ack is decidednotto be stored,thePar ent | D field for all its daughterparticlesare
setto beit’s own saved parenttrack, thus keepingthe whole event history informationto be
consistent.

... to becontinued..
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4.6 Stackingaction

Specificstackingactiondescriptionin GEANT4 could be donewith concretamplementations
of GAUser St acki ngAct i on class.

GI1GA providesthe posibility of instantiationof suchobjectsusingabstracfactoriesapproach.
To getthis behaiour the intermediateabstracinterfacel G GaSt ackAct i on is definedby
meiging (AUser St acki ngAct i on classwith | | nt er f ace interface. Thenone could
reusethe standardapproachof abstractfactoriesto instantiatesuchobjects. The simplified
classdiagrammsareshavn onfigure4.6.

linterface G4UserStackingAction

1 )

IGiGaStackAction

Zﬁ ﬁ) IProperty
ISerialize

GiGaStackActionBase —{> Class —-a_

Zﬁ (g lIncidentListener

GiGaStackActionEmpty

Figure4.6: Theclassdiagramfor G GaSt ackAct i onBase class

Each concretestackingaction must be implementedby inheritanceform G GaSt ackAc-
ti onBase class. Exampleof primitive (just empty) implementationof stackingaction is
G (&St ackAct i onEnpt y classwhich doesnothing.

The steppingactionis the propertyof G GaSvc andcould be configuredthroughe.gjob op-
tionstechnique:

...

/11 declare the stepping action:

G GaSvc. Stacki ngAction = "G GaSt ackActi onEnpty/ Enpt ySt ack”;
...
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4.7 Steppingaction

Specificsteppingactiondescriptionn GEANT4 could be donewith concretamplementations
of AUser St eppi ngAct i on class.

GI1GA providesthe posibility of instantiationof suchobjectsusingabstractactoriesapproach.
To get this behaiour the intermediateabstractinterfacel G GaSt epAct i on is definedby

memgingAUser St epi ngAct i on classwith | | nt er f ace interface.Thenonecouldreuse
the standardapproachof abstractfactoriesto instantiatesuch objects. The simplified class
diagramsareshown onfigure4.7.

linterface G4UserSteppingAction

T )

IGiGaStepAction

Zﬁ ﬁ) IProperty
ISerialize

GiGaStepActionBase [—> GiGaBase —O

Z% é) lincidentListener

GiGaStepActionEmpty GiGaStepActionDraw

Figure4.7: Theclassdiagramfor G GaSt epAct i on classes

Eachconcretesteppingactionmustbeimplementedy inheritancdorm G GaSt epAct i on-
Base class. Exampleof primitive (just empty)implementatiorof steppingactionis G Ga-
St epAct i onEnpt y class,which doesnothing. Lesstrivial exampleis G GaSt epAct i -
onDr aw class,which performsvisualisationof eachstep.It is worth to mentionthatit differs
from visualizationof trajectories.

The steppingactionis the propertyof G GaSvc andcould be configuredthroughe.gjob op-
tionstechnique

1o

/11 declare the stepping action:

G GaSvc. St eppi ngAction = "G GaSt epActi onDr aw Dr awSt ep";
1o
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4.8 Helper G GaBase class

All configurationclassesn GIGA usesthe commonhelperbaseG GaBase. The simplified
classdiagramfor this helperclassis shavn onfigure4.8.

linterface
JAN
IProperty lincidentListener ISerialize
T T 7
GiGaBase

IGiGaSvc
"GiGaService" - O~<-----

IGiGaSetUpSvc

----- >O—o/ "GiGaSetUpService"

IChronoStatSve

"IncidentService" F—CO=<=-----1----- =>0O— "ChronoStatService"

IDataProvider

------ =>O———- "DetectorDataProvider"

"MessageService” <« | ——O=<-----

IMagneticFieldSvc

"MagneticFieldService" |—QO<-----

IDataProvider

------ =>O— "EventDataProvider"”

IParticlePropertySvc
"ParticlePropertyService” [——O<-----~

Figure4.8: Thesimplified classdiagramfor helperG GaBase class.The namedcomponents,
locatedandusedby G GaBase areexplicitely shavn

Thestandardoropertiesof G GaBase classandtheir default valuesarelistedin table4.5.

The baseclassG GaBase locatesbasicinterfacesof the namedcomponentsising property
informationandprovideswith following accessors:

class G GaBase: .....

protected:

/11 Accesors to needed services and Service Locator
inline ISvcLocator* svclLoc () const ;
inline 1G GaSvc* gi gaSvc () const ;
inline | G GaSet UpSvc* setupSvc () const ;
inline | MessageSvc* nmsgSvc () const ;
inline IChronoStat Svc* chronoSvc () const ;
inline |IDataProviderSvc* evt Svc () const ;
inline | DataProviderSvc* det Sve () const ;
inline IlncidentSvc* incSve () const ;
inline I ParticlePropertySvc* ppSvc () const ;
() const ;

inline | Magneti cFi el dSvc* nf Svc
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Table4.5: Propertief G GaBase andtheirdefault values.

PropertyName Default Value

" Qut put Level " MSG : NI L

"G GaService" "G GaSvce”

"G GaSet UpServi ce" "G GaSvc”
"MessageServi ce" "MessageSvc"

" Chr onoSt at Ser vi ce" " ChronoSt at Svc”

" Event Dat aPr ovi der" " Event Dat aSvc"

" Det ect or Dat aPr ovi der " " Det ect or Dat aSvc"
"I nci dent Servi ce" "I nci dent Svc"
"Particl ePropertyService" "Particl ePropertySvc"
"Magneti cFi el dServi ce" “Magneti cFi el dSvc™

If propertyvalueis setto beemptyname(" ") the correspondingomponents not requiredto
belocated.
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