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We presenta toolkit, written in the C++ programminglanguage,for eventgenerationin high energyphysics.The
toolkit, calledMC++, is an attempt to formulatethe event generationchain in high energyparticle collisions in a
transparentandgenericwayusingobjectorientedprogrammingtechniques.

1. Introduction generatingprocesscanbe treatedmore or less
like a Markovchain,e.g.thatthe decayof apar-

Monte Carlo Event Generators (MCEG5) tide is independentof the way it is produced.
have become invaluable tools in todays high Hencethe eventgenerationis dividedinto steps
energyphysics experiments.They are usedto which are common for almost all programs.
“translate” theoreticalpredictionsinto experi- In e.g. a pp collision the interacting partons
mentalobservablesandto makereasonablees- andthe hardprocessarechosenfrom structure
timationsof backgroundsandsystematicerrors functionparametrizationsandaccordingto the
to these. relevantmatrix elementsanda multi-partonic

Thereareanumberof theseMCEGs“on the stateis developedtypically by usinginitial- and
market”today.Someofthemarecompletein the final-stateparton showers.These partonsare
sensethattheysimulatethecompleteeventgen- thenhadronizedusingsomephenomenological
eratingchain (e.g. HERWIG [1], ISAJET [21 model and finally the producedhadronsare
andJETSET [31)andsomeonly simulateone allowedto decayinto stableparticles.
or two partsandhaveto be interfacedto other Theactualmodelsfor thesedifferentstepsdif-
programsto becomecomplete(e.g.Ariadne [41 fer, however,very muchbetweendifferentpro-
andHERACLES [5]). grams,andtheresultsproducedalsodifferwhen

The programshavesomethings in common. extrapolatingto future accelerators,evenwhen
They all rely on the assumptionthat the event they are tunedto fit the sameset of available

data [6].
The fact that today there exist e.g. several
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e.g.run aparticularprogramwhich implements questionof availability*l. Beforesettlingfor a
some model for the partonic state using, say, “standard”OOP languagefor MCEG or indeed
theLundstringfragmentationmodel [7] imple- forHEPin general,amorethoroughcomparison
mentedin JETSET [3] and then do the same of existinglanguagesshould of coursebe made.
run only this time usingthe clusterfragmenta- We, however,felt that it was importantto first
tion model [1] implementedin HERWIG. This havean exampleas abasisfor discussion,sowe
is, however,easiersaidthandone.Although all simply chosethe mostwidely usedlanguage.
programsare written in FORTRAN, their in-
ternal interfacebetweendifferent modulesare
verydifferent. 1.2. Thegoalsfor theMC+~l-project

Therehasbeensomeattemptsto standardize
theinterfacebetweendifferentprogramse.g.the TheMC++ projectwasstartedwith anumberof
HEPEVT commonblock describedin ref. [81, goalsin mind. Someof them were:
but thereis still a longway to go. • The code should in a transparentway mir-

ror the differentpartsof the eventgenerating
chain.

1.1. Objectorientedprogramming • The codeshouldbe modular,so thatamodel
describingonly asmallpart of the eventgen-

Recentlya study was made [9] to see how eratingchainis easilyadded.
object orientedprogramming(OOP) [10] can . The codeshouldprovideutilities to facilitate
be usedto facilitateboth theinterfacebetween the developmentof new “modules”.
different MCEG programsand the actual de- • The code should be easily interfaced to a
velopmentof new programs.As aconsequence graphicaluserinterface.
a project was startedfor developinga general • The usershouldeasilybeableto add, remove,
toolkit for MonteCarlo eventgeneratingcalled andchangedecaychannels,branchingration
MC++ written in C++ (seefor exampleref. [11]). anddecaymethodsetc. of particlesas well as
In this paperwewill describea“zeroth” version adjusttheir massandlifetimes etc.
of this toolkit. • Theusershouldjustas easilybeableto change

Contrary to more conventionalprocedural between different models for e.g. partonic
languages,where subroutinesare called to ~- showersandfragmentation.
erate upon fundamentalvariables (which in The result was a structurewhere the whole
MCEGs are typically storedin largearraysin eventgeneratingchain is defined in termsof
common blocks), OOP is based on the con- (generalized)particles decayinginto (general-
cept of objects.Theseare generalizedvariables ized) particles. The particlesar~implemented
which communicatewith eachotherby sending as a classof objects in C++. More complexob-
andreceivingmessages.(For an introductionto jects,suchas a “Lund QCD string”, arerealized
OOP we refer to reference[101.) This enables throughthe conceptofinheritanceandare“sub-
you to define classesof objectsin closecorre- classes”of the genericparticleclass.
spondenceto the physical objectsof interest. As it stands MC++ is not complete in any
You can e.g. define a “particle” objectwhich way. It canonly handle,throughthe useof the
understandsandcan respondto messageslike “old” MCEG programsJETSET andAriadne,
“What is your charge?”,“Boost!” and“Decay!”. e+e collisions,but we still think it is advanced

In thisway wehavewritten anumberofobject enoughto serveas an exampleof what maybe
classesdefiningthe eventgeneratingchain,thus donewith OOP for MCEG.
in away creatinga“dialect” oftheC++language,
or atoolkit, speciallydesignedfor MCEG.

The reasonwe choseC++ out of the handful ~ For examplethe C++ compilercalled g++ written by theFreeSoftwareFoundationcanbeobtainedfreeof charge
of OOPlanguagesavailabletodaywas mainlya via anonymousftp to prep.ai.mit.edu
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GenericParticle

Pa~on Collision QCDSt~n~ He~igDecayer He~igShower

Lepton Meson Baryon VectorBoson DecayEntry DecayEntryList

DecayList

Fig. 1. Theclasshierarchyof MC++. Here we only showthe mostimportant classesof MC++. Thetoolkit containsa number
of other classesnot shownhere.

The layout of the restof this paperis as fol- 2.1. TheGenericParticle class
lows. In section2 wefirst explaintheclassstruc-
ture of MC++, describingthe threefundamental As seenin fig. I the GenericParticleclassis
classes“genericparticle”, “decayer”and“parti- a sub-classof FourMomentum,this meansthat a
dc factory”. Then in section3 we explainhow particlecanbetreatedasjustthat, which is use-
MC++ should be used,how to developnew “de- ful whendevelopingdecaymodels.Theinstance
cayers”andhow it maycommunicatewith de- variablesoftheGenericParti cle classcanbedi-
tector simulationandanalysisprograms.In the vided into two groups,onewhich describesthe
last sectionwe discussthe future of MC++ andfi- genericfeaturesofaparticletype— name,charge,
nally in the appendixinformationcanbefound mass,decaychannels,etc. — andonedescribinga
on how to obtainandinstallMC++. particularinstanceof aparticle— fractional life-

time,helicity,alist of itschildren,etc. Thedecay
channelsaredescribedas a pointer to a Decay-
List object,which is simply alist of objectsof
theDecayEntryclass.EachDecayEntrycontains

2. The structureof MC++ abranchingfraction, apointer to a list of decay
productsanda pointerto aDecayerobject (see

As mentionedin the introductionthe event below).
generatingchain in MC++ is definedin termsof When a particle is told to decay, it will tell
particlesdecayingintoparticles.Thismeansthat the DecayListto randomlyselectaDecayEntry
the conceptof particles is somewhatbroader accordingthe branchingfractions.Thenit will
thanusual— alsoe.g. an e~ecollision is con- tell theDecayerobjectpointedto by thatDecay-
sideredto be a particle,typically decayinginto Entry to perform the decay, giving it pointers
aq~or a 11 pair. Most of this structureis em- to itselfandto the, possiblyempty, list of decay
beddedin the GenericParticleclass.
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ParticleList&GenericParticle::Decay(){ GenericParticle is shownin fig. 2

ParticleList*dummy = newParticleList; The GenericParticle is a so-calledabstract
baseclassandshould neveractuallybe instan-

if( IsStable() = = false ) { tiated, insteadall realizableparticlesbelongto
if( !hasDecayed){ subclassesof the GenericParticleclass. E.g. a

DecayEntry*dec; x0 is anobjectof the Mesonclass,which is asub-
if( decayTable= = 0 ){ classof GenericParticle. In this way alsovery

FATAL(”Has no decay table”);
} complicatedobjectscanbetreatedon the same
switch( decayTable—sLength()){ footing as particles,e.g.aLund-typestringcon-
case0: sistingof aq~pair connectedthrougha number

return *dummy; of gluonscanbetreatedin thesameway asa ir0.
break; As a matteroffactalsothe Decay0 procedureiscase1:
dec = decayTable—sFirstQ; identicalalthoughthe actualdecaymethodap-
if( dec—Decay(this)= = 0 ) plied is of courseverydifferent.

return *dummy; Thereare only a few requirementson a par-
break; tide classbesidesthat it shouldbe a sub-class

default: of GenericParticle. It must of coursedefine
float total = decayTable—~GetTotalQ;
float left = total; creationanddestructionmethods.It mustalso
float tmp = (factory—srnd).Flat(); implementa method for reproduction,which
dec = decayTable—sSelectChannel(tmp); shouldbe declaredvirtual andbecalled Copy0.
if( dec = = 0 This is becausethe ParticleFactory whichwill

return *dummy; handlethe productionofparticlesdoesnot have
while( dec—+Decay(this)= = 0 ){

decayTable—*Remove(dec); anyapriori knowledgeof exactlywhat the par-
left- dec—sBranchQ; tideslook like, but is only providedat run-time
decayTable—#Insert(dec); with onetemplateparticleof eachclass.Hence
dec = decayTable—sSelectChannel( the Copy0 methodmust be provided in order

(factory—*rnd).Flat(teft/total)); thatthe ParticleFactorymayhandlethe repro-
if( dec = = 0

return *dummy; duction.
} In fig. 3 we show the declaration of the

} GenericPa.rticleclass.As seenthe only actual
hasDecayed= YES; instance variablesbesidesthe inherited four-

momentumis the massandhelicity #2 all otherreturn*childList;
informationis storedcentrallyby the Particle—}

else Factorybut canbe easilyaccessedby thepoint-
return*dummy; ers to the decayTableand genericData, etc.

} The methods AddParaineter, SetParameter,
AddSwitch, etc. areexplainedin section2.4.

Fig. 2. TheDecay() methodof theGenericParticleclass, The simplestexampleof a particle class is
the methodselectsadecayentry accordingto the relevant the Lepton classas shownin fig. 4. As no new
branchingratio andthensendsamessageto thedecayentry instancevariablesare introduced the creation
to decayitself. If this fails, theselectionis redone,choosing methods just passesits argumentsalong to

one ofthe remainingchannels. the GenericParticletogetherwith the generic

name“lepton”. Also the Copy0 methodis quite
products.Finally the particlewill eithertell its
childrento decayor returna list of its children
to the caller which thenexplicitly can continue _______

thedecaychain.In thisway thewholeeventgen- *2 Spin andhelicity are actually not used in any way in
eration is defined. The Decay0 methodfor a this versionof MC++ but are includedfor future use.
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classLepton : public GenericParticle{
class GenericParticle: public fourMom { public:
public: Lepton(GenericData*, DecayList*);

GenericParticle0; GenericParticle*Copy Q;
GenericParticle(String &, GenericData*, DecayList*);
-.~GenericParticleQ;
String &GenericName~
String &NameO; Lepton::Lepton(GenericData*gd, DecayList*tab)
mt Type0; : GenericParticle(“Lepton”, gd, tab) {}
mt ICharge0;
float Charge0;
mt ISpin(); GenericParticle*Lepton::Copy(){
float Spin0;
float Mass(); Lepton*newp = new Lepton(genericData,
float MassWidth0; decayTable);
float MassCut0;
virtual float ThisMass0; newp—smass= mass;
booleanHasDecayedO; newp—+helicity = helicity;
ParticleFactory&Factory0; newp—*hasDecayed= hasDecayed;
virtual TransMat&Boost(double,double,double); newp—÷parent= parent;
virtual TransMat&RotatePhi(float); newp—~factory= factory;
virtual TransMat&RotateTheta(float);
virtual void Transform(TransMat&); return newp;
void AddChild(GenericParticle*); }
virtual void SetMass0;
void AddDecayChannel(DecayEntry*);
void AddParameter(String&, String &, float *, float,

float *, float *); Fig. 4. TheLepton class,asimpleexampleof how to derive
void AddParameter(String&, String &, mt *, int, newparticletypesfromthegenericparticleclass.Thefigure

mt *, mt *); alsoshowsthedefinition of theconstructorandtheCopyC)
void SetParameter(String&, float); function.
void SetParameter(String&, int);
void AddSwitch(String &, String &, mt *);
void AddSwitchOption(String&, String &, int);
void SetSwitch(String&, int); simple,just creatinganewLepton andcopying
void PrintSwitch0; overthe variables.
ParticleList&Select(Selector); A more complicatedparticleclassis the QCD—
ParticleList&Decay0;
virtual void PrintO; String classshownin fig. 5. A QCDString is a
virtual GenericParticle*CopyQ; Lund-typestring andmaycontainanumberof

protected: partonscontainedin the list p1. In MC++ partons
ParticleFactory*factory; can in principle only existwithin a QCDString.
GenericParticle*parent; That is only colour singlet objectsare treated
ParticleList*childList;
DecayList*decayTable; as trueparticles. Thismay be inconvenientfor
GenericData*genericData; modelswherepartonsare e.g. allowed to frag-
String genericName; mentindependently,but havingpartonsasinde-
booleanhasDecayed; pendentparticleswould makeMC++ impossible
float mass; to usefor e.g.stringfragmentationmodels.
mt helicity;

}; As QCDString is arathercomplicatedparticle
it redefinesthe methodsfor printing. It alsoin-

Fig. 3. The classdeclarationof GenericParticle. Its most troducesnewmethodsfor addingpartonsto the
importantmembervariablesincludeapointerto aGeneric- parton list and to retrievethe parton list from
Datastructure,whichholdsthe informationcommonto all
instancesof aparticularparticletype, e.g.a piO, a pointer the qCDStringobject.TheCopyC) methodis also

to a list of decayproductsandthe massandhelicity. differentfrom thatof theLeptonin thatit copies
alsoall the partons.
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class QCDString : public GenericParticle{ 2.2. TheDecayerclass
public:

QCDString0; As notedabove, the actual method or algo-
QCDString(GenericData*, DecayList*); rithm to decaya generalizedparticleis not im-
virtual GenericParticle*CopyQ;
PartonList*PListQ; plementedin theparticleclassesthemselves,but
void AddParton(Parton*); ratherin theclassDecayer.Thedefinition ofthe
virtual void Print0; baseclassDecayeris shownin fig. 6. The pur-
virtual void PrintAll (String &prefix = “1”); poseof thisbaseclassisto definethe interfaceto
virtual void SetMass0;
virtual void SetMass(float); a generaldecayer,andthe deriveddecayersare

private: thenin thiscontextaspecificationofthegeneric
PartonListp1; decayer,implementinga specific decaymodel

}; or method.The baseclassalso declaresandde-
finesmethodsto addandchangeparametersand
switchesof the decayer.

Fig. 5. TheQCDStringclass,amore elaborateexampleof a In this way the Decayerbaseclassdefinesa
derivedparticleclass.The QCDString defines,in addition simple anduniform way for the userto access
to thebaseclassmembers,a list of partonsanda method parametersandswitches,the sameforall decay-

to addnewpartonsto the list. ers, thisshould easethe constructionof ainter-

activefront endto theMC++ kernel.
classDecayer{ As seenin fig. 6, the membervariablesof the
public: baseclassincludesapointerto thefactorywhere

Decayer(String&~int); the decayeris stored,two strings for the name
virtual mt Decay(GenericParticle*, ParticleList*);
virtual booleanIsAllowed(GenericParticle*, and the generic nameof the decayer,respec-

ParticleList*); tively. Thegenericnamedenotesa specificclass
String &GenericName~ of the decayer,whereasthe namedenotesa spe-
String &Name0; cific instanceof adecayer.
mt &Id 0; The baseclassalso has a list of parameters
virtual Decayer*Copy~ anda list of switches.Amongthe memberfunc-
void SetFactory(ParticleFactory*);
void AddParameter(String&, String &, float ~, tions therearethreemost importantfunctions

float, float *, float *); IsAllowedO, Decay0 andCopy0, thesefunc-
void AddParameter(String&, String &, mt *, tions are declaredvirtual and the base class

int, mt *. mt *); only definesthem to returnan errormessageas
void SetParameter(String&, float); thesefunctionsshouldbedefinedby the derived
void SetParameter(String&, int);
void AddSwitch(String&, String &, mt *); classes.The IsAllowedO functionsreturnstrue
void AddSwitchOption(String&, String &, int); or falseif the particlepointedto by the first ar-
void SetSwitch(String&, int); gumentis allowedto decayinto the list of par-
void PrintOptionsO; tides pointedto by the secondargument.The

protected:
ParticleFactory*factory; functionCopy0 is expectedto returnanexplicit
String genericName,name; copy of thedecayer.
mt id; The otherfunctionsarebothdeclaredandde-
ParameterListparameters; fined by the baseclass,theyincludemethodsto
SwitchList switches; addparametersand switchesand to set these.

}; The parametersandswitchesaremembervan-
Fig. 6. Class declarationof Decayer. This class defines ablesof adecayer,andtheyareaddedto the pa-
the interface to a decayer.It also definesa uniform way rameterlist andswitch list in the constructorof
to accessparametersand switchesthrough the functions the decayerto make sure that they canbe ad-
AddParameter,SetParaineter,etc.; thesefunctionshavethe cessedthroughthememberfunctionsof thebase

sameform as for theGenericParticle class. class.
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classTwoBodyDecayer:public Decayer{ mt TwoBodyDecayer::Decay(GenericParticle*parent,
public: ParticleList*children) {

TwoBodyDecayer(String&, int);
virtual booleanIsAllowed(GenericParticle*, GenericParticle* chi =

ParticleList*); factory—÷GetA(children—sFirst());
virtual Decayer*Copy0; GenericParticle*ch2 =

virtual mt Decay(GenericParticle*, ParticleList*); factory—+GetA(children—+SecondQ);

if(chl—sMass() + ch2—sMass() > parent—sMassO){
booleanTwoBodyDecayer::IsAllowed(GenericParticle deletech 1;
*parent, delete ch2;

ParticleList return 0;
*children) { }

if ( children—s Length 0 = = 2 ) Random&random = factory—smd;
return true;

else float m12 = chl—sp20;
return false; float m22 = ch2—sp2Q;

}
float e = parent—sMass~

Decayer *TwoBodyDecayer::Copy ( ){
float el = (e*e - m22 + ml2)/(2*e);

TwoBodyDecayer *dec = new TwoBodyDecayer(”, float pz = sqrt(el*el - ml2);
0);

chl—sSetFourMom(0.0, 0.0, pz, el);
dec—sfactory = factory; ch2—sSetFourMom(0.0, 0.0, -pz, e-el);
dec—sname = name;
dec—sid = id; TransMatm;

m.rotateTheta (acos (random.Flat(-1.0, 1.0)));
return dee; m.rotatePhi (random.Flat (2*PI));

} m.boostFromCMOf(parent);

Fig. 7. TheTwoBodyDecayer.The figure showsthe decla- ch1 —sTransform(m);
ration of the class, in this case thereare no additional ch2—sTransform(m);
membervariables,but ratherit only definesthe functions
IsAllowedO, Copy() andDecayQ.The definitionsof Is— chl—sSetParent(parent);

Allowed C) andCopy0 areshown. ch2—sSetParent(parent);

parent—sAddChild(ch1);
parent—sAddChild(ch2);

2.2.1.A twobodydecayer return 1;
As a first simple exampleof a decayerwe }

show how a twobody decayeris implemented. Fig. 8. Definition of the Decay() methodof the TwoBody-
The declarationof the class is shownin fig. 7. Decayer.

This class doesnot declareany new member
variables, but instead only defines the three
mandatoryfunctionsCopy0, Decay0andIs-
AllowedO. The IsAflowed() function, is sim-
ply defined to return “true” if the numberof
children are two, and “false” otherwise. The Finally, themethodDecayC) is shownin fig. 8.
Copy0 function createsa new instanceof the This function performsthe actual decayof the
classTwoBodyDecayerto ensurethat the proper particle.Thecodeis hopefully simpleenoughso
definition of the memberfunctionsgetscalled that evensomeonewith little knowledgeabout
whenthe this copy is usedto decayparticles. C++ canunderstandit.
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classAriadneDecayer: public Decayer{ AriadneDecayer::AriadneDecayer(String&..name, mt ..id)
public: : Decayer(”Ariadne”,..id) {

AriadneDecayer(String &, int);
virtual boolean IsAllowed(GenericParticle *, name = ..name;

ParticleList*);
virtual Decayer*Copy [); AddParameter(“larnbda..QCD”,
virtual mt Decay(GenericParticle*, ParticleList *); “The moinentmnscalein alphastrong”,

private: &lambdaQCD,0.25, &dumFZero,
float lambd&QCD; &dumFMax);
float alphas;
float ptcutoff;
float powsup; AddSwitch(“recoils”,

float soft_sup; “quark recoil strategy”,&recoils);
mt maxEmissions; AddSwitchOption(“recoils”,

“All partons treated the same”,0);
mt parmStrategy; AddSwitchOption(“recoils”,
mt fragment; “Quarks takes all the recoil if

mt phaseSpace; they are not extended”, 1);

mt alphaStrong;
mt recoils; SetSwitch(”recoils”, 1);
mt extPartons;
mt invPt;
mt alphaStrongArg;
mt dumlMin, dumlMax, dumlZero;
float dumFMin, dumFMax,dumFZero;

Fig. 10. Definition of constructorof AriadneDecayer.As
Fig. 9. Classdefinition of AriadneDecayer.This classde- mentionedin the textthis function adds to the list of pa-
finesin additionto thefunctionsIsAllowed0, Copy C) and rametersandswitches,thosemembervariablesthatshould
Decay0, a setof membervanablesto be addedto thede- beaccessibleto the user
cayersparameterandswitch lists by theconstructorof the

class, this caseto performthecascadeof a q~-dipole

accordingto the dipole model. It then extract
2.2.2. TheAriadnedecayer thecascadedstringsfrom the eventrecord,cre-

The nextexampleshowshow to encapsulate atesthe correspondingMC++ particlesandadds
an existing FortranMonte Carlo into an MC++ themto the particleschild list.
decayer,in this exampleAriadne 3.1 [4]. The
classdeclarationis shownin fig. 9. Apart from 2.3. TheParti cieFactory class
thefunctionsCopy0,IsAllowedOandDecay0,
it declaresseveralvariablesthatareaddedto the In orderto administratetheproductionofpar-
parameterandswitch lists. tidesin a simplemanner,wehavedesignedthe

In fig. 10 part of the constructorof Ariadne- class ParticleFactory,see fig. 12. This class
Decayer is shown. Herethe membervariables containsinformationaboutall particlesandde-
are addedto the list of parametersor the list cayers.It has,throughits memberfunctions,fa-
of switches; these variables can then be changed cilities to read data for parameters and switches
throughmemberfunctions,definedin the base from files, and thus enablethe user to change
class Decayer,or by readingnew data from a the defaultbehaviourof particlesanddecayers.
file using the ReadFromfunction of Particle- The ParticleFactoryclassalso providesmeth-
Factory. ods to addnewparticlesanddecayersto thefac-

The implementationof the DecayC) func- tory, sothat the modeldevelopercaneasilyex-
tion is seenin fig. 11. It first addsthe particle tendthe MC++ kernel with new models, without
data into the luj ets common block, calls the beingforced to makechangesto the Particle-
ariad.ne() function to decay the particle, in Factory classitself.
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classParticleFactory{
public:

mt AriadneDecayer::Decay(GenericParticle*parent, Randommd;
ParticleList*children){ ParticleFactory(String fileName = “pdg . ptab”);

void *GetA(String&name);
QCDString *st = (QCDString*)parent; void *GetA(int type);

void *GetDecayer(String&name);
VAR[0] = lambda_QCD; void *CopyDecayer(String&name);

void *GetDecayer(inttype);
void ReadFrom(String &);
void AddParticle(GenericParticle*p);
void AddParticleTemplate(GenericParticle*p);

KAR [2] = recoils; void AddDecayer(Decayer*dec);
private:

Parton*p; ParticleListparticle_templates;
mt i = 0; ParticleHashTablepTable;
while ( (p = (st—sPList( ) )—sNth(i + 1)) ~ 0 ) { DecayerListdecayers;

K[0] [i] = 2~ };
K[l][i] = p—*Type0;
K[2] [i] = K[3] [i] = K[4] [i] = 0~ Fig. 12. Classdeclarationof ParticleFactory. This classis
P[0][i] = P[1][i] = 0.0; usedto maintaindataon the articlesanddecayers,andto
P[2] [i] = p—spz0; provide theuserwith a simplewayto accesstheseparticles
P[3][i] = p—se0; anddecayers.
P[4][i] = p—sMass0;
V[0][i] = V[l][i] = V[2][i] = V[3][i] = Theconstructoroftheclasstakesasargument

V[4] [i] = 0.0; the filename of a setupfile containingdataon
i+ +;

} the particles and decayers; the format of the
K[0][i-1] = 1; setup files is described below. This file is in-
N = i; tended to contain default data on particles and

decayers independent of the particular physics
ariadne0; model the user wants to work with, so the user

= o; should not make any changes to this file. In-
while Ci < N ){ stead,to be ableto changethe defaultdata,the

QCDString*child = ParticleFactoryclasshasamemberfunction
factory—sGetA(”cascaded~string”); ReadFrom(String&filenaine) that readsthe file

do { with the namegivenas argumentandmakesthe
p = factory—sGetA(K[l][i]);
p—sSetFourMom(P[0][i], P[l][i], P[2][i], necessarychangesto the factory.

P[3][i]); To get a generalizedparticle from the fac-
child—sAddParton(p); tory, the user simply calls the memberfunc-

} while (K[0][i++] == 2); tion GetAO, where the argument can be either

a string with the name of the particle, or an in-parent—sAddChild( child );
} teger corresponding to the type of the particle.
return 1; There is a third version of the function GetA,

} which takes a pointer to a GenericParticle as
argument, this version simply returns a copy
of its argument and is typically used within aFig. 11. Definition of the DecayC) memberfunction of

AriadneDecayer.This function addsthe dataof the par- decayer object as seen in fig. 8.
ent to the lujets eventrecord, calls the Fortranfunction Similarly, the user can retrieve a decayer
ariadne.. to performthecascade,andthen extract the re- from the factory in order to changeparameters
sultingstrings from theeventrecordandcreatesthe neces- or switches of the decayer. This is done with

saryMC++ particles, the functions GetDecayerC) andCopyDecayer0,

where the argument obviously is the name of
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the decayer. classRandom{
Apart from extractingparticles,the Particle- float u[97];float c,cd,cm;

Factory has member functions to allow the user long i97,j97
to easilyaddnew particlesandparticleclasses, float ran;
This is done with the functions AddParticle mt Set;
andAddParticleTemplate,respectively.A par- mt dumpstate(FILE*);

public:
tide templateis just an instanceof a particle Random( long seed = 19780503);
class. The ParticleFactoryclass maintainsa
list of these templates,one for each particle mt AppendState( char *name = “random.state”);

class,which are neededin order to makesure mt WriteState(char *name = “random.state”);

that a particle is createdwith the correctcon- mt ReadState( mt rec = I, char*name =
“random.state”);

structor.For example,when the user wants to
addaparticleof the Leptonclassto the factory, inline float Flat0;
for instancewith a commandin a setup file, inline float Flat( float);
seebelow, the factory first getsapointer to the inline float Flat( float, float );
lepton templateto get an explicit copy of the inline float ExpO;

inline float Exp( float );leptonparticle,addsthe dataabouttheparticle inline float GaussO;

to be addedin the factory, andfinally addsthe inline float Gauss( float, float );
new particle to a hashlist of particles.This is inline float BreitWigner( float, float );

to ensurethat, e.g.a particleof the classLepton inline float BreitWigner( float, float, float );

hasbeencreatedwith Lepton *p = newLeptonO inline float BreitWignerM2( float, float );inline float BreitWignerM2( float, float, float );so that the functionsdefinedin the Leptonclass
arecalledwhenthe particleis used.

The specificparticles,e.g. p1+,K— etc.,are,as
mentioned,storedin the factoryin ahashedlist Fig. 13. Classdeclarationof Random.Thisclassprovidesthe
in order to makethe retrievalof particleseffi- userwith a setof commonlyuseddistributionsof random

numbers.
cient andfast.Thehashtablein the factorypro-
videsmethodsto lookup the particleseither us- and it is the sameas the one suppliedin JET-
ing thenameof the particleor usingthe particle SET 7.3. This generatorhasa very long period
id. 0(1O”~)an hasthe ability to generate0(1O~)

disjoint sequencesof randomnumbers.
To provide the user with randomnumbers

2.4. Utilities with differentdistributions,the Randomclasshas
asetofmemberfunctionsto supplytheuserwith

In this sectionwe describebriefly some of this functionality, as seen in fig. 13. The dis-
the other classesusedin the toolkit. Thesein- tributionsprovidedareflat, exponential,Gaus-
dude a randomnumbergeneratorandclasses sianandBreit—Wignerdistributions.The differ-
for parametersand switches.The toolkit uses ent calling sequencesfor the memberfunctions
more classesthanwe describein this paper,but give the userdistributionswith differentmean
sincethe intent is to explain the idea behind andvariance.Thefunctionswith no arguments
the project,we refer the interestedreaderto the give distributionswith unit meanandvariance.
code,which is availableas describedbelow. The Breit—Wigner distributionsare given by

the following equations:

2.4.1.Random dx
P(x)dx= (1)The MC++ toolkit is by defaultsuppliedwith a (x — x0 )2 + P

2/4
randomnumbergenerator,seefig. 13. The gen-
eratorusesthe algorithmdescribedin ref. [12], and
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dx2 *include “pfactory.h”
P(x)dx2 = 2 2 (2) *include”genparticle.h”

(x2 — x
0 )2 + x01

2 #include “ariadne.h”

*include “selectors. h”

respectively.
main(int argc, char*argv[]){

2.4.2. Parametersandswitches ParticleFactoryfactory( “pdg . ptab”);

Most decayersandparticleswill haveparam- . -InitAriadne(factory,”ariadne. ptab”);
etersandswitchesto describeor determinethe
behaviour of the decayeror the particle. To GenericParticle*p;

havean unified andconsistentway of handling
this functionality, we have implementedthe if( p = factory.GetA(”e+e-collision”) ){
classesParameterand Switch. The Parameter p—sDecayAll0;p—sPrintAll0,hasmemberfunctionsto allow for both integer
andfloating-pointvalues.

Theclassdeclaresthreepointers,onepointing ParticleList&list = p—sSelect(IsStable);

to amembervariablein adecayerorparticlethat
should be accessibleto the user, the othertwo list.Print0;
pointing to the minimum andmaximumvalue
of the decayer.The reasonto havepointersto
the minimum andmaximumvalue is to allow Fig. 14. A simple exampleof a main programusing the
thesystemto checkthata userdoesnot assigna MC++ toolkit, showinghow to generateae~e event.
valueto aparameteroutsidethe boundsof the
parameterin question,furthermorethebounds area partof MC++, then it readsa defaultsetup
of aparametercandependon thevaluesof other file which describesall the actualparticlesthat
parametersso thatthe mm or maxpointerscan shouldbecreatedandhowtheydecay,typically
be madeto point to otherparameters. usinginformationavailablefrom the PDGtable

In addition the class declaresa variable to of particleproperties.
holdthe defaultvalueof theparameter,andtwo After the factory is createdthe models that
strings, one for the nameof the parameterand shouldbe usedareloaded.This is donewith a
onefor ashort description, function that must be definedfor eachmodel,

The Switchclass,similarly declaresa pointer which takesa ParticleFactoryas an argument
to the switch, an integermembervariable in a (InitAriadne). In this function, templatede-
decayeror aparticle,to give the userthe possi- cayer and particle objects of all classesthat
bility to changethevalueof aswitch in a simple are specialfor this model are loaded into the
andconsistentmanner.The classalso declares ParticleFactory.Also the ParticleFactoryis
a list of options,whereeachoption containsa told to readfrom a setupfile to set up all decay
valueandastringwith adescriptionof the cor- modesetc. thatareparticularto this model.
respondingoption. TheParticleFactoryisnowreadyto produce

eventsaccordingto the model chosen.It is of
coursestill possibleto readmoresetupfiles con-

3. How to useMC++ tamingthe userspreferredchangesto the modelchosen.

In fig. 14 we show a simple main program
for generating e~e eventsatLEP energieswith 3.1. Setupfiles
MC++. First of all the ParticleFactory is cre-
ated.At this point the factory createstemplate The setupfiles areclearly importantpartsof
objectsfor eachparticleanddecayerclasswhich the MC++ structure.They aresimple ASCII files
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containingcommandswhich canbeunderstood tor”. A projectfor developingadetectorsimula-
by the ParticleFactory.The commandsyntax tion program,calledGismo [13] hasstartedand
looks like this. somework hasbeendoneto makeMC++ compat-
• addp gNamepNamepNr massmassWidth ible with this program.

massCutchargespin lifeTime Work has also started to enableMC++ to out-
adds a particle of class gName to be called put socalledCheetahrecords[14]. Cheetahis a
pNameandnumberedpNr,giving it a massand platform-independentdatamanagementsystem
a width cut off atmassCut,a chargeaspin and which would allow MC++ to communicatewith
a lifeTime, otherprogramsby writing out the eventinfor-

• addc pNr brat dNanie N pNrl ... pNrN mationto a file (orapipe) which is readby e.g.
addsa decaychannel to particle pNr with a an analysisprogram.
branchingratiobrat for decayinginto N parti-
cleswith numberspNrl to pNrN. 3.3. Developingnewparticlesanddecayers

• sets [p Id] [pNameldName]sNamevalue
setsthe switchcalled sNaineto valuefor apar- Whendevelopingnew modelswith MC++ there
tide or adecayercalled pNameor dName. area few restrictionswhich havealreadybeen

• setf [p I d] [pNaineI dName] fNamevalue mentionedabove.
setsthe floating-pointvaluedparametercalled All new decayerclassesmustbe derived (di-
fName to valuefor aparticleoradecayercalled rectly or indirectly) from the genericdecayer
pNameor dName. classDecayer.Thenew classmustoverloadthe

• seti [p Id] [pNameldName]iNanevalue member functions Decay0, IsAllowedC) and
setsthe integervaluedparametercalled iNane CopyC). All newinstancevariablesthatareto be
to value for a particle or a decayercalled available for manipulationby the user should
pNazneor dName. be insertedin the Parameteror Switch lists.

• addd gNainedNamedNr In the sameway all new particleclassesmust
addsanewinstanceofadecayerof classgName be derivedfrom the GenericParticleclassand
namingit dNameandgiving it a numberdNr. the member function Copy0 must be over-

loaded.Optionally, also the methodsfor print-
3.2. Communicationwithotherprograms ing, boosting,rotating andsettingof masscan

be overloaded.Again all new instancevariables
MC++ so far doesnot haveany facilities for that are to be available for manipulationby

eventanalysis,indeedall you cando at the mo- the usershouldbe insertedin the Parameteror
ment is to performthe decayand, as is shown Switch lists.
in fig. 14, to print out the decaychainand do It is important to note that the models do
thingslike extractingalist of stableparticlesand not have to be completelywritten in C++. As
print them.This is of coursenot very useful. amatter of fact all the modelsthat havebeen

Ideally, the ParticleFactoryof MC++ would adaptedto MC++ sofar are“old” FORTRANpro-
simply be incorporatedinto a detectorsimula- grams,which havesimply been“encapsulated”
tion program,preferablyalsowritten in C++. In into Decayerclasses.So as far as MC++ is con-
this way the particlesproducedby MC++ could cerned,FORTRAN is not “dead”, it hassimply
be propagatedthrough the detectoruntil they beenput somewhatin thebackgroundtodo what
decay,whereuponits children can continueto it is bestat: to do the heavynumericalwork.
propagate.In this way the detectorsimulation
programdoesnot haveto know anythingabout
how particlesare producedanddecayedas all 4. The future of MC++

this informationis containedin the particleob-
jects,but you still get thevery naturalpictureof As mentionedin the introduction,thisversion
eventsthatareactuallyproduced“in the detec- of MC++ is not completein anyway. Especially
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unsatisfactoryistheCollision class.Theaim is pleasecontactone of the authorsto work out
to setup a numberof classesdefiningthe “de- alternativepossibilitiesfor distribution.
cay chain” from a collision throughthe hardin- Requiredfor compiling the toolkit is a C++
teraction,initial- andfinal-stateparton showers compilerimplementingversion2.0or laterofthe
andhadronizationfor all kindsof collisions in C++ language.Except for a iostreamslibrary it
suchaway thatall presentmodelscanusethem. doesnotrequireanyadditionallibraries.A small
Also classesfor structurefunctionparametriza- library ofcharacterstringandlist classes,kindly
tionsshouldbe constructed.This, of course,re- providedby DagBrückattheDepartmentofAu-
quires a lot of work andit is importantto havea tomaticControl, Lund Institute of Technology,
discussion with the different MCEGauthors to has, however, been included in the MC++ toolkit.
be able to agree on a commonstructure. So far the toolkit hasbeencompiledon the

So far MC++ is not equippedwith any userin- following platforms:
terface.However, the whole structureis setup • NeXTstation with the native C++ compiler
to be easily accessedby a graphicaluserinter- plus libg++ version 1.39.
faceandwork hasstartedto build anapplication • DECstation3100 with g++ version 1.39 and
basedon the NeXTStepwindow system.This libg++ version 1.39.
wouldenabletheuserto moreeasilymanipulate • Apollo 425t workstationwith Domain/C++
setupfiles which is clearlyessentialfor the use- version2.1.0.
fulnessofMC++. Also aninterfaceforX-Windows • VAX/VMS with g++ version 1.39.
is planned. The platformdependenciesof MC++ is handled

To summarize,wehavefoundthat it is, if not by the use of macrosin the sourcefiles. The
simplesoatleastpossible,to formulatetheevent macrosaredefinedin the top level Makefile in
generatingchainin high-energycollisionsusing order to makethe compilationsimple, so the
OOP techniques.Although this versionof MC++ usershouldonly needto edit thetop level Make-
is still at an experimentalstagewe havefound file. This Makefiledefinesa macrocalledDEFS
that the structureis generalenoughto makeit which shouldbeassignedthe definitionsneeded
possibleto usemanydifferentmodelswithin its for the specificmachinetypeandcompiler.The
framework (besidesthe JETSET and Ariadne commentsin the top level Makefileshould give
programsmentionedin thispaper,alsopartsof thenecessaryinformations.The distributionin-
the HERWIGprogramhasbeensuccessfullyin- cludes sampleMakefiles for the different plat-
terfacedto MC++ [16]). forms.Formoredetailedinformationon the in-

We will continuedevelopingMC++ and we stallationprocedurewe refer to the README file
would like to encourageanyonewho is inter- in the distribution.
estedto contactus so that the basefor this We havetried to write the codein aconsistent
projectcanbebroadened. anduniform way to beableto useautility writ-

ten in AWK called classdoc[15], which trans-
lates C++ definition files into a more readable
form, usinga UNIX manualpagelike format.

Appendix. TechnicalInformation The distribution also contains a couple of
small testprogramsfor generatingeventsusing

Thezerothversionof theMC++ toolkit isavail- theAriadne andJETSETmodels.To run these
able through anonymousftp from thep.lu. se you will needthe FORTRAN sourcefor these
(130.235.92.57)as the files programs,available from the CERN program
pub/MCPP/MC++0 .0.tar, or library.
pub/MCPP/MC++O.0. tar. Z,

the former is a tar archive file and the latter is a
compressedversionof the tar file. If youdo not
haveaccessto ftp or to a tar archiveprogram,
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