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Outline

••LoKiLoKi

••V4r2  releasedV4r2  released

•• DaVinciDaVinci v17r5v17r5
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LoKi 

C++C++ Toolkit for user friendly Physics AnalysisToolkit for user friendly Physics Analysis
•• Available for users from begin of 2003 Available for users from begin of 2003 

•• The first analysis has been reported March 2003 The first analysis has been reported March 2003 
•• Benoit Benoit ViaudViaud: : BB00 →→ φ Κφ ΚSS•• Used for few Used for few TDRTDR studies in 2003 studies in 2003 

•• In use for some In use for some DC04DC04 selections/stripping (~selections/stripping (~¼¼?)?)
•• In use for private studies, In use for private studies, 

•• failure to count all users.. failure to count all users.. //

•• Mailing list:Mailing list: lhcblhcb--loki@cern.chloki@cern.ch

•• LoKi pages LoKi pages by by Elena Elena MayatskayaMayatskaya

““Tool for senior physicistsTool for senior physicists”” ??
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LoKi 

The major design criteriaThe major design criteria•• LocalityLocality
•• Introduce and use objects Introduce and use objects 

in in locallocal scopescope
•• One file One file 
•• One method One method 
•• One screen One screen 

•• Compact code  Compact code  •• Safety Safety 
•• No need in No need in new, deletenew, delete

•• ““StandardStandard””
•• Use Use STLSTL idioms & semantics idioms & semantics 
““METAMETA--LANGUAGELANGUAGE””

•• The details can be found The details can be found 
in in ““LoKiLoKi User Guide & User Guide & 
Reference ManualReference Manual””
••LHCbLHCb--20042004--023023

••DoxyGenDoxyGen documentation: documentation: 
•• NowNow available (partly) available (partly) throughtthrought

Phys Phys DoxygenDoxygen
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LoKi

•• To be discusses today:To be discusses today:
•• LoKi & LoKi & DaVinciDaVinci

•• LoKi LoKi basicbasic
•• MC matchingMC matching
•• Loops & ChargeLoops & Charge--blind loopsblind loops
•• RecipiesRecipies on every dayon every day
•• Customization of Customization of LoKiLoKi
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LoKi & DaVinci

•• LoKiLoKi is a toolkit for is a toolkit for DaVinciDaVinci
•• Code : Code : LoKiLoKi
•• Job Configuration & steering: Job Configuration & steering: DaVinciDaVinci•• All user code is placed in the body of algorithm, which All user code is placed in the body of algorithm, which 

inherits from inherits from LoKi::AlgoLoKi::Algo ( or ( or LoKi::AlgoMCLoKi::AlgoMC) ,   which ) ,   which 
inherits from inherits from 
DVAlgortithm/GaudiTupleAlg/GaudiHistoAlg/GaudiAlgorithmDVAlgortithm/GaudiTupleAlg/GaudiHistoAlg/GaudiAlgorithm

chainchain
•• The actual chain is much more complicatedThe actual chain is much more complicated•• Only one mandatory method Only one mandatory method analyseanalyse()() needs to be needs to be 

redefinedredefined
•• majority of mandatory and tedious stuff is hidden by majority of mandatory and tedious stuff is hidden by 

preprocessor preprocessor MACROMACROss
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Layers of LoKi

•• Multilayered structureMultilayered structure•• Low level generic utilities Low level generic utilities 
•• Range_ , Selected_ , Combiner_ , Range_ , Selected_ , Combiner_ , ……
•• STLSTL--like algorithmic + functional layerlike algorithmic + functional layer
•• TemplatedTemplated, very generic, very efficient, very generic, very efficient

•• (I am (I am veryvery proud of them!)proud of them!)
•• Applicable to different and unrelated problems  Applicable to different and unrelated problems  
•• Almost invisible for endAlmost invisible for end--usersusers•• Few hierarchical levels of Few hierarchical levels of ““specificspecific”” utilitiesutilities
•• Usually only the last layer is visible for endUsually only the last layer is visible for end--users users 
•• RelationsRelations→→MCMatchObjMCMatchObj→→MCMatchMCMatch→→MCTRUTHMCTRUTH
•• Combiner_Combiner_→→LoopObjLoopObj→→LoopLoop
•• ((XXXXXX→→INTupleINTuple→→NTuple::Tuple)NTuple::Tuple)→→Tuples::TupleObjTuples::TupleObj→→Tuples::TupleTuples::Tuple
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Few differences DC04 ↔DC06

•• All event classes in All event classes in namesapcenamesapce LHCbLHCb::::
Particle Particle →→ LHCb::ParticleLHCb::Particle

•• All units in namespace All units in namespace Gaudi::UnitsGaudi::Units
GeVGeV →→ Gaudi::Units::GeVGaudi::Units::GeV

•• Useful (selfUseful (self--explanatory) explanatory) typedefstypedefs::
LHCbLHCb::<Object>::Vector::<Object>::Vector
LHCbLHCb::<Object>::::<Object>::ConstVectorConstVector

LHCbLHCb::<Object>::Container::<Object>::Container

•• LoKi::AlgoLoKi::Algo inherits from inherits from DVAlgorithmDVAlgorithm
•• *ALL* *ALL* DaVinciDaVinci lines could be just moved intolines could be just moved into LoKiLoKi scopescope
•• Many Many LoKiLoKi lines works just in lines works just in DaVinciDaVinci
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“Hello,World”

#include #include ““LoKi/LoKi.hLoKi/LoKi.h””

LOKI_ALGORIHTM( LOKI_ALGORIHTM( MyAlgMyAlg ) ) 
{{

info() << info() << ““Hello, WorldHello, World”” << << endreqendreq ;;

return return StatusCode::SUCCESSStatusCode::SUCCESS ;;
};};

•• Algorithm body,Algorithm body,

•• implementation of implementation of 
constructor & constructor & 
destructor, destructor, 

•• factories factories 

•• MyAlg::analyseMyAlg::analyse()()

6 lines,6 lines,

1 functional line1 functional line
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Excersize 0

•• Compile & run Compile & run HelloWorldHelloWorld exampleexample

Hints:Hints:•• Template is  Template is  ……/templates//templates/TEMPLATE.cppTEMPLATE.cpp•• EmacsEmacs will not help you will not help you //•• It is It is DaVinciDaVinci algorithmalgorithm: : *.opts*.opts file is requiredfile is required•• It is It is GaudiGaudi componentcomponent:  :  *_*_load.cppload.cpp, *_, *_dll.cppdll.cpp

SolutionSolution
../solutions/../solutions/HelloWorldHelloWorld
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From (to?) base classes:

•• Generic access to data, tools and servicesGeneric access to data, tools and services
get<TYPE>   (get<TYPE>   (……))
tools<TYPE> (tools<TYPE> (……))
svc<TYPE>   (svc<TYPE>   (……))•• Printout & error counts:Printout & error counts:
info(), debug() , error() , fatal(), info(), debug() , error() , fatal(), ……
Error(Error(……), Warning(), Warning(……))•• Histograms, Histograms, NTuplesNTuples and Event Collectionsand Event Collections
plot(plot(……))
nTuplenTuple()()
evtColevtCol()()
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DaVinci tools

••AAll ll DaVinciDaVinci tools are available tools are available 
through through DVAlgorithmDVAlgorithm base class:base class:

IVertexFitterIVertexFitter*       *       vertexFittervertexFitter ( const ( const 
std::stringstd::string& name = & name = “”“” ) const;) const;

IGeomDispCalculatorIGeomDispCalculator* * geomDispCalculatorgeomDispCalculator ( ( …… ) const ;) const ;
IParticleFilterIParticleFilter*     *     particleFilterparticleFilter ( ( …… ) const ;) const ;
IFilterCriterionIFilterCriterion*    *    filterCriterionfilterCriterion ( ( …… ) const ;) const ;
IParticleCombinerIParticleCombiner*   *   particleCombinerparticleCombiner ( ( …… ) const ;) const ;
IParticleReFitterIParticleReFitter*   *   particleReFitterparticleReFitter ( ( …… ) const ;) const ;
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Basic types

•• 4 types of basic 4 types of basic ““objectsobjects””::
Particle, Vertex, Particle, Vertex, MCParticleMCParticle, , MCVertexMCVertex

•• ““FunctionFunction”” : : functorfunctor which gets as argument the pointer which gets as argument the pointer 
to the to the ““objectobject”” and returns and returns doubledouble

FuncFunc, , VFuncVFunc, , MCFuncMCFunc, , MCVFuncMCVFunc (interface)(interface)
Fun , Fun , VFunVFun , , MCFunMCFun , , MCVFunMCVFun (assignable)(assignable)

•• ““Cut/PredicateCut/Predicate””: : functorfunctor, which gets as an argument the , which gets as an argument the 
pointer to the pointer to the ““objectsobjects”” and returns and returns boolbool

Cuts, Cuts, VCutsVCuts, , MCCutsMCCuts, , MCVCutsMCVCuts (interface)(interface)
Cut , Cut , VCutVCut , , MCCutMCCut , , MCVCutMCVCut (assignable)(assignable)•• ““RangeRange””: a lightweight representation (: a lightweight representation (STLSTL compliant) of compliant) of 

container/sequence of container/sequence of ““objectsobjects””
Range, Range, VRangeVRange, , MCRangeMCRange, , MCVRangeMCVRange

++HepMC::GenParticleHepMC::GenParticle, tags, , tags, ……
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“Functions”

•• LoKiLoKi offers about >100 offers about >100 ““FunctionsFunctions””::
•• ““ParticleParticle FunctionsFunctions””, e.g. , e.g. 

LoKi::Particles::MomentumLoKi::Particles::Momentum P P 
LoKi::Particles::IdentifierLoKi::Particles::Identifier ID ID 
LoKi::Vertices::ImpactParameterLoKi::Vertices::ImpactParameter IPIP

•• ““VertexVertex FunctionsFunctions””
LoKi::Vertices::VertexChi2        VCHI2LoKi::Vertices::VertexChi2        VCHI2

•• ““MCParticleMCParticle FunctionsFunctions””
LoKi::MCParticles::ProperLifeTimeLoKi::MCParticles::ProperLifeTime MCTIMEMCTIME

•• ““MCVertexMCVertex FunctionsFunctions””
LoKi::McVertices::MCVertexDistanceLoKi::McVertices::MCVertexDistance MCVDISTMCVDIST

C++C++ typetype
aliasalias
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“Metafunctions” (~20)

•• Transverse momentum of the first daughter Transverse momentum of the first daughter 
CHILD( CHILD( PTPT , 1 ), 1 )

•• ΔΔLLLL(K(K--ππ)) for the first daughter of the first for the first daughter of the first 
doughterdoughter

CHILD( CHILD( CHILD( CHILD( PIDKPIDK , 1 )  , 1 ), 1 )  , 1 )

•• Minimal Minimal ΔΔLLLL(K(K--ππ)) for all daughter for all daughter kaonskaons in the in the 
decay tree:decay tree:

MINTREE( MINTREE( PIDKPIDK , , ““KK--”” == ABSID )== ABSID )

•• And a lot of And a lot of ““adaptersadapters””::
VXFUN, MCMOTH, FILTER, VXFUN, MCMOTH, FILTER, ……
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Functions & Cuts

•• Operations with functions:Operations with functions:
Fun Fun funfun = P = P ++ PT PT // GeVGeV ** sinsin( 1( 1// M ) ;M ) ;
Fun Fun funfun = = pow(P,Qpow(P,Q) + atan2(PX,PY); ) + atan2(PX,PY); 

•• Comparisons:Comparisons:
Cut Cut cutcut =  PT =  PT >> 1.5 * 1.5 * Gaudi::Units::Gaudi::Units::GeVGeV ;;

•• Boolean operationsBoolean operations
Cut Cut cutcut = ( PT > 1.5 * = ( PT > 1.5 * Gaudi::Units::Gaudi::Units::GeVGeV ))&&&&( Q < 0 ) ;( Q < 0 ) ;

•• Special cases  Special cases  
•• ID,ABSID,MCID,MCABSID,GID,GABSID ID,ABSID,MCID,MCABSID,GID,GABSID ::

Cut Cut cutcut = = ““pi+pi+”” ==    ID==    ID ;;

Cut Cut cutcut = = ““mumu--”” == ABSID== ABSID ;;
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“Own” functions/cuts  I 

•• Class which implements Class which implements LoKi::FunctionLoKi::Function<TYPE><TYPE> or or 
LoKi::PredicateLoKi::Predicate<TYPE><TYPE> interface :interface :
••TYPETYPE

const (const (LHCb::LHCb::,,LHCb::LHCb::MC,HepMC::Gen)ParticleMC,HepMC::Gen)Particle**
const (const (LHCb::LHCb::,,LHCb::LHCb::MC,HepMC::Gen)VertexMC,HepMC::Gen)Vertex**

•• 2 2 mandatorymandatory methods methods 
MyTypeMyType* clone() const ;* clone() const ;
result_typeresult_type operator() ( argument a ) const ; operator() ( argument a ) const ; 

•• Optional:Optional:
std::ostreamstd::ostream& & fillStreamfillStream( ( std::ostreamstd::ostream& s ) const { & s ) const { 
return s << return s << ““XXXXXX”” ; }; }
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Every day idioms: simple selections

#include #include ““LoKi/LoKi.hLoKi/LoKi.h””
LOKI_ALGORITHM( LOKI_ALGORITHM( MyAlgMyAlg) ) 
{{

using namespace LoKi        ;using namespace LoKi        ;
using namespace using namespace LoKi::CutsLoKi::Cuts ;;
using namespace using namespace LoKi::TypesLoKi::Types ;;
Range Range pionspions = select( = select( ““pipi”” , , 

““pi+pi+”” == ABSID && PT > 0.5 * == ABSID && PT > 0.5 * GeVGeV ) ;) ;
info() << info() << ““ found found pionspions::”” << << pions.sizepions.size() () 

<< << endreqendreq ;;
return return StatusCode::SUCCESSStatusCode::SUCCESS ; ; 

};};

TAGTAG

Cuts: Cuts: ππ++ and and ππ-- with pwith pTT>500 >500 MeV/cMeV/c

Select from all loaded/created particlesSelect from all loaded/created particles
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Simple selections (II)

•• Select from other selected range :Select from other selected range :
Range Range pionspions = select( = select( ““pipi”” , , ““pipi--”” == ABSID ) ;== ABSID ) ;
Range pos   = select( Range pos   = select( ““pi+pi+”” , , pionspions , Q > 0 ) ;, Q > 0 ) ;

•• Select from Select from KeyedContainerKeyedContainer::
const const LHCb::LHCb::ParticleParticle::Container::Container* * pp =      =      

get<get<LHCb::LHCb::ParticlesParticles>(>(““Phys/Phys/MyChannelMyChannel/Particles/Particles””););

Range Range bsbs = select( = select( ““myBs0myBs0”” , , pp , , 
““B_s0B_s0”” == ID );== ID );

•• Select from arbitrary Select from arbitrary sequencesequence seqseq : : 
Range k0s = select( Range k0s = select( ““myK0SmyK0S”” , , 

seq.beginseq.begin() , () , seq.endseq.end()() , , ““KS0KS0”” == ID );== ID );
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Easy way to get cuts from *.opts

*.opts :*.opts :
MyLoKiAlg.CutsMyLoKiAlg.Cuts = { = { ““ptMinptMin”” : 1 * : 1 * GeVGeV , , 

““alphaalpha”” : 0.99999 } ;: 0.99999 } ;
*.*.cppcpp::

Cut Cut ptCutMinptCutMin = PT > = PT > cutValue(cutValue(““ptMinptMin””) ;) ;
Cut Cut ptCutMaxptCutMax = PT < = PT < cutValue(cutValue(““ptMaxptMax”” , 5 , 5 

* * GeVGeV ) ;) ;
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Select tracks with min(χ2)IP>25

•• Very efficient operation if done Very efficient operation if done BEFOREBEFORE looping, looping, 
the the combinatoricscombinatorics is reduced significantly (and is reduced significantly (and 
hugehuge gain in CPU!) gain in CPU!) 

const const LHCb::RecVertex::ConstVectorLHCb::RecVertex::ConstVector& & pvspvs
= desktop()= desktop()-->>primaryVerticesprimaryVertices() ;() ;

Fun mipc2 = Fun mipc2 = MIPCHI2MIPCHI2( geo() , ( geo() , pvspvs ) ;) ;
Range Range pionspions = select( = select( ““pipi”” , , 

““pi+pi+”” = ABSID && = ABSID && mipsmips > 25) ; > 25) ; 

Vertices are selected in a similar wayVertices are selected in a similar way

The function objects itselfThe function objects itself

Select Select pionspions not from primary not from primary versticesverstices
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Trivial 1-particle loops

•• Nothing special:    Nothing special:    RangeRange behaves like behaves like STLSTL--containercontainer

Range Range pionspions = select( = select( …… )  ;)  ;
for( for( Range::iteratorRange::iterator ipiipi = = pionspions.begin.begin() ; () ; 

pionspions.end.end() != () != ipiipi ; ++; ++ipiipi ) ) 
{{
const const LHCb::LHCb::ParticleParticle* p = ** p = *ipiipi ;;
info() << info() << ““ pionpion momentum:momentum:””

<< P( p ) / << P( p ) / Gaudi::Units::Gaudi::Units::GeVGeV << << endreqendreq

};};
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Exercise 1  

•• Select stable particles according to simple criteria Select stable particles according to simple criteria 
ABSID, Q, PIDK, ABSID, Q, PIDK, PIDmuPIDmu, P, PT,, P, PT,……

•• SubSub--select from selected containers using refined select from selected containers using refined 
criteria from *.opts file criteria from *.opts file 

•• Count them Count them 

Hints:Hints:
select( select( …… ) , ) , cutValuecutValue( ( …… ))

(Almost) solution:(Almost) solution:
……/solutions//solutions/GetDataGetData
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Exercise 2

•• Select stable particles according to some simple criteria Select stable particles according to some simple criteria •• Make simple loop over Range of particles, fill Make simple loop over Range of particles, fill nn--tupletuple
using simple functionsusing simple functions

ABSID, Q, PIDK, ABSID, Q, PIDK, PIDmuPIDmu, P, PT,, P, PT,……

Hints:Hints:•• More configurations for NMore configurations for N--tuplestuples is required in is required in *.opts*.opts
•• nTuplenTuple( ( …… ) , column( name , value )  ) , column( name , value )  

Solutions:Solutions:
../solutions/../solutions/SimpleLoopSimpleLoop
../solutions/SimpleLoop2../solutions/SimpleLoop2
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Multiparticle loops:

•• Loop over selected particle Loop over selected particle tagstags::
Range Range mypimypi = select( = select( ““myPimyPi++”” , , …… ););
Range Range myKmyK = select( = select( ““myKmyK--”” , , …… ););
for ( Loop for ( Loop D0D0 = loop( = loop( ““myKmyK-- myPimyPi++”” , , ““D0D0”” ) ;    ) ;    

D0D0 ; ++; ++D0D0 ))
{{

plot( M( plot( M( D0D0 )/)/GeV,GeV,““KK pi mpi m””,1.5,2.0 );,1.5,2.0 );
if  ( VCHI2( if  ( VCHI2( D0D0 ) > 100 ) { continue ; } ) > 100 ) { continue ; } 
plot( M( plot( M( D0D0 )/)/GeV,GeV,““KK pi m,chi2pi m,chi2””,1.5,2.0);,1.5,2.0);

}}

Loop objects Loop objects 
behaves as behaves as 
ParticleParticle

Loop objects behaves asLoop objects behaves as
VertexVertex
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Access to daughters:
using namespace using namespace LoKi::ChildLoKi::Child
for ( Loop D0 = loop ( for ( Loop D0 = loop ( ““KK-- pi+pi+”” , , ““D0D0”” ) ; D0 ; ++D0 )) ; D0 ; ++D0 )
{{

const const LHCb::ParticleLHCb::Particle* * kaonkaon = D0(1) ;= D0(1) ;
const const LHCb::ParticleLHCb::Particle* * pionpion = D0(2) ;= D0(2) ;
const const LHCb::ParticleLHCb::Particle* k1   = child ( D0 , 1 );* k1   = child ( D0 , 1 );
const const LHCb::ParticleLHCb::Particle* p1   = child ( D0 , 2 ) ;* p1   = child ( D0 , 2 ) ;

} } 

const const LHCb::ParticleLHCb::Particle* B   = * B   = …… ;;
const const LHcb::ParticleLHcb::Particle* * psipsi = child ( B   , 1 ) ;= child ( B   , 1 ) ;
const const LHCb::ParticleLHCb::Particle* * mumu = child ( = child ( psipsi , 1 ) ;, 1 ) ;
const const LHCb::ParticleLHCb::Particle* mu1 = child ( B   , 1 , 1 ) ;* mu1 = child ( B   , 1 , 1 ) ;

const const LHCb::ParticleLHCb::Particle* mu2 = child ( B   , 1 , 2 ) ;* mu2 = child ( B   , 1 , 2 ) ;

0 is 0 is ““selfself””
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Creation 
•• Different  creation strategies: [optional]Different  creation strategies: [optional]•• In the loop declaration:In the loop declaration:

Loop D0 = loop( Loop D0 = loop( ““myKmyK-- myPimyPi++”” , , ““D0D0”” , , CREATORCREATOR ) ) 
•• nothing nothing –– default creationdefault creation
•• pointer to pointer to IParticleCombinerIParticleCombiner tooltool
•• nickname or nickname or typenametypename of of IParticleCombinerIParticleCombiner tooltool

•• “”“”, , ““OffLineOffLine”” : : OfflineVertexFitterOfflineVertexFitter
•• ““TriggerTrigger”” : : TrgVertexFitterTrgVertexFitter
•• ““KalmanKalman””,,””BlindBlind”” : : BlindVertexFitterBlindVertexFitter
•• ?               : ?               : MomentumCombinerMomentumCombiner•• In the loop body:In the loop body:

for ( Loop D0 = for ( Loop D0 = …… ; D0 ; ++D0 ) ; D0 ; ++D0 ) 
{{
// optional: Re// optional: Re--create:create:
StatusCodeStatusCode sc1 = D0sc1 = D0-->make( >make( CREATORCREATOR ))

}}
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(Re)Fits

•• Related to the creation strategies: [optional]Related to the creation strategies: [optional]
•• In the loop body:In the loop body:

for ( Loop D0 = for ( Loop D0 = …… ; D0 ; ++D0 ) ; D0 ; ++D0 ) 
{{
// optional: Re// optional: Re--FitFit
StatusCodeStatusCode sc2 = D0sc2 = D0-->>reFitreFit( ( REFITREFIT ) ;) ;

}}
•• nothing nothing –– default default refitterrefitter

•• pointer to pointer to IParticleReFitterIParticleReFitter tooltool

•• nickname or nickname or typenametypename of of IParticleReFitterIParticleReFitter tooltool
••“”“”, , ““OffLineOffLine”” : : OfflineVertexFitterOfflineVertexFitter

••““KalmanKalman””,,””BlindBlind”” : : BlindVertexFitteBlindVertexFitte
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Save something interesting

Cut Cut cutcut = = …… ;;
for ( Loop D0 = for ( Loop D0 = …… ; D0 ; ++D0 ) ; D0 ; ++D0 ) 
{{
if ( !cut( D0 ) ) { continue ;} if ( !cut( D0 ) ) { continue ;} 
D0D0-->save( >save( ““myD0myD0”” ) ;) ;

}}•• Extract saved particles:Extract saved particles:
Range d0 = selected( Range d0 = selected( ““myD0myD0”” ))
info() << info() << ““ D0 saved: D0 saved: ””

<<   d0.size() << <<   d0.size() << endreqendreq;;

TAGTAG
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Exercise 3

•• Select charged Select charged kaonskaons•• SubSub--select positive and select positive and negatoivenegatoive•• Make loop over all Make loop over all KK++KK-- combination, plot invariant mass combination, plot invariant mass 
under some simple criteria, fill simple Nunder some simple criteria, fill simple N--TupleTuple•• Save Save ““goodgood”” φφ--candidatescandidates•• Count them Count them 

Hints:Hints:•• Default configurations of creators and Default configurations of creators and refittersrefitters are OKare OK•• φφ name is  name is  phi(1020)phi(1020)

Solutions:Solutions:
../solutions/../solutions/LoKiLoopLoKiLoop
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Using Patterns

•• Shortcut for Shortcut for ““loop + cuts + save + selectedloop + cuts + save + selected””
Range phi = Range phi = 

patternpattern( ( ““phiphi”” , , ““K+ KK+ K--”” ,,““phi(1020)phi(1020)””,    ,    
ADMASS(ADMASS(““phi(1020)phi(1020)””) < 10 * ) < 10 * MeVMeV , , 
VCHI2 < 25 ) ;VCHI2 < 25 ) ;

•• CompactCompact
•• EfficientEfficient
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Get something “working” (1)
//Select //Select muonsmuons ((μμ++ and and μμ--) according to ) according to BBss→→J/J/ψφψφ selection cutsselection cuts
Range Range mumu = select( = select( ““mumu”” ,                 ,                 /* unique tag   */ /* unique tag   */ 

““mumu++”” == ABSID &&     == ABSID &&     /* /* μμ++ and and μμ-- */*/
PIDmuPIDmu >  >  --8    &&     8    &&     /* /* ΔΔLLLL((μμ--ππ)>)>--8   */8   */
mipc2 > 25     &&     mipc2 > 25     &&     /* /* χχ22

IPIP > 25     */> 25     */
PT    >  300 * PT    >  300 * MeVMeV ) ;) ;/* p/* pTT>300 >300 MeV/cMeV/c */*/

//Select J///Select J/ψψ→→ μμ++μμ--

Cut dm = ADMASS(Cut dm = ADMASS(““J/psi(1S)J/psi(1S)””) < 50 * ) < 50 * MeVMeV ;;////ΔΔM<50MeV/cM<50MeV/c22

for( Loop for( Loop JpsiJpsi = loop( = loop( ““mumu mumu””,,““J/psi(1S)J/psi(1S)”” );   );   
JpsiJpsi ; ++; ++JpsiJpsi ))

{{
if ( 0 != if ( 0 != SUMQ(JpsiSUMQ(Jpsi)   ) { continue ;})   ) { continue ;}/* /* μμ++ & & μμ-- */*/
if ( VCHI2(Jpsi) > 100 ) { continue ;}if ( VCHI2(Jpsi) > 100 ) { continue ;}/* /* χχ22

VXVX<100 */<100 */
if ( dm( if ( dm( JpsiJpsi) ) { ) ) { JpsiJpsi-->>save(save(““psipsi””);});}/*/*ΔΔM<50MeV/cM<50MeV/c22*/*/

};};

ΣΣq = 0 and q = 0 and χχ22<100<100
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Get something “working” (II)
//Select //Select kaonskaons (K(K++ and Kand K--) according to ) according to BBss→→J/J/ψφψφ selection cutsselection cuts
Range k = select( Range k = select( ““KK”” ,                 ,                 /* unique tag   */ /* unique tag   */ 

““K+K+”” == ABSID &&     == ABSID &&     /* K/* K++ and Kand K-- */*/
PIDK  > PIDK  > --2     &&     2     &&     /* /* ΔΔLLLL((KK--ππ)>)>--2   */2   */
mipc2 >  4     &&     mipc2 >  4     &&     /* /* χχ22

IPIP > 4       */> 4       */
PT    > 500 * PT    > 500 * MeVMeV ) ; ) ; /* p/* pTT>500 >500 MeV/cMeV/c */*/

//Select //Select φφ→→ KK++KK--

Cut dm = ADMASS(Cut dm = ADMASS(““phi(1020)phi(1020)””) < 20 * ) < 20 * MeVMeV ;;////ΔΔM<20MeV/cM<20MeV/c22

for( Loop phi = loop( for( Loop phi = loop( ““K KK K””,,““phi(1020)phi(1020)”” ); phi ; ++phi )); phi ; ++phi )
{{

if ( 0 != if ( 0 != SUMQ(phiSUMQ(phi)   ) { continue ;})   ) { continue ;}/* K/* K++ & K& K-- */*/
if ( VCHI2(phi) > 100 ) { continue ;}if ( VCHI2(phi) > 100 ) { continue ;}/* /* χχ22

VXVX<100 */<100 */
if ( dm( phi ) ) { phiif ( dm( phi ) ) { phi-->>save(save(““phiphi””);});}/*/*ΔΔM<20MeV/cM<20MeV/c22*/*/

};};
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Get something “working” (III)

Select Bs according to Select Bs according to BBss→→J/J/ψφψφ selection cutsselection cuts

Cut dm = ADMASS(Cut dm = ADMASS(““B_s0B_s0””) < 50 * ) < 50 * MeVMeV;;/* /* ΔΔM<50MeV/cM<50MeV/c2  2  */*/

// Loop over selected J/// Loop over selected J/ψψ and and φφ
for( Loop Bs = loop( for( Loop Bs = loop( ““psipsi phiphi””,,““B_s0B_s0”” ); Bs; ++Bs )); Bs; ++Bs )
{ { 

if ( !dm( Bs ) ) { continue ; }if ( !dm( Bs ) ) { continue ; } ;;/* /* ΔΔM<50MeV/cM<50MeV/c2 2 */*/
if ( VCHI2(Bs) > 100 ) { continue ;} if ( VCHI2(Bs) > 100 ) { continue ;} /* /* χχ22

VXVX<100 */<100 */
if ( if ( mipsmips( Bs ) > 25 ) { continue ;}( Bs ) > 25 ) { continue ;} /* /* χχ22

IPIP<25  */<25  */
BsBs-->>save(save(““BsBs””); ); 

};};
// Retrieve all saved // Retrieve all saved ““BsBs””

Range Bs = Range Bs = selected(selected(““BsBs””) ; ) ; 
if( !if( !Bs.emptyBs.empty() ) { () ) { setFilterPassed(truesetFilterPassed(true);});}
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Or everything together: 1st page
VRangeVRange primaries = primaries = vvselectselect( ( ““PVsPVs”” ,,

Vertex::PrimaryVertex::Primary == VTYPE ) ;   == VTYPE ) ;   /* all primary vertices *//* all primary vertices */

Fun mipc2 = Fun mipc2 = MIPCHI2MIPCHI2( geo() , primaries ); ( geo() , primaries ); /* min(/* min(χχ22
IPIP) */) */

// // muonsmuons::
Range Range mumu = select( = select( ““mumu”” ,                 ,                 /* unique tag   */ /* unique tag   */ 

““mumu++”” == ABSID &&     == ABSID &&     /* /* μμ++ and and μμ-- */*/
PIDmuPIDmu >  >  --8    &&     8    &&     /* /* ΔΔLLLL((μμ--ππ)>)>--8   */8   */
mipc2 > 25     &&     mipc2 > 25     &&     /* /* χχ22

IPIP > 25     */> 25     */
PT    >  300 * PT    >  300 * MeVMeV ) ;) ;/* p/* pTT>300 >300 MeV/cMeV/c */*/

// // kaonskaons::
Range k  = select( Range k  = select( ““KK”” ,                  ,                  /* unique tag   */ /* unique tag   */ 

““K+K+”” == ABSID &&      == ABSID &&      /* K/* K++ and Kand K-- */*/
PIDK  >  PIDK  >  --2    &&      2    &&      /* /* ΔΔLLLL((KK--ππ)>)>--8   */8   */
mipc2 >  4     &&      mipc2 >  4     &&      /* /* χχ22

IPIP > 4      */> 4      */
PT    > 500 * PT    > 500 * MeVMeV ) ;  ) ;  /* p/* pTT>500 >500 MeV/cMeV/c */*/
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Or everything together: 2nd page:
// Cuts:// Cuts:
Cut Cut dmPsidmPsi = ADMASS(= ADMASS(““J/psi(1S)J/psi(1S)””) < 50*) < 50*MeVMeV;;/* /* ΔΔM<50 MeV/cM<50 MeV/c2 2 */*/

Cut Cut dmPhidmPhi = ADMASS(= ADMASS(““phi(1020)phi(1020)””) < 20*) < 20*MeVMeV;;/* /* ΔΔM<20 MeV/cM<20 MeV/c2 2 */*/

Cut Cut dmBsdmBs = ADMASS(= ADMASS(““B_s0B_s0””)      < 50*)      < 50*MeVMeV;;/* /* ΔΔM<50 MeV/cM<50 MeV/c2 2 */*/

Cut q     = 0 == SUMQ    ;              Cut q     = 0 == SUMQ    ;              /*/* ΣΣq = 0     */q = 0     */

VCutVCut chi2  = VCHI2 < 100 ;               chi2  = VCHI2 < 100 ;               /* /* χχ22
VXVX<50 MeV/c<50 MeV/c2 2 */*/

// // Loops:Loops:
pattern(pattern(““psipsi””, , ““mumu mumu””,,““J/psi(1S)J/psi(1S)””, , dmPsidmPsi && q , chi2 );&& q , chi2 );
pattern(pattern(““phiphi””, , ““K KK K”” ,,““phi(1020phi(1020”” , , dmPhidmPhi && q , chi2 );&& q , chi2 );
Range Bs = Range Bs = 
pattern(pattern(““BsBs”” , , ““psipsi phiphi”” , , ““B_s0B_s0”” , , 

dmBsdmBs && mipc2 < 5  , chi2 );&& mipc2 < 5  , chi2 );

if( !if( !Bs.emptyBs.empty() ) { () ) { setFilterPassed(truesetFilterPassed(true);});}

1+1 page !!!1+1 page !!!
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Exercise 4

•• ““ReconstructReconstruct”” J/J/ψψ candidates candidates •• ““ReconstructReconstruct”” φφ--candidatescandidates•• Fill simple NFill simple N--Tuple(sTuple(s))•• Save Save ““goodgood”” BBss--candidatescandidates•• Count them Count them 

Hints:Hints:•• Default configurations of creators and Default configurations of creators and refittersrefitters are OKare OK•• ψψ name is  name is  J/psi(1S)J/psi(1S)

Solutions:Solutions:
../solutions/../solutions/PsiPhiPsiPhi
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MC match

•• LoKiLoKi uses own concept of uses own concept of MCMC--truth matching, described in  details truth matching, described in  details 
in in LUGLUG
•• ““LooseLoose”” matching: matching: nonenone relations can be lost relations can be lost ☺☺
•• Some Some ““extraextra”” relations could be a bit confusing relations could be a bit confusing //
•• Technically based on Technically based on Relation TableRelation Tables from s from 
Kernel/RelationsKernel/Relations packagepackage
•• Requires:Requires:

IRelationIRelation<<LHCb::ProtoParticle,LHCb::MCParticle,doubleLHCb::ProtoParticle,LHCb::MCParticle,double>>
IRelationIRelation<<LHCb::Particle,LHcb::MCParticleLHCb::Particle,LHcb::MCParticle>                  >                  
IRelationIRelation<<LHCb::Particle,LHCb::MCParticle,doubleLHCb::Particle,LHCb::MCParticle,double>>
IRelation<IRelation<LHCb::Track,LHCb::MCParticle,doubleLHCb::Track,LHCb::MCParticle,double>>

No way for transitions to No way for transitions to LinkerLinkerss•• Natural coupling with Natural coupling with MCDecayFinderMCDecayFinder tool and tool and MCParticleMCParticle
selectionsselections•• Few helper adapter functionsFew helper adapter functions
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MCMatch

MCFinderMCFinder mc = mc = mcFinder(mcFinder(““somesome namename””)) ;;
MCRangeMCRange mcPsimcPsi = mc= mc--> > findDecayfindDecay((
““B_s0 B_s0 --> > ^J/psi(1S)^J/psi(1S) phi(1020) phi(1020) ””););

MCMatchMCMatch match = match = mcTruth(mcTruth(““somesome namename””) ;) ;
Cut Cut truePsitruePsi = MCTRUTH( match , = MCTRUTH( match , mcPsimcPsi ) ;) ;
For ( Loop For ( Loop JpsiJpsi = = loop(loop(““mumu mumu””, , …… ) ; ) ; 
JpsiJpsi ; ++; ++JpsiJpsi))

{{
if( !if( !truePsitruePsi( ( JpsiJpsi) ) { continue ; }) ) { continue ; }

}}

Evaluates to Evaluates to truetrue, if both , if both muonsmuons come from come from 
true MC J/true MC J/psipsi from this decay chainfrom this decay chain
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MC truth Match

Cut Cut truePsitruePsi = MCTRUTH( match , = MCTRUTH( match , mcPsimcPsi ) ;) ;
Cut Cut truePhitruePhi = MCTRUTH( match , = MCTRUTH( match , mcPhimcPhi ) ;) ;
Cut Cut trueBstrueBs = MCTRUTH( match , = MCTRUTH( match , mcBsmcBs ) ; ) ; 
Cut Cut trueMutrueMu = MCTRUTH( match , = MCTRUTH( match , mcMumcMu ) ;) ;
Cut Cut trueKtrueK = MCTRUTH( match ,  = MCTRUTH( match ,  mcKmcK ) ; ) ; 
for( Loop Bs = for( Loop Bs = loop(loop(““psipsi phiphi””, , …… ); Bs ; ++Bs)); Bs ; ++Bs)
{{
tupletuple --> > column(column(““mcbsmcbs”” ,,trueBstrueBs (Bs   ) );(Bs   ) );
tupletuple --> > column(column(““mcpsimcpsi””,truePsi,truePsi (Bs(1)) );(Bs(1)) );
tupletuple --> > column(column(““mcphimcphi””,truePhi,truePhi (Bs(2)) ); (Bs(2)) ); 
tupletuple --> > ……
} } 
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Useful utility DecayChain

Prints  (MC) decay chains in different formatsPrints  (MC) decay chains in different formats•• TemplatedTemplated
•• applicable to applicable to Particles, Particles, MCParticlesMCParticles, lists, trees, , lists, trees, ……
•• std::ostreamstd::ostream , , MsgStreamMsgStream , , ‘‘\\nn’’ , , endreqendreq , , ……

•• ((MC)CutMC)Cut, , ……•• Different Different ““formatsformats”” are supported are supported 
•• Default setting is Default setting is ““reasonablereasonable””•• ““IntuitiveIntuitive”” and recursive and recursive 
DecayChainDecayChain print ;print ;
dc.printdc.print ( WHAT   , ( WHAT   , /* what to print *//* what to print */

STREAM , STREAM , ““\\nn”” , , /* stream and terminator  *//* stream and terminator  */
ACCEPT ,   ACCEPT ,   /* predicate /* predicate ““to be printto be print”” */*/
MARK   ) ; MARK   ) ; /* predicate /* predicate ““to be colorizedto be colorized”” */*/

// // dc.printdc.print( Bs , info() , ( Bs , info() , endreqendreq , ALL , MCTRUTH( mc , , ALL , MCTRUTH( mc , mcBsmcBs )  ) ; )  ) ; 
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Exercise 5

•• ““ReconstructReconstruct”” J/J/ψψ candidates candidates •• Fill simple NFill simple N--Tuple(sTuple(s) with MC) with MC--flags for flags for muonsmuons and for and for J/J/ψψ
candidates candidates 

Hints:Hints:•• The actual base is The actual base is LoKi::AlgoMCLoKi::AlgoMC
LOKI_MCALGORITHM( LOKI_MCALGORITHM( …… ) ;) ;

•• Default configurations of creators and Default configurations of creators and refittersrefitters are OKare OK•• ψψ name is  name is  J/psi(1S)J/psi(1S)•• To be efficient: To be efficient: 
MyAlg.PP2MCs = {MyAlg.PP2MCs = {““Relations/Relations/Rec/ProtoP/chargedRec/ProtoP/charged””} ;} ;

Solutions:Solutions:
../solutions/../solutions/PsiMCPsiMC
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Exercise 6 (Homework)

•• ““almost realistic analysis algorithmsalmost realistic analysis algorithms””•• ““ReconstructReconstruct”” full  full  BBss→→J/J/ψφψφ chain chain •• Fill simple NFill simple N--Tuple(sTuple(s) with all MC) with all MC--flags flags 

Hints:Hints:•• Default configurations of creators and Default configurations of creators and refittersrefitters are OKare OK•• ψψ name is  name is  J/psi(1S)J/psi(1S)•• BBss name is name is B_s0B_s0•• To be efficient:To be efficient:
MyAlg.PP2MCs = {MyAlg.PP2MCs = {““Relations/Relations/Rec/ProtoP/ChargedRec/ProtoP/Charged””} ;} ;

Solutions:Solutions:
../solutions/Bs2PsiPhi ../solutions/Bs2PsiPhi 
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Exercise 7 (Advanced Homework)

•• ““almost realistic analysis algorithmsalmost realistic analysis algorithms””•• ““ReconstructReconstruct”” full  full  BBss→→DDss K K chain chain •• Fill simple NFill simple N--Tuple(sTuple(s) with all MC) with all MC--flags flags 

Hints:Hints:

•• Both Both BBss and antiand anti--BBss could decays into this statecould decays into this state
•• decay descriptor decay descriptor •• DDss

++ name is  name is  Ds+ Ds+ •• BBss name is name is B_s0B_s0•• To be efficient:To be efficient:
MyAlg.PP2MCs = {MyAlg.PP2MCs = {““Relations/Relations/Rec/ProtoP/ChargedRec/ProtoP/Charged””} ;} ;
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Exercise 8 (Homework)

•• Run algorithm  from Run algorithm  from ExersisesExersises 6&7 on bb6&7 on bb--inclusive data, inclusive data, •• Compare the basic distributions for signal and Compare the basic distributions for signal and 
““backgroundbackground””•• P,PT, MIPCHI2 for finalP,PT, MIPCHI2 for final--state particles, intermediate state particles, intermediate 
particles and selected Bparticles and selected B--candidatescandidates

Hints:Hints:

•• The The nessessarynessessary data is availabledata is available
/software//software/lhcb/BenderDatalhcb/BenderData directory directory 

•• The proper The proper *.opts*.opts files need to be prepared files need to be prepared 
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Select Primary vertex
•• Select primary vertex according to some criteria, e.g. the Select primary vertex according to some criteria, e.g. the 

vertex with minimal vertex with minimal χχ22
IPIP::

VRangeVRange pvspvs = = vselected(vselected(““PVsPVs”” , , 
Vertex::PrimaryVertex::Primary == VTYPE ) ;== VTYPE ) ;

for ( Loop Bs = for ( Loop Bs = loop(loop(““psipsi phiphi””,,……); Bs ; ++Bs ) ); Bs ; ++Bs ) 
{{

const Vertex* const Vertex* pvpv = = 
SelectPrimaryVertexMinSelectPrimaryVertexMin( ( 
pvs.beginpvs.begin() , () , pvs.endpvs.end() , () , 
VIPCHI2( Bs , geo() ) , VIPCHI2( Bs , geo() ) , 
VPSD( Bs, geo() ) > VPSD( Bs, geo() ) > --0.2 * mm) ; 0.2 * mm) ; 

} } 

Sequence of verticesSequence of vertices

Selection criterionSelection criterion

Cut: Cut: BBss should not be should not be ““tootoo”” upstream with upstream with 
respect to  selected primary vertexrespect to  selected primary vertex

MY FAULT WITH v4r2MY FAULT WITH v4r2
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Select Primary vertex:
•• Select primary vertex according to some criteria, e.g. the verteSelect primary vertex according to some criteria, e.g. the vertex x 

with minimal with minimal χχ22
IPIP::

VRangeVRange pvspvs = = vselected(vselected(““PVsPVs”” , , 
Vertex::PrimaryVertex::Primary == VTYPE ) ;== VTYPE ) ;

for ( Loop Bs = for ( Loop Bs = loop(loop(““psipsi phiphi””,,……) ; Bs ; ++Bs ) ) ; Bs ; ++Bs ) 
{{

VRange::iteratorVRange::iterator ipvipv =  =  
select_minselect_min ( ( pvs.beginpvs.begin() , () , 

pvs.endpvs.end()   , ()   , 
VIPCHI2( Bs , geo() ) , VIPCHI2( Bs , geo() ) , 
VPSD ( Bs, geo() ) > VPSD ( Bs, geo() ) > --0.2 * mm ) ; 0.2 * mm ) ; 

if ( if ( pvs.endpvs.end() == () == ipvipv ) { continue ; }) { continue ; }
const Vertex* const Vertex* pvpv = *= *ipvipv ;;

}; }; 

More generic &More generic &

More efficientMore efficient
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Other features:

•• LoKiLoKi is able to build is able to build jetsjets (using popular (using popular KtJetKtJet
algorithmalgorithm))

•• LoKi is able to create Particles from generator LoKi is able to create Particles from generator 
infomrationinfomration: : usfulusful to check different decay to check different decay 
models with the same code as analysis models with the same code as analysis 

•• LoKi supports many links LoKi supports many links inbetweeninbetween
•• RCRC↔↔ MCMC↔↔ HepMCHepMC
•• LoKi LoKi supporssuppors MCMC--truth access for reconstructed truth access for reconstructed 

primary verticesprimary vertices
•• And manyAnd many--many moremany more
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Important missing component:

••Need for resurrection of Need for resurrection of ““easyeasy”” taggingtagging
// create // create taggertagger objectobject
TaggerTagger tag = tag = tagger(tagger(““MyMy BB--TaggerTagger””););
// tag and associate B// tag and associate B--candidatecandidate
taggertagger-->tag( B ) ;>tag( B ) ;
// extract all tags for given B// extract all tags for given B

TRangeTRange tags = tags = taggertagger-->tags( B ) ;>tags( B ) ;
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LoKi I 

•• LokiLoki is a god of wit and is a god of wit and 
mischief in Norse mischief in Norse 
mythologymythology
••LoLoopsops & & KiKinematicsnematics



Nov'2k+6Nov'2k+6 Tutorial in Tutorial in UniUni--DortmundDortmund Vanya  BELYAEV/SyracuseVanya  BELYAEV/Syracuse 5151

LoKi II 
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LoKi III
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