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Outline

•• Bender/PythonBender/Python overviewoverview
••Job configurationJob configuration
••Data accessData access
••Histograms & NHistograms & N--TuplesTuples
•• AlgorithmsAlgorithms

Significant improvements in Significant improvements in 
BenderBender semantics are semantics are 

expected (mainly according expected (mainly according 
to the feedback from you)to the feedback from you)

BenderBender is not frozen!is not frozen!
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Environment (I)

•• Bender v6r0Bender v6r0
•• The The lastestlastest DC06 release DC06 release 
•• based on based on DaVinciDaVinci v17r5 , Phys v4r4 , v17r5 , Phys v4r4 , LoKiLoKi v4r2v4r2•• The package The package Tutorial/Tutorial/BenderTutorBenderTutor v6r0v6r0•• Only few essential features of Only few essential features of BenderBender•• Out of Tutorial scopeOut of Tutorial scope

•• visualization of histograms, visualization of histograms, PanoramixPanoramix, Root, etc.., Root, etc..
•• visualization of  event and detector datavisualization of  event and detector data
•• CMTCMT--free mode free mode 
•• batch jobs batch jobs 
•• Bender&GRIDBender&GRID

••Bender&DIRACBender&DIRAC by by Ying Ying YingYing LiLi
••Bender&GANGABender&GANGA by by Karol Karol HennesyHennesy

mailto:YingYing@hep.phy.cam.ac.uk?subject=Bender&DIRAC
mailto:Karol.Hennessy@cern.ch?subject=Bender&GANGA
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Environment (II)

•• get the Tutorial packageget the Tutorial package

BenderEnvBenderEnv v6r0v6r0
cdcd $HOME/$HOME/cmtusercmtuser
getpackgetpack Tutorial/Tutorial/BenderTutorBenderTutor v6r0v6r0
cdcd Tutorial/BenderTutor/v6r0/cmtTutorial/BenderTutor/v6r0/cmt
make make 
source source setup.cshsetup.csh
setenvsetenv LD_PRELOAD ${ROOTFIX}LD_PRELOAD ${ROOTFIX}

Sad feature of this releaseSad feature of this release
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Bender/Python tips

•• Python scripts could be executed as Python scripts could be executed as ““scriptsscripts””
>   python >   python MyBenderScript.pyMyBenderScript.py
>          >          MyBenderScript.pyMyBenderScript.py•• Python scripts could be executed from the Python scripts could be executed from the 
command prompt ( explicit interactivity!)command prompt ( explicit interactivity!)
> python> python

>>>    import >>>    import MyBenderScriptMyBenderScript•• Python scripts could be executed with the Python scripts could be executed with the 
command prompt (interactivity like command prompt (interactivity like 
““pawlogon.kumacpawlogon.kumac”” ))
> python > python ––i i MyBenderScript.pyMyBenderScript.py

Co
m
m
on

 s
ta

rt
Co

m
m
on

 s
ta

rt
-- u

p 
sc

ri
pt

 i
s 

po
ss

ib
le
,

up
 s

cr
ip
t 

is
 p

os
si
bl

e,
Pe

re
Pe

re
ha

s 
a 

lo
t 

of
 n

ic
e 

id
ea

s!
ha

s 
a 

lo
t 

of
 n

ic
e 

id
ea

s!

#!/#!/usr/bin/envusr/bin/env python2.4python2.4
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Structure of Gaudi Job 

Each Each ““JobJob”” contains 4 essential part contains 4 essential part 
•• Configuration of Job environment Configuration of Job environment 

•• <<ProjectEnvProjectEnv>> scripts, scripts, CMTCMT

•• Configuration of JobConfiguration of Job’’s components  s components  
•• Top Level algorithms Top Level algorithms 
•• properties of Algorithms/Services/Tools properties of Algorithms/Services/Tools 
•• Input/outputInput/output

•• ““Analysis AlgorithmAnalysis Algorithm”” coding coding 
•• Job steering Job steering 

Bender: Bender: cmt.pycmt.py

GaudiPythonGaudiPython + Bender+ Bender

BenderBender

GaudiPythonGaudiPython + Bender+ Bender
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2 approaches

Start from pure python promptStart from pure python prompt
•• define everything from Python define everything from Python 

Make a Make a ““smoothsmooth”” transition from transition from DaVinci/LoKiDaVinci/LoKi

•• start with existing configuration start with existing configuration 
•• substitute it element by element  substitute it element by element  

Attractive,Attractive,
but not practicalbut not practical

Choice for tutorialChoice for tutorial
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Minimal Analysis Job

•• BenderBender could be used with could be used with ““no no BenderBender””
•• Execute some Execute some ““DaVinciDaVinci”” configurationconfiguration
•• The actual configuration from The actual configuration from ‘‘**’’.opts.opts file file 

•• DaVinciDaVinci::
DaVinciDaVinci MyOptionsFile.optsMyOptionsFile.opts
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Minimal Bender script 

from   from   bendermodulebendermodule import *import *

gaudi.configgaudi.config( files =( files =
[[‘‘MyOptionsFile.optMyOptionsFile.opt’’])])

gaudi.run(10)gaudi.run(10)

gaudi.exitgaudi.exit()()

../solution/Minimalistic_0.py../solution/Minimalistic_0.py

Take care about input data!!Take care about input data!!
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Minimal Bender script 

from   from   bendermodulebendermodule import *import *

def configure() :def configure() :
gaudi.configgaudi.config( files =( files =

[[‘‘MyOptionsFile.optsMyOptionsFile.opts’’])])
return SUCCESSreturn SUCCESS

if __name__ == if __name__ == ‘‘__main____main__’’ ::
configure()configure()
gaudi.run(100)gaudi.run(100)

../solutions/../solutions/Minimalistic.pyMinimalistic.py

Application and Components ConfigurationApplication and Components Configuration

Job steeringJob steering
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“Hello, World!” (I)

•• The simplest possible The simplest possible ““algorithmalgorithm””•• Follow  Follow  LoKiLoKi’’ss style: style: 
•• inherit the algorithm from useful base class inherit the algorithm from useful base class 
•• ((re)implementre)implement the the ““analyanalyssee”” methodmethod

class class HelloWorld(AlgoHelloWorld(Algo) :) :
def def analyanalyssee( self ) :( self ) :

print print ‘‘Hello, World!Hello, World!’’
return SUCCESSreturn SUCCESS

../solutions/../solutions/HelloWorld.pyHelloWorld.py
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“Hello, World!” (II)

•• One needs to instantiate the algorithmOne needs to instantiate the algorithm
algalg = = HelloWorldHelloWorld( ( ‘‘HelloHello’’ ))

•• Add it to the list of Add it to the list of ‘‘activeactive’’ algorithmsalgorithms
gaudi.addAlgorithmgaudi.addAlgorithm( ( algalg ))

•• Execute Execute ☺☺
gaudi.run(10)gaudi.run(10)

../solutions/../solutions/HelloWorld.pyHelloWorld.py
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Part of job steering blockPart of job steering block
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Access to the data (LoKi’s style)

•• C++:  C++:  GaudiAlgorithm/LoKiGaudiAlgorithm/LoKi
const const MCParticlesMCParticles* * mcpsmcps = = 
get<get<MCParticlesMCParticles>(>(‘‘MC/ParticlesMC/Particles’’ ))

•• Python:  BenderPython:  Bender
•• Get as Get as ‘‘nativenative’’ object:object:

mcpsmcps = = self.get(self.get(‘‘MCMC/Particles/Particles’’))

../solutions/../solutions/DataAccess.pyDataAccess.py

Semantics to be improvedSemantics to be improved



Nov'2k+6Nov'2k+6 Tutorial in Tutorial in UniUni--DortmundDortmund Vanya  BELYAEV/SyracuseVanya  BELYAEV/Syracuse 1414

Access to the data using service

•• Inside the algorithmInside the algorithm
dataSvcdataSvc = = self.evtSvcself.evtSvc()()
hdrhdr = = dataSvc[dataSvc[‘‘HeaderHeader’’]]

print print ‘‘Event #Event #’’, , hdr.evtNumhdr.evtNum()()

•• Outside the algorithmsOutside the algorithms
dataSvcdataSvc = = gaudi.evtSvcgaudi.evtSvc()()
hdrhdr = = dataSvc[dataSvc[’’HeaderHeader’’]]

print print ‘‘Run #Run #’’, , hdr.runNumhdr.runNum()()

No gainNo gain

The only way! The only way! 
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Store Browse

•• Inside Inside algoritmalgoritm
dataSvcdataSvc = = self.evtSvcself.evtSvc()()•• Outside algorithm Outside algorithm 
dataSvcdataSvc = = gaudi.evtSvcgaudi.evtSvc()()

dataSvc.dir(dataSvc.dir(‘‘/Event/Rec/Event/Rec’’))

mc = mc = dataSvc[dataSvc[‘‘MCMC’’]]
dataSvc.dir(mcdataSvc.dir(mc))
dataSvc.ls(mcdataSvc.ls(mc))

Browse by directory nameBrowse by directory name

Browse by directory itselfBrowse by directory itself

aliasalias
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Attributes and (python) loops

for for mcpmcp in in mcpsmcps ::
print print ‘‘ID=ID=‘‘ , , nameFromPIDnameFromPID( ( mcp.particleIDmcp.particleID() )() )
print print ‘‘PX=PX=‘‘ , , mcp.momentum().pxmcp.momentum().px()()
print print ‘‘PY=PY=‘‘ , , mcp.momentum().pymcp.momentum().py()()

•• To know the available attributes:To know the available attributes:
help( help( objobj ))
help( type( help( type( objobj ) ) ) ) 
dir(gbldir(gbl))

•• ONON--LINE help for ALL LINE help for ALL Python/BenderPython/Bender
functions/classes, sometimes it is VERY usefulfunctions/classes, sometimes it is VERY useful
../solutions/../solutions/DataAccess.pyDataAccess.py

From DictionariesFrom Dictionaries

MCParticleMCParticle
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Reminder:

““tcshtcsh””
source /source /lhcb/software/LHCbSoftwareSetup.cshlhcb/software/LHCbSoftwareSetup.csh USERIDUSERID

BenderEnvBenderEnv v6r0v6r0
cdcd $HOME/$HOME/cmtusercmtuser
cdcd Tutorial/BenderTutor/v6r0/cmtTutorial/BenderTutor/v6r0/cmt
cmtcmt configconfig
make make 
source source setup.cshsetup.csh
setenvsetenv LD_PRELOAD ${ROOTFIX}LD_PRELOAD ${ROOTFIX}

Sad feature of this releaseSad feature of this release
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Hands-on   (I) 

•• Simple algorithm which gets Simple algorithm which gets MCVerticesMCVertices from from 
the the GaudiGaudi Transient Store and prints number of Transient Store and prints number of 
MCVerticeMCVerticess and some information (e.g. and some information (e.g. x/y/zx/y/z--
position) for some of themposition) for some of them

Hints:Hints:•• The analogous example for The analogous example for MCParticlesMCParticles::
•• ../solutions/../solutions/DataAccess.pyDataAccess.py•• The actual solution is The actual solution is 
•• ../solutions/HandsOn1.py../solutions/HandsOn1.py
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Lets start with physics analysis

•• >95%>95% of of LoKiLoKi’’ss idioms are in idioms are in BenderBender•• The semantic is VERY similar The semantic is VERY similar 
•• In spite of different languagesIn spite of different languages
•• few few ‘‘obviousobvious’’ exceptionsexceptions•• In the game: In the game: 
•• All All FunctionFunctionss/Cut/Cuts s 

•• a bit more round braces are required a bit more round braces are required 
•• All All ((v,mc,mcv)selectv,mc,mcv)select methods methods 
•• looploops , s , plotplots s 
•• for for NN--TupleTupless the functionality is a bit limitedthe functionality is a bit limited

•• A lack of template methods, A lack of template methods, 
••‘‘farrayfarray’’ need to be validated need to be validated 

Start from MCStart from MC--truth (requires no special configurations)truth (requires no special configurations)

PerePere knows solution!knows solution!
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MCselect statement

•• Selection of Selection of MCParticleMCParticless which satisfy the certain which satisfy the certain 
criteria:criteria:
mcmumcmu = = self.mcselectself.mcselect( ( ‘‘mcmumcmu’’ , , 

‘‘mumu++’’ == MCABSID )== MCABSID )

beauty = beauty = self.mcselect(self.mcselect(‘‘beautybeauty’’ , BEAUTY ), BEAUTY )

•• Refine criteria:Refine criteria:
muFromBmuFromB = = self.mcselectself.mcselect ( ( ‘‘muFromCmuFromC’’,,

mcmumcmu ,,
FROMMCTREE( beauty ) )FROMMCTREE( beauty ) )

muPTmuPT = = self.mcselectself.mcselect( ( ‘‘withPTwithPT’’ , , 
muFromBmuFromB , , 

( MCPT > 1000  ) )( MCPT > 1000  ) )

../solutions/../solutions/MCmuons.pyMCmuons.py

LUG, Tab. 13.4, p.84LUG, Tab. 13.4, p.84

Select Select μμ++ & & μμ--

Everything which has b or bEverything which has b or b ̄̄

Everything from Everything from 
““decaydecay”” trees trees 
(incl. decay(incl. decay--

onon--flight)flight)
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Change input data

•• Get and configure Get and configure EventSelectorEventSelector
evtSelevtSel = = gaudi.evtSelgaudi.evtSel()()

evtSel.openevtSel.open( ( ““filefile””))

OR OR 
evtSel.openevtSel.open( [ ( [ ““file1file1””, , ““file2file2””] )] )

•• e.g.e.g.
evtSel.openevtSel.open ( ( ‘‘LFN:/lhcb/production/DC04/v1/DST/00000543_00000017_5.dstLFN:/lhcb/production/DC04/v1/DST/00000543_00000017_5.dst’’))

List of input filesList of input files



Nov'2k+6Nov'2k+6 Tutorial in Tutorial in UniUni--DortmundDortmund Vanya  BELYAEV/SyracuseVanya  BELYAEV/Syracuse 2222

Hands On    (II, II.5)

•• Simple algorithm which evaluates the fractions of events Simple algorithm which evaluates the fractions of events 
which contains  of at least which contains  of at least BBss or beauty baryonsor beauty baryons

Hints Hints •• Relevant Relevant MCParticleMCParticle functionsfunctions
MCID, MCABSID , BEAUTY , BARYONMCID, MCABSID , BEAUTY , BARYON•• The most trivial The most trivial ““countercounter”” is is 
nBsnBs = = self.counter(self.counter(““nBsnBs””))
nBsnBs += number += number •• The analogous algorithm is The analogous algorithm is 

•• ../solutions/../solutions/MCmuons.pyMCmuons.py•• The real solution is The real solution is 
•• ../solutions/HandsOn2.py../solutions/HandsOn2.py
•• ../solutions/HandsOn2.5.py../solutions/HandsOn2.5.py

LUG, Tab. 13.4, p.84LUG, Tab. 13.4, p.84--8787
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Find MC–tree ( IMCDecayFinder )

Brilliant tool from Brilliant tool from O.DormondO.Dormond
•• find the MCfind the MC--decay trees:decay trees:
mc = mc = self.mcFinderself.mcFinder()()

trees = trees = mc.findmc.find( ( 

‘‘[B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + mumu--) phi(1020)]cc) phi(1020)]cc’’ ))

•• find MCfind MC--decay tree components:decay tree components:
phisphis = = mc.findmc.find( ( 

‘‘ phi(1020) :phi(1020) : [B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + mumu--) phi(1020)]cc) phi(1020)]cc’’ ))

•• extract extract ‘‘markedmarked’’ MCMC--decay tree components: decay tree components: 
musmus = = mc.findmc.find( ( 

‘‘ [B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + ^̂mumu--) phi(1020)]cc) phi(1020)]cc’’ ))

../solutions/../solutions/MCTrees.pyMCTrees.py

Container(Container(““RangeRange””) of ) of 
MCParticleMCParticless

Container(Container(““RangeRange””) of ) of 
MCParticleMCParticless
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Add simple histos!

for for mumu in in musmus ::
self.plotself.plot ( MCPT( ( MCPT( mumu ) / 1000 , ) / 1000 , 

‘‘PT of PT of muonmuon from J/from J/psipsi’’ , , 
0 ,  10 ) 0 ,  10 ) 

The default values : The default values : #bins = 100, weight = 1#bins = 100, weight = 1

•• Configuration for histograms:Configuration for histograms:
gaudi.HistogramPersistencygaudi.HistogramPersistency = = ‘‘HBOOKHBOOK’’
hsvchsvc = = gaudi.service(gaudi.service(‘‘HistogramPersistencySvcHistogramPersistencySvc’’))
hsvc.OutputFilehsvc.OutputFile = = ‘‘myhistos.hbookmyhistos.hbook’’

../solutions/../solutions/MCTrees.pyMCTrees.py

MCParticleMCParticle

To be improved!To be improved!



Nov'2k+6Nov'2k+6 Tutorial in Tutorial in UniUni--DortmundDortmund Vanya  BELYAEV/SyracuseVanya  BELYAEV/Syracuse 2525

Add the simple N-Tuple
tuptup = = self.nTupleself.nTuple( ( ‘‘My NMy N--TupleTuple’’ ))

zOrigzOrig = MCVXFUN( MCVZ ) = MCVXFUN( MCVZ ) 

for for mumu in in musmus : : 

tup.columntup.column( ( ‘‘PTPT’’, MCPT  ( , MCPT  ( mumu )  ))  )

tup.columntup.column( ( ‘‘PP’’ , MCP   ( , MCP   ( mumu )  ))  )

tup.columntup.column( ( ‘‘ZZ’’ , , zOrigzOrig ( ( mumu )  ))  )

tup.writetup.write()()

•• Configuration:Configuration:
myAlgmyAlg = = g.algorithmg.algorithm( ( ‘‘McTreeMcTree’’ ))
myAlg.NTupleLUNmyAlg.NTupleLUN = = ‘‘MCMC’’
ntsvcntsvc = = g.service(g.service(‘‘NTupleSvcNTupleSvc’’))
ntsvc.Outputntsvc.Output = = 
[[““MCMC DATAFILE=DATAFILE=‘‘tuples.hbooktuples.hbook’’ TYP=TYP=‘‘HBOOKHBOOK’’ OPT=OPT=‘‘NEWNEW’’ ””]]

../solutions/../solutions/MCTrees.pyMCTrees.py

To be improvedTo be improved
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Component Properties

•• AlgorithmsAlgorithms
algalg = = gaudi.algorithm(gaudi.algorithm(‘‘MyAlgMyAlg’’))
alg.NTupleLUNalg.NTupleLUN = = ‘‘LUNITLUNIT’’

•• ServicesServices
hsvchsvc = = gaudi.service(gaudi.service(‘‘HistogramPersistencySvcHistogramPersistencySvc’’))
hsvc.OutputFilehsvc.OutputFile = = ‘‘histo.filehisto.file’’

•• ToolsTools
tool = tool = gaudi.property(gaudi.property(‘‘MyAlg.PhysDesktopMyAlg.PhysDesktop’’))
tool.InputLocationstool.InputLocations = [= [‘‘Phys/Phys/StdLooseKaonsStdLooseKaons’’]]

MyAlg.NTupleLUNMyAlg.NTupleLUN = = ““LUNITLUNIT”” ;;

HistogramPersistencySvc.OutputFileHistogramPersistencySvc.OutputFile = = ““histo.filehisto.file””;;

MyAlg.PhysDesktop.InputLocationsMyAlg.PhysDesktop.InputLocations = {= {““Phys/Phys/stdLooseKaonsstdLooseKaons””};};
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Hands On    (III)

•• The algorithm which gets the The algorithm which gets the kaonskaons from the from the 
decay decay BBss →→J/J/ψψ ( ( φφ →→KK++ KK-- ) , ) , fill fill histohisto and Nand N--TupleTuple

HintsHints
•• One need to define input MC files for this decayOne need to define input MC files for this decay

•• see  see  ../solutions/../solutions/MCTrees.pyMCTrees.py

•• The similar algorithmThe similar algorithm
•• ../solutions/../solutions/MCTrees.pyMCTrees.py

•• The actual solution The actual solution 
•• ../solutions/HandsOn3.py../solutions/HandsOn3.py
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Go from  MC to RC  data

•• At this moment one knows how to:At this moment one knows how to:
•• Deal with MC trees,  decays,  particlesDeal with MC trees,  decays,  particles
•• Perform simple Perform simple ((pythonpython)) loopsloops
•• Deal with histograms & NDeal with histograms & N--TuplesTuples

•• Some knowledge of Some knowledge of ‘‘configurationconfiguration’’

•• For RC data  one For RC data  one mustmust perform perform nonnon--trivial trivial 
algorithm configuration to be able to run algorithm configuration to be able to run 
•• Input for RC particles (or Input for RC particles (or ParticleMakerParticleMaker))
•• Dependency on Dependency on ‘‘otherother’’ algorithms ( algorithms ( ‘‘PreLoadPreLoad’’ ) ) 
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Algorithm configuration

desktop = desktop = gaudi.property(gaudi.property(‘‘MyAlgMyAlg.PhysDesktop.PhysDesktop’’))
desktop.InputLocationsdesktop.InputLocations = [= [““Phys/Phys/StdLooseKaonsStdLooseKaons””
]]

•• Similar semantic in configuration ( Similar semantic in configuration ( ‘‘**’’.opts.opts ) files:) files:
MyAlg.PhysDesktop.InputLocationsMyAlg.PhysDesktop.InputLocations={={““Phys/Phys/StdLooseKaonsStdLooseKaons””} ;} ;

../solutions/../solutions/RCSelect.pyRCSelect.py
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select/loop statements 

muonsmuons = = self.selectself.select ( ( ‘‘mumu’’ , , 
( ( ‘‘mumu++’’== ABSID ) & ( PT > (1*== ABSID ) & ( PT > (1*GeVGeV) ) )) ) )

kaonskaons = = self.selectself.select ( ( ‘‘KK’’ , , 

( ( ‘‘K+K+’’== ABSID ) & ( PIDK > 0 )  )== ABSID ) & ( PIDK > 0 )  )

•• Loops:Loops:
psispsis==self.loopself.loop( ( ‘‘mumu mumu’’, , ‘‘J/psi(1S)J/psi(1S)’’))

phisphis==self.loopself.loop( ( ‘‘K KK K’’ ,  ,  ‘‘phi(1020phi(1020’’))

../solutions/../solutions/RCSelect.pyRCSelect.py

LUG, Tab. 13.2, p.62LUG, Tab. 13.2, p.62--7777
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Inside the loops (I)

dmcutdmcut = ADMASS(= ADMASS(‘‘J/psi(1S)J/psi(1S)’’) < 50 ) < 50 
for for psipsi in in psispsis ::

if not 2500 < psi.mass(1,2) <3500 : continue  if not 2500 < psi.mass(1,2) <3500 : continue  
if not 0 == SUMQ( if not 0 == SUMQ( psipsi )      : continue )      : continue 
if not 0 <= VCHI2( if not 0 <= VCHI2( psipsi ) < 49 : continue) < 49 : continue
self.plotself.plot ( M(psi)/1000 ,( M(psi)/1000 ,

““ didi--muonmuon invariant massinvariant mass”” ,  ,  
2.5 , 3.5 )  2.5 , 3.5 )  

if not if not dmcutdmcut( ( psipsi ) : continue ) : continue 
psi.save(psi.save(‘‘psipsi’’))

psispsis = = self.selected(self.selected(‘‘psipsi’’))
print print ‘‘# of selected J/# of selected J/psipsi candidates:candidates:‘‘, , psis.sizepsis.size()()

../solutions/../solutions/RCSelect.pyRCSelect.py

||ΔΔM|<50 MeV/cM|<50 MeV/c22

ΣΣq = 0q = 0

χχ22
VXVX < 49< 49
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Inside the loops (II)

dmcutdmcut = ADMASS(= ADMASS(‘‘phi(1020phi(1020’’) < 12 ) < 12 
for phi in for phi in phisphis ::

if not phi.mass(1,2) < 1050   : continueif not phi.mass(1,2) < 1050   : continue
if not 0 == SUMQ( phi )       : continue  if not 0 == SUMQ( phi )       : continue  
if not 0 <= VCHI2( phi ) < 49 : continueif not 0 <= VCHI2( phi ) < 49 : continue
self.plotself.plot ( M( phi ) / 1000 ,( M( phi ) / 1000 ,

““ didi--kaonkaon invariant massinvariant mass”” ,,
1.0 , 1.050 )  1.0 , 1.050 )  

if not if not dmcutdmcut( phi ) : continue ( phi ) : continue 
phi.save(phi.save(‘‘phiphi’’))

phisphis = = self.selected(self.selected(‘‘phiphi’’))
print print ‘‘# of selected phi candidates:# of selected phi candidates:‘‘, , phis.sizephis.size()  ()  

../solutions/../solutions/RCSelect.pyRCSelect.py

ΣΣq = 0q = 0

||ΔΔM|<12 MeV/cM|<12 MeV/c22

χχ22
VXVX < 49< 49
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Inside the loops (III)
dmcutdmcut = ADMASS(= ADMASS(‘‘B_s0B_s0’’ ) <  100  ) <  100  
bsbs = = self.loopself.loop ( ( ‘‘psipsi phiphi’’ , , ‘‘B_s0B_s0’’ ) ) 
for B in for B in bsbs ::

if not 4500 < B.mass(1,2) < 6500 : continue  if not 4500 < B.mass(1,2) < 6500 : continue  
if not 0 <= VCHI2( B ) < 49 : continueif not 0 <= VCHI2( B ) < 49 : continue
self.plotself.plot ( M( B ) / ( M( B ) / GeVGeV , , 

““ J/J/psipsi phi invariant massphi invariant mass”” ,  ,  
5.0 , 6.0 )  5.0 , 6.0 )  

if not if not dmcutdmcut( B ) : continue( B ) : continue
B.save(B.save(‘‘BsBs’’))

Bs = Bs = self.selected(self.selected(‘‘BsBs’’))
print print ‘‘# of selected Bs candidates:# of selected Bs candidates:‘‘, , Bs.sizeBs.size()()
if not if not Bs.emptyBs.empty() : () : self.setFilterPassedself.setFilterPassed ( TRUE )( TRUE )

../solutions/../solutions/RCSelect.pyRCSelect.py
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The last step: MC-truth match

•• The simplest case: check if RC particle originates The simplest case: check if RC particle originates 
from the certain MCfrom the certain MC--((sub)treesub)tree
•• The most frequent caseThe most frequent case

•• Check for efficienciesCheck for efficiencies
•• ResolutionResolution•• The opposite task: what MC particle The opposite task: what MC particle 

““correspondscorresponds”” to RC particle to RC particle 
•• similar   ( similar   ( MCTRUTH MCTRUTH →→ RCTRUTHRCTRUTH ) ) 

•• NBNB: : LoKiLoKi (and (and BenderBender) uses ) uses ownown concept of MC concept of MC 
““looseloose”” matchingmatching
•• LUG, chapter 15LUG, chapter 15
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MC-truth match

finder = finder = self.mctruth(self.mctruth(‘‘somesome namename’’))

•• Select MCSelect MC--particlesparticles
mcBsmcBs = = finder.findfinder.find( ( 

‘‘ [B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + mumu--) phi(1020)]cc ) phi(1020)]cc ’’ ))

mcPhimcPhi = = finder.findfinder.find(  (  

‘‘ phi(1020) :phi(1020) : [B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + mumu--) phi(1020)]cc ) phi(1020)]cc ’’ ))

mcPsimcPsi = = finder.findfinder.find(  (  

‘‘ J/psi(1S) :J/psi(1S) : [B_s0 [B_s0 --> (J/psi(1S) > (J/psi(1S) --> > mumu+ + mumu--) phi(1020)]cc ) phi(1020)]cc ’’ ))

•• Prepare Prepare ‘‘MCMC--Truth cutsTruth cuts’’
match    = match    = self.mcTruth(self.mcTruth(‘‘somesome namename’’) ) 

mcCutBsmcCutBs = MCTRUTH ( match , = MCTRUTH ( match , mcBsmcBs ))

mcCutPhimcCutPhi = MCTRUTH ( match , = MCTRUTH ( match , mcPhimcPhi ))

mcCutPsimcCutPsi = MCTRUTH ( match , = MCTRUTH ( match , mcPsimcPsi ) ) 

../solutions/../solutions/RCMCSelect.pyRCMCSelect.py
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The last step: MC-truth match
for for psipsi in in psispsis : : 

if not if not mcCutPsimcCutPsi ( ( psipsi ) : continue ) : continue 
……

for phi in for phi in phisphis : : 
if not if not mcCutPhimcCutPhi ( phi ) : continue ( phi ) : continue 
……

for B in for B in bsbs : : 
if not if not mcCutBsmcCutBs ( B ) :continue ( B ) :continue 
……•• Alternatively :Alternatively :

for B in for B in bsbs ::
psipsi = B(1)= B(1)
phi = B(2) phi = B(2) 
……
tup.columntup.column ( ( ‘‘mcpsimcpsi’’ , , mcCutPsimcCutPsi( ( psipsi ) )) )
tup.columntup.column ( ( ‘‘mcphimcphi’’ , , mcCutPhimcCutPhi( phi ) )( phi ) )
tup.columntup.column ( ( ‘‘mcmc’’ , , mcCutBsmcCutBs ( B ) ) ( B ) ) 
tup.writetup.write()     ()     

../solutions/../solutions/RCMCSelect.pyRCMCSelect.py
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Hands On    (IV)

•• Simple algorithm which selects Simple algorithm which selects kaonskaons, plot , plot didi--kaonkaon
invariant mass with and without MCinvariant mass with and without MC--truth flags with truth flags with 
different different PIDKPIDK ( ( = = ΔΔLLLL(K(K--ππ)) ) values (& fill N) values (& fill N--TupleTuple with with 
such information)such information)

HintsHints
•• The relevant functions/cuts The relevant functions/cuts 

•• PIDK, MCTRUTHPIDK, MCTRUTH

•• The analogous algorithm The analogous algorithm 
••../solutions/../solutions/RCMCSelect.pyRCMCSelect.py

•• The actual solutionThe actual solution
••../solutions/HandsOn4.py../solutions/HandsOn4.py
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Few sad features of v6r0

•• Many missing functionsMany missing functions
•• Will be available next release ~O(1week)Will be available next release ~O(1week)

•• Some missing dictionariesSome missing dictionaries
••Gaudi.Units.MeVGaudi.Units.MeV , , …… , , Gaudi.Units.mmGaudi.Units.mm

•• Necessity to define Necessity to define LD_PRELOAD LD_PRELOAD 

•• Visualization must be checked/tested  Visualization must be checked/tested  
•• Missing links withMissing links with
••Panoramix&RootPanoramix&Root

••DIRAC&GANGADIRAC&GANGA
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Other information

•• BenderBender pages pages by  by  Lena Lena MayatskayaMayatskaya•• BenderBender mailing listmailing list•• Bender Hyper NewsBender Hyper News
•• nno link:  to be launched soono link:  to be launched soon•• Bender User Guide and ManualBender User Guide and Manual
•• nno link: still in the bottle of inco link: still in the bottle of inc•• Bender Examples Bender Examples 

getpackgetpack Ex/Ex/BenderExampleBenderExample v6r0v6r0•• ““BenderBender--helpdesk@lhcb.cern.chhelpdesk@lhcb.cern.ch””
•• Office Office 11--RR--010010 at CERN at CERN 
•• +41 (0) 22 767 89 28+41 (0) 22 767 89 28
•• EE--mailmail

In Dortmund till Friday In Dortmund till Friday 
afternoonafternoon ☺☺

http://lhcb-comp.web.cern.ch/lhcb-comp/Analysis/Bender/index.html
mailto:Elena.Mayatskaya@cern.ch?subject=Bender%20pages
mailto:lhcb-bender@cern.ch?subject=Bender
http://building.web.cern.ch/map/building?bno=1
mailto:ibelyaev@physics.syr.edu?subject=Bender
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Homework

•• Write algorithms using Write algorithms using BenderBender, similar to coded , similar to coded 
LoKiLoKi and and DaVinciDaVinci algorithmalgorithm

•• Run them and compare CPU performanceRun them and compare CPU performance
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