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Topics 

Å Performing analysis  

ïThe Rho Analysis Framework  

ïPandaRoot Tools  
 

Å Previewing signal/background reconstruction  

ïFast Simulations  
 

Å Studying generic signal/background distributions  

ïEvent Generators -  Stand -Alone Usage  
 

Å Reduce computing demand (background simulation)  

ïEvent Filtering  
 

Å Special Feature:  

ïSpeeding up GlueX interactive analysis  
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Only briefly 

discussed 



Performing Analysis 



The Rho Analysis Framework 

Å Core based on the Rho Analysis Framework  

ï Inspired by the beta software/analysis framework of BaBar  

ïWritten by M. Kunze at Univ. Bochum  

ïFully ROOT based  

ïOptimized for speed  

 

 

Å PandaROOT Analysis Toolset  

ïAnalysis via ROOT Macros  

ïExtends core by experiment specific features  

ïPID, MC Truth match  

ïSimple Analysis Tools  

ïQA Tools  
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PANDA Analysis Toolset - Features 

Å Data  access (PndAnalysis)  

Å Particle candidates (RhoCandidate, FairRecoCandidate)  

Å PID (PndAnalysis, PndPidCombiner)  

Å Combinatorics  (RhoCandList)  

Å Particle  Selectors  (Rho...Selector, PndAnaPidSelector)  

Å MC truth ( tree) matching (PndAnalysis::McTruthMatch)  

Å Fitting : POCA finder, vertex - , kinematic - , tree fitters  

ï PndVtxPoca,PndKalmanVtxFitter, PndKinVtxFitter, 
PndDecayTreeFitter, PndKinFitter, Pnd4CFitter  

Å N- tuples & QA Tools (RhoTuple, PndRhoTupleQA)  

Å Quick Analysis (PndSimpleCombiner, PndSimpleCombinerTask)  

Å Documentation  (PandaRoot Wiki)  
https://panda-wiki.gsi.de/foswiki/bin/view/Computing/PandaRootRhoTutorial 
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Basic Analysis 



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root " );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus ",  " PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd "  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   " PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth () ;  
     ...  

K. Götzen 



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  

K. Götzen 

Object for data access  



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList  eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  
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Object for data access  

Candidate Lists  



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   " PionLoosePlus ",    " PidAlgoStt;PidAlgoDrc;PidAlgoMvd "  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  
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Object for data access  

Candidate Lists  Candidate Lists  

PID Selection & 
Algorithms  

PID Selection & 
Algorithms  



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine( eplus , eminus, " J/psi ");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  
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Object for data access  

Combinatorics  

Candidate Lists  Candidate Lists  

PID Selection & 
Algorithms  

PID Selection & 
Algorithms  



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch ( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  
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Object for data access  

Combinatorics  

MC truth match  

Candidate Lists  Candidate Lists  

PID Selection & 
Algorithms  

PID Selection & 
Algorithms  



Basic Analysis via ROOT Macro 
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...  
FairRunAna *fRun = new FairRunAna();  
fRun- >SetInputFile( "pbarp_jpsi_pipipi0.root" );  
 
PndAnalysis *ana = new PndAnalysis();  
RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;  
 
while ( ana- >GetEvent()  )  
{  
  ana- >FillList ( eplus ,    "ElectronTightPlus",  "PidAlgoEmcBayes;PidAlgoDrc"  );  
  ana- >FillList ( eminus,   "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc"  );   
  ana- >FillList ( piplus ,   "PionLoosePlus",    "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( piminus ,  "PionLooseMinus",   "PidAlgoStt;PidAlgoDrc;PidAlgoMvd"  );  
  ana- >FillList ( gamma,    "Neutral" );    
 
  pi0 - >Combine(gamma, gamma);  
  jpsi - >Combine(eplus , eminus, "J/psi");  
  pbarp - >Combine(jpsi , piplus , piminus ,  pi0 , "pbarpSystem");  
 
  if ( ana- >McTruthMatch( pbarp[0] ) )  
  {  
     RhoCandidate *truth = pbarp[0].GetMcTruth() ;  
     ...  
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Object for data access  

Combinatorics  

MC truth match  

Candidate Lists  Candidate Lists  

PID Selection & 
Algorithms  

PID Selection & 
Algorithms  



Output and QA 



TTrees with RhoTuple 

Å Creating TTree  output without overhead  
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 RhoTuple *ntp  = new RhoTuple("ntp","J/psi analysis");  
  ...  
    // ... in event loop ...  
    for (j=0;j<jpsi.GetLength();++j)  
    {  
       // *** store event number and candidate number in current event  
       ntp - >Column("ev",    (Float_t) evnumber,           - 999.0f);  
       ntp - >Column("cand",  (Float_t) j,                  - 999.0f);  
 
       // *** basic information about J/psi  
       ntp - >Column("jpsim", (Float_t) jpsi[j] - >M(),       - 999.0f);  
       ntp - >Column("jpsip", (Float_t) jpsi[j] - >P(),       - 999.0f);  
       ntp - >Column("jpsipt",(Float_t) jpsi[j] - >P4().Pt(), - 999.0f);  
       ntp - >Column("jpsiE", (Float_t) jpsi[j] - >E(),       - 999.0f);  
       ....  
       ntp - >DumpData();  
    }   
  ...  
  // ... end of macro ...  
  TFile *f=new TFile("ntp.root","RECREATE");  
  ntp - >GetInternalTree() - >Write();  
  f - >Close();  

Just create new 

branches on the fly! 
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PndRhoTupleQA - TTree made simple 

Å Provides QA functions for persisting values in TTree  

 

 

 

 

 

 

 

Å Usage:  
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// *** QA for candidates  
void qaCand(TString pre, RhoCandidate *cc, RhoTuple *n, bool skip=false);  
void qaP4(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cms(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cov(TString pre, RhoCandidate *c, RhoTuple *n, bool skip=false );  
// *** QA for composites  
void qaComp(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaKs0(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaPi0 (TString pre, RhoCandidate *c, RhoTuple *n );  
...  

Very handy function 

to store composite info! 
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PndRhoTupleQA qa(ana, pbarmom );  
RhoTuple *ntp  = new RhoTuple("ntp","J/psi analysis ");  
...  
  // ... in event loop ...  
  for (j=0;j<jpsi.GetLength();++j) {  
     ...  
     qa.qaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth  
     ntp - >DumpData();              // *** and fill ntuple  
   }  
    



PndRhoTupleQA - TTree made simple 

Å Provides QA functions for persisting values in TTree  

 

 

 

 

 

 

 

Å Usage:  
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// *** QA for candidates  
void qaCand(TString pre, RhoCandidate *cc, RhoTuple *n, bool skip=false);  
void qaP4(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cms(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cov(TString pre, RhoCandidate *c, RhoTuple *n, bool skip=false );  
// *** QA for composites  
void qaComp(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaKs0(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaPi0 (TString pre, RhoCandidate *c, RhoTuple *n );  
...  
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PndRhoTupleQA qa(ana, pbarmom );  
RhoTuple *ntp  = new RhoTuple("ntp","J/psi analysis ");  
...  
  // ... in event loop ...  
  for (j=0;j<jpsi.GetLength();++j) {  
     ...  
     qa.qaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth  
     ntp - >DumpData();              // *** and fill ntuple  
   }  
    

This creates branches:  
 



PndRhoTupleQA - TTree made simple 

Å Provides QA functions for persisting values in TTree  

 

 

 

 

 

 

 

Å Usage:  
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// *** QA for candidates  
void qaCand(TString pre, RhoCandidate *cc, RhoTuple *n, bool skip=false);  
void qaP4(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cms(TString pre, TLorentzVector c, RhoTuple *n, bool skip=false);  
void qaP4Cov(TString pre, RhoCandidate *c, RhoTuple *n, bool skip=false );  
// *** QA for composites  
void qaComp(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaKs0(TString pre, RhoCandidate *c, RhoTuple *n);  
void qaPi0 (TString pre, RhoCandidate *c, RhoTuple *n );  
...  

K. Götzen 

PndRhoTupleQA qa(ana, pbarmom );  
RhoTuple *ntp  = new RhoTuple("ntp","J/psi analysis ");  
...  
  // ... in event loop ...  
  for (j=0;j<jpsi.GetLength();++j) {  
     ...  
     qa.qaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth  
     ntp - >DumpData();              // *** and fill ntuple  
   }  
    

This creates branches:  
 

infos about daugther 0  



Quick Analysis Tools 



Quick Analysis 

Å Based on PndSimpleCombiner  & PndSimpleCombinerTask  

ïvery simple and compact analysis approach  

ï runs analysis in compiled FairTask (faster + more robust)  

Å Reco e.g. of mode p Ᾱ J/ΐ (Ᾱ ͽ+ͽ₁) Ά+Ά₁ can be done by  
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root - l - b - q ' quickana.C (  
     "pid_complete.root",                           // input file  
      6.232,                                        // p [GeV/c]  
     " J/psi - >mu+ mu- ; pbarpSystem - >J/psi pi+ pi - " ,  // decay tree reco  
      0,                                            // #events (0=all)   
     " fit4c:fitvtx:mwin(J/psi)=0.8 "  )'              // some parameters  

Attaching file pid_complete_ana.root  as _file0...  
root [1] .ls  
TFile**         pid_complete_ana.root  
 TFile*         pid_complete_ana.root  
  KEY: TFolder  cbmout;1        Main Output Folder  
  KEY: TList    BranchList;1    Doubly linked list  
  KEY: FairFileHeader   FileHeader;1  
  KEY: TTree    ntp0;1  J/psi - >mu+ mu-  
  KEY: TTree    ntp1;1  pbarpSystem - >J/psi pi+ pi -  
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Quick Analysis 

Å Based on PndSimpleCombiner  & PndSimpleCombinerTask  

ïvery simple and compact analysis approach  

ï runs analysis in compiled FairTask (faster + more robust)  

Å Reco e.g. of mode p Ᾱ J/ΐ (Ᾱ ͽ+ͽ₁) Ά+Ά₁ can be done by  

GlueX PANDA Workshop 2019 21 

root - l - b - q ' quickana.C (  
     "pid_complete.root",                           // input file  
      6.232,                                        // p [GeV/c]  
     " J/psi - >mu+ mu- ; pbarpSystem - >J/psi pi+ pi - " ,  // decay tree reco  
      0,                                            // #events (0=all)   
     " fit4c:fitvtx:mwin(J/psi)=0.8 "  )'              // some parameters  

Attaching file pid_complete_ana.root  as _file0...  
root [1] .ls  
TFile**         pid_complete_ana.root  
 TFile*         pid_complete_ana.root  
  KEY: TFolder  cbmout;1        Main Output Folder  
  KEY: TList    BranchList;1    Doubly linked list  
  KEY: FairFileHeader   FileHeader;1  
  KEY: TTree    ntp0;1  J/psi - >mu+ mu-  
  KEY: TTree    ntp1;1  pbarpSystem - >J/psi pi+ pi -  
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Decay chain to be reco'd  

Reco options  



Quick Analysis 

Å Based on PndSimpleCombiner  & PndSimpleCombinerTask  

ïvery simple and compact analysis approach  

ï runs analysis in compiled FairTask (faster + more robust)  

Å Reco e.g. of mode p Ᾱ J/ΐ (Ᾱ ͽ+ͽ₁) Ά+Ά₁ can be done by  
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root - l - b - q ' quickana.C (  
     "pid_complete.root",                           // input file  
      6.232,                                        // p [GeV/c]  
     " J/psi - >mu+ mu- ; pbarpSystem - >J/psi pi+ pi - " ,  // decay tree reco  
      0,                                            // #events (0=all)   
     "fit4c:fitvtx:mwin(J/psi)=0.8"  )'              // some parameters  

Attaching file pid_complete_ana.root  as _file0...  
root [1] .ls  
TFile**         pid_complete_ana.root  
 TFile*         pid_complete_ana.root  
  KEY: TFolder  cbmout;1        Main Output Folder  
  KEY: TList    BranchList;1    Doubly linked list  
  KEY: FairFileHeader   FileHeader;1  
  KEY: TTree    ntp0;1  J/psi - >mu+ mu-  
  KEY: TTree    ntp1;1  pbarpSystem - >J/psi pi+ pi -  
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Quick Analysis Parameters 

https ://panda - wiki.gsi.de/foswiki/bin/view/Computing/PandaRootRhoTutorial#A_5._Quick_analysis  
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fitting  

mass cuts  

energy/momentum cut  

PID control  

output  control  



Quick Analysis Parameters 

https ://panda - wiki.gsi.de/foswiki/bin/view/Computing/PandaRootRhoTutorial#A_5._Quick_analysis  
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Our X(3872) scan analysis was  
completely  done with quickana.C  

... and is published now!  
[EPJ A 55 (2019) 42]  



Fast Simulation 



Fast Simulations 

Å Idea: Particle smearing instead Geant simulation  

ÅSimulate large number of events in short time  

ÅVery simple configuration  

ÅStudy of  

ïReaction kinematics  

ïDetector  configurations  

ÅOutput analysed with same analysis code  
as for full simulation  
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Concept 
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Detector 1 

Generator Particle P 

Detector 2 Detector n ... 

Response 1 for P Response n for P ... 

Reco Particle P' 

Modify/Reject/Add info to P 

according to total response 

Response 2 for P 

reject 

Secondaries for P' 

add 



Detector Modules 
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Target Spectrometer Forward Spectrometer 

TRK 

EMC 

PID 

STT 

STT + MVD 

STT + MVD + GEM 

MVD + GEM 

Fwd TS 

EMC Barrel EMC Fwd 

EMC Bwd 

EMC FS 

EMC Barrel 

EMC Fwd 

EMC Bwd 

STT PID 

MVD PID 

MUO PID 

DIRC PID 

DISC PID 

EMC FS PID 

RICH PID 

MUO FS PID 

MVD Vtx 



Acceptance Modelling 

Å Spatial  acceptance typically defined by polar ȅ range from IP  

Å Different trackers or EMCs should not overlap  
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IP 

Barrel DRC  

Central Tracking  
(STT + MVD)  

EMC BwdCap  

EMC FwdCap  

Fwd 
Tracker  

STT + GEM  

EMC Barrel  

Disc DRC  

Just for illustration  



Full PANDA Detector 
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// ** Tracking **  
fastSim - >AddDetector(" ScSttAlone ",  "thtMin=145.  thtMax=159.5 ptmin=0.1 pmin=0.0 pRes=0.04 thtRes=0.006 phiRes=0.007 efficiency=0.25 ");  
fastSim - >AddDetector(" ScSttMvd ",    "thtMin=20.9  thtMax=145.  ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85 ");  
fastSim - >AddDetector(" ScSttMvdGem", "thtMin=7.8   thtMax=20.9  ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85 ");  
fastSim - >AddDetector(" ScMvdGem",    "thtMin=5.    thtMax=7.8   ptmin=0.1 pmin=0.0 pRes=0.03 thtRes=0.001 phiRes=0.001 efficiency=0.60 ");  
fastSim - >AddDetector(" ScFts ",       "thtMin=0.    thtMax=5.    ptmin=0.0 pmin=0.5 pRes=0.05 thtRes=0.002 phiRes=0.002 efficiency=0.80 ");  
 

// ** Vertexing **  
fastSim - >AddDetector(" ScVtxMvd",   "thtMin=5. thtMax=145. ptmin=0.1 vtxRes=0.005 efficiency=1.");  
fastSim - >AddDetector(" ScVtxNoMvd", "thtMin=0. thtMax=5.   ptmin=0.0 vtxRes=0.05  efficiency=1.");  
 

// ** EM Calorimeters **  
fastSim - >AddDetector(" EmcFwCap", "thtMin=10.0  thtMax=22.0  Emin=0.01 dist=2.5 ");  
fastSim - >AddDetector(" EmcBwCap", "thtMin=142.0 thtMax=160.0 Emin=0.01 dist=0.7 ");  
fastSim - >AddDetector(" EmcBarrel ","thtMin=22.0  thtMax=142.0 Emin=0.01 barrelRadius=0.5 ");  
fastSim - >AddDetector(" EmcFS",    "thtMin=0.05  thtMax=10.0  aPar=0.013 bPar=0.0283 Emin=0.01 dist=8.2");  
 

// ** PID **   
fastSim - >AddDetector(" DrcBarrel ",  " thtMin=22.0   thtMax=140.0   dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
fastSim - >AddDetector(" DrcDisc ",    " thtMin=5.0    thtMax=22.0    dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
fastSim - >AddDetector(" Rich ",       " angleXMax=5.0 angleYMax=10.0 dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
 

// ** Trackers with dE/dx **  
fastSim - >AddDetector(" SttPid ","thtMin=7.8 thtMax=159.5 ptmin=0.1  dEdxRes=0.15    efficiency=1  
fastSim - >AddDetector(" MvdPid","thtMin=5.  thtMax=133.6 ptmin=0.1  dEdxResMulti=1. efficiency=1 .");  
 

// ** Muon counters  **  
fastSim - >AddDetector(" ScMdtPidBarrel ", "thtMin=10.0 thtMax=130.0 pmin=0.5 efficiency=0.95 misId=0.01 ");  
fastSim - >AddDetector(" ScMdtPidForward ","thtMin=0.0  thtMax=10.0  pmin=0.5 efficiency=0.95 misId=0.01");   
 

// ** EMCs for PID **   
fastSim - >AddDetector(" ScEmcPidFwCap",  "thtMin=10.0  thtMax=22.0   ptmin=0.0 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidBwCap",  "thtMin=142.0 thtMax=160.0  ptmin=0.0 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidBarrel ", "thtMin=22.0  thtMax=142.0  ptmin=0.2 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidFS",     "thtMin=0.5   thtMax=10.0   ptmin=0.0 pmin=0.5 efficiency=1.0");  



Full PANDA Detector 
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// ** Tracking **  
fastSim - >AddDetector(" ScSttAlone ",  "thtMin=145.  thtMax=159.5 ptmin=0.1 pmin=0.0 pRes=0.04 thtRes=0.006 phiRes=0.007 efficiency=0.25 ");  
fastSim - >AddDetector(" ScSttMvd ",    "thtMin=20.9  thtMax=145.  ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85 ");  
fastSim - >AddDetector(" ScSttMvdGem", "thtMin=7.8   thtMax=20.9  ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85 ");  
fastSim - >AddDetector(" ScMvdGem",    "thtMin=5.    thtMax=7.8   ptmin=0.1 pmin=0.0 pRes=0.03 thtRes=0.001 phiRes=0.001 efficiency=0.60 ");  
fastSim - >AddDetector(" ScFts ",       "thtMin=0.    thtMax=5.    ptmin=0.0 pmin=0.5 pRes=0.05 thtRes=0.002 phiRes=0.002 efficiency=0.80 ");  
 

// ** Vertexing **  
fastSim - >AddDetector(" ScVtxMvd",   "thtMin=5. thtMax=145. ptmin=0.1 vtxRes=0.005 efficiency=1.");  
fastSim - >AddDetector(" ScVtxNoMvd", "thtMin=0. thtMax=5.   ptmin=0.0 vtxRes=0.05  efficiency=1.");  
 

// ** EM Calorimeters **  
fastSim - >AddDetector(" EmcFwCap", "thtMin=10.0  thtMax=22.0  Emin=0.01 dist=2.5 ");  
fastSim - >AddDetector(" EmcBwCap", "thtMin=142.0 thtMax=160.0 Emin=0.01 dist=0.7 ");  
fastSim - >AddDetector(" EmcBarrel ","thtMin=22.0  thtMax=142.0 Emin=0.01 barrelRadius=0.5 ");  
fastSim - >AddDetector(" EmcFS",    "thtMin=0.05  thtMax=10.0  aPar=0.013 bPar=0.0283 Emin=0.01 dist=8.2");  
 

// ** PID **   
fastSim - >AddDetector(" DrcBarrel ",  " thtMin=22.0   thtMax=140.0   dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
fastSim - >AddDetector(" DrcDisc ",    " thtMin=5.0    thtMax=22.0    dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
fastSim - >AddDetector(" Rich ",       " angleXMax=5.0 angleYMax=10.0 dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");  
 

// ** Trackers with dE/dx **  
fastSim - >AddDetector(" SttPid ","thtMin=7.8 thtMax=159.5 ptmin=0.1 dEdxRes=0.15 efficiency=1  
fastSim - >AddDetector(" MvdPid","thtMin=5.  thtMax=133.6 ptmin=0.1  dEdxResMulti=1. efficiency=1 .");  
 

// ** Muon counters  **  
fastSim - >AddDetector(" ScMdtPidBarrel ", "thtMin=10.0 thtMax=130.0 pmin=0.5 efficiency=0.95 misId=0.01 ");  
fastSim - >AddDetector(" ScMdtPidForward ","thtMin=0.0  thtMax=10.0  pmin=0.5 efficiency=0.95 misId=0.01");   
 

// ** EMCs for PID **   
fastSim - >AddDetector(" ScEmcPidFwCap",  "thtMin=10.0  thtMax=22.0  ptmin=0.0 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidBwCap",  "thtMin=142.0 thtMax=160.0  ptmin=0.0 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidBarrel ", "thtMin=22.0  thtMax=142.0 ptmin=0.2 pmin=0.0 efficiency=1.0 ");  
fastSim - >AddDetector(" ScEmcPidFS",     "thtMin=0.5   thtMax=10.0  ptmin=0.0 pmin=0.5 efficiency=1.0");  



Detector Parameters/Response 

Å Detector parameters  

ïGlobal detection efficiency  ʁ

ïSpatial acceptance in ȅ (sometimes ű)  

ïKinematic acceptance ( pmin , p t,min , E min , ...)  

ïResolutions: dp/p, dE/E, dt/t, d ȅ, dű, vertex  

ïDetector specific parameters ( geometry, # layers, 
granularity ,...)  

Å Detector responses  

ïAccept/reject particle  

ïCurrent resolution dp/p, dE/E, dt/t, d ȅ, dű, vertex  

ïPID probabilities ( Pe, Pȉ, Pɸ, PK, Pp)  

ïRaw PID information ( EEMC, ȅC, dE/dx, L iron , ...)  

Å Total response  

ïcreated from individual responses + applied to particle  
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Performance: Tracking Resolutions 
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Performance: PID 
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Combining Fast Simulation 
with Quick Analysis 



Quick Fast Simulation & Analysis 

Å Same channel with Fast Sim Ÿ no simulation stage needed!  

 Events are generated on - the - fly  
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root - l - b - q ' quickfsimana.C (  
   " jpsi ",                                           // output prefix  
   " pp_Jpsi2pi_Jpsi_mumu.dec " ,                        // decay file  
    6.232,                                           // p [GeV/c]  
   " J/psi - > mu+ mu- ; pbarpSystem - > J/psi pi+ pi - ",  // decay tree reco  
    1000,                                            // # events generated  
   " fit4c:fitvtx:mwin=0.8 ")                          // parameters  

TFile**         jpsi_0_ana.root  
 TFile*         jpsi_0_ana.root  
  KEY: TFolder  cbmroot;1       Main Folder  
  KEY: TList    BranchList;1    Doubly linked list  
  KEY: FairFileHeader   FileHeader;1  
  KEY: TTree    ntp0;1  J/psi - > mu+ mu-  
  KEY: TTree    ntp1;1  pbarpSystem - > J/psi pi+ pi -  
  KEY: TTree    cbmsim;1        /cbmroot  
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root - l - b - q ' quickfsimana.C (  
   " jpsi ",                                           // output prefix  
   " pp_Jpsi2pi_Jpsi_mumu.dec " ,                        // decay file  
    6.232,                                           // p [GeV/c]  
   " J/psi - > mu+ mu- ; pbarpSystem - > J/psi pi+ pi - ",  // decay tree reco  
    1000,                                            // # events generated  
   " fit4c:fitvtx:mwin=0.8 ")                          // parameters  

TFile**         jpsi_0_ana.root  
 TFile*         jpsi_0_ana.root  
  KEY: TFolder  cbmroot;1       Main Folder  
  KEY: TList    BranchList;1    Doubly linked list  
  KEY: FairFileHeader   FileHeader;1  
  KEY: TTree    ntp0;1  J/psi - > mu+ mu-  
  KEY: TTree    ntp1;1  pbarpSystem - > J/psi pi+ pi -  
  KEY: TTree    cbmsim;1        /cbmroot  
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Decay chain to be reco'd  

Generator config  

Reco options  




