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A Performing analysis
i The Rho Analysis Framework Only briefly
I PandaRoot Tools eiEeleEs

A Previewing signal/background reconstruction
I Fast Simulations

A Studying generic signal/background distributions
I Event Generators - Stand -Alone Usage

A Reduce computing demand (background simulation)
I Event Filtering

A Special Feature:
I Speeding up GlueX interactive analysis
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Performing Analysis



The Rho Analysis Framework

A Core based onthe Rho Analysis Framework
I Inspired by the beta software/analysis framework of BaBar
I Written by M. Kunze at Univ. Bochum
I Fully ROOT based
I Optimized for speed

A PandaROOT Analysis Toolset
I Analysis via ROOT Macros
I Extends core by experiment specific features
i PID, MC Truth match
I Simple Analysis Tools
I QA Tools
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PANDA Analysis Toolsdteatures

To o To To To Do Do

To o I»

Data access (PndAnalysis)

Particle candidates (RhoCandidate, FairRecoCandidate)
PID (PndAnalysis, PndPidCombiner)

Combinatorics (RhoCandList)

Particle Selectors (Rho...Selector, PndAnaPidSelector)
MC truth (tree) matching (PndAnalysis::McTruthMatch)

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

I PndVtxPoca,PndKalmanVixFitter, PndKinVtxFitter,
PndDecayTreeFitter, PndKinFitter, Pnd4CFitter

N-tuples & QA Tools (RhoTuple, PndRhoTupleQA)
Quick Analysis (PndSimpleCombiner, PndSimpleCombinerTask)

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



Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAna();
+ fRun- >SetlnputFile(  "pbarp_jpsi_pipipiO.root ")

PndAnalysis *ana = new PndAnalysis();
i RhoCandList eplus, eminus, piplus, piminus, gamma, pi0, jpsi, pbarp;

' while ( ana- >GetEvent() )

{

i 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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Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAnay); oS
| fRun- >SetlnputFile(  "pbarp_jpsi_pipipi0.root" JECL TOr dala acCess

i PndAnalysis *ana = new PndAnalysis(); 7

RhoCandList eplus, eminus, piplus, piminus, gamma, pio, jpsi, pbarp;

' while ( ana- >GetEvent() )

{

i ana->FillList ( eplus, "ElectronTightPlus", "PidAlgoEmcBayes;PidAlgoDrc" );
ana- >FillList ( eminus, "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc" );
ana- >FillList  ( piplus , "PionLoosePlus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i
ana- >FillList  ( piminus , "PionLooseMinus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i

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. GoOtzen GlueX PANDA Workshop 2019 S IEES=IL



Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAnay); oS
| fRun- >SetlnputFile(  "pbarp_jpsi_pipipi0.root" JECL TOr dala acCess

i PndAnalysis *ana = new PndAnalysis(); 7

| RhoCandList eplus, eminus, piplus, pimiaus_camma nio_ind  Candidate Lists

=

 while ( ana- >GetEvent() )

' {

i ana->FillList ( eplus , "ElectronTightPlus", "PidAlgoEmcBayes;PidAlgoDrc" );
ana- >FillList ( eminus, "ElectronTightMinus", "PidAlgoEmcBayes;PidAlgoDrc" );
ana- >FillList  ( piplus , "PionLoosePlus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i
ana- >FillList  ( piminus , "PionLooseMinus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i

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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Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAna();
» fRun- >SetlnputFile(  "pbarp_jpsi_pipipiO.root"

Object for data access

i PndAnalysis *ana = new PndAnalysis(); 7

| RhoCandList eplus, eminus, piplus, piminus_gamma nio_incil  Candidate Lists

" while ana- >GetEvent .
¥ ( 0 ) PID Selection &
. ana->FillList ( eplus, "ElectronTightPlus", "PidAl Algorithms
ana- >FillList ( eminus, "ElectronTightMi - goEmcBayes; ),
ana- >FillList  ( piplus , "PionLoosePlus ", "  PidAlgoStt;Pi oDrc;PidAlgoMvd ")
ana- >FillList  ( piminus , "PionLooseMinus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i
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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Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAnay); oS
| fRun- >SetlnputFile(  "pbarp_jpsi_pipipi0.root" JECL TOr dala acCess

i PndAnalysis *ana = new PndAnalysis(); 7

| RhoCandList eplus, eminus, piplus, piminus_gamma nio_incil  Candidate Lists

" while ana- >GetEvent .

' ( U PID Selection &

. ana->FillList ( eplus, "ElectronTightPlus", "PidAl Algorithms
ana- >FillList ( eminus, "ElectronTightMi - goEmcBayes; ),
ana- >FillList  ( piplus , "PionLoosePlus", "PidAlgoStt;PidAlgoB+c;PidAlgoMvd" )i
ana->FillList  ( piminus , "PionLooseMinus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i

ana- >FillList ( gamma  “"Neutral" ); Combinatorics

pi0 - >Combine(gamma gammp //’
jpsi - >Combing(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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Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAnay); oS
| fRun- >SetlnputFile(  "pbarp_jpsi_pipipi0.root" JECL TOr dala acCess

i PndAnalysis *ana = new PndAnalysis(); 7

| RhoCandList eplus, eminus, piplus, piminus_gamma nio_incil  Candidate Lists

" while ana- >GetEvent .

' ( U PID Selection &

. ana->FillList ( eplus, "ElectronTightPlus", "PidAl Algorithms
ana- >FillList ( eminus, "ElectronTightMi - goEmcBayes; ),
ana- >FillList  ( piplus , "PionLoosePlus", "PidAlgoStt;PidAlgoB+c;PidAlgoMvd" )i
ana->FillList  ( piminus , "PionLooseMinus", "PidAlgoStt;PidAlgoDrc;PidAlgoMvd" )i

ana- >FillList ( gamma  “"Neutral" ); Combinatorics

pi0 - >Combine(gamma gammp //’
jpsi - >Combine(eplus , eminus, "J/psi");

pbarp - >Combine(jpsi , piplus , piminus , pi0, "pbarpSystem");

if ( ana->McTruthMatch ( pbarp[0] )) MC truth match

{ N

RhoCandidate *truth = pbarp[0].GetMcTruth() ;
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Basic Analysis via ROOT Macro

FairRunAna *fRun = new FairRunAnay); oS
| fRun- >SetlnputFile(  "pbarp_jpsi_pipipi0.root" JECL TOr dala acCess

i PndAnalysis *ana = new PndAnalysis(); 7

| RhoCandList eplus, eminus, piplus, piminus_gamma nio_incil  Candidate Lists

' while ( ana- >GetEvent() )

PID Selection &

' { .
. ana->FillList ( eplus, "ElectronTightPlus", "PidAl Algorithms
ana- >FillList ( eminus, "ElectronTightMi : )
ana- >FillList  ( piplus "Dij IdAlgoMvd" );
ana- >FillLi oDrc;PidAlgoMvd" );
ana- >FillLi More Details in | |
11des Combinatorics
pi0 - >Com BACKUP 8
jpsi ->Co o ———
pbarp - >Compine(jpsi , piplus , piminus , pi0, "pbarpSystem");
if ( ana- >McTruthMatch( pbarp[0] )) MC truth match
{ T
RhoCandidate *truth = pbarp[0].GetMcTruth() ;
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Output and QA



TTrees with RhoTuple

A Creating TTree output without overhead

__________________________________________________________________________________________________________________________

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, - 999.07);
ntp - >Column("cand", (Float_t) j, - 999.07);
/[ *** 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(); k

Just create new
/I ... end of macro ... branches on the fly!
TFile *f=new TFile("ntp.root","RECREATE");
ntp - >GetinternalTree() - >Write();

f - >Close();

}
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PndRhoTupleQAT Tree made simple

A Provides QA functions for persisting values in TTree

/[ *** QA for candidates
i void gaCandTString pre, RhoCandidate *cc, RhoTuple *n, bool skip=false);

 void qaP4(TString pre, TLorentzVector ¢, RhoTuple *n, bool skip=false);

i void gaP4CmégTString pre, TLorentzVector ¢, RhoTuple *n, bool skip=false);

 void gaP4Co\(TString pre, RhoCandidate *c, RhoTuple *n, bool skin=false ):

\ [ *** QA for composites .
void gaComiTStrina nre. RhoCandidate *c, RhoTuple *n); very handy fur_]Ctl_On

' void gaKsO(TString pre, RhoCandidate =c;, Krurupre—,, to store composite info!
void ¢gaPiO (TString pre, RhoCandidate *c, RhoTuple *n - 7,

A Usage

PndRhoTupleQAga(ana, pbarmom );
i RhoTuple *ntp =new RhoTuple("ntp","J/psi analysis ")

/[ ...in eventloop ...

. for (j=0:j<jpsi.GetLength();++j) {

ga.qgaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth
ntp - >DumpDatd); /[ *** and fill ntuple
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PndRhoTupleQAT Tree made simple

A Provides QA functions for persisting values in TTree

/[ ** QA for candidates

 void - daq Thjg creates branches:

i VO!d an ﬁ wpdg ﬁ #d0pz ﬁ #dQpzcm ﬁ wdlpy ﬁ =1 pyem ﬁ APOCYHE ﬁ tr=pz

i VO!d an ﬁ Hp ﬁ HEEE ﬁ #cd0e ﬁ wdlecrm ﬁ wdlpz ﬁ =d1pzen ﬁ Apocyy ﬁ tr=e

i VOId an ﬁ Hpy h YT & #od0p ﬁ odOpem ﬁ widle & #odlecm & HpoCYz ﬁ trxp :

i I *** QA fl ﬁ wpz ﬁ HRPZCm ﬁ welOthit ﬁ wod0thtenn ﬁ »dlp ﬁ =1 permn ﬁ HpOCTEg ﬁ tratht

i VOid qa( ﬁ we h HECM h #d0phi ﬁ #d0phicn ﬁ wid1tht h =d1thtcm ﬁ Apocga ﬁ tr=phi

i void qak E 5 spem 3 scl0pt Texdomet g osdiphi $sdiphiom  § spocdist g trept

i void an ﬁ wthit h =thtcm h =el0m ﬁ #oi0pide ﬁ wolpt h sl mct ﬁ wpocctau ﬁ trm

i . & wphi h wphicm & #dd0chyg ﬁ #odOpidnu h wdlm & #od 1 pide & HWE 1

it ﬁxpt ﬁrx;n‘u:t ﬁxdﬂx ﬁxdﬂpidpi ﬁxdwhg ﬁxdmidmu ﬁxw IRBREEETEEEEEEEEEEES
A Usa ET b =i £ I wdOpick Ry xdlix I sdipidpi ooz

ﬁ #echg ﬁ #oang ﬁ #dlz ﬁ #cdQpidp ﬁ =dly ﬁ #d1 pidk ﬁ #len

:' """""" ﬁxrx; hxdecang hxdﬂl ﬁxdﬂpidmax ﬁxdlz hxdmidp ﬁxctau T

i Pnd R hOT ﬁ Y ﬁ wrdecang & #d0pdg ﬁ wid0pidbest ﬁ w1l & w1 pidrax ﬁ wetaud |

E RhoTu ple ﬁ wZ ﬁ wielCpw ﬁ Acl0peem ﬁ wodOtrpcdy ﬁ willpody ﬁ w1 picdkbest ﬁ traps

| ﬁ #l h wod0py h #d0pyen ﬁ w1 ps ﬁ w1 p=em & =d1trpdyg ﬁ trepy

N
. for (j=0:j<jpsi.Ge {
ga.qgaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth
ntp - >DumpDatd); /[ *** and fill ntuple
}
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PndRhoTupleQAT Tree made simple

A Provides QA functions for persisting values in TTree

' /I *** QA for candidates

. void gaq This creates branches: infos about daugther 0
i VO!d an ﬁ wpdg ﬁ #d0pz ﬁ #dQpzcm ﬁ wdlpy ﬁ =1 pyem ﬁ APOCYHE ﬁ tr=pz
i VO!d an ﬁ Hp ﬁ HEEE ﬁ #cd0e ﬁ wdlecrm ﬁ wdlpz ﬁ =d1pzen ﬁ Apocyy ﬁ tr=e
i VOId an ﬁ Hpy h YT & #od0p ﬁ odOpem ﬁ widle & #odlecm & HpoCYz ﬁ trxp
i I *** QA fl ﬁ wpz ﬁ HRPZCm ﬁ welOthit ﬁ wod0thtenn ﬁ »dlp ﬁ =1 permn ﬁ HpOCTEg ﬁ tratht
i VOid qa( ﬁ we h HECM h #d0phi ﬁ #d0phicn ﬁ wid1tht h =d1thtcm ﬁ Apocga ﬁ tr=phi
i void qak E 5 spem 3 scl0pt Tewdomet | §h wdiphi $sdiphiom  § spocdist g trept
i void an ﬁ wthit h =thtcm h =el0m ﬁ #oi0pide ﬁ wolpt h sl mct ﬁ wpocctau ﬁ trm
I & wphi h wphicm & #dd0chyg ﬁ #odOpidnu h wdlm & #od 1 pide & HWE
“““““““ ﬁ #pt ﬁ wrnct ﬁ s NS ﬁ wodQpichpi ﬁ widlehy ﬁ #el1 piddrnu ﬁ Yy
A U Sa ﬁ Hm h wmdif h #od0y ﬁ #odOpiclk ﬁ sl & #od 1 pidgi ﬁ HWE
ﬁ #echg ﬁ #oang ﬁ #dlz ﬁ #cdQpidp ﬁ =dly ﬁ #d1 pidk ﬁ #len
:' """""" ﬁ s h melecano h w0l ﬁ welDpicirac ﬁ wollz h w1 picla ﬁ wetau
i Pnd R hOT ﬁ Y ﬁ wrdecang & #d0pdg ﬁ wd0pidbes ﬁ w1l & w1 pidrax ﬁ wetaud
E RhoTu ple ﬁ wZ ﬁ wielCpw ﬁ Acl0peem ﬁ wodOtrpcdy ﬁ willpody ﬁ w1 picdkbest ﬁ traps
E T // ] ﬁ #l wod0py % #d0pyen ﬁ w1 ps ﬁ w1 p=em & =d1trpdyg ﬁ trepy
! v |
. for (j=0:j<jpsi.Ge {
ga.qgaComp("x", jpsi[j], ntp ); // composite info incl. daugthers, MC truth
ntp - >DumpDatd); /[ *** and fill ntuple
}
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Quick Analysis Tools



Quick Analysis

A Based on PndSimpleCombiner & PndSimpleCombinerTask
I very simple and compact analysis approach
I runs analysis in compiled FairTask (faster + more robust)

A Recoe.g.ofmode pp Ai (A/a*a:) A*A can be done by

_____________________________________________________________________________________________________________________________

root -l -b -qg 'quickana.C (

"pid_complete.root", I/ input file
6.232, Il p [GeVIc]

"J/psi ->mu+ md; pbarpSystem - >J/psi pi+ pi -", [l decay tree reco
0, Il #events (O=all)

" fitdc:fitvtx:mwin(J/psi)=0.8 ) /[ some parameters

_____________________________________________________________________________________________________________________________

i Attaching file  pid_complete_ana.root as _fileO...

'\ root [1] .Is
i TFile** pid_complete_ana.root
i 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 ntpl;1 pbarpSystem ->J/psi pi+  pi-

____________________________________________________________________________________________________________________________
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Quick Analysis

A Based on PndSimpleCombiner & PndSimpleCombinerTask
I very simple and compact analysis approach
I runs analysis in compiled FairTask (faster + more robust)

A Recoe.g.ofmode pp Ai (A/a*a:) A*A can be done by

______________________________________________________________

‘oot -1 -b -q ' quickana.C ( Decay chain to be reco'd

"pid_complete.root”,
6.232,

"J/psi ->mu+ md; pbarpSystem - >J/psi pi+ pi -
0

Il input file

Il p [GeVIc]

/[ decay tree reco
Il #events (O=all)

" fit4c:fitvtx:mwin(J/psi)=0.8 Y -

Reco options

-

_____________________________________________________________________________________________________________________________

+ Attaching file  pid_complete_ana.root as _fileO...

'\ root [1] .Is
i TFile** pid_complete_ana.root
i 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 ntpl;1 pbarpSystem ->J/psi pi+  pi-

____________________________________________________________________________________________________________________________
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Quick Analvsis

Ihev i wpey iy =e0pdy By woeOpzem B mDcipyern saltpz 3y w2y hy mpocvx B fdexpt T Pemavy
& cand & xpEcm & =cd0pcm h xd0d0ecm & =d0d1 pzem & xidle & xd2pz & EpOCYY h f4cx=m & fuwmnvz
& ncand & Hpyom & welOpyem & welOcOpcm & wel0d1ecrn & wdlp & wil2e & RPOCYE & facxdpsx & fwxzlen
i & Thriss & APZC & #e0pzom & #d0c0thtom & a0 pom & wiltht & wd2p & ApOCTaY & fdoxd0py & Twmnctay
% run % HECTI % #el0ecmn % #olOci0phicm & #cl0cd1 thicm % #ollphi % wd2tht % Hpocya % fdcxdlpz & Twrsctaud
it 3 wpem Ey =ei0pem By owo0eOmet B x0cphicrn g 1 pt 3 wdiz2phi iy mpocdist B fowciDe 3 Pemp
& mode % xthtem & =d0thtem % xd0cd0pice & =d0c1 met & x=dim % xd2pt & =pocctay % fdcx=dlp & fwmspy
& beampx & #phicrm & =dd0phicm & wd Ocd0pidmu & =01 picle & =d1chg & xd2m & EVH & Tacxzdltht & fwrxpz
& beampy & wmect & wmd0mct & wd Ocd0pidpi & w0d1 picrmu & wdlx & wd2chy & By & T4cEd0phi & Twwne
3 beampz T wmdif iy <cOmolif By co0eOpick B x0cpichi gy selty e Tywvz B fdoxdipt B femsp
3 beame w0 Fyroooang  Redloopich  FexoOdipiok Rz Ty w2y iy =len B fdoxdm B fesntht
& beamp & ®ml2 & xdd0decang & o Ocl0pidmaz: & xcd0c1 picip & el & ®d2z & xetau & Tacxdlpx & fuwrxphi

File Edit Run OQptions Help
A Based Command | | Optian | | Histagram |htermp [" Hist [~ Scan W Rec
| [0 || Current Falder Current Tree : ntp1
e L[| SatesList X2 -empty- 3 beamm iy iz 3y w00z 01 py hodOpocvs Ry xdipzem iy xeiZpyem e trepz i fexdip
I Ve r - bl ntpl ¥ -empty- & AP & wel0p h #cl0c0e & *d0d1 pz & we0pocyy & s lecm & wil2pzem h tre & facxd1tht
B Z i -empty- & Y & wel0py & wd0d0p & wd0dle & wlpocyz & wd1pem & wol2ecm & trp & Taexd 1 phi
.- F < -empty- oz $hy =odpz Bywdddtht R xcdddip Trrdipoomag Fexdithtem o wd2pem I trastht i Mondipt
I r u n : B scanbox fxe iy =ol0e BowoeOphi  Rexd0ditht  FescDpocon  Fywdiphiom  Rexc2thtem g tesphi i fexdim
C <3 -empty- o iy xdp Iy xd0e0pt 3 xd0dl phi b ocOpocdist  E xdimet Fyxdzphiom By trapt 3 Toxd2px
C E¢ 3 -empty- I wtht i wal0tht E xd0d0m Frxaodipt FhxdOpocotay  E xdipide Ry xcizmet &y trxm i foxd2py
A R e C O E _ E< > -empty- 3 wphi iy 5oi0phi FywoeOchy e =d0dim 3y wci0vx Fyowctpigmu By xoi2pice By chizdc 3 foxdzpz
C E¢»-empty- $ont e welOpt I wel0d0= Fuwdodichy oy wellvy 3 ol picoi Fymozpicmu By fompn 3 foxdze
- E¢ 3 -empty- Txm iy =d0m By w00y e w0dl 3 wellivz 3y w1 pick iy woi2picpi By fdospy i foxdZp
T TTT T i E¢ 3 -empty- 3 wchg §y =d0chgy Iy wd00z a0y 3 wcilen 3 1 picp iy eliz2picke I tdoxpz i foxd2iht
root - I E B -empty- R By el 4 0ol Saocodiz ReodOcta  eadipiomax Resczpicp ko B fcxdzphi
g i s|E -empty- o iy w0y Fhowo0dOpdy e xcodil i seiOctaued Fonotpickest By woZpiomax 3y fomp i fcxcizpt
p | d - | ¢ -empty- oz w0z Byowdotpxem  wxdOdipdy  Fsdipx Trwditrpdy BhewoZpickhest 3y fontht i foxdzm
E E¢ 3 -empty- % #l % #elll % Acd0cOpycm & #el0cd precrn % wdlpy % Adl2pe % #el2trpoy % fdcxphi & Twmnvs

Attachin g § beamtht i wmoz fercOctecong iy xoiDeipickest § #c0d1 picma 3 #cl1 pg R iz oy rctaud Ferdondipy R fempt
ro Ot [1] |S & beamphi & woalll & #A0d0ps & wd0d0trpdg & wd0d1 pichest & w1 prom & wdZpdy & traps & f4cwdi pz & bt
" - & bearnpt & Adal12 & A0y & A0 s & o0 trpdy & #dlpyom & Ad2psem & tripy & fdcxdie & chidwy
ila** 5
TFIle 13| seioer| gpl & | 0%
TFile*
ILiStI OList I | First entry : 0 Last entry @ 345 Hl4]|®]|k]|H - RESETl

| KEY: TFo
i KEY: TList BranchList;
i KEY: FairFileHeader Fj
i KEY: TTree ntp0;1 - >mu+ mu

i KEY: TTree ntpl;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

Parameter Meaning

fitdc[<x] Triggers 4-constraint-fitting of the last resonance in the decay list, applying an optional cut <x on the chi2. } .
fitwvex[<x] Triggers vertex fit for all resonances with at least two tracks, applying an opfional cut <x on the chi2. flttl n g
mwin = x Applies mass window {Mrec - Mppg) < X2 GeV/c® (window width =) for all resonances. Is overrided by Tollowing particle specific definitions.

main(R) = x  Applies mass window (Mrec - Mepa) < /2 GEV/C? for resonance type R, €.g. mwin (pi0) = 0.05. Overrides any previous settings, e.g. by mp:= JNNASS CULS

mwin (R} = Applies mass window X < Mg < ¥ GeV/C® for resonance R. Overrides any previous setting, e.g. by mwin.

xly

emin = x Minimum energy cut E=x GeV for photon candidates.

pmin = x Minimum momentum cut p=x GeV/c for tracks. energy/momentum CUt

pid = x Commeon PID criterion for all particle species. X € [11, VeryLoose, Loose, Tight, VeryTight, Best]. Defaultis z1l. B

pidY = x PID criterion for species Y. X & [211, VeryLoose, Loose, Tight, VeryTight, Best],Y & [e, mu, pi, k, pl. EXamples: pigma = VeryTight, pidk = Loose.

algo = x Commeon PID algorithm configuration ¥, .9 algo = PidRlgoEmcBayes; PidRlgoDrc. Default for all species is - P | D CO ntrol
PidalgoEmcBayes; PidAlgoDrc; PidalgoDisc; PidAlgoStt; PidAlgoMdtHardCuts; PidAlgoSciT; PidalgoRich

algoY = x PID algorithm setting for species Y, Y € [e, mu, pi, k, pl. EXample: algoe = PidRlgoEmcBayes: algok = PidRlgoDre;PidilgoDisc;PidalgoStt.

ebrem Use the electron lists with bremsstrahlung correction (ElectronBrem).

gamc Stores the MC truth list in the n-tuplé nme.

gaevtshape Stores event shape variables in each n-tuple.

gapart Runs the task PndParticle@QATask, useful for single particle studies. Creates n-tuples ntp (charged), ntpn (neutrals), nme (MC truth list)

'ntpx Prevents storing the n-tuple from the x-th decay definition.

'mc Prevents PndParticleQATask to store the MC information in n-tuple nme.

!neut Prevents PndParticleQATask to store the single neutral information in n-tuple ntpn. OUtpUt ContrOI

'chrg Prevents PndParticleQATask to store the charged track information in n-tuple ntp.
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Quick Analysis Parameters

https ://panda - wiki.gsi.de/foswiki/bin/view/Computing/PandaRootRhoTutorial#A_5. Quick_analysis
Parameter Meaning
fitde[<x] Triggers 4-constraint-fitting of the last resonance in the decay list, applying an optional cut <x on the chi2.
fitvex[<x] Triggers vertex fit for all resonances with at least two tracks, applying an opfional cut <x on the chi2.

mwin = x Applies mass window (Mrec - Mppg) < X2 GeV/c: (window width x) for all resonances. Is overrided by following particle specific definitions.

mwin(R) =

|
B

Applies mass window (Mree - Mpepg) < X2 GeV/ic® for resonance type R, e 9. mwin (pi0) = 0.05. Overrides any previous settings, e .g. by mwin.

mwin(R) = Applies mass window X < M. < ¥ GeV/c? for resonance R. Overrides any previous setting, e.9. by mwin.
xly
emin = X Minimum enerov_cut Exy e\ for nhnton candidatec
e =x wmmmmon - r X(3872) scan analysis was
pid = x Common PID . .
pidy = x PID criterion f| Complet6|y dOne Wlth qUICkana.C m: = VeryTight, pidk = Loose.
algo = x Common PID d - bl - h d
e ... anda Is published now!
algo¥ = x PID algorithm [E PJ A 55 (2019) 42] lgoDisc; PidalgoStt.
ebrem Use the electron ists With Bremsstraniing correction (Electronbrem).
gamc Stores the MC truth list in the n-tuple nmc.

gaevtshape  Stores event shape variables in each n-tuple.

gapart Runs the task PndParticle@QATask, useful for single particle studies. Creates n-tuples ntp (charged), ntpn (neutrals), nme (MC truth list)
'ntpx Prevents storing the n-tuple from the x-th decay definition.

'mc Prevents PndParticleQATask to store the MC information in n-tuple nme.

Ineut Prevents PndParticleQATask to store the single neutral information in n-tuple ntpn.

'chrg Prevents PndParticleQATask to store the charged track information in n-tuple ntp.
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Fast Simulation



FastSimulations

A Idea: Particle smearing instead Geant simulation

A Simulate large number of events In short time
A Very simple configuration

A Study of

I Reaction kinematics
I Detector configurations

A Output analysed with same analysis code
as for full simulation
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Generator Particle P

Detector 1 Detector 2 J Detector n
Response 1 for Pl lResponse 2 for P lResponse n for P

Modify/Reject/Add info to P

according to total response

l ladd
Reco Particle P! Secondaries for P!
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Detector Modules

Target Spectrometer Forward Spectrometer

STT STT + MVD + GE

MVD + GEM@ MVD Vix

EMC Fwd

Fwd TS

TRK

EMC Barrel

EMC

EMC Bwd

EMC Barrel EMC ES PIL

STT PID DIRC PID
MVD PID DISC PID

MUO PID

PID EMC Fwd RICH PID

EMC Bwd MUO FS PI[
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Acceptance Modelling

A Spatial acceptance typically defined by polar & range from IP
A Different trackers or EMCs should not overlap

Barrel DRC
Kentral Tracm Disc DRC

(STT + MVD)

Fwd

EMC BwdCap T
"""""""""""" Tracker

K. Go6tzen GlueX PANDA Workshop 2019 29 IS
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Full PANDA Detector

/[ ** Tracking **

fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("

Il ** Vertexing **
fastSim ->AddDetector("
fastSim - >AddDetector("

/[**EM  Calorimeters
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("

/[ ** PID **

fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("

// *%
fastSim - >AddDetector("
fastSim - >AddDetector("

/[ ** Muon counters
fastSim - >AddDetector("
fastSim - >AddDetector("

/I ** EMCs for PID **

fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("

K. Gotzen

ScSttAlone ", "thtMin=145. thtMax=159.5 ptmin=0.1 pmin=0.0 pRes=0.04 thtRes=0.006 phiRes=0.007 efficiency=0.25
ScSttMvd”,  "thtMin=20.9 thtMax=145. ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85
ScSttMvdGend, "thtMin=7.8 thtMax=20.9 ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85

ScMvdGefn "thtMin=5. thtMax=7.8 ptmin=0.1 pmin=0.0 pRes=0.03 thtRes=0.001 phiRes=0.001 efficiency=0.60
ScFts ", "thtMin=0. thtMax=5. ptmin=0.0 pmin=0.5 pRes=0.05 thtRes=0.002 phiRes=0.002 efficiency=0.80
ScVixMvd', "thtMin=5. thtMax=145. ptmin=0.1 vtxRes=0.005 efficiency=1.");

ScVixNoMvd, "thtMin=0. thtMax=5. ptmin=0.0 vtxRes=0.05 efficiency=1.");

**

EmcFwCadp "thtMin=10.0 thtMax=22.0 Emin=0.01 dist=2.5 ");
EmcBwCdp"thtMin=142.0 thtMax=160.0 Emin=0.01 dist=0.7 ");
EmcBarrel ","thtMin=22.0 thtMax=142.0 Emin=0.01 barrelRadius=0.5 ");

EmcFS, "thtMin=0.05 thtMax=10.0 aPar=0.013 bPar=0.0283 Emin=0.01 dist=8.2");

DrcBarrel ", " thtMin=22.0 thtMax=140.0 dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");
DrcDisc ", "  thtMin=5.0 thtMax=22.0 dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");
Rich ", " angleXMax=5.0 angleYMax=10.0 dthtc=0.01 nPhotMin=5 effNPhotons=0.075 ");

Trackers with dE/dx **

SttPid ","thtMin=7.8 thtMax=159.5 ptmin=0.1  dEdxRes=0.15 efficiency=1
MvdPid","thtMin=5. thtMax=133.6 ptmin=0.1 dEdxResMulti=1. efficiency=1 M,

*%

ScMdtPidBarrel ", "thtMin=10.0 thtMax=130.0 pmin=0.5 efficiency=0.95 misld=0.01 ");
ScMdtPidForward ","thtMin=0.0 thtMax=10.0 pmin=0.5 efficiency=0.95 misld=0.01");

ScEmcPidFwCa}y "thtMin=10.0 thtMax=22.0 ptmin=0.0 pmin=0.0 efficiency=1.0 ");
ScEmcPidBwCaj "thtMin=142.0 thtMax=160.0 ptmin=0.0 pmin=0.0 efficiency=1.0 ");
ScEmcPidBarrel ", "thtMin=22.0 thtMax=142.0 ptmin=0.2 pmin=0.0 efficiency=1.0 ");
ScEmcPidFS, "thtMin=0.5 thtMax=10.0 ptmin=0.0 pmin=0.5 efficiency=1.0");
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Full PANDA Detector

/[ ** Tracking **

fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
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
ScSttMvd”,  "thtMin=20.9 thtMax=145. ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85
ScSttMvdGend, "thtMin=7.8 thtMax=20.9 ptmin=0.1 pmin=0.0 pRes=0.02 thtRes=0.001 phiRes=0.001 efficiency=0.85
ScMvdGefn  "thtMin=5. thtMax=7.8 ptmin=0.1 pmin=0.0 pRes=0.03 thtRes=0.001 phiRes=0.001 efficiency=0.60
ScFts ", "thtMin=0. thtMax=5. ptmin=0.0 pmin=0.5 pRes=0.05 thtRes=0.002 phiRes=0.002 efficiency=0.80

Il ** Vertexing **
fastSim ->AddDetector("
fastSim - >AddDetector("

ScVixMvd', "thtMin=5. thtMax=145. ptmin=0.1 vtxRes=0.005 efficiency=1.");
ScVixNoMvd, "thtMin=0. thtMax=5. ptmin=0.0 vtxRes=0.05 efficiency=1.");

/[**EM  Calorimeters  **

fastSim - >AddDetector(" EmcFwCdp "thtMin=10.0 thtMax=22.0 Emin=0.01 dist=2.5 ");
fastSim - >AddDetector(" EmcBwCdp"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("

/[ ** PID **

fastSim ->AddDete
fastSim ->AddDete
fastSim ->AddDete

/I ** Trackers

EmcFS, thtMm 0.05 thtMax=10.

d setup GlueX

1y coul
Probably ort time :-)

petector in sh

fastSim ->AddDetec

fastSim - >AddDetector("

/I ** Muon counters

fastSim - >AddDetector("
fastSim - >AddDetector("

/I ** EMCs for PID **

fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("
fastSim - >AddDetector("

K. Gotzen

=75 MV[ax=159.5 ptmin=0.1 dEdxRes=0.15 efficiency=1
MvdPid", thtMln 5. thtMax=133.6 ptmin=0.1 dEdxResMulti=1. efficiency=1 M,

*%

ScMdtPidBarrel ", "thtMin=10.0 thtMax=130.0 pmin=0.5 efficiency=0.95 misld=0.01 ");
ScMdtPidForward ","thtMin=0.0 thtMax=10.0 pmin=0.5 efficiency=0.95 misld=0.01");

ScEmcPidFwCa}y "thtMin=10.0 thtMax=22.0 ptmin=0.0 pmin=0.0 efficiency=1.0 ");
ScEmcPidBwCaj "thtMin=142.0 thtMax=160.0 ptmin=0.0 pmin=0.0 efficiency=1.0 ");
ScEmcPidBarrel ", "thtMin=22.0 thtMax=142.0 ptmin=0.2 pmin=0.0 efficiency=1.0 ");
ScEmcPidFS, "thtMin=0.5 thtMax=10.0 ptmin=0.0 pmin=0.5 efficiency=1.0");
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Detector Parameters/Response

A Detector parameters

Global detection efficiency ®

Spatial acceptancein € (sometimes ()
Kinematic acceptance ( Ppins Ptmin » Eminy ++-)
Resolutions: dp/p, dE/E, dt/t,d €, d U, vertex

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

A Detector responses

Accept/reject particle
Current resolution  dp/p, dE/E, dt/t,d e, d U, vertex
PID probabilities (P, Py, Py, Py, Py)

Raw PID information (  Egye, €, dE/AX, L oy ---)

A Total response

K. Gotzen

created from individual responses + applied to particle
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PerformanceTracking Resolutions

dp/p (9 dp/p (none*) d d.

FAST:dp/p e FAST: dp/p non-e FAST: do FAST: do
| S 1 o 1 =
< < < <
F 0.8 o= 2-3"&6 0.8 o= 2.1‘;6 0.8 o= 1-0 mrad 0.8 o= 1-0 mrad
2 0.6 0.6 0.6 0.6
LL o4 0.4 0.4] 0.4]
0.2 0.2 0.2 0.2
G T T T T T G T 1 T T T G T T 1 G T T 1
04 02 0 02 04 02 01 0 0.1 0.2 -0.01 0 0.01 -0.01 0 0.01
dp/p dp/p de [rad] do [rad]
FULL:dp/p e FULL: dp/p non-e FULL: d8 FULL: do
o q o 1 o 1 =21
- < < < <
- 0.8 6=29% 0.8 6=25% 0.8] W o =0.6 mrad 0.8] o =1.0 mrad
LL 0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 0.2 0.2 J i 0.2
G T T T T T G T T T T T G T T T G T T T
04 02 0 02 04 02 01 0 0.1 0.2 -0.01 0 0.01 -0.01 0 0.01
dp/p dp/p de [rad] do [rad]
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PerformancePID

STT EMC MDT
FAST: STT dE/dx FAST:EMCE_, FAST.MUOL, FAST: MVD dE/dx
100!
o]
2
S 801
60+
40
_ 20
0.3 : ;.\ T T T T T 1 . - — T T T 1
0 1 2 3 4 0 05 1 15 2 4 B 0 2 4 6 0 05 1 1.5 2
p [GeVic] p [GeVic] p [GeVic] p [GeVic] p [GeVic]
FULLDIRC o, FULL: STT dE/dx FULL: EMCE_, FULL: MUOL, . FULL: MVD dE/dx
1. £ x 20
w’ _i100 318
Q (o] ke
E =) olé
= 801 % 14
12
60+ 10
40 8
6
201 4
B o S 2
0.3 —t T T — — - T T T : - T 1
0 1 2 3 4 0 0.5 1 15 2 0 0 ) 1.5 2
p [GeV/c] p [GeV/c] p [GeVic] p [GeVic] p [GeV/c]
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Combining Fast Simulation
with Quick Analysis



QuickFastSimulation & Analysis

A Same channel with Fast Sim Y no simulation stage needed!

Events are generated on  -the -fly

i root -1 -b -q 'quickfsimana.C (
. "jpsi ",
" pp_Jpsi2pi_Jpsi_mumu.dec ",
6.232,
"JIpsi - > mu+ mu-; pbarpSystem -> J/psi pi+ pi -
1000,
" fitdc:fitvtx:mwin=0.8 "

____________________________________________________________________________________

____________________________________________________________________________________

| 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 ntpl;1 pbarpSystem - > J/psi pi+ pi -
KEY: TTree cbmsim;l /cbmroot

____________________________________________________________________________________

K. GoOtzen GlueX PANDA Workshop 2019

Il output prefix

Il decay file

Il p [GeVIc]

/[ decay tree reco

/[ # events generated
/[ parameters



QuickFastSimulation & Analysis

A Same channel with Fast Sim Y no simulation stage needed!
Events are generated on  -the -fly

‘root -1 -b -q ' quickfsimana.C ( Generator config
"JpSI "’ 7 - i ’ _‘. “
"pp_Jpsi2pi_Jpsi_mumu.dec "< Decay chain to be reco'd
6.232, __—eroevre]
“Jlpsi  ->mu+ mu; pbarpSystem -> J/psi pit+ pi -", [/l decay tree reco
1000, /[ # events generated
L "fitdc:fitvox:mwin=0.8 9 - . :
. Reco options

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

| 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 ntpl;1 pbarpSystem - > J/psi pi+ pi -
KEY: TTree cbmsim;l /cbmroot

_______________________________________________________________________________________________________________________________
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