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Data : ALEPH

• tree 


• 'year', 'EventNo', 'RunNo', 'Energy', 'process',


•  'nParticle',


•  'px[nParticle]', 'py[nParticle]', 'pz[nParticle]', 'pt[nParticle]',


•  'pmag[nParticle]', 'mass[nParticle]', 'eta[nParticle]', 'theta[nParticle]',


•  'phi[nParticle]', 'charge[nParticle]', 'pwflag[nParticle]',


•  'pid[nParticle]'


• pwflag description : CHARGED_TRACK(0), CHARGED_LEPTONS1(1), CHARGED_LEPTONS2(2), V0(3), 
PHOTON(4), NEUTRAL_HADRON(5)


• # of Samples : 3281123
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MC from MIT
Root file description

• The MC samples 
saved only final 
state particles.

 TFile*  /hdfs/user/youngjo/QCD/aleph_mc/LEP1MCMerged.root 
  KEY: TTree t;1 t 
  KEY: TTree tgen;1 tgen 
  KEY: TTree tgenBefore;1 tgenBefore 

  KEY: TTree akR4ESchemeJetTree;1 akR4ESchemeJetTree 
  KEY: TTree akR4WTAmodpSchemeJetTree;1 akR4WTAmodpSchemeJetTree 
  KEY: TTree akR8ESchemeJetTree;1 akR8ESchemeJetTree 
  KEY: TTree akR8WTAmodpSchemeJetTree;1 akR8WTAmodpSchemeJetTree 
  KEY: TTree BoostedWTAR8Evt;1 BoostedWTAR8Evt 
  KEY: TTree ktN2ESchemeJetTree;1 ktN2ESchemeJetTree 
  KEY: TTree ktN2WTAmodpSchemeJetTree;1 ktN2WTAmodpSchemeJetTree 
  KEY: TTree BoostedWTAktN2Evt;1 BoostedWTAktN2Evt 
  KEY: TTree ktN3ESchemeJetTree;1 ktN3ESchemeJetTree 
  KEY: TTree ktN3WTAmodpSchemeJetTree;1 ktN3WTAmodpSchemeJetTree 
 KEY: TTree akR4ESchemeGenJetTree;1 akR4ESchemeGenJetTree 
  KEY: TTree akR4ESchemeGenJetBeforeTree;1 akR4ESchemeGenJetBeforeTree 
  KEY: TTree akR4WTAmodpSchemeGenJetTree;1 akR4WTAmodpSchemeGenJetTree 
  KEY: TTree akR4WTAmodpSchemeGenJetBeforeTree;1 akR4WTAmodpSchemeGenJetBeforeTree 
  KEY: TTree akR8ESchemeGenJetTree;1 akR8ESchemeGenJetTree 
  KEY: TTree akR8ESchemeGenJetBeforeTree;1 akR8ESchemeGenJetBeforeTree 
  KEY: TTree akR8WTAmodpSchemeGenJetTree;1 akR8WTAmodpSchemeGenJetTree 
  KEY: TTree akR8WTAmodpSchemeGenJetBeforeTree;1 akR8WTAmodpSchemeGenJetBeforeTree 
  KEY: TTree genBoostedWTAR8Evt;1 genBoostedWTAR8Evt 
  KEY: TTree genBoostedWTAR8BeforeEvt;1 genBoostedWTAR8BeforeEvt 
  KEY: TTree ktN2ESchemeGenJetTree;1 ktN2ESchemeGenJetTree 
  KEY: TTree ktN2ESchemeGenJetBeforeTree;1 ktN2ESchemeGenJetBeforeTree 
  KEY: TTree ktN2WTAmodpSchemeGenJetTree;1 ktN2WTAmodpSchemeGenJetTree 
  KEY: TTree ktN2WTAmodpSchemeGenJetBeforeTree;1 ktN2WTAmodpSchemeGenJetBeforeTree 
  KEY: TTree genBoostedWTAktN2Evt;1 genBoostedWTAktN2Evt 
  KEY: TTree genBoostedWTAktN2BeforeEvt;1 genBoostedWTAktN2BeforeEvt 
  KEY: TTree ktN3ESchemeGenJetTree;1 ktN3ESchemeGenJetTree 
  KEY: TTree ktN3ESchemeGenJetBeforeTree;1 ktN3ESchemeGenJetBeforeTree 
  KEY: TTree ktN3WTAmodpSchemeGenJetTree;1 ktN3WTAmodpSchemeGenJetTree 
  KEY: TTree ktN3WTAmodpSchemeGenJetBeforeTree;1 ktN3WTAmodpSchemeGenJetBeforeTree

*Tree    :t         : t                        
*Br    0 :EventNo   : EventNo/I                
*Br    1 :RunNo     : RunNo/I                  
*Br    2 :year      : year/I                   
*Br    3 :subDir    : subDir/I                 
*Br    4 :process   : process/I                
*Br    5 :isMC      : isMC/O                   
*Br    6 :uniqueID  : uniqueID/l               
*Br    7 :Energy    : Energy/F                 
*Br    8 :bFlag     : bFlag/I                  
*Br    9 :particleWeight : particleWeight/F    
*Br   10 :bx        : bx/F                     
*Br   11 :by        : by/F                     
*Br   12 :ebx       : ebx/F                    
*Br   13 :eby       : eby/F                    
*Br   14 :nParticle : nParticle/I              
*Br   15 :px        : px[nParticle]/F          
*Br   16 :py        : py[nParticle]/F          
*Br   17 :pz        : pz[nParticle]/F          
*Br   18 :pt        : pt[nParticle]/F          
*Br   19 :pmag      : pmag[nParticle]/F        
*Br   20 :rap       : rap[nParticle]/F         
*Br   21 :eta       : eta[nParticle]/F         
*Br   22 :theta     : theta[nParticle]/F       
*Br   23 :phi       : phi[nParticle]/F         
*Br   24 :mass      : mass[nParticle]/F        
*Br   25 :charge    : charge[nParticle]/S      
*Br   26 :pwflag    : pwflag[nParticle]/S      
*Br   27 :pid       : pid[nParticle]/I         
*Br   28 :d0        : d0[nParticle]/F          
*Br   29 :z0        : z0[nParticle]/F          
*Br   30 :highPurity : highPurity[nParticle]/O 
*Br   31 :ntpc      : ntpc[nParticle]/S        
*Br   32 :nitc      : nitc[nParticle]/S        
*Br   33 :nvdet     : nvdet[nParticle]/S       
*Br   34 :vx        : vx[nParticle]/F          
*Br   35 :vy        : vy[nParticle]/F          
*Br   36 :vz        : vz[nParticle]/F          
*Br   37 :weight    : weight[nParticle]/F      
*Br   38 :pt_wrtThr : pt_wrtThr[nParticle]/F   
*Br   39 :eta_wrtThr : eta_wrtThr[nParticle]/F 
: 
*Br  143 :Aplanarity : Aplanarity/F            
*Br  144 :Sphericity_linearized : Sphericity_linearized/F   
*Br  145 :STheta_linearized : STheta_linearized/F    
*Br  146 :SPhi_linearized : SPhi_linearized/F  
*Br  147 :Aplanarity_linearized : Aplanarity_linearized/F   
*Br  148 :C_linearized : C_linearized/F        
*Br  149 :D_linearized : D_linearized/F        
*Br  150 :passesLEP1TwoPC : passesLEP1TwoPC/O 

*Tree    :akR4ESchemeJetTree: akR4ESchemeJetTree 
*Br    0 :nref      : nref/I 
*Br    1 :jtpt      : jtpt[nref]/F 
*Br    2 :jteta     : jteta[nref]/F 
*Br    3 :jtphi     : jtphi[nref]/F 
*Br    4 :jtm       : jtm[nref]/F 
*Br    5 :jtN       : jtN[nref]/I 
*Br    6 :jtNPW     : jtNPW[nref][6]/I 
*Br    7 :jtptFracPW : jtptFracPW[nref][6]/F 
*Br    8 :zgJtPt_Beta0p00ZCut0p10 : zgJtPt_Beta0p00ZCut0p10[nref]/F 
*Br    9 :zgJtPhi_Beta0p00ZCut0p10 : zgJtPhi_Beta0p00ZCut0p10[nref]/F 
*Br   10 :zgJtEta_Beta0p00ZCut0p10 : zgJtEta_Beta0p00ZCut0p10[nref]/F 
*Br   11 :zg_Beta0p00ZCut0p10 : zg_Beta0p00ZCut0p10[nref]/F 
*Br   12 :rg_Beta0p00ZCut0p10 : rg_Beta0p00ZCut0p10[nref]/F
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Jet algorithm

• ee_genkt_algorithm


• Delta R : 0.65

https://fastjet.fr/repo/fastjet-doc-3.4.0.pdf
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Software for MC

• ROOT 6.24/06


• Madgraph5 : MG5_aMC_v3_4_0


• Pythia8 : pythia8306


• Fastjet 3.3.4


• GenJet : MC 
- Input : 

 final state particles without neutrino 
 # hadrons which are not in final state. 
 dd.SetPtEtaPhiE( pT*1e-18, eta, phi, 0) 
 # as ghost hadron

MADGRAPH 

import model sm-no_b_mass 
define p = 21 2 4 1 3 -2 -4 -1 -3 5 -5 # pass to 5 flavors 
define p = u c d s u~ c~ d~ s~ b b~ 
define j = p 
generate e+ e- > z > j j 
add process e+ e- > a > j j 
add process e+ e- > z > j j g 
add process e+ e- > a > j j g

MC1 : Pythia8 Only ; 4,100,000 events

MC2 : Madgraph+Pythia8 ; 4,100,000 events

 1 = ickkw            ! 0 no matching, 1 MLM 
: 
 10.0   = xqcut   ! minimum kt jet measure between partons 
: 
 10.0  = ptj       ! minimum pt for the jets 
 0.0  = ptb       ! minimum pt for the b 
:
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https://cds.cern.ch/record/272484/files/ppe-94-170.pdf
https://www.sciencedirect.com/science/article/abs/pii/0370269396008490

CERN-PPE-94-170PLB 384 (1996)
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Photon smearing
Energy resolution

Photon resolution :  
σ(E)/E = 0.25/√(E/GeV)

pwflag description : CHARGED_TRACK(0), CHARGED_LEPTONS1(1), CHARGED_LEPTONS2(2), V0(3), PHOTON(4), NEUTRAL_HADRON(5)

Before Smearing 

Smearing applied 

X axis : photon energy sum of First leading jet (GeV) CERN-PPE-94-170
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Energy resolution
Before Smearing 

X axis : Neutral energy sum of First leading jet (GeV) 
hadron resolution : σ(E)/E = 0.85/√(E/GeV) 

pwflag description : CHARGED_TRACK(0), CHARGED_LEPTONS1(1), CHARGED_LEPTONS2(2), V0(3), PHOTON(4), NEUTRAL_HADRON(5)

Neutral Hadron smearing

Smearing applied 

CERN-PPE-94-170
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Charged particles smearing
TPC smearing

Before Smearing 

X axis : charged energy sum of First leading jet (GeV) 

Smearing applied 

CERN-PPE-94-170
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MC particle smearing

• the photon  and hadron(pion) resolution are applied for photon and neutral 
hadron in MC samples.


• Generate random number by  Gaussian shape with resolution parameters, 
and applied to the photon/neutral hadron/charged energy for the smearing. 

pwflag description : CHARGED_TRACK(0), CHARGED_LEPTONS1(1), CHARGED_LEPTONS2(2), V0(3), PHOTON(4), NEUTRAL_HADRON(5)
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DATA vs MC
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Previous study review
- Quark and gluon jet properties in symmetric three-jet events

Difference

• ee_genkt_algorithm

• Delta R : 0.65

PLB 384 (1996)
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ALEPH 95-011



• Number of particles > 10, 3rd jet Energy > 14 GeV


• Exactly, 3 jets requirements (4th jet Energy < 4 GeV)


• Angle range (141.5 ~ 159.5) between Jet1, jet2/jet3 in the event plane

Event selection
PLB 384 (1996)
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Theta = 
TMath::ATan2(TMath::Sqrt(fX*fX + fY*fY),fZ);

Rapidity =
 0.5*log( (E()+Pz()) / (E()-Pz()) );

14

https://root.cern.ch/doc/master/namespaceTMath.html#a838a2d09a4fd695267fe6d1e39bd32ee
https://root.cern.ch/doc/master/namespaceTMath.html#a9ea900c956031cb12057acf7c322b0fa
https://root.cern.ch/doc/master/classTVector3.html#a285fe6abc74e2b804c752e45773c4e7e
https://root.cern.ch/doc/master/classTVector3.html#a285fe6abc74e2b804c752e45773c4e7e
https://root.cern.ch/doc/master/classTVector3.html#aa0455ab189c9684dc0c1be718af1449f
https://root.cern.ch/doc/master/classTVector3.html#aa0455ab189c9684dc0c1be718af1449f
https://root.cern.ch/doc/master/classTVector3.html#a2779e0791394a0dd3be577e91c7b956d
https://root.cern.ch/doc/master/group__vecops.html#ga810720bbfad059035f8327dadf062186
https://root.cern.ch/doc/master/classTLorentzVector.html#ae4574e1cdaf68543462b8fbf5efb208c
https://root.cern.ch/doc/master/classTLorentzVector.html#a7a8ad42c8232fd35d415ce2b9c1a2350
https://root.cern.ch/doc/master/classTLorentzVector.html#ae4574e1cdaf68543462b8fbf5efb208c
https://root.cern.ch/doc/master/classTLorentzVector.html#a7a8ad42c8232fd35d415ce2b9c1a2350


Signal definition for b b-bar g

• B quark matching with jet has ambiguity.


• (I guess) Only b quark in hard process is not good to 
matching with the jet.


• Gluon also can be always set intermediate between 
quarks or gluon.


• So I will use the jet high hadron flavor which is used 
for hadron constituents (as ghost within pt(or energy) 
set almost 0).


• high gluon energy matching with jet in delta R < 0.65

Ben-Haim, E.. “The b Quark Fragmentation Function, From LEP to TeVatron.” (2004).
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B B-bar + gluon definition
- Quark and gluon Purity check

2nd jet with b hadron (HadFlavor > 45 ) 

and

3rd jet with gluon energy > 14 GeV


 or


3rd jet with b hadron (HadFlavor > 45) 

and

2nd jet with gluon energy > 14 GeV


2rd jet 3th jet
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Matched  
Gluon Energy 

In jet

Ghost  
Meson/Baryon 

 High Flavor 
In jet



• Categories (jjj, 123 order)


• M : qqq or qqg or qgq


• T : bgbT, bbTg 

• B : bTbg, bTgb, bTbTg, bTgbT

Previous study review
- Quark and gluon jet properties in symmetric three-jet events

• B tagging


• Lepton tag as a constituent of the jet


• Momentum of lepton > 3 GeV/c


• Exclusive transverse momentum  of the lepton 


• > 1.25 GeV/c

PLB 384 (1996)



b-tagging

• B23tag : b-tagged for 
second and third jets


• 0 : untagged all(second, 
third)


• 1 : second jet b-tagged


• 2 : third jet b-tagged


• 3 : both(second and third) 
jets b-tagged

22640 x 2 = 45280

PLB 384 (1996)
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ALEPH M : 24062 x 2 = 48124 

ALEPH  T  : 2667 (only b23tag: 1,2)



ALEPH  T  : 2667 (only b23tag: 1,2)

Gluon

B quark
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ALEPH  T  : 2667 (only b23tag: 1,2)

Gluon

B quark
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ALEPH  T  : 2667 (only b23tag: 1,2) Jet constituents are boosted to jet.

Gluon

B quark
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ALEPH  T  : 2667 (only b23tag: 1,2)
In the event

https://github.com/alisw/pythia8/blob/master/include/Pythia8/Analysis.h



XE - Fragmentation function

Phys.Lett.B 384 (1996) 353-364

Fill variables as the ratio = charged particle energy / jet energy sum  
 and by the  weight  as 1/number of charged particles.

ALEPH  T  : 2888 (only b23tag: 1,2)

Before Smearing Smearing applied 
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Angle between gluon and b-quark

• In 2rd,3th jets,


• Select bquark and 
gluon candidates.


• And, all constituents 
are boosted to center 
of mass frame in 2rd 
and 3th jets.


• And, check the angle 
between b quark and 
gluon.

Smearing applied 
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Summary

• We are trying to see distributions(multiplicity, sphericity and etc.) for gluon 
properties.


• However, we still need to study more information and detector simulation(or 
smearing) for MC samples.


• MIT MC Sample has very good energy shape which is compare with ALEPH 
Data.


• If we can see the smearing(or simulation) information, we can improve the 
our mc samples.


•
25



Question?

• For MC samples, Preselection definition, Smearing method for particle and identification


• How to use the values from ALEPH Detector performance paper(CERN—PPE-94-170)?


• Which is better for simulation effect? A simple way(we are trying to find the way)? Or 
GEANT simulation?


• Do we need to trigger or vertex of MC in study?


• Track overlap range for detector angle resolution?


• What is different among the t, tgen, tgenbefore of MC from MIT?


• Which is better in Jet algorithm as based on energy vs. transverse momentum?
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 TFile*  /hdfs/user/youngjo/QCD/aleph_mc/LEP1MCMerged.root 
  KEY: TTree t;1 t 
  KEY: TTree tgen;1 tgen 
  KEY: TTree tgenBefore;1 tgenBefore





Back up



Theta = 
TMath::ATan2(TMath::Sqrt(fX*fX + fY*fY),fZ);

Rapidity =
 0.5*log( (E()+Pz()) / (E()-Pz()) );
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Before Smearing 

Old

https://root.cern.ch/doc/master/namespaceTMath.html#a838a2d09a4fd695267fe6d1e39bd32ee
https://root.cern.ch/doc/master/namespaceTMath.html#a9ea900c956031cb12057acf7c322b0fa
https://root.cern.ch/doc/master/classTVector3.html#a285fe6abc74e2b804c752e45773c4e7e
https://root.cern.ch/doc/master/classTVector3.html#a285fe6abc74e2b804c752e45773c4e7e
https://root.cern.ch/doc/master/classTVector3.html#aa0455ab189c9684dc0c1be718af1449f
https://root.cern.ch/doc/master/classTVector3.html#aa0455ab189c9684dc0c1be718af1449f
https://root.cern.ch/doc/master/classTVector3.html#a2779e0791394a0dd3be577e91c7b956d
https://root.cern.ch/doc/master/group__vecops.html#ga810720bbfad059035f8327dadf062186
https://root.cern.ch/doc/master/classTLorentzVector.html#ae4574e1cdaf68543462b8fbf5efb208c
https://root.cern.ch/doc/master/classTLorentzVector.html#a7a8ad42c8232fd35d415ce2b9c1a2350
https://root.cern.ch/doc/master/classTLorentzVector.html#ae4574e1cdaf68543462b8fbf5efb208c
https://root.cern.ch/doc/master/classTLorentzVector.html#a7a8ad42c8232fd35d415ce2b9c1a2350


ALEPH  T  : 2888 (only b23tag: 1,2)
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Before Smearing Old
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ALEPH  T  : 2888 (only b23tag: 1,2)

Before Smearing Old




