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  Physics motivation 

  ALICE and jet reconstruction 

  Quark/Gluon discrimination methods 
o  Second moment of  transverse structure 

o  Track counting method 

  Jet fragmentation into charged particles 

Outline 
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Parton discrimination 

Objective: Distinguish quark and gluon jets                 

pp 

•  Study of  jet properties 
•  Parton fragmentation 
  in vacuum 
•  Test of  pQCD 
•  Study biases in jet finding 

A+A 

•  In medium fragmentation 
•  Modification on fragmentation 
•  Response of  QGP to 
  different partons 

aasaaaa 
aassaaaa aassaaaa 



ALICE 
  Dedicated experiment to 
study heavy ion collisions at LHC 

  Well suited to study 
jet composition due to tracking and 
PID capabilities.  

JETS 
  Charged particle jets with 
the central barrel detectors 
|η|< 0.9 

ALICE and jet reconstruction 

TPC 

ITS 

TRD 

In the future ALICE will 
use tracking + EMCal 
for jet reconstruction 

TOF 



UA1 Jet Finder  

Radius: 0.4 

ETSeed: 4 GeV 

MinJetET: 5 GeV 

Only on charged particles 

Data Sample 

Pythia Jet Events with full ALICE simulation 

Proton-Proton at 7 TeV                                                   PYTHIA 6.214    

PDF : CTEQ4L 

Data Sample and Jet Finder 
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Quark/gluon 
discrimination methods 

• Second moment of  transverse structure 

• Track Counting Method 



Second moment of  transverse 
structure 

CMS NOTE: PAS QCD-08-002 

                                                                                                                     …   (1) 

                                                                                         …   (2) 

                                                                                              …   (3) 

〈

δR2

c

〉

=
〈

δφ2

c

〉

+
〈

δη2

c

〉

〈

δα
2

c

〉

=

〈

δα
2

j

〉

− 〈δαj〉
2

〈

δαn
j

〉

=
Σi(αj − αi)n

× pi
T

Σip
i
T

α = φ, η

j                     of  the jet 

i           Charged tracks 
             inside the jet 

α = φ, η



 (GeV)
TEJet

20 40 60 80 100 120 140 160 180

> c2
R!<

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

0.02

gluon jets
all jets
quark jets

Second moment of  transverse 
structure 

Charged particles: pT > 1 GeV/c, |η| < 0.9  
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 Order the tracks that 
belong to the jet in 
decreasing pT 

 Add the ordered 
tracks until 90% of  the 
energy of  the jet is 
recovered 

 NT90 is the minimum 
number of  tracks to 
recover 90% of  the jet 
energy   

Track counting 

Phys. Rev. D 44 (1991) 2025


125 GeV reconstructed jets 

Pythia 6.214
pp

√

s = 7 TeV



Results for 
125 GeV Quark Jets 

Comparison of  methods 

Method Purity Efficiency 

61 % 38 % 

NT90 64 % 69 % 

〈δR2

c
〉

- The NT90 method is more efficient to discriminate quark from gluon 
jets, reaching the same value of  purity. 

-Attempts to combine both methods were not successful: 
NT90 and              were highly correlated (no increase in purity achieved). 〈δR2

c
〉
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Mean values of  NT90 are larger for gluon jets in all the Jet ET  range. 
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Upper cut on NTx
2 4 6 8 10 12 14 16 18 20

, P!

0

0.2

0.4

0.6

0.8

1
 NT95!

P NT95
 NT90!

P NT90
 NT80!

P NT80

 NT70!

P NT70
 NT60!

P NT60

Track counting 

NTx: NT60, NT70, NT80, NT90 & NT95 
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εq =
ΣiJetiq|cut

ΣiJetiq

Pq =
ΣiJetiq|cut

ΣiJetiq+g|cut
125 GeV  
Reconstructed Jets 

Efficiency and purity 
for quark jet selection. 
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NT90 is a compromise of  efficiency of  the method and sample purity. 
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Efficiency and purity 
for quark jet selection. 

Cut on NTx: 4 Tracks 
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Parton Cut Purity 
(enhance) 

Efficiency 

Gluon 9 84 % (24%)  48 % 

Quark 4 76 % (36%)   38 % 
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Track counting, comparison 
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•  Measure the charged 
fragmentation in p-p 
collisions. 

•  Baseline for the Pb-Pb 
fragmentation 

•  Expected hardening of  
the spectra with 
decreasing sub-radius  

Charged particle fragmentation 

20 GeV  
Reconstructed Jets 

Sapeta, Wiedemann, Eur. Phys. J. C 55 (2008) 293-302


Pythia 6.214 + Reco.
pp

√

s = 7 TeV



]
Tp

/H
TE

=ln[Jet!
0 1 2 3 4 5 6

!
dN
/d

je
t

1/
N

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

R=0.4
R=0.3
R=0.2

]
Tp

/H
TE

=ln[Jet!
0 1 2 3 4 5 6

!
dN
/d

je
t

1/
N

0

0.1

0.2

0.3

0.4

0.5

0.6

R=0.4
R=0.3
R=0.2

•  Use the quark/gluon tagging to 
study the differences in charged 
particle fragmentation. 

•  Softer fragmentation for gluon jets 

•  Compare jet charged composition 
as a function of  jet sub-radius with 
data.  

Quark and gluon fragmentation 

Quark Jets 
Ideal tagging 

20 GeV Rec. 

Pythia 6.214 + Reco.
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Gluon Jets 
Ideal tagging 

20 GeV Rec. 
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Cuts: 

•  Gluon Jets: 

NT90     7 Tracks 

•  Quark Jets: 
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20 GeV  
Reconstructed Jets  

•  Energy dependent cuts. 

•  Jet fragmentation as a function             
of  inner radii. 

•  Use of  different jet finder. 

•  Identified particle         
fragmentation 

Pythia 6.214
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√
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pT = 2.5 GeV/c pT = 0.2 GeV/c 



  Using the excellent tracking capabilities of  ALICE it is possible to 
use tagging variables to discriminate jets produced from quarks or 
gluons. 

  With its PID capabilities, ALICE can make significant contributions 
to the study of  jet chemistry. 

Conclusion 
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Flavor distribution of jets The flavour is that of  the 
most energetic parton within 
ΔR = 0.3 
of  the jet axis. 
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Gluon NT 
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125 GeV  
Reconstructed Jets  
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