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Hint of collective effects in small systems

q Indication of collective effects in small collision systems in high 

multiplicity events.

q Interesting to compare low and high multiplicity pp events by studying 

typical HI observables e.g. long range azimuthal correlations, jet property 

modifications. 2
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Why Jet?
q Indirect observation of partons.

q Calculable from pQCD.

q In-medium modification of QCD shower.

q Probe of the QGP medium.

Jet Observables
q Jet shapes distributions are related to the 

details of parton shower process.

q Fragmentation functions represent the 

distribution of final state particles 

resulting from a jet. 

Motivation



Charged particle multiplicity in the jet: 
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at particle level (no detector simulation unlike official production) in different pT hard bins (see Table 3)
and then we run jet finders to obtain the jet observables at particle level.

5 Analysis software used

Analysis is performed using the lego-train facility available with the ALICE analysis framework. The
details of the lego train run ID, AliRoot versions and data sets are shown in Table4. All the tasks (analysis
codes) used for this analysis are available in the SVN (AliRoot repository). Apart from the standard ESD
filter and physics selection tasks, we used the following tasks for our analysis:

– AliAnalysisTaskJetCluster($ALICE ROOT/JETAN)

– AliAnalysisTaskJetServices($ALICE ROOT/PWGJE)

– AliAnalysisTaskJetProperties($ALICE ROOT/PWGJE)

6 Jet reconstruction

Charged particle jets are reconstructed using the infrared-safe and collinear-safe sequential recombina-
tion algorithms anti-kT [6] from the FastJet package [7]. Charged tracks with pT > 0.150 GeV/c and
within | h | < 0.9 are the input to the jet reconstruction algorithm. In this analysis, we reconstruct jets
with resolution parameters R = 0.2, 0.4, and 0.6. Given the limited acceptance of TPC, we restrain the
acceptance of jets to | h | < (0.9 - R) and in the transverse momentum range from 20 to 100 GeV/c
to minimize the edge effects in the reconstruction of jets and biases on their transverse profile. The jet
properties are measured for leading jets. The leading jet of an event is defined as the accepted jet with
the highest transverse momentum.

7 Jet shape observables

7.1 Charged particle multiplicity in the leading charged jet (Nch)

The jet charged particle multiplicity, Nch, is defined as the number of charged particles found within the
leading jet cone. We present results for the mean charged particle multiplicity, hNchi, computed in bins of
jet pT for resolution parameter values R = 0.2, 0.4, and 0.6. The average number of charged particles in
a leading jet is determined over a large number of events for jet momentum in the range from 20 GeV/c
to 100 GeV/c. The average is calculated as follows:

< Nch > (pT) =
ÂNjets

i=1 Nch

Njets
, (1)

where, Nch is the number of charged tracks in a leading jet in an event and Njets is the total number of
jets.

7.2 Transverse momentum density radial distributions (dpsum
T /dr)

We also study the distribution of transverse momentum density, dpsum
T /dr, within a leading charged

jet as a function of the distance r =
p

(Dh)2 +(Df)2 from the jet direction. The momentum density
is calculated jet by jet as a scalar sum of the transverse momenta of all charged particles produced in
annular regions of width Dr and at radius r centered on the jet direction as illustrated in Fig. 2. We
report the mean value of the momentum density, hdpsum

T /dri, as a function of r and jet pT for resolution
parameter values R = 0.2, 0.4, and 0.6.

hdpsum
T

dr
i(r) = 1

Dr
1

Njets

Njets

Â
i=1

pT(r�Dr/2,r+Dr/2) (2)

Fragmentation function (FF) :

Where,
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Jet observables

Underlying events (UE)

q UE: Contributions from initial and final state 

radiations, beam remnants, MPI

q UE estimation: Perpendicular cone method

q UE correction: Contributions of UE are 

corrected using bin by bin technique

Where,  

Transverse momentum density within jet: 



Results: Jet properties in pp collisions at 7 TeV (Minimum Bias)

ALICE, Phys.Rev. D91 (2015) no.11, 112012 

q pT density largest near jet axis

q High pT jets more collimated

q Indication of a scaling of charged jet 
fragmentation with jet pT for zch > 0.1

q <Nch> increases with jet pT
and R
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MC event generator: PYTHIA 8 Monash

Event selection:

q Minimum Bias (MB): 800 M 
V0A ( 2.8 < % < 5.1 ) and V0C (−3.7 < % < −1.7) coincidence

q High-multiplicity: 3250 M
V0M = V0A+V0C  

= mean of MB distribution

Scaled multiplicity =  

We choose HM:                                        =  0.3%  of MB cross-section

Jet reconstruction:

q anti-kT jets from FastJet
q Jet radius = 0.4
q |%jet| < 0.5

Particle selection:

q Final state charged particle
q 0T > 150 MeV/c
q |%particle| < 0.9

Charged particle jet properties in pp collisions at 13 TeV
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Results: Jet properties depend on event multiplicity

q Jet multiplicity is slightly 
greater for jets in HM events

q Jets in HM events are less collimated
q Jet fragmentation is softer 

in HM events
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Summary and Outlook 

Jet properties in pp collisions at 7 TeV:

q Minimum bias ALICE data were analyzed.
q Multiplicity increases with jet pT as well as with jet radius.
q High pT jets are more collimated.
q Scaling of charged jet fragmentation with jet pT.

Jet properties in pp collisions at 13 TeV:

q Minimum bias and high-multiplicity events are analyzed using PYTHIA8 Monash MC event generator.
q Dependence of jet properties on event multiplicity is observed.
q Jets in high-multiplicity pp events are softer and less collimated compared to MB events.

Outlook:
q Measurement of charged jet properties as a function of event multiplicity in pp at 13 TeV with ALICE data.


