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Introduction

Jets with the ALICE detector

In this poster, the measurement results for charged jets in proton-lead
collisions (p-Pb) are presented. The data was taken with the ALICE
detector at a nucleon-nucleon collision energy in the center of mass of
√sNN = 5.02 TeV.

The ALICE detector is the dedicated heavy-ion experiment
at the LHC and provides excellent tracking capabilities over
a broad momentum and multiplicity range.
The main detectors for tracking are the Inner Tracking
System (ITS, multilayer silicon detector) and the Time
Projection Chamber (TPC) subdetectors.

TPC

Jets can conceptually be described as sprays of particles created in
collisions by hard scattering of partons followed by hadronization. They
are excellent tools to access scattering processes with high transverse
momentum transfer.

Jets are reconstructed using tracks with transverse
momentum pT > 0.150 GeV/c and within the pseudorapidity
interval |η| < 0.9 using FastJet1 and the anti-kT algorithm.

ITS

The asymmetric proton-lead collisions are especially interesting to investigate how partonic
interactions change when they take place in a nuclear environment. Besides, the measurements in
p-Pb collisions also provide an important reference measurement for Pb-Pb collisions.

ALICE facts
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Tracks and jets in a
central Pb-Pb event3

pseudorapidity

To measure the properties of those jets, a jet finding algorithm has to be used. This jet algorithm
operationally defines a jet. Correction techniques used to get the final jet spectra also belong to our
jet definition.

A Large Ion Collider Experiment
● Designed for very high multiplicities
● Very good low momentum charged particle tracking
● Excellent particle identification

Azimuthal angle

Correction techniques
Background density

Background fluctuations

Detector effects

In addition to the hard parton scattering, the measured
particles can also originate from soft collisions. There is
no unambiguous way to decide which particles came from
which interaction.

Within one single event, the background shows fluctuations. For a jet
from which we subtract background, these fluctuations are unknown.
We can however estimate the probability distribution of background
fluctuations. Given this probability distribution, the effect can be
taken into account in an unfolding procedure.

Detector effects such as the tracking efficiency and the p resolution of the
tracks affect the reconstructed jet spectra.

Conceptually, background is defined as everything that
does not come from the hard collision. In practice, the
background density is evaluated event-by-event and
subtracted jet-by-jet depending on the jet area. Several
techniques have been tested.

To estimate this probability distribution, a cone is randomly placed
into the φ-η plane of the detector. In this cone, the transverse
momentum is summed up and the background ρ is subtracted. The
fluctuation is then given by

T

Those detector effects can be corrected for using an unfolding procedure
with a response matrix determined from a full detector simulation.
Such a matrix is created by the following steps:
●
●

●

The result is a matrix connecting the detector level and particle level jet
transverse momentum.

The baseline method2 to calculate the
background density works as follows:
●

Clusterize jets found with kT algorithm

Unfolding algorithm

kT jets are especially susceptible to the background
●

Take median of pT densities

neglect those k
jets overlapping
with signal jets
T

●

Create full detector simulation (PYTHIA jets + GEANT3 transport)
Run jet finder on particle level (output from PYTHIA) and on detector
level (simulated output from detector)
Match these jets by geometrical criterion

Correct for event occupancy
Probability density distribution of the
background momentum density.

Probability density distribution for a certain
fluctuation of the background under a jet.

Proton-proton reference

Results
Spectrum
Using the analysis techniques presented in this
poster, three quantities were calculated:
● Charged jet spectrum in p-Pb as the basic
observable,
● the nuclear modification factor R
,
Nuclear modification factor
pPb
● and jet shape ratio for two radii as a measure for
the collimation of a jet.
The spectrum and the RpPb are shown for the jet
resolution parameter R=0.4.
The jet shape ratio is compared to leading-order
calculations from PYTHIA and to the results from
pp collisions with √sNN = 7 TeV.
Charged jet spectrum

The unfolding procedure corrects for the combined effect of background
fluctuations and detector effects. The Singular Value Decomposition (SVD)
unfolding was used for the analysis. Bayesian and χ2 unfolding algorithms
were used for systematic checks and show a good agreement with the
SVD results.

Per-event normalized
corrected yield

TpPb: Nuclear overlap function
obtained from Glauber
calculation (TpPb = 0.098)

Jet shape ratio

A reference spectrum from pp collisions is needed to
calculate the nuclear modification factor R . Since
there are no pp collisions at √sNN = 5 TeV measured at
LHC, other pp spectra have to be scaled so that they
can be used instead.
For our pp reference, we scale 7 TeV pp spectra to 5
TeV by assuming scaling based on PYTHIA6 Perugia
2011.
pPb

The scaling factor is calculated bin-by-bin:
Note: Numerator and
denominator uncorrelated
(from different events)

Nuclear modification factor RpPb

Also other Monte Carlo generators (Herwig,
POWHEG) were used for the scaling and it was
proven that they agree well with the given scaling.
From those checks, the uncertainty can be
estimated to roughly 10%.

Summary
Note: Systematic uncertainties highly
correlated

We have shown the charged jet spectra in p-Pb collisions at 5.02 TeV with a resolution
parameter R = 0.4 up to p = 120 GeV/c.
The nuclear modification factor RpPb shows no strong nuclear effects on the jet spectra – it is
even compatible with no effect.
The jet yield ratio of R = 0.2/0.4 is compatible with the result from pp collisions at √s = 7 TeV.
There is no indication that there is a nuclear modification of the jet structure between R = 0.2
and 0.4.

●

T

●

Jet shape ratio compared to 7 TeV pp

Jet shape ratio compared to PYTHIA

●

Outlook:
Short paper on charged jets in p-Pb collisions with refined results in preparation
Centrality dependent results

●
●
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