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Abstract

In relativistic heavy ion collisions, a hot medium with a high density of unscreened color charges is produced. One
manifestation of the energy loss of jets propagating through the medium is a lower yield of jets and hadrons emerging
from this medium than expected in the absence of medium effects. Therefore modifications of the jet yield are directly
sensitive to the energy loss mechanism. Furthermore, jets with different flavor content are expected to be affected by
the medium in different ways. In this publication, the latest ATLAS results on single hadron suppression along with
the complementary measurements of single jet suppression are presented. Rapidity dependence, which is sensitive to
the relative energy loss between quark and gluon jets, is discussed. Finally, a new measurement of jet fragmentation
functions is presented.
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1. Introduction

In the past few years, since the beginning of LHC run 1, the ATLAS collaboration [1] has published
several measurements showing strong modification of jet and hadron yields in Heavy-Ton (HI) collisions.
Measurements of production of asymmetric dijets, single jets, measurement of jet fragmentation or produc-
tion of neighboring jets provided fruitful information on the mechanism of jet energy loss and modification
of the jet substructure [2, 3, 4, 5]. The next step is to study parton flavor dependence of the energy loss
in HI collisions. Because the ratio of quark-initiated jets to gluon-initiated jets is changing with rapidity a
possible first step is to study the (pseudo)rapidity dependence of jet or hadron properties.

2. Charged Particle Rxp

Charged particle spectrum is a fundamental observable for any hadronic reaction. Suppression of
charged particle production in HI collisions relative to pp spectra was already measured in experiments
at RHIC collider, however LHC data made it possible to extend measurements to a high-pr regime. Ob-
servable quantity that expresses magnitude of suppression or enhancement is the nuclear modification factor
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Raa, which is defined as
1 dzNPmei
Nevi dprdy lcentr
Rap= ————— (1)

d2 oy

< AA> dprdy

where (Taa) is the nuclear overlap function.

ATLAS measured pr dependence of Ry for charged particles in Pb+Pb and pp collisions at +/syn =
2.76 TeV in eight pseudorapidity (1) bins [6]. For Pb+Pb spectra data collected in 2010 and 2011 were used
with integrated luminosity LP bPb = 0.15 nb~!. Pb+Pb data were collected with minimum-bias (MB) trigger
in 2010 and MB and jet trlgger in 2011. pp data were collected in 2011 and 2013 using MB and jet triggers,
Lﬁﬁ 4.2 pb7!.

Spectra were corrected for trigger and track reconstruction efficiencies and in pp also for vertex recon-
struction efficiency. Badly reconstructed tracks and secondary tracks contributions were taken into account
and corrected for. Track reconstruction efficiency correction was pr, n7 and centrality dependent. Spectra
were unfolded using the Bayesian unfolding.

The measured pr dependence of Raa is shown in Fig. 1. Raa plots show that production of the charged
particles at intermediate pr is strongly suppressed in central collisions and that the size of the suppression
decreases with increasing pr up to 60 GeV where it saturates. The size of the suppression decreases from
central to peripheral collisions though it is still significant in the peripheral collisions. No 7 dependence is
observed.
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Fig. 1. Left: The dependence of the nuclear modification factor Raa on pt measured in five centrality bins. Right: The Raa dependence
on pr measured in eight |r7| ranges for centrality interval 0-5% [6].

3. Jet RAA

Complementary measurement to hadron Raa is the measurement of jet Raa [7]. For jet Raa measure-
ment, Pb+Pb data collected in 2011 (Liy; = 0.14 nb™!) and pp data collected in 2013 (Liy,; = 4.0 pb‘l) were
used. MB and jet triggered samples were combined to get jet spectra in the interval of 32 < pj{f’t < 500 GeV.
Jets were reconstructed using the anti-k; algorithm [8] with parameter R = 0.4.

Background contribution to the jet energy from the underlying event (UE) was estimated and subtracted
on the event-by-event basis by the iterative procedure. This procedure was used in both pp and Pb+Pb
collisions. Jet energies were calibrated by the procedure based on the MC. To account for the resolution
effects an unfolding based on the Singular Value Decomposition method was used.
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Various dependencies of jet Ry are shown in Fig. 2. Left panel shows suppression of jet production
in central collisions by a factor of approximately two which is weakly dependent on the jet pr. Size of
suppression gradually decreases from central to peripheral collisions but is significant even in 60-80% cen-
trality bin. This is depicted also in lower right panel where (V) dependence of Raa in one pt and one
rapidity (y) bin is shown. Upper right panel shows rapidity dependence of Raa for three different centralities
in 80 < pr < 100 GeV bin. No rapidity dependence is observed in the measured y range.
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Fig. 2. Left: Jet Raa as a function of pr in three centrality bins with each panel showing a different range in [y|. Right: The Raa
for jets with 80 < pt < 100 GeV as a function of y for different centrality bins (top) and as a function of (Npart) for [y| < 2.1 range
(bottom) [7].

4. Fragmentation Functions

Modifications of the jet internal structure can be directly accessed by measuring jet fragmentation func-
tions [9]. ATLAS measured two sets of fragmentation functions, D(pt) and D(z) which are defined as

1 chh 1 chh
D = D(iz) = ——— 2
70 = ©= 35 )

where longitudinal momentum fraction z = (pr cos AR)/ pJTet and AR is the distance between jet and track in
n — ¢ space.

Jet triggered Pb+Pb and pp data taken in 2011 and 2013 were used in this analysis. Jets used in this anal-
ysis were clustered with anti-k, algorithm, from UE background subtracted and fully calibrated. Calibrated
jets with 100 < pr < 398 GeV were used in the analysis. Tracks with pr > 1 GeV that match the jet within
AR < 0.4 were used. Tracks were corrected for reconstruction efficiency. Because of the large contribution
from UE 5 dependent subtraction procedure based on event-by-event basis was applied to tracks with pr
less than 6 GeV. To correct for detector effects 2D Bayesian unfolding was used.

Ratios of jet fragmentation functions in Pb+Pb to pp jet fragmentation functions are shown in Fig. 3.
Jet fragmentation functions in HI collisions exhibit enhancement in low and high pr region and depletion
at intermediate pr compared to pp. Magnitude of the modification decreases for peripheral collisions. No
significant difference between different n intervals at low pr is observed but a hint of smaller enhancement
in forward region compared to barrel region is observed at high pr. Similar effect is observed for different
jet pr selections where enhancement at high pr is smaller for high pr jets.
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Fig. 3. The ratios of D(pr) distributions measured in HI collisions to D(pT) measured in pp collisions. Ratios are evaluated in four
centrality bins (rows) and four selections on jet pseudorapidity (columns) [9].

5. Summary

Three measurements that provide complex view on the jet quenching phenomenon are presented. Mea-
surements of single hadron and single jet Ry show strong suppression of hadrons and jets in HI collisions
which is y independent. Measurement of jet fragmentation functions shows modification of jet fragmenta-
tion in HI collisions which is 7 independent except high pr region where a hint of 7 dependence is observed.
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