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Abstract

The differential charged jet cross sections, jet fragméniaistributions, and jet shapes are mea-
sured in minimum bias proton-proton collisions at centi@rass energy/s= 7 TeV using the AL-
ICE detector at the LHC. Jets are reconstructed from chgvgeétle momenta in the mid-rapidity
region using the sequential recombinatlgnand antikr as well as the SISCone jet finding algo-
rithms with several resolution parameters in the raRge0.2 — 0.6. Differential jet production cross
sections measured with the three jet finders are in agreemémt transverse momenturpy() in-
terval 20< piret"’h < 100 GeVEt. They are also consistent with prior measurements carti¢io
the LHC by the ATLAS collaboration. The jet charged partitieltiplicity rises monotonically with
increasing jeipr, in qualitative agreement with prior observations at logeergies. The transverse
profiles of leading jets are investigated using radial mammardensity distributions as well as distri-
butions of the average radius containing 80%Rs()) of the reconstructed jgir. The fragmentation
of leading jets withR = 0.4 using scalegr spectra of the jet constituents is studied. The measure-
ments are compared to model calculations from event geweréRYTHIA, PHOJET, HERWIG).
The measured radial density distributions &Rgb) distributions are well described by the PYTHIA
model (tune Perugia-2011). The fragmentation distrimsgiare better described by HERWIG.
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1 Introduction

Jets consist of collimated showers of particles resultingfthe fragmentation of hard (high momentum
transferQ) partons (quarks and gluons) produced in high energy @is The production cross sec-
tions of jets were measured in detail in proton-antiprofop)(collisions at the Tevatrogy/§ = 540 GeV,
630 GeV, 1.8 TeV and 1.96 Te\/ﬁ| 11]. Measurements were @soed out recently at the CERN
LHC at higher energies\(s = 2.76, 7 and 8 TeV) in proton-proton (pp) coIIisiorE[ .18t shape
observables were previously measured by the CDI 7—16]%@] collaborations in p p collisions
and more recently by the ATLAS and CMS collaborations in pitigsions ]. The fragmentation
functions of jets produced in p p collisions were reportedhle CDF collaboratio 4]. Jet fragmen-
tation in pp and Pb—Pb collisions at the LHC were reportedhieyATLAS , ] and CM 7]
collaborations. Jet production ine", ep, pp, and pp collisions is well described by perturbafuan-
tum Chromodynamics (pQCD) calculations. The measuredrggiquties are typically well reproduced
by Monte Carlo (MC) generators such as PYTHE[28], HERW,[@], and PHOJE 1]. The
unprecedented beam energy achieved at the Large HadrodeZdlLHC) in pp collisions enables an
extension of jet production cross section and property nreasents carried out at lower energies. Such
measurements enable further tests of QCD and help in tuiMCaevent generators.

In this paper, we present measurements of the jet productioss sections, jet fragmentation distri-
butions, and transverse jet shape observables in pp oolisit,/s = 7 TeV. The analysis is restricted
to charged particle jets, i.e. jets reconstructed solaynfcharged particle momenta, hereafter called
charged jets. ALICE has already reported measurementsaofeth jet production in Pb—Pb collisions
at 2.76 TeV EIZ]. Charged jets are reconstructed with degibavingpr down to values as low as
0.15 GeVt, thereby allowing to test perturbative and non-pertudgatispects of jet production and
fragmentation as implemented in MC generators. The medquadicle spectra in jets reflect the jet
fragmentation function, as summarizedm[33] (Sec. 19)e jh shape distributions are related to the
details of the parton shower process.

Jets also constitute an important probe for the study of tieahd dense QCD matter created in high
energy collisions of heavy nuclei. In such collisions, hjghpartons penetrate the colored medium and
lose energy via induced gluon radiation and elastic séatfgsee [[34] and references therein). The
measurements in pp collisions thus provide a baseline ifiafasi measurements in nucleus—nucleus (A—
A) and proton-nucleus (p—A) collisions.

Medium modifications of the parton shower may change tharfeagation pattern relative to the vac-
uum @]. There are empirical indicatior@[%] that the saadlevant to these effects is given by the
medium temperature of the order of few hundred MeV rathen tha hard scattering scale. At such
small particle momenta, the jets measured experimentalfypiand A—A collisions also contain con-
tributions from the underlying event (UE). In pp collisioji€], the UE includes gluon radiation in the
initial state, the fragmentation of beam remnants and pialpparton interactions. In this study, we sub-
tract the UE from the distributions measured in pp collisioio allow for a meaningful comparison to
models, because theoretical modeling of the underlyingtagevery complex. To disentangle UE and
hard parton fragmentation into low momentum particles, areact our measurements using a technique
as described in Selc, 6.4. This approach will also help to reskatually a comparison with data from
A-A collisions, where the UE in addition includes hadrormiiran expanding fireball.

This paper is organized as follows. Sectidn 2 describesxperenent and detectors used for the mea-
surements reported in this work. Details of the jet recaicsion algorithms and parameters are pre-
sented in Se¢.]3, while jet observables are defined and distiis Sed.J4. Sectidd 5 discusses the MC
simulations carried out for comparisons of measured dataddels, data corrections for instrumental
effects, and systematic error studies. The proceduresedppol correct for instrumental and UE effects
are presented in Sed 6. The methods used to evaluate syisteimeertainties of the measurements



Charged jet properties in pp at 7 TeV ALICE Collaboration

are discussed in Sdd. 7. Results are presented and dis¢cnssmdparison with MC Event Generator
simulations in Se¢]8. Sectiéh 9 summarizes the results amclusions of this work.

2 Experimental setup and data sample

The data used in this analysis were collected during the 264© run with the ALICE detectoﬂﬁ?,
@]. This analysis relies primarily on the Time Projectiohatber (TPC)|E9], the Inner Tracking
System (ITS)[40], and the V(E[Jfll] sub-detectors. The VO anfl &re used for event selection. A
minimum bias trigger is achieved by requiring at least orierheither the VO forward scintillators or
in the two innermost Silicon Pixel Detector layers (SPD)h& LTS, in coincidence with an LHC bunch
crossing. The efficiency for detecting inelastic eventdisud 85% @Z]. The TPC and ITS are used for
primary vertex and track reconstruction. Only events wigbrienary vertex within-£10 cm along the
beam direction from the nominal interaction point are anadlyto minimize dependencies of the TPC
acceptance on the vertex position. The results reporteisrpaper are based on 1%710° minimum
bias events corresponding to an integrated lumin $422.9+0.1) nb L.

The ALICE solenoidal magnet is operated with a magnetic f¢ld.5 T that provides a good compro-
mise between momentum resolution at highand detection of lowpr particles. Charged tracks are
reconstructed using the combined information from the TRE€tae ITS utilizing a hybrid reconstruc-
tion technique described iﬂl6] to assure unifapndistribution. The acceptance for charged tracks is
In| <0.9 over the full azimuth. This hybrid techniqgue combines tilistinct track classes: (i) tracks
containing at least three hits (of up to six) in the ITS, indhg at least one hit in the SPD, and (ii) tracks
containing fewer than three hits in the ITS, or no hit in thedSPhe momentum of tracks of class (i)
is determined without a vertex constraint. The vertex qangtis however added for tracks of class (ii)
to improve the determination of their transverse momentiiite track momentum resolutiadpr/pr

is approximately 1% apt = 1 GeVk for all reconstructed tracks, and 4% @t = 40 GeVE for 95%

of all tracks. For tracks without a hit in the ITS (5% of theckesample) the resolution is 7% pt =

40 GeVt. The analysis is restricted to tracks with a Distance of €&b#\pproach (DCA) to the pri-
mary vertex smaller than 2.4 cm and 3.2 cm in the plane traseve the beam and the beam direction,
respectively, in order to suppress contributions from sdaoy particles produced by weak decays and
interactions of primary particles with detector matereatsl beam pipe.

Tracks in the TPC are selected by requiringradependent minimum number of space points ranging
from 70 (of up to 159) fopr = 0.15 GeV/c to 100 apr > 20 GeV/c. Ax? cut on the track fit is applied.
Secondary particles which are not produced at the primatgxenay acquire a wrong momentum when
constrained to the vertex. Thereforexécut on the difference between the parameters of the track fit
using all the space points in the ITS and TPC and using only B space points with the primary vertex
position as an additional constraint is applied. The tradonstruction efficiency for primary charged
particles is approximately 60% @t = 0.15 GeV¢ and rises to a value of about 87% at 1 Ge¥hd is
approximately uniform up to 10 Ge¥beyond which it decreases slightly. The efficiency is umifan
azimuth and within the pseudorapidity range < 0.9. Further details on the track selection procedure
and tracking performance can be foundlin [16].

3 Jetreconstruction

The charged jet reconstruction is carried out using thaiefi-safe and collinear-safe sequential recom-
bination algorithms antis [@] andkr [@,] from the FastJet packa@[%] and a seedless idfsafe
iterative cone based algorithm, named SISCbnle [47] to olbhei jet cross sections. The three jet finders
are found to be in good agreement within the uncertaintieisasissed in Sec. 8.1. All other observables
(as discussed in Sdd. 4) are analyzed with ptinly. Charged tracks witpr > 0.15 GeV¢ and within

In| < 0.9 are the inputs to the jet reconstruction algorithms. dsb@variantpr recombination scheme
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is used to determine the transverse momenta of jets by athincharged particle transverse momenta.
Jets are reconstructed with resolution paramdgerd.2, 0.3, 0.4, and 0.6 to enable a systematic study
of the production cross section and shape properties, assvt provide a suite of references for mea-
surements performed in p—A and A-A collisions. The analysesrted in this work are restricted to
jets detected within the randg| < (0.9 -R) in order to minimize edge effects in the reconstruction of
jets and biases on jet transverse profile and fragmentatioetions. The inclusive jet cross sections are
reported as a function gfr in the interval 20< p’Tet’ch < 100 GeVt. The properties of the charged jet
with the highestpr in the event, the so callddading jet, are presented in the same interval.

4  Jet observables

The results are reported for a suite of charged jet proparniduding inclusive differential jet cross sec-
tion, charged particle multiplicity in leading jetd\ch)), leading jet size(Rgo)), radial distribution ofpr
within the leading jet (dp$"™/dr)), and jet fragmentation distribution& {", F?, F¢). The definition of
these observables and the methods used to measure theresanted in this section. Correction tech-
niques applied to measured raw distributions to accounin&irumental effects (including the detector
acceptance and resolution), as well as the UE, are discirssset[6. All observables reported in this
work are corrected to particle level as defined in Skc. 5.

The differential jet cross section is evaluated using thieviong relation:
dZUjet,ch
dprdn

where " is the integrated luminosity amiNjets the number of jets in the selected intervalshpf and
An.

jetchy 1 ANjets jet.ch
(pIT )_fimApTAr](pjT )v (1)

The charged particle multiplicity in leading jetsg, is defined as the number of charged particles found
within the leading jet cone. Results for the mean chargeticiamultiplicity, (N¢nh), computed in bins
of jet pr are presented for resolution parameter vaRes0.2, 0.4, and 0.6.

The size of the leading jeRgo, is defined as the radius in tlhe) — A¢ space that contains 80% of the
total pr found in the jet cone. Results for the mean valii®p), are presented as a function of gt for
resolution parameter valués= 0.2, 0.4, and 0.6.

The distribution ofpr density, ¢$“"/dr, within a leading jet is measured as a function of the distanc
r = +/(An)2+ (A¢)? from the jet direction. The momentum density is calculatdy jet as a scalar
sum of the transverse momenp§;'™, of all charged particles produced in annular regions otiwdd at
radiusr centered on the jet direction. The mean value of the momedensity,(dp3"™/dr), is evaluated
as a function of using the following relation:

dp_sl_um B l l Njets i
(a0 = a2 Pl —r/21-+0/2 @)

wherepl (r —Ar /2,r+Ar /2) denotes the summegt of all tracks of jet i, inside the annular ring between
r —Ar/2 andr 4+ Ar /2. The mean value is reported in bins of pgtfor resolution parameter valués=
0.2, 0.4, and 0.6Njets denotes the number of jets per bin.

The fragmentation of the leading jet is reported based odidtabutions
1 dN

Fpr ’ jet.ch _ . 3
(pr, P N dpy 3)
z/-ch jetchy 1 d_N
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Fe(gen ey = = ©

Njets dfch’
where N is the number of charged particles. The scaledariablesz" = pPa™ce/peth ang geh —
log(1/2") are calculated jet by jet for each track. In contrast to tHaiien in [@], the energy carried
by neutral particles is not contained in the jet momentune {Bealed)pr spectra of the jet constituents
are normalized per jet and presented in bins opjetF T, FZandF¢ are complementary representations:
the particlepr spectraFPT are less sensitive to uncertainties in the jet energy scaleneay be more
suitable as a reference for future measurements in nuctéisians than the standard representation
FZ, whereas thé¢ distributions emphasize fragmentation into low momentumstituents and are
particularly suited to demonstrate QCD coherence eﬁ@].

In this work, the average&\ch), (Reo), and (dp3“™/dr) are referred to as jet shape observables (jet
shapes) an&Pr, FZandF¢ as fragmentation distributions.

5 Monte Carlo simulations

Instrumental effects, such as the limited particle dedectfficiency and the finite track momentum res-
olution, induce momentum dependent particle losses anddtithe jet energy scale and structures of
the observables reported in this work. The effect of thealetegesponse is studied using the simulation
of the ALICE detector performance for particle detectionl g&t reconstruction. Simulated events are
generated with PYTHIA 6.42@8] (tune Perugia{ﬂ [50]) anel produced particles are transported with
GEANT3 [_5__1]. The simulated and real data are analyzed wighséime reconstruction algorithms and
using the same kinematic cutgr(> 0.15 GeVE, |n| < 0.9) on produced particles. Jets reconstructed
based directly on momenta of charged particles ¥ 0.15 GeVt, |n| < 0.9) produced by MC genera-
tors are hereafter referred to particle level jets whereas those obtained after processing the generator
outputs through GEANT and the ALICE reconstruction sofevaire referred to adetector level jets. As

the data are corrected for instrumental effects, their @iapn with simulation is done at particle level
only.

The detector response to simulated charged jetsRvitB.4 is illustrated in Fig.]1, showing on a jet-by-jet
basis the probability distribution of the relative diffase between the charged j@t at the particle level
(pEHPa"MCey and at the detector levepf*®®***'°). The probability distribution is shown for three diffeten
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Fig. 1: (Color online) Probability distribution of the réilee momentum difference of simulated ALICE
detector response to charged jets in pp collisiong/®t 7 TeV for three differenp!®"2"°® intervals.
Charged jets are simulated using PYTHIA Perugia-0 and toacted with the antkr jet finding algo-
rithm with R=0.4.
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pletPaticl® intervals. The distributions have a pronounced maximumest fplStde!ecter = pletparticley
The trackingpr resolution induces upward and downward fluctuations witlaégrobability, whereas
the finite detection efficiency of charged particles resutan asymmetric response. As a function of
pletparticle the probability thatp®****is smaller thanp "2 varies between 88 and 92% and the
mean value of the distribution varies between -14% to -24%.

The event generators PHOJET 1.12.138 [31], HERWIG 6.@0@], and several PYTHIA tunes
are used for comparisons to data and for systematic inetistits of the sensitivity of the MC cor-
rection factors to variations of the detector response dlsasdo jet fragmentation and hadronization
patterns. PYTHIA, PHOJET, and HERWIG utilize different apgches to describe the parton shower
and hadronization process. HERWIG makes of angular orglexidirect part of the evolution process
and thereby takes correctly into account coherence effied¢t®e emission of soft gluons. PYTHIA 6.4
is instead based on transverse-momentum-ordered sh@rm [which angular ordering is imposed
by an additional veto. PHOJET generates angular ordergdligiate radiation, whereas for final state
radiation the mass-ordered PYTHIA shower algorithm is ugddddronization in PYTHIA and PHO-
JET proceeds via string breaking as described by the Lundah@], whereas HERWIG uses cluster
fragmentation. The PYTHIA Perugia tune variations, beiigwith the central tune Perugia@SO], are
based on LEP, Tevatron, and SPS data. The Perugia-201Y fairtuines [Eb] and the ATLAS Minimum
Bias tune AMBT1 [[__514] belong to the first generation of tunest tlso use LHC pp data gfs= 0.9 and

7 TeV with slight variations of the parameters controllitng tmodeling of the UE and fragmentation.
Compared to the central Perugia-2011 tune, AMBT1 uses arlgalae of the infrared regularization
scale for multiple partonic interactions resulting in regiJE activity. It also uses a probability density
of sum of two Gaussians for the matter distribution insidegioton and a higher non-perturbative color-
reconnection strength for string fragmentation. The HEBWeénerator version and PYTHIA tunes used
in this work utilize the CTEQ5L parton distributiorE[SS}gcmpt for PYTHIA tune AMBT1 which uses
MRST 2007LO* @5]. PHOJET uses GRV57].

6 Corrections

Two classes of correction techniques are used to accoumdtumental effects in the measurements
reported in this work. The techniques are known as bin-byebirrection and Bayesian unfoldi@58].

A third technique based on Singular Value DecompositionD&B@] is also used as a cross check.
The techniques and their comparative merits are presemtie ifollowing subsections. Corrections for

contamination from secondary particles and UE are discuss8ecs[ 63 and_8.4 respectively.

The jet shapes and fragmentation distributions are caueuasing the bin-by-bin method, while the
cross sections are corrected with the Bayesian unfoldicignique. All observables are corrected for
secondaries contamination. All observables, ex¢Bgg), are also corrected for UE contamination.

6.1 Bin-by-bin correction method

The bin-by-bin correction method is used to correct theljeipg observables and fragmentation func-
tions. To validate the method, it is also applied to the jessrsections. It utilizes MC simulations as
described in Se€l5 and is based on ratios of values for ddidsles/obtained at particle (generator) level
and detector level as a function of varialleln this work,x can be 1-dimensional (e.g. jpt in case of
the jet spectra) or 2-dimensional (e.g. jgtand particlepr in case of the fragmentation distributions).
Let OR%'(x) be the observable value at the particle level, @gf(x) the value obtained at the detector
level. The correction factors are defined as the ratio of #éige and detector level values Gf (X)
andO%!(x) in bins ofx. The corrected measuremermggge“e‘f are obtained bin-by-bin by multiplying
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the raw (uncorrected) value®Jneorrected s follows,

Ohe(x)

OCOI’I’ECtectX) — Ouncorrecte X) .
d Ogel(x)

data ata

(6)

The correction factors depend on the shape of the simulaetsp@ctrum and fragmentation distributions.
Systematic uncertainties related to the accuracy with bata are reproduced by the simulations are
discussed in SeL. 17.2.

Correction factors obtained for the jey spectra range from 25% to 50% and reach a maximum at
100 GeVE. The bin-by-bin corrections applied to jet shape obsessbiclude subtraction of contam-
ination associated with the production of secondary gegigvithin the detector. Correction factors
obtained for(Ncn) atR=0.2 (0.4, 0.6) are of the order of 2-6% (3-5%, 4-6%) while (lego) atR = 0.2
(0.4, 0.6) they are found in the range 5-7% (2-10%, 4-9%).ré&ubion factors applied on radial mo-
mentum densities have a maximum value of 12%(15%, 19%)=a0.2 (0.4, 0.6). In contrast, for the
fragmentation distributions, the bin-by-bin correctiordahe correction for the contamination from sec-
ondaries, discussed in S&c.]6.3, are carried out in seeqs. The typical value of the corrections at
the maximum of thé=¢ distribution is of the order of few percent only. The coriestfactors forFPr
andFZ are largest at low particler (up to 50%), where the tracking efficiency is smallest, anthat
highestZ" (up to 40%) where the impact of the track momentum resolusi@trong and detector effects
at the track level strongly influence the reconstructed @t@ntum.

6.2 Unfolding using response matrix inversion techniques

Instrumental effects associated with acceptance, pauttisises due to limited efficiency, and finite mo-
mentum resolution are modeled using a detection respons&mahich is used to correct observ-
ables for these effects. The jpt response matrix is determined by processing MC events ghrou
a full ALICE detector simulation as described in Selc. 5. Thetiple level (true),T(t), and detector
level (measured)M(m), pr spectra of the leading jet are both subdivided in 11 bins @ititerval
20< p'TEt’Ch < 100 GeVEt. The matrix elementR,; express the conditional probability of measuring
a jet pr in bin, m given a true value in birt., The measured distributioM, can thus be estimated by
multiplying the true distributionT, by the response matrix,

M = RT. (7)

Experimentally, the unfolding problem involves the deteration of T given M. This is symbolically
written as
T=R M. (8)

However the matrix R may be singular and can not always betedeanalytically. Consequently, other
numerical techniques are needed to obtain the true, phlysinaaningful, distributionT given a mea-
sured distributiorM. Furthermore, the exact solution, even if it exists, is Ugumstable against small
variations in the initial estimates of the measured distidm, and oscillating due to finite statistics in the
measured distribution. This problem can be overcome ushegularization condition based on a priori
information about the solution.

The Bayesian unfolding techniqLB58] is an iterative mdthased on Bayes’ theorem. Given an initial
hypothesis (a priorng}, witht = 1, ..., n, for the true momentum and reconstruction efficiemgyBayes’
theorem provides an estimator of the inverse responsexhedérentsRm,

5 RmR
m=— - < . 9
A & v R P ®)
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The measured distributioVl,y, is thus unfolded as follows

Pt/ = Z Iithm7 (10)

to obtain a posterior estimato, of the true distribution. The inversion is improved itéraly by
recursively using posterior estimators to update and catak the inversion matrix. The number of
iterations serves as a regularization parameter in theldinfpprocedure. For jet spectra studies, the
measured spectra are used as prior and convergence iseabtgiically after three iterations.

As an additional cross check, the analysis of charged jes@ections is also carried out with the RooUn-
fold implementation of the Singular Value DecompositioY[§ unfolding technique EBO] using
raw measured spectra as prior distributions. The perfocmai the Bayesian unfolding, SVD unfold-
ing, and bin-by-bin correction methods are compared basdelYa'HIA Perugia-0 simulated jets. The
three methods produce results that are found to be withinfA%edruth distribution. The cross sections
reported in this work are obtained with the Bayesian unfajdinethod.

6.3 Contamination from secondary particles

Charged secondary particles are predominantly producesielaik decays of strange particles (ng
andA\), decays of charged pions, conversions of photons fromralepibn decays and hadronic inter-
actions in the detector material. The charged jet traneversmentum, jet shapes and fragmentation
distributions include by definition only primary chargedtpdes (prompt particles produced in the col-
lisions and all decay products, except products from wealayke of strange particles such reg and

N). Secondary particles introduce ambiguities in the jergnscale and contribute to the raw recon-
structed multiplicity, momentum density, and fragmemtatdistributions. Although their contribution
is minimized by the analysis cuts described in $éc. 2, thesomed distributions nonetheless must be
corrected for a small residual contamination. The sulitractf the secondary particle contamination
is implicitly included in the bin-by-bin correction apptifor measurements of jet shape observables.
It is however carried out separately and explicitly in theasw@ements of the fragmentation function.
The contribution of secondaries is estimated from MC sitiuhs, separately for each bin in jpt and
particle pr, ZM" and&°". The correction applied to the measured fragmentationtifume is highest, up to
35%, at smallpr and largeZ . It amounts to few percent only when averaged over all jestinrents.

To enhance the low strangeness yield in the PYTHIA Perugign@ilations to the level observed in data,
the contamination estimate is multiplied by a data-driverrection factor based on measurements [61]
of strange particle production in non-single-diffracterents by the CMS collaboration and simulations
from [62]. The contamination of secondaries from strangéigda decays is small, and the effect of the
strangeness scaling on the final result is less than 1%. Niogés applied on the correction to the jet
spectrum and jet shape observables.

6.4 Underlying event subtraction

There is no strict definition of the Underlying Event. Opgmadlly, it corresponds to all particles pro-
duced in an event that are not an integral part of a jet or med directly by hard scattering of partons.
The ATLAS @@A] CMSEB] and ALICE@G] collaborations V& already published studies of UE
in pp collisions at,/s= 7 TeV. In this work, a similar method is adopted to deternthmeUE yield and
correct the measured jet observables for this source oaounation.

The UE particle yield is estimated event-by-event basedronlar regions perpendicular to the measured
jet cones. The circular regions have the same size as thesgution parameter and are placed at the
same pseudorapidity as the leading jet but offset at an dzahangleA¢ = 77/2 relative to the jet axis.

For the jet cross section measurements, the UE is subtrantadet-by-jet basis prior to unfolding and
the same treatment is applied to jets obtained from sinatbefore jet response matrix is created.

8
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In the case of the fragmentation and jet shape observaldesyrmection for the UE contribution to the
reconstructed jet energy is applied, but the UE contriloutiothe measured distributions in each bin of
jet pr is subtracted. Thet spectra of particles in the perpendicular cone are accuatubnd averaged
over many events. To account for variations of the cone ditleecantikt jets, the spectra are weighted
jet by jet with the ratio of the cone size, determined by Feistd the nominal aperture @fiR? for a jet
with resolution parametd®. The difference between the weighted and unweighted UElHigibns is at
the level of 1%. The& " variable is computed jet-by-jet for each particle usingtthesverse momentum
of the leading jet. The radigdy sum distributions are obtained relative to the axis of thg@edicular
cone.

The algorithms used for jet reconstruction are sensitivetagistical fluctuations of the particle density
which are possibly enhanced by local variations of the diste@fficiency and secondary particle pro-
duction. This reconstruction bias may differ for the jetioegand the UE region. Hence, the UE distri-
butions are corrected first for tracking efficiency, resoluand contamination from secondary particles.
The fully corrected distributions are then subtracted imshdf the leading jet transverse momentum.
The correction is smaller than 2.5% of the charged jet endaglyit is considerable for the fragmen-
tation distributions at the lowest track momentum and hg&€", where the ratio of UE background
to fragmentation signal takes values up to 2.5. No selfistarst technique exists to subtract the UE
in the (Rgp) measurements, these measurements are therefore repdttedtworrection for UE con-
tamination. However, comparing the radidp3"™/dr) distributions before and after UE subtraction, the
increase in jet sizéRgp) due to the UE is estimated to be of the order of few percent driig systematic
uncertainties for not performing the UE subtraction arestfuund negligible compared to other sources
of errors in the measurements (&) .

Distribution Bin Track eff. Trackpr Unfolding Normalization Sec. Total
(GeVi) (%) res. (%) (%) (%) (%) (%)

FoHan o 20-24 148 4.0 3.0 3.5 19 18
dprdn : s50-58  +221 4.0 1.6 35 25 1239
86-100  +280 40 5.2 3.5 28 13

o 20-24 173 4.0 3.0 35 21 193
dprany. R=04) 5058 232 4.0 1.4 3.5 25 133
86-100 1249 4.0 5.6 35 27 1262

d2gieteh 20-24 j&13.13;1 4.0 6.6 35 2:3 jgé
dprdn (R=0.6) 50-58 1228 4.0 1.9 3.5 26 i
86-100  +237 4.0 6.0 3.5 2.7 R

Table 1. Summary of systematic uncertainties for selecieslib selected cross section distributions.

7 Estimation of systematic uncertainties

A summary of all systematic uncertainties for selected lsngiven in Table€ Il for the cross section
measurements, and in Talgle 2 for tién), (Rso), (dp§*™/dr), FPT, FPT and F* distributions. The
uncertainties given in each column of the table are deatiibbéhis section.
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7.1 Tracking efficiency and resolution

Uncertainties associated with the momentum resolutionchadyed track reconstruction efficiency lead
to systematic uncertainties in measurements of the jesgestion, jet shapes, and jet fragmentation
functions.

The relative systematic uncertainty on tracking efficieiscgstimated to be 5% based on several vari-
ations of cuts used in the track selection introduced earlibe relative systematic uncertainty on the
track momentum resolution amounts to 20% [67].

In order to evaluate the effect of these uncertainties omtbasured jet cross sections, the corresponding
rescaled response matrix is used to unfold the spectrahEqget shape and fragmentation observables,
the impact of the finite detector efficiency and momentumltgiem on the bin-by-bin correction factors

is estimated by applying parametrized detector responB& IdHIA events clustered with FastJet, and
varying the efficiency and resolution independently. Systic uncertainties for the jet particle mul-
tiplicity and jet shape observables are given in Table 2 foesmlution parameteR = 0.4. For larger
(smaller)R, a moderate increase (decrease) of the uncertaintiesesvellsrelated to tracking efficiency.
For the fragmentation distributions, variations of the neoum resolution induce the most significant
changes at high trackr. The systematic uncertainties due to the efficiency vanatiare largest at the
highestz" and smallest at intermediate values.

7.2 Bin-by-bin correction

The data correction methods used in this work are largelgdas tune Perugia-0 of the PYTHIA event
generator. The particular structure of jets produced by RMTmight however conceivably affect the
magnitude, and dependencies of the correction factorsejetimomentum, particle momentum, or ra-
dial dependence The possible impact of such event generator dependesaiasimined by comparing
the amplitude of the bin-by-bin corrections obtained witiTIHIA tunes Perugia-0 and Perugia-2011,
with those obtained with the HERWIG generator. This is aqu@hed with a parametrized detector
response and the arkj-jet finder. In addition, the impact of modifications of the fietgmentation is
studied by artificially duplicating and removing jet paltie with a momentum dependent probability.
The variations are constrained to be at a similar level agliffierences observed between simulations
and data reaching up to a factor of 2.5 for valuegdtlose to 1 in the fragmentation distributions. The
charged particle multiplicity is affected by30%. The resulting systematic uncertainties are largest fo
high values o#*" and trackpr and small values of ¢".

As an independent check, a closure test with a 2-dimensioifdihg technique is carried out on the
fragmentation distributions from an inclusive jet samplenprising leading and sub-leading jets). A
response matrix in bins of generated and reconstructeqgt jehd particle (scaled) transverse momentum
is used to fold the corrected results back to the uncorrdetail Since the folding method has negligible
dependence on the event generator, the comparison of tthedfod the original distributions reveals
possible biases of the bin-by-bin correction. The obsenau-closure at the level of few percent is
consistent with the systematic uncertainty assigned tditdy-bin correction from modifications of
the fragmentation pattern.

7.3 Response unfolding

The unfolding techniques used in this work correct the mesjet spectra for the detector response.
The limited measurement resolution, discussed in Bec.shitsein a small, but finite, probability for
bin migration of the reconstructed jet momentum relativéhtotrue value. Consequently, the unfolding
introduces a correlation between neighbouring bins of theected spectrum, and statistical fluctuations
in the measured data result in a spectral shape systematictaimty. To assess this uncertainty, the
raw jet spectra are smeared by a Gaussian function with &\gidén by the statistical uncertainty in the
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given momentum bin. The resulting spectra are then unfaaeidhe systematic uncertainty is evaluated
as a spread of the corrected spectra. The value of this sgteumcertainty increases roughly linearly
with P, reaching a maximum value ef7% atp®*" ~ 100 GeVE.

7.4 Underlying event subtraction

In this work, we use perpendicular cones to measure andastiltire UE as described in SEc.]16.4. How-
ever, there is no unique prescription on how to determindJaeln a prior, trigger hadron based, UE
analysis by the ALICE coIIaboratiorEbG], a geometricaliffetent definition of the transverse region
was used. The charged particle transverse momentum @snaiitained in our analysis are consistent
with the saturation values in the transverse region meelém@]. In @], the UE was estimated from
dijet events and imposing an additional veto on a third jet.afternative simulation to estimate and sub-
tract the UE in a similar way is performed using particle lexgput from a MC event generator. The UE
is measured from events with a dijet in the detector acceptdn understand if and how the non-leading
jet affects the UE estimate, rejecting events with add#tiaarged jets with @1 exceeding 12 Ge\¢/
The resulting difference on the fragmentation distribusidgs used to assign a 5% systematic uncertainty
to the estimated UE. The resulting systematic uncertaintthe fragmentation distributions is highest
at low transverse momenta. Systematic uncertaintieglgyi™/dr) are largest at large distances the

jet pr interval 20 - 30 GeW. The uncertainty increases for higher values of the reisolytarameteR.
Systematic uncertainties on the measured charged jetsecisns are smaller than 1% and considered
negligible.

The antikr jet finder typically produces circular jet cones, and the WBEtGbution to the jet shapes and
fragmentation distributions is evaluated consistentlgiioular cones. In individual jets, particles may
however be added at a distance R thereby giving rise to a convex deformation of the cone. @wvac
deformations might also occur. The dependence of the fratatien distributions on the cone shape is
checked by repeating the analysis using only tracks in a e around the jet axis. In this case no
jet area scaling of the UE is applied. The low momentum partield is most affected: at high jet radii,
low " fragmentation dominates over high fragmentation. In addition, the probability to collect dtso
particle from the UE is comparatively higher than at small he observed effect is negligibly small: a
maximum depletion of 4% of the particle yield at the high&%t in the smallest jet momentum bin is
observed. Considerably smaller variations are found fosthkr jet momenta and®" bins. The effect

is reproduced in MC simulations, and no systematic unggytés associated to the jet cone shape.

7.5 Cross section normalization

The determination of luminosity and related systematicettainties are discussed @ 70]. A nor-
malization uncertainty of 3.5% is assigned to the cross@eaoteasurement.

7.6 Contamination from secondary particles

The reconstructed primary particles originate from themiatieraction vertex and have a non-zero dis-
tance of closest approach DCA because of finite resolutifactsf The DCA of secondaries however
spans a much broader range of values. Reducing the maximowedl DCA value reduces contami-
nations from secondaries but also reduces the detectiaieeffy of primary particles. In this analysis,
primary particles are selected requiring a small DCA asudised in Se€]2, and a correction for the resid-
ual contribution of secondary particles is applied, asa&rgld in Sed. 6]3. The systematic uncertainty
associated to the correction is estimated by reducing thénmuen allowed DCA used in the selection
of primary tracks by more than a factor of 9 usingpa dependent cut. The resulting fragmentation
distributions are corrected consistently for contamoratind cut efficiency and residual differences in
the fully corrected spectra are assigned as systematictamtg. The highest uncertainty is found for
large values o€ M.
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The dependence of the correction on the strange particle iyieghe PYTHIA Perugia-0 simulations is
estimated from comparison to data as explained in[Sekc. 68.effect on the jet cross sections is less
than 3% and is assigned as systematic uncertainty. Fortthkgpe observables it is negligible.
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10—6 L Statistical uncertainties only = _
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% 1.2 — anti-k; reference —
o

8 L . . . . . . . L
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Fig. 2: (Color online) Top panel: Charged jet cross sectiongp collisions at,/s = 7 TeV. Symbols

correspond to different algorithms used for jet reconsimac Bottom panel: Ratios between jet cross
sections obtained by, and SISCone to that obtained by akati-

8 Results
8.1 Comparison of jet finding algorithms

Figure[2 (top panel) shows the differential cross sectidreharged jet production measured in pp col-
lisions at\/s = 7 TeV using thekr, antikr, and SISCone jet finding algorithms. The distributions are
obtained with a resolution paramet&,= 0.4, for jets in the pseudorapidity rangg’®'| < 0.5, and
transverse momenta from 20 to 100 GeVThe bottom panel of the figure displays the ratios between
the cross sections obtained with tkg and SISCone algorithms to those obtained with the lantis

a function of the jet transverse momentum. For a correctrireat of statistical correlations between
the numerator and denominator, the data were divided irtp dorrelated and uncorrelated subsets.
The distributions are corrected using the bin-by-bin amio; procedure described in Séc.16.1. The
ratios of the jet cross sections are consistent with unigr eearly the entire range of jet transverse
momenta spanned by this analysis. A significant deviatiob6fis observed only in the lowegt bin
(P*" = 20-24 GeVt) between the SISCone and akti-algorithms. For largep®™" SISCone andkr
algorithms agree within errors with the akgi-algorithm. These observations are in good agreement
with that obtained using PYTHIA Perugia-0 simulation (nlobwn).

The antikr algorithm initiates particle clustering around the highgsparticles of an event. In contrast,
the kt algorithm initiates jet finding by clustering particles withe lowest momenta. It is thus rather
sensitive to events with a large, fluctuating density of lowmmentum particles as produced in A-A
collisions. The antkr algorithm does not exhibit such sensitivity and is thus faddfor studies of jet
production in A-A collisions. Since there are no large défeces observed between the spectra obtained
with the three jet finders discussed above, and considenmdgact that the results of this work will be
used as a reference for similar measurements in A—A and pHisigos, the remainder of the analyses
presented in this work are performed with the dgtialgorithm exclusively.

12



Charged jet properties in pp at 7 TeV

ALICE Collaboration

Track Bin-by-
Distribution Bin Track prres. bincorr. UE (% Sec. Total
eff. (%) (%) (%)
' (%) (%)
N 2025GeVe 5y g5 gy 08 egigle g
80-100 Gev¢ ‘28 e o 05  negighle .7
+6.1 +3.6 +1.7 +7.2
(Reo) 20-25 GeVe -55 -4.3 17 - - ~7.2
80-100 GeVé +6.1 +3.6 +1.7 . B +7.2
-5.5 -4.3 -1.7 -7.2
<dp_srum> 0.00-0.04 tgé fgi :2,’? negligible  negligible -l-%054
dr 181 45.9 429 . 4105
20< pl?t’Ch <30 GeVE 0.20-0.24 T6E o 31 0.3 negligible "7 ¢
036-0.40 81 =2 29 150  negligble 1o
<dp_srum> 0.00-0.04 té016 fgg tgz negligible  negligible i_é296
dr +10.6 +5.6 +37 - +12.6
60< " <80 GeVE 0.20-0.24 gy 65 -34 0.4 negigble g
0.36-040 106 156 37 16 negigble g5’
cor 0-1GeVt 5.0 0.1 0.7 3.3 3.2 6.8
20~ pi?t’Ch <30 GeVE 6-7 GeVkt 0.8 negligible 2.3 negligible 0.5 2.4
18 -20 GeV¢ 9.9 0.5 6.0 negligible 0.4 11.6
0-5GeVE 5.2 0.3 0.2 0.8 2.1 57
EPr
50~ pl?“’h 80 GeVE 20 - 30 GeVt 1.4 negligible 3.7 negligible 0.6 4.0
50 - 60 GeVt 10.5 3.5 9.6 negligible 0.6 14.6
0-0.1 4.7 1.6 0.2 1.6 1.4 5.2
FZ
20 piﬁmh 30 GeVE 0.3-0.4 0.4 negligible 2.7 negligible 0.3 2.8
0.9-1.0 15.5 1.1 4.8 negligible 0.6 16.3
- 0-0.1 5.0 0.3 0.3 0.7 1.3 5.3
_ 0.3-04 1.2 0.2 3.7 ligibl 0.4 3.9
60< Pt <80 GevE et
0.8-10 138 3.1 6.1 negligible 1.2 15.4
> 0-0.4 9.9 0.5 4.6 negligible 0.7 10.9
20~ pi?t’Ch 30 GeVE 0.8-1.2 0.6 negligible 3.0 negligible 0.5 3.1
48-5.3 5.1 0.7 0.9 15.3 7.8 17.9
ce 0-1.0 5.0 0.5 3.9 negligible 0.7 6.4
. 1.0-2.0 1.3 0.4 3.4 ligibl 0.6 3.8
60< Pt <80 GeVE s
5.0-6.2 5.7 0.2 0.7 6.5 6.2 10.6

Table 2: Summary of systematic uncertainties for selectesl in selected jet shape and fragmentation

distributions forR = 0.4.
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Fig. 3: (Color online) Inclusive charged jet cross sectiornsp collisions at\/_éz 7 TeV using the antir
algorithm withR = 0.2 (0.3, 0.4, and 0.6) withim®!| < 0.7 (|n’*'| < 0.6, |[n’*!| < 0.5, and|n’*'| < 0.3).
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Fig. 4: (Color online) Top panels: Comparison of the chargtdross section in the ALICE and the
ATLAS [@] experiments in pp collisions ays= 7 TeV. Statistical and systematic uncertainties are
shown separately for ALICE data points, the gray bands atitig the systematic uncertainties, while
for the ATLAS data points, the error bars show the statiséral systematic uncertainties summed in
guadrature. The dotted line represents a Tsallis fit usedranpetrize the ALICE data. Bottom panels:
The ratio of the ALICE and ATLAS charged jet spectrum to theapaetrized ALICE data. Note that the
labels in the figures correspond to the ALICE measuremeatstéxt for details).

8.2 Charged jet cross section

Figure[3 presents the fully corrected inclusive chargectijess section measured in pp collisions at
V/S = 7 TeV using the anti jet finder. Corrections for the detector response and imstnial effects
are carried out using the Bayesian unfolding method predentSed_6.2. The distributions are also cor-
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rected for UE contamination on an event-by-event basisrdowpto the method described in SEC.16.4.
Inclusive charged jet cross sections are reported forugeanl parameter valud’= 0.2, 0.3, 0.4 and 0.6,
and limited to pseudorapidity ranggs < (0.9 -R) in order to avoid losses due to partially reconstructed
jets at the edge of the pseudorapidity acceptance. Statistncertainties are displayed as vertical error
bars. Individual sources of systematic uncertaintiespgrdependent. In Fid.l3 as well as in all other
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Fig. 5: (Color online) Top panels: Charged jet cross sestimeasured in the ALICE experiment in pp
collisions at,/s = 7 TeV compared to several MC generators: PYTHIA AMBT1, PYAHPerugia-0
tune, PYTHIA Perugia-2011 tune, HERWIG, and PHOJET. Botfmnels: Ratios MC/Data. Shaded
bands show quadratic sum of statistical and systematicriamcies on the data drawn at unity.
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Fig. 6: (Color online) Ratios of jet cross sections for cleargets reconstructed using akti-algorithm
with resolution parameters 0.2 and 0.4 and 0.2 and 0.6. Tlegeptance is restricted ﬁqla\ <0.3.
The ratios in data are compared to PYTHIA Perugia-2011 anRWES simulations.

figures the data points are placed at the bin centre alond#uisaa and the horizontal error bars indicate
the bin width while the vertical error bars indicate theistatal uncertainties. The total systematic un-

certainties are obtained as a quadratic sum of individugtesyatic uncertainties, as described in §kc. 7,
and are shown as shaded bands around the data points [ith Bigve3las in all other figures.

The measured charged jet cross sections are compared ¢orpested by the ATLAS experimeﬂﬂlZ]
atR=10.4 and 0.6 in Fid.]4. The ATLAS charged jets are measuredemapidity|y| < 0.5 at bothR =
0.4 and 0.6, using charged tracks with> 0.3 GeVE without underlying event subtraction. The ALICE
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therefore also uses the same tragkselection without underlying event subtraction unlike.Hg To
guantify the level of agreement between the ALICE and ATLASdross section measurements, the
ALICE data are fitted with a modified Tsallis |71, 72] distritan (f (pr) = a- (1+25) 7). The Tsallis
fits are shown as dotted black curves in the top panels of Figihé x2/dof of the fits are 27/8 and
4.27/8 for R= 0.4 and 0.6 respectively. The bottom panels of Big. 4 shewakios of the ALICE and
ATLAS data points to the fit function. The gray bands reprefiam systematic uncertainties on ALICE

EI: YTTY‘YYTY{TTYY‘TTYT‘TYTY{TYYT TTTT TTTT ('U TTTT‘YTYY‘TTTY‘TTYVVOVVF,Vy%_HIAbVVV.Vd{{‘{{{{
£ @i‘ +— [ _ erugia-
§01(2) pp \'s =7 TeV .‘g 12[ ppNs=7Tev A PYTHIA Perugia-2011
F 7 < 7@7 e v I—
8w B ALICE g 1% POy e s
3 = =5 AR e
2 R=0.6 —
F . O PYTHIA Perugia-0 _ L pajet ==
of |,7|et|<0_3 0.8f R=06;|771<0.3
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
TTTY‘YYYT{TYYY{TTYT‘TYYT{YTYT‘TYTT{YYTT TTTY‘YTYY‘TTTY‘TTYY[TTYT[TYYY[TTYT‘TYYT
12F R=04 o ol O PYTHIAAMBT1
108 | 1
8r A PYTHIA Perugia-2011 1= e ﬁg e
e A = o T
6FE O PYTHIAAMBTL ﬁ 0
4t UE subtracted vV HERWIG 0.8f R=047<0.5  UE subtracted
ok o PHOJET :
L] ‘ - ‘ - ‘ - ‘ L] ‘ L] ‘ - ‘ -
T ‘ LI ‘ T ‘ L ‘ T ‘ T ‘ T ‘ L
12f Rr=02
10’ jet B
<0.7
gt 7" ]
6, ) |
A= FastJet anti-k ] 0o 1t FastJet anti-k
o 72k|<0.9 p:ack>0.15 Gevic 0.8r R=02|7"1<0.7 |7"a|<0.9; p‘T'a‘k>O.15 GeVic
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ lllllllllllllllllllllllllllllllllllllll
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100

plt " (Gevic)

pi<" (Gevrc)

Fig. 7: (Color online) Left panel: Mean charged particle tiplicity in the leading charged jet as a
function of jet pr compared to MC models for pp collisions @fs = 7 TeV for various jet resolution
parametersK = 0.6 (left top),R = 0.4 (left middle) andR = 0.2 (left bottom)). UE contributions are
subtracted from both data and MC. Right panel: Ratios M@/dahaded bands show the quadratic sum
of statistical and systematic uncertainties on the datamled unity.

data points. Despite fluctuations in the highrange of the ATLAS data, both datasets are in excellent
agreement.

In the top panels of Fid.]5, the measured charged jet cros®ise@re compared to predictions from
PYTHIA (tunes Perugia-0, Perugia-2011, and AMBT1), PHOJ&d HERWIG forR = 0.2, 0.4 and
0.6. The ratios of the MC simulations to measured data arersho the bottom panels of Figl 5. In
the highpt range, PYTHIA Perugia-2011 describes the data best, wintles low pr range data is best
described by HERWIG and PHOJET. All PYTHIA tunes systenaliycoverestimate the measured data
in the low transverse momentum range and the discrepancgaises with increasing cone size. The
worst discrepancy with the data is observed for the PYTH#etAMBT1, which overestimates the data
by factors ranging from 25% to 75% over the studmdange forR=0.2. The disagreement grows with
increasing resolution parameter, and is worstRer 0.6.

Figure[® shows the ratios of cross sections for jets withluéism parameterfk = 0.2, R = 0.4 and
R=0.2,R=0.6. The ratio of jet spectrﬂlG] is sensitive to the cadition of particles around the
jet axis and serves as an indirect measure of the jet stauosged particularly in A—A coIIisioni__Lb?)],
where large background fluctuations greatly complicatshape studies. In order to compare the ratios
within the same jet pseudorapidity range, the ratios amiestuwithin || < 0.3, which coincides with
the fiducial jet acceptance for the largest resolution patamstudied R = 0.6). To avoid statistical
correlations between the numerator and denominator,igi§obsets of the data are used. The measured
ratios are also compared to those from PYTHIA Perugia-20tiIHERWIG simulations. The measured
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ratios confirm the expected trend of increased collimatiith imcreasing transverse momentum of jets,
corroborated also by the simulation results. At higth(> 30 GeVk), both PYTHIA and HERWIG are
in good agreement with the data within uncertainties. Havex low pr (< 30 GeVE) PYTHIA tends

to underpredict the data for both the ratios whereas HERWI@s to overpredict the data for the ratio
oleth(R = 0.2) / g€tch (R= 0.6).
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Fig. 8: (Color online) Left panel: Radial distributions pf density as a function radial distance 'r' from
the jet direction for leading charged jets reconstructetth vasolution parametd® = 0.2 for selected jet
pr ranges in pp collisions afs= 7 TeV. Measured distributions are compared to MC modeltations.
UE contributions are subtracted from both data and MC. Rigintel: Ratios MC/data. Shaded bands
show the quadratic sum of statistical and systematic usiogigs of the data drawn at unity.

8.3 Charged particle multiplicity in the leading jet

The corrected mean charged particle multiplicity distiimos (Nch) in the leading jet are shown in FIg. 7
(left panel) as a function of jgir for R=0.2, 0.4, and 0.6. Thé\cp) rises monotonically with increasing
jet pr as well as with increasing. These results are in qualitative agreement with thosertegpby the
CDF @] collaboration and more recently by the C [22] abbration based on slightly different
kinematic track cuts.

In the left panel of Figl]7, the measurements are comparecettigtions by the MC models PYTHIA
(tunes Perugia-0, Perugia-2011, AMBT1), PHOJET, and HERVRatios of the predictions to the data
are displayed in the right panel. The model predictions ak within 10% of the measured data with
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largest deviations 0f15% atR = 0.6 and 0.2 towards large jpt. The PYTHIA tune Perugia-0 tends to
systematically underestimate the measured particle jplicities particularly at the large® for smaller
jet momentum, whereas HERWIG tends to overpredict the dasamallerR. An overall agreement
between the data and MC predictions is found to be best wétfPtrugia-2011 tune and PHOJET.
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Fig. 9: (Color online) Same as Fig. 8 for a resolution paramiet 0.4.

8.4 Transverse momentum density distributions within the éading jet

The left panels of Fig§]8] 9, aidl10 show leading jets avepagkensity radial distributiongdps“™/dr)
measured with resolution paramet&s- 0.2, 0.4, and 0.6, respectively. The distributions ardtgdib
separately for jets in ther intervals 20 - 30, 30 - 40, 40 - 60, and 60 to 80 GeVThe latter three
distributions are scaled by factors of 10, 100, and 1000etsly for clarity. The transverse momentum
density is largest near the jet axis and decreases appr@iynexponentially with increasing Densities
are largest at the highest jpt where they are also found to have the steepest dependenceTdiis
indicates that higlpr jets are on average more collimated than lswjets as already hinted in Figl. 6.

The measured distributions are compared to predictiots M@ models. The right panels of Figs[8, 9,
and 10 display ratios of the model calculations to measuaéal @ he MC models qualitatively reproduce
the magnitude of the measured densities as well as theal @elpendence. The agreement between the
MC model calculations and data is better at smalér 0.2). AtR=0.4 and 0.6 HERWIG and Perugia-

0 tune of PYTHIA tend to underpredict the measured trangveresmentum density except at small
for the two lowest jetpr bins. The excess over the data for the smallest r and the slajpe ratio of
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Fig. 10: (Color online) Same as Fid. 8 for a resolution partanfe= 0.6.

simulations to data observed flar= 0.6 indicates stronger jet collimation for Iguy jets than observed in
the data. This observation is consistent with the discrepahthe Herwig model to the measured cross
section ratio discussed in S€c.]8.2 (see also[Fig. 6). Iratebin of Figs[ B, and 10 (right panel), large
deviations of MC models (PHOJET and HERWIG) from the datafewed, whereas good agreement is
observed when data and simulations are not corrected fddEheontribution (see Append[x]A). This
indicates that the UE is underestimated by these modelspasted inEb] for PHOJET and in_[64] for
HERWIG simulations of the UE density of charged and neutaatigles withpr > 0.5 GeVEL.

8.5 Leading charged jet size

The left panel of Fig. 111 displays measured distributionthefaverage radiugRg), containing 80% of
the total jetpr observed in jet cones witR= 0.2, 0.4, and 0.6. The distributions are corrected usiag th
bin-by-bin method described in Séc.16.1 to account for imsantal effects. No corrections are applied
for UE contributions, which are estimated to have a nedkgeffects on measure(Rgp) values. Jet
widths are largest at the lowest measupgdand decrease monotonically with increasimg indicating
that highpr jets are more collimated than lop+ jets (as observed in Figsl.[6,(8, 9, 10) in a similar
way as predicted by various MC models and in qualitative ement with prior measurement by the
CDF tﬁ] collaboration.

Figure[11 also display&Rgp) distributions predicted by PYTHIA (tunes Perugia-0, Pét2011, AMBTL1),
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Fig. 11: (Color online) Left panel: Distributions of avesadius {Rgo)’ containing 80% of thepr with
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(left bottom)). Right panel: Ratios MC/data. Shaded barmsvsquadratic sum of the statistical and
systematic uncertainties of the data drawn at unity.

PHOJET, and HERWIG. All five models qualitatively reprodube observed magnitude apg depen-
dence of(Rgp) at R = 0.2 and 0.4. However, & = 0.6, HERWIG, PHOJET, and PYTHIA Perugia-0
tune systematically underpredict the data at lsw The PYTHIA tunes Perugia-2011 and AMBT1 are
in best agreement with the measured values.

8.6 Jet fragmentation

The left panels of Fig. 1P, 113, ahd 14 present the meagyregectraF PT and scaler spectra-#? and

F¢ of charged particles in leading charged jets reconstrusi#ida resolution parametd® = 0.4. The
data are corrected for instrumental effects, UE backgrpand contamination from secondary particles.
Systematic uncertainties, indicated by the shaded bandsdie the detector response, UE subtraction,
correction for secondaries and event generator dependence

The particle momentum distributios”™ are shown for four bins in jet transverse momentum: 20 - 30,
30-40, 40 - 60, and 60 - 80 Ged//The latter three are scaled by factors of 10, 100, and 1GQ@otively

for clarity. Thepr spectra of the jet constituents span 2 - 3 orders of magniflide slopes are steepest
for the lowestpr jets and progressively flatter with increasing gt This dependence is essentially
driven by the jet energy scale, as illustrated in Eig. 13 civfdisplays fragmentation distributioR$ for

jets in the same four jet momentum ranges. £bt> 0.1 all measured distributions are consistent within
uncertainties, indicating a scaling of charged jet fragtaion with charged jet transverse momentum.

The fragmentation distributiors¢, shown in Fig[.I#, resolve in more detail the differenceseolexd for
small values of®". For small values of °" < 2, the distributions exhibit the approximate scaling alsea
seen forFZ, whereas at highef®", corresponding to smatf", a pronounced maximum ('hump-backed
plateau’) is observed, indicating the suppression of lowm@ietum particle production by QCD coher-
ence [[ZB@Q]. With increasing jet transverse momentumatba of the distributions increases, showing
the rise of particle multiplicity in jets (as observed in Hi§, and the maximum shifts to higher values
of £°. This observation is in qualitative agreement with fuljelifragmentation functions measured in
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Fig. 12: (Color online) Left panel: Charged partigle spectra & /dpr in leading jets for different bins

in jet transverse momentum, compared to simulations. Faulsitions and data, the UE contribution is
subtracted. Right panel: Ratio of simulations to data. Theeled band indicates the quadratic sum of
statistical and systematic uncertainties on the data.

p p collisions at/s=1.8 TeV ] and with expectations from QCD calculationsdzhon the Modified
Leading Logarithmic Approximation (MLLA)[74].

The measured fragmentation distributions are comparealtalations obtained from the HERWIE[29
@] PHOJETEh] and PYTHIA@8] event generators and thimsatf the calculated MC distributions to
measured distributions are shown in the right panels of E@$13, an@14. The UE contributions to MC
events are estimated and subtracted using perpendiculas @gminting into the event transverse region
as described in SeC_6.4. At high particle transverse mamand highz", the data and simulations
agree within uncertainties, except for the two lowestgetbins, where the measured yield seems to
be systematically higher than the simulations with PYTHUA¢s Perugia-2011 and AMBT1 faf" >
0.6. In the low momentum / high®" region, the measured yield is systematically larger thadyzed

by the PYTHIA and PHOJET simulations. To investigate themipancy at low particle momentum,
data and simulations are also compared without subtractithe UE (see AppendixJA). In this case,
the excess of low momentum constituents in data over PYTHAktions is still significant, however
reduced in magnitude and comparable to other measuremehighar constituent moment@lZ]. It
is thus concluded that in the PYTHIA tunes investigated in thork the UE contribution to the low
momentum particle yield is overestimated relative to thetidoution from hard parton fragmentation.
The data at lowpt are best described by the HERWIG event generator, whick tord sensitivity of the
low momentum fragmentation to the details of the parton gltowodel in the simulations.
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9 Summary and conclusion

In summary, we reported measurements of the inclusive edgrgrticle jet cross section, jet fragmen-
tation and jet shapes at midrapidity in pp collisions,& = 7 TeV using the ALICE detector at the
LHC.

Jets were reconstructed with infrared and collinear safén@ing algorithmskr, antiky and a seedless
infrared safe iterative cone based algorithm, SISCone. h&smeasured inclusive jet spectra did not
show any significant dependence on the jet algorithm uséabakrvables discussed throughout the
paper were based on jets reconstructed with thekgrdequential recombination algorithm, commonly
utilized in the LHC community. In order to gain as much infation as possible , the arkj- algorithm
was run with several resolution parametBmsanging from 0.2 to 0.6.

The inclusive charged jet cross section was measured ipiﬁ?’f@ interval from 20 to 100 Ge\and
found to be consistent with the ATLAS measurement at the seotflision energy. The ratios of jet
cross sections for resolution parame®er 0.2 overR = 0.4 and 0.6, respectively, are found to increase
with increasingpy of jets, pointing toward an increasing collimation of pelds in jets around the jet
axis. This finding, expected by pQCD calculations, is coorated by a detailed study oRsp) variable
defined as the average radius containing 80% of total chgedger. The pr density is found to be
the largest near the jet axis and decreases radially awaytfie jet axis. This radial decrease is found
to be larger for highpr jets which are more collimated. The averaged charged fmmiciltiplicity
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indicates the quadratic sum of statistical and systematerainties on the data. UE contributions are
subtracted from both data and simulations.

in jets ((Nch)) increases with jet momentum and resolution paramRteYWe studied charged particle
fragmentation in leading charged jets. The scaledspectra of charged particles associated with jets
exhibit a pronounced maximum commonly referred to as ‘hiragked plateau’ consistent with the
suppression of low momentum particle production by QCD oahee. The area of the distribution
increases with jepr and reflects the observed increaséN,) discussed above. The observed behaviour
is in qualitative agreement with MLLAEJM] calculations aedrlier measuremenE[24] in p p collisions at
the Tevatron {/s= 1.8 TeV). The jet fragmentation distributions for the meas jetpr ranges indicate

a scaling of charged jet fragmentation with jgtfor 2" > 0.1.

All measured observables were also compared to several M&a@rs (PYTHIA, PHOJET, HERWIG).
None of the generators gives a perfect description of thesored charged jet cross section. PHOJET
and most of the PYTHIA tunes used in this work overestimagectioss section. PYTHIA Perugia-2011
agrees reasonably well with the data for intermediate agd bharged jepr, whereas HERWIG re-
produces best the cross section at lowget The jet properties are reproduced rather well by the MC
generators. The agreement of the calculations with thefdatbservablesNg,), (Rso), and radialpy
density is typically at the level of 5-10%. In case of the fremptation functions, the data are better
described by the HERWIG event generator. The high momenimmg°") region is relatively well de-
scribed by the generators, while for the low momenta (igh, the measured yield significantly exceeds
PHOJET and PYTHIA predictions. We emphasize the relevaftieisobservation for the choice of a
generator based pp reference for future measurements fogehentation in nuclear collisions, where
similar effects are predicted as a signature of parton grlegs in the hot and dense strongly-interacting
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medium.
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A Results without UE subtraction

The results are presented for charged jet properties imgudclusive differential jet cross sectiofNcn),
(dpsU™/dr), FPT, FZ andF¢ without subtraction of UE in comparison to MC generators.

In the top panels of Fig._Al1, the measured charged jet cexstsoas are compared to predictions from
PYTHIA (tunes Perugia-0, Perugia-2011, and AMBT1), PHQJ&W HERWIG forR = 0.4 and 0.6.
The UE is not subtracted for both data and MC. The ratios oMBesimulations to measured data are
shown in the bottom panels of Flg. A.1.
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Fig. A.1: (Color online) Top panels: Charged jet cross sestimeasured in the ALICE experiment in pp
collisions at,/s= 7 TeV without UE subtraction compared to several MC geesaPYTHIA AMBT1,
PYTHIA Perugia-0 tune, PYTHIA Perugia-2011 tune, HERWIGJd&@HOJET. Bottom panels: Ratios
MC/Data. Shaded bands show quadratic sum of statisticadystdmatic uncertainties on the data drawn
at unity.

The corrected mean charged particle multiplicity distitmos (Ng,) in the leading jet are shown in
Fig.[A.2 (left panel) as a function of jgir for R = 0.2, 0.4, and 0.6. The UE is not subtracted for
both data and MC. Ratios of the predictions to the data aptagied in the right panel.

The left panels of Figd._Al3, Al4, arid A.5 show leading jeterage pr density radial distributions
(dp3'™/dr) measured with resolution paramet&s 0.2, 0.4, and 0.6, respectively without subtraction
of UE (both for data and MC). The right panels of Figs.]A.3,1AaAd[A.5 display ratios of the model
calculations to measured data.

The left panels of Fig$._Al6é, Al7, aid A.8 present the meabkprespectraFPT and scaledor spectra
FZ andF¢ of charged particles in leading charged jets reconstruafiétdl a resolution parametd® =
0.4. The UE is not subtracted for both data and MC. The ratidgheocalculated MC distributions to
measured distributions are shown in the right panels of. BAg [A.7, and’AS.
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