PROCEEDINGS

OF SCIENCE

AnAg angular correlations in pp collisions at the
LHC registered by the ALICE experiment

Matgorzata Janik * (for the ALICE Collaboration)

Warsaw University of Technology, Poland
E-mail: maj ani k@ f . pw. edu. pl

We report on studies of two-particlinAg angular correlations measured in proton-proton col-
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ysis. We show that the minijet hypothesis for the non-feedpsc underlying correlation should
be taken into account while performing the femtoscopy asisly
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1. Introduction

In high energy collisions different mechanisms come into play during thendignavolution
of the system of particles. The observed features in the final shape ej#tem results from the
complex interplay of these processes. Studies of such physical matisanishe experimental
data require the development of special analysis tools. One such toolarsdhgsis of the angular
correlations iM\nAg space, where different correlation sources contribute to the finatres

We report results of th&nAg angular correlations in pp collisions gfs= 0.9, 276 and
7 TeV registered by the ALICE experiment [1]. We preform MA@ angular correlations analysis
distinguishing between correlations for like-sign and unlike-sign partidls.pihe main goal of
the performed analysis is to characterize two of many correlation souraesdhtribute to the
AnAg correlation function: minijets (particles from fragmentation of "hard scaltepartons,
which have too low energy in comparison to the underlying event to be s&coted as jets event-
by-event) and femtoscopic correlations (femtoscopy is a term whichsrieféine technique of two-
particle nuclear interferometry, which combines the momentum distributions télparwith the
space-time characteristics of their sources). We studied the deperafeéheecorrelation function
on particle charge, multiplicity, and pair transverse momentum to disentangéetthosorrelation
sources and study their properties separately. Moreover, we testegibiesis of minijets being
the background for the femtoscopic correlation functions discussed.in [2

2. Data Analysis

2.1 Event and track selection

The analyzed datasets were 11.3 millions events®feV, 12.6 milion events at.26 TeV
and 530 millions at 7 TeV. Minimum bias data samples were used for the anaissts with
the primary vertex within 1 mm of the beam in the transverse plane and within 1 ttre center
of the ALICE detector along the beam axis were selected. The analysizerfasmed on primary
particles within the acceptance rangd pf < 1.0 and the transverse momentum ramge> 0.12
GeV/c. Moreover, cuts to remove effects of splitting (one track is mistakeshynstructed as two)
and merging (two tracks are reconstructed as one or not at all) weliegpp

We applied a cut to remove electron-positron pairs which are produoedgamma conver-
sions. It was achieved by removing pairs constructed of one positiver@negative particle that
have smallA@ polar angle difference and invariant mass close to 0 (rest mass of ttenpho

We observe a combination of undesired physics effects (gamma com&rsinue physics
correlations (Coulomb interaction) and detector effects in the (0,0) binir $stematic study is
in progress. At the moment we assign a systematic uncertainty for this bin ¢dlistlute with
respect to the correlation strength) and 2% (relative to the correlatiorgtyefor all other bins.

To compare with the collision data, the same analysis was performed on Maorbee@ents
generated by two different models — Pythia and Phojet.

2.2 Correlation function

The experimental correlation function is defined as the ratio of the signaétbabkground.
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The two-particle correlation as a function®f andAg is defined as follows:

Npas S(An, Ap)
NS9a B(An,Ag)’

pairs

C(An,Ap) =

(2.1)

whereAn = n; — nz is the difference in pseudorapidityp = ¢ — ¢ is the difference in azimuthal
angle,Ng‘grf' is the number of pairs constructing the sigSabnd NL“;,?‘gd is the number of pairs

in the background. The signal is determined by counting particle pairs within the sAmg&g

range:
dZNsignal
SAn,Ap) = dbndbg’

The background is estimated by applying the so-called event mixing anceaxpbessed as:

(2.2)

dZNmixed

(2.3)

2.3 Background of femtoscopic correlation function

Non-flat background of the femtoscopic correlation functions wasrtegdn [2, 3]. We try to
assess with thAnAg analysis if the hypothesis of minijets being responsible for this structure, as
proposed in [4], holds.

AnAg@ correlations are well-suited for this task, since there is a direct relatiorelaty), A
and the components of relative momentum of the gawhich are used in femtoscopic studies:

Jout ~ PT.1— PT2, (2.4)
Oside ~ (PT.1+ PT.2)AQ, (2.5)
Ciong ~ (PT.1+ Pr.2)AN. (2.6)

This means that from studies of angular correlationfsrjr- A@ space it is possible to describe
other, non-femtoscopic correlation sources, that influence the fenpicsmarrelation functions.

3. Resaults

3.1 Energy dependence

Correlation functions for three different energies are shown in figur&or lower collision
energy, we expect that there would be less hard-scattering pregessmaller magnitude of the
correlation function of minijets) which would result in smaller correlation.

3.2 Charge dependence

Four different sets of particle pairs were analyzed: positive like-siggative like-sign, unlike-
sign, and all possible (a pair can be combined of any particle, indeptyndécharge). The last
case is the usual way of studyidg)Ag correlations. However, to be able to show the influence
of minijets on the femtoscopic correlations, we must analyze separately likesgyunlike-sign
pairs. This is due to the fact, that Bose-Einstein correlations occur onlgéatical bosons. The
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Figure 1: Dependence of the AnAg correlation functions on energy for pp collision data.

results of the charge dependent analysis performeq/®« 7 TeV pp collision data are shown,
together with the multiplicity dependence, in figure 2. As we can see the iteapaak af0,0),
corresponding to the minijet and Bose-Einstein correlations, and the sidayidge athg = T,
corresponding to back-to-back minijets, are both present. Since thedatan functions for like-
sign pairs combined of negative and positive particles are identical withist#tistical uncer-
tainties, only correlation functions for positive pairs are shown. Thegesignificant difference
between like-sign and unlike-sign distributions. It is consistent with thenasson that there is
an additional source of correlation of identical particle pairs due to the{Birsstein correlations
which does not exist for unlike-sign pairs.

3.3 Multiplicity dependence

The events were divided into eight multiplicity ranges for the data fytse= 7 TeV collisions.
The multiplicity ranges have comparable number of pairs. The analysis wasmed separately
in each range, for different charge combinations of particles in a papdssible, like-sign, and
unlike-sign). In figure 2 we compare three multiplicity bins for all particlesifnee like-sign and
unlike-sign.

Studies of femtoscopic correlations show that there is a decrease ofrtietation with in-
creasing multiplicity [2]. Similar conclusions can be obtained frrmA@ studies by comparing
the plots in figure 2. This is also expected for minijet correlations: for high niigitip events
the number of minijets per collision increases; therefore different minijetsrbedackground for
each other and the correlation per pair decreases. Similar conclusiobs oatained for/s= 0.9
and 276 TeV pp collision data.

The low multiplicity correlation functions for unlike-sign pairs show a promidengitudinal
(An ~ 0) ridge. This structure can be observed for low multiplicities, at low tralsgvamomenta,
for unlike-sign pairs and is not reproduced by Monte Carlo models wgll [5

3.4 Pair Transverse Momentum dependence

Since femtoscopic correlations are most prominent for small pair tramsweosnenta, and
minijets exactly the opposite, to disentangle the correlations coming from thessotwoes we
introduced a new quantity which we calt-sum. It is defined by the equation:

PT—sum = |PT,1| + |PT 2] (3.1)
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Figure 2: Multiplicity dependence of AnAg correlation function for «/s= 7 TeV pp collision data.
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The formulain the equation (3.1) includes the sum of the absolute valuestrdtisgerse momenta
of the particles in the pair. We introduced fopy-sum ranges: 6-0.75, Q75— 1.5, 15— 2.25,
2.25—10 GeV/c. Results for the first three bins are shown in the figure 3. Ingperyanel
of figure 3 we show correlation functions for unlike-sign pairs. For tiveekt pr_qm bin we
observe that no near-side peak nor away-side ridge are preseah W& move to higher transverse
momenta those structures emerge. On the other hand, if we look at the pladdai/dr panel (for
like-sign pairs) we can see a prominent near-side peak for the lgwesty, bin, without any
away-side ridge. It is consistent with our assumption, that for small paisteEase momenta the
near-side peak is built mostly from Bose-Einstein correlations (no similaststeifor unlike-sign,
no away-side ridge). When we go to higher transverse momenta the fepitoscmtributions
decrease, while correlations coming from minijets appear: we can obervesar-side peak for
like-sign correlation functions first lowering for the secomgd gm bin, and then rising again for
the higher bins.

Moreover, for the highegty _gm bin the near-side peak is higher for unlike-sign than for like-
sign pairs. This is an expected behavior, since due to the local changergation minijets are
usually composed of both positive and negative particles; therefosegoan the combinatorics
we should have more prominent correlation structure coming from minijetsnideedsign pairs
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Figure 3: Charge and pr_gm dependence of AnAg correlation functions for /s= 7 TeV pp collision data.

than for like-sign. This is also observed in Pythia (where no femtoscopielations are present)
but until now this was not observed for the data because becausestfdahger femtoscopic con-
tribution than the mini-jet contribution at lower energies to the like-sign correldtinctions.

4. Conclusions

The ALICE experiment registered proton-proton collisiong/at= 0.9 TeV, \/s= 2.76 TeV
and./s= 7 TeV center of mass energies. The collected data allowed us to perforanihe
angular correlations analysis at all mentioned energies and as a funttamtglicity and pair

transverse momentum.
We observe that femtoscopic and minijet correlations both contribute to thalles@rrelation

structure, with minijets correlations being especially prominent for high texsevmomenta. We
can confirm that the long-range wide structure visible in the femtoscoplgsimaresented in [2]
(strongest for high pair transverse momenta) can originate in the minijei@abons.
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