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Preliminary results of two particle azimuthal correlas@nalysis for highpr charged pions from
pp and PbPb collisions at,/s = 14 TeV and,/Syn = 5.5 TeV, respectively, generated using
the PYTHIA, HIJING and HYDJET++ Monte Carlo codes are présdn Depending on the
physics involved in the different models a rich structuréhi@ near side and the away side peak is
obtained. Jet properties strongly depend on the spatigigosf the hard scattering within the
overlapping region. Propagating through the dense medaumses the changes of jet features.
Jet modifications are studied as a function of system sizéraliéy and transverse momentum
of pions associated to the trigger particle. A narrow jk¢lpattern at the near side is nearly
unaffected by the medium, while a strong modification at thayaside suggests energy transfer
of the hard scattered parton to the medium formed in thestoli Howeverky broadening, as
an initial state effect, also have an influence on modificatibthe away side peak.
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1. Introduction

In elementary collisions production and fragmentation of jets is well descilyegertur-
bative QCD (pQCD). That knowledge is useful as a reference memsunt in ultra-relativistic
nucleus-nucleus collisions. Although in nucleus-nucleus collisions, theajetproduced in the
hard scattering of the two incoming partoifis [[L[]2[]3, 4], afterwards theyaict with the dense
medium created in such a collision. The effect of that interaction manifests &nergy loss
('jet-quenching’) which leads e.g to a reduction of the correlated dilmagiedds at high transverse
momentum pr) and a broadening of the jet correlatigh [B[]6, 7].

The two-particle azimuthal\p) correlations method has been usedmcollisions at ISR
energies {/s = 63 GeV) and below[]8[]9, 10] where it is difficult to reconstruct jets. Tame
method is applicable in nucleus-nucleus collisions where the huge particle mitltiplekes direct
jet reconstruction quite difficult. Such measurements reveal charact@tdiie peaks at the near-
side A ~ 0) and at the away-sidé\(p ~ 2m). Prior measurements at RHIC energipd [11, 12,
13, [14] indicate strong modifications of the near- and the away-side péaksucleus-nucleus
collisions, the near-side peak is broadened and enhanced, while thesil®geak is suppressed
with respect topp collisions. The effect is especially pronounced for highparticles in central
collisions.

2. Simulated data and the applied method

We present here results on two-particle azimuthal correlations applieshnatated pp and
PbPb events at LHC energies. In the Taljle 1 is given statistics of simulpge@14 TeV and
PbPb@5.5 TeV minimum bias events. For the analysis are used charged pions emitted within
the whole pseudorapidityn) range. In PYTHIA [1p] and HIJING[[16] collective flow effects

Table 1: Statistics of the simulated minimum bias events used in tmstcuction of the signal and the
background distributions within PYTHIA, HIJING and HYDJEF models.

PYTHIA HIJING HYDJET++ brange [fm]

pp signal 14.0M  34.0M - 0.0-1.25
pp BG 14.0M  40.0M - 0.0-1.25
PbPb signal - 1.56M 16.0M 0.0-145
PbPb BG - 1.14M 10.0M 0.0-14.5

are not incorporated, while flow is included in HYDJET++ mode] [17]. Alsoth HIJING and
HYDJET++ models include a true collisional geometry, production and duegof jets.
From the azimuthal differena = @rigg — ¢assoc between a leading (trigger) and associated
particle taken within givem['® andp2= ranges one forms a sigriso (AQ) = Ntigg - anda
1

background distributioNyix(A@) = N dd’\i"g. Both distributions are normalized to the number of

1in pp collisionsb is obtained via (a weak) correlation between its value and the charged pitiplitity which is
actually used in the analysis
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trigger particles. The background distribution is obtained by mixing triggeéraasociated particle
from different, but topologically similar, events. The correlation func@Ag) is constructed via
a normalized ratio of the the signal and the background distributions

J Nnix(Ap)d(Ag) . Neorr (A@) 2.1)
J Neorr (A@)d(A®)  Nmix(A@) .

In the Eq. [2.11), the normalization is done in such a way that the area bel@ertedation function
is equal to Zr.

Both, the signalNg (A@) and the backgroundlyix(Ag) distribution could be affected by
the pair efficiency of the detector. Constructing the ratio given in Eq] (R4t)effect cancels.
Therefore the correlation function contains only physical correlatidfesfit C(Ag) with a sum of
two Gaussians, with free parameters corresponding to the &aS4vay) and widths Gnear /away)
centered af\p = 0 (near side peak) and At = 1T (away side peak), and a constant function which
assumes that the real and the mixed distributions are not modulated by amnogoiésibow effect

C(ap) =

J (A(l)) = Co+ Crear - Gnear (Onear, A(P) + Caway : Gaway(aaway, Ag) (2.2)

We knowa priori it is true within PYTHIA and HIJING events due to the fact that there are no
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Figure 1: Top: A signal (left) and a background (right) distributiobtained using HYDJET++ simulations
of PbPb@5.5 TeV minimum bias events with 2 p°¢ < 4 GeV/c. Bottom: The correlation function (left)
preserved the shape of the signal. After the flow subtractinly a Gaussian like signal is left (right).

flow effects present. But in the HYDJET++ model, as well as in the rearaxgnt, it is not the
case anymore. SO(Ag) is described with a sum consisting of a J#\g) and an elliptic flow

contribution '
C(Lp) = bo[1+ 2V '9NE cog 2A¢)| + (L) (2.3)
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wherebyg is a new normalization coefficient.

At the top of Fig[]L are shown signal and background distributions norettiizthe number of
trigger particles obtained within the HYDJET++ model. The signal distributioriains a cosine
like elliptic flow modulation on top of which is positioned a Gaussian like jet signam@rading
that the background distribution is calculated by mixing topologically similar evewstt®nly in
the sense of the similar multiplicity, but also with the similar orientation of the reactiorepthe
obtained background will reveal presence of the elliptic flow in the HYDJEMmodel. As the
mixed event distribution contains the information of the elliptic flow magnitude it eaméasured
by fitting it. The obtained contribution has been subtracted from the backdrdistribution in
order to get a flat one. The correlation function with precisely known ftowtribution is then
fitted with Eq. [28) in order to get the corresponding jet widths. Additionaijng the obtained
fit parameters, we were able to calculate signal to backgrdsf®) (atio. HereS (B) stands for the
signal (combinatorial background). TBgB is the area below the Gaussian divided by constant
(Co+bp) in order to correct it for the normalization (which value is always smallan th)a

3. Results
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Figure 2. Top: The extracted widths of the near and away side pegkpi@14 TeV simulated within
HIJING and PYTHIAvsimpact parametds (left), min. p§°¢ (middle) andmin. ptT”gg (right). Bottom: The
same as at the top but fBbPb@5.5 TeV simulated within HIJING and HYDJET++ model.
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The analysis is performed for a fmﬁligg selections (above 2, 4 and 6 GeV/c) correlated with
associated particles with?> satisfyingmin. p2¢ < paso¢ < min, p\'% condition. The obtained
results, shown in Fig]] 2, have a common feature. Independently of theingligistem and on
the model used, the extracted widtlm) do not depend on centrality. For both colliding systems
the widths slowly decrease with increasing of the transverse momentum cfbeiated (trigger)
particle p§=> (pt{igg). Such dependencies suggest a surface emission of jets in analysets.mod
Based on the ratio of the’s magnitudes between the away and the near side peak, one can conclude
that jets produced within the HIJING model are strongly suppressed vageceto those formed
in the PYTHIA and the HYDJET++ model. A comparison with the PHENIX resulRIdIC [18]
shows qualitatively the same behaviourm¥s p7°°. Although at higher incident energy, HIJING
results show experimentally found strong broadening of the away sidewitaroughly similar
magnitudes.
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Figure3: Top: The extracted signal to background raggg) of the near and away side peakip@14 TeV
simulated within HIJING and PYTHIAss impact parameteb (left), min. p§°¢ (middle) andmin. ptTrlgg
(right). Bottom: The same as at the top but RiPb@5.5 TeV simulated within HIJING and HYDJET++
model.

In Fig. [3 are shown the extracted values of the signal to background(8if) of the near
and the away side peak. A common property of the obtained results, irtkrgsnof the colliding
system and of the model used, is that the valu&B increases with increasing as well as
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with both p$°¢ and ptT”@’g transverse momenta. Qualitatively, the obtained resultppavents are
rather similar to those correspondingiioPb events. Quantitatively, th®/B values inPbPb events
are roughly 2 orders of magnitudes smaller with respect to the ones in thefggscollisions. Itis

a simple consequence of the fact that the multiplicitiliPb events is 2 orders of magnitude higher
with respect to the one ipp events giving correspondingly higher combinatorial background.

4. Conclusions

In this paper, two-particle azimuthal correlations constructeplpmnd PbPb events at LHC
energies generated using PYTHIA, HIJING and HYDJET++ model tudiesd. \We presented the
centrality andpr dependence of the obtained jet widths and corresponding signal tgroackl
ratios. For bothpp andPbPb collisions and independently on the model used, the obtained widths
do not depend on centrality and slowly decrease with increasing of thevaem® momentum.
Also, the signal to background ratios increase with increabimgd pr. The obtained results
are consistent with a simple point of view where more energetic particles rasilg penetrate
the dense medium with respect to the less energetic ones. A narrow jetdikenpat the near
side is nearly unaffected by the medium, while a strong modification at the ddeygsggests a
possible energy transfer of the hard scattered parton to the medium farrtedcollision in both
pp andPbPb collisions simulated within the HIJING model. The broadening also contributes
to modification of the away side peak similarly to the one within the PYTHIA. The B D++
model gives a correlation function which resembles the shape expecteatciocum fragmentation
as seen within the PYTHIA simulation. Within the analysed models, the obtaingitsreao vsb
ando vs pr dependence suggest the surface emission of jets.
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