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Preliminary results of two particle azimuthal correlations analysis for high-pT charged pions from

pp and PbPb collisions at
√

s = 14 TeV and
√

sNN = 5.5 TeV, respectively, generated using

the PYTHIA, HIJING and HYDJET++ Monte Carlo codes are presented. Depending on the

physics involved in the different models a rich structure inthe near side and the away side peak is

obtained. Jet properties strongly depend on the spatial position of the hard scattering within the

overlapping region. Propagating through the dense medium causes the changes of jet features.

Jet modifications are studied as a function of system size, centrality and transverse momentum

of pions associated to the trigger particle. A narrow jet-like pattern at the near side is nearly

unaffected by the medium, while a strong modification at the away side suggests energy transfer

of the hard scattered parton to the medium formed in the collision. However,kT broadening, as

an initial state effect, also have an influence on modification of the away side peak.

High-pT Physics at LHC -09
February 4- 4 2009
Prague, Czech Republic

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

mailto:jovan.milosevic@fys.uio.no
mailto:olja.dordic@fys.uio.no


P
o
S
(
H
i
g
h
-
p
T
 
p
h
y
s
i
c
s
0
9
)
0
4
4

Jets in pp and PbPb collisions ... J. Miloševíc

1. Introduction

In elementary collisions production and fragmentation of jets is well describedby pertur-
bative QCD (pQCD). That knowledge is useful as a reference measurement in ultra-relativistic
nucleus-nucleus collisions. Although in nucleus-nucleus collisions, the jetsare produced in the
hard scattering of the two incoming partons [1, 2, 3, 4], afterwards they interact with the dense
medium created in such a collision. The effect of that interaction manifests asan energy loss
(’jet-quenching’) which leads e.g to a reduction of the correlated dihadron yields at high transverse
momentum (pT ) and a broadening of the jet correlation [5, 6, 7].

The two-particle azimuthal (∆φ ) correlations method has been used inpp collisions at ISR
energies (

√
s = 63 GeV) and below [8, 9, 10] where it is difficult to reconstruct jets. The same

method is applicable in nucleus-nucleus collisions where the huge particle multiplicity makes direct
jet reconstruction quite difficult. Such measurements reveal characteristicjet-like peaks at the near-
side (∆φ ∼ 0) and at the away-side (∆φ ∼ 2π). Prior measurements at RHIC energies [11, 12,
13, 14] indicate strong modifications of the near- and the away-side peaks. In nucleus-nucleus
collisions, the near-side peak is broadened and enhanced, while the away-side peak is suppressed
with respect topp collisions. The effect is especially pronounced for high-pT particles in central
collisions.

2. Simulated data and the applied method

We present here results on two-particle azimuthal correlations applied on simulatedpp and
PbPb events at LHC energies. In the Table 1 is given statistics of simulatedpp@14 TeV and
PbPb@5.5 TeV minimum bias events. For the analysis are used charged pions emitted within
the whole pseudorapidity (η) range. In PYTHIA [15] and HIJING [16] collective flow effects

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

PYTHIA HIJING HYDJET++ b range [fm]

pp signal 14.0M 34.0M - 0.0 - 1.251

pp BG 14.0M 40.0M - 0.0 - 1.25

PbPb signal - 1.56M 16.0M 0.0 - 14.5

PbPb BG - 1.14M 10.0M 0.0 - 14.5

are not incorporated, while flow is included in HYDJET++ model [17]. Also, both HIJING and
HYDJET++ models include a true collisional geometry, production and quenching of jets.

From the azimuthal difference∆φ = φtrigg −φassoc between a leading (trigger) and associated
particle taken within givenptrigg

T andpassoc
T ranges one forms a signalNcorr(∆φ) = 1

Ntrigg
· dNcorr

d∆φ and a

background distributionNmix(∆φ) = 1
Ntrigg

· dNmix
d∆φ . Both distributions are normalized to the number of

1In pp collisionsb is obtained via (a weak) correlation between its value and the charged pion multiplicity which is
actually used in the analysis
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trigger particles. The background distribution is obtained by mixing trigger and associated particle
from different, but topologically similar, events. The correlation functionC(∆φ) is constructed via
a normalized ratio of the the signal and the background distributions

C(∆φ) =

∫
Nmix(∆φ)d(∆φ)

∫
Ncorr(∆φ)d(∆φ)

·
Ncorr(∆φ)

Nmix(∆φ)
(2.1)

In the Eq. (2.1), the normalization is done in such a way that the area below thecorrelation function
is equal to 2π.

Both, the signalNcorr(∆φ) and the backgroundNmix(∆φ) distribution could be affected by
the pair efficiency of the detector. Constructing the ratio given in Eq. (2.1)that effect cancels.
Therefore the correlation function contains only physical correlations.We fit C(∆φ) with a sum of
two Gaussians, with free parameters corresponding to the areas (Cnear/away) and widths (σnear/away),
centered at∆φ = 0 (near side peak) and at∆φ = π (away side peak), and a constant function which
assumes that the real and the mixed distributions are not modulated by an anisotropic flow effect

J(∆φ) = C0 +Cnear ·Gnear(σnear,∆φ)+Caway ·Gaway(σaway,∆φ) (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) distribution obtained using HYDJET++ simulations
of PbPb@5.5 TeV minimum bias events with 2< passoc

T < 4 GeV/c. Bottom: The correlation function (left)
preserved the shape of the signal. After the flow subtraction, only a Gaussian like signal is left (right).

flow effects present. But in the HYDJET++ model, as well as in the real experiment, it is not the
case anymore. SoC(∆φ) is described with a sum consisting of a jetJ(∆φ) and an elliptic flow
contribution

C(∆φ) = b0[1+2vtrigg
2 vassoc

2 cos(2∆φ)]+ J(∆φ) (2.3)
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whereb0 is a new normalization coefficient.
At the top of Fig. 1 are shown signal and background distributions normalized to the number of

trigger particles obtained within the HYDJET++ model. The signal distribution contains a cosine
like elliptic flow modulation on top of which is positioned a Gaussian like jet signal. Demanding
that the background distribution is calculated by mixing topologically similar eventsnot only in
the sense of the similar multiplicity, but also with the similar orientation of the reaction plane, the
obtained background will reveal presence of the elliptic flow in the HYDJET++ model. As the
mixed event distribution contains the information of the elliptic flow magnitude it can be measured
by fitting it. The obtained contribution has been subtracted from the background distribution in
order to get a flat one. The correlation function with precisely known flowcontribution is then
fitted with Eq. (2.3) in order to get the corresponding jet widths. Additionally,using the obtained
fit parameters, we were able to calculate signal to background (S/B) ratio. HereS (B) stands for the
signal (combinatorial background). TheS/B is the area below the Gaussian divided by constantC0

(C0 +b0) in order to correct it for the normalization (which value is always smaller than 1).

3. Results
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Figure 2: Top: The extracted widths of the near and away side peak inpp@14 TeV simulated within
HIJING and PYTHIAvs impact parameterb (left), min. passoc

T (middle) andmin. ptrigg
T (right). Bottom: The

same as at the top but forPbPb@5.5 TeV simulated within HIJING and HYDJET++ model.
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The analysis is performed for a fewptrigg
T selections (above 2, 4 and 6 GeV/c) correlated with

associated particles withpassoc
T satisfyingmin. passoc

T < passoc
T < min. ptrigg

T condition. The obtained
results, shown in Fig. 2, have a common feature. Independently of the colliding system and on
the model used, the extracted widths (σ ) do not depend on centrality. For both colliding systems
the widths slowly decrease with increasing of the transverse momentum of the associated (trigger)
particle passoc

T (ptrigg
T ). Such dependencies suggest a surface emission of jets in analysed models.

Based on the ratio of theσ ’s magnitudes between the away and the near side peak, one can conclude
that jets produced within the HIJING model are strongly suppressed with respect to those formed
in the PYTHIA and the HYDJET++ model. A comparison with the PHENIX results at RHIC [18]
shows qualitatively the same behaviour ofσ vs passoc

T . Although at higher incident energy, HIJING
results show experimentally found strong broadening of the away side peak with roughly similar
magnitudes.

b (fm)
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25

S
/B

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Near Side, HIJING

Near Side, PYTHIA

Away Side, HIJING

Away Side, PYTHIA

<6 GeV/cassoc

T
1<p

(GeV/c)assoc

T
min. p

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

S
/B

0

2

4

6

8

10

Near side, HIJING

Near side, PYTHIA

Away side, HIJING

Away side, PYHTIA

pp-14TeV

=6 GeV/c
T

trigg
min. p

 (GeV/c)trig.

T
min. p

1 2 3 4 5 6 7

S
/B

0

0.5

1

1.5

2

2.5

3
Near side, HIJING

Near side, PYTHIA

Away side, HIJING

Away side, PYHTIA

trigg

T
<min. passoc

T
1<p

b (fm)

0 2 4 6 8 10 12 14

S
/B

-3
10

-210

-110

1
Near Side, HIJING

Near Side, HYDJET

Away Side, HIJING

Away Side, HYDJET

<6 GeV/cassoc

T
1<p

 (GeV/c)assoc

T
min. p

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

S
/B

-3
10

-210

-110

1 Near side, HIJING

Near side, HYDJET

Away side, HIJING

Away side, HYDJET

PbPb-5.5TeV
=6 GeV/c

T

trigg
min. p

 (GeV/c)trig.

T
min. p

1 2 3 4 5 6 7

S
/B

-3
10

-210

Near side, HIJING

Near side, HYDJET

Away side, HIJING

Away side, HYDJET

trigg

T
<min. passoc

T
1<p

Figure 3: Top: The extracted signal to background ratio (S/B) of the near and away side peak inpp@14 TeV
simulated within HIJING and PYTHIAvs impact parameterb (left), min. passoc

T (middle) andmin. ptrigg
T

(right). Bottom: The same as at the top but forPbPb@5.5 TeV simulated within HIJING and HYDJET++
model.

In Fig. 3 are shown the extracted values of the signal to background ratio(S/B) of the near
and the away side peak. A common property of the obtained results, independently of the colliding
system and of the model used, is that the value ofS/B increases with increasingb as well as
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with both passoc
T andptrigg

T transverse momenta. Qualitatively, the obtained results forpp events are
rather similar to those corresponding toPbPb events. Quantitatively, theS/B values inPbPb events
are roughly 2 orders of magnitudes smaller with respect to the ones in the case of pp collisions. It is
a simple consequence of the fact that the multiplicity inPbPb events is 2 orders of magnitude higher
with respect to the one inpp events giving correspondingly higher combinatorial background.

4. Conclusions

In this paper, two-particle azimuthal correlations constructed inpp andPbPb events at LHC
energies generated using PYTHIA, HIJING and HYDJET++ model are studied. We presented the
centrality andpT dependence of the obtained jet widths and corresponding signal to background
ratios. For both,pp andPbPb collisions and independently on the model used, the obtained widths
do not depend on centrality and slowly decrease with increasing of the transverse momentum.
Also, the signal to background ratios increase with increasingb and pT . The obtained results
are consistent with a simple point of view where more energetic particles more easily penetrate
the dense medium with respect to the less energetic ones. A narrow jet-like pattern at the near
side is nearly unaffected by the medium, while a strong modification at the away side suggests a
possible energy transfer of the hard scattered parton to the medium formedin the collision in both
pp andPbPb collisions simulated within the HIJING model. ThekT broadening also contributes
to modification of the away side peak similarly to the one within the PYTHIA. The HYDJET++
model gives a correlation function which resembles the shape expected for vacuum fragmentation
as seen within the PYTHIA simulation. Within the analysed models, the obtained results onσ vs b
andσ vs pT dependence suggest the surface emission of jets.
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