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Abstract

Two-particle number and transverse momentum correlations are powerful tools for studying the medium produced in
heavy-ion collisions. Correlations in the angular separation of pairs of hadrons can provide information on the medium
transport characteristics. In particular, the transverse momentum correlations are sensitive to momentum currents, and
provide information about the system life time, the shear viscosity over entropy density ratio (η/s) and the system
relaxation time (τπ). Furthermore, the interaction of the jets produced in the initial stages of a collision can be studied
using number correlations, by observing the medium-induced modification of the near-side jet peak. Measurements of
both sets of correlations from Pb–Pb collisions are reported as a function of centrality. Theoretical interpretations and
results from Monte Carlo generators are then confronted with the experimental data.
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1. Introduction

The medium produced in heavy-ion collisions, the Quark–Gluon Plasma (QGP), can be studied by
two-particle angular correlation measurements. In these measurements, the azimuthal angle (∆ϕ) and pseu-
dorapidity (∆η) differences of two particles are calculated and different properties of the pair are studied
as a function of these variables. On the one hand, looking at the centrality and momentum dependence of
two-particle number correlations, one can study the interactions of jets with the QGP in a momentum regime
where direct jet reconstruction is not possible because of the large fluctuating background of heavy-ion col-
lisions [1, 2]. Transverse momentum correlations, on the other hand, are sensitive to the dynamics of the
collision, and the centrality evolution of the near-side peak in these correlations carries information on the
shear viscosity over entropy density ratio (η/s) and the relaxation time (τπ) of the system [3].
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In two-particle number correlations, the per-trigger yield is calculated as

1
Ntrig

d2Nassoc

d∆ϕ d∆η
=

S (∆ϕ,∆η)
M(∆ϕ,∆η)

, (1)

where Ntrig is the number of trigger particles, S (∆ϕ,∆η) stands for the yield of particle pairs in the case the
particles are taken from the same event, while M(∆ϕ,∆η) is referred to as the mixed event and represents
the same yield constructed such that the particles are taken from different events. By this division the effects
of the limited acceptance of the detector can be corrected for. In transverse momentum (pT) correlations,
the following quantity is calculated

G2(∆ϕ,∆η) =

〈
n1,1∑

i

n1,2∑
j,i

pT,i pT,j

〉
〈
n1,1

〉 〈
n1,2

〉 −
〈
pT,1

〉 〈
pT,2

〉
. (2)

In this equation, pT is the transverse momentum of the particles and n1 is the number of particles at a
given ∆ϕ and ∆η. The summation goes over all particles of the event and the angled brackets symbolize the
event averages. This correlator is constructed such that if there is no correlation between the momenta of the
particles, it gives zero. In two-particle number correlations, all charged hadrons are considered when the per-
trigger yield is calculated, while in the case of transverse momentum correlations, like-sign and unlike-sign
pairs are treated separately. From these, the so-called charge-dependent (CD: 1

4 [(+−) + (−+) - (++) - (−−)])
and charge-independent cases (CI: 1

4 [(+−) + (−+) + (++) + (−−)]) are built.
In Fig. 1, the projections to the ∆η axis of a chosen pT and centrality bin of number correlations and of

a chosen centrality bin of the charge-dependent transverse momentum correlations are shown. Both show a
peak with similar shape around ∆η = 0 and a constant background. In the ∆ϕ direction, both correlations
show a peak around ∆ϕ = 0, which is sitting on top of the background modulated by anisotropic flow. As a
consequence of this similarity in the shape of the correlations, both of them can be fitted in two dimensions
by the sum of a generalized Gaussian function, a constant and cosine functions to account for the flow part

C1 +

N∑
n=2

2Vn cos(n∆ϕ) + C2 ×
γϕγη

4wϕwηΓ

(
1
γϕ

)
Γ

(
1
γη

) × e−
∣∣∣∣ dϕ

wϕ

∣∣∣∣γϕ−∣∣∣∣ dη
wη

∣∣∣∣γη . (3)

From these, the variance of the generalized Gaussian is extracted and in the following this will be quoted as
the width of the near-side peak.
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Fig. 1: The left panel shows the projection to the ∆η axis of a chosen centrality and pT bin of number correlations, while the right panel
shows a chosen centrality bin of the charge-dependent transverse momentum correlations from Pb–Pb collisions at

√
sNN = 2.76 TeV.

The green band in the right panel represents the point-by-point systematic uncertainties.

2. Results

In Fig. 2, the widths of the near-side peak in transverse momentum correlations are shown. Both the
charge-dependent and charge-independent near-side peak narrows azimuthally with the centrality of the
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collision (left panels), while longitudinally (right panels), the charge-independent broadens with collision
centrality and the charge-dependent stays almost unaffected. The broadening with centrality of the charge-
independent transverse momentum correlation was connected to the shear viscosity over entropy density
ratio of the system by the STAR collaboration [3].
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Fig. 2: The width of the near-side peak in transverse momentum correlations as a function of centrality in the ∆ϕ direction (left
panels) and the ∆η direction (right panels). The top panels show the charge-dependent case, while the bottom panels show the charge-
independent case. Each panel shows the data from

√
sNN = 2.76 TeV Pb–Pb collisions as markers with the green and blue bands

representing the systematic uncertainties. Results from HIJING and AMPT simulations are overlaid with the data, and the different
settings of AMPT are explained in Section 3.

In Fig. 3, the width of the near-side peak in number correlations is shown. The width shows a moderate
broadening at low pT towards central events in the ∆ϕ direction and a much more pronounced broadening
in the ∆η direction. This broadening is present at both energies (

√
sNN = 2.76 TeV and

√
sNN = 5.02 TeV).
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Fig. 3: The width of the near-side peak in two-particle number correlations as a function of centrality from Pb–Pb collisions with the
right-most point in each panel showing the results from pp collisions. The left figure shows the results from

√
sNN = 2.76 TeV, while

the right figure shows the results from
√

sNN = 5.02 TeV collisions.

Number correlations at low pT in the central cases exhibit a depletion around (∆ϕ,∆η) = (0, 0). This
depletion has been quantified by calculating the missing fraction of the yield in the peak, and it is shown in
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the left panel of Fig. 4 for the centrality and pT bins, where it is significantly different from 0. For the details
of the calculation please see Refs. [1, 2].
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Fig. 4: The left panel shows the missing yield in the depletion around (∆ϕ,∆η) = (0, 0) in two-particle number correlations as a function
of centrality and compares it to simulations. The middle and right panels show the ratio of the width of two-particle number correlations
in the most central (0–10%) and in the most peripheral (50–80%) bin from Pb–Pb collisions at

√
sNN = 2.76 TeV compared to different

settings of AMPT in the ∆ϕ (middle) and the ∆η (right) directions.

3. Comparison to Monte Carlo generators

The results of particle number and transverse momentum correlations were compared to different set-
tings of AMPT [4] and to HIJING [5]. The comparison of the width of the near-side peak in transverse
momentum correlations can be seen in Fig. 2, where it is shown that no single model or setting can describe
both directions and simultaneously the charge-dependent and the charge-independent case.

The broadening and the depletion seen in two-particle number correlations are also compared to sim-
ulations. The broadening is described by the ratio of the width in the most central (0–10%) and the most
peripheral (50–80%) bin. This is shown together with the different settings of AMPT in the middle and right
panels of Fig. 4. In the case of the two-particle number correlations, the broadening is well described by
the AMPT setting with string melting turned off, but hadronic rescattering turned on; however, the absolute
value of the width is not described better than 10% by any of the settings (see Refs. [1, 2] for details).

Simulations by AMPT also show a depletion if hadronic rescattering is turned on. The estimation of this
depletion from AMPT is overlaid with the data in the left panel of Fig. 4, and both settings shown describe
the data within the uncertainties.

4. Conclusion

Two-particle number and transverse momentum correlations from the ALICE collaboration were pre-
sented as a function of the collision centrality. The results were compared to HIJING and to different settings
of AMPT. None of these models were able to reproduce all results, which shows that it is not enough to refine
models using single-particle observable, but two-particle observables are needed as well.

This work has been supported by the Hungarian NKFIH/OTKA K 120660 grant.
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