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In high energy nuclear collisions, heavy flavor tagged jets are useful hard probes to study the
properties of the quark-gluon plasma (QGP). In this talk, we present the first theoretical prediction
of the �0 meson radial distributions in jets relative to the jet axis both in p+p and Pb+Pb collisions
at 5.02 TeV, it shows a nice agreement with the available experimental data. The in-medium jet
evolution in the study is described by a Monte Carlo transport model which has been incorporated
with the initial events as input provided by the next-to-leading order (NLO) plus parton shower
(PS) event generator SHERPA. In such evolution process, both elastic and inelastic parton energy
loss in the hot and dense medium are taken into account. Within this same simulation framework,
we predict different modification patterns of the radial profile of charm and bottom quarks in jets
in Pb+Pb collisions: jet quenching effect will lead the charm quarks diffuse to lager radius while
lead the bottom quarks distributed closer to jet axis.
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1. Introduction

In high energy heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large
Hadron Collider (LHC) experiments, the de-confined state of quark-gluon plasma (QGP) formed
under such extreme condition provides an arena to manifest the interaction properties of Quantum
Chromodynamics (QCD) matter. The strong interaction between the high-?) jet produced in the
hard scattering with the hot and dense medium created later, referred as jet quenching effect [1],
has been extensively investigated to study the properties of the QGP. Especially, owing to the early
creation time, heavy quarks can survive when traverse through the bulk medium, hence the heavy
quark tagged jets are useful hard probes to study the properties of the QGP.

Recently, the �0 meson radial distributions in jets relative to the jet axis both in p+p and Pb+Pb
collisions measured by CMS collaboration [2] reveal a significant diffusion behavior of charm
quark in jets due to the in-medium interaction, it provide a new aspect to study the mass effect of
jet quenching. In this talk, we present the first theoretical prediction of �0 radial profile in jets
in heavy-ion collisions [3, 4]. To figure out the mass dependence of the radial profile in-medium
modification of heavy quarks in jets, we compare the radial distributions of the charm and the
bottom quarks in jets in p+p collisions and study their medium modification in Pb+Pb collisions
based on it.

2. p+p baseline and in-medium parton energy loss

In this work, we use a Monte Carlo event generator SHERPA [5], which matches the next-to-
leading order (NLO) QCD matrix elements with parton shower (PS), to provide the p+p baseline.
Due to the too low possibility of coalescence at ?�& > 4 GeV, we perform the hadronization of
heavy quark by the Peterson form fragmentation functions (FFs) [6]. And we assume that light
parton hadronization would not significantly change the full jet momentum as well as the radial
distribution of �0 mesons in jet. A decent description on the experimental data is found by the
simulation of SHERPA shown in Fig. 1 for two kinematic regions, where A =

√
(Δq��)2 + (Δ[��)2

is defined by the relative azimuthal angle Δq�� and relative pseudorapidity Δ[�� between the �0

meson and the jet axis, all the selected jets are reconstructed by anti-:) algorithm with ' = 0.3
within |[jet | < 1.6 [7].

To describe the in-medium heavy flavor jet evolution, elastic and inelastic partonic interactions
are both considered. We use the modified Langevin equations incorporating with a recoil term to
describe the heavy quark propagation [8–10],

®G(C + ΔC) = ®G(C) + ®?(C)
�
ΔC (1)

®?(C + ΔC) = ®?(C) − Γ(?) ®?ΔC + ®b (C) − ®?g (2)

where drag coefficientΓ and diffusion coefficient ^ are related by the so called fluctuation-dissipation
relation ^ = 2�)Γ and their values are determined by the Lattice QCD calculation [11]. The
medium-induced gluon radiation was sampled based on the higher-twist approach [12–15]:

3#
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Figure 1: (Color online) The normalized radial distributions of �0 meson in jets as a function of the angular
distance from the jet axis in p+p collisions at 5.02 TeV provided by SHERPA are compared with CMS data
at 4 GeV < ?�

)
< 20 GeV (left) and ?�

)
> 20 GeV (right).
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Figure 2: (Color online) Radial distribution of �0 meson in jets in p+p and Pb+Pb collisions at two ?)
range: 4 GeV < ?�

)
< 20 GeV (left) and ?�

)
> 20 GeV (right) are compared with the CMSmeasurements [2].

where G and :⊥ are the energy fraction and transverse momentum carried by the radiated gluon,
the last quadruplicate term denote dead-cone effect of massive heavy quarks. @̂ is the jet transport
parameter extracted from a global fitting of single hadron production in A+A collisions [16]. Since
Langevin treatment is not suitable for the massless light partons, we used the results of pQCD
calculation at Hard Thermal Loop (HTL) approximation [17] to take into account their collisional
energy loss. The space-time evolution of the expanding QGPmedium is provided by the VISHNEW
hydrodynamic model [18].

3. Results and discussions

As shown in Fig. 2, to understand the results measured by CMS [2], we calculate the radial
profile of �0 meson in jets at two kinematic regions( 4 GeV< ?�

)
< 20 GeV and ?�

)
> 20 GeV)

both in p+p and Pb+Pb collisions at 5.02 TeV. At 4 < ?�
)
< 20 GeV, suppression near jet axis and

enhancement at larger radius indicates that charm quarks diffuse farther away from the jet axis due
to the in-medium interaction in QGP. Whereas, at ?�

)
> 20 GeV, the modification is too small. This

diffusion effect can be interpreted by two mechanisms: the random kicks by medium constituents
in Brown motion and the momentum recoil by medium-induced gluon radiation, especially at lower
charm quark ?) (<5 GeV) the former plays a critical role [3, 4].
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Figure 3: (Color online) Radial distributions of charm and bottom quarks in jets in p+p collisions for three
?
&

)
ranges: ?&

)
< 20 GeV (left), 20 GeV < ?

&

)
< 40 GeV (center), and 40 GeV < ?

&

)
< 60 GeV (right).
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Figure 4: (Color online) Radial distributions of charm (left) and bottom (right) quarks in jets in p+p and
0 − 10% Pb+Pb collisions at √B## = 5.02 TeV at the ?&

)
range : 4 GeV < ?

&

)
< 20 GeV. The ratios

(PbPb/pp) have also been shown in the lower panels to quantify the medium modification.

To figure out the mass effects of charm and bottom quarks of their radial profiles in jets, in
Fig. 3, we compare the radial distributions of charm and bottom quarks in jets in p+p collisions
at 5.02 TeV at three kinematic regions: 0 − 20 GeV, 20 − 40 GeV, 40 − 60 GeV. With the same
configuration, at ?&

)
< 20 GeV, we find that bottom quarks are farther apart from the jet axis

than charm quarks, and the peak of bottom radial distribution is found at A = 0.15 while charm at
A = 0.05. When it goes to higher ?) , the distributions shift to near the jet axis, and the distinctions
between charm and bottom trend to disappear. In Fig.4, we present the radial profile of charm (left)
and bottom (right) quarks in jets in p+p and central 0 − 10% Pb+Pb collisions at √B## = 5.02
TeV, as well as the ratios (PbPb/pp) denoting the medium modifications. We observe two distinct
medium modification patterns shown in the ratios: charm quarks shift towards lager radius while
bottom quarks seems shift closer to the jet axis. And we confirm that the different modification
patterns shown in the radial profile of charm and bottom jets are mainly caused by their different
initial distributions [19].

In summary, we present the first theoretical calculation of the heavy quark radial distribution

4



P
o
S
(
H
a
r
d
P
r
o
b
e
s
2
0
2
0
)
0
9
7

Radial profile of heavy quarks in jets in high-energy nuclear collisions Sa Wang

in jets in heavy-ion collisions to study the diffusion mechanisms of charm quarks in QGP. By
comparing the radial profile of charm and bottom in jets both in p+p and Pb+Pb, we also find
different modification patterns between bottom jet and charm jet, jet quenching effect will lead the
charm quarks diffuse to lager radius while lead the bottom quarks distributed closer to jet axis.
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