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Abstract. Quasi-Particle Model (QPM) has been developed to study charm
quark dynamics in ultra-relativistic heavy-ion collisions with good description
of D mesons Ras(pr) and v,3(pr) and leading to the evaluation of the spatial
diffusion coefficient Dy(7T). With an event-by-event full Boltzmann transport
approach followed by a hybrid hadronization via coalescence plus fragmenta-
tion, we show Ra4(pr), v2(pr) down to pr — 0 for D and B mesons. We find that
QPM approach is able to correctly predict first available data on Ra4(pr) and
v (pr) of single-electron from B mesons decays measured by ALICE. A signif-
icant breaking of the expected scaling of the thermalization time 7, with My /T
is found. Charm quark D(T') is about 50% larger than the asymptotic value for
My — oo, while the bottom D(T') is only 20% higher. In the infinite mass limit
the D(T) is consistent with recent IQCD calculations with dynamical quarks.

1 Introduction

Charm and bottom quarks, Heavy quarks (HQs) , are considered excellent probes for the
system created during an ultra-Relativistic Heavy Ion Collision (uURHIC). The production
of these quarks happens in the early stages of the collisions, and can be described by out-
of-equilibrium pQCD process. Because their masses are large, i.e. Myg >> T, they are
expected to have a slow termalization in the Quark-Gluon Plasma (QGP) with respect to the
bulk components, because of this features they can preserve information about their evolution
throughout the plasma history. A main observable is the nuclear suppression factor R44 which
is defined as the ratio between AA and pp hadron spectra [1, 2]. Another set of key observ-
ables are the anisotropic flows that are characterized by the magnitude of the coefficient v, in
the Fourier expansion of the azimutal particle distribution[3, 4]. The odd v, coefficients, are
expected to be zero starting from symmetry considerations, but, in more realistic situations,
the event-by-event fluctuations in the initial states lead to non-zero odd harmonic coefficients.
As a consequence of the event by event fluctuations, collisions that are classified as collision
with the same centrality can can have different initial eccentricity and hence different flow
harmonics for the final hadron distributions. We have developed an event-by-event transport
approach with initial state fluctuations that allow us to study the collective flows in PbPb col-
lisions and the correlations between initial geometry and final collective flows [5, 6]. In order
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to explore these correlations we have used an Event-Shape-Engineering (ESE) technique, that
select events which have different average elliptic anisotropy in the same centrality class. This
can be performed selecting the final particles according to the magnitude of the second-order
harmonic reduced flow vector ¢, = IQZI / VM where Q, = zj"’i | €% and M is the multiplicity
of charged particles[7, 8]. Within this approach, we study the v,(pr) of D mesons making a
comparisons with the available experimental data. Then we extend our standard transport ap-
proach to study the bottom dynamics, we show the comparison between our R4 (pr) results
of electrons from semileptonic B-mesons decay and the available ALICE experimental data.

2 Transport equation in QGP

Solving relativistic Boltzmann equations the evolution of both bulk and HQs quarks is [9-12]:

(P + m* ()3m" (03) filx, pi) = Clfy f1(x, o)
P ufo(x, p) = CLfy fy fol(x, p) (1)

where fi(x, p) is the phase space one-body distribution function of the k parton and
Clfg» 14> fol(x, p) is the relativistic collision integral. The non-perturbative effects in HQs
scattering are modeled with a quasi-particle model (QPM) approach, where the interac-
tion affects the quasi-particle, via their mass, that behave like a massive constituent of free
gas plus a background field interaction. Starting from this approach the collision integral
Clfg 14> fol(x, p). The bulk collision integral C[f;, f,1(x, px) is gauged to viscous hydro-
dynamics, giving the possibility to construct a relativistic transport that reproduce a fixed
n/s =[5, 15]. The QPM approach used is able to reproduce thermodynamics quantities such
as pressure, energy density and interaction measure T;f = € — 3P, and the 1QCD equation
of state [13, 14] . The simulation for PbPb collisions at /s = 5.02TeV starts with plasma
particles that are distributed in the coordinate space following a Monte-Carlo Glauber model,
with this choice we can employ the initial event-by-event fluctuations. The momentum distri-
bution that we consider for light partons is a Boltzmann-Juttner distribution, for momenta up
to pr = 2 GeV, above this momentum we include mini-jet production distributed according
to pQCD calculation at NLO [16]. For HQs we use FONLL distributions in momentum space
[17]. For what concerns the hadronization of quarks, we use an hybrid model based on the
coalescence and fragmentation processes [18] that determines the final particle spectra and,
consequently, R4a(pr) and v,(pr). A quantitative information on HQ interaction is obtained
via the spatial diffusion coefficient Dy, that measures the space dispersion. It can be evaluated
also in IQCD in the zero momentum limit. The relation between this quantity and the thermal-
ization time is given by 7,(p — 0) = MHQ(27rTDS)/2ﬂT2, furthermore 7, = 1/y(p — 0),
where 7 is the drag coefficient. In our QPM approach we can evaluate the drag coefficient
starting from the scattering matrices [10]

3 Results

In the left panel of Fig.1, we show our results for the D meson anisotropic flows, in PbPb
collisions at y/s=35.02 TeV for the 0-10% centrality class at mid-rapidity. With our approach
we find that v,(pr) (orange solid line) and v3(pr) (green dot-dashed line) of D mesons are
qualitatively in agreement with the available ALICE experimental data [7, 8]. In the right
panel of Fig.1 are shown the D mesons v(pr) when different selection of ¢, are performed.
It can be seen that increasing the g, there is a corresponding increase of v,. In particular
the selection with the 20% large ¢, gives an elliptic flow that is enhanced compared to the
D meson v, without any selection (orange solid line in the left panel). At the same time
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Figure 1. [Left Figure]: D meson v,(pr)(orange solid) and vs(pr)(green dot-dashed line) Right panel:
D meson v,(pr) at large (black solid) and small (turquoise dashed) g, selection in the same centrality
class. Exp. data from [7, 8]. [Right Figure]: (Left panel) R44(pr) (Right panel) v,(pr) for bottom, B
mesons and electrons from B meson decay at 0 — 10% centrality class for PbPb +/s = 5.02 TeV.[20].

the 20% small g, shows an elliptic flow suppression w.r.t. the unbiased one. This result
agrees with what can be expected considering that a large (or small) g, selection corresponds
to a larger (or smaller) initial fireball eccentricity e, that is commuted, after the fireball
expansion, to a corresponding larger (or smaller) final elliptic flow. The model is able to
reproduce the experimental data and shows a significant difference in the two ¢, selections
with a difference of about 50%. We have extend to bottom quark the same approach of
Boltzmann transport equation with an hadronization via coalescence plus fragmentation, with
the same interaction between bottom quarks and bulk as the charm quarks one. The results,
at LHC energies, for the nuclear modification factor Rq4(pr) and v,(pr) of bottom quark, B
mesons and electrons from B meson decay are shown in Fig.1(Right) in comparison with the
available ALICE experimental data for PbPb at /s = 5.02 TeV at 0—10% centrality class
[20, 21]. In order to obtain the electrons spectra we have implemented in our code the decay
channel of B — e taking into account the semi-leptonic decay matrix weighted by the different
branching ratios of the decay. As shown in Fig.1(Right), our result are in good agreement
with the ALICE experimental data suggesting a strong coupling with collectively expanding
fireball for bottom quark. In Fig.2 are shown the extracted 277 D for charm and bottom that
is in agreement with the 1QCD data [22-25]. We have plot by red dot-dashed line also the
spatial diffusion coefficient in the infinite mass limit. The 227 D(T), in the large mass limit,
is quite close to the new 1QCD data (orange triangles [26]), which are obtained performing
calculations in 2+1 flavours QCD with dynamical fermions, differently from the other IQCD
data that are obtained in the quenched approximations.

4 Conclusions

We have studied the charm and bottom quark propagation in QGP at LHC energies with a
relativistic Boltzmann transport approach including non-perturbative effects of interaction by
means of QPM approach. We have studied the D meson v,(p7) with the ESE technique. Our
results show that with our approach we can simultaneously reproduce the elliptic flow of D
mesons for different g, selections. The same transport approach has been applied in order to
study the bottom quark dynamics showing Ra4(pr) and vy, for electron coming from B decay,
that are in agreement with experimental data. With a QPM approach the spatial diffusion
coefficient D, of charm and bottom quarks extracted from D and B mesons R4 (p7) and the
one obtained once the mass scale dependence is taken into account is in agreement with the
most recent IQCD calculations that include dynamical fermions [26]. The HQ thermalization
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Figure 2. Spatial diffusion coefficient D(T) for charm quark (solid black line), bottom quark (dashed
green line) and in the infinite mass limit (orange solid line) compared to the IQCD expectations [22-26].

time evaluation in uRHICs directly from 1QCD 27T D(T) discarding the mass dependence
can be underestimated, in particular for charm quarks.
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