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We study the propagation of charm quarks in the quark-gldasnpa (QGP) by means of a rel-
ativistic Boltzmann transport (RBT) approach. We have take account for non-perturbative
interaction between heavy quarks and light quarks by meamaaigparticle approach. Such a
model is able to catch the main features of non-perturbatitezaction as the increasing of the
interaction in the region of low temperature nar The hadronization of charm quarks n
mesons is described by mean of an hybrid model of fragmentgius coalescence. We show
that the resulting charm in-medium evolution is able to ectly predict simultaneously the ex-
perimental data for the nuclear suppression faBigrand the elliptic flowv,(pr)at both RHIC
and LHC energies at different centralities.
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1. Introduction

Heavy quarks (HQs) mainly charm and bottom quarks represent anpiddze to study the
properties of hot and dense QCD matter created at ultra-Relativistic Heav@ollisions. They
are produced at the early stages of a Heavy lon Collision (HIC) andadileir large masses they
are expected to thermalize slower in the Quark-Gluon Plasma (QGP). dreek® can probe the
whole evolution of the QGP and moreover because they are produced-eqtilibrium they are
expected to conserve memory of the history of the plasma evolution. The gablkervables in
HQ sector are the nuclear suppression faBgt which is the ratio between the spectra of heavy
flavor hadrons measured in nucleus-nucleus collisions with the samessjpeptoton-proton col-
lisions and the elliptic flowv(pr) which is a measure of the anisotropies in momentum space.
Experimental measurements at both RHIC and LHC energies have showrintexesting obser-
vations of heavy flavor hadrons such as the small values offfagiand the large values @(pr)
which are almost comparable to those of light hadrons. Several thebedfarés have been made
to study theRaa and thev, measured in experiments within different models [1, 2, 3, 4, 5, 6] Be-
sides the well studied elliptic flow it has been shown recently that also the atamitpw v (pr)
of D mesons is non vanishing [7].

2. Transport equation for charm quarksin the QGP

The evolution of the charm quark distribution function is given by solvingRB& equations
where the charm quarks scatters in a bulk medium of quarks and gludhe fllowing eq.s

puall fQ(Xv p) = Cg[f% f97 fQ] (X> p)
P 0 f(x, p) = €[ fq, gl (Xg: Pq) k=d,9

with fi(x, p) we indicate the on-shell phase space one-body distribution function &f plaeton
and with@’[fq, fg, fo] (X, p) the relativistic Boltzmann-like collision integral. The phase-space dis-
tribution function of the bulk medium that consists of quarks and gluonsimehe evolution
equation for charm quarks as an external quantities|ify, fg, fo]. We assume that the evolution
of fq and fy are independent ofg(x, p) therefore we discard collisions between heavy quarks.
The evolution of the bulk of quark and gluons is given by the solution of therdwo transport
equations where th#'[fq, fg] is tuned to a fixed]/s(T), see ref.s [8, 9]. In our calculations we
have employed a bulk with massive quarks and gluons that provide a isgfteihthe equation

of state with a decreasing speed of sound when the cross over regigorimehed that describe
the evolution of a system that dynamically has approximately the IQCD equatistatef [10].
Hadronization dynamics plays an important role in determining the final spautréherefore the
final Raa(pr) andvz(pr). In the result shown in this paper we have considered a hybrid model of
coalescence plus fragmentation. For a detailed discussion of the hadimminodel see [11]. For
Pb+ Pb collisions at,/s= 2.76TeV, the initial conditions for the bulk in the-space are given by
the standard Glauber condition assuming boost invariance along the langitdidection, while in

the p-space we use a Boltzmann-Juttner distribution function up to a transversemtumpr = 2
GeV and at larger momenta mini-jet distributions as calculated by pQCD at Ndér or [12].
The initial maximum temperature at the center of the firebalpis- 490MeV and the initial time
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Figure 1. Left and middle panel: D mesdRaa andv, respectively inrPb+ Pb collisions at,/s= 2.76 ATev
and centrality 36- 50% compared to ALICE data. Experimental data has been fatenRef.s [15, 16].

for the simulations igg ~ 1/To = 0.3fm/c. In our calculation quarks and gluons are massive in
order to reproduce the lattice QCD equation of state according the QPMIfL8}er-space HQ
are distributed according td.o while in the p-space the charm quarks are distributed according
to the Fixed Order + Next-to-Leading Log (FONLL) calculations, takemfi@ef. [14]. Finally,

the dynamical evolution of the bulk is constrained byrgis = 1/(4m).

3. Resaults

In the first part of this section we show the comparison of the results forublear modifica-
tion factorRaa and for the elliptic flowv, with the experimental data. In the second part we discuss
the recent results about the direct floywof D meson. In the left panel of Fig. 1, we compare our
results for theRaa(pr) with the experimental data fd?b+ Pb collisions at\/s= 2.76 ATeV for
centralities 30- 50%. We observe comparing dashed lines with solid lines that the coalescence
implies an increasing of thBaa for momenta larger than 1GeV. This is due to the hadronization
mechanism which implies that a D mesons from coalescence of one lightapuguekcharm quark
get a larger momentum respect to the D mesons obtained from fragmentatiangex momenta,
fragmentation becomes anyway the dominant mechanism of hadronizatitime tight panel of
Fig. 1, we compare our results for tiag pr ) with the the experimental data. In particular we show
explicitly the different contributions played by coalescence and fragrmentd he dashed red line
refer to thev, for D mesons obtained considering only the fragmentation as hadronizaticn me
anism while the solid blue line is the for D mesons obtained only via coalescence. As shown,
the v» developed via only coalescence is larger thanthdeveloped due to fragmentation. This
is due mainly to the fact that the D meson is the result of the coalescence ot guigtk with
a charm therefore the D mesons anisotropy in momentum space reflect ddtbavy quark and
light quark anisotropies in momentum space and it can even lead to an maofeasout a factor
of two at pt > 2GeV. Finally, if coalescence plus fragmentation mechanism is includeddor th
hadronization, the, of the D-mesons increases with respect towhef D meson by about a 30%,
see solid orange line in Fig. 1. The coalescence play a key role to getdadgsaription of the
experimental data and moreover the extracted diffusion coefficeDt & in agreement with the
data and within the present systematic uncertainties to the lattice QCD calculatiardé&bailed
discussion see [11]. Since HQs are produced at the very early segarthgood probes that can
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Figure 2: Left panel: Directed flow; as a function of the rapidity fohu+ Au at /s = 200GeV for D and
anti-D meson. Right panel: triangular flag(pr) for Pb+ Pbat/s=5.02TeV for (0— 10)% centrality.

keep information of the early stages of HICs. Recently it has been raesafthat very strong
electric and magnetic fields created at early times of URHICs can affedidinen@uarks dynamics
[17]. The magnetic field is dominated by the component along the y axis, so itsefifadn is the
induction of a current in the xz plane while at the same time the electric field igeliréc the x
direction. The combined effect of the fields is a current in the xy planetaméffect of which is

to generate a fine directed flow. In Fig.2 it is shown the final; of the D mesons foAu+ Au at
\/s=200AGeVatbh = 7.5fmthese results have been obtained employing for the Electromagnetic
field the same space-time solution developed in Ref. [18]. As showm;théforward rapidity

is positive for the D meson (with the charm) which means that the displacemerteithdy the
Faraday current has a stronger effect compared to the Hall drifteofmiggnetic field. Recently
we have developed an event-by-event transport approach foutkéntorder to study the role of
finite n /s on the anisotropic flows,(pr) [9]. Therefore the transport approach is used to model
the soft sector on an event-by-event basis and describe the flow hiaenén Fig.2 (right panel)

it is shown thepr-dependence of the triangular flay( pr) of D mesons for central collisions. As
shown we get a finitez(pr) which is a linearly increasing function at intermedigte  Notice
that the results shown have been obtained including only the hadronizgtivagmentation the
inclusion of the coalescence will increase the final anisotropic flgws

4. Conclusions

We have studied the charm quark propagation in QGP at LHC energies aitiglativistic
Boltzmann transport approach. The charm quark and the bulk interde®been taken into ac-
count within a QPM which is able to reproduce the lattice QCD equation of statehddronization
of charm quarks has been described by means of a hybrid modelleceace plus fragmenta-
tion. We have studied thBaa andv, of D meson. Our calculations give a good description for
D mesonRaa andv, both at LHC energies within the experimental uncertainties. We found that
the non-perturbative behavior described by the QPM enhances tha cluark bulk interaction
nearT, with respect to a mere decrease of the drag coeffigigvith 1/T2 which is essentially the
ingredient for the build-up of a large. Moreover the hybrid model of hadronization by fragmen-
tation plus coalescence help to increase bottRtyandv, close to the recent experimental data.
We have also studied the charm quark dynamics in the presence of elegtetindield. We found
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that heavy quarks develop a sizable directed flgwhich could be measurable at experiments and
suggesting the heavy quarkas a significant probe to characterize the initial electromagnetic field.
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