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The EPOS-HQ model is a framework designed for predicting heavy-flavor observables in p-p, p-A
and A-A collisions. It results from the integration of the MC @ HQ and EPOS3 codes and should
supersede predictions made with each of these two. In this contribution, we briefly present the new
ingredients of the EPOS-HQ model as well as some preliminary results. From the comparison

with experimental data, we derive some direction of improvement for the near future.
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1. Introduction

While one of the ultimate goals of understanding heavy flavor production in ultrarelativistic
p-A and A-A collisions is to assess the strength of heavy quark coupling with the dense phase
created in such systems it is by now clearly established that "extra ingredients" such as the initial
spectrum of heavy quarks or their hadronization mechanism play an important quantitative role in
the predictions made for various observables such as the nuclear modification factor R4y or the
elliptic flow v,. In the past, we have suggested an energy loss model (MC@ HQ) for HQ based
on pQCD fledged with a running o [1], as the sum of both elastic and radiative processes. Pre-
dictions were made for RHIC [1] and LHC energies (see [2] and reference therein), with however
different bulks and different initial distributions of HQ positions. In the later "bundle", MC@ HQ
was coupled to EPOS2, not appropriate for RHIC energies. In the meanwhile, the integration of
MC@HQ and EPOS3 — called EPOS-HQ - was performed. We present significant evolutions
from MC@ HQ+EPOS2 — EPOS-HQ in section 2 and preliminary EPOS-HQ results in section 3.

2. The EPOS-HQ model

While the energy loss model and the mixed (fragmentation+coalescence) hadronization mech-
anism is left unchanged as compared to the previous MC@sHQ+EPOS?2 "bundle", the following
components have evolved substantially in EPOS-HQ: a) the 3D+1 fluid dynamics VHLLE is up-
graded in order to include viscous corrections [3], b) heavy quark production is now fully inte-
grated as a part of the EPOS initial state, according to the semi-hard pomeron evolution scheme
[4], including cold nuclear matter effects modeled through a saturation picture, c¢) final heavy flavor
hadrons are propagated through the URQMD afterburner, where they can suffer elastic collisions.
In Fig. 1 (left panel) we illustrate the agreement reached in the soft sector by EPOS3. The pr-
spectrum of D° produced in p-p (/s = 5TeV) is displayed in the right panel, for the MC@sHQ
model and for EPOS-HQ, where one can produce D mesons in p-p either by c-quark fragmentation
or through mixed hadronization process. It is important to notice that both choices lead to substan-
tial differences with respect to the previous spectrum for pr < 4GeV stemming from the initial
c-quark distribution.
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Figure 1: Left: K production at LHC energy; comparison between EPOS3 and data. Right: D-meson pr
spectra in p-p from both MC@;HQ and EPOS-HQ, compared to CMS data.
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3. Preliminary results and discussion

In this section, we show nuclear modification factors and v, of ¢ quarks and D mesons for
various systems and various options of the model. The p-Pb case at /s = 5TeV (min. bias) is
illustrated in Fig. 2. In the present implementation of EPOS-HQ, cold nuclear matter (CNM)
effects are still present at "large" pr (see full line on the left panel), resulting in R,p,(D) ~ 0.8
for pr 2 5GeV. Quite generally, D-meson production can be understood as the convolution of
several effects, including c-quark energy loss which is later on compensated when coalescence is
considered as a possible hadronization mechanism (see right panel). Such observation is in clear
tension with approaches including HF hadrons in the nPDF extraction procedure.
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Figure 2: Left: ratio of various c-quark spectra at different stages of the evolution in p-Pb collisions. Right:
corresponding Rpp, of D mesons for various options of EPOS-HQ.
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Figure 3: Same as Fig. 2 for central Pb-Pb collisions.

In Fig. 3 (resp. Fig. 4, left panel), we show results of our simulations for the Pb-Pb Ra4 (D) at
/s =5TeV, in the 0%-10% centrality class, with pure elastic (resp. elastic + radiative) energy loss
calibrated on the experimental data at py = 10GeV for both cases of pure fragmentation and mixed
hadronization. On the right panel of Fig. 4, the v, (D) for semi-central collisions is displayed. The
most striking discrepancy with the experimental data is the pronounced bump observed around
pr ~ 3GeV if one resorts to mixed hadronization. While the precise hadronization procedure has
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a considerable impact on the D-meson spectrum in this p7 range, producing those mesons through
pure fragmentation is definitively disfavored by the v, analysis and contradictory to the paradigm
which has recently emerged in the HF community. It should be noticed that such a bump was not
predicted in our previous MC@sHQ+EPOS?2 framework. A finer analysis reveals that the main
ground for this evolution is the inital c-quark spectrum generated by EPOS3, much softer than our
previous FONLL fit for pr < 5GeV. As a consequence, the evolution in the QGP does not lead to
usual quenching in this region while the coalescence still generates an absolute pr increase, hence
a harder spectrum for D mesons.
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Figure 4: R4 (left) and v, (right) of D mesons produced in central Pb-Pb collisions for both types of energy
loss, both of them being tuned on the ALICE Ry4 data at pr =~ 10GeV.
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Figure 5: Same as Fig. 3 for Au-Au collisions at /syy = 200GeV, compared to the revised STAR data.

While this feature obviously needs to be corrected in a near future, the good agreement with
the experimental v,(D) — less sensitive to the initial c-quark spectrum — should be considered as a
positive sign for the relevance of the global framework. The right panel of Fig. 4 also illustrates
the clear importance of the URQMD afterburner, which can lead up to a 3% increase of the v, (D).

Similar observables are shown in Fig. 5 and 6 (left panel) for Au-Au collisions at RHIC top
energy, using the same modeling of the energy loss (with the same cranking coefficient K of the
elementary cross section). Pretty similar conclusions can be derived as for the LHC reactions: while
the v2(D) is found in good agreement for both the pure elastic and the elastic + radiative energy
loss. Reproducing the Rq4 appears to be out of the reach of our EPOS-HQ model in the present
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stage: If one indeed obtains a flow bump when resorting to mixed hadronization, it is positioned at
too large pr as compared to the corrected STAR data; besides the initial CNM effects appear to be
too pronounced in the intermediate pr range.

4. Conclusions and perspectives

We have presented preliminary results for open heavy flavor production in some p-A and A-A
systems at RHIC and LHC. The evolution of some of some main ingredients of the framework
leads to a new calibration of the energy loss model. The corresponding D; coefficient, presented
in Fig. 6 (right panel), are compatible with state of the art IQCD calculations and found to be 50%
larger as compared to values extracted from MC@ ;HQ+EPOS2 [2]. Although a good agreement
was achieved for the v, (D) observable, being able to cope with the R44 requires some extra work,
in particular as regards the initial c-quark spectrum in those systems.
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Figure 6: Left: v,(D) for both types of hadronization, with or without URQMD afterburner; the arrow
highlights the contribution of the URQMD afterburner when hadronization proceeds through fragmentation,
leading to unsaturated v,. Right: Spatial diffusion coefficient resulting from the new EPOS-HQ calibration.
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