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Abstract
It is widely acknowledged that heavy flavor probes are sensitive to the properties of the quark-gluon plasma and are
often considered an important tool for the plasma tomography studies. Forward rapidity observables can provide further
insight on the dynamics of the medium due to the interplay between the medium size and the differences in the produc-
tion spectra of heavy quark probes. In this proceedings we present the nuclear modification factor RAA’s for B and D
mesons, as well as heavy flavor leptons, in the rapidity range −4.0 < y < 4.0 obtained from relativistic Langevin equa-
tion with gluon radiation coupled with a (3+1)-dimensional viscous hydrodynamics medium background. We present
comparison with experimental data at mid-rapidity as well as predictions for different rapidity ranges.
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1. Introduction

Heavy quarks are extremely valuable probes for the tomographic study of the hot and dense nuclear
matter known as the quark-gluon plasma (QGP) produced in relativistic heavy-ion collisions [1–5]. Final
observables from heavy quarks, such as the nuclear modification factor, contain cumulative information of
the evolution dynamics of the QGP.

One of the most common observables pertaining heavy flavor studies is the nuclear modification factor
RAA, which is usually associated with parton energy loss through the medium. It is defined as the ratio be-
tween the particle spectrum in nuclei collisions dNAA/ dpT, and the spectrum in pp collisions, dNpp/ dpT [6]:

RAA(pT, y) =
1
N

dNAA/ dpT dy
dNpp/ dpT dy

, (1)
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where N is the average number of binary nucleon-nucleon collisions for a given centrality class of AA
collisions.

Many studies attempted to use RAA to investigate mechanisms of parton transport and energy loss or
to constraint phenomenological models together with other observables. However, it was not until recently
that longitudinal dependence of heavy flavor observables started to be explored [7–11]. In this direction we
recently calculated the nuclear modification factor RAA of open heavy flavor in a wide range of rapidity [12].

In this talk we present the longitudinal dependence of the RAA of heavy flavor mesons (B and D) as
well as electrons and muons decayed from these particles [12]. We use the three dimensional medium
profiles generated from CLVisc hydrodynamics code [13–15] to construct averaged QGP backgrounds in
which heavy quarks are sampled and allowed to propagate using relativistic Langevin equations with gluon
radiation and a hybrid fragmentation plus coalescence model for hadronization [16, 17]. The initial position
of the sampled heavy quarks is obtained from Monte Carlo Glauber model while their initial momentum
distribution is calculated using leading order perturbative QCD [18] that includes flavor excitation, pair
production, and nuclear shadowing and anti-shadowing effects [17, 19, 20]. The initial production cross
section is also used to calculate the relative fraction between bottom and charm quarks in order to obtain
heavy quark decayed leptons spectra. Predictions are made for different rapidity bins in the range of −4.0 <
y < 4.0 on the nuclear modification factor of open heavy flavor mesons.

2. Numerical Results

Using the setup as described in reference [12], we present the numerical results from our simulations.
Calculations for D meson RAA are shown in Fig. 1 for collisions of Au+Au at

√
sNN = 200 GeV, Pb+Pb at√

sNN = 2.76 TeV, and Pb+Pb at
√

sNN = 5.02 TeV. The solid red curves in the plots correspond to mid-
rapidity calculations and are compared with experimental data. Good agreement with CMS data for both
Pb+Pb collisions throughout the whole pT range is observed. For the lowest energy collision of Au+Au
at
√

sNN = 200 GeV our results show consistency with data from the STAR experiment for pT ≥ 4 GeV.
At the lower pT regime a complex interplay of different physical processes, is expected to occur. One such
physical process that is very important is the recombination mechanism which dominates the heavy quark
hadronization at this regime and has been shown to decrease the RAA at low pT while also increasing it at
high pT. We also present predictions for forward rapidity RAA.

The calculations for B meson RAA are shown in Fig. 2. The same trend as the case for D mesons is
observed at high pT, where a larger parton suppression is observed in larger rapidity bins.

In Fig. 3 we show heavy flavor electron results. In these plots the solid black curves with a different
rapidity range than that of the previous plots is used to compare our calculations results with experimental
data from ALICE at |y| < 0.6. For Au+Au collisions we observe a good agreement with the PHENIX data,
despite the difference in the rapidity range, as it would be expected in this regime. We also observe a good
agreement for the Pb+Pb collisions although our results slightly overestimate the data at

√
sNN = 2.76 TeV.

Fig. 1. (Color online) Nuclear modification factor of D mesons for central collisions in different ranges of rapidity. Mid-rapidity
experimental data from STAR [21] (left), ALICE [22] and CMS [23] (middle), and CMS [24] (right) are also shown.
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Fig. 2. (Color online) Nuclear modification factor of B mesons for central collisions in different ranges of rapidity for Au+Au at√
sNN = 200 GeV (left), Pb+Pb at

√
sNN = 2.76 TeV (middle) and Pb+Pb at

√
sNN = 5.02 TeV (right).

Fig. 3. (Color online) Nuclear modification factor of heavy flavor electrons for central collisions in different ranges of rapidity. Mid-
rapidity experimental data from PHENIX [25] (left), ALICE [26] (middle), and ALICE [27] (right) are also shown.

The results for the heavy flavor decayed muons are shown in Fig. 4. The comparison with experimental
data shows good agreement especially for the larger beam energy at high pT. In these plots, however, since
experimental data only spreads over a very limited range of pT, it is harder to use data to discriminate
between the different curves due to the proximity of the latter in this pT range.

Overall the above results show that when increasing the rapidity, we observe a larger suppression at the
high pT regime, even though the expected medium size in these conditions is smaller. Since RAA not only

Fig. 4. (Color online) Nuclear modification factor of heavy flavor muons for central collisions in different ranges of rapidity for Au+Au
at
√

sNN = 200 GeV (left), Pb+Pb at
√

sNN = 2.76 TeV (middle) and Pb+Pb at
√

sNN = 5.02 TeV (right). Experimental data from
ALICE [28, 29] at forward rapidity is also shown.
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depends on the path length experienced by the parton inside the medium, but also on the initial production
spectra, these two effects compete with each other in the final result. Here, a stronger effect from the initial
heavy quark spectra, which is steeper for large rapidities in comparison with mid-rapidity, is observed to
dominate in this region of pT leading to a larger suppression of the RAA.

3. Conclusions

We present the longitudinal dependence of heavy flavor nuclear modification factor obtained by coupling
the (3+1)-dimensional viscous hydrodynamic medium background modeled by CLVisc with a relativistic
Langevin equation based transport model incorporating both collisional and radiative energy loss. The ob-
served results are consistent with currently available experimental data and predictions for forward rapidity
RAA of heavy flavor mesons and leptons are presented for three different collision energies. Our calculations
have shown to indicate that at large rapidity, the smaller size of the medium and the steeper initial spectra of
heavy quarks compete with each other in the resulting RAA.

Further studies on the longitudinal dependence of heavy flavor observables are needed to provide more
sensitive constraints on the phenomenological models of the QGP dynamics.
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[8] S. Chatterjee, P. Bożek, Phys. Rev. Lett. 120 (2018) 192301, arXiv:1712.01189.
[9] M. Nasim, S. Singha, Phys. Rev. C97 (2018) 064917, arXiv:1801.07866.

[10] Y. Zhang, PoS Proc. Sci. 345 (2019) 159, arXiv:1902.03788.
[11] STAR Collaboration, Phys. Rev. Lett. 123 (2019) 162301, arXiv:1905.02052.
[12] C. A. G. Prado, W.-J. Xing, S. Cao, G.-Y. Qin, X.-N. Wang (2019), arXiv:1911.06527.
[13] L.-G. Pang, H. Petersen, X.-N. Wang, Phys. Rev. C97 (2018) 064918, arXiv:1802.04449.
[14] L. Pang, Q. Wang, X.-N. Wang, Phys. Rev. C86 (2012) 024911, arXiv:1205.5019.
[15] X.-Y. Wu, L.-G. Pang, G.-Y. Qin, X.-N. Wang, Phys. Rev. C98 (2018) 024913, arXiv:1805.03762.
[16] S. Cao, G.-Y. Qin, S. A. Bass, Phys. Rev. C88 (2013) 044907, arXiv:1308.0617.
[17] S. Cao, G.-Y. Qin, S. A. Bass, Phys. Rev. C92 (2015) 024907, arXiv:1505.01413.
[18] B. L. Combridge, Nucl. Phys. B151 (1979) 429–456.
[19] CTEQ Collaboration, Eur. Phys. J. C12 (2000) 375–392, arXiv:hep-ph/9903282.
[20] K. J. Eskola, H. Paukkunen, C. A. Salgado, J. High Energy Phys. 04 (2009) 65, arXiv:0902.4154.
[21] STAR Collaboration, Nucl. Phys. A982 (2019) 659.
[22] ALICE Collaboration, J. High Energy Phys. 03 (2016) 81, arXiv:1509.06888.
[23] CMS Collaboration, Tech. Rep. CMS-PAS-HIN-15-005, CERN (2015).
[24] CMS Collaboration, Phys. Lett. B782 (2018) 474, arXiv:1708.04962.
[25] PHENIX Collaboration, Phys. Rev. C84 (2011) 044905, arXiv:1005.1627.
[26] ALICE Collaboration, Phys. Lett. B771 (2017) 467, arXiv:1609.07104.
[27] ALICE Collaboration, Figure ALI-PREL-133360, CERN (2017).

URL http://alice-figure.web.cern.ch/node/11731

[28] ALICE Collaboration, Phys. Rev. Lett. 109 (2012) 112301, arXiv:1205.6443.
[29] ALICE Collaboration, Figure ALI-PREL-133394, CERN (2017).

URL http://alice-figure.web.cern.ch/node/11732

C.A.G. Prado et al. Nuclear Physics A 1005 (2021) 121903

4


