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We calculate the nuclear modification fact®a and elliptic flow, v, of muons from heavy
flavours decay at forward rapidities in Pb+Pb collision at@.Bind FCC energies. Ther dis-
tribution of heavy quarks produced from the initial fusioinpartons is obtained using FONLL
approach. We consider both the radiative and collisiongnkss along with a boost-invariant
expansion of the plasma for the predictionRafa as well asv,. We compare our result of muon
Raa andvs, in Pb+Pb collision at 2.76 ATeV with the ALICE data.
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I ntroduction

Heavy quarks are produced from the initial fusion of gluonigit quarks mainly during the
early stage of collision. Their large mass ensures that greduction can be treated using pQCD
and also nearly negligible production at later times. Whitversing the QGP they would not
deviate much from the initial direction of production. Stuey stands out in the sea of light quarks
and gluons, which makes them an excellent probe for QGP.eMaissing through the QGP, they
loose energy by colliding with quarks and gluons and alsodulating gluons before appearing
as charm or bottom mesons or baryons. These mesons furitey thieough leptonic channel and
thus the final spectra for these leptons would carry infoimnadbout the energy loss suffered by
the heavy quarks.

In this work we calculate ther distribution of heavy quarks from initial fusion and then
calculate the finapy distribution taking into account the energy loss suffergdhem as they pass
through the QGP. Finally we perform a Monte Carlo calculatio obtain the average change in
the transverse momentum spectra of heavy quarks for nuolezlsus collisions and g&aa and
V, as a function ofpr for different rapidities at different centrality bins.

Initial conditions and energy loss formalisms

The pr distribution of heavy quarks produced from the initial fusiof partons in nucleus-
nucleus collisions at different centre of mass energiesht@ned by Fixed Order Next to Leading
Logarithm (FONLL) calculation [1]. Ther distribution of initial production of charm and bottom
quarks at 2.76, 5.5 and 39 ATeV obtained using FONLL calautain Pb+Pb collision at rapid-
ity 2.5 are presented in Fig. 1. Here we use CTEQ 6.6 strudturetion set for nucleons. The
Peterson fragmentation function [2] with parameger 0.06 ands, = 0.006 are used for fragmen-
tation of c quarks into D-mesons and b quarks into B-mes@spectively. The central particle
rapidity densities for Pb+Pb collisions at 2.76, 5.5 and 38\Aare taken as 2850, 3600 and 6480
respectively [3, 4].

The energy loss suffered by the heavy quarks will depend tipepath-length of the heavy
quarks in the plasma, the temperature evolution of the @aand the energy and mass of the heavy
quarks. In our simple approach we make several simplifyisgumptions. The heavy quarks
are expected to loose most of their energy when the temperaustill large, i.e. during the
earliest times after the formation of QGP, so, we can netfiedransverse expansion of the plasma.
We consider Bjorken cooling works locally at different @iges and assume a boost-invariant
expansion along with a local fluid approximation.

As the heavy quarks loose most of their energy in interaatitth gluon we consider only the
distribution of gluons and assume a Gaussian rapidity dedsitribution of gluons given by [5, 6]:

dNy (ng> 2
—=|—| exp(—-y/20°). 1
ay = \dy ), &P (—y*/20?) (1)
Their density at the time can be written as [7]:
1 dN
p(1)= TRET dy 2)
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Figure 1: Initial distribution of production of charm and bottom gksin Pb+Pb collision at 2.76, 5.5 and
39 ATeV at the forward rapidity 2.5.

The corresponding temperature, assuming a chemicallyilegued plasma is

(™ p(1) :
T(= <1.202 (9Nf+16)> ‘ 3)

In non-central collisions the heavy quarks produced froennitial fusion would cover differ-
ent path lengths, depending upon the azimuthal angle arichfiect parameter, inside the plasma.
In a non- central collision, therefore, they would losealifint amounts of energy, which will lead
to an azimuthal anisotropy of momentum distribution of deyst

A heavy quark after production at the poif¢y), moves at an angle with respect to the
reaction plane with impact parameter b. It traverses thamti® I(x,yp,b) inside the plasma. Using
a simple approach, based on Glauber model, we calculateeipendence of the average path-
length on the azimuthal angle and impact parameter withexddp the reaction plane. Assuming
uniform densities for the colliding nuclei, the averagehpiaingth for an impact parameter b and
azimuthal anglep can be written as [8]:

_ JI1(Xy, @,b) Tas(X,y; b) dx dy
[ Tas(x,y; b) dx dy ’

WhereTag(X,y;b) = Ta(X + b/2,y) Ta(X — b/2,y) is the nuclear overlap function atgland
tg are the transverse density profiles of the two nuclei. AnayeofL(g;b) over ¢ (varying from
zero to 21) gives the average path length@)((Fig. 2).

The initial time of formation of QGPyy is taken as 0.2 fm/c. We approximate the expand-
ing and cooling plasma with one at a temperature af) Bt 7 = (L)et/2, where(L)es =min
[(L), vr x T¢|, wherevy is the transverse velocity of the heavy quark @gé the critical temper-
ature [9].

(L(g:b)) (4)
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Figure?2: Variation of average path length @[ with azimuthal anglep

The collisional energy loss suffered by heavy quarks isutaled using Peigne and Peshier
(PP) [10] formalism and the radiative energy loss is catedaising AJMS [11] and DGLYV for-
malisms [7]. We plot the transverse radiative energy losshafm and bottom quark&Er as a

0-10% Centrality 21~ 0-10% Centrality
3f Charm -7 Bottom s

Figure 3: Radiative energy loss suffered by charm and bottom quarkie whssing through the QGP at
forward rapidities at 0 - 10% centrality.

function of transverse enerdt (y/p? +M?2) at 0 - 10% centrality using AJMS formalism at 2.76
ATeV at LHC. Each of the plots of Fig. 3 is presented for rajedi 2.5 to 4.

Raa Of muons

We plot the result of nuclear modification factor of muons att0% centrality with both
collisional and radiative energy loss at 2.76 ATeV at LHCig.. Our result at 0 - 10% centrality
with only AJMS formalism found to agree well with the receatal[12] from ALICE collaboration.
However, the inclusion of the collisional energy loss fertlsuppresses the nuclear modification
factor significantly and predicts more suppression contpréhe experimental result. For a better
understanding of the predicted trend by AJMS formalism, 18 aompare our results &aa at
2.76, 5.5 and 39 ATeV. We see that the nuclear suppressiooris with the increase of centre of
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mass energy. A detailed study comparing the predictioigaafby DGLV and AJMS formalisms
can be found in reference [11].
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Figure4: Raaof muons at forward rapidity at 0 - 10% centrality.
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Figure5: v, of muons at 2.76 ATeV for 20-40% centrality.

Azimuthal anisotropy

We calculate the differential azimuthal anisotropy in terof the parametery(pr), which is
given by:

jnd(pcos(Z(p) dN/d?pr dy
Va(pr) = = : 5)

2
[ dpdN/d?pr dy
0

In Fig. 5 we plot the result of azimuthal anisotropy of muongPb+Pb collision at 2.76 ATeV

for 20-40% centrality in the rapidity window 2.5 to 4. We coang the predicted result with the
preliminary ALICE data of azimuthal anisotropy of heavy fiav decay muons [13]. We also
compare our prediction ok (pr) at 2.76 and 39 ATeV in the same rapidity window with AJIMS
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formalism. From these comparisons, we feel that we need eqrerimental data fov,(pr) at
high pr to understand our predicted trend.

Summary

Our prediction oRaa considering only radiative energy loss agrees well withAhECE data,

but when we consider both the radiative and collisional gnéwsses, it shows more suppression
than the experimental data. In our model we are predictinginmam possible energy loss by
assuming one dimensional expansion of the plasma and alsortsydering constant density dis-
tribution of the colliding nuclei while calculating the aage path length traversed by the quark.
In turns we are predicting maximum possible nuclear sugpesand azimuthal anisotropy. We
expect that the scenario can be improved by incorporatargstrerse expansion of the plasma along
with Wood-saxon density distribution for the colliding meic
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