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Abstract: Heavy quarks play an important role in probing the properties of strongly interacting quark-gluon plasma

(QGP) created in ultra-relativistic heavy-ion collisions. We study the interactions of single heavy (charm) quarks and

correlated charm and anticharm (cc) quark pairs with the medium constituents of QGP by performing

fireball+Langevin simulations of the pertinent Brownian motion with elastic collisions. Besides studying the tradi-

tional observables, the nuclear modification factor and the elliptic flow of single heavy quarks in QGP for different

thermal relaxation rates, we also study the broadening of the azimuthal correlations of charm and anticharm quark

pairs in the QGP medium for different relaxation rates and transverse momenta classes. We quantified the smearing

of c€ pair azimuthal correlations with an increasing thermal relaxation rate: while the (nearly) back-to-back correla-

tions among c¢ pairs are almost completely washed out at low transverse momentum (py), these correlations at high

prlargely survive the pair diffusion. This provides a novel observable for diagnosing the properties of QGP.
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1 Introduction

One of the astonishing discoveries of the heavy-ion
collision program at the relativistic heavy-ion collider
(RHIC) and at the Large Hadron Collider (LHC) is that
the medium thus created acts like near-perfect fluid [1-5].
Offering low viscosity and high opacity, this fluid is
called the strongly coupled quark-gluon plasma (QGP)
[6]. Penetrating and well calibrated probes are needed for
quantitative deduction of the properties of QGP. Heavy
quarks (HQs) especially charm quarks, which are pro-
duced in primordial hard collisions and behave like an
impurity in QGP, have been used as probes of the proper-
ties of QGP [7, 8]. The diffusion of HQs in QGP is simil-
ar to the Brownian motion of gas molecules with mul-
tiple collisions with other molecules [9]. Delayed by a
factor of ~ % =6-20, thermal relaxation time of HQs
(with the charm quark mass~1.5 GeV and the bottom
quark mass~4.8 GeV) is much larger than the rest of the
bulk medium. Therefore, HQs are not fully equilibrated
with the surrounding medium as they diffuse in it. Yet
HQs undergo multiple collisions with medium constitu-
ents and lose their energy and momentum as they ap-

proach thermal equilibrium. As a result, HQs develop sig-
nificant momentum anisotropies through collisions with
the medium in non-central heavy-ion collisions [10-12].
The p+p and p+A collisions provide the baseline results
to study the full heavy-ion (AutAu or Pb+Pb) collision
spectra.

Many theoretical approaches [13-17] (and references
therein) have been applied to explain the single HQ diffu-
sion in QGP, especially the Fokker-Planck and
Boltzmann transport approaches. In these approaches,
two important constituents are required for quantitative
calculations of the HQ transport; one is an excellent un-
derstanding of microscopic interactions of HQs in QGP,
which are characterized by their transport (diffusion and
drag) coefficients (in particular at low and intermediate
momenta). The second is a realistic description of the ex-
panding medium through which HQs propagate [18]. Tra-
ditional observables include the elliptic flow (v,) and the
nuclear modification factor (R,,), which describe the
consequences of single HQ propagation in the decon-
fined phase of strongly coupled QGP in realistic simula-
tions. The elliptic flow implies active anisotropic collect-
ive motion of heavy quarks in the expanding hot and
dense fireball. The nuclear modification factor describes
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the suppression at high transverse momentum (p;) be-
cause of substantial energy loss of fast moving HQs while
traversing the medium. However, more detailed charac-
terization of the QGP properties requires new observ-
ables beyond the traditional ones, such as the heavy
quark-antiquark (QQ) pair azimuthal correlation, which
has gained special attention in recent studies [19, 20].
Previously, the fireball+Langevin model has been used to
calculate the traditional observables of single heavy quark
diffusion in QGP [6, 18]. We generalize this model to in-
vestigate the azimuthal correlations among the charm-an-
ticharm (cc) pairs. Azimuthal correlations dN/d¢ among
cc pairs and the changes in these correlations during their
diffusion in QGP is a matter of interest. In this work, we
limit our study to the leading order (LO) (production of
heavy quarks in the initial hard scatterings) QQ azimuth-
al back-to-back (A¢=m) correlations [19]. Because of
multiple collisions and energy losses of the Q0 pair with
the medium constituents, these initial correlations are
broadened [21-23]. At low p, the initial correlations are
largely washed out, indicating the presence of a locally
thermalized partonic plasma. The c¢¢ pairs with minimal
initial momentum are expected to lose not only their ini-
tial back-to-back correlations but also to be pushed into
the same direction by the outward collective flow of the
medium, thus obtaining a final correlation around
(A¢=0). This effect is called the “partonic wind” effect
[24]. At high py, the back-to-back correlations are expec-
ted to largely survive the evolution of the medium. The
purpose of the present work is to establish a quantitative
framework for the diffusion of charm-anticharm quark
pairs in the deconfined and strongly coupled medium,
which are used to probe the properties of QGP. Non-per-
turbative elastic diffusion of HQs in the QGP medium
and the modification of azimuthal correlations between
the c¢¢ pairs are simulated by the fireball+Langevin dy-
namics, from which single charm quark diffusion (R,
and v,) and azimuthal angle correlations dN/d¢ of c¢
pairs, at different thermal relaxation rates and different
transverse momenta, are investigated.

The rest of the paper is organized as follows. In Sec-
tion 2, the fireball model [18] is described briefly. In Sec-
tion 3, the Langevin process based on the Fokker-Plank
equations [10] is elaborated. In Section 4, a brief intro-
duction of the thermal relaxation rate is given. In Section
5, the simulation results are presented and discussed, in-
cluding the single HQ and correlated c¢ observables. Fi-
nally, in Section 6, a summary and conclusions are given.

2 Elliptic fireball model

Considering the elliptic fireball model [18] for the
medium expansion and its evolution, the expansion para-
meters of the created fireball are given as

a; =ap+vy

1- —Kt 1— Kt
t— ¢ —Av|t— ¢ , (1a)
K K>

1_ —Kt 1_ Kt
- ¢ ]—Av[r— ¢ } (1b)
K K

1

where qy=5.563 fm, by=4.451 fm, vy=0.519,

Av=0.1229¢, K,;=0.552 c/fm, K,=1.31 ¢/fm. The volume

of the fireball as a function of time is written as follows
Vfb(t) = ra;b,z 2

where z=_zo+ct. zy and z are the initial and final posi-

tions of the fireball along the z—axis, ¢ is the speed of

light and t is time. The transverse flow v(¢, x) is paramet-

rized by the elliptical coordinates in the transverse plane

x, ).

(x,y) = r = [ag sinh(u) cos(v), ag cosh(u) sin(v)],

b; = by + vy

VKZ = [bl‘ COS(V), az Sin(V)], (3)
_ da, _ dbt
va() = i vp(f) = I
v = va cos(v), Lva sin(v)|. 4)
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We assume an isentropic expansion of the fireball
medium created in Pb+Pb collisions at 2.76 TeV. We use
the massless ideal gas equation of state (EoS) for QGP to
gauge the temperature evolution of the fireball. The en-
ergy density (eqcp) and the pressure density (Pggp) of
QGP are related by the following relation:

gqap = T'st — Pogp, )
where s is the entropy density and 7T represents the tem-

perature of the medium. The energy density and pressure
density are given by

T
EQGP = %[164‘ ]05NF]T4 + BQGPs (6)
EQGP T
Pqap = QT = goll6+ 10.5NFIT* = Boge. ()

with the bag constant Bogp = jﬁ;ﬁ =356y

first order phase transition scenario [18]. The entropy
density then reads

in a

S 472
s7 = = o7,
Vfb(l) 90

where g is the combined degeneracy of quarks and
gluons, with g=16+10.5Ng. Ny is the number of quark fla-
vors equal to 2.5 (taking into account the larger mass of
strange quarks). For semi-central 2.76 TeV Pb+Pb colli-
sions with an impact parameter b=7 fm, the total entropy
S of the system

(®)

S = s7Vy(t) ~ 9000 9)

is determined by fitting the multiplicity of the charged
particles per unit pseudo-rapidity (%}" ~ 720) produced in

such a collision. Eq. (8) can also be re-arranged for the
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temperature of the medium, which is time dependent:

1/3
T(r) = [2 S
4n? gVin(1)
The variation of temperature with respect to the lifetime
of the QGP phase is shown in Fig. 1. The initial QGP
temperature is taken as 7 ~ 340 MeV, which decreases to
the phase transition (first order) temperature 7, =~ 180
MeV after 4.341 fm/c. During the mixed phase, the tem-
perature remains constant at 7, ~ 180 MeV, and the curve
becomes flat. In the fireballtLangevin simulations, the
medium evolution lasts until the end of the mixed phase.
The temperature-time evolution of the QGP fireball starts
at 1y=0.6 fm/c (the longitudinal proper time 1 is the same
as the laboratory time ¢ at mid-rapidity) and stops at al-
most T =7.6 fm/c, corresponding to the decoupling en-
ergy density of e;,~0.4435 GeV/fm’. The dominant
shape of the fireball is elliptic (almond-shaped). Pressure
gradients are created by the interactions between particles
in the fireball so that the initial spatial asymmetry is con-
verted into particle momentum anisotropy between p, and
Py» described by the coefficient of the second harmonic
(elliptic flow) of the azimuthal angle distributions [25, 26].

. (10)

Transverse momentum of the particles is
Pr= Pz +p;
dN dN

prdprdg,  2aprdpr [l +2v (pT)COS(2¢P)+'--]- (1)
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Fig. 1. (color online) Temperature-time profile for the ellipt-
ic fireball evolution in Pb+Pb collisions at 2.76 TeV. Dif-
ferent lifetimes of QGP and mixed phases can be observed.

3 Heavy quark Langevin diffusion

The Langevin equations [6] are given as

Di
dx; = =dt, 12
5= (12)

dpi = =I(T, p)pidt + NdiGj(T, p+xdp)p;,  (13)

which specify the rules to update the position (x) and mo-
mentum (p) of HQ in a time step dz. The friction force is
I (T, p) p , and p; is the independent Gaussian noise
which follows the normal distribution.
=2 0) (14)
e(p)=————

P o

E(p) =, /m2Q + p? is the relativistic on-shell energy of the
Brownian particle and m, is the mass of the heavy quark.
The matrix of coefficients G;; describes the stochastically
fluctuating force. I'(p) is the drag coefficient and T is the
equilibrium temperature of the medium.

The Fokker-Planck equation for the phase-space dis-
tribution function “/” of the Brownian particle is

of.p) _ 0
ot Opx
where k,l€{1,2,3}. Ur(p) is the drag and Wy (p) is the
diffusion coefficient. HQ is expected to approach the

equilibrium distribution of the medium constituents, giv-
en by the relativistic Boltzmann-Jittner distribution [27].

0
Uk(p)f(t,p)+a—m{sz(p)f(t,p)} , (15)

fequi(xp) = ge™ (16)
When HQ has the same distribution as the medium, the
drag and diffusion coefficients are related by the follow-
ing dissipation-fluctuation relation [6].

1 0E(p) OWij(p,T)
Ui(p,T) = W;i(p,T)= - ) 17
«(p,T) i(p )T I o (17)

Egs. (12) and (13) satisfy the Fokker-Plank equation,
found from the average change of an arbitrary phase-
space function with time [28]:

6f(l‘,p) _ 0 ' aG,‘j
o o [(F(P)Pk —XGz,(p)a—pl)f (, p)}
1 2
* 3 3medp, |Gup)Gu(p)ft.p)], (18)

Comparing Egs. (15) and (18), we get
8G,-j
U(p) =T (p)p—xGi j(P)a_pl- (19)

As shown in Ref. [6], comparing Eqgs. (17) and (19) and
using the diagonal approximation of the diffusion coeffi-
cient (which is a controlled approximation at low and in-
termediate p7), and putting Wy(p)=D(p) and

Gij(p) = \2D(p)éij, Eq. (17) reduces to

_ 1 (D[E(p)] OD[E(p)]
U(p) = E(p)( a = ) (20)
which converts to the drag coefficient I'(p)
_ 1 [DIE(p] . OD[E(p)]
=50 {—T (-0 == } @1

where y=0 or 1, corresponding to the pre-point or post-
point numerical scheme. For the post-point scheme, the
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equilibrium condition (relativistic fluctuation dissipation
relation) is then given by [10]:

D(p) =T(p)E(p)T. (22)
In the non-relativistic limit, we neglect the momentum
dependence and have D =myT, which is the classical
Einstein relation. In terms of the diagonal diffusion coef-
ficient D(p), the Langevin updating rules become

dx; = %dr, (23)

dp; = -I'(T, p)pidt + /2D(p + xydp)dzp;. (24)
The Fokker-Planck and Langevin equations are not
Lorentz invariant. Thus, the momentum of test particle is
first updated in the fluid rest frame, followed by a boost
back to the laboratory frame with a fluid four velocity
u* = y(1,v). The equilibrium condition Eq. (22) should be
satisfied in the long time limit so that the test particle dis-
tribution converges to the Boltzmann-Jittner distribution
Eq. (16). In practice, we use the post-point Langevin
scheme with y=1.

4 Thermal relaxation rate

The transport coefficient calculated from the micro-

scopic interactions of HQs with the bulk medium is
known as the thermal relaxation rate U(p,T). In the post-
point Langevin scheme, using the transport coefficients
from the heavy-light quark T matrix [29]:
1 0D(p,T)
E O0E
By using the equilibrium condition Eq. (22) and the
above Eq. (25), the thermal relaxation rate in terms of the
drag coefficient I'(p, T) can be written as,

T
I'(p) = U(p)+0(m—Q)+..., (26)

I'(p,T)=U(p,T)+ (25)

where the terms of higher order can be neglected. We use
the relaxation rate from Refs. [29, 30], where the interac-
tion of HQs with thermal light quarks and gluons was cal-
culated using the non-perturbative thermodynamic T mat-
rix approach. The charm quark thermal relaxation rate as
a function of the three-momentum for different critical
temperatures is displayed in Fig. 2.

The non-perturbative thermal relaxation rates [29]
show a substantial enhancement relative to the usual per-
turbative QCD (pQCD) calculations at low momenta and
for 1-2 7,, where the remnant confining force survives
color screening. Moreover, at very high momenta or tem-
peratures, the non-perturbative calculations converge to
the pQCD results as dictated by the asymptotic freedom.
Taken as a whole, a unique momentum dependence of the
charm thermal relaxation rate appears, which manifests in
the heavy quark observables, in particular in v,.
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Fig. 2. (color online) Charm quark thermal relaxation rate as

a function of the three-momentum for different values of
the critical temperature 7, obtained using the heavy-light
quark T matrix.

5 Simulation results

The fireball+Langevin simulations were used to eval-
uate heavy quark diffusion in QGP created in Pb+Pb col-
lisions at 2.76 TeV and the impact parameter b=7 fm. The
phase transition temperature was taken as 7,=180 MeV,
and the temperature dependent heavy quark masses were
used [6]. Post-point Langevin scenario was implemented
in these simulations. The traditional observables (nuclear
modification factor R, and elliptic flow v,) of the single
charm quark were first calculated for various thermal re-
laxation rates. The back-to-back (A¢=m) charm-anti-
charm (c¢) pairs, created using the leading order (LO)
pQCD production scheme, were then propagated in the
QGP medium. The azimuthal angle between the c¢ pairs
changed during the propagation due to multiple colli-
sions with the medium partons. A substantial change in
the cc angle difference was observed at the end of the dif-
fusion process. The azimuthal correlations dN/d¢ were
calculated for different thermal relaxation rates and trans-
verse momenta. The results are compiled and discussed in
the following sections.

5.1 Single HQ diffusion

The number of heavy quarks produced in heavy-ion
collisions is related to the binary nucleon-nucleon colli-
sions (we assume that there is no charm quark produc-
tion in the thermal processes in QGP). Hence, their ini-
tial distribution follows the binary collision density. For
the initial distribution of the single charm-quark trans-
verse momentum (py), we use the following parametriza-
tion of the FONLL result [26]

aN __Cpr

=T 27
dpr  (p}+b)? @7
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where a=2.169, b=11.93811, d=2.73886, and C is a nor-
malization constant (in the present work, no charm shad-
owing is introduced). After Langevin diffusion with the T
matrix thermal relaxation rate, the charm quark p; spec-
trum at the decoupling point (i.e. at the end of the mixed
phase at 7,=180 MeV) is obtained for semi-central Pb+Pb
collision at 2.76 TeV. Fig. 3 shows the distribution of the
number of charm quarks with respect to the transverse
momentum pr. A comparison of the initial charm quark
prspectrum and the Langevin prspectrum is shown. The
Langevin pzspectrum decreases below the initial p; spec-
trum for high p; as a result of the energy loss of charm
quarks that diffuse in QGP, whereas at (very) low pr the
former surpasses the latter, indicating that there is an ac-
cumulation of charm quarks at (very) low p; due to
thermalization. The single HQ diffusion in the QGP me-
dium is quantified by the suppression factor (nuclear
modification factor) R 4, and the elliptic flow v,

dNua/dpr
R = 28
AA(PT) Neot@N,/dp7)’ (28)
J (dNaa/dprdg)cos (2¢)dp
= =~ 2 N 29
v2(pr) TN aprdd)ds (cos(2¢)), (29)

where N is the number of binary nucleon-nucleon colli-
sions.

The single charm quark nuclear modification factor
for semi-central (b=7 fm) Pb+Pb collision at 2.76 TeV
obtained with the fireball+Langevin simulations and us-
ing different thermal relaxation rates is plotted in Fig. 4.
It can be seen that with the increase of the thermal relaxa-
tion rate, the suppression at higher p; becomes stronger,
while the accumulation of charm quarks at low p; be-
comes more pronounced. This is due to the substantial

—— charm quark initial p -distribution

—— charm quark Langevin p -distribution

Pb+Pb collision at 2.76 TeV 3

P, (GeV)

Fig. 3.  (color online) Charm quark initial p; spectrum and
the spectrum obtained from the fireball+Langevin simula-
tions of Pb+Pb collisions at 2.76 TeV. Heavy quarks dif-
fuse in the fireball with temperatures 7340 MeV and
T~=180 MeV.
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3.0 »UpT)|
—4UpT)
25 -
2.0 i
D:é
15 i
1.0
05 4
00 | E
_05 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
P, (GeVic)
Fig. 4. (color online) Nuclear modification factor R, of

charm quarks in Pb+Pb collisions at the LHC energy ob-
tained with the fireball+Langevin simulations, for three val-
ues of the thermal relaxation rate U(p,T).

energy loss of fast-moving HQs in hard scatterings while
diffusing in the QGP medium.

Fig. 5 shows the variation of the elliptic flow (v,) of
HQs with increasing thermal relaxation rate. At low pr, v,
increases until it reaches the maximum, followed by a de-
crease for high py. Partonic wind effect plays a vital role
in the increase of the elliptic flow at low transverse mo-
menta. The increase in thermal relaxation rate allows
HQs to diffuse more slowly in the QGP medium, and
thus to collide with the medium partons more frequently,
so that they flow almost in the direction of the medium
flow and acquire substantial v,. Due to high partonic
wind effect the peak of v, increases with increasing
thermal relaxation rate. As a result, the elliptic flow
roughly scales with the thermal relaxation rate.

0.30 T — T T T T T T T T T T
Pb+Pb collision at 2.76 TeV
0.25 — Up.T) | 1
——2*U(p,T)
4*U(p,T)
020 - -
015 - -
>N
0.10 | 4
0.05 - b
000 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8
p,(GeVic)
Fig. 5. (color online) Elliptic flow of charm quarks in QGP

in Pb+Pb collisions at the LHC energy obtained with the
fireball+ Langevin simulations. Different colors depict the
changes of the elliptic flow (v,) with increasing thermal re-
laxation rate U(p,T).
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5.2 Correlated (cc) pair simulations

Here, we discuss the HQs (c¢) pair diffusion in the
QGP medium produced in Pb+Pb collisions at the LHC
energy. Azimuthal correlations of the cc pairs for differ-
ent thermal relaxation rates and transverse momenta are
studied. We assumed the LO approximation for the ini-
tial azimuthal correlation of the cc¢ pairs. Therefore,
charm and anticharm quarks in a correlated pair move
back-to-back in the transverse direction with A¢g=r and
pre = prz. The pairs are produced at the same spatial
point following the binding collision number density scal-
ing. After initialization, the charm-anticharm quarks
propagate in QGP, which is modeled by the
fireball+Langevin simulations. The evolution of charm
and anticharm quarks is tracked until they leave QGP,
and at this pont we record the difference of the azimuthal
angle A¢ of the cc pair. Fig. 6 shows the distribution of ¢¢
pairs with respect to the angle difference between the
charm and anticharm quarks in a correlated pair. p7 is in-
tegrated, but the effects of different thermal relaxation
rates are compared. We observe that in general the initial
back-to-back correlation (which would be represented by
a delta-function at A¢g=n in Fig. 6.) is smeared out after
the Langevin diffusion of charm and anticharm quarks in
QGP. With increasing thermal relaxation rate, this smear-
ing becomes more and more pronounced. For three times
the default T matrix relaxation rate, the distribution be-
comes almost flat, implying that the initial back-to-back
correlation is completely smeared out. This is qualitat-
ively consistent with the observations in Fig. 5 that with
such a large relaxation rate, charm (or anticharm) quarks
have acquired a large v,, reaching up to ~0.20.

In order to study the change of the c¢ pair correlation

1.6 T T T T T T

| Pb+Pb collision at 2.76 TeV

— UpT)
120 ——2*Up,T) 7
3*U(p,T)
1.0 J
=
% 08 J
2
4
T 06 4
04 J
02 -
0.0 1 1 1 1 1 1
0.0 05 1.0 1.5 2.0 25 3.0
Ad
Fig. 6. (color online) Azimuthal correlations of initially cor-

related cC pairs at the transition temperature. The azimuth-
al distribution dN/d¢ of c¢ pairs is plotted as a function of
the angle difference A¢ for different values of the thermal
relaxation rate U(p, 7).

further, we present the distribution dN/d¢ in different pr
classes. Fig. 7 displays the broadening of the azimuthal
correlation of ¢¢ pairs in three prclasses: py = 0-2 GeV,
2-4 GeV, and above 4 GeV, with the default T matrix
thermal relaxation rate. For the cc pairs with lowest trans-
verse momenta, the initial correlations are almost washed
out, as the low momentum charm (anticharm) quarks
have the largest relaxation rate, implying that they could
be largely thermalized within a relatively short time. Fur-
thermore, the low momentum charm and anticharm
quarks largely participate in the radial flow of the system
and tend to travel in almost the same direction towards
the region of A¢=0. With increasing py, e.g. in the pr
class of 2-4 GeV, the pertinent smearing becomes less
pronounced and there is more of a residual of the initial
back-to-back azimuthal correlations. Finally, pairs hav-
ing p~4GeV exhibit a rather high peak around (A¢=n),
which means that the initial back-to-back correlations of
these pairs suffer little change since they escape the sys-
tem at an early time without significant re-scattering. It
should be kept in mind that these features were obtained
from the simulations with LO (back-to-back) initial cor-
relations. Including the NLO initial correlations, such as
cc pairs produced from gluon splitting, would change the
quantitative results shown here. However, the pattern of
variation of the correlations with respect to the py class
and the magnitude of thermal relaxation rate should re-
main the same.

6.5 T T T T T T

6.0 - Pb+Pb collision at 2.76 TeV 1

55 N
50 | 0<p7'c’ Pr, <2 GeV

L 2<p,, <4 GeV J
4.5 pTc pTE
40| —— >4GeV
35 i pch pTE h
3.0
25
2.0
1.5
1.0
0.5
0.0 -

205 1 1 1 1 1 1
0.0 0.5 1.0 1.5

Ad
Fig. 7. (color online) Azimuthal correlation dN/d¢ of cc
pairs for different transverse momentum classes in the QGP
medium produced in Pb+Pb collision at 2.76 TeV and b=7
fm.

dN/d¢ (+10°

6 Summary and conclusions

In this work, we have performed a study of the single
HQ diffusion and the correlated c¢ pair azimuthal correla-
tions in QGP created in heavy-ion collisions. The trans-
port of HQs in dense nuclear matter is simulated using
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the Langevin equations and considering elastic collisions
and Brownian motion scenario. The space-time evolution
of QGP produced in Pb+Pb collisions at the LHC energy
is simulated with the (2+1) dimensional fireball model.
Apart from the traditional observables (R, and v,) and
their variation with thermal relaxation rates, we have ex-
plored a new observable, the c¢ azimuthal correlation.
One of the advantages of this observable is that it
provides an opportunity to probe different properties of
the QGP fireball and is able to quantify the energy loss of
HQs with the broadening of their angular distribution. For
a better estimate of the influence of the medium on the
azimuthal correlations of heavy quark pairs, we have cal-
culated the angular correlations as a function of both the
thermal relaxation rate and the transverse momentum.
Variations of the azimuthal correlations for different py
classes were also inspected and analyzed. A suppression

of HQs increases when the thermal relaxation rate in-
creases. The elliptic flow of HQs increases in the low pr
class until it reaches a maximum at the intermediate py ,
and then decreases for high p7. At the same time, less and
less initial back-to-back correlations survive, in particu-
lar for low p7. For high py, a large part of ¢¢ azimuthal
correlations survive the diffusion process.

The smearing of the correlations is expected to have
major ramifications on the dilepton invariant spectrum in
the intermediate mass range, complementing the thermal
dilepton production in QGP in this mass range. We plan
to generalize the calculations presented here to include
hadronization (coalescence and fragmentation) and ini-
tial next-to-leading order (NLO) c¢ correlations. Also, a
more realistic modeling of the medium evolution will be
used in a future work.
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