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Nonthermal distributions of charmed hadrons in relativistic heavy-ion collisions
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We employ the Boltzmann transport model to study the charmonium regeneration with nonthermal charm
quarks in relativistic heavy-ion collisions. As heavy quarks do not reach kinetic thermalization in the quark-
gluon plasma (QGP), the final transverse momentum distribution of regenerated charmonium depends on the
degree of charm quark kinetic thermalization. When the charm momentum distribution becomes harder, more
charm quarks are distributed in the middle (3 < pT < 6 GeV/c) and high (pT � 6 GeV/c) pT , where the
production of regenerated charmonium also becomes larger. In this work, we explore the degree of charm quark
kinetic thermalization qualitatively and its effect on the charmonium distribution. With nonthermal momentum
distribution of charm quarks in the coalescence process, the nuclear modification factor RAA(pT ) of charmonium
enhances at middle pT . Besides, the elliptic flow v2(pT ) of charmonium also enhances at middle pT as more
regenerated charmonium are distributed in this pT region. The theoretical calculations with nonthermal charm
distribution explain well the pT dependence of charmonium RAA and v2, which indicates that charm quarks do
not reach complete kinetic thermalization in the QGP when charmonium are regenerated.
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I. INTRODUCTION

In relativistic heavy-ion collisions, it is believed that an
extremely hot and deconfined medium made up of quarks
and gluons, called “quark-gluon plasma” (QGP) is produced
[1]. The study of signals [2,3] and properties [4] of this new
deconfined matter, such as transport coefficients and initial
energy densities helps to comprehend the strong interaction
at finite temperatures. Heavy quarks and quarkonium are
predominantly produced in the nuclear parton hard scatter-
ings due to their large masses. They have been proposed as
clean probes of early stage of the hot medium generated in
nucleus-nucleus (AA) collisions in the CERN Large Hadron
Collider (LHC) and the BNL Relativistic Heavy Ion Col-
lider (RHIC) [5–10]. In this hot medium, the heavy quark
potential is screened by thermal light partons [11,12], which
results in the “melt” of quarkonium-bound states when the
medium temperature is sufficiently high [13,14]. The highest
temperature at which quarkonium-bound states can survive is
called the “dissociation temperature” Td [15–17]. Below this
Td , inelastic collisions from thermal light partons can also
dissociate the quarkonium-bound states [18–20]. The survival
probability of quarkonium decreases when traveling through
the QGP due to both color screening and parton inelastic
scatterings. The hot medium effects are characterized by the
nuclear modification factor RAA, which is defined as the ratio
of quarkonium production in AA collisions to the production
in proton-proton (pp) collisions scaled by the number of nu-
cleon binary collisions Ncoll.
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At the LHC, where there are many heavy quarks in the
QGP, charm and anticharm quarks have a significant chance
to combine into new bound states above the critical tem-
perature Tc ≈ 165 MeV above which charm flavor exists as
charm quarks instead of D mesons. This process becomes
even more dominant in the production of charmonium with
the presence of more charm pairs [21,22]. As charm quarks
lose energy as they travel through the QGP [23–31], the final
pT spectrum of charm quarks and the regenerated charmo-
nium from the coalescence process differs with the coupling
strength between charm quarks and the medium. Experimen-
tal observables such as the collective flows of D mesons
suggest that the final distributions of D mesons are close to ki-
netic thermalization [32,33]. However, it is still undetermined
whether charm quarks have achieved kinetic thermalization in
the hypersurface of charmonium regeneration at T > Tc. The
process of charm quark energy loss in the hot medium has
been extensively studied using Langevin equations [7,34,35]
and transport equations [36,37]. The momentum distribution
of regenerated charmonium varies depending on the degree
of charm quark kinetic thermalization, which can alter the
shape of the charmonium nuclear modification factor and el-
liptic flows [38–40]. In the scenario where charm quarks have
fully achieved kinetic thermalization [8], most regenerated
charmonium are distributed at low pT . When charm quarks
experience less energy loss in the medium, the regenerated
charmonium tends to carry higher momentum, resulting in an
increase in RAA at the middle pT region. This may also shift
the peak of v2(pT ) to the higher pT region.

This work studies the pT dependence of charmonium
RAA(pT ) and v2(pT ) by employing various momentum dis-
tributions of charm quarks. Cold nuclear matter effects have
been included in the initial distributions of charm quarks and
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charmonium [41–43]. Hot medium evolution is described us-
ing hydrodynamic equations [44–46]. The paper is organized
as follows. In Sec. II, the transport model is introduced. In
Sec. III, nonthermal distributions of charm quarks are dis-
cussed. Hot medium evolution is given as a background in
Sec. IV. In Sec. V, the initial conditions of charmonium are
introduced. The scaled RAA and v2 of charmonium are then
calculated and compared with experimental data for differ-
ent nonthermal momentum distributions of charm quarks in
Sec. VI. Lastly, a final summary is given in Sec. VII.

II. TRANSPORT MODEL

The distribution of heavy quarkonium in a medium has
been extensively studied using various models, including
transport models [47–51], coalescence models [22,52,53],
statistical hadronization model [54], open quantum system ap-
proaches [55–61], etc. The transport model takes into account
both primordial production and regeneration. The Boltzmann
transport equation for charmonium evolution is written as [8]

∂t fψ + v · �x fψ = −α fψ + β, (1)

where the distribution of charmonium in phase space, denoted
by fψ , varies over time due to charmonium diffusion which
is represented by the term v · �x fψ . v is the velocity of char-
monium. ψ here represents three states ψ = (J/ψ, χc, ψ

′).
The decay rate α accounts for inelastic collisions and the
color screening effect that can dissociate charmonium states.
This rate depends on both the density of light partons and the
inelastic cross sections [20],

α(p, x) = 1

2ET

∫
d3 pg

(2π )32Eg
W cc̄

gψ (s) fg(pg, x)�(T (x) − Tc),

(2)

where pg and Eg are the momentum and the energy of

thermal gluons. ET =
√

m2
ψ + p2

T is the transverse energy
of charmonium with the mass mJ/ψ = 3.1 GeV. fg is the
Bose distribution of massless gluons. The step function
�(T − Tc) ensures that the gluon-dissociation process only
happens above the critical temperature Tc of the deconfined
phase transition. W cc̄

gψ = 4σ cc̄
gψ (s)Fgψ (s) is the charmonium dis-

sociation probability in the reaction g + J/ψ → c + c̄, where
s is the center-of-mass energy of the gluon and the charmo-
nium. Fgψ is the flux factor [20]. σ cc̄

gψ is the gluon-dissociation
cross section. It is obtained via the operator-production-
expansion (OPE) method [62,63]

σg−J/ψ (ω) = A0
(x − 1)3/2

x5
. (3)

We use w to represent the gluon energy, while x refers to
the ratio of the gluon energy to the J/ψ in-medium binding
energy εψ . The constant factor A0 = 211π/(27

√
m3

cεψ ) has
charm quark mass mc = 1.87 GeV. For the prompt J/ψ in
pp collisions, it consists of direct J/ψ and also decays from
(χc, ψ

′) states with the fraction of (60%, 30%, 10%) [43],
i.e., 10% of prompt J/ψ comes from the decay of ψ ′. With
these fractions, one can extract the ratio of direct production
concerning (J/ψ, χc, ψ

′) at the beginning of the transport

equation. The dynamical evolutions of charmonium excited
states exhibit similarities to the ground state, as described by
Eq. (1), with updated decay rates derived from the geometric
scale [64].

Above the critical temperature, heavy quark potential is
partially restored [65,66], allowing charm and anticharm
quarks to combine and form new bound states through the
reaction c + c̄ → J/ψ + g. The regeneration rate of charmo-
nium β is proportional to the densities of charm and anticharm
quarks,

β(p, x) = 1

2ET

∫
d3 pg

(2π )32Eg

d3 pc

(2π )32Ec

d3 pc̄

(2π )32Ec̄

× W gψ
cc̄ (s) fc(pc, x) fc̄(pc̄, x)

�(T (x) − Tc)(2π )4δ(p + pg − pc − pc̄), (4)

where pc and pc̄ represent the momentum of charm and
anticharm quarks, respectively. Ec = √

m2
c + p2

c denotes the
energy of charm quark. The probability of a combination of
c and c̄, denoted by W gψ

cc̄ , is determined through the detailed
balance [20]. The δ function δ(p + pg − pc − pc̄) ensures a
four energy-momentum conservation in the reaction. Charm
quark distribution fc(pc, x) in the QGP will be obtained by
fitting the results from the Langevin model [67–69].

III. NONTHERMAL DISTRIBUTION OF CHARM QUARKS

Heavy quarks experience significant energy loss when they
move through a hot medium. The Langevin equation can be
used to obtain the spatial and momentum distributions of
heavy quarks. We employ the Langevin model introduced
in the previous Ref. [53] to calculate the charm nonthermal
distribution. For simplicity, we assume that the heavy quark
distribution in phase space can be separated into a product
of the spatial density ρc(x, t ) and the momentum distribution
as fc(pc, x, t ) = ρc(x, t ) f (pc, t ). The spatial density ρc(x, t )
decreases with the times in the expanding QGP. It mainly
affects the yield of regenerated charmonium. Therefore, we
approximate the spatial density with the diffusion equation,
∂μ(ρcuμ) = 0 [43], which is usually used in the limit of
the kinetic thermalization. The heavy quark spatial density
only depends on the four-velocity of the medium, which is
given by hydrodynamic equations. The initial profile of ρc is
proportional to the dσ cc̄

pp/dyTA(xT − b/2)TB(xT + b/2), where
dσ cc̄

pp/dy = (1.165, 0.718) mb [70,71] are the rapidity differ-
ential cross sections of charm quarks in central and forward
rapidities, respectively. TA(B) is the nuclear thickness function.
The transverse coordinate, xT , refers to the spatial position in
the plane perpendicular to the longitudinal direction, while z
corresponds to the longitudinal direction defined as the direc-
tion of nuclear acceleration. The impact parameter, denoted
by b, is defined as the distance between the trajectories of two
nuclear centers.

As for the momentum distribution, charm quarks do not
reach kinetic thermalization during charmonium regenera-
tion [39,40]. The realistic momentum distribution of charm
quarks in the QGP is obtained by the event-by-event simu-
lations of the Langevin equation [35,72]. Charm quarks are
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randomly regenerated according to the momentum distribu-
tion obtained from FONLL calculation [73,74]. These charm
quarks are evolved in QGP, suffering parton elastic collisions
and medium-induced gluon radiation [53]. The spatial dif-
fusion coefficient is taken as Ds(2πT ) = 5, which has been
previously used for open heavy flavor hadrons [75,76]. When
charm quarks move to regions with a relatively low tempera-
ture, the heavy quark potential is partially restored and c and
c̄ can combine into a bound state. Most J/ψ are regenerated
below the temperature Trege ≈ 1.2 Tc where the heavy quark
potential is mostly restored at the distance of the J/ψ radius
[14,64]. The normalized momentum distribution of charm
quarks on the hypersurface with T (x) = Trege is given by
the Langevin equation at cent. 0–10 % and cent. 20–40 %,
according to Refs. [53,77], where cent. refers to centrality.
They are plotted as dots in Fig. 1.

To incorporate the nonthermal distribution of charm quarks
into the transport model, we use the Fermi distribution to
simulate a distribution that is close to the realistic distribution
given by the Langevin model,

fc(pc) = Nnorm

eu·pc/Teff + 1
, (5)

where u and pc are the four-velocity and four-momentum of
the fluid and charm quarks, respectively. Teff does not repre-
sent the temperature of the medium anymore. It characterizes
the realistic momentum distribution of charm quarks in the
regeneration process and is connected with the degree of
charm energy loss in the medium. When charm quarks lose
more energy in the hot medium, their momentum distribu-
tion becomes softer. In the limit of kinetic thermalization,
charm momentum distribution satisfies the normalized Fermi-
distribution with Teff taken as the medium temperature. In
the nonthermal case, we fit Teff according to the Langevin
results (see Fig. 1) to give a harder momentum distribution
of charm quarks. Nnorm is the normalization factor satisfying
the relation

∫
dpc fc(pc) = 1. We take the spatial diffusion

coefficient Ds(2πT ) = 5 to evolve charm quarks in the QGP
and stop the evolution at T (x) = Trege, where charmonium re-
generation happens. In Fig. 1, the normalized final transverse
momentum distributions of charm quarks in the Pb-Pb colli-
sions with cent. 0–10 % and cent. 20–40 % are plotted with
dots. Different distributions are plotted where Teff is taken as
different values. In the thermalization limit, Teff is around the
medium temperature 1.2Tc ≈ 0.198 MeV, where regeneration
happens. When Teff is larger than the medium temperature
Trege, it indicates that charm quark momentum distribution be-
comes harder. The line with Teff ≈ 0.4 GeV fits the Langevin
results better than other lines in the cent. 0–10 %. But in
cent. 20–40 %, the line with Teff = 0.5 GeV fits the Langevin
data well. That means the degree of charm kinetic thermal-
ization differs in different collision centralities. We will take
different values of Teff in the charmonium regeneration to
study the effect of charm nonthermal distributions.

IV. HOT MEDIUM EVOLUTION

Relativistic heavy ion collisions produce a hot, decon-
fined medium that behaves like a nearly perfect fluid. The

FIG. 1. Upper panel: Normalized transverse momentum distribu-
tion dN/d pT of charm quarks in the cent. 0–10 % of Pb-Pb collisions
at

√
sNN = 5.02 TeV. Red squares are the normalized pT distribution

of charm quarks given by the Langevin equation on the hypersurface
specified with the J/ψ regeneration temperature Trege(x) ≈ 1.2 Tc.
The spatial diffusion coefficient is taken to be Ds(2πT ) = 5. Dif-
ferent Fermi distributions are plotted where Teff controls the charm
quark momentum distribution. Lower panel: Same as the upper panel
but with cent. 20–40 %.

dynamical evolution of the medium can be described with
hydrodynamic equations. We assume that the longitudinal
expansion of the hot medium follows a Bjorken evolution
and use 2 + 1 dimensional ideal hydrodynamic equations to
simulate its expansion:

∂μνT μν = 0. (6)

The energy-momentum tensor is T μν = (e + p)uμuν − gμν p.
uμ is the four-velocity of the medium. Energy density e
and the pressure p change with time and the position.
An equation of the state of the medium is necessary to
close the equations. QGP is treated as an ideal gas made
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up of massless u, d quarks, gluons, and the strange quark
with a mass of ms = 150 MeV. Meanwhile the hadronic
medium is treated as an ideal gas composed of all known
hadrons and resonances with mass up to 2 GeV [78]. The
phase transition between the QGP and the hadronic gas
is a first-order phase transition with a critical tempera-
ture Tc = 165 MeV [79]. The initial energy density of the
medium is determined by the final charged multiplicity,
where the maximum initial temperature at the center of the
fireball is extracted to be T0(τ0, xT = 0|b = 0) = 510 MeV
at the starting time of hydrodynamic equations in the most
central 5.02 TeV Pb-Pb collisions [80]. τ0 = 0.6 fm is the
time scale of the medium reaching local equilibrium [81]. The
initial temperatures at other positions xT are obtained with the
Glauber model.

V. INITIAL CONDITIONS

At the beginning of nuclear collisions, charmonium is
produced in parton hard scatterings. Their production can
be treated as the production in pp collisions scaled with the
number of binary collisions Ncoll. In pp collisions without hot
medium effects, the momentum distribution of J/ψ has been
measured in experiments, which can be parametrized using a
power law function [43,82],

d2σ J/ψ
pp

dy2π pT d pT

= (n − 1)

π (n − 2)
〈
p2

T

〉
pp

[
1 + p2

T

(n − 2)
〈
p2

T

〉
pp

]−n
dσ J/ψ

pp

dy
, (7)

where the parameters are fitted to be 〈p2
T 〉pp = 12.5 (GeV/c)2

and n = 3.2 in the central rapidities, and the rapidity differen-
tial cross section of inclusive J/ψ is taken to be dσ J/ψ

pp /dy =
5.2 µb (in central rapidity) [82–84]. In the forward rapid-
ity, the differential cross section is fitted to be dσ J/ψ

pp /dy =
3.25 µb. For excited states of charmonium, their normalized
pT distribution is the same as the distribution of J/ψ due to the
small difference between their masses. The inclusive charmo-
nium consists of both the nonprompt part from B decay, and
the prompt part which is defined as the sum of the primordial
production and the regeneration. The inclusive nuclear modi-
fication factor related to the prompt and the non-prompt RAA

is as follows [17]:

Rincl
AA = Rprompt

AA

1 + rB
+ RB

AArB

1 + rB
, (8)

where the Rprompt
AA and RB

AA is the prompt and the nonprompt
nuclear modification factors. rB = fB/(1 − fB) is the ratio
of nonprompt and prompt charmonium production in pp
collisions. The fraction of nonprompt J/ψ in the inclusive
production is fitted to be fB = 0.04 + 0.23(pT /(GeV/c))
[84–86], without clear dependence on the collision energy.
Rprompt

AA is calculated with the transport model which in-
cludes charmonium dissociation and regeneration. While in
the nonprompt part, the final distribution of nonprompt J/ψ
is connected with the bottom quark energy loss in the hot
medium. The nonprompt nuclear modification factor RB

AA can
be extracted from the Langevin equation [77].

Charmonium initial distribution in AA collisions is also
modified by the cold nuclear matter effects compared with the
case in pp collisions. The partons scatter with other nucleons
to obtain extra energy before fusing into charm pairs and char-
monium. This process is called the Cronin effect [87], making
the momentum distribution of primordial charmonium be-
come harder than the distribution extracted in pp collisions.
This is included via the modification 〈p2

T 〉pp + agN 〈l〉. Here,
〈l〉 is the average path length of partons traveling through the
nucleus before the hard scattering. The transverse momentum
square parton obtained per unit length is denoted by agN . The
value of agN is determined to be agN = 0.15 (GeV/c)2 [43,49]
based on the charmonium momentum broadening observed
in proton-nucleus collisions. Another important cold nuclear
matter effect is the shadowing effect [41]. Parton densities
in the nucleons of the nucleus become different compared to
those in free nucleons. This effect results in the suppression
of parton density and hence the reduction of the number of
charmonium and charm pairs in heavy-ion collisions. The
shadowing effect is calculated to be 0.6 in the most central
Pb-Pb collisions at

√
sNN = 5.02 TeV with the EPS09 pack-

age [42]. The shadowing factor at other centralities can be
obtained via the scale of the thickness function [43].

VI. CHARMONIUM DISTRIBUTION
IN HEAVY-ION COLLISIONS

In the regeneration, when the charm quark momentum
distribution becomes different, the pT distribution of re-
generated charmonium from the reaction c + c̄ → J/ψ + g
also becomes different. Additionally, the total production of
charmonium depends on the degree of charm kinetic thermal-
ization. To focus on the shape of charmonium pT distribution
with different nonthermal distributions of charm quarks, the
total yields of regeneration are scaled to the same value to
fit the experimental data of RAA(Np) in the most central col-
lisions. With this disposure, we can clearly see how the pT

distribution of charmonium RAA(pT ) and v2(pT ) are affected
by the nonthermal charm quarks, especially at middle and
high pT .

In Fig. 2, we calculated the J/ψ nuclear modification factor
as a function of pT in the centrality 0–10 % in

√
sNN =

5.02 TeV Pb-Pb collisions, where regeneration dominates the
total production of J/ψ [64]. With smaller Teff , charm quark
momentum distribution before regeneration becomes softer
(see the lines labeled with Teff = 0.16, 0.2 GeV in Fig. 1),
leading to regenerated charmonia carry small pT and are dis-
tributed in low pT region at around pT � 3 GeV/c. At middle
(3–6 GeV/c) and high pT , regeneration contribution becomes
negligible as the density of charm quarks is small, shown as
the lines labeled with Teff = 0.2 and 0.16 GeV. These lines
with softer charm distributions (see green and yellow lines
in Fig. 1) underestimate the experimental data at middle pT .
When the momentum distribution of charm quarks becomes
harder, such as the cases with Teff = (0.3, 0.4) GeV in Fig. 1,
regenerated J/ψ tends to carry larger pT and enhance the
inclusive production of J/ψ at pT ≈ 4–5 GeV/c, shown as
the lines Teff = (0.3, 0.4) GeV in Fig. 2. However, when the
charm momentum distribution used in the regeneration be-

034903-4



NONTHERMAL DISTRIBUTIONS OF CHARMED HADRONS … PHYSICAL REVIEW C 108, 034903 (2023)

FIG. 2. pT dependence of inclusive J/ψ nuclear modification
factor in the central rapidity of

√
sNN = 5.02 TeV Pb-Pb collisions.

Different nonthermal distributions of charm quarks are considered by
taking Teff = (0.16, 0.2, 0.3, 0.4, 0.5, 0.6) GeV in the collision cen-
trality 0–10 % where regeneration contribution becomes dominant.
The primordial production, regeneration, and decay from B hadron
have been included in the lines. The experimental data are cited from
the ALICE Collaboration [88].

comes extremely hard (Teff = 0.6 GeV), the J/ψ inclusive
RAA enhances significantly at high pT which is far away from
the realistic case. Inspired by the realistic distributions of
charm quarks given by the Langevin equation in Fig. 1, the
value of Teff is expected to be around Teff ≈ 0.4 GeV. We can
see that the shape of the line with Teff = 0.3–0.4 GeV can
give a better explanation of the data compared to the case of
completely kinetic thermalization (Teff = 0.16–0.2 GeV).

In Fig. 3, the elliptic flows of inclusive J/ψ are also
calculated by taking different nonthermal distributions of
charm quarks. Primordially produced charmonium carries
small elliptic flows when moving along different trajectories
in the anisotropic medium. Charmonium dissociation along
different paths results in a nonzero v2 through medium
dissociation. This effect becomes important at large pT

where primordial production dominates the total yield of
J/ψ . On the other hand, charm quarks are strongly coupled
with QGP. Charm quarks develop collective flows via elastic
scatterings with thermal partons, which will be inherited by
the regenerated J/ψ . Therefore, when the charm momentum
distribution becomes harder such as the lines with Teff = 0.4
or 0.6 GeV in Fig. 1, the regenerated J/ψs are mainly
distributed at higher pT . The elliptic flows of inclusive J/ψ
are enhanced by the regeneration. When charm quarks are
kinetically thermalized, they satisfy a normalized Fermi
distribution with the medium temperature Trege. In the
nonthermal cases, charm distributions become hard, and are
characterized by a parameter Teff which is usually larger
than the medium temperature. Lines with Teff ≈ 0.4 GeV
can better explain the large v2 around pT ≈ 6 GeV/c than
cases with softer charm distributions. This indicates that
regeneration is still important in this middle pT region.

FIG. 3. pT dependence of inclusive J/ψ elliptic flows in the
forward rapidity of

√
sNN = 5.02 TeV Pb-Pb collisions. Different

nonthermal distributions of charm quarks are considered by taking
Teff = (0.16, 0.2, 0.3, 0.4, 0.5, 0.6) GeV. The experimental data are
cited from ALICE Collaboration [89,90].

From the shapes of RAA(pT ) and v2(pT ), one can see
that regeneration with nonthermal momentum distributions
of charm quarks becomes more important at middle and
high pT . This will increase the elliptic flows of J/ψ at
pT ≈ 6 GeV/c. While in the thermal case, the contribution
of regeneration decreases rapidly with increasing pT . The
parameter Teff characterizing the degree of charm kinetic
thermalization is extracted to be around Teff = 0.3–0.4 GeV,
which is larger than the medium temperatures of charmonium
regeneration. Charm momentum distribution is expected to
be nonthermal when charmonium regeneration happens, even
when D mesons are close to kinetic thermalization after expe-
riencing the whole evolution of the hot medium.

VII. SUMMARY

We employ the transport model to study the pT distribution
of charmonium with nonthermal charm quarks in

√
sNN =

5.02 TeV Pb-Pb collisions. As the heavy quark potential is
partially restored above the critical temperature Tc, charmo-
nium can be regenerated above Tc where charm quarks do not
reach complete kinetic thermalization. The realistic momen-
tum distribution of charm quarks in charmonium regeneration
is simulated with the Langevin equation. To incorporate non-
thermal charm distributions into the transport model, we
introduce a parameter Teff in a normalized Fermi distribution,
where Teff is determined by fitting the realistic distribution of
charm quarks from the Langevin model. The value of Teff is
found to be larger than the temperature of J/ψ regeneration,
which indicates that the charm quark distribution is harder
than that in the thermal case. We take different values of
Teff in the transport model to calculate RAA(pT ) and v2(pT ).
The regeneration of charmonium with different nonthermal
distributions has been scaled to fit the RAA(Np) of J/ψ , which
allows us to focus on the shapes of RAA(pT ) and v2(pT ) when
taking different momentum distributions of charm quarks. The
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RAA and v2 enhance evidently at middle pT when taking a
nonthermal charm distribution, as more charm quarks and
regenerated charmonium are distributed in middle and high
pT region. This helps to extract the realistic momentum dis-
tribution of charm quarks in charmonium regeneration.
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