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We study the production of charmed hadrons D0 and Λ+
c in relativistic heavy ion collisions using

the charm quark coalescence. Besides taking into consideration of changing hadron sizes in hot
dense medium, which results in an enhanced coalescence probability for charm quarks of very low
transverse momenta, we also include the collective flow effect on heavier resonances, which leads
to a shift of massive charmed resonances to larger transverse momenta. Including the conversion
of charm quarks not undergoing coalescence to hadrons by independent fragmentation, we obtain
a good description of the measured yield ratio Λ+

c /D
0 as a function of transverse momentum in

Au + Au collisions at
√
sNN = 200 GeV by the STAR Collaboration at the Relativistic Heavy Ion

Collider.

PACS numbers: 25.75.-q, 25.75.Dw

I. INTRODUCTION

The main goal of relativistic heavy ion collisions, such
as those being carried out at Relativistic Heavy Ion Col-
lider (RHIC) and the Large Hadron Collider (LHC), is
to explore the phase diagram of the matter described
by Quantum Chromodynamics, especially the properties
of deconfined quark-gluon plasma (QGP) that could be
created in these collisions, and its transition to hadronic
matter [1, 2]. Although the bulk properties of the cre-
ated QGP are governed by light quarks and gluons, the
rare heavy charm and bottom quarks produced in ultra-
relativistic heavy ion collisions are also useful probes of
its properties [3–18]. Studying resulting charmed and
bottom hadrons, such as the D (B) mesons and Λc (Λb),
Σc (Σb), Ξc (Ξb) baryons in relativistic heavy ion col-
lisions, has thus been a topic of great interest [19–21].
In recent experiments by the STAR Collaboration, the
transverse moment spectrum of D0 mesons and also the
Λc/D

0 ratio from Au + Au collisions have been mea-
sured [22–25]. The experimental data from collisions at
10-80% centrality shows the ratio Λ+

c /D
0 ≃ 0.8–1.1 in

the transverse momentum region of 3 < pT < 6 GeV,
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which is a very large enhancement compared to the value
predicted from the fragmentation of charm quarks or
from the PYTHIA results for p+p collisions [26, 27]. Such
a ratio is also much larger than the prediction for the in-
tegrated yield from the statistical hadronization model,
where Λ+

c /D
0 ≃ 0.25− 0.3 [28–30].

Similar enhancements of the baryon to meson ratios
of hadrons consisting of light and strange quarks in rel-
ativistic heavy ion collisions compared to those from
p + p collisions were previously seen in experiments at
RHIC [31–34], and they were successfully explained in
terms of the quark coalescence model for the production
of hadrons of intermediate momenta [35–39]. Extend-
ing the quark coalescence model to charm quarks, it was
shown in Refs. [40, 41] that the Λ+

c /D
0 ratio in relativis-

tic heavy ion collisions is also enhanced when compared
with that in p + p collisions at the same energy. An
improved study using a more realistic charm quark spec-
trum was later carried out in Ref. [19]. The predicted
ratio Λ+

c /D
0 at pT ∼ 6 GeV from this study is found to

be about 0.4, which is still a factor of two smaller than
the measured value in the STAR experiments. Recently,
it was found that this ratio could be explained by the res-
onance recombination model (RRM) [20] after including
a large number of missing charm-baryon states [42].

In the present study, we improve the work of Ref. [41]
by employing a more realistic charm quark spectrum and
also including in the quark coalescence model the flow
effect on produced heavy particles. In the usual coales-
cence model, such as the one employed in Refs. [19, 41],
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the transverse momentum of a produced hadron is equal
to the total momentum of coalesced quarks. As a result,
hadrons of different masses formed from these quarks
all have same momentum, which is in contrast to the
hydrodynamical picture that hadrons of larger masses
are shifted to higher transverse momentum as a result
of collective flow. To include this effect, we boost a
produced hadron from the center of mass of coalescing
quarks, where its Wigner function is calculated to give
its formation probability, back to the fireball frame us-
ing the physical mass of the hadron. In this way, the
momenta of produced hadrons, particularly resonances
of large masses, are increased by the effect of parton col-
lective flow. With this improved approach as well as
after including possible increase of hadron sizes in hot
dense medium and the fragmentation contribution from
charmed quarks not used in coalescence, we obtain a good
description of the measuredD0 momentum spectrum and
the predicted Λ+

c /D
0 ratio as a function of pT also agrees

nicely with the available data from RHIC without assum-
ing the existence of missing high mass charmed baryon
resonances as in Ref. [42]. In addition, we find that the
total yield ratio Λ+

c /D
0 is around 0.64, and the ratio

Λ+
c /D

0 at pT = 8 GeV can be as large as 0.6, which is
much larger than the predictions from previous studies
reported in Refs. [19, 41].

II. QUARK MOMENTUM SPECTRA

A. Light quarks

For the light quark momentum spectra, we adopt a
similar approach as employed in Ref. [41] by using more
realistic ones from Ref. [19]. Specifically, the longitudi-
nal momentum distribution of light quarks is assumed
to be boost-invariant in the rapidity range of |y| ≤ 0.5.
To take into account the collective flow of quark-gluon
plasma, we assume that light partons have a radial flow
profile of βT (rT ) = βmaxrT /R in the transverse plane of
a heavy ion collision, where R is the transverse radius of
the quark-gluon plasma at hadronization proper time τ .
The transverse momentum distribution of light quarks is
taken to be a thermal one at temperature T = 165 MeV,
that is

dNq,q̄

d2pT
=

gq,q̄ τmT

(2π)3

×
∫

exp

[

−γT (mT − pT · βT )± µ

T

]

d2rT . (1)

In the above, gq,q̄ = 6 are the spin-color degeneracies of
light quarks and antiquarks, µ is the quark baryon chemi-
cal potential with the plus and minus signs for quarks and

antiquarks, respectively, mT =
√

p2T +m2
q,q̄ is the trans-

verse mass with mq,q̄ being the constituent light quark
and strange quark masses, which are taken to be 300MeV
and 475 MeV, respectively, and γT = 1/

√

1− β2
T . As in

Nu (Nū) Ns R (fm) τ (fm/c) T (MeV) βmax µ (MeV)

243 (224) 143 8.5 4.5 165 0.5 10

TABLE I: Up quark number Nu, strange quark number Ns,
transverse radius R, hadronization proper time τ , temper-
ature T , and flow velocity βmax of QGP produced at mid-
rapidity of central Au + Au collisions at

√
sNN = 200 GeV

and 0-10% centrality. The number of d quarks is the same as
that of u quarks.

Refs. [35, 39], we also include the contribution from glu-
ons in the quark-gluon plasma, which are taken to have a
similar distribution as light quarks, by converting them
to quarks and anti-quarks according to the quark flavor
compositions in the quark-gluon plasma. The parame-
ters for describing the fireball of hadronizing quark-gluon
plasma and light quarks are summarized in Table I, and
their values are very similar to those used in Ref. [19].

B. Charm quarks

For the charm quark momentum spectrum in heavy
ion collisions at RHIC, we use the one parametrized in
Ref. [19], which is based on results from a transport
model study of charm quark energy loss and flow. It
has the form

dNc

d2pT

=

{

a0 exp [−a1p
a
2

T ], pT ≤ p0
a0 exp [−a1p

a
2

T ] + a3
(

1 + p
a
4

T

)−a
5 , pT > p0

(2)

where p0 = 1.85 GeV and the values of the parameters
ai with i = 1, · · · , 5 are given in Table II. They are
slightly different from those in Ref. [19] to achieve a bet-
ter description of the measured D0 spectrum at large
transverse momentum. Integrating the above transverse
momentum spectrum gives the total number of heavy
quarks of dNc/dy ≃ 2.1 for the collisions at RHIC con-
sidered in the present study. For the charm quark mass,
we use mc = 1.5 GeV in the present study.

RHIC a0 a1 a2 a3 a4 a5

pT ≤ p0 0.69 1.15 1.57 — — —

pT ≥ p0 1.08 3.04 0.71 9.914 2.5 3.48

TABLE II: Parameters used in the parametrization of charm
quark transverse momentum spectrum at mid-rapidity of cen-
tral Au + Au collisions at

√
s
NN

= 200 GeV.
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III. QUARK COALESCENCE

For simplicity, we assume as in Ref. [41] that the spa-
tial distribution of quarks is uniform in the thermalized
QGP inside a fire cylinder of volume V = πR2τ . Taking
the Wigner function of hadrons to be Gaussian in space
and in momentum and neglecting the space and veloc-
ity correlation of light quarks due to collective flow, we
can integrate out the spatial part of the coalescence for-
mula and obtain the transverse momentum spectrum of
produced heavy mesons of certain species as

dNM

dpM

= gM
(2
√
πσ)3

V

∫

dp1dp2

dN1

dp1

dN2

dp2

× exp
(

−k2σ2
)

δ(p′
M − p′

1 − p′
2). (3)

In the above, gM is the statistical factor for colored spin-
1/2 quark and antiquark to form a color neutral meson,
e.g., gD0 = 1/36 and gD∗0 = 1/12 forD0 andD∗0, respec-
tively. As to p′

1, p
′
2, and p′

M , they are the transverse mo-
menta of heavy quark, light quark, and produced heavy
meson, respectively, defined in the center-of-mass frame
of the heavy meson. The δ-function in the above equa-
tion ensures the momentum conservation. The relative
transverse momentum k between the heavy quark mass
m1 and light antiquark of mass m2 is defined as

k =
1

m1 +m2

(m2p
′
1 −m1p

′
2) , (4)

where m1,2 are the quark masses . The width parameter
σ is related to the harmonic oscillator frequency ωM by
σ = 1/

√
µωM with µ = m1m2/(m1 + m2) being the

reduced mass.
Similarly, the momentum spectrum of heavy baryons

from the coalescence of a charm quark and two light
quarks can be calculated according to

dNB

dpB

= gB
(2
√
π)6(σ1σ2)

3

V 2

∫

dp1dp2dp3

dN1

dp1

dN2

dp2

dN3

dp3

× exp
(

−k2
1σ

2
1 − k2

2σ
2
2

)

δ(p′
B − p′

1 − p′
2 − p′

3),

(5)

where the index 3 refers to the heavy quark and indices
1 and 2 refer to light quarks, and gB is the statistical
factor, which, for example, is 1/108 for Λc, 1/36 for Σc,
1/54 for Ξc(Ξ′

c), and 1/8 for Σ∗
c and Ξ∗

c . The relative
transverse momenta are defined as

k1 =
1

m1 +m2

(m2p
′
1 −m1p

′
2) ,

k2 =
1

m1 +m2 +m3

[m3 (p
′
1 + p′

2)− (m1 +m2)p
′
3] .

(6)

The width parameters σi are related to the oscillator pa-
rameter ωB by σi = 1/

√
µiωB with

µ1 =
m1m2

m1 +m2

, µ2 =
(m1 +m2)m3

m1 +m2 +m3

. (7)

As in Ref. [41], we take the oscillator constants ωM

for D0 meson and ωB for Λ+
c baryon as parameters, and

determine their values by fitting the spectrum of D0 me-
son and letting all the charm quarks at low momentum
hadronize through quark coalescence. Although the flow
effect is taken into account in the light quark distribution
through Eq. (1), its effect on produced heavy hadrons
can be included by carrying out the coalescence calcula-
tion at the medium rest frame and then boosting these
hadrons to the fireball frame. Because of the smaller
quark thermal velocity than the flow velocity, the flow
effect can be approximately included by first calculat-
ing the formation probability of a charmed hadron from
coalescing charm and light quarks using its Wigner func-
tion evaluated in the center of mass of these quarks and
then boosting the resulting charm hadron to the fireball
frame using its physical mass. In this case, heavy res-
onances with large masses would have large transverse
momenta in the rest frame of the expanding QGP, which
is consistent with the hydrodynamic picture that the ad-
ditional momenta acquired by particles due to the col-
lective flow are larger if they are more massive. This
effect has been neglected in previous studies based on
the coalescence approach [19, 41] where the transverse
momentum spectrum of produced particles is indepen-
dent of their masses. The present approach is thus more
appropriate for studying the production of massive reso-
nances in relativistic heavy ion collisions. We note that
the production of massive hadrons is not suppressed in
the coalescence model as it is based on the sudden ap-
proximation. This is in contrast to that in the resonance
recombination model of Ref. [20] used in Ref. [42] due to
the required energy conservation in this approach.

IV. CHARM QUARK FRAGMENTATION

Similar to Refs. [19, 41], charm quarks that are not
used for producing hadrons via coalescence with light
quarks are converted to hadrons by fragmentation. In
terms of the fragmentation probability Pfrag(pT ) = 1 −
Pcoal(pT ) of a charm quark of transverse momentum
pT , where Pcoal(pT ) is its probability to coalesce with
light quarks, the momentum spectrum of certain hadron
species from the fragmentation of non-coalesced charm
quarks is given by

dNhad

d2pT
=

∑

∫

dzPfrag(PT )
dNNc

d2pT

Dhad/c(z,Q
2)

z2
. (8)

In the above, z = phad/pc is the fraction of charm quark
momentum carried by the produced hadron and Q2 =
(phad/2z)

2 is the momentum scale for the fragmentation
process. For the fragmentation function Dhad/c(z,Q

2),
we use the one from Ref. [44]

Dhad(z) ∝ 1/

[

z

(

1− 1

z
− ǫc

1− z

)2
]

(9)
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Meson Mass (MeV) I(J)

D+ = d̄c 1869 1

2
(0)

D0 = ūc 1865 1

2
(0)

D+
s = s̄c 1968 0 (0)

Resonances Decay modes B.R.

D∗+ = d̄c 2010 1

2
(1) D0π+ 68%

D+X 32%

D∗0 = ūc 2007 1

2
(1) D0π0 62%

D0γ 38%

D∗+
s = s̄c 2112 0 (1) D+

s X 100%

TABLE III: Charmed mesons considered in the present study.
The branching ratios (B.R.) of resonances decaying to the
ground states are taken from Ref. [45].

Baryon Mass (MeV) I(J)

Λ+
c = udc 2286 0 ( 1

2
)

Ξ+
c = usc 2467 1

2
( 1
2
)

Ξ0
c = dsc 2470 1

2
( 1
2
)

Resonances Decay modes B.R.

Σ0
c = ddc 2455 1 ( 1

2
) Λ+

c π
− 100%

Σ+
c = udc 2455 1 ( 1

2
) Λ+

c π
0 100%

Σ++
c = uuc 2455 1 ( 1

2
) Λ+

c π
+ 100%

Σ∗0
c = ddc 2520 1 ( 3

2
) Λ+

c π
− 100%

Σ∗+
c = udc 2520 1 ( 3

2
) Λ+

c π
0 100%

Σ∗++
c = uuc 2520 1 ( 3

2
) Λ+

c π
+ 100%

Ξ∗+
c = usc 2645 1

2
( 3
2
) Ξ+

c π
0 seen

Ξ∗0
c = dsc 2645 1

2
( 3
2
) Ξ+

c π
− seen

Ξ′+
c = usc 2580 1

2
( 1
2
) Ξ+

c γ seen

Ξ′0
c = dsc 2580 1

2
( 1
2
) Ξ0

cγ seen

TABLE IV: Same as Table III for charmed baryons.

with ǫc being a free parameter to fix the shape of the
fragmentation function. In the present study, we choose
ǫc = 0.006 for D mesons and ǫc = 0.02 for Λc baryons,
which leads to the fragmentation branching ratios to D0,
D+, D+

s , and Λ+
c to be 0.607, 0.196, 0.121, and 0.076,

respectively [41].

V. RESULTS

As shown in Ref. [41], the contributions from reso-
nances to the yield of ground state hadrons are impor-
tant and should be taken into account. Tables III and
IV summarize the charmed hadrons considered in the
present study, which include the ground states and the
resonance states of D mesons, Λc, and Ξc baryons, as
given in the Particle Data Group [45]. For the branching
ratio of Ξ∗

c and Ξ′
c baryons decaying by strong or elec-

tromagnetic interactions to the Ξc baryon, which are not
given in Ref. [45], they are assumed to be 100%. We

note that all charmed meson and baryon resonances in
Tables III and IV have their orbital wave functions in the
L = 0 states.
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-2
)

pT (GeV)

 STAR  
 D0 from Coal.
 D0 from Frag.
 D0 from Coal. + Frag.

FIG. 1: Transverse momentum spectrum of D0 mesons at
mid-rapidity from Au + Au collisions at

√
s
NN

= 200 GeV
and (0–10%) centrality. Dashed and dash-dotted lines are
the D0 spectra from charm quark coalescence and fragmen-
tation, respectively, and their sum is given by the solid line.
The experimental data shown by solid squares are taken from
Ref. [46].

Following Ref. [41], we first determine the harmonic
oscillator frequency ωM in the Wigner functions for D0

and Λ+
c . The value of ωM ≈ 0.096 GeV is obtained for

D0 meson by fitting its transverse momentum spectrum
to the data measured by the STAR Collaboration. This
value is about a factor of 3 smaller than the value 0.33
GeV determined from the root-mean-square charge ra-
dius 0.43 fm of D+ as predicted by the light-front quark
model [47], implying an increase of the D0 charge ra-
dius by a factor of 1.85 at temperature of 165 MeV. We
note that our oscillator constant for the charmed meson is
close to the value of 0.106 GeV used in Ref. [41]. Figure 1
shows our results for the D0 transverse momentum spec-
trum from charm quark coalescence (dashed line), frag-
mentation (dash-dotted line), and their sum (solid line).
It shows that the contribution from charm quark coales-
cence dominates at pT < 10 GeV while that of fragmen-
tation takes over at pT larger than around 10 GeV. This
behavior is quite different from that obtained in Ref. [19]
with the conventional coalescence model, which neglects
the effect of flow on the momenta of produced charmed
hadrons and thus resulting in a significant contribution
from charm quark fragmentation already at pT > 3 GeV.
Figure 2 shows the fragmentation probability Pfrag of

charm quarks as a function of transverse momentum in
central Au + Au collisions at

√
sNN = 200 GeV. Al-

though charm quarks with pT > 4 GeV are more likely
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FIG. 2: Fragmentation probability of charm quarks as a func-
tion of transverse momentum for central Au+Au collisions at√
sNN = 200GeV and 0-10% centrality.

to hadronize by fragmentation than coalescence, only D0

mesons of pT > 10 GeV are mainly produced by charm
quark fragmentation as shown in Fig. 1. This is be-
cause the charm quark in D0 from coalescence (fragmen-
tation) mainly comes from those with momentum smaller
(larger) than that of D0.

We also compute the spectra of produced D+
s and D+

mesons, and the results are presented in Fig. 3. It is
found that although the fragmentation contribution dom-
inates at pT > 10 GeV for D+, which is similar to that
for D0 shown in Fig. 1, it becomes important already
at pT > 7 GeV for D+

s . This is due to the softer Ds

transverse momentum spectrum than that of D0 from
charm quark coalescence, which is also seen in Ref. [43].
The yields of various charmed hadrons are summarized in
Table V, which shows that the total number of charmed
mesons is about 1.36 with the number of D0 about three
times that of D+ because of the dominant contribu-
tion from the decay of charmed meson resonances. For
the remaining 0.74 charm quarks, they are converted to
charmed baryons by coalescence and fragmentation as
shown below.
Shown in Fig. 4 is the Λ+

c spectrum, which in-
cludes those from coalescence (dashed line), fragmen-
tation (dash-dotted line), and their sum (solid line).
These results are obtained with the oscillator parameter
ωB = 0.16 GeV for Λ+

c and Ξc, which again corresponds
to an increase of their sizes than those for ωB = 0.33

yield D0 D+ D+
s Λ+

c Ξc

RHIC 0.85 0.275 0.236 0.547 0.175

TABLE V: Charmed hadron yields in central Au+Au colli-
sions at

√
sNN = 200GeV and 0-10% centrality.

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

0 1 2 3 4 5 6 7 8 9 10
10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

 

 

d2 N
/2

p Td
p Td

y 
(G

eV
-2
)

 D+ from Coal.
 D+ from Frag.
 D+ from Coal. + Frag.

 

 

d2 N
/2

p Td
p Td

y 
(G

eV
-2
)

pT (GeV)

 Ds
+ from Coal.

 Ds
+ from Frag.

 Ds
+ from Coal. + Frag.

FIG. 3: Transverse momentum spectra of D+ (upper panel)
and D+

s (lower panel) mesons in central Au+Au collisions at√
s
NN

= 200 GeV and 0-10% centrality. Dashed and dash-
dotted lines are the spectra from charm quark coalescence
and fragmentation, respectively, and their sum is shown by
the solid line.

GeV, to ensure that the remaining charm quarks of very
low transverse momenta, which are not used in the pro-
duction of charmed mesons from the coalescence of charm
quark with light antiquarks, are all used in the produc-
tion of charmed baryons. This leads to the yields of 0.547
and 0.175 for Λ+

c and Ξc, respectively. The total inte-
grated yield ratio Λ+

c /D0 is then about 0.64, which is
slightly larger than the value of about 0.54 measured in
p + p collisions at

√
s = 7 TeV at LHC [21, 48]. We

note that the oscillator constant used here for charmed
baryons is larger than that for charmed mesons, which is
different from that in Ref. [41] where they are taken to
have the same value.

In Fig. 5, we show the yield ratio Λ+
c /D

0 as a func-
tion of transverse momentum in Au + Au collisions at√
sNN = 200 GeV and 0-10% centrality. It is seen that

the fragmentation contribution suppresses this ratio, and
the results from the sum of coalescence and fragmenta-
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FIG. 4: Transverse momentum spectra of Λ+
c baryon in

Au+Au collisions at
√
sNN = 200GeV and 0-10% central-

ity. Dashed and dash-dotted lines are the Λ+
c spectra from

charm quark coalescence and fragmentation, respectively, and
the solid line is their sum.

tion contributions (dashed line) describe very well the
experimental data of Ref. [25]. For pT ≈ 6 GeV, the
ratio Λ+

c /D
0 is predicted to be close to 1.0, which is

much higher than the value of less than 0.4 obtained in
Refs. [19, 41]. In particular, we find that the ratio Λ+

c /D
0

at pT = 8 GeV can be as large as 0.6, while it was pre-
dicted to be around 0.2 in Ref. [19].
Compared to the previous studies reported in Refs. [19,

41], the contribution from charm quark fragmentation in
the present study is less important due to the inclusion of
the flow effect on the momenta of hadrons formed from
quark coalescence, which shifts higher mass charmed
baryon resonances to larger transverse momenta, and this
helps describe the ratio Λ+

c /D
0 in the transverse momen-

tum region of 4 < pT < 6 GeV.

VI. CONCLUSIONS

Using the charm quark coalescence and fragmentation
model with the inclusion of the effect of collective flow on
the transverse momentum spectra of produced charmed
hadrons, we have studied the transverse momentum spec-
tra of charmed mesons and baryons as well as the Λc/D0

ratio. By tuning the oscillator constants in the charmed
hadron Wigner functions in the quark coalescence model,
which models their changing sizes in hot dense matter,
to use up all the charm quarks at pT ≈ 0 GeV and
fragmenting the remaining charm quarks into charmed
hadrons, we have obtained the ratio Λ+

c /D
0 as a func-

tion of pT that successfully describes the experimental
data measured at RHIC. This is in contrast to previous

0 1 2 3 4 5 6 7 8
0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

Au+Au @200 GeV

c+ /D
0

pT (GeV)

  STAR (10-80% centrality)
  Coal. (0-10% centrality)
  Coal. + Frag. (0-10% centrality)

FIG. 5: The yield ratio Λ+
c /D

0 as a function of transverse mo-
mentum for Au + Au collisions at

√
s
NN

= 200 GeV. Solid
and dashed lines denote the ratio from only charm quark coa-
lescence and the sum of charm quark fragmentation and coa-
lescence contributions at 0-10% centrality. The experimental
data from Ref. [25] for the (10-80%) centrality are shown by
solid stars with combined statistical and systematic uncer-
tainties.

studies that did not include the effect of collective flow on
charmed hadrons formed from quark coalescence, which
underestimated substantially this ratio at pT > 4.5 GeV.
Compared to results from these studies, the contribution
from fragmentation is less important in the present ap-
proach. As a result, we have obtained a much larger
value for Λ+

c /D
0 at pT > 6 GeV than that from the con-

ventional approach. Our study thus provides an alter-
native description of the measured pT dependence of the
ratio Λ+

c /D
0 at RHIC without the inclusion of a large

number of unknown charmed baryon resonances as as-
sumed in Ref. [42]. We have, however, neglected in the
present study the space-momentum correlations of both
light and charm quarks, which are shown in Ref. [42] to
also help shift the peak of the Λ+

c /D
0 ratio to higher

transverse momentum. Also, the present study is based
on a blast-wave model for light quarks. It is thus impor-
tant to verify the validity of the results and conclusions
from the present study by using the phase-space distri-
butions of light and charm quarks from more realistic
models. Since the light or strange baryon to meson ratio
at pT ∼ 4 − 7 GeV in the quark coalescence approach
without the flow effect is very small compared to the
experimentally measured value [39], it will also be very
interesting to check if the inclusion of the flow effect can
help resolve this discrepancy.
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