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It has been a challenge to understand the experimental data on both the nuclear modification factor and 
elliptic flow of D0 mesons in p−Pb collisions at LHC energies. In this work, we study these collisions with 
an improved multi-phase transport model. By including the independent fragmentation and a significant 
Cronin effect (i.e., transverse momentum broadening) for charm quarks, we provide the first simultaneous 
description of the D0 meson RpA and v2 data at pT ≤ 8 GeV/c. The model also reasonably describes the 
D0 meson pT spectra and the low-pT charged hadron spectra, RpA and v2. Our results show that both 
parton interactions and the Cronin effect are important for the D0 meson RpA, while parton interactions 
are mostly responsible for the D0 meson v2. It is thus essential to include the Cronin effect for the 
simultaneous description of the D0 meson RpA and v2. This work implies that the Cronin effect could 
also be important for heavy hadrons in large systems.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons .org /licenses /by /4 .0/). Funded by SCOAP3.

1. Introduction

Heavy flavor hadrons are one of the most important tools to 
study the perturbative Quantum Chromo-Dynamics (pQCD) in high 
energy hadronic collisions [1–3]. Over the last two decades, experi-
ments from the Relativistic Heavy Ion Collider (RHIC) and the Large 
hadron Collider (LHC) [4–7] have collected many data supporting 
the formation of a hot and dense matter called the quark-gluon-
plasma (QGP), and a main goal of high energy heavy ion physics 
is to study the QGP properties. Heavy quarks provide us a great 
probe because the heavy quark mass is much larger than the tem-
perature of the dense matter; therefore, heavy flavor particles may 
only partially thermalize [8] and thus better remember the inter-
action history with the medium.

Two observables are often measured for heavy flavors in heavy 
ion collisions: the nuclear modification factor RAA [9–15] and 
the elliptic flow v2 [16–22]. Several theoretical models, including 
the Fokker-Planck approach [23–26] and the relativistic Boltzmann 
transport approach [27–31], have been developed to study the nu-
clear suppression and collective flows of heavy flavor hadrons at 
RHIC and LHC. It has been realized that RAA and v2 are sensitive to 
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the temperature- and energy-dependence of transport properties 
of the QGP such as the heavy quark diffusion and drag coeffi-
cients [32,33]. They are also sensitive to the hadronization mecha-
nisms including quark coalescence and fragmentation [34–39]. Sev-
eral approaches have shown reasonable agreements with the ex-
isting data in large collision systems, suggesting that charm quarks 
may flow well with the QGP medium due to their frequent inter-
actions with the hot and dense matter [40–42].

Similar measurements of heavy flavor mesons have also been 
made for small systems like d+ Au collisions at RHIC and p−Pb 
collisions at LHC in recent years [43–50]. Little to no nuclear sup-
pression RpA but a sizable elliptic flow v2 has been observed for 
D0 mesons in p−Pb collisions at the LHC energies, which has 
posed a big challenge to theoretical models. One expects that a 
sizable v2 comes from significant interactions of charm quarks 
with the QGP medium, in either hydrodynamics-based models or 
parton/hadron transport models. On the other hand, a significant 
interaction of charm quarks with the QGP is expected to inevitably 
suppress high-pT charm hadrons [51–53], in contrast to the ob-
served D0 RpA being almost flat around the value of unity.

Some theoretical studies can reproduce either the heavy meson 
RpA data [54–60] or v2 data [61,62]. For example, the POWLANG 
model [56] can describe the heavy flavor RpA but predicts a small 
charm v2. PQCD calculations that consider cold nuclear medium 
effects are generally able to describe the charm RpA data [54,55,57,
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63], and so is another pQCD model with a parametrized kT broad-
ening [58]. Regarding the heavy flavor elliptic flow, the color glass 
condensate framework can describe the charm and bottom v2 in 
p−Pb collisions at LHC [61,62], which indicates the relevance of 
initial state correlation for heavy quarks in small systems. So far, 
however, there has not been a simultaneous description of both 
RpA and v2 of heavy hadrons. In this study, we investigate the D0

meson RpA and v2 in p−Pb collisions at LHC energies with an im-
proved version of a multi-phase transport (AMPT) model.

2. Methods

The AMPT model [64,65] is a transport model designed to de-
scribe the evolution of the dense matter produced in heavy ion 
collisions. The string melting version [66] is expected to be appli-
cable when the QGP is formed, as it contains a fluctuated initial 
condition, partonic scatterings, quark coalescence, and hadronic 
interactions. Recently, we have developed a new quark coales-
cence [67], incorporated modern parton distribution functions of 
the free proton and impact parameter-dependent nuclear shadow-
ing [68], improved heavy flavor productions [69], and applied local 
nuclear scaling to two input parameters [70]. The AMPT model that 
we use in this study contains these improvements.

In the string melting version of AMPT model, the excited 
strings are converted to partons through the string melting mech-
anism [66]. In particular, the strings are first converted to hadrons 
through the Lund string fragmentation [71,72], then each hadron 
is decomposed to partons according to the flavor and spin struc-
tures of its valence quarks. Because initial charm quarks are pro-
duced from hard pQCD processes during the primary nuclear-
nuclear collision, we improve their treatment in this work. In-
stead of “melting” the initial charm hadrons into charm quarks via 
string melting, we extract charm quarks produced from the HI-
JING model [73] before they enter the Lund string fragmentation. 
These initial charm quarks then enter the parton cascade; and a 
charm quark is allowed to interact after its formation time given by 
tF = E/m2

T [64], where E and mT are the quark energy and trans-
verse mass, respectively.

Since the scattering cross section for charm quarks is in gen-
eral different from that for light (u, d, s) quarks, we separate the 
cross section among light quarks (σLQ) from that between a heavy 
quark and other quarks (σHQ). The default values, σLQ = 0.5 mb 
and σHQ = 1.5 mb, are used unless specified otherwise, and they 
are determined from a visual fit to the charged hadron v2 data 
in p−Pb collisions at 5.02 TeV and D0 meson v2 data in p−Pb 
collisions at 8.16 TeV, respectively. We have also added the in-
dependent fragmentation [74] as another hadronization process 
for heavy quarks, in addition to the usual quark coalescence pro-
cess [67]. If a heavy quark and its coalescing partner(s) have a large 
relative distance or a large invariant mass, they are considered to 
be unsuitable for quark coalescence; instead the heavy quark will 
hadronize to a heavy hadron via independent fragmentation.

We also include the transverse momentum broadening (i.e., the 
Cronin effect [75]) for the initial heavy quarks [76,77]. The Cronin 
effect is often considered as the broadening of the transverse mo-
mentum of a produced parton from a hard process due to mul-
tiple scatterings of the involved parton(s) in the nucleus [78–81]. 
Therefore, its strength depends on the number of scatterings a par-
ticipant (or target) nucleon undergoes while passing the target (or 
projectile) nucleus [82]. We implement the broadening by adding 
a transverse momentum kick kT to each cc̄ pair in the initial state, 
where kT is sampled from a two-dimensional Gaussian [76,77,82]
with a Gaussian width parameter w:

f (k⃗T) = 1
π w2 e−k2

T/w2
, (1)

w = w0
√

1 + (ncoll − i)δ. (2)

Note that a cc̄ pair can be produced from either the radiation of 
one participant nucleon or the collision between one participant 
nucleon from the projectile and another from the target. In Eq. (2), 
i = 1 for the former case and i = 2 for the latter case, while ncoll
is the number of primary NN collisions of the participant nucleon 
for the former case and the sum of the numbers of primary NN 
collisions of both participant nucleons for the latter case. This way, 
w = w0 for p+p collisions, where

w0 = (0.35 GeV/c)
√

b0
L(2 + a0

L)/bL/(2 + aL). (3)

In the above, a0
L = 0.5 and b0

L = 0.9 GeV−2 are the original val-
ues in the HIJING1.0 model [73] for the two parameters in the 
Lund fragmentation function [74], and aL and bL are the values 
in the AMPT model [70]. The dependence of w0 on the Lund pa-
rameters is based on the observation that the average squared 
transverse momentum of a hadron relative to the fragmenting par-
ent string is proportional to the string tension, which scales as 
1/bL/(2 + aL) [64]. We take aL = 0.8 and determine bL according 
to the local nuclear thickness functions, where the bL value is 0.7
GeV−2 for p+p collisions but smaller for nuclear collisions [70]. As 
a result, for p+p collisions, w = 0.375 GeV/c, close to the original 
value of 0.35 GeV/c for the parameter parj(21) in the HIJING1.0 
model [73]. The δ in Eq. (2) controls the strength of the Cronin ef-
fect; its default value of δ = 5.0 is determined from comparisons of 
results of multiple δ values with the D0 meson RpA data [83]. Note 
that we follow the usual approach by treating the Cronin effect as 
the broadening of parton transverse momentum in the initial state. 
In contrast, the parton cascade represents a final state effect.

In the implementation of the Cronin effect, we give each cc̄
pair a transverse boost so that the pair transverse momentum in-
creases by a k⃗T sampled from the distribution in Eq. (2). Note that 
such implementation of the Cronin effect tends to create an ar-
tificial peak at mid-rapidity in the rapidity distribution of heavy 
quarks [77,82,84], since y = arcsinh(pz/mT) will move towards 
zero after pT increases. Therefore, we choose to keep the rapid-
ity of cc̄ pair the same by providing the necessary longitudinal 
boost after the transverse momentum broadening. We also enforce 
the momentum conservation of the whole parton system of each 
event by letting the light (anti)quarks share the opposite value of 
the total k⃗T given to all cc̄ pairs in the event.

3. Results and discussions

Fig. 1 shows in the upper panels our results of the nuclear mod-
ification factor RpPb as functions of the transverse momentum for 
D0 mesons and charged hadrons in minimum bias p−Pb collisions 
at 5.02 TeV and 8.16 TeV in comparison with the experimental 
data. The middle panels show the elliptic flow coefficient v2{2}
in high multiplicity p−Pb collisions. All results in Fig. 1 are ob-
tained with the full AMPT model, with σLQ = 0.5 mb (except for 
the dot-dashed curves where σLQ = 0.3 mb), σHQ = 1.5 mb, and 
δ = 5.0. We see from panels (a) and (c) that this AMPT model can 
simultaneously describe the available D0 meson RpPb data at 5.02 
TeV [49] and v2 data at 8.16 TeV [47] below pT ∼ 8 GeV/c. In addi-
tion, as shown in panels (b) and (d), the model well describes the 
charged hadron RpPb [85] and v2 [86] at 5.02 TeV (solid curves) 
and reasonably describes the K 0

S v2 at 8.16 TeV [47] below pT ∼ 1
GeV/c. Furthermore, panels (e) and (f) show the D0 meson and 
charged hadron pT spectra in minimum bias p−Pb and p+p colli-
sions at 5.02 TeV. We see that the AMPT model can well describe 
the D0 pT spectra data [49] in both p+p and p−Pb systems, while 
the agreements with the charged hadron pT spectra data [85] are 
reasonable below pT ∼ 1.5 GeV/c.
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Fig. 1. RpPb of (a) D0 mesons and (b) charged hadrons in minimum bias p−Pb collisions, v2 of (c) D0 mesons, (d) charged hadrons and K 0
S in high multiplicity p−Pb 

collisions, and the pT spectra of (e) D0 mesons and (f) charged hadrons in minimum bias p−Pb and p+p collisions at 5.02 TeV from the improved AMPT model in 
comparison with the experimental data around mid-rapidity.

In our analysis, we follow the exact procedures of the ALICE 
and CMS experiments [47,49,85,86]. Specifically, the D0 meson and 
charged hadron nuclear modification factors are analyzed for mini-
mum bias collisions within −0.96 < ycm < 0.04 and −1.3 < ηcm <

0.3, respectively. The elliptic flow coefficient is analyzed for high 
multiplicity p−Pb events within Ntrack ∈ [185 − 220) at 5.02 TeV 
and Ntrack ∈ [185 − 250) at 8.16 TeV, where Ntrack is the num-
ber of charged hadrons with pT > 0.4 GeV/c within |η| < 2.4. To 
calculate the elliptic flow from two-particle correlations, we ap-
ply |%η| > 2 at 5.02 TeV and |%η| > 1 at 8.16 TeV, where charged 
hadrons are selected within |η| < 2.4 while D0 and K 0

S mesons are 
within −1.46 < ycm < 0.54. The elliptic flow v2{2}, written as v2

for brevity, is calculated as [47,86]

v2(tri) = V2%(tri, ref)/
√

V2%(ref, ref), (4)

where “tri” represents the trigger particle of interest, and “ref” rep-
resents a reference charged hadron with 0.3 < pT < 3.0 GeV/c. 
Note that in this study the result of a particle species represents 
the average of the particle and its corresponding anti-particle; also, 
all the rapidity and η cuts refer to their values in p−Pb (not Pb−p) 
collisions.

Since the available data on D0 mesons are the RpPb at 5.02 TeV 
and v2 at 8.16 TeV, we also show in Fig. 1(a) and (c) the predic-
tions of RpPb at 8.16 TeV (dashed curve) and v2 at 5.02 TeV (solid 
curve). We see that the RpPb results are almost the same at the 
two energies but v2 shows an increase with the colliding energy. 
This is also the case for the charged hadron RpPb and v2, as shown 
by the dashed curves for 8.16 TeV in Fig. 1(b) and (d). We note 
that the model overestimates the v2 of K 0

S mesons at 8.16 TeV 
when σLQ = 0.5 mb, which well reproduces the charged hadron 
v2 at 5.02 TeV, is used. On the other hand, the parton scattering 
cross section σ could be different at different energies. For exam-
ple, the shear viscosity-to-entropy ratio satisfies η/s ∝ 1/(n2/3σ )
for a parton gas in equilibrium under isotropic scatterings [87,88], 
where n is the parton number density. As a result, for the simple 
case of a constant η/s, σ would be smaller at higher densities. For 
anisotropic scatterings, which is the case for the AMPT model, the 

Fig. 2. Ratio of the pT spectrum from the full AMPT model over that from the AMPT 
model with a different test configuration for (a) charm quarks and (b) light quarks 
in p−Pb collisions at 5.02 TeV, (c) v2 of charm quarks at 8.16 TeV, and (d) v2 of 
light quarks at 5.02 TeV from the AMPT model for p−Pb collisions. The Cronin effect 
is turned off with δ = 0. The inset in panel (d) shows the light quark V2%(tri, ref).

relationship between η/s and σ is more complicated but qualita-
tively similar [88]. In addition, high temperature pQCD results [89]
show that σ should depend on the temperature since the De-
bye screening mass is temperature-dependent. Therefore, we have 
also explored the effect of a different light quark cross section. As 
shown by the dot-dashed curves in Fig. 1(a)-(d), changing σLQ from 
0.5 mb to 0.3 mb at 8.16 TeV enables the AMPT model to well re-
produce the K 0

S v2 data, but this change has almost no effect on 
the D0 meson RpPb and v2. As expected, the smaller σLQ leads 
to a small enhancement of the charged hadron RpPb, as shown in 
Fig. 1(b).

We now separately turn off various effects to identify the key 
ingredients that allow the improved AMPT model to simultane-
ously describe the D0 meson RpPb and v2. Fig. 2(a) shows the ratio 
of the charm quark pT spectrum from the full AMPT model over 
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Fig. 3. (a) RpPb at 5.02 TeV and (b) v2 at 8.16 TeV for D0 mesons in p−Pb colli-
sions from the full AMPT model (solid), the model without charm quark scatterings 
(dashed), the model without the Cronin effect for charm quarks (dotted), and the 
model without the Cronin effect at a smaller charm quark scattering cross section 
(long-dashed) in comparison with the experimental data (symbols).

that from different test configurations of the AMPT model for min-
imum bias p−Pb collisions at 5.02 TeV, while Fig. 2(b) shows the 
ratios for light quarks. The dashed curves in panels (a) and (c) rep-
resent the results of charm quarks without charm quark scatterings 
(but with scatterings among light quarks), while the dashed curves 
in panel (b) and (d) represent the light quark results without scat-
terings among light quarks. We see that parton scatterings sup-
press the parton yield at relatively high pT (and enhance the yield 
at low pT) due to the parton energy loss or jet quenching [51,90]; 
this effect is especially significant for charm quarks, partially due 
to the larger scattering cross section for charm quarks. From the 
dotted curves that correspond to turning off the charm Cronin 
effect, we find that the Cronin effect significantly enhances the 
charm quark yield at relatively high pT and essentially cancels out 
the effect from jet quenching. In addition, we see that the EPS09s 
nuclear shadowing [68] has almost no effect on the light quark pT
spectrum but a modest suppression effect on the charm quark pT
spectrum in the transverse momentum range shown in Fig. 2.

We show in Fig. 2(c) and (d) the results on the charm quark 
v2 at 8.16 TeV and the light quark v2 at 5.02 TeV, respectively, for 
the high multiplicity p−Pb collisions. From the dashed curves, we 
see that the charm quark v2 is mostly generated from the scat-
terings of charm quarks with the medium, while the initial state 
correlation before rescatterings (or non-flow) contributes signifi-
cantly to the light quark v2 but little to the charm quark v2. We 
also see that the Cronin effect for charm quarks modestly sup-
presses the charm quark v2; it has little effect on the light quark 
v2, as expected. Note that in Fig. 2(d) the light quark v2(pT) with-
out scatterings among light quarks is even higher than that with 
parton scatterings at pT > 2.2 GeV/c. The inset in Fig. 2(d) shows 
the corresponding numerator, V2%(tri, ref), for the light quark v2, 
where the result without scatterings is significantly lower than 
that with parton scatterings, as expected. Therefore, the relatively 
high v2(pT) without scatterings is due to the fact that the denomi-
nator 

√
V2%(ref, ref) in Eq. (4), which corresponds to the reference 

elliptic flow, is much smaller without scatterings.
We now examine the effects of transverse momentum broad-

ening and parton scatterings on the D0 meson RpPb and v2. When 
the Cronin effect is turned off (with δ = 0), we see in Fig. 3(a) that 
the D0 RpPb is significantly suppressed at high pT but enhanced at 
low pT. Therefore, the Cronin effect is very important for the D0

meson RpPb. In addition, parton scatterings (at σHQ = 1.5 mb) are 
seen to suppress the D0 meson RpPb at high pT, qualitatively the 
same as its effect on charm quarks as shown in Fig. 2(a). Quan-
titatively, the effect of parton scatterings on the D0 meson RpPb
is smaller than that on charm quarks; this is because the frac-
tion of charm quarks hadronizing via quark coalescence (instead 
of fragmentation) increases with the amount of scatterings and 
consequently the system size. When charm quark scatterings are 

turned off (dashed curve) in the AMPT model, the charm quark 
yield at high pT is enhanced due to the absence of energy loss. 
On the other hand, more charm quarks hadronize via independent 
fragmentation (than the case with charm quark scatterings), which 
reduces the enhancement of D0 mesons at high pT.

In Fig. 3(b), the D0 meson v2 is mostly very small when charm 
quark scatterings are turned off (dashed curve); the D0 v2 is thus 
mostly generated by parton scatterings, similar to the charm quark 
v2 shown in Fig. 2(c). Note that, even if charm quarks have zero v2, 
the D0 v2 can be finite since it has a contribution from the light 
quark v2 through quark coalescence [34]. In the AMPT model with-
out the Cronin effect, the D0 meson v2 (dotted curve) is slightly 
higher. Therefore, the Cronin effect modestly suppresses the D0 v2. 
We have also decreased the charm quark scattering cross section 
to 1.0 mb, from the default value of 1.5 mb in the full model, to 
better fit the D0 meson v2 (long-dashed curve). The correspond-
ing D0 meson RpA result is shown in Fig. 3(a) as the long-dashed 
curve, which is seen to still severely underestimates the data at 
high pT. The Cronin effect is thus crucial for the simultaneous de-
scription of the D0 meson RpPb and v2 data according our model 
calculations.

Many previous theoretical methods and phenomenological 
models have found the Cronin effect to be important. For example, 
pQCD results [76] have indicated that the Cronin effect is needed 
to describe the experiment data of open heavy flavors at fixed-
target energies. In the pQCD-based HVQMNR code [77,82], trans-
verse momentum broadening is also needed to describe quarko-
nium pT distributions and heavy flavor azimuthal distributions 
from fixed-target to LHC energies. In the HVQMNR code, a trans-
verse momentum kick in the form of Eq. (2) is applied to each pro-
duced heavy quark in p+p collisions, where the Gaussian width 
is energy-dependent [77]: ⟨k2

T⟩p = [1 + ln(
√

sN N/20/GeV)/n] GeV2

with n=12 for J/ψ productions. For minimum-bias p+A colli-
sions, the Gaussian width increases to ⟨k2

T⟩A = ⟨k2
T⟩p + δk2

T [82], 
where δk2

T = (1.5ρ0 R Aσ in
pp −1)%2(µ). Here, R A = 1.2A1/3 fm repre-

sents the nuclear radius, ρ0 = 0.16/fm3 is the average nuclear den-
sity, σ in

pp is the inelastic p+p cross section, and %(µ) = 0.318 GeV
for charm productions at µ = 2mc = 2.54 GeV [82]. Note that we 
apply the broadening to each cc̄ pair, while the HVQMNR code 
applied it to each charm (anti)quark after the charm pair produc-
tion [91]; therefore, we have calculated the kT broadening to each 
charm quark in the comparisons below. For p+p collisions at 5.02 
TeV, the HVQMNR code [82,92] gives ⟨k2

T⟩ = 1.46 GeV2, higher than 
our value of 0.04 GeV2. For minimum bias p-Pb collisions at 5.02 
TeV, the HVQMNR code gives ⟨k2

T⟩ = 2.50 GeV2, lower than our 
value of 3.27 GeV2.

The AMPT model currently only includes the collisional energy 
loss via two-body elastic parton scatterings, while the parton ra-
diative energy loss is not included. In the relativistic limit, the 
heavy quark collisional energy loss has been shown to depend on 
the path length L linearly while the radiative energy loss scales as 
L2 [93]. Therefore, the collisional energy loss of charm quarks is 
expected to be more important than the radiative energy loss for 
small systems like p-Pb, although the pT scale below which the 
collisional energy loss dominates is model-dependent [38,94–96]. 
In addition, the radiative energy loss of charm quarks through in-
elastic collisions would suppress the charm pT spectrum at high 
pT, qualitatively the same as the collisional energy loss through 
elastic collisions. Therefore, the inclusion of the charm quark radia-
tive energy loss would not change our conclusion that the Cronin 
effect is needed to compensate for the effect of energy loss and 
consequently describe the observed D0 meson RpPb and v2 simul-
taneously. We also note that our σHQ value is much larger than 
that expected from pQCD with a typical screening mass. However, 
high temperature pQCD results are known to be quantitatively un-
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reliable at low to moderate temperatures. For example, the shear 
viscosity of the quark gluon plasma expected from pQCD with 
thermal screening masses is much higher [97] than that extracted 
from a Bayesian analysis of the experimental data [98]. Therefore, 
we treat the magnitudes of parton cross sections as free param-
eters in the AMPT model and determine them from comparisons 
with the experimental data.

Since the Cronin effect is expected to be stronger for a larger 
collision system, our study also suggests that it would be impor-
tant to include the Cronin effect in studies of light hadron [99]
or heavy hadron RAA [24] in large systems. Currently, several 
models are able to reasonably describe the D meson RAA and 
v2 [31,39,40,42]. The inclusion of the Cronin effect may change 
the model results and affect the extracted values of the charm 
quark transport coefficients. Therefore, further studies, including 
those with a predicted (instead of a fit) strength for the Cronin 
effect and those on charmonium observables, will lead to a better 
understanding of the roles of cold nuclear matter and hot medium 
effects on heavy flavor productions in small to large collision sys-
tems.

4. Summary

We have studied the D0 meson as well as charged hadron nu-
clear modification factor RpPb in minimum bias p−Pb collisions 
and elliptic flow v2 in high multiplicity p−Pb collisions at LHC 
energies with a multi-phase transport model. After improving the 
model with the transverse momentum broadening (i.e., the Cronin 
effect) and independent fragmentation for charm quarks, we are 
able to provide the first simultaneous description of both the RpPb

and v2 data of D0 mesons below the transverse momentum of 8 
GeV/c. In addition, the transport model reasonably describes the 
D0 meson pT spectra in both p−Pb and p+p collisions and the 
low-pT charged hadron pT spectra, RpPb and v2. We find that both 
parton scatterings and the Cronin effect significantly affect the D0

meson RpPb. On the other hand, the D0 meson v2 is mostly gener-
ated by parton scatterings, while the Cronin effect leads to a mod-
est reduction of the charm v2. In particular, we demonstrate the 
importance of the Cronin effect for resolving the D0 meson RpPb
and v2 puzzle at LHC energies. Since the Cronin effect is expected 
to grow with the system size, this study also implies the impor-
tance of including the Cronin effect in studies of heavy hadron RAA
and v2 in large systems.
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