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Motivation

Conclusions

• Heavy-ion collisions are well described by a dynamical evolution with a long 
hydrodynamical phase.  

• The properties of the strongly coupled quark-gluon plasma are reflected in the 
equation of state (EoS) and the transport coefficients, most prominently by the 
shear and bulk viscosity over entropy density ratios η/s(T) and ζ/s(T), 
respectively. 

• In this work [1], the most recent QCD-based parameters are provided as input to 
the MUSIC framework. An η/s(T) computed with a QCD based approach is used 
for the first time [2].

• In this contribution, we compare results from a hybrid model of IP-Glasma initial conditions, shear and bulk viscous hydrodynamics (MUSIC),  
and microscopic hadronic transport (UrQMD) with a wide range of integrated and differential measurements in Pb–Pb collisions at 2.76 TeV.  

• The shear viscosity over entropy density ratio from a functional diagrammatical approach to QCD transport coefficients has been used for the first time 
• Outlook: Usage of more transport coefficients computed from first principles and computation of flow harmonics for strange and multi strange hadrons

• Pion, kaon and proton multiplicities at mid-rapidity as a function of collision centrality for 
Pb-Pb collisions at 2.76 TeV obtained from the simulations are in good agreement with the 
experimental measurements performed by ALICE 

• Good description of the mean-pT for identified hadrons  
- bulk viscosity and the UrQMD phase play a crucial role in the simulation 

• vn{2} coefficients are too suppressed in the simulation, especially when moving to more 
peripheral collision centrality classes. This is because η/s(T) is likely too large in the region 
below T = 200 MeV

• Results of pT-integrated vn of our calculations are in agreement within the statistical 
uncertainties with the experimental measurements by ALICE  

• vn{2}(pT) coefficients for charged and identified hadrons obtained with the modified η/s(T) 
deviate from the data at high pT, but a better agreement with data is observed for  
pT  < 1 GeV/c, where most particles are produced

pT-differential observables

• EoS from(2+1)-flavour Hot-QCD [3] 
• Tc = 155 MeV 
• η/s(T) from a functional diagrammatical approach to QCD transport coefficients [2] 
• ζ/s(T) from phenomenological parameterization [4]     

• Comparison of pT spectra of identified hadrons  
- Insight about radial flow of the expanding system  

• Comparison of pT-differential flow coefficients  of identified hadrons  
- interplay of radial and elliptic flow leads to the mass ordering of the vn coefficients  
- vn{2} coefficients are too suppressed at low pT: important role played by the  
out-of-equilibrium correction from bulk viscosity

Description of the different phases
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Figure 7. v2{n}(pT) (upper left panel) for charged hadrons and v2{2}(pT) (upper right panel), v2{3}(pT) (lower left panel)
and v2{4}(pT) (lower right panel) of pions, kaons, and protons. The 30–40% centrality interval is shown for all panels. Both
⌘/s(T) are reported.

density ratio from a functional diagrammatical approach
to QCD transport coe�cients has been used in a state-
of-the-art hydrodynamical framework.

Considering the much larger required statistics in the
model calculation, we leave the computation of the dif-
ferential flow harmonics vn{2}(pT) of ⇤, ⌅, ⌦ and �

[24, 27, 28], to future work. It will be particularly in-
teresting to study the e↵ects of the microscopic hadronic
simulation on strange and multi-strange particles. In the
hadronic cascade model a small hadronic cross section is
assigned to strange hadrons, and in UrQMD the magni-
tude of the hadronic re-interaction is related to the num-
ber of strange quarks contained in the hadron. Hence
the amount of radial flow that the hadrons pick up in the
hadronic phase depends on their strange quark content.
In addition, the prediction for the �-meson (containing
an s and s̄ quark) was observed to be almost not a↵ected
by UrQMD, and this was leading to the breaking of the
mass ordering when comparing v2(pT) of the �-meson
and proton [24]. Due to its small hadronic cross section
in UrQMD the �-meson is rather weakly coupled to the

hadronic medium and it decouples from the system al-
most immediately after hadronization.

On the theory side, a threefold way to QCD trans-
port coe�cients is currently pursued. Firstly, the non-
perturbative diagrammatic computation of transport co-
e�cients [1, 2] is extended to the computation of bulk
viscosity and relaxation time. Moreover, the systematic
error is reduced due to a refined computation of the gluon
and quark spectral functions [38]. Secondly, the trans-
port coe�cients are computed via the Kubo formula from
lattice results using a novel lattice approach to imaginary
time correlation functions [39]. Thirdly, real-time corre-
lation functions and transport coe�cients in QCD are di-
rectly computed with non-perturbative functional meth-
ods. For an application to QCD, real-time functional
methods, see e.g. [40–42], have to be extended for fully
numerical application. Such an approach has been set-up
in [43–45], and is currently applied to QCD spectral func-
tions. This threefold approach is essential for increasing
the reliability in the combined results by reducing the
combined systematic uncertainty, for instance the total
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with the spectral function ⇢⇡⇡ of the spatial, traceless
part ⇡ij of the energy-momentum tensor. As most quan-
titative first principle approaches to QCD such as the
lattice or functional methods work at imaginary time, a
numerical Wick rotation to real time is required for get-
ting access to the transport coe�cients from these meth-
ods. Such numerical analytic continuation methods come
with large statistical and in particular systematic uncer-
tainties. These errors grow large in particular for low
frequencies which are specifically relevant for the com-
putation of transport coe�cients. Consequently lattice
results for the shear viscosity are only available for a few
temperatures in pure Yang-Mills theory, see e.g. [15, 16].
In general, the computation of transport coe�cients from
imaginary time data of the respective correlation func-
tions from the lattice and functional methods is intricate.

In the present work we utilise data for the shear vis-
cosity over entropy ratio from a functional diagrammat-
ical approach to QCD transport coe�cients put forward
in [1, 2]. This approach is based on a diagrammatic
real-time representation of the correlation functions, and
circumvents the continuation problems discussed above.
However, it is subject to other systematic errors as it re-
quires the knowledge of real-time correlation functions of
quarks and gluons, and in particular the gluon spectral
function ⇢A. In [1, 2] the latter has been computed via
spectral reconstruction from imaginary time data. While
at first sight this brings back the continuation error at
small frequencies, the loop representation turns the prob-
lematic limit for ⇢⇡⇡ in (1) into a frequency-integral over
products of ⇢A. Basically it turns the multiplication with
1/! into a multiplication with !, hence suppressing the
low frequency regime of the reconstructed ⇢A in the com-
putation of ⌘.

Still the approach has its own systematic uncertainties:
the dominating systematic uncertainty in this approach
results from the approximate computation of the real-
time correlation functions of quarks and gluons, and in
particular the well-known problems at higher tempera-
tures: the reconstruction of the relevant thermal part is
performed only on the first few Matsubara frequencies.
Typically this leads to an unphysical broadening of the
spectral function at large temperatures. In the present
case this would lead to a smaller thermal slope of ⌘/s(T)
at large temperatures T/Tc � 1.

A second relevant source for the systematic uncertainty
is the neglection of higher order diagrams: after a resum-
mation the diagrammatical representation consistes out
of one- to three-loop diagrams of full correlation func-
tions. Note that the loops here have nothing to do with
a perturbative ordering. In [1, 2] it has been argued
that the higher order diagrams are subject to a very e�-
cient phase space suppression that originates in the quasi-
particle structure of the gluon spectral function. In [2] all
one- and two-loop diagrams have been computed. The
rapid convergence argument has been checked by com-
puting the dominant three-loop diagrams the total value
of which is in the permille regime. However, while the re-

summation works very e�ciently it also leads to a global
normalisation problem also discussed in [17]. It is related
to a standard multiplicative renormalisation. It gives rise
to the biggest systematic error in this approach, and will
be treated in a future publication.
In the present work we use pure glue ⌘/s(T) as com-

puted [1, 2]. We estimate the impact of the com-
bined systematic error by ⌘/s(T ) ! ⌘/s(T ) + d with
a temperature-independent shift d. The result in [2] is
parameterised well with

⌘/s(T ) =
a

↵

�
s,HQ(c T/Tc)

+
b

(T/Tc)�
, (2)

where a = 0.15, b = 0.14, c = 0.66 and the scaling coe�-
cients � = 1.6 and � = 5.1. The strong coupling in (2) is
a heavy quark e↵ective coupling with a simple analytic
form [18]

↵s,HQ(z) =
1

�0

z

2 � 1

z

2 log z2
(3)

We emphasise that the coupling present in the numerical
computation in [1, 2] is that of the underlying functional
approach to QCD at finite temperature see [17, 19]. The
above fit of ⌘/s(T) is depicted in the left panel of Fig. 1.
It shows a minimum at Tmin ⇡ 1.26 Tc with a value of
0.14. In our simulations we varied this value with the
shift d 2 [0,�0.06] between 0.14 and the AdS value 0.08
for an estimate of the impact of the systematic error of
⌘/s. Moreover, in [2] a QCD estimate has been provided
with a = 0.2, b = 0.15, c = 0.79. As the e↵ect of changing
⌘/s(T) from the pure glue result to the QCD estimate
is covered by the uncertainty estimate obtained from
varying the shift parameter d.We have also checked that
a multiplication with a temperature-independent factor
has an e↵ect similar to such a shift.
It is remarkable that the fit (2) works so well as it is

a direct sum of a hadron resonance gas-type behaviour
for T . Tc and a hard-thermal-loop–type behaviour for
T & Tc. Note however that in the latter non-perturbative
information is carried by the running coupling. In any
case this indicates a rapid transition in the hydrodynami-
cal evolution from the hadronic phase to the quark-gluon
phase. This behaviour is also seen for the gluonic Debye
mass [19] in the functional approach underlying the com-
putations in [2] as well as further thermal observables. If
this rapid transition is also seen for further transport co-
e�cients it would support the common use of simple fits
for transport coe�cients. The computation and use of
further transport coe�cients is left to future work. A re-
spective computation of the bulk viscosity is under way.
Due to the diagrammatic similarity of the computation
the systematic uncertainties are correlated. Hence, the
multiplicative renormalisation factor drops out in the ra-
tio ⇣/s(T).
In a previous publication [20] it has been observed

that the bulk viscosity ⇣/s(T) is important for describing
the experimentally observed radial flow and azimuthal

• IP-Glasma model is used to describe the initial energy density distribution [5,6] 
     - realistic event-by-event fluctuations and non-zero pre-equilibrium flow  

• MUSIC code used to simulate the hydrodynamic phase 
• UrQMD is used to describe the the dilute hadronic phase  

- Tswitch = 145 MeV 
• Particles are produced according to the Cooper-Frye equation 
• Out-of-equilibrium corrections are included for both η/s(T) and ζ/s(T)  
 

  

3

anisotropy simultaneously. In the absence of first prin-
ciple results for ⇣/s(T) we take over the same functional
form of the ⇣/s(T) as in [21]. It is depicted in the right
panel of Fig. 1. The bulk viscosity coe�cient shows a
maximum at T = 180 MeV and starts to decrease al-
most exponentially as the system cools down. At the
maximum the value of ⇣/s(T) is ⇡ 0.3. The coe�cient
vanishes in the high temperature limit in the QGP phase
whereas in the low temperature limit (hadronic gas), it
converges to a finite value equal to 0.03.
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Figure 1. Left panel: analytic function for the ⌘/s(T) as a
function of temperature as given in (2). Right panel: The
⇣/s(T) parametrization as a function of temperature.

In the switching between hydrodynamics and hadron
cascade simulations the iSS particle sampler [22, 23] con-
verts the hydrodynamic outputs on the hyper-surface
into various hadrons (particlization) with specific mo-
mentum and position. Particlization denotes the con-
version of the hadronic medium from macroscopic to mi-
croscopic degrees of freedom. In this work the Tswitch

between the hydro and UrQMD phases is set to Tswitch =
145 MeV. More specifically, such Monte Carlo event gen-
erator is constructed according to the di↵erential Cooper-
Frye formula:

E

dNi

d

3
p

=
gi

(2⇡)3

Z

⌃
fi(x, p)p

µ
d

3
�µ, (4)

where fi is the distribution function of particle i, which
includes both equilibrium and non-equilibrium contribu-
tions fi = f0,i + �fi, integrated in a volume element
of the switching hypersurface ⌃, defined by the constant
switching temperature Tswitch. The non-equilibrium dis-
tribution function is composed by two terms �f = �fshear

+ �fbulk. The same �fshear and �fbulk as in [20] have
been used,

�fshear = f0(1± f0)
⇡

µ⌫
pµp⌫

2T 2(e+ P )
(5)

and

�fbulk = f0(1± f0)
�⇧

⇣/⌧⇧

1

3T

✓
m

2

E

� (1� 3c2s)E

◆
, (6)

where ⇡

µ⌫ is the shear stress tensor, ⇧ is the bulk
pressure, and ⌧⇧ is the relaxation time for bulk viscosity.
The bulk viscous correction influences the particle

spectra and the flow observables when the expansion rate
is large. We want to emphasize that the non-equilibrium
corrections of the bulk viscosity to the momentum distri-
bution of hadrons at the moment of switching are still not
completely understood from a theoretical point of view
and represent a large source of uncertainty in the simu-
lation. Specific e↵ects on measured observables from the
bulk viscous correction have been discussed in [24].
In this paper, we study multiplicities of di↵erent

hadron species, pT-di↵erential spectra and various flow
observables in Pb–Pb collisions at 2.76 TeV for the cen-
trality intervals 0–5%, 5–10%, 10–20%, 20–30% and 30–
40%.
The IP-Glasma model gave a good description of the

centrality dependence of the charged hadron multiplicity.
We observed that charged hadron multiplicities at mid-
rapidity as a function of collision centrality for Pb–Pb
collisions at 2.76 TeV obtained from the simulations are
in good agreement with the experimental measurements
performed by ALICE in Pb–Pb collisions at 2.76 TeV
[25]. In the left panel of Fig. 2 we additionally compared
our results of identified particle yields at mid-rapidity as
a function of collision centrality for pions, kaons and pro-
tons with the ALICE measurements [26]. Our calculation
agrees with the experimental data within the uncertain-
ties and we observed that also the centrality dependence
is well reproduced for identified hadrons.
In the right panel of Fig. 2, the comparison of the

mean pT, hpTi, for pions, kaons and protons as a func-
tion of centrality from our simulation is compared with
the ALICE experimental measurements [26]. As it was
explained in [20, 27], the bulk viscosity and the UrQMD
phase play a fundamental contribution in the simulation,
without which we would not be able to have a good de-
scription of the hpTi and of the pT-di↵erential hadron
spectra later discussed. The change in hpTi due to the
inclusion of the bulk viscosity is significant for all hadron
species (pions, kaons, protons) [20]. Bulk viscosity is es-
sential for a simultaneous description of the multiplicity
and hpTi of hadrons when IP-Glasma initial conditions
are used. Without the bulk viscosity, the system ex-
pands too rapidly, leading to a too large hydrodynamic
transverse flow. Bulk viscosity improves the agreement
with data by acting as a resistance to expansion, reducing
the transverse flow of the system. The hpTi of protons
agrees with experimental measurements through all cen-
tralities, and the values were observed to increase with
respect to the results obtained from the simulations in
which UrQMD was not used. This reflects that heavier
protons show a large sensitivity of hydrodynamic radial
flow as it was already observed in [27, 28]. The e↵ect
of hadronic rescattering is very similar across centrality
classes. Although the pion hpTi is barely a↵ected by
the hadronic rescatterings, it is observed that the hpTi
in more central collisions is slightly overestimated in the
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Figure 1: Typical transverse energy density profiles e(x, y) from the IP-Glasma model (81) for a semipe-

ripheral (b=8 fm) Au+Au collision at
√
s=200AGeV, at times τ = 0.01, 0.2, and 5.2 fm/c. From

τ =0.01 fm/c to 0.2 fm/c the fireball evolves out of equilibrium according to the Glasma model (75,76,77,78);

at τ =0.2 fm/c the energy momentum tensor from the IP-Glasma evolution is Landau-matched to ideal fluid

form (for technical reasons (71) the viscous pressure components are set to zero at the matching time) and

henceforth evolved with viscous Israel-Stewart fluid dynamics, assuming η/s=0.12 for the specific shear

viscosity. The pre-equilibrium Glasma evolution is seen to somewhat wash out the large initial energy den-

sity fluctuations. The subsequent viscous hydrodynamic evolution further smoothes these fluctuations. The

asymmetric pressure gradients due to the prominent dipole asymmetry in the initial state of this particular

event (visible as a left-right asymmetry of the density profile in the left panel) is seen to generate a dipole

(“directed flow”) component in the hydrodynamic flow pattern that pushes matter towards the right during

the later evolution stages.
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Figure 2: Primordial fluctuation power spectrum of the Little Bangs created in

2.76ATeV Pb+Pb collisions of different centralities, from three different initial-

state models (IP-Glasma, MC-Glauber, MC-KLN).
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Figure 2. Mid-rapidity multiplicity dN/dy|y=0 (top left panel), mean–pT (top right panel) and integrated vn{2} (bottom
panel) as functions of centrality in comparison with the ALICE experimental measurements.

simulation.

In the bottom panel of Fig. 2 the integrated charged
hadron anisotropic flow coe�cients, v2,3,4{2}, in Pb–
Pb collisions at 2.76 TeV are shown as a function of
centrality and are compared with the ALICE measure-
ments [29]. We calculate the flow harmonics vn{2} us-
ing the 2-particle cumulant method within 0.2 < pT <

5.0 GeV and |⌘| < 0.8, together with a pseudo rapidity
gap |�⌘| > 1.0. It is immediately visible that the vn{2}
coe�cients are too suppressed in the simulation, espe-
cially when moving to more peripheral collision central-
ity classes. This is because ⌘/s(T) is likely too large in
the region below T = 200 MeV. Temperature dependent
⌘/s(T) have been studied previously [12, 30–32]. Besides
the di↵erence in the detailed shape, our result di↵ers

from simple parametrizations mainly in the location of
the minimum.

The third and fourth flow harmonic coe�cients are ob-
served to be even more suppressed with respect to the
second one, also in the most central collision events. This
is expected because higher harmonics are more sensitive
to the shear viscosity and they get reduced more easily
if a too strong shear viscosity over entropy ratio is used
in the simulation [33].

Figure 3 shows the pT-di↵erential flow harmonics
vn{2}(pT) (n=2,3,4) of charged hadrons in 0–5% (left)
and 30–40% (right) Pb–Pb collisions at 2.76 TeV com-
puted in our simulation and compared with the experi-
mental measurements done by ALICE [34]. In agreement
with what is discussed for the pT integrated vn{2} mea-
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simulation.

In the bottom panel of Fig. 2 the integrated charged
hadron anisotropic flow coe�cients, v2,3,4{2}, in Pb–
Pb collisions at 2.76 TeV are shown as a function of
centrality and are compared with the ALICE measure-
ments [29]. We calculate the flow harmonics vn{2} us-
ing the 2-particle cumulant method within 0.2 < pT <

5.0 GeV and |⌘| < 0.8, together with a pseudo rapidity
gap |�⌘| > 1.0. It is immediately visible that the vn{2}
coe�cients are too suppressed in the simulation, espe-
cially when moving to more peripheral collision central-
ity classes. This is because ⌘/s(T) is likely too large in
the region below T = 200 MeV. Temperature dependent
⌘/s(T) have been studied previously [12, 30–32]. Besides
the di↵erence in the detailed shape, our result di↵ers

from simple parametrizations mainly in the location of
the minimum.

The third and fourth flow harmonic coe�cients are ob-
served to be even more suppressed with respect to the
second one, also in the most central collision events. This
is expected because higher harmonics are more sensitive
to the shear viscosity and they get reduced more easily
if a too strong shear viscosity over entropy ratio is used
in the simulation [33].

Figure 3 shows the pT-di↵erential flow harmonics
vn{2}(pT) (n=2,3,4) of charged hadrons in 0–5% (left)
and 30–40% (right) Pb–Pb collisions at 2.76 TeV com-
puted in our simulation and compared with the experi-
mental measurements done by ALICE [34]. In agreement
with what is discussed for the pT integrated vn{2} mea-

Figure taken from: 
Annu. Rev. Nucl. Part. Sci. 63 (2013) 123-151
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Figure 4. pT spectra (upper panels) and v2{2}(pT) (lower panels) as a function of the transverse momentum of pions, kaons,
and protons. Two centrality classes are considered: 0–5% (left) and 30–40% (right).

tension with measurements at high pT is less worrying
than in lower regions of transverse momenta, since this
region of pT is more sensitive to uncertainties in the vis-
cous corrections to the hadron distribution function (�f
of the shear and of the bulk). Nevertheless, there still

seems to be room for improvement at lower pT in our
description of identified hadron vn{2}. We note that the
bulk viscosity significantly a↵ects the entire pT range of
vn(pT), mainly via the o↵-equilibrium correction to the
distribution function �f .

Estimate of the impact of the systematic 
error of η/s(T): shift the whole function in 
order to have the minimum at 0.08
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surement, we observe that the results of the simulation
tend to underestimate the vn{2}(pT) coe�cients in the
low transverse momentum region, where the majority of
particles is produced, while a better description of the
experimental measurements is observed for the pT larger
than 1 GeV/c. However a better description of the mea-
surements is observed in the 5% most central collisions
with respect to the peripheral case.

Together with studying and predicting the flow observ-
ables for charged hadrons, it is important to check the pT
spectra of identified hadrons (pions, kaons and protons)
since they also reflect the radial flow of the expanding
system. Fig. 4 shows the results of pions, kaons, and pro-
tons as a function of pT. In the top left panel the invari-
ant yield results for the 5% most central Pb–Pb collisions
are shown, while the yields for the 30–40% centrality in-
terval are shown in the top right plot. The calculations,
including the hadronic rescattering, agree reasonably well
with measurements. A tension with data appears, and
increases slightly in more peripheral centralities, espe-
cially for kaons and for low pT pions. The better agree-
ment of the protons with respect to the other hadron
species is an additional indication that heavier particles
show a large sensitivity to the radial flow introduced by
the hadronic rescattering and BB̄ annihilation in UrQMD
phase; the low pT region of the spectra is reduced in the
transport phase with the consequence of shifting more
protons to higher pT. The left and right bottom panels
of Fig. 4 show the di↵erential flow harmonics v2{2}(pT)
for pions, kaons, and protons in 0–5% and 30–40% Pb–
Pb collisions at 2.76 TeV compared with measurements
by ALICE using the 2-particle cumulant method within
|⌘| < 0.8 [35]. The interplay of radial and elliptic flow
is expected to lead to a dependence of the pT-di↵erential
flow on the mass of the particle species. A clear mass
ordering is observed when comparing v2{2}(pT) among
di↵erent particle species. Even though the elliptic flow
around the mean–pT is well reproduced, our calculations
underestimate the v2{2}(pT) of pions and kaons at low
pT. This is due to the important role played by the out-
of-equilibrium correction from bulk viscosity and also due
to the possibly too strong shear viscosity over entropy ra-
tio, which suppress the flow coe�cients. Once more we
observe that the hadronic rescattering has a large e↵ect
on the proton v2{2}(pT). In the 30–40% centrality the
proton v2{2}(pT) is pushed to higher pT values with re-
spect to what is observed in data. The balance between
the radial and elliptic flow seems to be better described in
most central collisions, where the v2{2}(pT) for identified
hadrons is better described.

The upper (lower) panels of Fig. 5 show our calcula-
tions for the identified hadron v3{2} and v4{2} in several
centrality classes compared with the experimental mea-
surements done by ALICE [36]. Note that in the ALICE
data the residual non-flow contributions have been sub-
tracted using information from pp collisions. This is not
necessary for our calculations since the related non-flow
e↵ects are mainly from resonance decays. We observe

that the level of agreement with data is slightly worse for
v3{2} and v4{2} compared to what is observed for v2{2}.
This is because the higher harmonics, as previously ex-
plained, are more sensitive to the shear viscosity over
entropy density ratio, and they get substantially reduced
in case this transport coe�cient implemented in the sim-
ulation gets too strong. On the other hand, the overall
e↵ect of the hadronic rescattering is similar for v3{2} and
v4{2} compared to v2{2}. As expected, the usual mass
ordering is observed also for v3{2} and v4{2}.

Let us now come back to the systematic error of
⌘/s(T). As discussed in (2) the largest uncertainties in
the theoretical computations in [1, 2] mainly a↵ect the
absolute normalization of ⌘/s(T). In order to test the ef-
fect of the absolute normalisation of the ⌘/s(T), we shift
the whole curve according to

⌘/s(T ) ! ⌘/s(T ) + d , d 2 [�0.06, 0] . (7)

This covers a minimal value of 0.08, the AdS/CFT bound
[37]. Note however that the AdS/CFT value is only ob-
tained by reducing the value of ⌘/s(T) at the minimum
by a factor 1.75, which is a stretch of the systematic un-
certainty.
We first present the e↵ect of a reduced ⌘/s(T) on the

integrated charged hadron anisotropic flow coe�cients
v2,3,4{2} as a function of centrality, since those are the
observables that mainly showed a disagreement with the
experimental data, pointing to a too strong ⌘/s(T). In
Fig. 6 the results coming from the simulations, using
both the standard ⌘/s(T) (solid line) and the shifted
one (dashed line), in which the factor d was choosen to
be 0.056, are compared with the experimental measure-
ments. It is observed that with the modified ⌘/s(T) the
results of our calculations are in agreement within the
statistical uncertainties with the experimental measure-
ments by ALICE [29]. The multiplicity, the hpTi as well
as the pT-di↵erential spectra are not reported because it
is observed that those observables do not change in the
simulations, showing less sensitivity to the ⌘/s(T) with
respect to the vn{2} coe�cients.

However, it is worth to compare also the pT-di↵erential
flow harmonic coe�cients for charged hadrons and for pi-
ons, kaons and protons. In the top left panel of Fig. 7
the comparison of our calculations, using both the stan-
dard ⌘/s(T) (solid lines) and the modified one (dashed
lines), are compared with the ALICE measurements for
v2,3,4{2}(pT). The statistical uncertainties in the model
calculations are not shown in Fig. 7. Although the flow
coe�cients obtained with the modified ⌘/s(T) deviate
from the data at high pT, especially when compared with
the ALICE measurements, those results show a better
agreement with data for pT < 1 GeV/c, where most par-
ticles are produced. We next turn to identified hadron
flow coe�cients and also here we highlight that tension
with ALICE measurements is also observed at high pT for
the v2,3,4{2}(pT) of pions, kaons and protons as shown
in the right top panel for v2{2}, bottom left panel for
v3{2} and bottom right panel for v4{2}. We note that
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