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Abstract. Relativistic heavy-ion collisions provide a unique opportunity to
study the expansion dynamics and the transport properties of the produced
strongly interacting matter. This article reviews the recent results of anisotropic
flow measurements for collision energies from

√
sNN = 200 to 2 GeV.

1 Introduction

The heavy-ion experiments at the Relativistic Heavy Ion Collider (RHIC) and the Large
Hadron Collider (LHC) have established the existence of a strongly coupled Quark Gluon
Plasma (sQGP) [1, 2], a new state of nuclear matter with partonic degrees of freedom and with
low specific shear viscosity η/s, i.e. the ratio of shear viscosity η to entropy density [3, 4].
Lattice QCD calculations [5] indicate that the quark-hadron transition is a smooth crossover at
top RHIC energies and above (small µB). The possible region of a first order phase transition
is expected at larger values of µB (lower beam energies), suggesting the existence of a critical
end point (CEP) [6]. Thus, a current strategy for experimental mapping of the QCD phase
diagram is centered on beam energy scans (BES), which sample reaction trajectories with the
broadest possible range of µB and T values. The existing BES programs include: programs
BES-I and BES-II of STAR experiment at RHIC for Au+Au collisions at

√
sNN = 3-200

GeV (collider + fixed target) [7–9] and program of NA61/SHINE fixed target experiment at
SPS for the different colliding systems (Be+Be, Ar+Sc Xe+La, Pb+Pb) at

√
sNN = 5.1-17.3

GeV [10]. The future experiments at Nuclotron-based Ion Collider fAciilty (NICA) [11] and
Facility for Antiproton and Ion Research (FAIR) [12] will explore the phase diagram at high
baryon density region.
The anisotropic flow, as manifested by the anisotropic emission of particles in the plane
transverse to the beam direction, is one of the important observable sensitive to the transport
properties of the strongly interacting matter: the equation of state (EOS), the speed of sound
(cS ) and the value of η/s [3, 4]. The azimuthal anisotropy of produced particles can be quan-
tified by the Fourier coefficients vn in the expansion of the particles azimuthal distribution as:
dN/dφ ∝ 1 +

∑
n=1 2vn cos(n(φ − Ψn)) [13–15], where n is the order of the harmonic, φ is the

azimuthal angle of particles of a given type, and Ψn is the azimuthal angle of the nth-order
event plane. The nth-order flow coefficients vn can be calculated as vn = 〈cos[n(ϕ − Ψn)]〉,
where the brackets denote an average over particles and events. In this work, we briefly
review and discuss the recent results of the measurements of directed (v1), elliptic (v2) and
triangular (v3) flow for collision energies from

√
sNN = 200 GeV (RHIC) to 2 GeV (SIS).

Elliptic (v2) and triangular (v3) are the dominant flow signals and have been studied very
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extensively both at top RHIC and LHC energies. Relativistic viscous hydrodynamics has
been successful in describing the observed v2 and v3 signals for produced particles in the
collisions of heavy-ion systems and the overall good agreement between data and model cal-
culations can be reached for small values of η/s closed to the lower conjectured bound of
1/4π [3, 4, 16]. In this model framework, the values of the coefficients vn (for pT < 3 GeV/c)
have been attributed to an eccentricity-driven hydrodynamic expansion of the plasma pro-
duced in the collision zone. That is, a finite eccentricity moment εn drives uneven pressure
gradients in- and out of the event plane ψn, and the resulting expansion leads to the anisotropic
flow of particles about this plane. The event-by-event geometric fluctuations in its initial den-
sity distribution are found to be responsible for finite elliptic flow signal v2 in the collisions
with almost zero impact parameter, and the presence of odd harmonic moments in the ini-
tial geometry εn and final momentum anisotropy vn [14, 15]. The proportionality constant
between vn and εn is found to be sensitive to the transport properties of the matter such as
as the equation of state and the specific shear viscosity η/s. The shear viscosity suppresses
higher order harmonic flow coefficients vn>2 more strongly than the elliptic flow signal v2. The
vn data at top RHIC energy and LHC seem to follow the “acoustic scaling” for anisotropic
flow, which suggests that viscous corrections to vn/εn grow exponentially as n2 and 1/(R̄T )
[17, 18, 24]:

vn(pT , cent)
εn(cent)

∝ exp
[
−n2β

′
]
, β

′

∝
η

s
1

R̄T
∝
η

s
1

(dNch/dη)1/3 , (1)

where T is the temperature, R̄ is the transverse size of the collision zone. For a given har-
monic number n, this equation indicates a characteristic linear dependence of ln(vn/εn) on
1/(R̄T ) , with a slope proportional to η/s [17, 18, 24]. The dimensionless size R̄T is ap-
proximately proportional to (dNch/dη)1/3, where dNch/dη is the charge particle multiplicity
density [25]. The recent data from STAR collaboration indicate that v2/ε2 versus (Nch)−1/3

has the same slope for charged hadrons from six different colliding systems: U+U, Au+Au,
Cu+Au, Cu+Cu, d+Au and p+Au collisions at top RHIC energy [20], see left panel of Fig. 1.
According to the “acoustic scaling” the value of this slope is proportional to η/s. The val-
idation of the scaling relations for so many different colliding systems strongly support the
hydrodynamic picture and may indicate that the value of η/s is very similar for different
systems.

Figure 1. Left: v2/ε2 versus (Nch)−1/3 for charged hadrons from U+U, Au+Au, Cu+Au, Cu+Cu, d+Au
and p+Au collisions at top RHIC energy. The picture with STAR data was taken from [20]. The dotted
line represents an exponential fit to the data with Eq.1. Right: STAR data for

√
sNN dependence of veven

1
and v3 for charged hadrons with 0.4 < pT < 0.7 GeV/c in 0-10% central Au+Au collisions [19]
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There are two components in directed flow v1(y) = vodd
1 (y)+veven

1 (y) [19, 22]. Rapidity-odd
component of directed flow vodd

1 is the first harmonic coefficient in the Fourier expansion of
the final-state azimuthal distribution of particles relative to the reaction plane (a plane defined
by the impact parameter vector and the beam direction) and describes a collective sideward
motion of emitted particles vodd

1 (y) = −vodd
1 (−y). In symmetric collisions, such as Au+Au, the

rapidity-even component veven
1 (veven

1 (y) = veven
1 (−y)) arises from event-by-event fluctuations in

the initial nuclei and it is proportional to the fluctuations-driven dipole asymmetry ε1 of the
system [21]. Similar to v2 and v3 the magnitude of veven

1 is sensitive to η/s. The excitation
functions for veven

1 and v3 of charged hadrons from 0-10% central Au+Au collisions are shown
in the right panel of Fig. 1. The results were obtained by STAR experiment during the BES-I
scan at RHIC [19]. The veven

1 data were reflected about zero to facilitate a comparison of
the magnitudes. The comparison indicates very similar magnitudes and

√
sNN dependence

for |veven
1 | and v3. Both signals decrease with decreasing

√
sNN. The excitation functions of

veven
1 and v3 are expected to provide new experimental input to ongoing theoretical efforts to

discern between different initial-state models and make precision extractions of η/s(T ) [19].

2 Directed flow

The search for the predicted first-order phase transition between hadronic and QGP phases
is one of the goals of the present beam energy scan programs at RHIC and SPS [7, 8]. Such
a transition can also be characterized by a dramatic drop in the pressure, or a softening of
the Equation of State (EOS) [32]. The signals like anisotropic flow are very promising due
to their sensitivity to EOS. The rapidity-odd component of directed flow (vodd

1 ) can probe the
very early stages of the collision as it is generated during the passage time of the two collid-
ing nuclei tpass = 2R/(γsβs), where R is the radius of the nucleus at rest, βs is the spectator
velocity in c.m. and γs the corresponding Lorentz factor, respectively. Both hydrodynamic
and transport model calculations indicate that the directed flow of charged particles, espe-
cially baryons at midrapidity, is very sensitive to the equation of state [31, 32]. The slope of
the rapidity dependence dv1/dy close to mid-rapidity is a convenient way to characterize the
overall magnitude of the rapidity-odd component of directed flow signal [22]. A minimum in
dv1/dy in the midrapidity region (y ∼ 0) could be related to the softening of equation-of-state
due to the first order phase transition between hadronic matter and QGP [7, 8, 22, 31, 32].
The recent directed flow results from the STAR BES-I program at RHIC (

√
sNN = 7.7 − 200

GeV) seem to support this prediction, both protons and Λ hyperons dv1/dy show a minimum
around

√
sNN=10-20 GeV [28], see left panel of Fig. 2. In general, the assumption of purely

hadronic physics is disfavored by the comparison of experimental dv1/dy results and predic-
tions from current state-of-the-art models [7, 22, 28]. However, all current models are not
able to reproduce the basic trends of

√
sNN dependence of baryon dv1/dy-slope reported by

STAR experiment. Thus, further progress in the area of model calculations of v1(y) is needed.
On the experimental side, one need to perform high-statistics differential measurements of v1
as a function of centrality, pT , rapidity for different particle species. The statistics achieved in
RHIC BES-I allow to focus the analysis dv1/dy only on a single wide centrality bin 10-40%,
see right panel of Fig. 2. The upper green curve in this panel shows the approximate upper
bound of the measured dv1/dy range for protons in central collisions (0–10%), and the lower
green curve shows the approximate lower bound for peripheral collisions (60–80%). These
bounds based on the preliminary STAR results [37, 42] and they indicate a remarkably strong
centrality dependence. Moreover, for low energies the dv1/dy slope for protons changes sign
as a function of centrality. All these high-statistics measurements of v1 will possible when
STAR BES-II data become available.
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Figure 2. Left: STAR results for the beam energy dependence of the slope of rapidity-odd dv1/dy
near mid-rapidity for protons, anti-protons, Λ, Λ̄ and φ mesons from mid-central (10-40%) Au+Au
collisions. Figure is taken from [28]. Right: Expected centrality dependence for proton dv1/dy near
midrapidity for Au+Au collisions (green lines) based on STAR preliminary data from BES-I program.
Figure is taken from [42]

The program of NA61/SHINE fixed target experiment at SPS(CERN) allows to perform
the beam energy scan for different colliding systems (Be+Be, Ar+Sc Xe+La, Pb+Pb) in the
energy range of 13-150A GeV/c (

√
sNN = 5.1-17.3 GeV). This also allows one to extend the

flow measurements carried out by STAR RHIC beam energy scan (BES) program to a wide
rapidity range, extending up to the forward region where projectile nucleon spectators ap-
pear. Fig. 3(left) shows the preliminary data of NA61/SHINE collaboration for the centrality
dependence of dv1/dy near midrapidity for protons and charged pions from Pb+Pb collisions
at 30 AGeV (

√
sNN=7.65 GeV). The data show that centrality dependence of dv1/dy is very

strong and dv1/dy for protons is changing sign as a function of centrality. The right panel of
Fig. 3 shows the pT dependence of v1 of protons and charged pions (π+ and π−) from 15-35%
central Pb+Pb collisions at 30 AGeV [10].
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Figure 3. Left: Centrality dependence for dv1/dy near midrapidity for protons and charged pions from
Pb+Pb collisions at 30 AGeV (

√
sNN=7.65 GeV). Right: pT dependence of v1 of protons and charged

pions (π+ and π−) from 15-35% central Pb+Pb collisions at 30 AGeV (
√

sNN=7.65 GeV). [10]
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3 Elliptic flow

The elliptic flow v2 is one of the most extensively studied observable in relativistic nucleus-
nucleus collisions and was measured in different experiments in the last three decades.
However, the high-statistics differential measurements of v2 as a function of centrality,
pT , rapidity for different particle species are available only at two beam energy domains:
RHIC/LHC (

√
sNN = 30-5200 GeV) and SIS (

√
sNN = 1 − 2 GeV). At the moment for the

beam energy range from
√

sNN = 2 to 62.4 GeV one can plot the excitation function for
differential elliptic flow v2(pT ) only for protons from midcentral Au+Au collisions. This is
shown in the left panel of Fig. 4, where the v2(pT ) data from three different experiments:
FOPI (SIS) [23], E895 (AGS) [33] and STAR (RHIC) [36] are presented. We emphasize,
however, that the available data are not derived under the same experimental conditions.
The differences include: a) different methods for flow measurements, b) different rapidity
coverage and c) different centrality selection: FOPI (15-29%), E895 (12-25%) and STAR
(10-40%). According to the STAR BES-I data v2(pT ) for protons changes relatively little as
a function of beam energy in the range

√
sNN = 11.5 - 62.4 GeV. According to the hybrid

transport + viscous hydrodynamics approach such v2(pT ) behavior may result from the
interplay of the hydrodynamic and hadronic transport phase [39]. The calculations show that
the hydrodynamically produced v2 does vanish at low collision energies

√
sNN = 5 - 7.7 GeV.

However, the transport dynamics become more important at lower energies and are able to
compensate for the reduction of hydrodynamically produced v2 flow [39, 41].
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Figure 4. Left: Excitation function of differential elliptic flow v2(pT ) of protons from mid-central
Au+Au collisions at energies from

√
sNN= 2 to 62.4 GeV. Data are taken from References: FOPI [23],

E895 [33] and STAR [36]. Right: Excitation function of integral v2 for nucleons in midcentral Au+Au
collisions (4.6 < b < 9.4 fm) from hadronic transport model JAM [30] with first-order phase transition
and mean-field simulations with (closed symbols) and without spectator interactions (open symbols).
Figure is taken from [30]

At lower beam energies
√

sNN < 11 GeV, shadowing effects by the spectator matter play
an important role for the generation of elliptic flow. In the energy range

√
sNN = 11.5 − 2

GeV, the passage time tpass increases from 2 fm/c to 16 fm/c. Right panel of Fig. 4 summa-
rizes the effect of spectator shadowing on the elliptic flow of nucleons at midrapidity as a
function of beam energy. The results were obtained using the hadronic transport model JAM
[30] for mean-field simulation as well as simulations with a first-order phase transition. For
a broad range of beam energies (

√
sNN = 2 − 7 GeV), the elliptic flow results can be under-

stood in terms of a delicate balance between (i) the ability of pressure developed early in the
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reaction zone, to effect a rapid transverse expansion of nuclear matter, and (ii) the passage
time tpass for removal of the shadowing of participant hadrons by the projectile and target
spectators [29, 30, 33]. The characteristic time for the development of expansion perpendic-
ular to the reaction plane is ∼ R/cs, where the speed of sound cs =

√
∂P/∂ε, R is the nuclear

radius, P is the pressure and ε is the energy density [29, 33]. If the passage time tpass is long
compared to the expansion time, spectator nucleons serve to block the path of participant
hadrons emitted toward the reaction plane, and nuclear matter is squeezed-out perpendicu-
lar to this plane giving rise to negative elliptic flow (v2 < 0). The squeeze-out contribution
should then reflect the ratio cs/ (γ0β0). This is put into evidence in left panel of Fig. 5 where
the differential elliptic flow values v2(pT ) for protons from FOPI experiment, shown for beam
energies of Elab = 0.6, 0.8, 1.0, 1.2 and 1.49 AGeV in Fig. 4, are plotted as a function of the
normalized center-of-mass (c.m.) transverse momentum (per nucleon) p0

T = pT /mp · (γ0β0)=
tpass ∗ pT /mp. The rather good scaling observed suggest that cs does not change significantly
over beam energy range 0.6 - 1.5 AGeV.

❑ IQMD-HM

∆ IQMD-SM

-0.5 0.0 0.5

y0

-0.04

0.00

0.04

0.08

-v
2

IQMD-HM

IQMD-SM

● FOPI

-0.5 0.0 0.5

y0

Au+Au 1.2A GeV  0.25<b0<0.45  protons

Figure 5. Left: Excitation function of differential elliptic flow v2(p0
T ) of protons from mid-central

Au+Au collisions (Elab = 0.6, 0.8, 1.2, 1.45 AGeV), where p0
T is the normalized center-of-mass (c.m.)

transverse momentum (per nucleon). This is the same data points from FOPI experiment [23], plotted in
the left panel of Fig. 4. The figure is taken from [23]. Right: IQMD model calculations (open symbols)
for a hard (HM) and a soft (SM) EoS for elliptic flow signal -v2 of protons as a function of the normalized
rapidity y0 for mid-central Au+Au collisions at Elab=1.2 AGeV. Lines show the fit results assuming a
quadratic dependence v2(y0) = v20 + v22∆y

2
0. The obtained fit results (lines) in comparison with the

experimental data (closed symbols) measured with the FOPI experiment (GSI) [46]. The figures are
taken from [47]

The elliptic flow at SIS energies (0.4 < Elab < 1.5 AGeV or
√

sNN = 1 − 2.5 GeV) is
sensitive to the mean field and to the equation of state. Consequently, comparisons of results
of high-statistics differential measurements of v2 to model calculations can provide important
constraints for the EOS. Such comparisons have been carried out for the beam energy range
0.4 < Elab < 1.49 AGeV using the data from FOPI experiment at SIS [47]. The precision
in interpreting the measured high-statistics differential v2 data has been demonstrated by the
FOPI Collaboration [46, 47]. In contrast to previous work [23], they used not only protons,
but also two- and three-nucleon clusters that are emitted in Au + Au collisions at 0.4 <
Elab < 1.49 AGeV and that have larger flow signals than single nucleons [47]. They used not
only the mid-rapidity data [23], but explored the strong dependence of v2 on rapidity [46].

As an example the closed symbols on the right panel of Fig. 5 show the FOPI data for
elliptic flow signal -v2 of protons as a function of the normalized rapidity y0 (rapidity nor-
malized to the projectile rapidity in the c.m. system) for mid-central Au+Au collisions at
Elab = 1.2 AGeV. The data shows that elliptic flow v2 as a function of rapidity y0 can be well

, 0 (201E Web of Conferences https://doi.org/10.1051/e onf /201920403009PJ pjc9)204
Baldin ISHEPP XXIV

030 9 

6



❑ HM

▲ SM

● FOPI

Au+Au

protons

0.4 0.6 0.8 1.0 1.2 1.4 1.6

0.05

0.10

0.15

0.20

0.25

0.30

❑ HM

▲ SM

● FOPI

Au+Au

tritons

0.4 0.6 0.8 1.0 1.2 1.4 1.6

0.2

0.4

0.6

0.8

1.0

❑ HM

▲ SM

● FOPI

Au+Au

deuterons

0.4 0.6 0.8 1.0 1.2 1.4 1.6

0.2

0.4

0.6

❑ HM

▲ SM

● FOPI

Au+Au

3He

0.4 0.6 0.8 1.0 1.2 1.4 1.6

0.2

0.4

0.6

0.8

1.0

1.2

beam energy (A GeV)

 0.25<b0<0.45  ut0>0.4

v
2
n
(0

.8
)

Figure 6. Elliptic flow parameter v2n for protons, deuterons, tritons and 3He as function of incident
beam energy for FOPI experimental data and IQMD model calculations. The figure is taken from [47]

described by a quadratic fit v2 = v20 + v22 · y
2
0. The open symbols show the results of Isospin

Quantum Molecular Dynamics (IQMD) model calculations for a hard (HM) and a soft (SM)
EoS [47]. They introduced the new quantity v2n defined by v2n = |v20|+ |v22|, which combines
the information contained in the amplitude and the rapidity dependence of v2. The value of
v2n was found to be very sensitive to the incompressibility K0 and the in-medium nucleon-
nucleon cross section [47]. Fig. 6 presents the v2n value for protons, deuterons, tritons and
3He as function of incident beam energy for FOPI experimental data and IQMD model cal-
culations. The dependence of v2n on the incident energy in the interval 0.4 to 1.5 AGeV
covered by FOPI is fairly flat. This supports the previous conclusion based on the passage
time scaling, that cs does not change significantly over beam energy range 0.6 - 1.5 AGeV.
The discriminating power of new variable v2n between the soft and stiff parametrizations of
the symmetric-matter EoS looks very convincing [47].

4 Triangular flow

Similar to directed flow [22] one may expect to observe two components in triangular flow
v3(y) = vodd

3 (y) + veven
3 (y). The rapidity-even component veven

3 (veven
3 (y) = veven

3 (−y)) arises
from event-by-event fluctuations in the initial nuclei and it is proportional to the fluctuations-
driven ε3 of the system. According to hybrid transport + viscous hydrodynamics model
calculations [39] the rapidity-even component veven

3 is expected to be more sensitive to the
viscous damping (than v2) and might be an ideal observable to probe the formation of a QGP
and the pressure gradients in the early plasma phase [39, 41]. The calculations show that the
hydrodynamically produced veven

3 does vanish at low collision energies
√

sNN = 5 - 7.7 GeV
and there is no veven

3 signal generated by the transport dynamics in the hadronic phase [39, 41].

These conclusions [39] are supported by the STAR measurements of v2
3{2} for charged

hadrons based on BES-I RHIC data. Fig. 7 left shows the variation of v2
3{2} for charged

hadrons produced at mid-rapidity from 7.7 GeV up to 2.76 TeV for different bins in collision
centrality [38]. At low energies

√
sNN < 14.5 GeV, the v2

3{2} become consistent with zero
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Figure 7. Left: The variation of v2
3{2} for charged hadrons produced at mid-rapidity from 7.7 GeV

up to 2.76 TeV [34] for different bins in collision centrality. The figure is taken from [38] Right:
Quark-number (nq) scaled triangular flow, v3/n

3/2
q versus (mT − m0)/nq, for charged pions, kaons and

(anti)protons emerged from 0-80% central Au+Au collisions at
√

sNN = 200 GeV (top panels) and at
√

sNN = 39 GeV (bottom panels). The left panels represent the results for particles and right panels for
anti-particles. The figure is taken from [40]

in 50-60% peripheral collisions. This result is consistent with the idea of absence of a low
viscosity QGP phase in low energy peripheral collisions [39]. For more central collisions, the
values of v2

3{2} are positive and change little from 19.6 GeV to 7.7 GeV. For the energies above
19.6 GeV, the values of v2

3{2} linearly increase with the log(
√

sNN) for all bins in collision
centrality [38]. Fig. 7 right shows the preliminary data from STAR collaboration for v3 of
identified charged hadrons from Au+Au collisions at

√
sNN = 200 GeV (upper panels) and

39 GeV (lower panels) [40]. The left panels represent the results for particles and right panels
for anti-particles. For 200 GeV the measured v3 values follow the v3/n

3/2
q versus (mT −m0)/nq

scaling. However, for 39 GeV data one can see that the scaling is not so perfect.

a) b)

STAR  Preliminary

Figure 8. √sNN dependence of the pT -integrated vn (left panel) and the estimated viscous coefficient
β” ∝ η/s (right panel). Results are shown for 0-40% central Au+Au collisions; the shaded lines are the
systematic uncertainty. The figure is taken from [24]
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The left panel of Fig. 8 shows the preliminary STAR data for the
√

sNN dependence
of the pT integrated vn of charged hadrons from 0-40% central Au+Au collisions [24]. It
shows an essentially monotonic trend for v2, v3 and v4 with

√
sNN as might be expected

for a temperature increase as
√

sNN increases [24]. The same authors applied the “acoustic
scaling” to vn data in order to estimate the

√
sNN dependence of η/s. Using the observa-

tion that εn changes very slowly with beam energy and the measurements for two differ-
ent harmonicsn and n

′

(n , n
′

) the Eq.1 can be simplified [24] to the viscous coefficient
β” ∝ (η/s) ∝ (dNch/dη)1/3ln(v1/n

n /v1/n
′

n′
). The right panel of Fig. 8 shows the

√
sNN depen-

dence of the viscous parameter β” extracted from the ln(v1/3
3 /v1/2

2 ) and ln(v1/4
4 /v1/2

2 ) results
from the left panel of Fig. 8. In contrast to vn, the excitation function of the viscous pa-
rameter β” shows a non-monotonic behavior over the same beam energy range. A similar
non-monotonic trend for η/s has been observed in the hybrid viscous hydrodynamical calcu-
lations [41], tuned to describe the STAR BES-I v2 data.
At low beam energies available at SIS (

√
sNN=1-2.5 GeV) one clearly see the rapidity-odd

component of vodd
3 (y) (vodd

3 (y) = −vodd
3 (−y)). As an example Fig. 9 shows the results of

HADES experiment at SIS for triangular flow (v3) of protons in semi-central (20 − 30 %)
Au+Au collisions at Elab=1.23 AGeV (

√
sNN =2.3 GeV)[45]. The right panel of Fig. 9 shows

the vodd
3 of protons as a function of pT in the rapidity interval −0.45 < ycm < −0.35 together

with UrQMD 3.4 model simulations with two parametrization of EoS [48]. The discriminat-
ing power of vodd

3 between the soft and stiff parametrizations of the symmetric-matter EoS
looks very convincing [48].

0.6− 0.4− 0.2− 0 0.2 0.4 0.6
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p1        0.001435± 0.06554 
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UrQMD b=6-9 fm
EoS A
EoS B

Figure 9. Left: HADES results for triangular flow (vodd
3 ) of protons in semi-central (20− 30 %) Au+Au

collisions at 1.23 AGeV as a function of the centre-of-mass rapidity ycm for different bins in transverse
momentum as indicated. Right: vodd

3 of protons as a function of pT in the rapidity interval −0.45 <

ycm < −0.35 together with UrQMD 3.4 model simulations with two parametrization of EoS [48]. The
figures are taken from [45]

Summary

In this article, we briefly reviewed the recent results of the measurements of directed (v1),
elliptic (v2) and triangular (v3) flow for collision energies from

√
sNN = 200 GeV (RHIC)

to 2 GeV (SIS). The measured vn values are found to be sensitive to transport properties of
the strongly interacting matter: the equation of state (EOS), the speed of sound (cS ) and the

, 0 (201E Web of Conferences https://doi.org/10.1051/e onf /201920403009PJ pjc9)204
Baldin ISHEPP XXIV

030 9 

9



value of η/s. However, in order the transport properties of the strongly interacting matter
as a function of the temperature T and baryon chemical potential µB further progress in the
area of model calculations of vn is needed. On the experimental side, one need new high-
statistics differential measurements of vn as a function of centrality, pT , rapidity for different
particle species in the high baryon density region

√
sNN = 2 − 11 GeV. The results of such

measurements will be available soon from STAR experiment at RHIC (BES-II program),
BM@N and MPD experiments at NICA [11] and CBM experiment at FAIR [12].
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