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Anisotropic flow
Asymmetry in initial geometry → Final state momentum anisotropy (flow)

Introduction
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Azimuthal anisotropic flow
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Azimuthal anisotropy measurements 
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Short-range non-flow suppression
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Long-range non-flow suppression

PoS(CPOD2017)005
Beam energy dependence of the anisotropic flow coefficients vn Niseem Magdy

and then used to extract veven
1 via a simultaneous fit of v1,1 as a function of pb

T , for several selections

of pa
T with Eq. 1.2:

v1,1(pa
T, pb

T) = veven
1 (pa

T)v
even
1 (pb

T)−Cpa
T pb

T. (2.3)

Here, C ∝ 1/(⟨Mult⟩⟨p2
T ⟩) takes into account the non-flow correlations induced by a global

momentum conservation [15, 16] and ⟨Mult⟩ is the corrected mean multiplicity. For a given cen-

trality selection, the left hand side of Eq. 2.3 represents the N ×N matrix which we fit with the

right hand side using N + 1 parameters; N values of veven
1 (pT) and one additional parameter C,

accounting for the momentum conservation [17].
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Figure 1: (a) The extracted values of veven
1 vs. pT for Au+Au collisions at

√
sNN = 200 GeV. (b) A

representative set of the associated values of C vs. ⟨Mult⟩−1 from the same fits. The shaded bands represent

the systematic uncertainty.

3. Results

Representative results for veven
1 and vn≥2 for Au+Au collisions at several different collision

energies are summarized in Figs. 1, 2, 3, 4 and 5.

The values of veven
1 (pT) extracted for different centrality selections (0-10%, 20-30% and 40-

50%) are shown in Fig. 1(a). They indicate the characteristic pattern of a change from negative

veven
1 (pT) at low pT to positive veven

1 (pT) for pT > 1 GeV/c. They also show the expected increase

of veven
1 as collisions become more peripheral, in line with the expected centrality dependence of

the dipole asymmetry ε1, where ε1 ≡ |(r3eiφ )|/r3 [18, 19]. Fig. 1(b) shows the results for the

associated momentum conservation coefficients, C; they indicate the expected linear dependence

on ⟨Mult⟩−1.

Figure 2 and 3 show pT and η differential vn≥2 measurements for the centrality selection

0-40%, for a representative set of beam energies. Fig. 2 indicates a sizable dependence of the

magnitude of vn on pT and the harmonic number, n, with similar trends for each beam energy.

Figure 3 shows a similarly strong n dependence for vn≥2 but with a much weaker η dependence.

The centrality dependence of vn≥2 is shown in Fig. 4 for the same representative set of beam

energies. They indicate a weak centrality dependence for the higher harmonics, which all decrease
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Flow harmonics
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For different beam energies;
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Beam Energy Dependence of Flow Fluctuations
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cumulants [5]. The two- and four-particle cumulants allow direct access to the event-by-event flow fluctua-
tions [6].

In this work, we employ the multiparticle cumulant method [5] to measure the pT-integrated (for 0.2 <
pT < 4 GeV/c) two- and four-particle flow harmonics v2{2} and v2{4}, in collisions of U+U at

√
sNN =

193 GeV, Cu+Au at
√

sNN = 200 GeV and Au+Au at at several beam energies. These measurements are
used to gain insight on the origin of the fluctations, as well as their dependence on event-shape, system-size
and beam energy.

2. Measurements

The cumulant method is extensively discussed in Ref. [7]; its recent extension to incorporate sub-events
is discussed in Refs. [5]. In this method, a 2m-particle azimuthal correlator is constructed by averaging over
all tracks in one event then over all events [7]:

⟨⟨2m⟩⟩ = ⟨⟨ein
∑m

j=1(φ2 j−1−φ2 j)⟩⟩. (2)

The four-particle cumulants presented in this work, were obtained with the standard cumulant method with
particle weights. All quadruplets and pairs from the full acceptance of the detector, |η| < 1, are combined
as:

cn{4} = ⟨⟨4⟩⟩ − 2 ⟨⟨2⟩⟩2 (3)

To suppress non-flow contributions to the two-particle cumulants, particles were grouped into two sub-
events (a and b) with |∆η| > 0.7:

⟨⟨2⟩⟩a|b = ⟨⟨ein(φa
1−φ

b
2)⟩⟩, cn{2} = ⟨⟨2⟩⟩a|b . (4)

The flow coefficients were obtained via Eqs. 3 and 4 as:

vn{2} =
√

cn{2}, vn{4} =
4
√

−cn{4}. (5)

The ratio vn{4}/vn{2} is used to estimate the strength of the flow-fluctuations as a fraction of the measured
vn{2} harmonic. That is a large contribution from flow fluctuations result in the ratio vn{4}/vn{2} << 1.0,
while a weak influence from flow-fluctuations leads to the ratio vn{4}/vn{2} ∼ 1.

3. Results

Representative results for the ⟨Nch⟩ dependence of v2{2}, v2{4} and their ratio, v2{4}/v2{2}, are shown
in Fig. 1 for Au+Au collisions at several beam energies. Figures. 1 (a) and (b) show the characteristic
increase of both v2{2} and v2{4} with beam energy. The ratios, v2{4}/v2{2} (1 (c)), which shows a measure
of the magnitude and trend of the fluctuations, show little, if any, dependence on the beam energy. However,
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Fig. 1. Comparison of (a) v2{2} vs. ⟨Nch⟩, (b) v2{4} vs. ⟨Nch⟩ and (c) their ratio, v2{4}/v2{2}, vs. ⟨Nch⟩, for Au+Au collisions at√
sNN = 7.7, 27, 54 and 200 GeV. The bands represent model calculations for Au+Au collisions at

√
sNN = 200 GeV [4] (see text).

ü Modest dependence on centrality
ü Weak dependence on beam energy

Beam Energy Dependence of Flow Fluctuations
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Viscous coefficient

ØThe viscous coefficient shows a non-monotonic behavior 
with beam-energy

 0

 0.01

 0.02

 0.03

 0.04

 10  100

  

√sNN[GeV]

vn

Au-Au
0%--40%

v2/2
v3v4

 0.1

 0.2

 0.3

 10  100
 0.1

 0.2

 0.3

√sNN[GeV]

STAR Preliminary

βʹ ʹ

n = 3

Figure 3.
√
sNN dependence of the pT -integrated vn (left panel) and the viscous coefficient

β′′ ∝ η/s (right panel). Results are shown for 0-40% central Au+Au collisions; the shaded
lines are the systematic uncertainty.

Figures 1 and 2 show representative examples of the pT (0-40% central) and centrality
dependence of vn for

√
sNN = 200 and 14.5 GeV. These figures indicate a sizable dependence of

the magnitude of vn on pT and the harmonic number n, with similar trends for the two beam
energies shown. Similar patterns, albeit with different magnitudes, were observed for the other
beam energies. Fig. 2 further suggests a weak centrality dependence for the higher harmonics,
which all decrease with decreasing values of

√
sNN. These patterns may be related to the detailed

dependence of the viscous effects in the created medium, which serve to attenuate the magnitude
of vn.

3. Extraction of the viscous coefficient
For a given beam energy, the viscous coefficient β′′ which is related to η/s, can be estimated via
the acoustic ansatz for anisotropic flow [19, 20, 21]. That is,

vn(pT , cent)

ϵn(cent)
∝ exp(−n2β′), β′ ∝

(η/s)

RT
, (4)

where RT and ϵn are the dimensionless size and the eccentricities of the collision zone
respectively. For a given centrality, ϵn changes very slowly, if at all, with beam energy. Therefore,
Eq. 4 can be further simplified as;

v1/nn

v1/n
′

n′

∝ exp(−(n− n′)β′). (5)

or

ln(v1/nn /v1/n
′

n′ ) = − (n− n′)β′ + ln(c), (6)

where c is a constant and n ≠ n′. Since the dimensionless size RT ∝ (dN/dη)1/3 [22], Eq. 6
reduces to;

β′′ = (dN/dη)1/3 ln(v1/nn /v1/n
′

n′ ) = − a (n− n′) η/s + (dN/dη)1/3 ln(c). (7)

3
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Summary 

Comprehensive set of flow measurements were studied for 
Au+Au collision system at all BES energies with one set of cuts.

Ø The viscous coefficient shows a non-monotonic behavior with beam-energy
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