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Abstract

We present measurements of the elliptig)(Mriangular () and quadrangular gy anisotropic az-
imuthal flow over a wide range of pseudorapiditie(5 < n <5). The measurements are performed
with Pb—Pb collisions a{/syv = 2.76 TeV using the ALICE detector at the Large Hadron Collider
(LHC). The flow harmonics are obtained using two- and foutipi@ correlations from nine differ-
ent centrality intervals covering central to peripherdlisions. We find that the shape ofin) is
largely independent of centrality for the flow harmonics: 2 — 4, however the higher harmonics
fall off more steeply with increasinfg;|. We assess the validity of extended longitudinal scaling of
V2 by comparing to lower energy measurements, and find thatigheehharmonic flow coefficients
are proportional to the charged particle densities at tapgeudorapidities. Finally, we compare
our measurements to both hydrodynamical and transportisyadte find they both have challenges
when it comes to describing our data.
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Pseudorapidity dependence of the anisotropic flow ALICHdbalration

1 Introduction

The main goal of the heavy-ion physics program at the LargdrétaCollider (LHC) is to study the
quark-gluon plasma (QGP), a deconfined state of matterirgxiat extreme temperatures and energy-
densities. Experimental results from RHIC were the firstuggest that the QGP behaves as a nearly
perfect fluid [1+-4]. A particularly important observable evhcharacterizing the QGP is anisotropic
azimuthal flow. The anisotropic flow develops from pressueglignts originating from the initial spatial
geometry of a collision and is observed as a momentum aasoin the final-state particles. It is usually
described by flow harmonics, which are defined as the Fourigfficients:

Vi = (cos[n(¢ — Wp)]), 1)

wheren is the order of the flow harmonid@, is the azimuthal angle and, is the symmetry plane angle
of harmonicn. The first three Fourier coefficientsg,w», and g are known as directed, elliptic and
triangular flow, respectively. The flow harmonicste vg have been studied extensively at RHIC|[1-7]
and the LHCI[B=17]. The observed anisotropic flow is considdo be a strong indication of collectivity
[1&€] and is described well by relativistic hydrodynamic§].1

Anisotropic flow studies at RHIC played a major role in egtidhg that the produced system is a
strongly interacting quark-gluon plasma (sQGR)_[1-4] vétkshear viscosity to entropy density ratio
(n/s) close to the conjectured lower limit of/ (47 predicted by the AdS/CFT correspondence [20].
The fact that higher order harmonics are increasingly ssgg@d by viscosity [21] makes it possible to
use anisotropic flow measurements to estimatejtfeof the produced systern [22,123].

The pseudorapidityr() dependence of the flow harmonics can play a key role in utateting the tem-
perature dependence pf's, something that can be determined using Quantum ChromadgagQCD)
[24-26]. At forward rapidities, the average temperatur@drwhich implies /s will also change. In
addition, the lower temperatures at forward rapidities mib@ system will spend less time in the QGP
phase leading to the hadronic viscosity playing a greateriroaffecting the flow harmonics [26, 127].
Recently, it has been suggested that the symmetry planesanily depend on [26-+30]. While this
effect is not directly studied in this Letter, consideritgtt the reference particles are taken from mid-
rapidity, the measured values of anisotropy coefficientfoatard rapidity will be suppressed if the
symmetry-plane angles fluctuate with

At RHIC, the PHOBOS experiment reported the pseudorapiifyendence of elliptic flow over a wide
range (5.0 < n < 5.3) and variety of collision energies [31-+33], and systenesi84]. It was found
that in the rest frame of one of the colliding nuclgi € ypean), V2 is energy independent. This feature
was also observed in multiplicity density distributiondg [B6] and for y [37]. This suggests that at
forward rapidity, in the fragmentation region, particleguction is independent of the collision energy,
an effect known as extended longitudinal scaling.

In this Letter, we present measurements Hfig, and v over a wide pseudorapidity range3.5< n <
5.0) in Pb—Pb collisions a}/syn = 2.76 TeV using the ALICE detector. At the LHC, the pseudorapidi
dependence of the flow harmonics has already been reportédlbdsS [12,38] and CMS|[13, 16] in
a limited n-range (n| < 2.5 and|n| < 2.4, respectively). The extended longitudinal scaling haanbe
shown to hold for multiplicity densities [39] and directedvil [15], and appears to occur for elliptic
flow [13,[38]. Here, tha)-range is extended considerably compared to the formeltsemud we will
investigate whether the extended longitudinal scalindligtie flow continues to hold. We will compare
our data to hydrodynamical and transport models, and ilgagst the decrease of,vn the forward
regions relative to N¢/dn.
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2 Experimental setup

A detailed description of the ALICE detector is availablgesthere [40]. In this section, the sub-detectors
used in this analysis are described: the VO detector, thee Rnojection Chamber (TPC), the Inner
Tracking System (ITS) and the Forward Multiplicity Detact&MD). The VO detector consists of 2
arrays of scintillators located on opposite sides of theramtion point (IP) along the beam line. The
detector has full azimuthal coverage in the ranges.®&2n < 5.1 (V0-A) and—3.7 < n < —-1.7 (VO-

C) [41]. The detector acts as an online trigger and, witheitgd coverage, as a centrality estimator.

Charged particle tracks are reconstructed using the TP&ga ITime Projection Chamber [42]. The
detector can provide position and momentum informationtiétas that traverse the TPC volume leave
ionization trails that drift towards the endcaps, wherg/tame detected. Full length tracks can be re-
constructed in the randg| < 0.8. For this analysis, a transverse momentum range2&0pr < 5.0
GeV/cwas used. To ensure good track quality, the tracks are estjtarhave at least 70 reconstructed
TPC space points (cluster) out of 159 possible and an aveyager TPC cluster< 4. In addition,

to reduce contamination from secondary particles (weakydeor interactions with material), a cut on
the distance of closest approach (DCA) between the tracktangrimary vertex is applied both in the
transverse plane (DG4 < 2.4 cm) and on the-coordinate (DCA < 3.2 cm).

The ITS is made up of six cylindrical concentric silicon leyéivided into three sub-systems, the Sili-
con Pixel Detector (SPD), the Silicon Drift Detector (SDDdahe Silicon Strip Detector (SSD), each
consisting of two layers [40]. ITS clusters can be combinéti the TPC information to improve track
resolution. The SPD has additional applicatians [40]. thiré is used to estimate the primary vertex
as it is located close to the beam pipe. Secondly, clusters the SPD inner layer, which consists of
3.3 x 1P pixels of size 50< 425 um?, are used to estimate the number of charged particles iratiger
In| <2.0.

The FMD consists of five silicon rings, providing a pseudad#y coverage in the ranges3.5 < n <
—1.7 and 17 < n < 5.0 [43]. The rings are single-layer detectors and only cldhyggticle hits, not
tracks, are measured. This means that primary and secopdgigles cannot be distinguished. There
are two types of FMD rings: inner ring and outer rings. Inregs have 512 radial strips each covering
18 in azimuth and outer rings have 256 radial strips each coge¥i in azimuth. The charged particle
estimation in the FMD is described in more detail elsewh8€3.[ The inner layer of the SPD and the
five FMD rings allow one to measure charged particle hits értinge-3.5 < n < 5.0.

3 Data sample and analysis details

We analysed 10 million minimum bias Pb—Pb collisiong/@n = 2.76 TeV. The sample was recorded
during the first LHC heavy-ion data-taking period in 2010. Aimume-bias trigger requiring a coinci-
dence between the signals from VO-A and VO-C was used. Irtiaddit is required that the primary
vertex, determined by the SPD, be wittig| < 10.0 cm, where y= 0 cm is the location of the nominal
interaction position. The measurements are grouped aogotal fractions of the inelastic cross section,
and cover the 80% most central collisions. The VO detectaséd for the centrality estimate which is
described in more detail elsewhere![44]. For the most cetatithe most peripheral events, the VO has a
centrality resolution of % to 2%, respectively.

The flow harmonics are estimated using the Q-cumulants rdd#&g] for two- and four-particle corre-
lations, denoted as\y2} and {4} respectively. The two- and four-particle cumulants respdiffer-
ently to flow fluctuations. The two-particle cumulants aréamced, while four-particle cumulants are
suppressed. At forward rapidities, the pseudorapiditysitietis relatively low. This means that it is not
always possible to get statistically significant resultsigionly particles from a small region in. To
circumvent this using the Q-cumulants method, the referdloev measurement is performed using the
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charged patrticle tracks from the TPC, where the correlat@nmid-rapidity are measured. As a sys-
tematic check, the charged particle tracks using a combmaf the TPC and ITS are also used. Then,
for the vy(n) analysis, the correlations between charged particle fiiisn(the SPD or FMD) and the
tracks are measured ip-bins Q5 units of pseudorapidity wide. To avoid autocorrelatioesneen the
SPD clusters and tracks, the tracks for the reference [esrtice located in a differemt-region than the
SPD hits. Effectively, for SPD hits with < 0O, tracks are required to have> 0 and vice versa. Due
to the use of particle hits, only ther-integrated flow is measured. Thedistribution for the SPD or
FMD clusters is not uniform, therefore a non-uniform acaepe correction is applied based on relations
derived elsewhere [46].

As the inner rings of the FMD have only 20 azimuthal segmetts flow harmonics are slightly sup-
pressed. The effect of this was recently calculated [47]fandd to be 16%, 37% and 65% for v,

vz and v respectively. This suppression is taken into account irfitred results. When using charged
particle hits it is not possible to distinguish secondargtiples (from material interactions and decays)
from primary particles. For the regions covered by the SBRB contamination from secondary particles
is small < 10%), as the inner layer of the SPD is very close to the beam piway from mid-rapidity,

in the FMD, dense material such as cooling tubes and readatl¢s cause a very large production of
secondary particles - up to twice the number of primary plagiaccording to Monte Carlo (MC) studies.
These secondary particles are deflectedl iith respect to the mother particle, which causes a reductio
in the observed flow. The reduction of flow caused by the seamgrmhrticles is estimated using an event
generator containing particle yields, ratios, momentuatsp and flow coefficients, which are then sub-
ject to a full detector simulation using GEANT3 [48]. To makere that the correction is not model
dependent, the AMPT MC event generator [49, 50] is used asdmpéendent input, with GEANT3 again
used to model the detector response. Using these simudatioa reduction is found to be larger for
higher harmonics, up to 41% fogpv

Few-particle correlations, not originating from the iaitgeometry termed non-flow (decays, jets, etc.),
enhance the two-particle cumulant measurements. The aarctintribution to the four-particle cumu-
lant is found to be negligible [45, 51], however, it is ne@gggo apply a correction to the two-particle
cumulant. In the FMD and SPD, there is also a non-flow contibbhurom secondary particles, as they
are sometimes produced in pairs. For the differential flovmsneement, there is a rapidity-gap between
the charged patrticle hits and the charged particle traaksthieé SPD, it is between 0 and 2 units in pseu-
dorapidity, while for the FMD it is between 0.9 and 4.2 unitgoseudorapidity. The large rapidity gap
suppresses the non-flow contribution at forward rapiditgwiever, at mid-rapidities, this contribution is
non-negligible and needs appropriate corrections. Forafegence flow measurement there is no rapid-
ity gap, and non-flow removal is important. For this analydie non-flow contributions are estimated
using the HIJING event generator [52] and GEANT3 for the detesimulation. The non-flow contri-
bution is estimated and subtracted separately for theenederand differential flow, before the correction
for the deflection of secondary particles is applied and thestimates are derived.

4 Systematic uncertainties

Numerous sources of systematic uncertainty were invastigancluding effects due to detector cuts,
choice of reference particles and uncertainties relatdlesecondary particle correction. Four major
contributors to the systematic uncertainty were identifib@ choice of reference tracks, the model de-
pendence of the secondary particle correction, the defgripf the detector used for the simulations,
and finally the non-flow correction. As the non-flow contribatto the four-particle cumulant is negli-
gible, only the first three systematic uncertainties aresiclamed for y{4}. The systematic uncertainties
assigned to each of the sources are shown in Table 1, andsamébael in more detail below.

The dependence of the differential flow on the referencé&s$ra@s tested by using tracks with combined
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Source v{2} v3{2} wva{2} vo{4}
Reference particle tracks 2-4%  2-4% 2-6% 2-4%
Model dependence 5% 5% 7% 5%
Material budget 3-4% 3-4% 3-4% 3-4%
Non-flow correction 2-10% 2-10% 2-10% -
Total 6-12% 6-13% 6-14% 6-8%

Table 1: List of the systematic uncertainties for each observable.

information from the TPC and ITS, rather than tracks withyorPC information. The systematic uncer-
tainty from the choice of reference tracks was found to viaghsy with centrality, with the most central
events having the largest uncertainty. To test the modedriignce of secondary particle production,
the correction from the toy-model described above is corthbtr the one derived from AMPT tuned to
LHC data. Both the secondary particle correction and theftmm correction derived from HIJING are
sensitive to inaccuracies in the description of the detacded for the simulation. To test this sensitivity,
the output of two HIJING simulations with a flow afterburnene with+7% material density and one
with —7% material density, are compared to the output from havargal material density. In this case
the systematic uncertainty has a smpdlependence, as there are significantly fewer secondatiglpar
at mid-rapidity. The 3% uncertainty is applicable to the SRBile the 4% uncertainty is applicable to
the FMD.

We assessed the systematic uncertainty associated withotiilow correction in two ways. Firstly,
following another method proposed to subtract non-flow [H#8 two-particle cumulants were obtained
from minimum bias pp collisions, where it is assumed thatetig negligible anisotropic flow. The pp
reference and differential cumulants are then rescaledrdicg to their multiplicity,M, using the ratio
MPP/MCeNt then subtracted from the corresponding A-A cumulants. diffgrences found between this
method and the default HIJING method are treated as systeaoratertainties. Secondly, by using only
charged particle hits from the SPD and FMD, it is possibledstruct a two-particle cumulant with a
large rapidity-gap, ¥ 2, |An| > 2.0}, which largely removes all non-flow contributions. Unfarately,
this observable is statistically stable only ferand s, so it is used as a further cross check. In Table 1,
the 2% uncertainties correspond to mid-central collisiwhgre the ratio of flow to non-flow is largest,
while the 10% uncertainties correspond to very central arg peripheral collisions where the ratio
of flow to non-flow is smallest. Finally, we used the AMPT mo{#d, 50] to investigate if there are
differences betweennyn) and w(y), asn is supposed to approximate We found there are 15%
differences in the flow coefficients at mid-rapidity, whidduced to 0% fon > 2. We did not assign
any systematic uncertainties due to these differencesegaamavexplicitly reporting measurements as a
function ofnp (as in the case ofidy,/dn measurements).

The systematic uncertainty assigned to the non-flow cooreds the largest contributor to the total
systematic uncertainty, except fos{¥} due to the four-particle cumulant’s insensitivity to noowil
The total systematic uncertainties are slightly dependerdgentrality and pseudorapidity.

5 Results

An overview of the four observables in each centrality ciasshown in Fig[ll. Due to the changing
overlap geometry, a strong centrality dependence of thgielflow is observed over the entire pseu-
dorapidity range. The weaker centrality dependence of thleeh order coefficientsavand  is an
indication that initial-state fluctuations play a promiheole, as the centrality dependence of the cor-
responding eccentricities are more modest relative to @42 [The different behaviour of){2} and
v2{4} caused by flow fluctuations is also clearly seen. For the mesplperal events, there are not
enough particles to get statistically stable results fg@y and similarly for w{2} due to the relatively
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Fig. 1: Measurements of the pseudorapidity dependence,ofvand v in each centrality bin. The vertical
lines represent the statistical uncertainties and the fosresent the systematic uncertainties. The statistical
uncertainties are usually smaller than the marker size.

small quadrangular flow.

The pr-integrated elliptic flow was also measured by CMS [13] and AT [38] in Pb—Pb collisions
at,/sy\w = 2.76 TeV and by PHOBOS in Au-Au collisions gtsyv = 200 GeV [32]. A comparison
between those results and this analysis is shown for the@®@5-€entrality class in Fid.l2. In the com-
mon region of pseudorapidity acceptance, the results clepteanalysis are consistent with the results
obtained by CMS and ATLAS experiments within the systematicertainties. The present analyses
extends the measurements to a wider range of pseudorapidityvalues of ¥ at all pseudorapidities
measured at LHC energies are larger than the correspondlngsvat RHIC, as reported by PHOBOS.
This increase in elliptic flow coincides with a larger at the LHC energy [8].

The extended longitudinal scaling observed by PHOBOS inAueollisions with center-of-mass en-
ergies from 1% to 200 GeV |[33] is found to hold up to the LHC energy (shown ig.B). This is
consistent with what was found by CMS [13] and ATLASI|[38]. Hetis shown as an event average
for the 0-40% most central events. The event average meanththanalysis was performed in smaller
centrality bins using multiplicity weights, and was themrgged over the centrality bins using the num-
ber of events as a weight [45]. To examine boost invariariogpuld be preferable to use rapidity)(
instead of pseudorapidity, unfortunately that is not gaesiising the FMD as the momentum cannot be
measured.

PHOBOS found the shape o%(n) to be largely independent of centrality, with only the oVielevel
changing between central and peripheral events [32]. Ttesraf central to peripheral events fog,v
vz and v using the two-particle cumulant are shown in Fifj. 4. Heres iblbserved that none of the
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[32].
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Fig. 3: The elliptic flow as observed in the rest frame of one of thggmtiles by using the variablg)| — Ypeam
(Ybeam = 7.99) for the event averaged 0-40% centrality range. The tsefidm w{2} from this analysis are
compared to lower energy results from PHOBQOS [33]. The waktines represent the statistical uncertainties and
the boxes represent the systematic uncertainties. FOHBPS results only statistical errors are shown.

harmonics show a clear centrality dependence in the shapg mf within uncertainties (albeit hints of
such a dependence are present in theatio), consistent with the results from PHOBOS at lowergne

It is known that the suppression from viscous effects to thw fiarmonics increases with[21]. The
hadronic phase is speculated to be more dominant at forapidity [26, 27]. Therefore, the relative
decrease of the flow harmonics may help to disentangle tlhewsseffects from the hadronic phase with
those from the QGP phase. When the ratig'w, (n# m) is formed most of the common systematic
uncertainties cancel, leaving the contribution from the-flow correction. The ratios ofzyv, and
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v4/v3 are shown for the 30-40% most central events in[Hig. 5. A sdwdlease with is observed for
v3/V2, qualitatively consistent with the expectation from vigscffects suppressing higher harmonics.
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Fig. 6: Ratios betweenycoefficients and Ne/dn values for different centralities. Measurements N dn
are taken from a previous ALICE publication [39]. Only systgic uncertainties are shown, as the statistical
uncertainties are smaller than the symbols.

The v4/v3 ratio remains constant witly | within the uncertainties. The figure also showgw, which is
commonly used to estimate the non-linear contributioryttsem the elliptic anisotropy [5]. An increase
at large|n| is observed, suggesting thatgets a relatively larger contribution from at large rapidities.
This also explains why A/v3 remains constant, as the non-linear effect fromemhances the observed
guadrangular flow at forward rapidity.

As mentioned previously, at forward rapidities the steepnef () has been linked to the hadronic
contribution to the viscosity to entropy ratio [26, 27]. Tlaeger the hadronie) /s, the steeper the fall
off. We also note that the pseudorapidity densities of addugarticles decrease in this region. In order
to investigate the correspondence of the latter, in [Big. 6sh@v the ratio of variousvcoefficients

to previous ALICE measurements oNgh/dn [39]. In order to avoid any influence of the Jacobian
translation fromy to n, only the range) > 2 is shown. We find that this ratio is generally flat, with the
exception of y at the larger values af. This indicates that within a fixed centrality intervak &nd
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Fig. 7: Comparisons to hydrodynamics predictions [26] which haerttuned to RHIC data for the Pb-Pb 20-30%
(top) and 40-50% (bottom) centralities.

vy are largely driven by the local particle density. Indeedewltomparing p—Pb and Pb—Pb collisions
at LHC energies, it was found that values af2} were similar for similar values ofNk,/dn [51].
The correlation found between both quantities may be simafiiybuted to the fact that both particle
production and the development of anisotropic flow are dritsg the number of interactions in the
system.

In Fig.[d, we compare our data to hydrodynamic calculatiamed to RHIC data [26]. The tuning
involves finding a parameterization of the temperature dépece of) /s, so that the hydrodynamical
calculations describe PHOBOS measurements(af) [32,133]. Itis clear that the same parameterization
does not describe the LHC data as well. For both centralitieselliptic flow coefficient y is generally
underestimated, while the higher order coefficienignd v are generally overestimated. This points
to the need for an either an alternative parameterizatiap/sfthat describes both the RHIC and LHC
data simultaneously, or further investigations into wiettne initial state model used is applicable for
the LHC energies.

In contrast to hydrodynamical models, AMPT is a non-eqtililm model that attempts to simulate
parton production after the initial collision, and colleet behaviour arises from parton and hadronic
rescatterings. It has previously been tuned to agree wittCELmeasurements obws. pr and mul-
tiplicity for the 40-50% most central events. It was foundréproduce y(pr) well using the same
parameters. In Fid.l 8 the results of this analysis are coeaptarthe output of the AMPT model for two
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Fig. 8: Comparison to AMPTL[49, 50] for the centrality ranges 5—-10% &op) and 40-50% (bottom).

different centralities. For the centrality range of 40-50%ich AMPT is tuned to match, there is good
agreement at mid-rapidity for all observables modul¢4} at larger|n|, where AMPT underestimates
the data. The underestimation at forward rapidity is foumtde independent of the choice of reference
particles, suggesting that it is unrelated to symmetry eolamgle fluctuations witly. For more central
events AMPT tends to overestimate flow at forward rapiditisept for vy which it describes quite well
over the entire range. At mid-rapidity AMPT agrees with tihwserved values ofyy vz and \ within the
systematic uncertainties. Further tuning may lead to amongment at forward rapidities, and should
be investigated in future studies.

6 Conclusions

The pseudorapidity dependence of the anisotropic flow haitaas, v3 and \ have been measured in
Pb—Pb collisions a}/syn = 2.76 TeV using the ALICE detector. The measurement is perfdraver the
widestn-range at the LHG;-3.5< n < 5.0, in nine centrality bins covering 0 to 80% of the total irstia
cross section. It was found that the shape f)y does not depend obviously on centrality. Comparing
to lower energy measurements at RHIC, elliptic flow is laiatethe LHC over the entire pseudorapidity
range and that extended longitudinal scaling gfobserved at lower collision energies is still valid
up to the LHC energy. In the randg| < 2.5 the results were found to be consistent with previous
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LHC measurements. At forward rapidities, the higher harnméow coefficients are proportional to the
charged particle densities for a given centrality, while thtio of \» to d\¢,/dn rises with increasing).

A comparison to hydrodynamic calculations tuned to RHIGudets difficulties in describing our data in
somen regions, and this suggests that the LHC data play a key r@leristraining either the temperature
dependence aff /s or the initial state. Finally, comparing our data to AMPTe tinodel describes the

flow well at mid-rapidity, but fails for y at forward rapidities.

Acknowledgements

The ALICE Collaboration would like to thank all its engineeand technicians for their invaluable con-
tributions to the construction of the experiment and the SERcelerator teams for the outstanding
performance of the LHC complex. The ALICE Collaborationtgfally acknowledges the resources and
support provided by all Grid centres and the Worldwide LHGrating Grid (WLCG) collaboration.
The ALICE Collaboration acknowledges the following funglingencies for their support in building
and running the ALICE detector: State Committee of ScieWderld Federation of Scientists (WFS)
and Swiss Fonds Kidagan, Armenia; Conselho Nacional dervebg@mento Cientifico e Tecnolodgico
(CNPq), Financiadora de Estudos e Projetos (FINEP), F@udde Amparo a Pesquisa do Estado de Sao
Paulo (FAPESP); Ministry of Science & Technology of ChinagMC), National Natural Science Foun-
dation of China (NSFC) and Ministry of Education of China (MQ)”; Ministry of Science, Education
and Sports of Croatia and Unity through Knowledge Fund, Gap®inistry of Education and Youth of
the Czech Republic; Danish Natural Science Research AotireCarlsberg Foundation and the Danish
National Research Foundation; The European Research {Cander the European Community’s Sev-
enth Framework Programme; Helsinki Institute of Physias twe Academy of Finland; French CNRS-
IN2P3, the ‘Region Pays de Loire’, ‘Region Alsace’, ‘Regivergne’ and CEA, France; German Bun-
desministerium fur Bildung, Wissenschaft, Forschung uechinologie (BMBF) and the Helmholtz As-
sociation; General Secretariat for Research and Techypdldigistry of Development, Greece; National
Research, Development and Innovation Office (NKFIH), Hupg&ouncil of Scientific and Industrial
Research (CSIR), New Delhi; Department of Atomic Energy Begartment of Science and Technol-
ogy of the Government of India; Istituto Nazionale di Fisiacleare (INFN) and Centro Fermi - Museo
Storico della Fisica e Centro Studi e Ricerche “Enrico F&ritaly; Japan Society for the Promotion
of Science (JSPS) KAKENHI and MEXT, Japan; National Rede&aundation of Korea (NRF); Con-
sejo Nacional de Cienca y Tecnologia (CONACYT), Direccioan@ral de Asuntos del Personal Aca-
demico(DGAPA), México, Amerique Latine Formation acadgume - European Commission (ALFA-
EC) and the EPLANET Program (European Particle Physics1l&atnerican Network); Stichting voor
Fundamenteel Onderzoek der Materie (FOM) and the Nedesta@dganisatie voor Wetenschappelijk
Onderzoek (NWO), Netherlands; Research Council of NoriyR); Pontificia Universidad Catolica
del Per(; National Science Centre, Poland; Ministry ofidiwl Education/Institute for Atomic Physics
and National Council of Scientific Research in Higher Edioce{CNCSI-UEFISCDI), Romania; Joint
Institute for Nuclear Research, Dubna; Ministry of Edumathnd Science of Russian Federation, Russian
Academy of Sciences, Russian Federal Agency of Atomic Bn&yssian Federal Agency for Science
and Innovations and The Russian Foundation for Basic Resdélinistry of Education of Slovakia; De-
partment of Science and Technology, South Africa; Centrbdestigaciones Energeticas, Medioambi-
entales y Tecnologicas (CIEMAT), E-Infrastructure shdvetiveen Europe and Latin America (EELA),
Ministerio de Economia y Competitividad (MINECO) of Spakunta de Galicia (Conselleria de Ed-
ucacién), Centro de Aplicaciones Tecnolgicas y Desarrblliclear (CEADEN), Cubaenergia, Cuba,
and IAEA (International Atomic Energy Agency); Swedish Baxxh Council (VR) and Knut & Al-
ice Wallenberg Foundation (KAW); National Science and Textbgy Development Agency (NSDTA),
Suranaree University of Technology (SUT) and Office of thghér Education Commission under NRU
project of Thailand; Ukraine Ministry of Education and Saie; United Kingdom Science and Tech-
nology Facilities Council (STFC); The United States Depanit of Energy, the United States National

12



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

Science Foundation, the State of Texas, and the State of Ohio

References

[1] BRAHMS Collaboration, I. Arsenet al., “Quark gluon plasma and color glass condensate at
RHIC? The Perspective from the BRAHMS experimenticl. Phys. A757 (2005) 1-27,
arXiv:nucl-ex/0410020 [nucl-ex].

[2] PHOBOS Collaboration, B. Back, M. Baker, M. Ballintijn, D. BartoB, Becker,et al., “The
PHOBOS perspective on discoveries at RHIRtl. Phys. A757 (2005) 28-101,
arXiv:nucl-ex/0410022 [nucl-ex].

[3] STAR Collaboration, J. Adamet al., “Experimental and theoretical challenges in the search fo
the quark gluon plasma: The STAR Collaboration’s criticedessment of the evidence from RHIC
collisions,”|Nucl. Phys. A757 (2005) 102—-18ZarXiv:nucl-ex/0501009 [nucl-ex]l

[4] PHENIX Collaboration, K. Adcoxt al., “Formation of dense partonic matter in relativistic
nucleus-nucleus collisions at RHIC: Experimental evaduaby the PHENIX collaboration,”
Nucl. Phys. A757 (2005) 184-283arXiv:nucl-ex/0410003 [nucl-ex]l

[5] STAR Collaboration, J. Adamet al., “Azimuthal anisotropy at RHIC: The First and fourth
harmonics,/Phys. Rev. Lett. 92 (2004) 062301arXiv:nucl-ex/0310029 [nucl-ex].

[6] PHENIX Collaboration, A. Adaret al., “Measurements of Higher-Order Flow Harmonics in
Au+Au Collisions at,/syn = 200 GeV,"Phys. Rev. Lett. 107(2011) 252301,
arXiv:1105.3928 [nucl-ex].

[7] STAR Collaboration, L. Adamczylkt al., “Third Harmonic Flow of Charged Particles in Au+Au
Collisions at sqrtsNN = 200 GeVPhys. Rev. C88no. 1, (2013) 014904,
arXiv:1301.2187 [nucl-ex].

[8] ALICE Collaboration, K. Aamodét al., “Elliptic flow of charged particles in Pb-Pb collisions at
2.76 TeV,"Phys. Rev. Lett. 105(2010) 252302arXiv:1011.3914 [nucl-ex].

[9] ALICE Collaboration, K. Aamodét al., “Higher harmonic anisotropic flow measurements of
charged particles in Pb-Pb collisions,@yn=2.76 TeV,”Phys. Rev. Lett. 107(2011) 032301,
arXiv:1105.3865 [nucl-ex].

[10] ATLAS Collaboration, G. Aadt al., “Measurement of the pseudorapidity and transverse
momentum dependence of the elliptic flow of charged pagitidead-lead collisions at
V/SNN = 2.76 TeV with the ATLAS detector,Phys. Lett. B707(2012) 330-348,
arXiv:1108.6018 [hep-ex].

[11] CMS Collaboration, S. Chatrchyaat al., “Centrality dependence of dihadron correlations and
azimuthal anisotropy harmonics in PbPb collisiong/afn = 2.76 TeV,”
Eur. Phys. J. C72(2012) 2012arXiv:1201.3158 [nucl-ex].

[12] ATLAS Collaboration, G. Aadt al., “Measurement of the azimuthal anisotropy for charged
particle production in/Syx = 2.76 TeV lead-lead collisions with the ATLAS detector,”
Phys. Rev. C86 (2012) 014907arXiv:1203.3087 [hep-ex].

[13] CMS Collaboration, S. Chatrchyaat al., “Measurement of the elliptic anisotropy of charged
particles produced in PbPb collisions@yn = 2.76 TeV,” Phys. Rev. C87(2013) 014902,
arXiv:1204.1409 [nucl-ex].

13


http://dx.doi.org/10.1016/j.nuclphysa.2005.02.130
http://arxiv.org/abs/nucl-ex/0410020
http://dx.doi.org/10.1016/j.nuclphysa.2005.03.084
http://arxiv.org/abs/nucl-ex/0410022
http://dx.doi.org/10.1016/j.nuclphysa.2005.03.085
http://arxiv.org/abs/nucl-ex/0501009
http://dx.doi.org/10.1016/j.nuclphysa.2005.03.086
http://arxiv.org/abs/nucl-ex/0410003
http://dx.doi.org/10.1103/PhysRevLett.92.062301
http://arxiv.org/abs/nucl-ex/0310029
http://dx.doi.org/10.1103/PhysRevLett.107.252301
http://arxiv.org/abs/1105.3928
http://dx.doi.org/10.1103/PhysRevC.88.014904
http://arxiv.org/abs/1301.2187
http://dx.doi.org/10.1103/PhysRevLett.105.252302
http://arxiv.org/abs/1011.3914
http://dx.doi.org/10.1103/PhysRevLett.107.032301
http://arxiv.org/abs/1105.3865
http://dx.doi.org/10.1016/j.physletb.2011.12.056
http://arxiv.org/abs/1108.6018
http://dx.doi.org/10.1140/epjc/s10052-012-2012-3
http://arxiv.org/abs/1201.3158
http://dx.doi.org/10.1103/PhysRevC.86.014907
http://arxiv.org/abs/1203.3087
http://dx.doi.org/10.1103/PhysRevC.87.014902
http://arxiv.org/abs/1204.1409

Pseudorapidity dependence of the anisotropic flow ALICHdbalration

[14] ATLAS Collaboration, G. Aadt al., “Measurement of the distributions of event-by-event flow
harmonics in lead-lead collisions at 2.76 TeV with the ATL&&ector at the LHC,”
JHEP 1311(2013) 183arXiv:1305.2942 [hep-ex].

[15] ALICE Collaboration, B. Abelewt al., “Directed Flow of Charged Particles at Midrapidity
Relative to the Spectator Plane in Pb-Pb Collisiong/&in=2.76 TeV,”
Phys. Rev. Lett. 111 no. 23, (2013) 23230ArXiv:1306.4145 [nucl-ex].

[16] CMS Collaboration, S. Chatrchyaat al., “Measurement of higher-order harmonic azimuthal
anisotropy in PbPb collisions atsyn = 2.76 TeV,"Phys. Rev. C89 (2014) 044906,
arXiv:1310.8651 [nucl-ex].

[17] ALICE Collaboration, B. B. Abeleet al., “Elliptic flow of identified hadrons in Pb-Pb collisions
at,/syvn =2.76 TeV,”JHEP 06 (2015) 190arXiv:1405.4632 [nucl-ex].

[18] J.-Y. Ollitrault, “Anisotropy as a signature of traresge collective flow,”
Phys. Rev. D46 (1992) 229-245.

[19] M. Luzum and P. Romatschke, “Conformal Relativistic®us Hydrodynamics: Applications to
RHIC results at, /Syn = 200 GeV,"Phys. Rev. C78(2008) 034915,
arXiv:0804.4015 [nucl-th].

[20] P. Kovtun, D. T. Son, and A. O. Starinets, “Viscosity tnomgly interacting quantum field theories
from black hole physics|Phys. Rev. Lett. 94 (2005) 111601,
arXiv:hep-th/0405231 [hep-th]l

[21] B. H. Alver, C. Gombeaud, M. Luzum, and J.-Y. OllitrgufTriangular flow in hydrodynamics
and transport theoryPhys. Rev. C82(2010) 034913arXiv:1007.5469 [nucl-th].

[22] M. Luzum and J.-Y. Ollitrault, “Extracting the shearsebsity of the quark-gluon plasma from
flow in ultra-central heavy-ion collisionsNucl. Phys. A904-905(2013) 377¢—380c,
arXiv:1210.6010 [nucl-th].

[23] F. G. Gardim, J. Noronha-Hostler, M. Luzum, and F. Gré&dfects of viscosity on the mapping
of initial to final state in heavy ion collisionsPhys. Rev. C91 no. 3, (2015) 034902,
arXiv:1411.2574 [nucl-th].

[24] M. Prakash, M. Prakash, R. Venugopalan, and G. Welken®&duilibrium properties of hadronic
mixtures,”Phys. Rept. 227(1993) 321-366.

[25] P. B. Arnold, G. D. Moore, and L. G. Yaffe, “Transport éi@ents in high temperature gauge
theories. 2. Beyond leading logIHEP 05 (2003) 051jarXiv:hep-ph/0302165 [hep-phl.

[26] G. Denicol, A. Monnai, and B. Schenke, “Moving forwamdonstrain the shear viscosity of QCD
matter,"arXiv:1512.01538 [nucl-th].

[27] E. Molnar, H. Holopainen, P. Huovinen, and H. Niemi,fiirence of temperature dependent shear
viscosity on elliptic flow at back- and forward rapiditiestttrarelativistic heavy-ion collisions,”
Phys. Rev. C90(2014) 044904arXiv:1407.8152 [nucl-th].

[28] F. G. Gardim, F. Grassi, M. Luzum, and J.-Y. OllitradBreaking of factorization of two-particle
correlations in hydrodynamicsPhys. Rev. C87 no. 3, (2013) 031901,
arXiv:1211.0989 [nucl-th].

[29] J. Jia and P. Huo, “A method for studying the rapidity fuation and decorrelation of harmonic
flow in heavy-ion collisions, Phys. Rev. C90 (2014) 034905arXiv:1402.6680 [nucl-th].

14


http://dx.doi.org/10.1007/JHEP11(2013)183
http://arxiv.org/abs/1305.2942
http://dx.doi.org/10.1103/PhysRevLett.111.232302
http://arxiv.org/abs/1306.4145
http://dx.doi.org/10.1103/PhysRevC.89.044906
http://arxiv.org/abs/1310.8651
http://dx.doi.org/10.1007/JHEP06(2015)190
http://arxiv.org/abs/1405.4632
http://dx.doi.org/10.1103/PhysRevD.46.229
http://dx.doi.org/10.1103/PhysRevC.78.034915 10.1103/PhysRevC.79.039903, 10.1103/PhysRevC.78.034915, 10.1103/PhysRevC.79.039903
http://arxiv.org/abs/0804.4015
http://dx.doi.org/10.1103/PhysRevLett.94.111601
http://arxiv.org/abs/hep-th/0405231
http://dx.doi.org/10.1103/PhysRevC.82.034913
http://arxiv.org/abs/1007.5469
http://dx.doi.org/10.1016/j.nuclphysa.2013.02.028
http://arxiv.org/abs/1210.6010
http://dx.doi.org/10.1103/PhysRevC.91.034902
http://arxiv.org/abs/1411.2574
http://dx.doi.org/10.1016/0370-1573(93)90092-R
http://dx.doi.org/10.1088/1126-6708/2003/05/051
http://arxiv.org/abs/hep-ph/0302165
http://arxiv.org/abs/1512.01538
http://dx.doi.org/10.1103/PhysRevC.90.044904
http://arxiv.org/abs/1407.8152
http://dx.doi.org/10.1103/PhysRevC.87.031901
http://arxiv.org/abs/1211.0989
http://dx.doi.org/10.1103/PhysRevC.90.034905
http://arxiv.org/abs/1402.6680

Pseudorapidity dependence of the anisotropic flow ALICHdbalration

[30] CMS Collaboration, V. Khachatryaet al., “Evidence for transverse momentum and
pseudorapidity dependent event plane fluctuations in PhBIpBb collisions,”
Phys. Rev. C92no. 3, (2015) 03491 1arXiv:1503.01692 [nucl-ex].

[31] PHOBOS Collaboration, B. Baclkt al., “Pseudorapidity and centrality dependence of the
collective flow of charged particles in Au+Au collisions gByn = 130 GeV,”
Phys. Rev. Lett. 89 (2002) 222301arXiv:nucl-ex/0205021 [nucl-ex].

[32] PHOBOS Collaboration, B. Baclkt al., “Centrality and pseudorapidity dependence of elliptic
flow for charged hadrons in Au+Au collisions at 200 GeRliys. Rev. C72 (2005) 051901,
arXiv:nucl-ex/0407012 [nucl-ex].

[33] PHOBOS Collaboration, B. Baclet al., “Energy dependence of elliptic flow over a large
pseudorapidity range in Au+Au collisions at RHI®Phys. Rev. Lett. 94 (2005) 122303,
arXiv:nucl-ex/0406021 [nucl-ex].

[34] PHOBOS Collaboration, B. Alvest al., “System size, energy, pseudorapidity, and centrality
dependence of elliptic flowPhys. Rev. Lett. 98 (2007) 242302,
arXiv:nucl-ex/0610037 [nucl-ex].

[35] BRAHMS Collaboration, |. Bearded al., “Pseudorapidity distributions of charged particles
from Au+Au collisions at the maximum RHIC energyhys. Rev. Lett. 88 (2002) 202301,
arXiv:nucl-ex/0112001 [nucl-ex].

[36] PHOBOS Collaboration, B. Alveret al., “Phobos results on charged particle multiplicity and
pseudorapidity distributions in Au+Au, Cu+Cu, d+Au, andopeollisions at ultra-relativistic
energies,Phys. Rev. C83(2011) 024913arXiv:1011.1940 [nucl-ex]l

[37] PHOBOS Collaboration, B. Baclet al., “Energy dependence of directed flow over a wide range
of pseudorapidity in Au + Au collisions at RHICPhys. Rev. Lett. 97 (2006) 012301,
arXiv:nucl-ex/0511045 [nucl-ex].

[38] ATLAS Collaboration, G. Aadt al., “Measurement of the centrality and pseudorapidity
dependence of the integrated elliptic flow in lead-leadisiolhs at,/Syy = 2.76 TeV with the
ATLAS detector,’Eur. Phys. J. C74no. 8, (2014) 29823rXiv:1405.3936 [hep-ex].

[39] ALICE Collaboration, E. Abbast al., “Centrality dependence of the pseudorapidity density
distribution for charged particles in Pb-Pb collisions &y = 2.76 TeV,”
Phys. Lett. B726(2013) 610—62ZarXiv:1304.0347 [nucl-ex].

[40] ALICE Collaboration, K. Aamodét al., “The ALICE experiment at the CERN LHC,”
JINST 3 (2008) S08002.

[41] ALICE Collaboration, E. Abbast al., “Performance of the ALICE VZERO system,”
JINST 8 (2013) P10016arXiv:1306.3130 [nucl-ex].

[42] J. Alme, Y. Andres, H. Appelshauser, S. Bablok, N. Bsat al., “The ALICE TPC, a large
3-dimensional tracking device with fast readout for ulbiigh multiplicity events,”
Nucl. Instrum. Meth. A622 (2010) 316—36/arXiv:1001.1950 [physics.ins-det]l

[43] C. H. Christensen, J. J. Gaardhoje, K. Gulbrandsen, Bli&sen, and C. Sogaard, “The ALICE
Forward Multiplicity Detector,Int. J. Mod. Phys. E16 (2007) 2432—-2437,
arXiv:0712.1117 [nucl-ex].

[44] ALICE Collaboration, B. Abeleet al., “Centrality determination of Pb-Pb collisions gBun =
2.76 TeV with ALICE,”Phys. Rev. C88no. 4, (2013) 04490%rXiv:1301.4361 [nucl-ex].

15


http://dx.doi.org/10.1103/PhysRevC.92.034911
http://arxiv.org/abs/1503.01692
http://dx.doi.org/10.1103/PhysRevLett.89.222301
http://arxiv.org/abs/nucl-ex/0205021
http://dx.doi.org/10.1103/PhysRevC.72.051901
http://arxiv.org/abs/nucl-ex/0407012
http://dx.doi.org/10.1103/PhysRevLett.94.122303
http://arxiv.org/abs/nucl-ex/0406021
http://dx.doi.org/10.1103/PhysRevLett.98.242302
http://arxiv.org/abs/nucl-ex/0610037
http://dx.doi.org/10.1103/PhysRevLett.88.202301
http://arxiv.org/abs/nucl-ex/0112001
http://dx.doi.org/10.1103/PhysRevC.83.024913
http://arxiv.org/abs/1011.1940
http://dx.doi.org/10.1103/PhysRevLett.97.012301
http://arxiv.org/abs/nucl-ex/0511045
http://dx.doi.org/10.1140/epjc/s10052-014-2982-4
http://arxiv.org/abs/1405.3936
http://dx.doi.org/10.1016/j.physletb.2013.09.022
http://arxiv.org/abs/1304.0347
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1088/1748-0221/8/10/P10016
http://arxiv.org/abs/1306.3130
http://dx.doi.org/10.1016/j.nima.2010.04.042
http://arxiv.org/abs/1001.1950
http://dx.doi.org/10.1142/S0218301307008057
http://arxiv.org/abs/0712.1117
http://dx.doi.org/10.1103/PhysRevC.88.044909
http://arxiv.org/abs/1301.4361

Pseudorapidity dependence of the anisotropic flow ALICHdbalration

[45] A. Bilandzic, R. Snellings, and S. Voloshin, “Flow apsils with cumulants: Direct calculations,”
Phys. Rev. C83(2011) 044913arXiv:1010.0233 [nucl-ex].

[46] A. Hansen, “Pseudorapidity dependence of anisotrapimuthal flow with the alice detector.”
http://www.nbi.dk/~alex/pdf/thesis.pdf, Ph.D. Thesis, 2014.

[47] A. Bilandzic, C. H. Christensen, K. Gulbrandsen, A. dan, and Y. Zhou, “Generic framework
for anisotropic flow analyses with multi-particle azimutbharrelations,”
Phys. Rev. C89 (2014) 064904arXiv:1312.3572 [nucl-ex].

[48] R. Brun, F. Carminati, and S. Giani, “GEANT Detector Dagtion and Simulation Tool,” 1994.
http://wwwinfo.cern.ch/asdoc/psdir/geant/geantall.ps.gz.

[49] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, “A MuHphase transport model for
relativistic heavy ion collisions/Phys. Rev. C72 (2005) 064901,
arXiv:nucl-th/0411110 [nucl-th].

[50] J. Xu and C. M. Ko, “Pb-Pb collisions gfsyn = 2.76 TeV in a multiphase transport model,”
Phys. Rev. C83(2011) 034904arXiv:1101.2231 [nucl-th].

[51] ALICE Collaboration, B. B. Abeleet al., “Multi-particle azimuthal correlations in p-Pb and
Pb-Pb collisions at the CERN Large Hadron Collid#ttiys. Rev. C90 no. 5, (2014) 054901,
arXiv:1406.2474 [nucl-ex].

[52] X.-N. Wang and M. Gyulassy, “HIJING: A Monte Carlo model multiple jet production in p p,
p A and A A collisions,”’Phys. Rev. D44 (1991) 3501-3516.

[53] S. A.Voloshin, A. M. Poskanzer, and R. Snellings, “@ative phenomena in non-central nuclear
collisions,”arXiv:0809.2949 [nucl-ex].

16


http://dx.doi.org/10.1103/PhysRevC.83.044913
http://arxiv.org/abs/1010.0233
http://www.nbi.dk/~alex/pdf/thesis.pdf
http://dx.doi.org/10.1103/PhysRevC.89.064904
http://arxiv.org/abs/1312.3572
http://wwwinfo.cern.ch/asdoc/psdir/geant/geantall.ps.gz
http://dx.doi.org/10.1103/PhysRevC.72.064901
http://arxiv.org/abs/nucl-th/0411110
http://dx.doi.org/10.1103/PhysRevC.83.034904
http://arxiv.org/abs/1101.2231
http://dx.doi.org/10.1103/PhysRevC.90.054901
http://arxiv.org/abs/1406.2474
http://dx.doi.org/10.1103/PhysRevD.44.3501
http://arxiv.org/abs/0809.2949

Pseudorapidity dependence of the anisotropic flow ALICHdbalration

A The ALICE Collaboration

J. Adar®Z, D. Adamov&=, M.M. Aggarwam, G. Aglieri Rinell&, M. AgneIId’mJ, N. Agrawam,

Z. Ahamme83, s. Ahmal?, s.u. A2, S. Aiold3E] A. Akindino®d, S.N. Alanf3Z),

D.S.D. Albuquerngz', D. Aleksandro®, B. Alessandf®, D. Alexandr8%, R. Alfaro Molind],

A. AliciTZI%8 A Alkin®] J.R.M. AImara?2, J. Am&&EZ 1. Al#2 s, Altinpinam, l. Altsybeem, C. Alves
Garcia Pradm, C. Andrem, A. Androni(;Ea:', V. Anguelom, T. Antiéifm, F. Antinorm, P. Antoniolm,

L. Aphecetche® H. AppelshausBd, S. ArcellZ, R. Arnaldid 0.w. Arold@@E8 | C. ArsengZ,

M. Arslandolé?, B. Audurief24, A, Augustinu@, R. AverbecRE, M.D. Azmi2, A. Badal82Z, Y.W. Baelg]
S. Bagnas@g:u, R. Bailhach&, R. Bal&2, S. Balasubramani&#®, A. Baldissef=, R.C. Bard#Z,

A.M. Barban8%, R. Barber@®, F. Barilé2, G.G. BarnafoldZ, L.S. Barnb§@2E5 v, Barref, p. Bartalir?,
K. Bartf®2], J. BartkBIE0 E. BartschE M. BasiléZ, N. Bastidd, S. Bast?4, B. BatheR™, G. Batignm,

A. Batista CameféC, B. Batyuny&Z, P.C. BatzingZ, 1.G. Bearde?, H. Becltd®E, c. BeddBiL,

N.K. Beherﬁmm, l. Beliko@, F. Bellinlm, H. Bello MartineEJ, R. BeIIWie@E, R. Belmorﬁm,

E. Belmont-Moren®?, L.G.E. BeltraR& V. Belyaem, G. Benced®Z, S. BeolBY, |. Berceant?,

A. Bercuc??, Y. Berdniko®Z, D. Beren)ﬁm, R.A. Bertens8l D. BerzanBY, L. Bete®, A. Bhasif#Z,

I.R. Bha@, A K. Bhaﬂm, B. Bhattacharj@, J. Bhorﬁﬂm, L. Bianchm, N. BiancHE, C. Bianchilm,
J. Bieltile2 J. BieltikovBY, A. Bilandzi®2E84 G Bird3Z R. Biswa¥! S. Biswad!EJ S. Bjelogrli&g],
J.T. BlaifZ, D. BlalfZ, C. Blumé&Z, F. Bock®&E A Bogdanoqm, H. nggil@z, L. Boldizsat3Z,

M. Bombar&2 M. Bonor&2, J. Book4, H. Borel=, A. BorissoZ, M. Borrif4l123 k. BossB8! E. Bott#S,
C. Bourja@z', P. Braun-Munzinggﬂ, M. Bregarﬁzu, T. Breitnel3, T.A. BrokeF4, T A. Brownin@,

M. Bro22 E.J. Brucke®®, E. Brundl, G.E. Brun82, D. Budniko# @, H. Bueschin@', S. Bufalin&=228,

P. Bunci€® 0. Busch22, z. Buthele&% J.B. Butt® J.T. BuxtoRZ, J. Cabald®, D. Caffari®, X. Cald,

H. Cainem, L. Calero Dia@, A. Calivzfﬂ', E. Calvo Villam, P. Cameriﬂﬁﬂ, F. Carer@, W. Caren@,

F. CarneseccRf, J. Castillo CastellanB3, A.J. Castré®, E.A.R. Casul@, C. Ceballos Sanch@zJ. Cepil@,
P. CerellBL J. Cerkald® B. ChanE@, S. Chapelal@, M. Chartief23, J.L. Charvé! S. Chattopadhyﬁ?zu,
S. Chattopadhyﬁ@, A. Chauvi®4E8 v, Chelnoko®, M. Cherr&@, C. Cheshkd¥l, B. Cheynid3,

V. Chibante Barro$&, D.D. Chinellatd22 S. ch&L, p. Chochul®, K. Cho®d, M. Chojnackd,

S. Choudhu24, p. Christakogld®, C.H. Christensé, P. Christiansé®, T. Chujé2, s.U. Chun§?Z,

C. Cicalm, L. Cifarellimlﬂ', F. CindoIgQE, J. Cleymaﬂgu, F. CoIamari@, D. Colell@], A. Colldm,

M. Colocc?Z, G. Conesa Balbas#, Z. Conesa del ValkZ, M.E. Connor$L38! j.G. Contrerd),

T.M. CormieB€ Y. Corrales Morald8[Z8 | Cortes Maldonad®, P. Cortede, M.R. Cosentin®L, F. Cost8,
J. Crkovskﬁz, P. Crochgtn, R. Cruz AIbinEI', E. Cuautl@, L. Cunqueir@m, T. Dahm@,

A. Daines€® M.C. DaniscH2, A. Danlf D. Da§ |. Dad™ S. Da4! A. DasBY, S. DaskE, 5. DEZL,
A. De Car82E0 G, de Catald®?, C. de ConBZL, J. de Cuvela®, A. De Falc82, D. De Gruttol&2E0

N. De Marc8l, S. De Pasqu@, R.D. De SouZ&2, A. Deistin@, A. DeloffZ8 E. Dend&300,

C. Deplan@m, P. Dhankh&8 D. Di BarR2, A. Di Maurd®=, P. Di Nezz&3, B. Di Ruzz#%! M.A. Diaz
CorcherBZ, T. DietePZ, P. DiIIensegtﬁm, R. Divi&, @. Djuvslan@, A. Dobri3E3 p. Domenicis
Gimenem, B. Dbnigu@, 0. Dordi@, T. Drozhzhov@], A K. Dubeym, A. Dublﬂ, L. Ducroum,

P. Dupieu@, R.J. Ehlerm, D. Elie\I@, E. Endre@, H. Engé@, E. Epplm, B. Erazmd@], l. Erdemi@,
F. Erhardt3d B. Espagndﬁz', M. EstiennB® S. Esunt?, J. Euri®¥Z, D. Evand® s. EvdokimoW2,

G. Eyyubovﬁm, L. Fabbietf?38 D, Fabrid® J. FaivrEZ, A. Fantord, M. Fasél, L. FeIdkamEE,

A. Felicielld®I G. Feofilo® 22 J. FerencBP, A. Fernandez Tell&, E.G. FerreiréZ, A. Ferretf,

A. FestanEE, V.J.G. FeuiIIar@Em, J. Figiem, M.A.S. Figuereo@ﬂm, S. Filchagim, D. Finogeeﬁz',
F.M. Fiondgm, E.M. Fior@z, M.G. Flec@, M. FIori@, S. Foertsc@, P. Fok@, S. Fokiﬁm,

E. Fragiacorﬂgm, A. Francescd, A. FranciscB™@, U. Frankenfel®, G.G. FronZ&&, U. Fuch82,

C. Furgé@, A. Fur&Z, M. Fusco Giraré®, J.J. Gaardh@, M. Gagliardm, A.M. Gagm, K. Gajdosovﬁz,
M. Gallid®®, C.D. Galvah&, D.R. Gangadhargﬁ, P. Ganofid, C. Ga#, C. Garabaté®l, E. Garcia-Soll&],
C. Gargiul@E, P. GasiRAEE E F. Gaugm, M. GermaifiZ, M. GheatB2®3 p. Ghos®*4 S.K. Ghos#!

P. Gianotf®, P. Giubellind IG5 p. Gjubilaté?, E. Gladysz-Dziadd38 P. Glass&F! D.M. Goméz Cor&f!
A. Gomez Ramir@, A.S. Gonzale@, V. Gonzale@, P. Gonzalez—Zade@, S. Gorbuno@, L. Gbrlicim,
S. Gotova#ld, v. Grabsi¥=], 0.A. Gracho¥38 LK. Graczykowslm, K.L. Grahar®® A. Grell?8

A. Grigora@, C. Grigora@, V. Grigorie\m, A. Grigoryalq:', S. Grigoryaﬁﬂ, B. GrinyO\Fﬂ, N. Grioftld,

J.M. Gronefel88, J.F. Grosse-Oetringhﬁf; R. Gross®?, L. Grubet3 F. Gube?Z, R. Guernané,

B. GuerzoriZ, K. Gulbrandse®?, T. Gunjm, A. Gupt@, R. Gupt@, R. Haak& @. Haalan®®,

C. Hadjidaki@z, M. Haidu&3, H. Hamagalm, G. Hamdf3Z, 3.C. Hamo®e, J.w. Harri&38 A, Hartoh=!

D. Hatzifotiado#%3, S. Hayaslcﬁm, S.T. Heckéi, E. Hellbak4 H. HeIstruEI', A. Herghelegi@g, G. Herrera

17



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

Corraf, B.A. HesB4, K.F. Hetlan&Z, H. Hillemann82!, B. Hippolyt@m, D. HoralZ, R. Hosokaw&,

P. Hristo#2! C. Hughe@, T.J. Humant&, N. Hussai#, T. HussaifZ, D. HutteZ, D.S. HwanBI',

R. llkaeW®@ M. Inab&Z E. Incarf®, M. IppolitO\}mM, M. Irfarff, M. lvanoV®, V. Ivano#Z,

V. Izuchee$ 2, B. Jacal®! N. JacaziéZ, P.M. Jacob&, M.B. Jadha®, S. JadlovskE®, J. JadlovskiASIED,
C. Jahnk&, M.J. Jakubowse=, H.J. JanBZ, M.A. Janil3l P.H.S.Y. JayarathR&3, C. Jend, S. Jerndd,
R.T. Jimenez Bustamaf&& P.G. Joné®2 A Jusk892 p. Kalinakd, A. Kalweif, J.H. KanEEL V. Kaplir{m,
S. KaE34 A, Karasu Uysg@, O. Karaviche®Z, T. Karavichevad, L. Karayalm, E. Karpeché%m,

U. KebschufZ, R. Keidel4@, D.L.D. Keijdenef, M. Keil®2, M. Mohisin KharlllZ, p. Khaf2d,

S.A. Khaf#2 A. Khanzaded?, Y. KharloW™Z, B. Kilend®Z, D.w. Kinf3, D.J. Kintl2d, D. KimZ39

H. KimB2, 3.s. Kinf2, J. Kinf®], M. KimE32, s, KinfZ, T, Kim32, s, KirscH2Z, 1. Kisel2, S. Kisele®,

A. Kisiel22 G. Kis&3Z J.L. Klay?!, C. KleiZ, J. Kleif™, C. Klein-Bosing™, S. Klewir®, A. Kluge®=,

M.L. Kniche=! A.G. Knospmm, C. Kobdfﬂzﬂ, M. Kofarag@, T. Kollegge@, A. Kolojvarm,

V. Kondratie®33 N. Kondratyev@, E. Kondratyum, A. Konevskik®Z, M. Kopcilm, M. KouZ,

C. Kouzinopould®, O. KovalenkB8 V. Kovalenkd33, M. Kowalski28 G. Koyithatta Meethalevee®@,

l. Kralik, A. Kravéakovam, M. Krivda{mm, F. Krizelm, E. Krysheﬁz, M. Krzewickﬂz, A.M. Kubergm,
V. Kuéer@m, C. Kuhlm, P.G. Kuije@, A. Kumam, J. Kumam, L. Kumam, S. Kuma@, P. Kurashvilm,

A. KurepiHFI', A.B. Kurepit@, A. Kuryakirm, M.J. KweoRd, Y. Kwor232, S L. La PointéL, P. La Rocd!
P. Ladron de GuevdHd, C. Lagana Fernand&d!, I. Lakomo® R. Lango@, K. Lapidu@m, C.Lar&3

A. Lardeud& A. Lattuc&® E. Laud®® R. Le& L. Leardin®=, S. Le&39 F. Leha? S. LehndFd

R.C. Lemmoﬁm, V. Lentm, E. Leogrand@, I. Ledbn Monz()m, H. Lebdn Varg@, M. Leoncingm,

P. Lévam, S. |_|ZIIIII, X. Li'El, J. Lier@, R. Lietavm, S. Linda@, V. Lindenstrutﬁz, C. Lippmanm,

M.A. Lisd2d, H.M. Ljunggreﬁm, D.F. Lodat88 P.I. Loenn&gl V. LoginO\}m, C. Loizide82! X. Lope);m:',

E. Lopez Torrd%, A. Lowd3Z p. LuettiEm, M. LunardofZ, G. Luparellgﬂ, M. LupiE, T.H. LutZ38

A. Maevskayﬁﬂ, M. Magef=, S. Mahaja2, S.M. MahmooBZ, A. Mairé&, R.D. Majkm, M. Malae®Z,

I. Maldonado Cervant&s L. Malinina , D. MaI’KevicHr@J, P. Malzach@, A. Mamonom, V. Mankcﬂ',
F. Mans&2 v. Manza®22% v, Madd, M. Marchison@Zd€8L28 3 MmareBl, G.v. Margagliotfzﬂ,

A. Margottm, J. Margut@, A. Marir®, c. MarkefZ, M. Marquargzu, N.A. Martif®, J. Martin Blanc®,
P. Martinenggﬂ, M.I. Martine®, G. Martinez Garcfd4, M. Martinez Pedreif, A. Mad2l, S. Masciocclfe!
M. Maser&8, A. Masonf®, A. MastroserigZ, A. MatyjéE, C. Mayem, J. Mazdf®8 M.A. Mazzonf2d,

D. Mcdonal#Z F. Medd?®, Y. Melikyar™, A. Menchaca-Rock&, E. Meninn&2, J. Mercado Pér&3]

M. Mere@, S. Mhlang@, Y. Miakéng, M.M. MieskolaineﬁE, K. Mikhaylo@, L. Milandm,

J. Milosevi@, A. Mischk(;E:', A.N. Mishr@m, D. Mi'skowiec@], J. Mitrzgm], C.M. Mitdm, N. Mohammatﬁm,
B. Mohant@, L. Molna8!, L. Montafio Zetindd, E. Monte%d, D.A. Moreira De Godd§5], L.A.P. Moren&’,
S. Morett®Z, A. Morrealé2 A, Morsc, V. Mucciford®, E. Mudnié2Z, D. Mithlhein?, S. Muhui34,

M. Mukherje&3 J.D. Mulligatm, M.G. Munho#28, K. MUnnin@E, R.H. Munze#8B2E 4 Murakanf28,
S. Murra@, L. Musﬁ, J. Musinsk@m, B. NaiIEE, R. Naim, B.K. Nano@, R. Nanim, E. Napdm,

M.U. Nar¥€, H. Natal da Lu#28, C. Nattrad®®, S.R. Navarr@ K. Nayal@m, R. Naya@, T.K. Nayam,

S. Nazarenl@, A. Nedosekiﬁm, R.A. Negrao De OIivei@, L. NeIIer@, F. N@E, M. Nicassi@,

M. Niculesc&3], J. Niedziel#! B.S. Nielsef2, S. Nikolae®L, S. NikulirEL, v. Nikulin®Z, F. Noferinf2=I12,

P. Nomokond®Z, G. NooreR&, J.C.C. Norid!, J. Normah&Z, A. Nyanir@, J. Nystran@m, H. Oeschld®!

S. Olm, S.K. Olm, A. OhIsor@, A. Okataﬁm, T. Okub@, J. Oleniac@, A.C. Oliveira Da Silvm,

M.H. Olive38 J. Onderwaat@®, C. OppedisatdL, R. Orav8E, M. OravelT8, A. Ortiz Velasque®?,

A. Oskarssd#, J. Otwinowsi8, K. Oyam&IZ2 M. Ozdemi®d, Y. Pachmay&® D. Pagari®Z,

P. Pagar@, G. Paif4 s K. PdR4 J. paR38 A K. Pande@m, V. Papikyam, G.S. Pappalar@ﬂ, P. Paredid,
W.J. ParRel S. Parm&2, A. Passfele®, V. Paticchi§, R.N. Patrd34, B. Paf i . pef,

T. Peitzman®&, H. Pereira Da Codtl, D. Peresuni@F 8 E. Perez Lezar, V. Peskob?, Y. Pesto®,

V. PetraceR2, v. Petrott 2, M. Petrovid?Z, C. PettBE, S. PianBX®, M. Pikn&E, p. Pillof2Z,

L.O.D.L. PimentdZ, O. PinazZ&=135 |, Pinskm, D.B. Piyarathr@, M. Ploskof=, M. Planini&32,

J. Plutd3= s, Pochybo@, P.L.M. Podesta-Leri#82, M.G. Poghosy@@, B. Polichtchou®2,

N. Poljalm, W. Poonsaw&=] A. Po@, H. Poppenbo@, S. Porteboeuf-Houss&#® J. Portér,

J. Pospis[ﬁﬂ, S.K. Prasal, R. Preghenel@, F. PrinéLL, C.A. Pruned®, I. Pshenichnd®?, M. Pucci&®,
G. Pudd@ P. Pujaha®®®, v. Punif®@ J. Putschi#88 H. QuigstaB2, A. Rachevsi, S. Rah& S. Rajpu#,
J. Ram, A. Rakotozafindra@, L. Ramell@m, F. Ranﬁm, R. Raniwal@, S. Raniwal@, S.S. Rasan@,
B.T. Rascarie®, D. Rathe?, K.F. RealZIB8 K. Redlich®], R.J. Red®d, A. Rehmal®, P. Reichef?,

F. Reid®®E X. Ref?, R. Renford® A.R. Reolof3] A. ReshetiRZ, K. Reyger@, V. Riabo®Z, R.A. RiccV4,
T. Richer®3 M. Richtel2, P. RiedI€#, W, Riegle@, F. Rigg@, C. Riste&3! E. RoccB8 M. Rodriguez

18



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

Cahuant#, A. Rodriguez Mand&, K. Rge#2 E. Rogocha@, D. Roh¥2Z, D. RohricHE, F. Ronchetf/33,
L. Ronflettdd, p. Rosné&, A. Ross?, F. Roukoutak®, A. Ro@, C. Ro@, P. Ro@ll, A.J. Rubio
Monter&Z, R. Ruf, R. Russé? E. RyabinkiﬁZD, Y. Ryabowl, A. Rybickm, S. Saarinéf¥, S. Sadhitd,

S. Sadovsi2 K. Safaril2, B. Sahimulld®®, p. Saho®2, R. Saho®, S. Sahd®d, P.K. SahB2, J. Sairfl24
S. Sak#2 M.A. SaleF38, J. SalzwedBP, S. Samby &2, V. Samsond®EZ, . Sandd®, A. Sandov&®,

M. San82d, D. SarkdF3 N. Sarkdt, p. Sarmié, E. Scapparm@ﬂ, F. Scarlassad&d, C. Schiau&,

R. Schické®™, C. Schmid®, H.R. Schmid®, M. Schmid®¥, 5. Schuchmaf®d®3, J. Schukraf,

Y. SchutZJ14 K. schwar®8 K. Schwed®8! G. SciolZ, E. Scomparﬁm, R. Sco#t& M. Seftikd,

J.E. Seg&® V. SekiguctiZ8 D. SekihatdZ, I. Selyuzhenkd®® K. Seno$8, S. Senyukd¥2,

E. SerradillBZE3 A, Sevcend®®, A. Shaband¥Z, A. Shabetd#4, O. Shadufd, R. Shahoyd#®,

M.I. Shahza®®, A. Shangarad&# A. Sharm82, M. Sharm82, M. Sharm82, N. Sharm@€ A.I. Sheik#34
K. Shigak@, Q. Shol#, K. Shteje[?], Y. Sibirialll, S. Siddhant®®, K.M. Sielewic23, T. Siemiarczulé,
D. Silvermy@, C. SilvestréZ, G. Simatovi€3%, G. Simonet#! R. Singaraj@ﬁl, R. Singﬁm, V. Singhaﬂﬂl,

T. Sinh&2 B Sital8 M. Sitt&L T.B. Skaa2, M. Slupeckf?d, N. Smirno¥38 R.J.M. Snelling2?,

T.W. SnellmaP?? J. SonBZ, M. Sond32, 7. Son§, F. Soram&2, S. Sorensér?, F. SozH8 E. Spiriti3,

. Sputowsk&E M. Spyropoulou-Stassindd, J. Stach&®, 1. Staf2 P. Stankl&, E. Stenlun@®, G. SteyRg,
J.H. Stille3], D. Stoccd, p. Strmef8 A.A.P. Suaid@2d T. Sugitat@Z], C. SuirfZ, M. Suleymano@l,

M. Suljidﬁlu, R. Sultano®d, M. Sumber®, s. Sumowidag(@], A. SzabB8 |. SzarkB8!

A. Szczepankiewi@, M. Szymansl@@, U. Tabassal¥, J. TakahaskfZ, G.J. Tamba®&, N. Tanak&22,

M. TarhinBZ M. Tarid®@, M.G. Tarzil#Z, A. Taur&, G. Tejeda MuiidZ, A. TelescB2, K. Terasald2d,

C. Terrevol, B. Teyssidkl, J. Thadé® D. Thaku#Z, D. Thoma3™, R. TieulerL, A. TikhonoZ,

A.R. TimmindZ A Toid4, s. TrogolgE, G. Trombettd, V. Trubniko, W.H. Trzask&2Z, T. Tsuj@,

A. Tumkifl, R. Turrisf®8| T.S. Tvetéf?, K. Ullaland™®!, A. Ura§3L, G.L. Usdf, A. Utrobicid3?, M. Vald?,
L. Valencia Palonfél, S. Valler82, J. Van Der Maar®®, J.W. Van Hoorn&2213 M. van Leeuwe?rd,

T. VanaB2, P. Vande Vyvré2, D. Vargd3Z, A. Varga¥, M. Vargya®24 R. Varm&8 M. Vasileiol®,

A. VasilieLl A. vauthieF2 0. Vazquez Do&E8 v, Vechernif22 A.M. Vee®® M. VeldhoeRE!

A. Velurd8 E. Vercelli®, S. Vergara Limd®, R. Verndt, M. Verweif=8, L. VickovidI, J. Viinikainef22,
Z. Vilakaz*2Z, 0. Villalobos Bailli&®2, A, Villatoro TelldZ, A. \ﬁnogrado@, L. Vinogradom, T. Virgili,
V. Vislaviciug=2!, Y.P. Viyogp——@, A. Vodopyano@Z], M.A. VoIkiE3! K. Voloshitd, S.A. Voloshif=8,

G. Volp&dIZ B von Halles, |. Vorobye®4E8 b, vrani@8IEE J. vriakov&2, B. Vulpesch, B. WagndFe,
J. Wagné® H. Wan§2, M. Wand, D. Watanal?&, Y. Watanat®&, M. WebeB2I13 5. G. Web&f!

D.F. Weise®, J.P. Wessée®!, U. Westerhof™, A.M. WhitehealBX J. Wiechul8, J. wikn&2 G. WilkZE],

J. Wilkinsof®, G.A. Willem&=!, M.C.S. William&%, B. Windelban8, M. Win2, p. Yanff, S. Yan§Z,

Z. Yasif®, z. vinZ, H. Yokoyam@, .-K. Yod2Z, J.H. Yoo, V. Yurchenk®, A. Zaborowsk&3,

V. Zaccol&2, A. zamaf¥, C. Zampolﬁmm, H.J.C. Zanof&l, s. Zaporozhe@, N. Zardosh#22,

A. Zarochentsé®3, P, Zavad®l, N. Zaviyalo# 2, H. Zbroszczy®3 |.S. Zgur&3, M. ZhaloZ, H. Zhan§8@,
X. Zhan§@ v, Zhandf, C. ZhanB®, . Zhan§, C. ZhaB2, N. ZhigarevaZ, D. Zhol?, Y. ZholE2,

Z. Zholt8 H. zhd218 3 zh{PI A zichichlZ2 A, zimmermani®, M.B. Zimmermanfe/E8

G. Zinovje\[;ﬂ, M. Zyzal@21

Affiliation notes
' Deceased
i Also at: Georgia State University, Atlanta, Georgia, Udigtates
i Also at: Also at Department of Applied Physics, Aligarh MasUniversity, Aligarh, India
v Also at: M.V. Lomonosov Moscow State University, D.V. Skiibgn Institute of Nuclear, Physics,
Moscow, Russia

Collaboration Institutes
1 A.l. Alikhanyan National Science Laboratory (Yerevan Rbygsnstitute) Foundation, Yerevan, Armenia
2 Benemérita Universidad Autonoma de Puebla, Puebla, ddexi
3 Bogolyubov Institute for Theoretical Physics, Kiev, Ukrai
4 Bose Institute, Department of Physics and Centre for Asirigde Physics and Space Science (CAPSS),
Kolkata, India
5 Budker Institute for Nuclear Physics, Novosibirsk, Russia
6 california Polytechnic State University, San Luis Obis@alifornia, United States

19



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

7 Central China Normal University, Wuhan, China

8 Centre de Calcul de 'IN2P3, Villeurbanne, France

9 Centro de Aplicaciones Tecnolbgicas y Desarrollo Nuc{€EADEN), Havana, Cuba

10 Centro de Investigaciones Energéticas Medioambienyalesnologicas (CIEMAT), Madrid, Spain

11 Centro de Investigacion y de Estudios Avanzados (CINVE§TMexico City and Mérida, Mexico

12 Centro Fermi - Museo Storico della Fisica e Centro Studi @Rite “Enrico Fermi”, Rome, Italy

13 Chicago State University, Chicago, lllinois, USA

14 China Institute of Atomic Energy, Beijing, China

15 Commissariat & I'Energie Atomique, IRFU, Saclay, France

16 COMSATS Institute of Information Technology (CIIT), Islaad, Pakistan

17 Departamento de Fisica de Particulas and IGFAE, Unidadsile Santiago de Compostela, Santiago de
Compostela, Spain

18 pepartment of Physics and Technology, University of Berdgargen, Norway

19 Department of Physics, Aligarh Muslim University, Aligaihdia

20 Department of Physics, Ohio State University, ColumbuspQbnited States

21 Department of Physics, Sejong University, Seoul, Soutrekor

22 pepartment of Physics, University of Oslo, Oslo, Norway

23 Dipartimento di Fisica dell’'Universita 'La Sapienza’ aBdzione INFN Rome, Italy

24 Dipartimento di Fisica dell’'Universita and Sezione INRBigliari, Italy

25 Dipartimento di Fisica dell’'Universita and Sezione INFIieste, Italy

26 Dipartimento di Fisica dell’'Universita and Sezione INFIyin, Italy

27 Dipartimento di Fisica e Astronomia dell’Universita anez®ne INFN, Bologna, Italy

28 Dipartimento di Fisica e Astronomia dell’Universita anez®ne INFN, Catania, Italy

29 Dipartimento di Fisica e Astronomia dell’'Universita anez®ne INFN, Padova, Italy

30 Dipartimento di Fisica ‘E.R. Caianiello’ dell’'Universitind Gruppo Collegato INFN, Salerno, Italy

31 Dipartimento di Scienze e Innovazione Tecnologica delikdrsita del Piemonte Orientale and Gruppo
Collegato INFN, Alessandria, Italy

32 Dipartimento Interateneo di Fisica ‘M. Merlin’ and SezidiNFN, Bari, Italy

33 Division of Experimental High Energy Physics, UniversifyLaind, Lund, Sweden

34 Eberhard Karls Universitat Tilbingen, Tilbingen, Gergnan

35 European Organization for Nuclear Research (CERN), Gergavidzerland

36 Excellence Cluster Universe, Technische Universitahbtien, Munich, Germany

37 Faculty of Engineering, Bergen University College, Bergdarway

38 Faculty of Mathematics, Physics and Informatics, Comebiinisersity, Bratislava, Slovakia

39 Faculty of Nuclear Sciences and Physical Engineering, i€Zechnical University in Prague, Prague,
Czech Republic

40 Faculty of Science, P.$afarik University, Ko3ice, Slovakia

41 Faculty of Technology, Buskerud and Vestfold Universityl€ge, Vestfold, Norway

42 Frankfurt Institute for Advanced Studies, Johann Wolfg&ugthe-Universitat Frankfurt, Frankfurt,
Germany

43 Gangneung-Wonju National University, Gangneung, Soutteko

44 Gauhati University, Department of Physics, Guwahati,andi

45 Helmholtz-Institut fur Strahlen- und Kernphysik, Rhesiche Friedrich-Wilhelms-Universitat Bonn, Bonn,
Germany

46 Helsinki Institute of Physics (HIP), Helsinki, Finland

47 Hiroshima University, Hiroshima, Japan

48 Indian Institute of Technology Bombay (11T), Mumbai, India

49 Indian Institute of Technology Indore, Indore (1IT1), Iradi

50 Indonesian Institute of Sciences, Jakarta, Indonesia

51 Inha University, Incheon, South Korea

52 |nstitut de Physique Nucléaire d’Orsay (IPNO), Univeggtaris-Sud, CNRS-IN2P3, Orsay, France

53 Institut fir Informatik, Johann Wolfgang Goethe-UnivigisFrankfurt, Frankfurt, Germany

54 Institut fir Kernphysik, Johann Wolfgang Goethe-UnivigtsFrankfurt, Frankfurt, Germany

55 Institut fir Kernphysik, Westfalische Wilhelms-Unisitiat Miinster, Miinster, Germany

56 |nstitut Pluridisciplinaire Hubert Curien (IPHC), Uniwsité de Strasbourg, CNRS-IN2P3, Strasbourg,
France

20



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

57 Institute for Nuclear Research, Academy of Sciences, MusBaoissia

58 |nstitute for Subatomic Physics of Utrecht University, &itint, Netherlands

59 Institute for Theoretical and Experimental Physics, MegdRussia

60 |nstitute of Experimental Physics, Slovak Academy of Scé Kosice, Slovakia

61 Institute of Physics, Academy of Sciences of the Czech RepWtrague, Czech Republic

62 |nstitute of Physics, Bhubaneswar, India

63 |nstitute of Space Science (ISS), Bucharest, Romania

64 |nstituto de Ciencias Nucleares, Universidad NacionabAoma de México, Mexico City, Mexico

85 Instituto de Fisica, Universidad Nacional Autbnoma dexidd, Mexico City, Mexico

66 iThemba LABS, National Research Foundation, Somerset,\8esith Africa

67 Joint Institute for Nuclear Research (JINR), Dubna, Russia

68 Konkuk University, Seoul, South Korea

69 Korea Institute of Science and Technology Information, jpae, South Korea

0 KTO Karatay University, Konya, Turkey

1 Laboratoire de Physique Corpusculaire (LPC), Clermontehsité, Université Blaise Pascal,
CNRS-IN2P3, Clermont-Ferrand, France

2 Laboratoire de Physique Subatomique et de Cosmologie gibiié Grenoble-Alpes, CNRS-IN2P3,
Grenoble, France

3 Laboratori Nazionali di Frascati, INFN, Frascati, Italy

74 Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy

5 Lawrence Berkeley National Laboratory, Berkeley, Catifar United States

76 Moscow Engineering Physics Institute, Moscow, Russia

/T Nagasaki Institute of Applied Science, Nagasaki, Japan

8 National Centre for Nuclear Studies, Warsaw, Poland

9 National Institute for Physics and Nuclear Engineering;iBarest, Romania

80 National Institute of Science Education and Research, Bheswar, India

81 National Research Centre Kurchatov Institute, MoscowsRus

82 Niels Bohr Institute, University of Copenhagen, Copenma@enmark

83 Nikhef, Nationaal instituut voor subatomaire fysica, Aerstam, Netherlands

84 Nuclear Physics Group, STFC Daresbury Laboratory, Dargsbmited Kingdom

85 Nuclear Physics Institute, Academy of Sciences of the CRaghublic,ReZ u Prahy, Czech Republic

86 Oak Ridge National Laboratory, Oak Ridge, Tennessee, USitates

87 petersburg Nuclear Physics Institute, Gatchina, Russia

88 physics Department, Creighton University, Omaha, Nelarddkited States

89 Physics Department, Panjab University, Chandigarh, India

9 Physics Department, University of Athens, Athens, Greece

°1 Physics Department, University of Cape Town, Cape Town{tBAfrica

92 physics Department, University of Jammu, Jammu, India

93 Physics Department, University of Rajasthan, Jaipurandi

94 Physik Department, Technische Universitat Minchen, ilurGermany

95 Physikalisches Institut, Ruprecht-Karls-Universitaittelberg, Heidelberg, Germany

9 Purdue University, West Lafayette, Indiana, United States

97 pusan National University, Pusan, South Korea

98 Research Division and ExtreMe Matter Institute EMMI, GSlitdkoltzzentrum fir
Schwerionenforschung, Darmstadt, Germany

99 Rudjer Boskovit Institute, Zagreb, Croatia

100 Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

101 saha Institute of Nuclear Physics, Kolkata, India

102 school of Physics and Astronomy, University of Birminghairmingham, United Kingdom

103 seccion Fisica, Departamento de Ciencias, Pontificiaéssidad Catolica del Per(, Lima, Peru

104 sezione INFN, Bari, Italy

105 sezione INFN, Bologna, Italy

106 sezione INFN, Cagliari, Italy

107 Sezione INFN, Catania, Italy

108 Sezione INFN, Padova, Italy

109 sezione INFN, Rome, Italy

21



Pseudorapidity dependence of the anisotropic flow ALICHdbalration

110 sezione INFN, Trieste, Italy

111 sezione INFN, Turin, Italy

112 53¢ IHEP of NRC Kurchatov institute, Protvino, Russia

113 stefan Meyer Institut fir Subatomare Physik (SMI), ViepAastria

114 SUBATECH, Ecole des Mines de Nantes, Université de Na@BRS-IN2P3, Nantes, France

115 syranaree University of Technology, Nakhon Ratchasimaildind

116 Technical University of KoSice, Koice, Slovakia

117 Technical University of Split FESB, Split, Croatia

118 The Henryk Niewodniczanski Institute of Nuclear Physiasljgh Academy of Sciences, Cracow, Poland

119 The University of Texas at Austin, Physics Department, Audiexas, USA

120 Universidad Autonoma de Sinaloa, Culiacan, Mexico

121 Universidade de Szo Paulo (USP), Sao Paulo, Brazil

122 yniversidade Estadual de Campinas (UNICAMP), CampinaaziBr

123 University of Houston, Houston, Texas, United States

124 University of Jyvaskyla, Jyvaskyla, Finland

125 University of Liverpool, Liverpool, United Kingdom

126 yniversity of Tennessee, Knoxville, Tennessee, UniteteSta

127 University of the Witwatersrand, Johannesburg, Southcéfri

128 University of Tokyo, Tokyo, Japan

129 University of Tsukuba, Tsukuba, Japan

130 yniversity of Zagreb, Zagreb, Croatia

131 Université de Lyon, Université Lyon 1, CNRS/IN2P3, IPNen, Villeurbanne, France

132 Universita di Brescia

133 /. Fock Institute for Physics, St. Petersburg State UniterSt. Petersburg, Russia

134 variable Energy Cyclotron Centre, Kolkata, India

135 Warsaw University of Technology, Warsaw, Poland

136 Wayne State University, Detroit, Michigan, United States

137 wigner Research Centre for Physics, Hungarian AcademyiefSes, Budapest, Hungary

138 vale University, New Haven, Connecticut, United States

139 yonsei University, Seoul, South Korea

140 Zentrum fur Technologietransfer und TelekommunikatiiT), Fachhochschule Worms, Worms,
Germany

22



	1 Introduction
	2 Experimental setup
	3 Data sample and analysis details
	4 Systematic uncertainties
	5 Results
	6 Conclusions
	A The ALICE Collaboration

