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Abstract

We present the first wide-range measurement of the charged-particle pseudorapidity density distri-
bution, for different centralities (the 0-5%, 5-10%, 10-20%, and 20-30% most central events) in
Pb—Pb collisions at /syn = 2.76 TeV at the LHC. The measurement is performed using the full cov-
erage of the ALICE detectors, —5.0 < 1 < 5.5, and employing a special analysis technique based on
collisions arising from LHC ‘satellite’ bunches. We present the pseudorapidity density as a function
of the number of participating nucleons as well as an extrapolation to the total number of produced
charged particles (No, = 17165 + 772 for the 0-5% most central collisions). From the measured
dNgp,/dn distribution we derive the rapidity density distribution, dN.y, /dy, under simple assumptions.
The rapidity density distribution is found to be significantly wider than the predictions of the Landau
model, which reproduce data well at RHIC energies. We assess the validity of longitudinal scaling
by comparing to lower energy results from RHIC. Finally the mechanisms of the underlying particle
production are discussed based on a comparison with various theoretical models.

*See Appendix [Alfor the list of collaboration members
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1 Introduction

The field of ultra-relativistic heavy-ion collisions entered a new era with the production of Pb—Pb colli-
sions at a center-of-mass energy per nucleon pair /sxy = 2.76 TeV at the CERN LHC. There exists much
evidence that, under the extreme conditions of unprecedented temperature and energy density created in
these collisions, matter is in a deconfined state known as the quark—gluon plasma h].

The charged-particle pseudorapidity density generated in these collisions depends on the particle produc-
tion mechanisms as well as on the initial energy density. Studying the dependence of the pseudorapidity
density on collision centrality will improve our understanding of the role of hard scattering and soft
processes contributing to the production of charged particles (e.g. parton saturation [B]). Moreover,
extending the measurement to a wide pseudorapidity range enables investigating the physics of the frag-
mentation region by comparing the extrapolation of this data to lower energy data from RHIC [B H] to
test whether longitudinal scaling of the pseudorapidity density persists up to LHC energies.

In this Letter we present the first LHC measurement over a wide pseudorapidity range of the centrality
dependence of the charged-particle pseudorapidity density, dN.p/dn, utilizing the ALICE detector. The
employed method relies on using so-called ‘satellite’ bunch collisions and is based on measurements
from three different ALICE sub-detectors. These measurements extend considerably the former results
obtained at the LHC [E—IE] and can be compared to the wealth of results on the charged-particle pseudo-
rapidity density from lower energy Au—Au collisions at RHIC [B, |ﬁ|, ] as well as model calculations.

2 Experimental setup

A detailed description of the ALICE detector can be found in ]. In the following, we will briefly
describe the detectors used in this analysis, namely the Silicon Pixel Detector (SPD), the Forward Mul-
tiplicity Detector (FMD), the VZERO, and the Zero Degree Calorimeter (ZDC) (see Fig. [T).

The SPD is the innermost element of the ALICE inner tracking system [@]. It consists of two cylindrical
layers of hybrid silicon pixel assemblies positioned at radial distances of 3.9 and 7.6cm from the beam
line, with a total of 9.8 x 10° pixels of size 50 x 425 um?, read out by 1200 electronic chips. The SPD
coverage for particles originating from the nominal interaction point at the center of the detector is || <2
and |n| < 1.4 for the inner and outer layers, respectively.

The VZERO detector [IEII] consists of two arrays of 32 scintillator tiles (4 rings of increasing radii each
with 8 azimuthal sectors) placed at distances of 3.3m (VZERO-A) and —0.9m (VZERO-C) from the
nominal interaction point along the beam axis, covering the full azimuth within 2.8 < 1 < 5.1 and
—3.7 < n < —1.7, respectively. Both the amplitude and the time of the signal in each scintillator are
recorded.

The ZDC measures the energy of spectator (non-interacting) nucleons in two identical sets of detectors,
located at +114m from the interaction point along the beam axis ]. Each set consists of two quartz
fiber sampling calorimeters: a neutron calorimeter positioned between the two LHC beam pipes down-
stream of the first LHC dipole which separates the two charged-particle beams and a proton calorimeter
positioned externally to the beam pipe containing bunches moving away from the interaction point. The
ZDC energy resolution at the Pb beam energy is estimated to be 20% and 25% for the neutron and proton
calorimeters, respectively. The ZDC system is completed by two Zero-degree Electro-Magnetic (ZEM)
calorimeters placed at +7.5m from the interaction point along the beam direction ]. They cover the
pseudorapidity range between 4.8 and 5.7 and thus measure the energy of particles emitted at very small
angles with respect to the beam axis.

The FMD [IE] is composed of three sub-detectors: FMD1, FMD2, and FMD3. FMD2 and FMD3 consist
of an inner and an outer ring of silicon strip sensors, while FMD1 consists of only an inner ring. The
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inner and outer rings have internal radii of 4.2cm and 15.4cm and external radii of 17.2cm and 28.4cm,
respectively, with full azimuthal coverage. Each ring is sub-divided into 512 or 256 radial strips and 20
or 40 azimuthal sectors for inner and outer rings, respectively. For collisions at the nominal interaction
point the pseudorapidity coverage is —3.4 <1 < —1.7 (FMD3) and 1.7 < 1 < 5.0 (FMD2 and FMD1).
Each sub-ring has 10240 channels resulting in a total of 51200 channels.
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Fig. 1: Schematic drawing (not to scale) of the cross-section of the sub-detectors used in this analysis and the
midpoints of the locations of the nominal and ‘satellite’ interaction points. The long-dashed line designates a
region of dense material designed to absorb all particles except muons. The short-dashed line indicates the region
of the ALICE inner tracking system, which has dense material for its services on the surfaces near FMD2 and
FMD3. The area between FMD2, FMD1 and VZERO-A contains only the beryllium beam pipe. The dark gray
shaded areas denote the paths particles would follow from z = 0cm and z = 225cm to FMD2 and VZERO-A such
that it is evident which material they would traverse.

3 Data sample and analysis approach

The analysis presented in this Letter is based on Pb—Pb collision data at \/sxy = 2.76 TeV taken by
ALICE in 2010.

Results in the region of |n| < 2 are obtained from a tracklet analysis using the two layers of the SPD.
The analysis method and the used data sample are identical to the ones described in [16], but extending
the pseudorapidity range of the SPD detector by using collisions occurring within +13cm (rather than
+10cm) from the nominal interaction point along the beam axis.

The measurement of multiplicity in the region || > 2 is carried out using the FMD and VZERO. The
main challenge in the analysis of these data is the correction for secondary particles produced by primary
particles interacting with the detector material. While the low material density in the ALICE central
barrel limits the number of secondary particles, for |n| > 2 dense material — such as services, cooling
tubes, and read-out cables — is present. This material causes a very large production of secondary parti-
cles, in some cases up to twice the number of primary particles as obtained from Monte Carlo studies.
Furthermore, the geometry and segmentation of the two detectors do not allow for the rejection of sec-
ondary particles through tracklet reconstruction and therefore the analysis depends strongly on Monte
Carlo driven corrections. In order to reduce systematic effects arising from these large correction factors,
a special analysis technique was developed. It relies on the so-called ‘debunching’ effect which occurs
during the injection and acceleration of the beams inside the LHC ring [H]. Due to the way the beams
are injected and transferred to the LHC, a small fraction of the beam can be captured in unwanted RF
buckets which creates so-called ‘satellite’ bunches spaced by 2.5ns. Thus crossings of the ‘satellite’
bunches of one beam with the main bunches of the opposite beam produce ‘satellite’ interactions with
vertices spaced by 37.5¢m in the longitudinal direction (see Fig.[I). These interactions provide the op-
portunity to avoid the large amount of material traversed by particles coming from the nominal vertex and
to extend the pseudorapidity range of the FMD and VZERO. Interactions with vertices from —187.5cm
to 375cm are used in this analysis. Furthermore, FMD3 and VZERO-C are surrounded by dense mate-
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rial and, therefore, only the FMD1, FMD2, and VZERO-A were used. For ‘satellite’ collisions in the
range of 75,102.5,...,300cm from the nominal interaction point along the beam axis, the only material
between the VZERO-A, FMD1, FMD?2 and the interaction point is the beryllium beam pipe, resulting in
a reduction of the number of secondary particles by more than a factor of two in Monte Carlo simulations
and consequently much smaller corrections. For vertices with z > 300cm and z < 75 cm other detector
material has an increasing influence on the measurement such that for vertices with z < 37.5cm only
FMDI1 and the inner ring of VZERO-A are used. An additional advantage of this analysis method is
the possibility for a data-driven calibration of the detector response using ‘satellite’ collisions for which
the pseudorapidity coverage of the VZERO overlaps with the nominal SPD acceptance, as it will be
explained in the following.

Due to the fact that the ‘satellite’ collision vertices fall outside the normal range around the nominal
interaction point, the standard ALICE trigger and event selection [|§] is inapplicable. Therefore a special
trigger imposing a lower cut of 100 fired chips on both layers of the SPD was used. The trigger was
verified to be fully efficient for the centrality range covered by the present analysis. This was done by
inspecting the distribution of the number of fired SPD chips as a function of the event centrality. The
triggered events are then further selected based on the ZDC timing information, so that

(AT —n x 2.5ns)? L (ET—nx25 ns)?
(oat)? (ox1)?

<1

Y

where AT and X7 are the difference and sum of the arrival times (relative to the crossing time of the main
bunches) of the signals in the two ZDC calorimeters, respectively, and cat = 1.32ns and oz = 2.45ns
are the corresponding resolutions. 7 is the index of the ‘satellite’ interaction point, such that n = 0 denotes
an interaction at the nominal interaction point. More details on the event selection can be found in [@]. It
is worth noting that the crossing angle between the beams was zero during the Pb—Pb data taking in 2010
which naturally enriched the data sample with ‘satellite’ collisions. The rate of the ‘satellite’ collisions
is about three orders of magnitude lower than the rate of the nominal collisions and therefore, in order to
accumulate a sufficient amount of events, the analysis was performed with all ‘satellite’ collisions from
the entire 2010 data sample. The acquired statistics is distributed unevenly among the different ‘satellite’
vertices and varies from one thousand to twelve thousand events per vertex.

Similarly to the trigger and event selection, the standard centrality selection based on VZERO [IE] can
not be used in the analysis of the ‘satellite’ collisions. Given the fact that the ZDC and ZEM are posi-
tioned very far away from the nominal interaction point, they are best suited for the characterization of
‘satellite’ collisions. The event sample is split into four centrality classes (0-5%, 5-10%, 10-20%, and
20-30%) based on the energy deposited by spectator nucleons in the ZDC and by particles emitted at
small angles with respect to the beam axis in the ZEM. The number of spectator nucleons and, therefore,
their deposited energy decreases for more central events while the inverse is true for particles emitted
at small angles with respect to the beam axis. One can therefore define centrality cuts based on this
anti-correlation. In order to match this estimator to the standard ALICE centrality selection, the corre-
lation between the ZDC versus ZEM and VZERO signal for events near the nominal interaction point
is determined [@]. This method is only reliable in the centrality range 0-30% where the trigger is also
fully efficient; this defines the centrality range for the presented measurement. To reduce the residual
bias arising from the position of the interaction point, the ZEM signal is scaled as a function of ‘satellite’
vertex. The scaling factors are obtained by a linear fit to the ZDC versus ZEM anti-correlation. They are
found to be between 0.96 and 1.04 for vertices from —187.5cm to 225 cm and about 0.86 for the farthest
vertex at 375cm.

The FMD and VZERO are used to extract the multiplicity independently in the same 1 acceptance. The
FMD records the energy loss of particles that traverse each silicon strip. The first step in the analysis
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is to apply a minimum cut on the measured energy to neglect strips considered to have only electronics
noise. Due to the incident angle of the particles impinging on the detector, the energy loss signal of
one particle may be spread out over more than one strip. The next step in the analysis is therefore to
cluster individual strip signals corresponding to the energy of a single particle. This is accomplished
by adding the strip signals which are below a clustering threshold to neighboring strips which have a
larger signal if one exists. The finite resolution of the FMD also allows for more than one particle to
traverse a single strip. The number of charged particles per strip is then determined using a statistical
approach where the mean number of particles per strip, i, over a region of 256 strips (64 strips radially
X 4 strips azimuthally) is estimated assuming a Poisson distribution, such that 4 = —In (Ng/Ns), where
Ng is the number of strips with no hits and Ng is the total number of strips (256 here) in the defined
region. To get the average number of particles per hit strip, a correction of ¢ = % is applied to each
hit strip in the region. Next, the data are corrected for the acceptance at a given interaction point, and the
inclusive charged-particle count is converted to the number of primary charged particles by means of an
interaction-point and centrality-dependent response map. These response maps are based on GEANT3

] Monte Carlo simulations using the HIJING event generator [@] and relate the number of generated
primary charged particles in a given (17, @) bin (bins are of size 0.05 in i and 7/10 in @) to the total
number of charged particles reduced by the detector efficiency in the same bin. The response maps are
highly sensitive to the accuracy of the experimental description in the simulation, and are therefore the
largest source of the systematic error on the results from the FMD.

In order to calculate the charged-particle density in the VZERO detector, the Monte Carlo simulation
described above is used to relate the observed signal to the number of primary charged particles within
the acceptance of a given VZERO ring. The relation is given by A(z,i) = ¢t(z,i)Nen(1(z,1)), where i is
the ring index and z is the longitudinal position of the interaction point. A is the VZERO signal amplitude,
N¢p 1s the number of primary charged particles in the VZERO ring’s acceptance from the given interaction
point, and ¢ is the conversion factor between A and N, determined from the Monte Carlo simulation.
In order to minimize the dependence on the simulation and perform a data-driven analysis, the VZERO
response is calibrated using reference ‘satellite’ vertices, z;, between 225cm and 375cm for which the
pseudorapidity coverage of the VZERO rings lies inside |n| < 2, i.e. overlapping the range of the SPD
at the nominal interaction point. In this way the charged-particle pseudorapidity density in a given ring
of the VZERO detector and for a given interaction point, in the range of —187.5cm < z < 375cm, is
obtained as:

VZERO
dNg;

NG (21, i) A(z,0)
an . :

(1(2.0) = g (1(z0.)

where dN3'P /dn is the charged-particle pseudorapidity density measured by the SPD, z; is the longi-
tudinal position of the reference vertex and 7 is the pseudorapidity corresponding to the chosen vertex
and VZERO ring. The factors o represent the full detector response including secondary particles, light
yield per particle, and electronics response of the VZERO, and are checked to be constant for the selected
range of ‘satellite’ vertices.

Finally, a small correction (up to 1%) is applied to the VZERO data points arising from a residual bias
in the method determined from Monte Carlo simulations by comparing the final reconstructed dN,, /dn
distribution after combining the results from all vertices to the Monte Carlo input dN,, /dn distribution.

4 Systematic errors

Table [I] summarizes the various contributions to the systematic errors for each of the three detectors
used, as well as the common contribution arising from the uncertainty in the centrality determination.
The latter is assessed by comparing the SPD results obtained with the standard approach based on the
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Table 1: List of the considered systematic errors.

Detector Source Error
Common Centrality 1-2%
Background subtraction 0.1-2%

SPD Particle composition 1%
Weak decays 1%

Extrapolation to zero momentum 2%

FMD & Material budget 4%
VZERO ZEM scaling 1-4%
Particle composition, spectra, weak decays 2%

FMD Variation of cuts 3%
Analysis method 2%

VZERO Variation between rings 3%
Calibration by SPD 3-4%

total VZERO amplitude and the ZDC versus ZEM anti-correlation. The details of Table [[] are explained
in the following paragraphs.

A related source of systematic error which affects ‘satellite’ vertices and hence only the FMD and
VZERO analyses is the uncertainty of the ZEM scaling factors. This was evaluated by varying the
ZEM scaling factors between the values obtained via a linear fit to the ZDC versus ZEM anti-correlation
and the values which give the appropriate number of events in each centrality bin (i.e. the 0-5% bin
should have the same number of events as the 5-10% bin and half the number of events of the 10-20%
and 20-30% bins) and studying the effect on the final values. The influence of the particle composi-
tion, the particle spectra and the relative fraction of weak decays of A and K? are studied by modifying
these quantities within the Monte Carlo simulation in order to match the measured particle spectra and
yields [Iﬂ, ]. The uncertainty due to the description of the material budget in the region concerned
by the analysis was estimated by varying the contribution of secondary particles from interactions in the
detector material by 10%.

For the FMD, two detector-specific contributions to the systematic error are considered. First, the noise
cut and clustering threshold, determining which strips have no or partial signals from particles, are varied
by £10%. This was found from simulations to be the range in which the probability to identify two
particles as one and a single particle as multiple particles is minimal. The effect of these variations
on the final result is a component of the systematic error. Secondly, an alternative method is used to
determine the FMD multiplicity. The method using Poisson statistics is compared to a method using the
distributions of deposited energy in the FMD. The difference between the results obtained by the two
methods (2%) is an additional component of the systematic error.

The systematic error in the VZERO measurement stems mainly from the uncertainty of the SPD results
used to calibrate the VZERO response. The systematic error related to the SPD analysis is described
in detail in [@] and is the basis of the uncertainty on the VZERO calibration. A further contribution
to the systematic error is assessed by taking into account the variation between the results from various
VZERO rings at different ‘satellite’ vertices that cover the same or close pseudorapidity ranges.

5 Results

Fig. 2l and Fig. [3] show the resultant charged-particle pseudorapidity density from each of the three de-
tectors individually and combined, respectively. The combined distribution is computed as the average
value of dN,,/dn between the various detectors weighted by the systematic errors that are not common
to the detectors (the statistical errors are negligible in comparison to the systematic errors). The error ob-
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Fig. 2: dN.,/dn per centrality bin from each of the three detectors used. The error bars correspond to the total
statistical and systematic error.
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Fig. 3: Combined dN,/dn result per centrality bin. The error bars (gray boxes) show the total statistical and
systematic error of the combined result. The open squares indicate the previously published ALICE result near
mid-rapidity [16]. Published results from other LHC experiments [9, [10] which have the same centrality as the
ALICE measurement are also shown.



8 The ALICE Collaboration

tained from this weighting is then summed in quadrature with the common systematic errors. Finally, the
distribution is symmetrized around 1 = 0 in the range of || < 5 by computing the average of dN.,/dn
at positive and negative 1 values weighted by their systematic errors. This positive—negative asymmetry
varies between 1% and 8%. The resultant distribution is in agreement with those measured by ATLAS
[IE] and CMS [@]. The lines on Fig. Blrepresent fits to the following function:

n? n?

T2 T 62
Ale i —A2€ % s

that is the difference of two Gaussians centered at 7 = 0 and having amplitudes A, A, and widths o7,
0,. For the 0-5% bin, A} =2102+£105, Ay =485+99, 01 =3.7%£0.1, and 6, = 1.2+£0.2. The
values of A; /A, 01, and 0 are the same for each measured centrality bin within errors. This function
describes the data well within the measured region and gives the best fit among multiple functions used
to extrapolate the distribution t0 f=ypeam (Ybeam = 7.99 at /sy = 2.76 TeV) in order to obtain the total
charged-particle yield. The results of the extrapolation are summarized in Table 2] and Fig. @l The
quoted errors include the variation of the fit parameters due to the measurement uncertainties as well as
the errors arising from the extrapolation beyond the pseudorapidity range covered by the experimental
data. The latter is estimated using four different fit functions: the Gaussian function mentioned earlier,
a trapezoidal function from [Ia], a function composed of a hyperbolic cosine and exponential also from
[IE], as well as a Bjorken inspired function composed of a central plateau with Gaussian tails. The total
number of produced charged particles as a function of the number of participating nucleons shows a
similar behavior as at lower energies when scaled to have the same average number of charged particles
per participant (see Fig. [).

Table 2: The number of participants <Npart> estimated from the Glauber model [IE] and the total charged-particle
yield in the measured region (—5.0 < 1 < 5.5) and extrapolated to £ypeam for different centrality fractions.

Centrality [%] <Npa_rt> Nech,—5.0<n<5.5 Neh, 0| <Vheam

0-5 382.8+3.1 14963+666 17165772
5-10 329.74+4.6 122724561 14099+655
10-20 260.5+4.4 9205+457 10581+£535
20-30 186.4+3.9 6324+330 7278+387

In Fig.[5lwe present the charged-particle pseudorapidity density per participating nucleon pair, <Npm> /2,
as a function of <Npart> for different pseudorapidity ranges. There appears to be no strong evolution in
the shape of the pseudorapidity density distribution as a function of event centrality.

We have compared our measurement to three theoretical models which predict the pseudorapidity density
—a Color Glass Condensate (CGC) based model , ], the UrQMD model [@], and the AMPT model
[IE] as tuned in [Iﬁ]. As seen in Fig. [@ in its limited pseudorapidity range (|n| < 2) the CGC based
model has a similar shape to the measured result. The UrQMD model gives a reasonable description
of the region |n| > 4 and the shape at mid-rapidity, but is unable to describe the overall level of the
pseudorapidity density as well as most of the shape. The AMPT model does reproduce the level at
mid-rapidity as it was tuned for, but fails to reproduce the overall shape.

It is well established that up to RHIC energies the particle production in the fragmentation region is
invariant with the beam energy [Iﬁ]. This phenomenon is usually referred to as longitudinal scaling and
is observed by plotting the particle yields with respect to the variable 1] — Ypeam [ﬁ]. As it can be seen
from Fig. [l our measurement is consistent with the validity of longitudinal scaling within the errors
arising mainly from the extrapolation of the charged-particle pseudorapidity density from the measured
region to the rapidity region of the projectile.

The number of produced charged particles per participant pair was observed to have a linear dependence
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Fig. 4: Extrapolation to the total number of produced charged particles as a function of the number of participating
nucleons. The light-gray band represents the uncorrelated errors from the extrapolation fit while the dark-gray band
shows the increase to the total systematic errors which includes the common error coming from the uncertainty in
the centrality estimation. The lower energy data from PHOBOS [Ia] was scaled by the average number of charged
particles per participant with <Npm> > 180 found in the ALICE measurements divided by the same quantity found
in the PHOBOS measurements.
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Fig. 5: dN,,/dn/ (<Npm> /2) as a function of <Npm> for different 1 ranges.
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Fig. 6: dN.,/dn per centrality class compared to model predictions —lﬁ].
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Fig. 7: The charged-particle pseudorapidity density distribution per participating nucleon pair for three centrality
bins shown in the rest frame of one of the projectiles by using the variable 1" = N — ypeam Vbeam = 7.99). The AL-
ICE results are extrapolated to further values of 1’ by fitting to the difference of two Gaussian functions (described
earlier) and fitting a straight line to the last few points on the curve. These results are compared to lower energy

data [IE, ].
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on In® sy from AGS to RHIC energies based on a trapezoidal approximation for the dNp, /dn distribution
with dNgp, /dn at mid-rapidity increasing proportional to Insnn [6]. Fig. [l shows this trend together with
the present ALICE measurement. The trend does not persist to LHC energies and underpredicts the total
number of produced charged particles at \/snn = 2.76 TeV. To test if the trapezoidal approximation for
the dN.p, /dn distribution is still valid using a power law scaling of the mid-rapidity dN. /dn [@], anew fit
was performed to the RHIC and ALICE data, but was found to overpredict the total number of produced
charged particles at /sy = 2.76 TeV. Therefore, the trapezoidal approximation does not hold to LHC
energies. Instead, a fit with a mid-rapidity dN,/dn value that scales as a power law as in [@] and extends
over an 1) range scaling with Insyn gives a better general description.

100 ® ALICE Pb-Pb 0-5% most central ,
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B SPS (NA49)

O SPS (NA50)
70— + BRAHMS Au-Au

~ _| A PHOBOS Au-Au
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£ | A PHOBOS Cu-Cu

=50 e
Ss404 0 gz
=

34

00 PHYS.REV. C 83, 024913 (2011)
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Fig. 8: Total N, per participant pair versus In? syn. Also shown (dotted line) is the fit to the AGS [@, ], SPS
[Iﬁ, @], and RHIC [B, |ﬁ|, ] data from [Ia] using the trapezoidal approximation for dN,, /dn and assuming that
the mid-rapidity dN.,/dn scales as Insyy. The dashed line is a fit to the RHIC and ALICE data derived using the
trapezoidal approximation, but assuming the mid-rapidity dN.,/dn scales as s%f\f as in [§]. The full drawn line is
a fit to the RHIC and ALICE data derived assuming that dN.,/dn is dominated by a flat mid-rapidity region with
a width that grows as Insyn.

Fig. Ol shows the dN,y /dy distribution versus y estimated by performing a Jacobian transformation from
1 to y utilizing the measured particle ratios and pr distributions in ALICE for 7%, K*, p, and p at mid-
rapidity ]. The systematic error on the estimate includes a linear softening of the pr spectra with ||
where the (pr) at n = 3 is 0.8 of the (pr) at n = 0 corresponding to approximately twice that seen for
pions at RHIC [@]. The systematic error also includes variations in the particle yields of £50% beyond
n = 2.5 and a linear reduction in this variance to 0 as 7 — 0. While the data, within systematic errors,
are consistent with a flat rapidity plateau of about £1.5 units around y = 0, they are also well described
over the full acceptance by a wide Gaussian distribution with o = 3.86. This width, however, is larger
than expected from Landau hydrodynamics [@, @]. In fact, the deviation is much larger than at lower
energies (see inset in Fig. 0), suggesting a significant change in dynamics at LHC energies. Similar
observations of deviations from Landau hydrodynamics have been seen in other Pb—Pb measurements at

JoNN = 2.76 TeV [37].

6 Conclusions

The charged-particle pseudorapidity density distribution has been measured in Pb—Pb collisions at /sy =
2.76 TeV. Results were obtained using a special sample of triggered ‘satellite’ collisions which allowed
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Fig. 9: dNy,/dy distribution for the 5% most central Pb—Pb collisions. A Gaussian distribution has been fit to
the data (o = 3.86). A Landau-Carruthers Gaussian [IE] and a Landau-Wong function [@] are also shown. The
full drawn line shows a fit to the sum of two Gaussian distributions of equal widths with the means at n = £2.17
and o = 2.6 as its area reproduces the estimated total number of charged particles. The inset shows the energy
dependence of the ratio of ¢ from a Gaussian fit to the expected Landau-Carruthers o taken from [@] and extended
to /snN = 2.76TeV.

for reliable multiplicity measurements in the 0-30% centrality range. The measurement was performed
in a wide pseudorapidity interval of —5.0 < 11 < 5.5 allowing for the first estimate of the total number
of charged particles produced at the LHC. The available theoretical predictions do not describe the data
satisfactorily although the CGC based model does well within its limited pseudorapidity range. We do
not observe a significant change in the shape of the distributions as a function of the event centrality.
Our results are compatible with the preservation of longitudinal scaling up to /sy = 2.76 TeV. The
scaling of total number of charged particles per participant pair with In?sxy does not persist to LHC
energies. The dN,y, /dy distribution of particles has a much larger width than that expected from Landau
hydrodynamics, showing a significant difference from lower energies suggesting a change in dynamics
at LHC energies.

7 Acknowledgements

The ALICE collaboration would like to thank all its engineers and technicians for their invaluable con-
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding
performance of the LHC complex.

The ALICE collaboration acknowledges the following funding agencies for their support in building and
running the ALICE detector:

State Committee of Science, World Federation of Scientists (WFS) and Swiss Fonds Kidagan, Armenia,
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq), Financiadora de Estudos e
Projetos (FINEP), Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP);

National Natural Science Foundation of China (NSFC), the Chinese Ministry of Education (CMOE) and
the Ministry of Science and Technology of China (MSTC);

Ministry of Education and Youth of the Czech Republic;

Danish Natural Science Research Council, the Carlsberg Foundation and the Danish National Research
Foundation;

The European Research Council under the European Community’s Seventh Framework Programme;



Centrality dependence of the pseudorapidity density 13

Helsinki Institute of Physics and the Academy of Finland;

French CNRS-IN2P3, the ‘Region Pays de Loire’, ‘Region Alsace’, ‘Region Auvergne’ and CEA,
France;

German BMBF and the Helmholtz Association;

General Secretariat for Research and Technology, Ministry of Development, Greece;

Hungarian OTKA and National Office for Research and Technology (NKTH);

Department of Atomic Energy and Department of Science and Technology of the Government of India;
Istituto Nazionale di Fisica Nucleare (INFN) and Centro Fermi - Museo Storico della Fisica e Centro
Studi e Ricerche “Enrico Fermi”, Italy;

MEXT Grant-in-Aid for Specially Promoted Research, Japan;

Joint Institute for Nuclear Research, Dubna;

National Research Foundation of Korea (NRF);

CONACYT, DGAPA, México, ALFA-EC and the EPLANET Program (European Particle Physics Latin
American Network)

Stichting voor Fundamenteel Onderzoek der Materie (FOM) and the Nederlandse Organisatie voor
Wetenschappelijk Onderzoek (NWO), Netherlands;

Research Council of Norway (NFR);

Polish Ministry of Science and Higher Education;

National Authority for Scientific Research - NASR (Autoritatea Nationald pentru Cercetare Stiintifica -
ANCS);

Ministry of Education and Science of Russian Federation, Russian Academy of Sciences, Russian Fed-
eral Agency of Atomic Energy, Russian Federal Agency for Science and Innovations and The Russian
Foundation for Basic Research;

Ministry of Education of Slovakia;

Department of Science and Technology, South Africa;

CIEMAT, EELA, Ministerio de Economia y Competitividad (MINECO) of Spain, Xunta de Galicia
(Conselleria de Educacién), CEADEN, Cubaenergia, Cuba, and IAEA (International Atomic Energy
Agency);

Swedish Research Council (VR) and Knut & Alice Wallenberg Foundation (KAW);

Ukraine Ministry of Education and Science;

United Kingdom Science and Technology Facilities Council (STFC);

The United States Department of Energy, the United States National Science Foundation, the State of
Texas, and the State of Ohio.



14 The ALICE Collaboration

A The ALICE Collaboration

E. Abbas B. AbelevZZ, J. AdanfE], D. AdamovdZE, A M. AdardEZ, M.M. Aggarwal2, G. Aglieri Rinelld&,
M. Agnelld @B A G. AgocsZH A. AgostinellZ2], Z. Ahammed™H, N. Ahmad™], A. Ahmad Masoodf&],
S.A. Ahf®3l S .U. Ahd®3 1. Aim | M. AjaAI8l A. Akindinov®H D. Aleksandrov®2] B. Alessandrd™0,
A. Alicl@2E A Alkid®, E. Almaréz Aviad®d J. Alme38] T. A1EY V. Altin#Z S. Altinpinal™

I. Altsybeevm, C. Andrem, A. Andronic@, V. Anguelom, J. Anielskﬂ, C. Ansormﬂ, T. Antiéic’Eﬂ,

F. Antinoriﬂm:l, P. Antoniolm, L. Aphecetchem, H. Appelsh'aiuselm, N. Arbmm, S. Arcellm, A. Arendm,
N. Armestdm, R. Arnaldm, T. Aronssorm, 1.C. Arsen«ﬂl, M. Arslandoklm, A. Asryarm, A. Au ustinuém,
R. Averbeck?, T.C. Awes®l J. Aystd®], M.D. AzmiEIES] M. BachED, A. Badal:®, Y.W. Baekmm%,

R. Bailhachem, R. Balm, A. Baldisserﬂﬂ, F. Baltasar Dos Santos Pedrosa@, J. BénEZI, R.C. Baraﬁﬂ,

R. Barberdm, F. Barilém, G.G. Barnafﬁldm, L.S. Barnbym, V. BarrelEZl, J. Bartkém, M. Basilém,

N. Bastidm, S. Basm, B. BathenEEl, G. Batigneﬂm:[ B. Batyunyam, P.C. Batziném, C. BaumannEu,

1LG. BeardenEU, H. Beckm, N.K. Beheram, L Belikovm, F. Bellinm, R. Bellwiede, E. Belmont-Morenom,
G. Bencedm, S. Beolém, L Berceanlﬂﬂ, A. Bercucﬂ, Y. Berdnikom, D. Berenym, A.A.E. Ber ognorm,
R.A. Bertenﬁﬂ, D. Berzandmm, L. Betev@], A. Bhasinm, A K. Bhatm, J. Bhonm, N. Bianchﬁﬁ,

L. BianchiZ, C. BianchirPD, J. BielcikEE], J. Bieltikovd™, A. BilandzidD, S. Bjelogrli®, F. Blancd™&]

F. Blancd™, D. Blad=], C. BlumdZ, M. BocciolfH, S. Bt’)ttgelm, A. Bogdanojm, H. B;zsggilcf-m,

M. Bogolyubskyﬂm, L. BO]diZSéIDE, M. Bombaram, J. Bookm, H. Boreﬁﬂ, A. Borissovm, F. Boss@,

M. Botjcm, E. Bottelm, E. Braidom:l, P. Braun-Munzin em, M. Bre antm, T. Breitnellz], T.A. BI‘OkeIE,
T.A. Browning=-, M. Broz!m, R. Brun@j, E. Brun " G.E. Bruno®=, D. Budnikov@, H. Bueschingm,

S. Bufalin P Buncicm, 0. BuSChW, Z. Buthelez@, D. Caffarrmm, X. Ca@, H. Caine@,

E. Calvo Villarm, P. Camerinim, V. Canoa RomaHE, G. Cara Romeomm, W. Carendm, F. CarenaPIl,

N. Carlin Filho’IEJ, F. Carminatfm, A. Casanova Dl'azm, J. Castillo Castellanosnzl, J.E. Castillo Hernandezm,
E.AR. Casuldz:l, V. Catanesc@, C. Cavicchiolfm, C. Ceballos Sanchez!m, J. Cepilam, P. Cerelldm,

B. Changmm, S. Chapelandzl, J.L. Charvef3 s. Chattopadhyaym, S. Chattopadhyaym, M. Cherneym,

C. Cheshkovmm, B. Cheynim, V. Chibante Barrosdm, D.D. Chinellatm, P. Chochula‘m, M. Cho'nackm,
S. Choujlﬁgm, P. Christakoglot, C.H. ChristensenZ, P. Christianser?3, T. Chujd22, S.U. Chu:}%,

C. Cicald™@ L. CifarellZ8E F. Cindold™2, J. Cleymans®2], F. Colamaridi, D. Colelld®Z, A. Collu2H,

G. Conesa Balbastrézm, Z. Conesa del Vallm, M.E. Connorm, G. Continezl, J.G. Contrerasuz,

T.M. Cormiem, Y. Corrales Moraleém, P. Cortese‘m, I. Cortés Maldonaddz, M.R. Cosentinom, F. Costa@,
M.E. Cotall(ﬁII, E. Crescidm, P. Crochelm, E. Cruz Alaniz!m, R. Cruz Albindm, E. Cuautlem, L. Cun ueird@,
A. DainesemmE, R. Dangm, A. Danlﬁﬂ, D. Dasm, K. Dasm, S. Da@, 1. Dasm, A. Daslm, S. Dasl‘ﬂgj,

S. Dem, G.0.V. de Barrom, A. De Carm, G. de Cataldom, J. de Cuvelancﬁm, A. De Falco‘m,

D. De Gruttolm, H. Delagrangm, A. Deloﬁmj, N. De Marcdmn, E. Dénem, S. De Pasqualém,

A. Deppmanum, G.D Erasmdm, R. de Rooijm, M.A. Diaz Corcherdm, D. Di Barfm, T. Dieteﬁz’,

C. Di GiglidZ, S. Di Libertd®], A. Di Maurd®, P. Di Nezzd2 R. Divid#, @. Djuvsland™®,

A. DobrifZBEI50 T, DobrowolskiZ, B. Dénigus?, 0. Dordid, O. Drigd®, A K. Dubey™ A. Dubldd,
L. Ducrouxm, P. Dupieuxm, A K. Dutta Majumdalm, D. Elia‘m, D. Emschermannm, H. En eﬁ,

B. Erazmum, H.A. Erdam, D. Eschweilelﬂm, B. Espagnonm, M. Estiennm, S. Esumm'%:l, D. Evansm,
S. Evdokimovm, G. Eyyubovdm, D. Fabrim, J. FaivréEE, D. Falchierim, A. Fanton@, M. Fasem,

D. Fehlkef™, L. Feldkamp™%, D. Feled3, A. Felicielld®, B. Fenton-OlserJ, G. FeofilovZ8),

A. Fernandez Téllezm, A. Ferrettm, A. Festantm, J. Figiem, M.A.S. Figueredm, S. Filcha inmj,

D. Finogeevm, EM. Fionddm, E.M. Fiorelm, E. Floratos@, M. Florism, S. Foertschm, P. Foka&, S. Fokinm,
E. Fragiacomom], A. Francescom, U. Frankenfeldm, U. Fuch@, C. Furgelm, M. Fusco Girardm,

J.J. Gaardhquem, M. Gagliard#ﬂ, A. Gagcm, M. Gallidm, D.R. Gangadharanmn, P. Ganotm, C. Garabatosm,
E. Garcia-Solis¥, C. Gargiuld®H, I. GarishvilfZZ, J. Gerhard®™, M. Germain™®! C. Geund™, A. Gheatd?H,

M. Gheat#3B8 B, GhidinZ, P. Ghost 22, P, Gianott®, M.R. Girard 2, P. Giubellind?4]

E. Gladysz-Dziadustl, P. Glﬁsse@, R. Gomem, E.G. FerreirouIl, L.H. Gonzélez-Truebdm,

P. Gonzélez—Zamorelm, S. Gorbunovﬂm, A. Goswamm, S. Gotovacm, L.K. Graczykowskm, R. Grajcarekm,
A. Grell& A, Grigora@, C. Grigora@, V. Grigorievm, A. Grigoryanm, S. Grigoryanm, B. Grinyovm,

N. Griorm, P. Gro@, J.E. Grosse-Oetringhaus’zl, J.-Y. Grossiordnzl R. Grossdzl, F. Gubelﬂm, R. Guernanem,
B. Guerzonfm, M. Guilbaudm, K. Gulbrandserm, H. Gulkanyatm, T. Gun'm, A. Gu tam, R. Gu tam,

R. HaakelE, Q. Haalancim, C. Hadjidakism, M. Haiducm, H. Hamagak . G. Hama ' B.H. Har&j,

L.D. Hanrattym, A. Hansen‘ZD, Z. Hannanové—TéthovdE, JW. Harrismn, M. Harzg, A. Hartonm,

D. Hatzifotiadod ™ S. Hayashm, A. Hayrapetyam, S.T. HeckeFD, M. Heider, H. Helstrudm,

A. Herghelegidm, G. Herrera Corraﬂzl, N. Herrmanrm, B.A. Hesm, K.F. Hetlandm, B. Hicksn:gﬂ,



Centrality dependence of the pseudorapidity density 15

B. Hippolytd®Z, Y. HorfZl, P. Hristov®, I. Hiivnacov#Z, M. Huand™, T.J. Humanid®, D.S. HwangZL,
R. Ichodaﬁ, R. Ilkaevm], 1. Ilkivm, M. Inabam, E. Incanimj, P.G. Innocent@, G.M. Innocendm,

M. Ippolitovm, M. Irfanm, C. Ivalm, M. Ivanovm, V. Ivanom, A. Ivanovm, 0. Ivanytskyim,

A. Jacholkowskifzu, P. M. Jacobsm, C. Jahnkem, H.J. Jangm, M.A. Janikm, PH.S.Y. Jayarathnam, S. Jena@‘ﬂ,
D.M. Jham, R.T. Jimenez Bustamanteﬂn, P.G. Jonesm, H. Jungm:l, A. Juskom, A.B. Kaidalovm, S. Kalchelﬂm,
P. Kalifiak®Z! T. Kalliokosk#, A. Kalwei® J.H. KandBZ V. KaplinZ, S. KallZH A. Karasu UysaPHE06E]
0. Karavichevﬂzl, T. Karavichevegzl, E. Kar echevﬂm, A. Kazantsevm, U. Kebschulfz], R. Keidem,

B. Ketzermm, S.A. Kharm, M.M. Khar&, P. Khadm, K. H. Kharm, A. KhanzadeeVE, Y. Kharlovm,

B. Kilend® M. Kim=Z, S. Kim?X, M.KinFL, 1.S. Kinf, J H. Kin, T. KindE2, B. Kinf32, D.J. Kinf,
D.W. KimP63 s, KirschD 1. KisePL, S. KiseleviH, A. Kisiel2, J.L. KlayZ, J. KleinB&, C. Klein-BosindsY,
M. KliemanfZ, A. Klugém, M.L. KnichePZ, A.G. KnospelIE, M.K. Kéhlei2Z T. Kolleggelﬂm, A. Kolojvarm,
M. Kom anietsuZJ, V. Kondratievm, N. Kondrat evdm, A. Konevskiklgz', V. Kovalenkdml M. Kowalskm,
S. Koxﬁﬁ G. Koyithatta Meethaleveedd®™], J. KraF3, 1. KralikEH F. KramelSZ, A. KravédkovaA, M. KrelindS]
M. Kretz@‘m, M. Krivdm, F. Krizekm, M. Krusm, E. shenm, M. Krzewickm, V. Kucerdm,

Y. Kucheriaevm, T. Kugathasar@, C. Kuhlm, P.G. Kuijer*, I. KulakovEU, J. Kumalm, P. Kurashvilf:m,

A. Kurepit®Z, A B. KurepiP, A. Kuryakir22, S. Kushpif, V. Kushpif H. Kvaernd®, M.J. KweonEs),

Y. Kworm, P. Ladrén de GuevaraEm, I. Lakomovﬂz‘, R. Langom, S.L.La Pointcﬂﬂ, C. Larzﬁ],

A. Lardeuxm, P.La Roccalm, R. Leelm, M. Lechmar@, S.C. Leuﬂ:ﬂ, G.R. Leém, L Legrandm, J. Lehnerlm,
R.C. Lemmorm, M. Lenhardtm, V. Lentm, H. Leénm:l, M. Leoncindm, I. Le6n Monzélm, P. Lévailm,

S. Lm, J. Liem, R. Lietavdﬂt S. Lindafz‘, V. Lindenstruth@m, C. Lippmannmmj, M.A. Lisam,

H.M. Ljunggrenm, D.FE Lodatdm, PI. Loennelm, V.R. Logginsﬂmj, V. Loginov[m, D. Lohnem, C. Loizide@,
K.K. Loom, X. Lopezm, E. Lopez Torreéml, G. L¢vh¢idenm, X.-G. le, P. Luettiém, M. Lunardorm,

J. Lud®, G. Luparelld®, C. Luzz£H R. MdBZ, K. Md&], D.M. Madagodahettige-Dorf &, A. Maevskay#2,

M. Magermmi D.P. Mahapatra‘m, A. Mairem, M. Malaevm, 1. Maldonado Cervantesﬂn, L. Malinin EI,

D. Mal’KeVichm, P. Malzachelm, A. Mamonov@, L. Manceaumm, L. Mangotram, V. Mankom, F. Mansdm,
N. Manukyarm, V. Manzarm, Y. Maom, M. Marchisonm, J. MareﬁEIl, G.V. Margagliottm,

A. Margottm, A. Marfrm, C. Markerm, M. Marquardm, 1. Martashvilm, N.A. Martilm, P. Martinengdm,
M.L Martfnezm, A. Martinez Davalo@:l, G. Martinez Garcfm, Y. Martynovm, A. Mam, S. Masciocchm,
M. Masera]m, A. Masoniﬂm, L. Massacrielm, A. Mastroseridm, A. Mat an:1ZI C. Ma elm, J. Mazelm,
M.A. Mazzonm, F. Meddfm, A. Menchaca-Rocham, J. Mercado Péreze M. Meresﬁyu, Y. Miakem,

K. MikhaylovB3ED 1 Miland®H25, 5. MilosevidZ | A Mischkd®, A N. MishrdfE8 D MiskowiedZ]

C. Mitu=, S. Mizundm:l, J. Mlynarzm, B. Mohantm, L. Molnalm, L. Montaio Zetinam,

M. Montendm, E. MontesnIl, T. Moorm, M. Moranddm, D.A. Moreira De Godoym, S. Morettcjm,

A. Morreald3 A. MorsctH, V. Mucciford, E. Mudnidd®, . Muhurf2, M. Mukherjed 2, H. Miillel22]
M.G. Munhozm, S. Murrlﬁ, L. Musamj, J. Musinskym, B.K. Nand#‘zl, R. Naniamm, E. Nappm,

C. Nattrasm, T.K. Naya . S. Nazarenk()@j, A. NedosekinEI', M. Nicassidmm, M.Niculescm,

B.S. Nielse”Z, T. NiiddZZ, S. Nikolaev®, V. NikolidZ!, S. Nikulir®, V. Nikuli¥H, B.S. Nilsenf2

M.S. Nilssor?Z, F. Noferinf 2203, P, NomokonovE¥, G. NoorerBZ, A. Nyaninm, A. Nyatham, C. Nygaardm,
J. Nystrand® A. OchirovI28], H. OeschleS3EER] g opEW, s K. OHEL J. OleniacA2L,

A.C. Oliveira Da Silvm, C. Oppedisandm, A. Ortiz Velas uem, A. Oskarssorm, P. Ostrowskm,

J. Otwinowsk@, K.O amam, K. Ozawm, Y. Pachmayex&, M. Pachrm, F. Padilldm, P. Pagan(;m, G. Paicﬁn,
F. Painké®d, C. Pajares—, S.K. PalZH A Palahd®Z] A. Palmeri®, V. Papikyanm, G.S. Pappalardom,

W.J. ParkE, A. Passfelcﬁm, D.L Patalakham, V. Paticchidm, B. Pauﬂj, A. Pavlinovm:[ T. Pawla]m,

T. Peitzmanrm, H. Pereira Da Costalm, E. Pereira De Oliveira Filhou:E, D. Peresunkdm, C.E. Pérez Laram,

D. Perrindm, W. Perylnzq A. Pescm, Y. Pestovm, V. Petrééekm, M. Petranm, M. Petrism, P. Petrovm,

M. Petrovicm, C. Pettdm, S. Pian(m, M. Piknam, P. Pillom, 0. Pinazzamj, L. Pinskym, N. Pitz!m,

D.B. Piyarathnam, M. Planinicm, M. Ploskoﬂ:m, J. Plutam, T. Pocheptsom, S. Pochybova@,

P.L.M. Podesta-Lermdd® M.G. Poghosyarm, K. Poldks3, B. Polichtchouk®E] N. Poljakm’E, A. Popm,

S. Porteboeuf—Houssai@, V. Posp1’§im, B. Potukuch@, S.K. Prasadm], R. Preghenellm, F. Prinom,
C.A. Prunead™] 1. PshenichnovE, G. Pudd®®, V. Puni®H, M. Puti J. Putschkd2E], H. Qvigstad®,

A. Rachevskm, A. Rademaker@, T.S. R'aiih'aazl, J. Rakm, A. Rakotozaﬁndrabelm, L. Ramello&,

S. Raniwalam, R. Raniwalam, S.S. Réis'ainenm, B.T. RascanuEu, D. Ratheem, W. Rauchm, K.F. Rea(m,

1.S. Reaf®®] K. RedlicHZ M R J. ReedE®, A. Rehmarl™, P. Reichel&Z, M. Reiche®, R. RenfordZ,

AR. Reolm@, A. Reshetinm, F. Rettigm, J.-P. Revoﬂj, K. Reyger@, L. Riccatm, R.A. Riccm,

T. Richer3 M. Richte2Z P. Riedle®2 W. Rieglei®, F. Rigg#Z®2 M. Rodriguez Cahuantz),

A. Rodriguez Mansom, K. quedEuZI, E. Rogochayalm, D. ROhIm, D. Rohrich*=, R. Romitm,



16 The ALICE Collaboration

F. Ronchett@, P. RosneLED, S. Rosse gellzl, A. Rossm, P. Roym, C. Roym, A.J. Rubio Monterdm,

R. RuiZ] R. Russd=], E. Ryabinkin®], A. RybickidZ, S. Sadovsky®, K. Safaifk32], R. Sahod® PK. SahL,

J. Sainm, H. Sakaguchﬁ,, S. Sakam, D. Sakatam, C.A. Salgadom, J. Salzwedem, S. Sambya@,

V. SamsonovBIL X. Sanchez Castrdm, L. §énd0152|, A. Sandova@, M. Sanom, G. Santagatfzu,

R. Santoro’mﬂzl J. Sarkamom, D. Sarkalm, E. Scapparonm, F. Scarlassardm, R.P. Scharenbergm,

C. Schiaud™! R. Schicker®!, H.R. Schmidf, C. Schmid®2, S. SchuchmanBZ, J. SchukrafEZ T. Schuster30,
Y. SchutZAHIE] K SchwarZH, K. Schwedd®, G. Sciol# E. Scomparif™@, R. ScotfZ P.A. ScotZ,

G. Segat(JE, 1. Selyuzhenkom, S. Senyukovm, J. Seom:l, S. Sercﬂf E. Serradillm, A. Sevcencdm,

A. Shabetam, G. Shabratovam, R. Shahoyad:m, N. Sharmm, S. Sharmam, S. Rohnm, K. Shigak?‘zl,

K. Shtejel™, Y. Sibiriak®3] E. Sickind, S. Siddhantdl&, T. SiemiarczukZE, D. Silvermy®EY, C. Silvestrd]

G. Simatovi®Z& G. SimonettE R. Singarajl®, R. Singh®], S. SinghdZHT8] v, SinghafZH, B.C. Sinhd 24,
T. Sinhd2%, B. Sital2Z, M. Sittd2H, T.B. Skaal#&, K. SkjerdaPZ, R. Smaka®] N. Smirnov3d,

R.J.M. Snelling@, C. Sanardm, R. Soltzm, M. Son . Songm, C. Soo@, E. Soramefm, 1. Sputowskam,
M. Spyropoulou-StassinakE, B.K. Srivastavaﬂﬂ, J. Stache@, I. Stalm, G. Stefanekm, M. Steinpreismn,

E. Stenlund®, G. Steyr®2], J.H. Stille®, D. Stoccd™, M. Stolpovskiy®, P. StrmerPZ, A.A.P. Suaidd 1S,

M.A. Subieta Vésquezm, T. SugitateEIl, C. Suirem, R. Sultano»ED, M. §umberam, T. Susam, T.J.M. Symon@,
A. Szanto de ToleddDE, L Szarkdm, A. Szczepankiewicm, M. Szymaﬁskm, J. Takahashm,

M.A. Tangardm, J.D. Tapia Takakgu, A. Tarantola PelonfE, A. Tarazona Martinez@, A. Taur(;m,

G. Tejeda Muﬁozm, A. Telescemj, A. Ter Minas adm, C. Terrevolfm, J. Théidellzl D. Thomaﬁﬂ, R. Tieulenm,
AR. Timminsu:m, D. Th‘llsztglzm’ A. Toi . H. Torim, L. Toscanm, V. Trubnikovm, D. Truesdalem,
W.H. Trzaskd® T. Tsuj2, A. Tumkin®, R. Turrisf2Z, T.S. Tvetel?Z J. Ulery®D, K. Ullaland™],

J. Ulricm, A. Uram, G.M. Urciuolm, G.L. Usamj, M. Vajzem, M. Valamm, L. Valencia Palomo@ﬂ,
P. Vande Vyvrém, J.W. Van Hoorném, M. van Leeuwerm, L. Vannuccm, A. Va.rgasm, R. Varmaﬂil,

M. Vasileiodﬂj, A. VasilievEﬂ, V. Vechernirm, M. Veldhoenﬁn, M. Venaruzzdm, E. Vercellidm, S. Vergaram,
R. Verne® M. Verweif, L. Vickovidd, G. Viest2, J. Viinikainer®), Z. Vilakaz£2] O. Villalobos Baillid?Z,
Y. Vinogradov@, L. Vinogradovm, A. Vino radovE, T. Virgilimn, Y.P. Viyogm, A. Vodopyanovm,

M.A. Vélk@, S. Voloshirm, K. VoloshinEIlg, G. Volpém, B. von HaHCIBZ:I, I. Vorobyevm, D. Vranim,

J. Vrlékov@, B. Vulpesc@, A. Vyushir@, B. Wagnelm, V. Wagnem, R. Warm, Y. Wang®, M. Wan@,

Y. WangB8 K. WatanabdZZ M. WebeEl J.P. WesselSHEI U, Westerhoff J. Wiechuld1Z J. Wiknd22]

M. Wildem, G. Wilkm, M.C.S. Williamm, B. Windelbam@, L. Xaplanteris Karampatsom, C.G. Yald(m,
Y. Yama, uchm, S. Yangn—-z', P. Yangm, H. Yainp?m, S. Yasnopolskiy==, J. Yfm, Z. Yinm, 1.-K. YOCJE,

J. Yoorﬁ, W. Yum, X. Yuanm, 1. Yushmanov=-, V. ZaccoldID, C. Zaclm, C. Zampollm, S. Zaporozhet@,
A. Zarochentsevm, P. Zévadzﬂj, N. Zaviyalov@, H. Zbroszczykm, P. Zelnicekm, 1.S.Z urdﬁ, M. ZhalovED,
H. Zhand®, X. ZhandETE] y. 7hand®l D. Zhou], F. Zhot® Y. Zho?d, H. Zhu&l J. Zhjyﬂ, X. Zh&, 1. Zh Bl
A. Zichichm, A. Zimmermamm, G. Zinovjevm, Y. Zoccarat(mII, M. Zynovyevm, M. ZyzaklzzI

Affiliation notes
I Deceased
i Alg0 at: M.V.Lomonosov Moscow State University, D.V.Skobeltsyn Institute of Nuclear Physics, Moscow,
Russia
i Also at: University of Belgrade, Faculty of Physics and Vinvca Institute of Nuclear Sciences, Belgrade,
Serbia
v Also at: Institute of Theoretical Physics, University of Wroclaw, Wroclaw, Poland

Collaboration Institutes

' Academy of Scientific Research and Technology (ASRT), Cairo, Egypt

A. 1. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
Benemérita Universidad Auténoma de Puebla, Puebla, Mexico

Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine

Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS),
Kolkata, India

Budker Institute for Nuclear Physics, Novosibirsk, Russia

California Polytechnic State University, San Luis Obispo, California, United States

Central China Normal University, Wuhan, China

Centre de Calcul de I'IN2P3, Villeurbanne, France

2
3
4
5

NeRe RN BN



Centrality dependence of the pseudorapidity density 17

10
11
12
13

15
16
17

32
33
34
35
36
37
38

39
40

41
4
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60

Centro de Aplicaciones Tecnoldgicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

Centro de Investigaciones Energéticas Medioambientales y Tecnolégicas (CIEMAT), Madrid, Spain
Centro de Investigacion y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
Centro Fermi - Museo Storico della Fisica e Centro Studi e Ricerche “Enrico Fermi”, Rome, Italy
Chicago State University, Chicago, United States

Commissariat a I’Energie Atomique, IRFU, Saclay, France

COMSATS Institute of Information Technology (CIIT), Islamabad, Pakistan

Departamento de Fisica de Particulas and IGFAE, Universidad de Santiago de Compostela, Santiago de
Compostela, Spain

Department of Physics Aligarh Muslim University, Aligarh, India

Department of Physics and Technology, University of Bergen, Bergen, Norway

Department of Physics, Ohio State University, Columbus, Ohio, United States

Department of Physics, Sejong University, Seoul, South Korea

Department of Physics, University of Oslo, Oslo, Norway

Dipartimento di Fisica dell’Universita and Sezione INFN, Trieste, Italy

Dipartimento di Fisica dell’Universita and Sezione INFN, Cagliari, Italy

Dipartimento di Fisica dell’Universita and Sezione INFN, Turin, Italy

Dipartimento di Fisica dell’Universita ‘La Sapienza’ and Sezione INFN, Rome, Italy

Dipartimento di Fisica e Astronomia dell’ Universita and Sezione INFN, Catania, Italy
Dipartimento di Fisica e Astronomia dell’Universita and Sezione INFN, Bologna, Italy
Dipartimento di Fisica e Astronomia dell’Universita and Sezione INFN, Padova, Italy

Dipartimento di Fisica ‘E.R. Caianiello’ dell’Universita and Gruppo Collegato INFN, Salerno, Italy
Dipartimento di Scienze e Innovazione Tecnologica dell’Universita del Piemonte Orientale and Gruppo
Collegato INFN, Alessandria, Italy

Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy

Division of Experimental High Energy Physics, University of Lund, Lund, Sweden

European Organization for Nuclear Research (CERN), Geneva, Switzerland

Fachhochschule Ko6ln, Koln, Germany

Faculty of Engineering, Bergen University College, Bergen, Norway

Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovakia
Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague,
Czech Republic

Faculty of Science, P.J. Saférik University, Kosice, Slovakia

Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt,
Germany

Gangneung-Wonju National University, Gangneung, South Korea

Gauhati University, Department of Physics, Guwahati, India

Helsinki Institute of Physics (HIP) and University of Jyviskyld, Jyviskyld, Finland

Hiroshima University, Hiroshima, Japan

Indian Institute of Technology Bombay (IIT), Mumbai, India

Indian Institute of Technology Indore, Indore, India (II'TI)

Institut de Physique Nucléaire d’Orsay (IPNO), Université Paris-Sud, CNRS-IN2P3, Orsay, France
Institute for High Energy Physics, Protvino, Russia

Institute for Nuclear Research, Academy of Sciences, Moscow, Russia

Nikhef, National Institute for Subatomic Physics and Institute for Subatomic Physics of Utrecht University,
Utrecht, Netherlands

Institute for Theoretical and Experimental Physics, Moscow, Russia

Institute of Experimental Physics, Slovak Academy of Sciences, KoSice, Slovakia

Institute of Physics, Bhubaneswar, India

Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic

Institute of Space Sciences (ISS), Bucharest, Romania

Institut fiir Informatik, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany

Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany
Institut fiir Kernphysik, Technische Universitdt Darmstadt, Darmstadt, Germany

Institut fiir Kernphysik, Westfélische Wilhelms-Universitit Miinster, Miinster, Germany

Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Mexico City, Mexico



18

The ALICE Collaboration

61
62

63
64
65
66
67

68

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

86
87
88
89
90
91
92

93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

Instituto de Fisica, Universidad Nacional Auténoma de México, Mexico City, Mexico

Institut Pluridisciplinaire Hubert Curien (IPHC), Université de Strasbourg, CNRS-IN2P3, Strasbourg,
France

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

Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitdt Heidelberg, Heidelberg, Germany
Korea Institute of Science and Technology Information, Daejeon, South Korea

KTO Karatay University, Konya, Turkey

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

Laboratoire de Physique Subatomique et de Cosmologie (LPSC), Université Joseph Fourier, CNRS-IN2P3,
Institut Polytechnique de Grenoble, Grenoble, France

Laboratori Nazionali di Frascati, INFN, Frascati, Italy

Laboratori Nazionali di Legnaro, INFN, Legnaro, Italy

Lawrence Berkeley National Laboratory, Berkeley, California, United States

Lawrence Livermore National Laboratory, Livermore, California, United States

Moscow Engineering Physics Institute, Moscow, Russia

National Centre for Nuclear Studies, Warsaw, Poland

National Institute for Physics and Nuclear Engineering, Bucharest, Romania

National Institute of Science Education and Research, Bhubaneswar, India

Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

Nikhef, National Institute for Subatomic Physics, Amsterdam, Netherlands

Nuclear Physics Institute, Academy of Sciences of the Czech Republic, ReZ u Prahy, Czech Republic
Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States

Petersburg Nuclear Physics Institute, Gatchina, Russia

Physics Department, Creighton University, Omaha, Nebraska, United States

Physics Department, Panjab University, Chandigarh, India

Physics Department, University of Athens, Athens, Greece

Physics Department, University of Cape Town and iThemba LABS, National Research Foundation,
Somerset West, South Africa

Physics Department, University of Jammu, Jammu, India

Physics Department, University of Rajasthan, Jaipur, India

Physikalisches Institut, Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany
Politecnico di Torino, Turin, Italy

Purdue University, West Lafayette, Indiana, United States

Pusan National University, Pusan, South Korea

Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir
Schwerionenforschung, Darmstadt, Germany

Rudjer Boskovi¢ Institute, Zagreb, Croatia

Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

Russian Research Centre Kurchatov Institute, Moscow, Russia

Saha Institute of Nuclear Physics, Kolkata, India

School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
Seccion Fisica, Departamento de Ciencias, Pontificia Universidad Cat6lica del Perd, Lima, Peru
Sezione INFN, Catania, Italy

Sezione INFN, Turin, Italy

Sezione INFN, Padova, Italy

Sezione INFN, Bologna, Italy

Sezione INFN, Cagliari, Italy

Sezione INFN, Trieste, Italy

Sezione INFN, Bari, Italy

Sezione INFN, Rome, Italy

Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom
SUBATECH, Ecole des Mines de Nantes, Université de Nantes, CNRS-IN2P3, Nantes, France
Suranaree University of Technology, Nakhon Ratchasima, Thailand

Technical University of Split FESB, Split, Croatia

Technische Universitdt Miinchen, Munich, Germany



Centrality dependence of the pseudorapidity density 19

112
113
114
115

The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
The University of Texas at Austin, Physics Department, Austin, TX, United States

Universidad Autéonoma de Sinaloa, Culiacan, Mexico

Universidade de Sao Paulo (USP), Sdo Paulo, Brazil

116 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil
17 Université de Lyon, Université Lyon 1, CNRS/IN2P3, IPN-Lyon, Villeurbanne, France

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

University of Houston, Houston, Texas, United States

University of Technology and Austrian Academy of Sciences, Vienna, Austria

University of Tennessee, Knoxville, Tennessee, United States

University of Tokyo, Tokyo, Japan

University of Tsukuba, Tsukuba, Japan

Eberhard Karls Universitit Tiibingen, Tiibingen, Germany

Variable Energy Cyclotron Centre, Kolkata, India

Vestfold University College, Tonsberg, Norway

V. Fock Institute for Physics, St. Petersburg State University, St. Petersburg, Russia
Warsaw University of Technology, Warsaw, Poland

Wayne State University, Detroit, Michigan, United States

Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest, Hungary
Yale University, New Haven, Connecticut, United States

Yildiz Technical University, Istanbul, Turkey

Yonsei University, Seoul, South Korea

Zentrum fiir Technologietransfer und Telekommunikation (ZTT), Fachhochschule Worms, Worms,
Germany

References

(1]
(2]

(3]
(4]
(5]
(6]
(7]

(8]
(9]
[10]

[11]

[12]

[13]
[14]

[15]

L. Arsene et al. (BRAHMS Collaboration), Nucl. Phys. A 757, 1 (2005), arXiv:nucl-ex/0410020 [nucl-ex] .

B. B. Back et al. (PHOBOS Collaboration), Nucl. Phys. A 757, 28 (2005), arXiv:nucl-ex/0410022 [nucl-ex]

J. Adams et al. (STAR Collaboration), Nucl. Phys. A 757, 102 (2005), jarXiv:nucl-ex/0501009 [nucl-ex] .

K. Adcox et al. (PHENIX Collaboration), Nucl. Phys. A 757, 184 (2005), arXiv:nucl-ex/0410003 [nucl-ex]| .
L. V. Gribov, E. M. Levin, and M. G. Ryskin, Phys. Rept. 100, 1 (1983).

B. Alver et al. (PHOBOS Collaboration), Phys. Rev. C 83, 024913 (2011), jarXiv:1011.1940 [nucl-ex] .

B. B. Back et al. (PHOBOS Collaboration), Phys. Rev. C 74, 021901 (2006),
arXiv:nucl-ex/0509034 [nucl-ex]|.

K. Aamodt et al. (ALICE Collaboration), Phys. Rev. Lett. 105, 252301 (2010), arXiv:1011.3916 [nucl-ex]|.
S. Chatrchyan et al. (CMS Collaboration), JHEP 1108, 141 (2011), |arXiv:1107.4800 [nucl-ex]|.
G. Aad et al. (ATLAS Collaboration), Phys. Lett. B 710, 363 (2012), |arXiv:1108.6027 [hep-ex] .

L G. Bearden et al. (BRAHMS Collaboration), Phys. Lett. B 523, 227 (2001),
arXiv:nucl-ex/0108016 [nucl-ex] .

L. G. Bearden et al (BRAHMS Collaboration), Phys. Rev. Lett. 88, 202301 (2002),
arXiv:nucl-ex/0112001 [nucl-ex]|.

K. Aamodt et al. (ALICE Collaboration), JINST 3, S08002 (2008).
“Performance of the ALICE VZERO system,” ALICE Collaboration, In preparation.

C. H.  Christensen et al. (ALICE Collaboration), [Int.J. Mod. Phys. E 16, 2432 (2007),
arXiv:0712.1117 [nucl-ex] .


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/10.1016/0370-1573(83)90022-4
http://dx.doi.org/10.1103/PhysRevC.83.024913
http://arxiv.org/abs/1011.1940
http://dx.doi.org/10.1103/PhysRevC.74.021901
http://arxiv.org/abs/nucl-ex/0509034
http://dx.doi.org/10.1103/PhysRevLett.105.252301
http://arxiv.org/abs/1011.3916
http://dx.doi.org/10.1007/JHEP08(2011)141
http://arxiv.org/abs/1107.4800
http://dx.doi.org/10.1016/j.physletb.2012.02.045
http://arxiv.org/abs/1108.6027
http://dx.doi.org/10.1016/S0370-2693(01)01333-8
http://arxiv.org/abs/nucl-ex/0108016
http://dx.doi.org/10.1103/PhysRevLett.88.202301
http://arxiv.org/abs/nucl-ex/0112001
http://dx.doi.org/10.1088/1748-0221/3/08/S08002
http://dx.doi.org/10.1142/S0218301307008057
http://arxiv.org/abs/0712.1117

20 The ALICE Collaboration

[16] K. Aamodt et al. (ALICE Collaboration), Phys. Rev. Lett. 106, 032301 (2011)} arXiv:1012.1657 [nucl-ex] .

[17] A.Jeff et al., Conf. Proc. C 1205201, 97 (2012).

[18] B. Abelev et al. (ALICE Collaboration), arXiv:1301.4361 [nucl-ex] .

[19] R. Brun, F. Carminati, and S. Giani, “GEANT Detector Description and Simulation Tool,” CERN-W5013.

[20] X.-N. Wang and M. Gyulassy, Phys. Rev. D 44, 3501 (1991).

[21] B. Abelev et al. (ALICE Collaboration), Phys. Rev. Lett. 109, 252301 (2012), |arXiv:1208.1974 [hep-ex] .

[22] “Strange baryon and meson production at intermediate transverse momentum in Pb—Pb collisions at /syy =
2.76 TeV,” ALICE Collaboration, In preparation.

[23] J. L. Albacete and A. Dumitru, arXiv:1011.5161 [hep-ph]|.

[24] J. L. Albacete, A. Dumitru, and Y. Nara, J. Phys. Conf. Ser. 316, 012011 (2011), arXiv:1106.0978 [nucl-th]

[25] M. Mitrovski, T. Schuster, G. Graf, H. Petersen, and M. Bleicher, Phys. Rev. C 79, 044901 (2009),
arXiv:0812.2041 [hep-ph].

[26] Z.-W. Lin, C. M. Ko, B.-A. Li, B. Zhang, and S. Pal, Phys. Rev. C 72, 064901 (2005),
arXiv:nucl-th/0411110 [nucl-th] .

[27] J. Xu and C. M. Ko, Phys. Rev. C 83, 034904 (2011), arXiv:1101.2231 [nucl-th] .

[28] J. Benecke, T. T. Chou, C.-N. Yang, and E. Yen, Phys. Rev. 188, 2159 (1969).

[29] B. B. Back et al. (PHOBOS Collaboration), Phys. Rev. Lett. 91, 052303 (2003),
arXiv:nucl-ex/0210015 [nucl-ex] .

[30] J. L. Klay et al. (E-895 Collaboration), Phys. Rev. C 68, 054905 (2003), jarXiv:nucl-ex/0306033 [nucl-ex]|.

[31] L. Ahle et al. (E-802 Collaboration), Phys. Rev. C 57, R466 (1998).

[32] S. V. Afanasiev et al. (NA49 Collaboration), Phys. Rev. C 66, 054902 (2002),
arXi1v:nucl-ex/0205002 [nucl-ex] .

[33] M. C. Abreu et al. (NA50 Collaboration), Phys. Lett. B 530, 43 (2002).

[34] L G. Bearden et al (BRAHMS Collaboration), Phys. Rev. Lett. 94, 162301 (2005),
arXiv:nucl-ex/0403050 [nucl-ex] .

[35] P. Carruthers and M. Duong-Van, Phys. Lett. B 41, 597 (1972).

[36] C.-Y. Wong, Phys. Rev. C 78, 054902 (2008), jarXiv:0808.1294 [hep-ph].

[37] S. Chatrchyan et al. (CMS Collaboration), Phys. Rev. Lett. 109, 152303 (2012), arXiv:1205.2488 [nucl-ex]|.


http://dx.doi.org/10.1103/PhysRevLett.106.032301
http://arxiv.org/abs/1012.1657
http://arxiv.org/abs/1301.4361
http://dx.doi.org/10.1103/PhysRevD.44.3501
http://dx.doi.org/10.1103/PhysRevLett.109.252301
http://arxiv.org/abs/1208.1974
http://arxiv.org/abs/1011.5161
http://dx.doi.org/10.1088/1742-6596/316/1/012011
http://arxiv.org/abs/1106.0978
http://dx.doi.org/ 10.1103/PhysRevC.79.044901
http://arxiv.org/abs/0812.2041
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/PhysRev.188.2159
http://dx.doi.org/10.1103/PhysRevLett.91.052303
http://arxiv.org/abs/nucl-ex/0210015
http://dx.doi.org/10.1103/PhysRevC.68.054905
http://arxiv.org/abs/nucl-ex/0306033
http://dx.doi.org/10.1103/PhysRevC.57.R466
http://dx.doi.org/10.1103/PhysRevC.66.054902
http://arxiv.org/abs/nucl-ex/0205002
http://dx.doi.org/10.1016/S0370-2693(02)01353-9
http://dx.doi.org/10.1103/PhysRevLett.94.162301
http://arxiv.org/abs/nucl-ex/0403050
http://dx.doi.org/10.1016/0370-2693(72)90643-0
http://dx.doi.org/10.1103/PhysRevC.78.054902
http://arxiv.org/abs/0808.1294
http://dx.doi.org/10.1103/PhysRevLett.109.152303
http://arxiv.org/abs/1205.2488

