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Charge fluctuations provide a possible signature for th&tence of the de-confined Quark Gluon
Plasma phase (QGP). Being sensitive to the square of thgedluctuations in QGP, with frac-
tionally charged partons, are significantly different frémse of a hadron gas with unit charged
particles. Studies of charge fluctuations have been castiedsing the variable/, _ 4yn Which,

by its construction, is free from collisional bias (impaerameter fluctuations and fluctuations
from the finite number of charged particles within the deieecceptance). The dependence of
charge fluctuations on the pseudo-rapidity windows forotegicentrality bins is analyzed for
Pb—Pb collisions at/syn = 2.76 TeV in the ALICE experiment at CERN-LHC. A scaling be-
havior is observed as a function of increasing pseudo-itgpithdow for the charge fluctuations,
expressed in terms &ch X V(. _ 4y, WhereNg is the number of charged particles. The results
are compared to experimental measurements at lower esamicto model predictions.
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1. Introduction

Heavy-ion collisions at ultra-relativistic energies caoguce a new state of matter charac-
terized by high temperature and energy density, where tgeede of freedom are given not by
hadrons but by their constituents, the quarks and gluongfig ALICE experiment [2], located at
the CERN LHC, is a multi-purpose experiment with highly seves detectors around the interac-
tion point. The central detectors cover the pseudo-rapréigion|n| < 0.9, with good momentum
measurement as well as good impact parameter resolutiois giues us an excellent opportu-
nity to study the fluctuations and correlations of physidadervable on an event—by—event basis.
Details of the ALICE experiment and its detectors may be oun{2].

The fluctuations of net—charge depend on the squares of éingechtates present in the system.
The QGP phase, having quarks as the charge carriers, shemsut in a significantly different
magnitude of fluctuation compared to a hadron gas (HG). Asudied in [3, 4], The net—charge
fluctuation is measured in terms of D defined as

D— 4<5—Q2> (1.2)
(Nen)
whereQ = N, — N_ is the net—charge and., = N, + N_, hereN; andN_ are the numbers of
positive and negative particles. The net—charge fluctnatigressed in term d is predicted to
be 4 for non—interacting pion-gas3 for hadron resonance gas and-1.5 for QGP [5].

However, on an event—by—event basis the fluctuations atestugbed experimentally through
“non-statistical” or “dynamical” fluctuations. The dynasriharge observable, _ 4 is defined
as

(NG(N, =) (NC(NC—1) (NN,
Viy_ =V, — Vga= + -2 , 1.2
(oo = Ve~ Ve = T N TR
where )
N, N )
vy = -— (1.3)
: <<<N+> (N >
and
1 1
Vstat = m + m (1.4)
and(....) denotes the average over all events. Anduhe 4y is @ measure of the relative correla-
tion [6] strength of++4, ——, and+— particles pairs. Note that by construction, these coimeiat

are identically zero for Poissonian, or independent particoduction. Furthermor® can be
expressed in terms of __ gy as

D~ V(- dyn) X <N(;h> +4 (1.5)

In this article we report the first measurement of the netrgghfluctuations in Pb—Pb colli-
sions at,/syn = 2.76 TeV measured with the ALICE detector.The data were resgbiitl November
2010 during the first run with heavy ions at the LHC. In thislgsia, the Time Projection Cham-
ber (TPC) [7] is used for selecting tracks, the Inner TragkBystem (ITS) is used for vertexing
and triggering and the VZERO scintillator detector is usadeistimating centrality [8] as well as
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triggering. The collision centrality is determined by catsthe VZERO multiplicity as described
in [9]. A study based on Glauber model fits [10] to the multtyi distribution in the region corre-
sponding to thw 90% of most central collisions, where thdexereconstruction is fully efficient,
facilitates the determination of the cross section pefleeand the number of participants. The
resolution in centrality is found to be 0.5% RMS for the most central collisions (0-5%), in-
creasing towards 2% RMS for peripheral collisions (70-80%)e present analysis is performed
by taking vertexes withint10 cm from the nominal interaction point along the beam azjs (
to ensure a uniform acceptance in the central pseudo-tapigli < 0.8 and the charged particle
transverse momentunpyr, from 0.15 GeVé¢ to 5 GeVE. The trigger consisted of a hit on the two
VZERO scintillator detectors, positioned on both sidedefihteraction point, in coincidence with
a signal from the Silicon Pixel Detector (SPD). We have reedolbackground events using the
VZERO timing information and the requirement of at least tvawks in the central detectors.

Pb-Pb events at \[s,, = 2.76 TeV (0.2 GeV/c < p, <5 GeVic)
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Figure 1. Dynamical net—charge fluctuations,. _ 4., of charge particles within different pseudo-rapidity
windows, as a function of number of participants.

The contribution to the systematic uncertainty origingtfrom the following were consid-
ered: (a) uncertainty in the determination of interactientex, (b) the effect of magnetic field, (c)
contamination from secondary tracks (DCA cuts), (d) cdityraefinition using different detec-
tors, and (e) quality cuts of the tracks. The systematic &tit8cal uncertainties in the plots are
represented by the shaded areas and the error bars, reslyecti

The dynamic fluctuationsy,_ qyn, Were calculated on an event-by—event basis from the
measurements of positive and negatively charged parfcieduced withinAn windows defined
around mid-rapidity. Fig. 1 shows, the, _ 4y as a function of Nart, where moving from left to
right along the x-axis implies moving from the most centaatite most peripheral collisions. The
value ofv, _ 4y decreases monotonically, going from central to periphesbisions for various
An windows.
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Figure 2: The absolute value of , _ 4y, @s a function of the collision centrality compared with sig&-
ments for lower energies.

We have studied the beam energy dependence of the net—¢hatgations by combining the
ALICE points with those of RHIC data [11]. In Fig. 2, we preséme absolute value, _ gy as
a function of number of participants fén = 1, in Pb—Pb collisions af/Syn = 2.76 TeV at LHC
and Au-Au collisions at STAR. In all cases dynamical netrgbdluctuations exhibit a monotonic
dependence on the number of participating nucleons. Th€Eldata are below the STAR points
for Au—Au collisions at all centralities, indicating an diifshal reduction of the magnitude of
fluctuations at LHC energies.

We examine the nature of the variation N, x v, _ 4y With An by plotting its ratio with
respect to the value #dtn = 1, as shown in Fig. 3. We observe that the relative valubgfx
V(4+—dyn) 9grows smoothly with increasingn window. This behavior has been predicted in [12,
13] and was attributed to the spread of the signal arisingn fitee diffusion during the evolution
from the early QGP stage to the hadron resonance gas (HG)g€banservation and longitudinal
expansion affect the growth, which may limit the increasariasymptotic value. We fit the data
points of Fig. 3 with a function of the form eff /+/80¢) [14, 15], representing the diffusion in
rapidity space, whereys is the diffusion parameter. The diffusion coefficieat, obtained from
the fitting is equal to @67+ 0.02 at 0-5% centrality. An extrapolation of the fitted valudigates
the onset of saturation Ap = 3. It has been conjectured that, taking only dissipation &ttcount,
the asymptotic value of fluctuations may give back the oaliralue of fluctuations at the early
QGP stage.

In Fig. 4, the net—charge fluctuations, expressed in termigpk v, _ 4y andD (left— and
right-axis, respectively) as a function of tNgat are shown for three differestn windows, i.e.
An =1,An = 1.6 and the extrapolated asymptotic valueAmt= 3, along with the lines indicating
the predicted values of fluctuations for three cases: pienlg& and QGP. The values at asymp-
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Figure 3: Nch X V(4 _ gy, NOrmalized to the values fdn = 1, are plotted as a function &fn. The data
points are fitted with the functional form eff§ /+/8at) normally used for diffusion equations. The dashed
line is an extrapolation of the fitted line.
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Figure4: Neh x V(4 _ 4y (left-axis) and D (right-axis) are plotted fén = 1 and 1.6 as a function of the
number of participants. The values after extrapolatinggbdrAn are shown by open circles.

totic limits are obtained for each centrality bin, sepdyat& decreasing trend of fluctuations is ob-
served, measured in terms of D, when going from periphereétdral collisions. By confronting

the measured value with the theoretically predicted fluiina [4, 12], it is observed that the re-
sults are within the limits of the QGP and the HG scenariogestity the fluctuation might have
been less than the observed value, because of further darmdpinto the final state interactions,
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expansion, collision dynamics, string fusion, or otheeet discussed in [14, 15, 16, 17, 18, 19].

In summary, we have presented the first measurements of dymatr-charge fluctuations at
the LHC in Pb—Pb collisions aysyn = 2.76 TeV using the observable, _ 4. The net-charge
fluctuations are observed to be dominated by the corretboppositely charged particles. The
energy dependence of the dynamical fluctuations shows aateein fluctuation going from RHIC
to LHC energies. A fit to the fluctuation in rapidity space isngsthe diffusion equation, which
yields the asymptotic value of fluctuation, which is closeithe theoretically predicted value of
Quark Gluon Plasma.
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