
Vol. 1 (1970) ACTA PHYSICA POLONICA B No 3

CHARGED PARTICLE RATIO FLUCTUATIONS

AND CHARGE TRANSFER FLUCTUATIONS

FROM A RECOMBINATION APPROACH∗ ∗∗

Stephane Haussler

Frankfurt Institute for Advanced Studies (FIAS)

Max-von-Laue-Str. 1, 60438 Frankfurt am Main, Germany

Marcus Bleicher, Stefan Scherer

Institut für Theoretische Physik, Johann Wolfgang Goethe-Universität

Max-von-Laue-Str. 1, 60438 Frankfurt am Main, Germany

(Received October 16, 2008)

We analyse charged particle ratio fluctuations and charge transfer fluc-
tuations within samples of central Au+Au events at

√
sNN = 200 GeV

simulated using a dynamical recombination approach including an explicit
transition from quark to hadronic matter (quark Molecular Dynamics,
qMD). In previous papers, we argued that the recombination-hadronization
procedure implemented in the qMD model is responsible for the vanishing
of the initial QGP fluctuations for both observables. In this investigation,
the rapidity window size dependence (critical in fluctuation analyses) of
charged particle ratio fluctuations within qMD is calculated and found to
be compatible with the hadronic values. Charge transfer fluctuations are
studied as a function of rapidity for a fixed rapidity window. This ob-
servable turns out to be insensitive to the quark stage of the qMD model,
even in the midrapidity region. These results might indicate a drastic ef-
fect of (recombination-)hadronization on fluctuation observables and might
explain the compatibility of the available experimental results on charged
particle ratio fluctuations with hadronic expectations.
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Charged particle ratio fluctuations [1, 2] and charge transfer fluctua-
tions [3,4] have been proposed to pin down the existence of the quark–gluon
plasma state created in central heavy ion reaction at the highest energy
available at RHIC–BNL. In previous analyses [5–7] performed with the dy-
namical recombination model quark Molecular Dynamics (qMD) [8, 9], we
already argued that (recombination-)hadronization [10–12] might blur the
expected QGP signals and bring them to their hadronic expectation values,
in line with the work from Ref. [13]. We study further charged particle ratio
fluctuations and charge transfer fluctuations within the framework of the
qMD model with a sample of central Au+Au events at

√
sNN = 200AGeV.

Charged particle ratio fluctuations are quantified by the measure D̃ de-
fined as [14]:

D̃ =
1

CµCy

〈Nch〉〈δR2〉∆y , (1)

where Nch stands for the number of charged particles, R=(1+F )/(1−F ) with
F = Q/Nch, Q being the electric charge. Following [15], these fluctuations
are corrected by the factors Cµ and Cy. It was argued that depending on

the nature of the initial system, D̃ yields distinctly different results: D̃ = 1
for a QGP, D̃ = 2.8 for a resonance gas and D̃ = 4 for an uncorrelated pion
gas.

Charged particle ratio fluctuations have been measured at RHIC–BNL
[16–19] and CERN–SPS [20, 21] energies. All experimental analyses yield
results compatible with the hadronic expectations. We already showed in
[5–7] within the framework of the dynamical recombination procedure used
in the qMD model that charged particle ratio fluctuations increase together
with hadronization up to D̃ ≈ 3.5 in the final state, even though the signal
is initially compatible with the QGP expectation D̃ ≈ 1.

Fig. 1 (left) depicts the rapidity window size dependence of the D̃ mea-
sure. The size of the rapidity window ∆y used is crucial for the fluctuations
of conserved charges: On the one hand, the rapidity slice used should not be
too small in order to avoid purely statistical fluctuations and the transport
of charges through hadronic rescattering. On the other hand, ∆y should
neither be too large to avoid global charge conservation which would lead to
a vanishing signal. D̃ goes to 4 when the rapidity window ∆y is decreased
to very small values. It is to be expected because within very small ra-
pidity slices, only one resonance decay product can be observed (e.g. from
ρ0 → π+ + π−) so that the system appears uncorrelated. With increasing

∆y, D̃ ≈ 3.5 in agreement with the resonance gas result and stays con-
stant until ∆y ≈ 3. The further increase with even larger ∆y is shown for
completeness and arises from the term cy correcting for global charge con-
servation, going to cy = 0 when almost all particles are taken into account.
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Fig. 1. Left: Charged particle ratio fluctuations D̃ (full symbols) as a function of

the width of the rapidity window ∆y. Also shown are the values for an uncorre-

lated pion gas, a resonance gas and a QGP. Right: Charge transfer fluctuations

Du/(dNch/dη) as a function of the pseudo-rapidity η calculated with ∆η = ±0.5.

We now turn to charge transfer fluctuations, which should be sensitive
to the extent of the QGP fraction in rapidity space and defined as [3]:

Du(η) = 〈u(η)2〉 − 〈u(η)〉2 , (2)

with the charge transfer u(η) being the forward–backward charge difference:

u(η) = [QF(η) − QB(η)]/2 , (3)

where QF and QB are the charges in the forward and backward hemisphere
of the region separated at η = 0. Du/(dNch/dη) is proportional to the local
charge correlation length, smaller in a QGP than in a hadronic phase. One
expects to observe the lowest value of the charge transfer fluctuations at
midrapidity, where the energy density is the highest and where the plasma
is located. The rapidity dependence of Du/(dNch/dη) should thus exhibit
a dip in the central region. Experimental data on this observable are not
available.

Similar to the D̃ measure discussed above, charge transfer fluctuations
increase with time up to their hadronic value of Du/(dNch/dy) ≈ 0.5 with
hadronization [5–7]. The result obtained is in line with the hadronic ex-
pectation [3, 4, 22], even though the qMD result is initially compatible with
a QGP, Du/(dNch/dy) ≈ 0.1.

The results from the present calculations for Du/(dNch/dy) are shown in
Fig. 1 (right) as a function of rapidity. qMD calculations are essentially flat
with Du/(dNch/dy) ≈ 0.6. In particular, no deep at midrapidity appears
even though a quark stage is explicitly included.
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In conclusion, we have studied charged particle ratio fluctuations and
charge transfer fluctuations within the framework of the dynamical recom-
bination procedure of the qMD model, in which a quark stage is explicitly
included. As a function of the rapidity window size, D̃ is essentially flat
and compatible with the hadronic expectations. For charge transfer fluc-
tuations, the centrality dependence exhibits no deep at central rapidities.
These results confirm calculations performed earlier with the qMD model
and indicate that hadronization itself might destroy the QGP fluctuations.
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