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A survey of multiplicity fluctuations Jeffery T. Mitchell

in PHENIX

and the PHENIX Collaboration

Abstract The PHENIX Experiment at the Relativistic Heavy Ion Collider has made measurements of event-by-event
fluctuations in the charged particle multiplicity as a function of collision energy, centrality, collision species, and transverse
momentum in heavy-ion collisions. The results of these measurements will be reviewed and discussed.
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Introduction

Interest in the topic of charged particle multiplicity
fluctuations has been recently revived by the observa-
tion of non-monotonic behavior in the scaled variance
as a function of system size at SPS energies [4]. The
scaled variance is defined as var(N)/INC] where var(NN)
represents the variance of the multiplicity distribution
in a given centrality bin, and [NCis the mean of the dis-
tribution. For reference, the scaled variance of a Poisson
distribution is 1.0, independent of N. PHENIX has
studied the behavior of charged particle multiplicity
fluctuations as a function of centrality and transverse
momentum in Vsyy = 62 GeV and 200 GeV Au+Au
and Cu+Cu collisions in order to investigate if this
behavior persists at RHIC energies.

Details about the PHENIX experimental configur-
ation can be found elsewhere [2]. All of the measure-
ments described here utilized the PHENIX central arm
detectors. The maximum PHENIX acceptance of |n|
< 0.35 in pseudorapidity and 180 degrees in azimuthal
angle is considered small for event-by-event measure-
ments. However, the event-by-event multiplicities are
high enough in RHIC heavy-ion collisions that PHENIX
has a competitive sensitivity for the detection of many
fluctuation signals. For example, a detailed examination
of the PHENIX sensitivity to temperature fluctuations
derived from the measurement of mean p; fluctu-
ations is described in [3].
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Fig. 1. Inclusive charged particle multiplicity fluctuations in
terms of the scaled variance as a function of centrality for
Vsyy = 62 and 200 GeV Au+Au and Cu+Cu collisions. The
error bars include statistical and systematic errors.

Data and discussion

Charged particle multiplicity fluctuations in terms of
the scaled variance as a function of centrality are shown
in Fig. 1 for inclusive charged particles, Fig. 2 for positive
particles, and Fig. 3 for negative particles. Contributions
from fluctuations due to variations of the impact par-
ameter within a centrality bin, or geometry fluctuations,
are included in these measurements. Fluctuations from
62 GeV Au+Au collisions are more Poissonian than
in 200 GeV collisions. There is also a peak structure in
200 GeV Au+Au collisions that is not present at 62 GeV.
HIJING studies indicate that this structure is likely
attributable to the increased influence of hard processes
at 200 GeV. However, the trend is reversed in Cu+Cu
collisions, whereby the 62 GeV fluctuations are less
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Fig. 2. Positively charged particle multiplicity fluctuations in
terms of the scaled variance as a function of centrality for
Vsyy = 62 and 200 GeV Au+Au and Cu+Cu collisions. The
error bars include statistical and systematic errors.

Fig. 3. Negatively charged particle multiplicity fluctuations
in terms of the scaled variance as a function of centrality for
Vsyy = 62 and 200 GeV Au+Au and Cu+Cu collisions. The
error bars include statistical and systematic errors.

Poissonian than the 200 GeV fluctuations. The central-
ity-dependence of the fluctuations in 62 GeV Cu+Cu
collisions behave qualitatively like measurements
reported by NA49 at SPS energies. The qualitative
features of the data at both of the RHIC energies are
the same for inclusive charge, positively charged, and
negatively charged particle distributions. Charge
selection at RHIC energies appears only to divide the
value of (var(N)/IND - 1 roughly by a factor of two.

It can be demonstrated that charged particle multi-
plicity fluctuation distributions in elementary and heavy-
ion collisions are well described by negative binomial
distributions (NBD) [1]. The NBD of an integer m is
defined by

(m+k-D!(nk"

P(m) = m+k
m(k —1)(1+nk)
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Fig. 4. Inclusive charged particle multiplicity fluctuations in
terms of the k parameter from a negative binomial distribution
fit to the data as a function of centrality for Vsyy = 62 and
200 GeV Au+Au and Cu+Cu collisions.
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Fig. 5. Positively charged particle multiplicity fluctuations in
terms of the k parameter from a negative binomial distribution
fit to the data as a function of centrality for Vsyy = 62 and
200 GeV Au+Au and Cu+Cu collisions.

where P(m) is normalized for 0 <m < 0O, p = i The
NBD contains an additional parameter, k£, when
compared to a Poisson distribution. The NBD becomes
a Poisson distribution in the limit & — O - the larger
the value of k, the more Poisson-like is the distribution.
The variance and the mean of the NBD is related to k&
by 1/k = (6*/u%) - 1/u, where W is the mean and o is the
standard deviation of the distribution. The PHENIX
multiplicity distributions are well described by NBD fits
for all centralities. The extracted values of the k par-
ameter are shown in Figs. 4-6 as a function of centrality
for inclusive charged, positively charged, and negatively
charged particles, respectively. Except for the most
central collisions, the values of & for the 62 and 200 GeV
Au+Au data are consistent with each other for all
charge selections. There is also little difference in & for
the different charge selections.
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Fig. 6. Negatively charged particle multiplicity fluctuations
in terms of the k parameter from a negative binomial
distribution fit to the data as a function of centrality for
Vsyy = 62 and 200 GeV Au+Au and Cu+Cu collisions.
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Fig. 7. Inclusive charged particle multiplicity fluctuations in
terms of the k parameter from a negative binomial distribution
fit to the data as a function of p; over the range 200 MeV/c
< D1 < Drmax fOT Vsyy = 62 and 200 GeV Au+Au and Cu+Cu
0-5% central collisions.

In order to better understand the various sources
of the multiplicity fluctuations, the fluctuations have
been measured as a function of p,range, 200 MeV/c <
D1 <Prma- The results in terms of the NBD k parameter
are shown for three centralities in Figs. 7-9. The quali-
tative behavior of the fluctuations in Au+Au collisions
changes dramatically when comparing central to mid-
central collisions. This behavior may be consistent with
what is expected from jet suppression. In the most
central collisions, jet suppression effectively dilutes the
hard, non-Poissonian contribution to the distribution
resulting in an increasing value of k. In non-central
collisions, the dilution of the non-Poissonian hard
component is reduced and k decreases. This could also
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Fig. 8. Inclusive charged particle multiplicity fluctuations in
terms of the k parameter from a negative binomial distribution
fit to the data as a function of p; over the range 200 MeV/c
< P71 < Prmax fOT Vs = 62 and 200 GeV Au+Au and Cu+Cu
10-15% central collisions.
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Fig. 9. Inclusive charged particle multiplicity fluctuations in
terms of the k parameter from a negative binomial distribution
fit to the data as a function of p; over the range 200 MeV/c
< Pr < Prmax fOT Vsyy = 62 and 200 GeV Au+Au and Cu+Cu
25-30% central collisions.

explain the rapid increase in k as a function of centrality
in the most central collisions. More detailed simulations
are being studied to better understand the measured
trends and to better estimate contributions from hard
processes and geometry fluctuations.

Summary

PHENIX has measured charged particle multiplicity
as a function of collision energy, centrality, collision
species, and transverse momentum. The scaled variance
is seen to decrease when comparing 200 to 62 GeV
Au+Au collisions. However, the scaled variance
increases when comparing 200 to 62 GeV Cu+Cu colli-
sions. The scaled variance for 62 GeV Cu+Cu collisions
behaves qualitatively like measurements at SPS
energies.
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