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The PHOBOS collaboration has carried out a systematic study of charged parti-

cle multiplicities in Cu+Cu and Au+Au collisions at the Relativistic Heavy-Ion
Collider (RHIC) at Brookhaven National Laboratory. A unique feature of the

PHOBOS detector is its ability to measure charged particles over a very wide an-
gular range from 0.5◦ to 179.5◦corresponding to |η| <5.4. The general features

of the charged particle multiplicity distributions as a function of pseudo-rapidity,

collision energy and centrality, as well as system size, are discussed.
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1. Introduction

The multiplicity of charged particles is a central observable in relativistic
heavy-ion collisions, which provides information about the properties of the
hot and dense fireball formed in such collisions. More detailed information
about the system is embedded in identified particle spectra, but in most
cases such spectra are not available over the full (pseudo)-rapidity range.
The information that can be obtained from the non-identified charged par-
ticle measurements therefore provide unique opportunity to study the bulk
properties of the system1.
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Figure 1. Illustration of the charged particle distribution for 0-6% central 200 GeV
Au + Au collisions. Panel a: The pseudorapidity density, dN/dη is shown as a function

of η. Panel b: The corresponding angular distribution dN/dθ is shown as a function of
the angle θ relative to the beam axis. Panel c: same as for panel (b) but here dN/dΩ is

shown. The shaded regions in panels (a) and (b) indicate the angular region where the
transverse momentum pt exceeds the longitudinal momentum p|| .

Figure 1a shows the pseudo-rapidity distribution of charged particles
emitted in Au + Au collisions at

√
sNN =200 GeV measured by the PHO-

BOS collaboration2. The typical mid-rapidity plateau extending over about
four units of pseudorapidity, leads to a steep fall-off on either side. The solid
curve represents a fit to the data using three Gaussians, one centered at
η=0 and two located symmetrically on either side of mid-rapidity. This
fit serves to estimate the total charged particle multiplicity by extrapola-
tion into the unmeasured region. In this case we find that over 99% of
the charged particle yield falls into the PHOBOS acceptance region. The
grey band encompasses the region, for which the transverse momentum
exceeds the longitudinal momentum, pt > p||, which is most likely to re-
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veal the signatures of the hot and dense fireball formed in the collision.
Figs. 1b,c show, however, that the charged particle distribution is actu-
ally very forward-backward peaked in real space coordinates and that the
mid-rapidity plateau corresponds to a minimum in the dN/dΩ distribution.

2. Multiplicity at mid-rapidity
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Figure 2. Illustration of charged particle distribution factorization for Au+Au colli-
sions. Panel a: The pseudorapidity density, dN/dη at |η| < 1 is shown as a function of

Npart for Au+Au and pp/pp collisions. Panel b: The ratio of the data to the fit function
f(s)× g(Npart ) is seen to lie in a narrow band around unity.

The centrality dependence of the mid-rapidity multiplicity may be ex-
pressed in terms of the number of nucleons, Npart , of the initial Au nuclei
that participate in the collision. This variable is determined from the en-
ergy deposited in two scintillator paddle counters located at 3 < |η| < 4.5
using Glauber model simulations3. In Fig. 2a the measured charged-particle
multiplicity at mid-rapidity4,5,6, normalized by Npart/2 in order to facili-
tate a comparison to elemental nucleon-nucleon collisions, is shown as a
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Figure 3. Comparison of charged particle multiplicity for Au+Au and Cu+Cu collisions

at 62.4 GeV (left panels) and 200 GeV (right panels). The ratios of charged particle
production density between Au + Au and Cu + Cu collisions are given as a function of

pseudo-rapidity in the lower panels.

function of Npart for collision energies of
√

sNN =19.6, 62.4, 130, and 200
GeV. One observes that dNch/dη/〈Npart/2〉 increases smoothly with both
the centrality of the collision, expressed in terms of 〈Npart〉, and collision
energy. For all centralities, the multiplicities exceed those measured in pp7

and pp8 collisions. In fact, the dependence on centrality and energy factor-
ize to high accuracy as illustrated by the solid curves, which are given as
the product two functions, i.e. dNch/dη/〈Npart/2〉 = f(s) × g(Npart). The
degree to which the factorization is valid is illustrated in Fig. 2b, where the
ratio of the data to the fit function is seen to deviate from unity by less than
about 1% (grey band). This factorization is surprising considering the sig-
nificant changes in particle production mechanisms that are expected over
the energy range of these data.

3. System size dependence

An alternative method of varying the size of the fireball is to collide ions of
different size. Such a comparison has been carried out for central Au + Au

and Cu+Cu collisions as illustrated in Fig. 3 at
√

sNN =62.4 and 200 GeV. It
is evident that similar shapes of the pseudorapidity distributions are found
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for both collision systems. Indeed, the lower panels of Fig. 3 show that the
ratio of dNch/dη between Au + Au and Cu + Cu collisions is essentially
constant over the range |η| < 3 at a value of 3.60 for 62.4 GeV and 3.56 for
200 GeV. These values are slightly larger than the ratio of the total number
of nucleons available in the initial state, namely AAu/ACu=3.13. Outside
of |η| < 3 the ratio falls off (steeply at 62.4 GeV and less so at 200 GeV)
indicating that the high-|η| tails fall off more steeply for Au + Au than for
Cu + Cu.

4. Summary

The PHOBOS experiment has a unique capability to measure nearly the
full charged particle distribution as a function of pseudorapidity. At mid-
rapidity the charged particle multiplicities have been measured for Au +
Au collisions as a function of both energy and centrality of the collisions.
A surprising result is that the dependence on these two variables can be
factorized to high accuracy (∼ 1%). A comparison of the pseudorapidity
distributions for central Au + Au and Cu + Cu collisions shows that these
exhibit the same shape over six units of pseudorapidity, but they differ
somewhat in the tails of the distributions at high values of |η|.
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