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Abstract. The PHOBOS experiment at RHIC has measured the charged-particle density dN/dq at mid-rapidity for
cedntral Au+Au collisions at center of mass energies of&=56, and 130 GeV. We deduce that dN/dq=408*l 2(stat)

k30(syst) and 555*12(stat)&35 (syst) for collision energies of 56, and 130, GeV, respectively. These numbers suggest
energy densities that are some 7090 higher than have been achieved in any heavy-ion collisions previously studied, and
also 25-40% higher than nucleon-nucleon collisions at comparable center of mass energies.
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INTRODUCTION

In June of 2000, the Relativistic Heavy Ion Collider
(RHIC) produced its first collisions of Au ions at
energies of &=56, and 130 GeV, the highest

energies at which heavy ions have yet been collided in
the laboratory. Of particular interest are global
characteristics of the collisions that provide
information about the thermodynamic properties of the
early evolutionary phases of the expanding hot system.
Chief among these are the values of the energy, and
entropy density a few jidc after the collision.
Bjorken* has suggested that these quantities may be
directly related to the density of charged particles
emitted at mid rapidity. In order to probe these
conditions, it is therefore interesting to study the
charged-particle density at mid-rapidity, as well as its
scaling with collision energy and the number of
interacting nucleons. A comparison of the charged
particle density per participant nucleon with data from
proton-proton or proton-antiproton scattering may
yield information about the collective effects or
rescattering. The early PHOBOS measurements
attempt to address these questions.

EXPERIMENTAL DETAILS

The PHOBOS experiment consists primarily of a
large collection of silicon pad detectors. In the full
experimental configuration used to take data in 2000,
the setup consisted of a large acceptance (-47r)
multiplicity detector, a small-acceptance two-arm
silicon pad tracking spectrometer within a 2T magnetic
field, plastic-scintillator and Cerenkov-radiator trigger
detectors, two plastic-scintillator time-of-flight walls,
and two zero-degree calorimeters (ZDCS). A more
detailed description of the experimental setup may be
found in References 2 and 3.

In the initial phases of collider operations at RHIC,
there was some, ultimately unfounded, concern about
radiation damage to the silicon sensors and delicate
readout electronics in PHOBOS, in the case of
possible largebackground radiation fields.
Consequently, for the first few weeks of operations a
small subset of the silicon pad detectors was installed.
This collection included 13 of the total 92 elements of
the central multiplicity detector, six of a total of 24 of
the central vertex tracking detectors, and six planes of
tracking spectrometer. The plastic-scintillator trigger
detectors, as well as the ZDCS were also installed. In

addition, the magnet was not energized for this
commissioning period. A schematic diagram of the
experimental setup for this initial stage appears in Fig.
1.
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FIGURE 1. Schematic diagram of the commissioning run
setup.

DATA ANALYSIS

The first step in data analysis concerns the
identification of collision events. This identification
was achieved using timing data from the PHOBOS
trigger detectors. Particles produced by collisions in
the nominal interaction region at the center of the
experiment were detected in the two plastic scintillator
trigger arrays. The difference in time-of-arrival for
these particles at the trigger counters was
approximately zero, whereas events produced by
background interactions upstream of the experiment
traversed one, then the other trigger array, yielding
very different timing characteristics, This timing
measurement provided a very clean separation
between collisions and background. The contribution
to the sample of collision data from double beam-gas
interactions was calculated from the observed rate of
single beam-gas interactions, and was found to be
negligible.

The centrality of the collision events was
determined from a measurement of the total energy
deposited in the two paddle-counter arrays (see Fig. 1).
To avoid contributions to this energy signal from low-
energy particles that are not minimum ionizing, and
consequently deposit more energy, the paddles with
the four highest of the 16 energy signals were taken
out of the analysis, and the remaining data were used
to determine the centrality. Figure 2 shows the
resulting paddle energy distribution obtained at a
center-of-mass collision energy of 130 GeV. The
shaded region denotes the 6T0 of events that deposit



the most energy. These are the most central collisions
included in this analysis.

To determine the number of participating nucleons
for this event sample, events from the HIJING event
generator4’5were processed with a detailed simulation
of the response of the trigger counters using the
GEANT simulation package. The same 6% energy cut
was applied to the HIJING Monte-Carlo data, and the
corresponding number of participating nucleons
from HIJING was determined to be

< Npt >= 330* 4(.rtat) *~~ (syst) and

< Nwn >= 343+ 4(stat ) ~~~ (syst) at ~ =56, and

130 GeV, respectively.
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FIGURE 2. Energy spectrum measured in the trigger
counters. The shaded region approximately corresponds to
the 6% most central collisions.

In order to determine the pseudorapidity rI for each
particle, it is frost necessary to identify the collision
vertex. In PHOBOS this may be accomplished in a
number of different ways. For the analysis presented
here, vertices were identified using found tracks in the
silicon tracking spectrometer. Here, tracks are
identified with a road-following algorithm connecting
hits in at least four of the six silicon spectrometer
planes. The resulting tracks are then analyzed to
determine if they project back to the same point in
space to within approximate y 1 mm. The average
number of reconstructed tracks at the lower energy
was approximately 13, and at the higher energy 18, for
cehtral collisions. Figure 3 shows a typical event
obtained at a center of mass energy of ~ =56 GeV.

After identification of the collision vertex, the hits
in the first two planes of the trackkg spectrometer, as
well as those in the two planes of the vertex detector,
are analyzed to reconstruct “trackless.” A tracldet is a
straight-line track emanating from the collision vertex,
which connects to two points in first two layers of the

tracking spectrometer, or the two Iayers of the vertex
detector. As the tracklets are required to originate at
the identified vertex, the number of identified tracklets
is insensitive to backgrounds arising from secondary
particles produced, for example, in the beam pipe.
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FIGURE 3. Reconstructed tracks for an Au+Au collision at
&=56 GeV. The thick lines represent planes of the

tracking spectrometer, and the thin lines denote
reconstmcted tracks.

In order to deduce the pseudorapidity density from
the measured number of tracklets, a number of
corrections were applied to the data to account for the
acceptance of the spectrometer and vertex detectors,
inefficiencies of tracklet finding, false tracks from
noise hits, as well as secondary particles and the
products of weak decays of strange particles. These
corrections were obtained from analyses of the
response of the detector using the event generator
HIJING and the simulation code GEANT. For each
event, the Monte-Carlo data were analyzed in
precisely the same manner as real events. The number
of tracklets per event for the Monte-Carlo sample was
compared to the actual number of particles emitted in
to the spectrometer or vertex acceptance (for lrIlcl),
and the corresponding correction factor was then
applied to the real data. This procedure was also
carried out for events simulated using the VENUS
event generator. The correction factors obtained from
the HIJING and VENUS event sets differed by less
than 5%, demonstrating that this procedure produces a
reliable measure of the charged-particle density.

RESULTS AND DISCUSSION

From this analysis, we obtain the values
dN/d@[71<l=408 M2(stat)&30(syst) for@ =56 GeV,

and 555t12(stat)*35 (syst) at& =130 GeV. To

compare our results with those of nucleon-nucleon



scattering at similar center of mass energies, we divide
our results by the approximate number of participating
nucleon-nucleon pairs <0.5NP.n>. We determine
dN/dqllvl<l/<0.5NPan> =2.47 *O. 10(stat) * 0.25(syst.)
at 56 GeV, and 3.24 t O.IO(stat) & 0.25(syst.) at 130
GeV. Figure 4 shows the PHOBOS data points, as
well as the results from the SPS Pb+Pb collisions’

at@=17.8 GeV, and from p~collisions from

CERNg. We observe that the central pseudo-rapidity
density for charged particles is approximately 70%
higher at 130 GeV than for the SPS energy, suggesting
a correspondingly higher central energy density for
these collisions. Also, the number of charged particles
produced per participant nucleon is approximately
40% larger for Au+Au collisions than for nucleon-
nucleon collisions at similar bombarding energies,
ruling out simple superposition models, such as the
wounded nucleon modelg. Also, the increase in the
normalized particle densities of approximately 30%
between ~=56 and 130 GeV is dramatically larger

than for proton-antiproton collisions.
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FIGURE 4. Charged particle density dN/dq (Iq]<l) divided
by number of pWicipant pairs, plotted versus center of mass
collision energy.

Our current results are in good agreement with the
predictions of the code HIJING, which includes the
effects of particle production via hard-scattering
processes, as seen in Fig. 4. This calculation also
predicts the dependence of dN/dq on NP.n, as well as
on q. An experimental determination of this behavior
can readily distinguish between HIJING-like models,
and saturation models employing different pQCD
cutoff schemes (e.g. Ref. 10). Also, while the effects
of jet quenching in HIJING are modest at the highest
energy studied so far, the results at & =200 GeV

show a marked sensitivity to this aspect of the
calculation. It will be extremely interesting to follow
the evolution of the data to even higher energies.

With the conclusion of the physics run in
September 2000, PHOBOS has accumulated a data set
consisting of more than 3.5M Au+Au collisions
at& =130 GeV, using the fully instrumented

experimental setup. These data are currently under
analysis and will shed additional light on the issues
examined in the early running phase.
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