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The PHOBOS experiment at RHIC is designed to study multiplicity distributions
and fluctuations over all of 4, as well as particle spectra and correlations at mid
rapidity, with a particular emphasis on physics at low pp. The experiment is
relatively small and relies almost entirely on silicon pad detector technology. The
flexibility of the design, the conservative nature of the technologies used, and the
ability to take data at high rates place the experiment in a good position to search
for exotic physics from heavy-ion collisions at the early stages of RHIC operations.

1 Introduction

The Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Labo-
ratory will, when operations begin, produce conditions which have not been
present since the early stages of the evolution of the universe. Two beams
of Au ions with energies of 100 GeV/nucleon will collide, producing energy
densities of a few GeV/fm3, over a large volume. In this regime, Quantum
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Chromodynamics (QCD) predicts that the nature of the QCD vacuum will
change, resulting in a deconfined, chirally symmetric phase where the partons
are no longer bound within color-singlet mesons or hadrons !. Many possible
signatures for such transitions have been suggested, such as the suppression (or
enhancement) of the production of strange or charmed mesons, fluctuations in
the numbers of emitted charged particles, or the modification of the free-space
properties of various mesons propagating through the highly excited region
produced in the Au-Au collisions.

2 PHOBOS Philosophy

Although several signatures for the Quark-Gluon Plasma (QGP) phase tran-
sition have been suggested, it remains unclear which, if any of these alone
would provide the strongest experimental evidence for new physics from rela-
tivistic heavy ion collisions. It is likely that a preponderance of circumstantial
evidence, with the concurrent anomalous behavior of several observables, will
point to the experimental verification of the existence of these new states of
matter. To study this behavior, the PHOBOS experiment is designed to com-
bine measurements of global properties, such as the charged-particle multiplic-
ity IV, with detailed studies aimed at characterizing the microscopic aspects
of the collisions. Furthermore, the experiment will concentrate on performing
measurements at low pr, where the physics will be dominated by elementary
interactions rather than hard, parton-parton scattering events. It is in this
regime that particles produced from long range, long time-scale collective phe-
nomena are expected. Since the events which signify new physics are likely to
be quite rare, PHOBOS is designed to obtain minimum-bias data at the full
luminosity and event rate. The aim is to obtain a data sample which is initially
as unbiased as possible, so that trends in many observables may be followed.

3 RHIC Environment and PHOBOS

RHIC will provide a very challenging environment for any experiment. Al-
though it is not known exactly what this environment will be like, all models of
relativistic heavy-ion collisions suggest that it will be inhospitable. The RHIC
design luminosity of 2x10%% cm™2?sec™! is expected to yield approximately
600 minimum-bias collisions per second. Current models predict between 5000
and 10000 charged particles to be produced for each central collision, with this
number decreasing as the collisions become more peripheral. For minimum
bias events, the event rate coupled with the number of produced particles very
roughly suggests a charged particle flux on the order of 3x10°% particles per
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Figure 1: Schematic drawing of PHOBOS showing the major components. For reasons of
clarity, top half of the magnet has been removed.

second incident on the experiment. Depending on the complexity of the exper-
iment, and the detail with which each particle is characterized, expected data
rates will range from a few to several tens or even hundreds of MB per second.
PHOBOS approaches this challenge by making simple measurements on every
particle in every collision, as well as a detailed study of approximately 1% of
the particles for each event in the most interesting central rapidity region. The
global measurement includes a determination of the total multiplicity, and the
multiplicity distribution, for each event, over all of 47. The detailed measure-
ment includes a high-resolution determination of the momentum of particles
at mid rapidity, which are identified by differential energy loss, and time of
flight measurements.

4 Technical Implementation

4.1 Overview

The PHOBOS experiment 2345 consists of five general detector subsystems.
These include a large solid-angle multiplicity array, vertex finding detectors,
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two multiparticle tracking spectrometers, a set of plastic scintillator time-of-
flight (TOF) walls, and trigger detectors. The multiplicity arrays are divided
into an octagonal barrel of silicon pad detectors surrounding the beam pipe
in the central rapidity region, and several rings of silicon pad detectors which
count particles at large 7. Together, these arrays cover || < 5.3. The vertex
arrays consist of two sets of silicon pad detectors above and below the beam line
around the interaction region. The spectrometers are positioned on either side
of the beam, partially within a 2T magnetic field produced by a conventional
magnet with two pole gaps with opposite polarity. The TOF walls provide par-
ticle identification for high-energy particles exiting the spectrometers. Finally,
trigger counters consisting of plastic-scintillator paddles and Cerenkov rings
are placed at large rapidity (small angles) around the beam pipe. A schematic
diagram of the experiment, showing most of these elements, appears in Fig. 1.

4.2 Silicon sensors and readout

Much of the PHOBOS experiment utilizes a common technology of silicon
pad detectors. These detectors are used in the tracking spectrometers as well
as the multiplicity and vertex finding arrays. The silicon pad detectors vary
in segmentation depending on their function and location in the experiment.
Some of these sensors contain as many as 1500 pads, and readout of these
devices presents a challenge.

The silicon sensors are produced with the usual fabrication technology.
The pad junctions are made with a p* type implant, with a bias resistor
formed from an amorphous silicon structure produced on the sensor. On top
of the silicon, a layer of dielectric is deposited, followed by metal contact pads
which are capacitively coupled to the junction. Also, there is a bus carrying the
return leakage current. Metal readout traces laid on top of a second dielectric
layer carry the pad signals to the readout electronics. A total of nine different
sensor types are used in PHOBOS; some of these are shown in Fig. 2.

The sensors are read out using integrated circuit front-end electronics. In
particular, these are 128 and 64 channel versions of the high-dynamic-range
Viking/VA chip manufactured by IDEAS 6. The VA outputs are digitized
on nearby front-end controller boards, pedestal suppressed and corrected for
common-mode noise. Finally, the data are built into events for storage and
on-line analysis. The system is designed so that it can function will little or
no dead time at an event rate of up to 600 Hz.
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Figure 2: Schematic layout of some of the silicon sensors used in PHOBOS

4.8 Multiplicity Array

Should a transition to a deconfined QGP phase occur, it is likely that the
change in entropy which accompanies this transition would result in large fluc-
tuations in the number and distribution of produced charged particles. PHO-
BOS employs two silicon pad detector arrays to study these distributions on
an event-by-event basis, which, in combination, subtend 27 in azimuth and
the entire pseudorapidity range of || < 5.3. One of of these arrays, called
the “octagon,” is an eight-sided barrel which surrounds the beam pipe in the
interaction region around mid-rapidity, extending to || < 3.1. The octagon
contains 92 silicon sensors each with 120 pads. This segmentation corresponds
to An = 0.01 units at mid-rapidity, and an azimuthal segmentation of =/16.
Sensors are removed from the octagon at four places in the mid-rapidity sec-
tion, including above and below the beam pipe, to permit particles to pass
unimpeded to the vertex counters, and on either side of the beam pipe where
the octagon is open to the spectrometer arms.

The remainder of the solid angle for the multiplicity measurement is cov-
ered by six ring counters, which surround the beam pipe, at distances of ap-
proximately Z = 41, 2 and 4 meters away from the nominal center of the
interaction volume. Each ring counters consists of 8 trapezoidal silicon sen-
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Figure 3: Reconstruction of (a) the charged particle multiplicity and. (b) the multiplicity
distribution in PHOBOS.

sors, divided into 8 radial columns, and § cylindrical rows. Together, these
rings subtend from |5} < 3.1 to 5.3.

The expected performance of the multiplicity array has been studied us-
ing Monte Carlo simulations of the apparatus, taking as input physics events
generated by the code HIJET. The modeling of the response of the PHOBOS
apparatus was carried out using the GEANT simulation package. Figure 3(a)
shows the relationship between the number of charged particles produced in 30
HIJET central collisions, and the charged particle multiplicity reconstructed
from the Monte Carlo treated data 3. Effects such as secondary production
and energy loss in the silicon detectors have been included in this simulation.
There is a good correlation between the “thrown” and reconstructed charged-
particle multiplicity. The scatter around the diagonal in Fig. 3(a) represents
an estimate of the systematic, instrumental contribution to the uncertainty in
the absolute multiplicity measurement. This scatter corresponds to approxi-
mately 2/3 the uncertainty arising from simple counting statistics for charged
particle multiplicities on the order of Nas6000 3.

The ability of the multiplicity array to measure the differential charged-
particle multiplicity distribution dN/dn on an event-by-event basis is illus-
trated in Fig. 3(b). This figure shows the average dN/dn for the 30 events
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in Fig. 3(a) (histogram), the “thrown” dN/dn for one such collision (open
symbols) and the reconstructed dN/dn (filled symbols with error bars). The
agreement between the reconstructed and original distributions is quite good,
within statistical errors.

4.4 Vertex Detector

To track particles accurately in the multiparticle spectrometers, to determine
the zero point for the pseudorapidity distribution, and to perform the needed
corrections for secondary particle production in the multiplicity measurement,
the interaction vertex must be located precisely. In PHOBOS this task is
accomplished with two, two-layer arrays of silicon pad detectors positioned
above and below the beam, centered about the nominal intersection region.
The inner layer of four pad detectors each have 512 pads, while the outer layer
consists of two rows of four sensors, each with 256 pads. The two vertex arrays
subtend an azimuthal angle of 45°, and are traversed by approximately 200 to
300 charged particles in each central event.

Vertices are located by a brute-force method, where all possible combina-
tions of hits in the inner and outer vertex layers are projected onto the beam
axis. In the case where the correct tracks are chosen, these projections lead to
a common point on the beam axis. Figure 4 shows a histogram of all possible
vertex projections for a single HIJET event at Z=0. The broad continuum
represents incorrect vertex projections, but when the hits in the inner and
outer layers of the vertex array are all correctly associated, they point to the
location indicated by the spike in the vertex distribution histogram, in this
case, at Z=0. With the pad size of the vertex counters, interaction vertices
may be reconstructed with a resolution of approximately 500pm.

4.5 Multiparticle Tracking Spectrometers

The high-resolution detectors in PHOBOS are the multi-particle tracking spec-
trometers. The tracking spectrometers consists of two arms each with multiple
layers of silicon pad detectors. The particles are momentum analyzed in a 2T
magnetic field produced with a conventional magnet. The two arms of the
PHOBOS spectrometer are made up of 14 layers of silicon pad detectors, with
varying degrees of segmentation. The first 5 planes of silicon pad detectors
are positioned in a region outside the magnetic field to define straight tracks,
and provide some initial particle identification information from the energy
loss recorded for each pad (See Fig. 5%.)

In the magnetic field region, the tracks are followed in several additional
silicon planes. The redundancy of the arrangement of the planes in the spec-
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Figure 5: Particle identification by energy loss in PHOBOS.




trometer arms ensures that even if there are small numbers of dead pads in
one or another layer, there will be enough hits for each track to enable it to
be identified. The segmentation of the tracking planes in the spectrometer
arms is such that, when multiple scattering and energy loss are taken into
account, the momentum resolution for the tracking spectrometer will be ap-
proximately 5-10 MeV /c for particles with momenta of 50-1000 MeV/c. The
momentum acceptance of the spectrometer is determined both by geometry
and by which particles stop in the front spectrometer planes. For example, the
low-momentum threshold for pions is 55 MeV /¢, and for kaons is approximately
135 MeV/c. As an example of the capabilities of the spectrometer, Fig. 6 *
shows a spectrum of reconstructed invariant mass for K+ — K~ pairs in the
region of the ¢ meson, expected to be obtained after one week of data taking at
full luminosity. After subtraction of the combinatorial background, the ¢ signal
is cleanly observed, with a centroid and width which agree with the free space
values used in the Monte Carlo simulation. Any deviation from these free space
values, in particular for classes of events which display unusual fluctuations in
N or dN/dn, could represent new physics. In addition, Hanbury-Brown-Twiss
correlations for like pions will yield information on the volume of the region
emitting charged particles. Unusually large source volumes, accompanied by
multiplicity fluctuations or unexpected behavior of reconstructed mesons could
also signal the existence of new QCD phases.

5 Summary

The PHOBOS experiment at RHIC is well positioned to obtain crucial infor-
mation about relativistic heavy ion collisions at RHIC in the early stages of
running. The philosophy of coupling global and highly focussed measurements
results in a highly flexible experiment sensitive to many different possible sig-
natures of the expected QCD phase transitions. Also, the ability to run at a
high data rate with minimum bias triggering makes it likely that rare physics
events will not be missed by the apparatus. Currently, preparations are un-
derway for data taking in an upcoming RHIC engineering run to take place in
the summer of 1999, with the full experiment in place and fully functional in
October, 1999.
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Figure 6: Phi-meson reconstruction in PHOBOS.
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