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I. INTRODUCTION: Expanding Horizons

High energy and nuclear physics have undergone extraordinary changes
during the past fifteen years. The existence of quarks as the
elementary constituents of hadronic matter has been confirmed, and the
field of nuclear physics has embraced a wide-ranging program of research
to study the structure of nuclear matter in terms of the quark degrees
of freedom. As a result the characteristic energy of nuclear collision
experiments is no longer confined to the few MeV range of traditional
nuclear structure experiments, exploring a system of neutrons and
protons, but extends into the many-GeV range which once was the
exclusive domain of particle physics. This has led to a new generation
of large accelerator facilities for nuclear physics. One example of
these is Che CEBAF 4 GeV electron beam facility now under construction
in New Port News, Virginia.

The most spectacular of the new high energy approaches to nuclear
physics is in the field of relativistic heavy ion collisions, for which
it is anticipated that construction of the Relativistic Heavy Ion
Collider (RHIC) facility will begin soon. Here the goal is to subject
large volumes of nuclear matter to such extreme conditions of
temperature and pressure that a new form of matter is produced in which
the recognizable components are not the familiar neutrons and protons,
but are quarks.

In this state of matter the densities are so high that the
constituents interact through nuclear forces. Once this state is
achieved it will allow us to study the thermodynamics of strongly
interacting particles in macroscopic systems (i.e., systems whose size
is large compared to that of a single hadron). Heavy ion collisions
offer the only means for producing matter of such densities in
terrestrial experiments.

The thermodynamic conditions required to bring about this phase
transition from ordinary nuclear matter to a plasma of quarks and gluons
can be estimated from the observed properties of quarks in high energy
scattering experiments, and detailed theoretical studies can be carried
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out via quantum chromodynamics. The interesting temperatures are of the
order of 100-200 MeV, and the corresponding densities about 10 times
chat of ordinary nuclear matter. These conditions are characteristic of
the expanding universe a few microseconds after the Big Bang. The
relevant densities might be attained in the cores of neutron scars. The
possibility of exploring, in the laboratory, nuclear matter under such
extreme conditions has sparked the recent widespread interest in
colliding heavy nuclei at very high energies.

During the past three years the first steps have been taken Co carry
out this kind of research. Ion beams have been accelerated in the
Brookhaven AGS (14.5 GeV/u) and the CERN SPS (200 GeV/u). These beams,
impinging on fixed targets, provide cm. collision energies which are
abouc an order of magnitude below the values which are ultimately
desired. To date, the accelerated ion beams have been limited to nuclei
of relatively low aass (A<32). Nonetheless, important new data have
resulted:1 These experiments have established that states of compressed
nuclear matter can be created and studied under laboratory conditions in
which extrene values of energy density are achieved. The general
characteristics of the observed events bear out the theoretical
expectations for large thermal energy deposition in violent nuclear
collisions, and they point the way for extending further the range of
thermodynomic conditions over which to study new forms of dense hadronic
natter. The most exciting results are the several indications that,
indeed, when these extreme conditions are reached, there are new
physical phenomena to be explored.

Measurements made so far are of two important types. Global
measurements of average properties such as multiplicity and transverse
energy serve co characterize events according to such properties as the
entropy and the initial energy density produced in the collision. An
example of this kind of data is illustrated by the transverse energy
spectra shown in Fig. 1. The transverse energy is a measure of the
extent to which the kinetic energy of the beam goes into compressing and
heating the colliding nuclei. At the very high energies of the RHIC
collider the transverse energy should be directly related to the energy
density achieved in the collision. At RHIC the predicted energy
densities are in excess of 20 times that of ordinary nuclear matter.
The fact Chat color string models, such as Che VENUS calculations shown
in Fig. 1, give good agreement with the AGS and SPS data is an
indication chat the essential nuclear dynamics of these collisions are
indeed in agreement with the assumptions which underlie the
extrapolations to collider energies.

A second type of measurement involves specific observables which may
signal Che onsec of new phenomena. One example is the suppression of
heavy vector mesons such as J/V>, one of the most widely discussed
results of the CERN heavy ion program. At the AGS a surprisingly high
abundance of strange particle production has been observed in the heavy
ion collisions, as illustrated in Fig. 2. Both of these trends were
predicted as signatures of new physics, and since their observation, the
interpretation of etch is a subject of active debate. These and other
measurements of this type are laying the groundwork for future
experiments with heavier ions and, ultimately, much higher energies.

II. The RHIC Project

The planning for future facilities in both the U.S. and Europe call
for a continued pushing back of the frontiers of this new field. Within
a few years it will be possible to accelerate the heaviest nuclei (e.g.,
gold, lead, uranium) at both the SPS at CERN and the AGS at Brookhaven.
The next step is the realization of RHIC in which high energy colliding
beams will be available in a dedicated facility for heavy ion research.



The Relativistic Heavy Ion Collider at Brookhaven will extend the
present heavy ion capabilities of the AGS into an energy domain not
available at any other laboratory within the foreseeable future. The
Brookhaven site map in Fig. 3 shows the accelerators and connecting beam
tunnels involved in the heavy ion program, i.e., the Tandem Van de
Graaff, the Heavy Ion Transfer Line, the AGS, the Booster Synchrotron
presently under construction, and the existing ring tunnel for the
proposed collider. Operation of the AGS for heavy ion experiments
started in October 1986 with the delivery of 08* beams. Subsequently,
the mass range was extended with the AGS delivering typically 2xlO8 Si1'*
ions/pulse at an energy of 14.5 GeV/u. Completion of the AGS Booster
Synchrotron in 1991 will extend the mass range to the heaviest ions,
typically 178Au, with 238U a definite possibility.

The collider6 consists of two rings of superconducting magnets for
accelerating and storing circulating beams of ions. The facility will
have the flexibility of using the full range of ion species from protons
to gold, and will cover the entire range of collision energies from
those available at the AGS up to the top collider energy (100 GeV/AHU
for gold beams). Average luminosities (particle fluxes) of IP26 - 1027

cm^sec"1 are predicted for gold-on-gold collisions at full energy,
depending on the details of the experimental layout. Proton energies up
to 250 GeV in each beam will be available at luminosities of about 1031

cn*2sec"1. The capability for collisions between different species will
also be provided. The RHIC ring lattice has six crossing regions where
the beams collide and experiments can be performed. Four of these
experimental areas will be utilized initially, with the remaining two
available for future expansion of the research program. RHIC will use
the existing AGS and Tandeia Van de Graaff accelerator complex at
Brookhaven as an injector. The new accelerator will be built in the
existing CBA tunnel (3.8 km circumference), and will utilize the
experimental halls, support building and liquid helium refrigerator from
the partially completed CBA project. The RHIC project is proposed to
begin construction in 1991, with the first collider experiments
beginning in 1996. A plot of the design luminosity vs. energy for
various ion species, with corresponding beam lifetime is shown in
Fig. 4.

III. Experiments and Detectors at a Heavy on Collider

Of the six crossing regions built into the RHIC rings, those at the
2, 4, 6 and 8 o'clock positions (see Fig. 1) have completed experimental
halls, including support buildings and (except in the 4 o'clock "open
area") crane coverage. The RHIC plan calls for mounting experiments
initially in these four areas, leaving the remaining two unfinished
until some later time.

The recording of events at this collider, will require the extension
of techniques for particle detection beyond the present ranges of
application in elementary particle and nuclear physics. Vith beam
energies up to 100+100 GeV/nucleon and ion masses up to >200, the total
energy in each collision can reach up to 40 TeV in the center-of-mass:
a range far beyond that of any present accelerator or any existing
detector system. Unlike the proposed SSC collider, which will
accelerate elementary particles to such an energy and produce hundreds
of very high energy particles in the final state, the most interesting
events at the RHIC collider are expected to produce tens of thousands of
final-state particles in each collision, with proportionately less
energy carried away by each particle. Thus, while the basic detector
technology will have much in common with the detector systems developed
for colliding beams of elementary particles, the design of detector
systems for the heavy ion collider must address a different set of
problems.



In addition to extraordinarily high particle multiplicities,
experiments in a heavy ion collider must deal with the fact that the
signals which characterize equilibrium phenomena in a hot plasma of
quarks and gluons are expected to be carried by particles vhose
transverse momenta and thermal energies are relatively small, and
similar to that of the background radiation. This is in contrast to the
detection of hard-scattering phenomena in elementary particle colliders,
where sensitive triggers can be made blind to the vast majority of
background particles by selecting large transverse momenta. Detector
systems to deal with high energy nucleus-nucleus collisions will require
new approaches to the technologies of tracking, calorinecry, particle
identification, fast trigger decisions and on-line data processing.

In April 1985 a workshop involving about 100 nuclear and high-energy
physicists provided preliminary designs and cost estimates for a first-
round suite of detectors for RHIC. The second RHIC workshop was held in
Hay, 1987 at Lawrence Berkeley Laboratory. This week-long meeting
culminated a year of effort carried out by individual working groups
holding meetings at BNL, CERN and elsewhere. The proceedings from these
workshops7'8 are available, and provide a detailed discussion of physics
goals and conceptual designs for detector systems.

At the Hay, 1987 workshop a few of the designs for large detector
systems were examined in detail to study their technical feasibility,
their impact on the design and modes of operation of the collider and
the range of capabilities for physics research represented by each. Out
of these studies cane the realization that the measurement of lepcon
pairs, (electron pairs and muon pairs) radiating from heavy ion
collisions at RHIC cannot be adequately measured if the luminous,
interaction length of the crossing beams is of the order of a meter or
more, as it was in the original RHIC design. Since these lepton pair
measurements are of fundamental importance to the research program, the
design of the RF system of the machine has been revised to provide
shorter beam bunches and ensure a useable interactions length over the
full beam lifetime. These workshop studies also showed that the most
useful improvements to the machine performance - from the point of view
of extending the physics reach - would be those which increased the
luminosity of the machine, rather than extending the energy range.
Subsequent accelerator physics studies have explored possible future
upgrades of the machine which could increase the luminosity from all ion
species by about a factor of ten beyond the current design values.9

With several well-specified concepts now in hand for large detectors
at RHIC, attention in the user community has turned to the need for R&D
on detector techniques. Past workshops have pointed out a number of
specific areas where detector technology must be advanced beyond the
present state of the art in order to realize the needed capability for
experiments at RHIC. In July, 1988 a workshop was held at BNL to
examine the needs and priorities for detector R&D for RHIC.10

Among the areas which have been identified as most urgently
requiring study before the design of large scale detector systems for a
heavy ion collider can be completed are:

• Tracking and particle identification techniques in a very high
multiplicity environment

• Calorimeter response to high densities of soft particles
• High density readout electronics
• Methods of muon and electron identification suitable for studies

at transverse momenta and pair masses at the < 1 GeV scale.
This year, Brookhaven National Laboratory, with the cooperation of

the U.S. Department of Energy, has initiated a program of detector R&D
which is providing support for a large number of user groups from



universities and National Laboratories to begin a technical effort which
will grow with increased funding as the project reaches the construction
stage.
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Fig. 1. Transverse energy spectra, for the indicated pseudo-rapidity
(»j) intervals, as measured with silicon beam at 10 GeV/u at the
AGS (experiment E814, Ref. 2) and with oxygen beam at 200 GeV/u
at the SPS (experiment WA80, Ref. 3). In each case the results
are shown for two different target nuclei. The solid curves
are the result of the VENUS Monte Carlo Model (Ref. 4).
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Fig. 2 A compilation of K/JT ratios as a function of transverse
momentum in p-p and p-A collisions at AGS energies compared
with Si + Au data obtained in AGS experiment E802 (Ref. 5).
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Fig. 3. Site map of present and proposed accelerators at Brookhaven.
The Tandem Van de Graaff and the AGS with its linac injector
are existing machines. TheBoosterSynchrotron for pre-injector
to the AGS is currently under construction. The RHIC colliding
beams accelerator to the north of the AGS complex is a proposed
construction project.
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