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ABSTRACT

The impressive success of the Standard Model of quarks and leptons and their unified
interactions has stimulated new and important questions for both nuclear and particle physics.
These questions have motivated the planning and construction of several large new accelerator
facilities with complementary science programs. We touch here on some of the physics goals
that will be pursued with the new breed of accelerators.
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INTRODUCTION

The conference organizers have juxtaposed this contribution to that of J. Simpson who
discusses the "underground physics" of neutrino observatories. Since most of us cherish the
comfort of working on, or at least close to, the surface of our planet, it would be my task to
assess the lion's share of future prospects in particle and nuclear physics. This (unfortunately)
would require an encyclopedic knowledge of current physics and cannot be accomplished in a
40-minute presentation. Instead, I have chosen a few topics in the spirit of the true amateur
who is hard pressed to justify his preferences by an in-depth analysis. Fortunately, more
thorough presentations of most of the topics can be found in other contributions made to this
conference. My emphasis is clearly on experiment, keeping in mind R.P. Feynman's remark
that "experiment is the sole judge of scientific 'truth' ".

The minimal standard model, an SU(3)C ® SU(2)L 0 U(l) gauge theory with three
generations of quarks and leptons, has been remarkably successful in accounting for a large
body of experimental data. In spite of these successes many new questions have arisen which
provide powerful incentives for new experiments and for the construction of the necessary
accelerators and detectors. The Higgs mechanism, which can account for quark mixing and
the masses of W*, Z", quarks and leptons in an ad hoc way, is believed to represent merely
an effective theory valid only at low energies. It should be embedded in a "higher" theory
which will predict the "new physics" to be discovered with the tools of the 1990's.

Nuclear physics, traditionally the physics of nucleons interacting by the exchange of
mesons, has now become the physics of a system of quarks interacting via gluon exchange.
Because nuclear physics is chiefly concerned with large interquark distances where QCD be-
comes nonperturbative a detailed understanding of the internal structure of baryons and
mesons is now an issue of central importance. Studies of the interaction of strange (charmed)
hadrons with nuclei have broadened the inquiry into nuclear phenomena and drive the plan-
ning of new hadron facilities. The QCD prediction of a new quark-gluon plasma phase at
high nuclear density and temperature has spawned the new field of heavy ion collisions at
relativistic energies.

After a survey of present and planned accelerators I will briefly discuss a few of the
current problems and physics goals which can be addressed in the near future in the areas
of particle physics, hadron structure, hadron physics with flavor, and relativistic heavy ion
physics.

T H E ACCELERATORS O F T H E 1990's :i\

All accelerators at the high energy frontier use colliding beams of either e + e ~ , pp or pp, (
or e~p. In Fig. 1 the luminosity is shown versus y/s^JJ, the effective center-of-mass energy of '<
the constituents in the collisions. Since the quarks (antiquarks) in p (p) share their momenta
roughly equally with the gluons we have assumed that each quark carries 1/6'* of the p (p) \
momentum. We note the obvious clustering around the flavor thresholds for J / $ and T , and |
near the Z" mass. The cross sections for nonresonant processes scale with s~}Jt therefore the |
luminosity would have to increase with the square of the centre-of-mass energy to maintain ;|
the same event rates. >|

Strong arguments are pushed forward to obtain funding for the highest energies (SSC ,-T.
and LHC) and the highest luminosities. In the latter category are the "factories" which f;
are intended for precision investigations of Z" (LEP' l ) ) , B 3) and T/chann 3). The fixed- •.;
target hadron accelerators whose energies are shown in Fig. 2 versus beam current provide <
bright sources of the light quark flavors. These accelerators are particularly versatile because V;
their secondary beams of mesons (ir, K, $ , . . . ) , antiprotons, and neutrinos, can be used }
for both particle and nuclear physics experiments. The exceptional brightness of the pro-
posed kaon factories (TRIUMF's KAON and LAMPF's AHF) stand out clearly. A special •
niche is occupied by the proton cooler rings (not shown) at IUCF (.2-.5 GeV) and Jiilich \%
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(COSY, 3 GeV); they have low luminosity because only very thin targets can be used in
the internal beam, but they offer for the first time sharp spatial definition and high energy
resolution. New CW e~ accelerators, most prominent among them CEBAF, are shown for
completeness. The higher energies and the choice of polarized beams open up new oppor-
tunities for precise electromagnetic studies of nuclei and the nucleon which are discussed in
separate contributions by J. Domingo, J. Donnelly and B. Frois.

Accelerators for relativistic heavy ion physics provide only the rather low luminosities
(10"cm-J3-1 for y/s = 200 GeV/A Au beams at RHIC) demanded by experiment and are
not shown.

SOME GOALS IN PARTICLE PHYSICS

The next decade will see tests of the consistency of the standard model which will
become progressively more accurate. LEP/SLC will provide this year very precise values for
the mass and total width of the Z°. TZo (w 2.56 GeV) will constrain (presumably to 3)
the number of light neutrino generations, Nv, since each generation adds 180 MeV to Tz»
whereas the dependence on m, is comparatively weak.

The electroweak mixing angle, defined by sin26w = 1 - m^/ml, will become increas-
ingly well known as the hadron colliders improve the accuracy of mz» — mw, and after LEP
II exceeds the W+W~ production threshold. All other measurements of sin^w, e.g. from the
ratio of W and Z production in pp, or from uN scattering, require the nontrivial computation
of radiative corrections, e.g.

ita

in2 8w
Ar = l -

with a similar expression for Z°. The internal loop corrections depend on the mass of the top
quark and, to a lesser extent, on the masses of the Higgs isoscalar doublet. The present upper
limit, m, < 200 GeV/cJ *\ will become more restrictive as the uncertainties in mw, mz, and
sin3#Hr are being reduced.

There is hope for direct observation of the top quark in pp-* tt at the hadron colliders
(see Fig. 3). The cross sections are for SPS (y/s = .63 TeV) and FNAL {yfa = 1.8 TeV)

ipb -
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Fig. 3. The cross section for top quark production in pp
collisions at SPS and FNAL energies (from ref. 14).



energies. Using the signatures ti -»(Wi/) + (b jet) CDF obtained a limit of m, > 77 GeV/c2

with a 4.4 pb~l data sample s>. If top is heavy enough to allow t -* Wb FNAL, and certainly
the planned hadron colliders, should find top using the signature ti -* (blv)+(b jet jet) (30%
of all decays).

Quark mixing, which is evident from the charged weak decays, is still not fully explored.
The charged weak current is usually written as 8'

where VCKMI the Cabibbo-Kobayashi-Maskawa mixing matrix, can be defined in terms of 3
rotation angles and a nontrivial phase. Probing the unitarity of VCKM provides important
tests of the consistency of the standard model and constrains additional lepton families or
other "new physics" appendages. Many years of careful experimentation and calculations of
corrections have resulted in 7'

\VJ? + (V».|J + |Vu6|
3 = 0.9979 ± 0.0021

Future difficult experiments on pion and neutron j9 decays could lead to improved accuracy
in Vvi because of the absence of the nuclear overlap correction. A re-examination of the
hyperon decays with the improved luminosity of a kaon factory would, together with our
growing understanding of SU(3) (flavor) symmetry breaking 8 \ lead to a reduction in the
error contribution from K.-

The experimental difficulties in b decay physics can be judged from the ratio of fully
reconstructed to total events, « 10~3 with present detector technology. Even the finite value
for Vju, claimed by ARGUS 9* from the observation of B~ —* pp~T~ and B" —* ppn+ir~ decays,
could not be confirmed by CLEO 10*. The large B"B° mixing deduced from the observation of
like-sign lepton decays at ARGUS "> and CLEO l0) leads to the standard-model expectation
of much larger CP violation and a heavier t quark than can be extracted from K°K" (see
discussion in ref. 12). It is not clear whether experiment can confirm CP violation in B"B°
in the next decade. The hadron colliders suffer from large QCD backgrounds, whereas the
luminosity of the proposed B factory or of LEP' may only just be able to produce the as 10s

(BB) sample required.
The main objective of the new colliders, apart from finding top and Higgs, is of course

to observe evidence for new physics (e.g. more W/Z's, implications of GUTs, technicolor,
horizontal gauge interactions, composite models). To mention just one example, HERA can
detect the compositeness of light quarks and leptons up to a mass scale of Ac ss 3 TeV by
following the structure function F2(x, Q2) to very high Q2. We will have to wait and see.

Studies of rare decays are becoming limited by the luminosities of accelerators rather
than by detector technology. The detection limits for flavor violating muon decays, presently
at the 10~12 —10~13 level, may be pushed down to the 10"16 range during the next decade. The
many possible decay modes of the kaon offer a particularly rich fieldl3). Flavor violating decays
such as Ki —»fie provide information about mass scales well beyond those of the colliders.
In the case of new gauge interactions the amplitudes are usually assumed to be proportional
to ^fcmw/M2 where M sets the scale of the new interaction, whereas for composite models
they are assumed to be ~ I/A* with Ac the composite mass scale. The branching ratio
BR{KL -* fie) < 10~", achievable at a kaon factory, would correspond 13* to mass limits
M > 90 TeV, or Ae > 450 TeV. Fig. 4 shows the history of the allowed decay K+ -» n+uu.
This decay is particularly favorable since it can be reliably calculated and, in addition, is
sensitive to mt and "new physics". To arrive at desirable accuracies of 10"Ia in a typical
running time of 107 s implies an effective K stopping rate of ~ 106/s, a task for the clean K
beams at a future kaon factory.
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Fig. 4. History of the branching ratio for the decay K+ -» T+VV.

HADRON STRUCTURE

It seems obvious that one has to first understand how hadrons, especially nucleons,
are built from quarks before one can hope to describe the residual effect of color forces in
nuclei. Lattice gauge calculations are as yet not sufficiently accurate to give a quantitative
understanding of QCD. Instead one has to take recourse to QCD-inspired models (MIT bag,
cloudy bag, soliton models).

The most direct evidence for the existence of quarks has come from deep inelastic lepton-
nucleon scattering. Let us consider inclusive scattering of a lepton of energy E to a final energy
E' at an angle 6. If the scattering occurs between two point-like Dirac particles (lq) the energy
transfer (E — E') and 4-momentum transfer Q1 are related by x = Q2/2MN(E - E') where
x is interpreted (in the infinite momentum frame) as the fraction of the nucleon momentum
carried by the quark. For charged leptons, electric and magnetic scattering have a fixed
relationship, and the cross sections, at a particular Q2, can be interpreted in terms of a single
structure function I5'

F^(x) = 2xFf{x) = Ee}*^*) + q,(x))
I

The sum is over quark flavors / and there is no way of separating quark and antiquark
distribution functions.

This separation can be achieved with v (p) deep inelastic scattering since the weak
interaction couples only left-handed particles and right-handed antiparticles. A v,, beam in-
teracts only with (d,s) quarks. Since all particles are left-handed Jc = 0 and the \T angular
distribution is isotropic in the v — q cm. system. The same beam interacts with u antiquaries
giving rise to J, = 1 and a distinctive (1 + cosd)2 angular distribution. By combining results
from v and v scattering one can extract two independent structure functions 1B>1T> which are,



for an isoscalar target "D" and a particular Q*,

Deep inelastic /*, v and v data for targets of hydrogen and UD" can yield the relevant quark
distribution functions in the proton, u(z), d(x), u(x) ft) d(x), a(x), and s(x). In practice,
high quality data using high energy v (y) beams are needed in the future to seriously test
model calculations of the strange quark distributions and to answer the question whether the
strange sea is enhanced in nuclei 18).

The spin degree of freedom in deep inelastic scattering opens up an important new
window into how QCD works. Quarks and g'.uons possess spin and the forces between them are
spin dependent. This leads to a rich variety of spin-dependent phenomena. In particular, it is a
significant challenge for competing models of nucleon structure to describe the spin-dependent
quark distribution functions of the nucleon. Information about this spin dependence can
be obtained from the asymmetry A\ in deep inelastic scattering of longitudinally polarized
leptons {torn polarized nucleons. In the scaling limit, and using standard notation l 9 \ one can
extract the spin structure function g\{x) (again for a specific Q2) from

where R is the (small) ratio of longitudinal to transverse contributions, Fi(x) is the (unpo-
larized) structure function, and Aqj(x) = (qj(x) + q~j(x) — qj(x) — qj(x)) is the net helicity
contribution to the helicity of the proton from a quark flavor / at a momentum fraction x.
The existing measurements on the proton asymmetry A?(z) from NMC at CER.N and from
earlier SLAC experiments are shown in Fig. 5. For small x < 0.1 the asymmetries turn out
to be smaller than an earlier quark model prediction m\

The first moment of g'(x)

1{ = £ fi(x)dx = 0.114 ± 0.012(atar) ± 0.026(ay3) at <? ~ 10 (GeV/c)2

1.0 r—r

0.8

3.6

• This experiment
©SLAC 126)
eSLAC 127]

0.01 0.02 6.0$ 0.2 0.S 0.T

Fig. 5. The world's data on A\{x) (from ref. 22).
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provides a particular combination of AqJt the helicity contribution of quark flavor / to the
proton helicity. if can be combined with the Bjorken sum rule 21>

a.(1 - —) = 0.191 ± 0.002 at Q2 ~ 10 {GeV/c)2

and the P/D ratio from hyperon /3 decay n> to deduce Aqj. The result 19-M> disagrees with the
(flavor) SU(3) prediction (in brackets): Au = 0.74 ± 0.08 (4/3), Ad = -0.51 ± 0.08 (-1/3),
Aa = -0.23±0.08 (0) and implies that the total spin carried by quarks in the proton vanishes'.
i.e. E , Aqj = 0.00 ± 0.24 (1).

Many theoretical ideas have been put forward to interpret this unexpected result and
new experiments are now needed to distinguish between them. It has been suggested M> that
for each quark flavor contribution Aqj there is a large gluonic correction -(a,/2ir)Ag arising
from the axial anomaly graph. If Ag is as large as proposed it should be the source of gluonic
jets of large transverse momentum in reactions such as /Zp*-» /i + jet...; pp -»jet + .... Such
experiments should motivate the development of polarized beams and targets at the high
energy fixed-target accelerators.

The spin structure function of the neutron, g"(z), provides an independent test of
current quark models. The first moment can be combined with that of the proton to test the
Bjorken sum rule JI> which is based on current algebra and thus more general than QCD.
The proton result for if implies that g[(s) must be negative over much of its range. Using a
polarized 35 GeV beam from the c~ ring at HERA and internal polarized gas targets of H, D,
and 3He the Bjorken sum rule might be tested to an accuracy of about 10% 2S>. Fig. 6 shows
the asymmetry for 3He calculated M) with a quark model which fits the proton data for g\{x).
At larger x the spin-momentum correlations of protons in 3He cause a sizeable correction
which can be tested independently, e.g. in nucleon knockout experiments on polarized 3He
targets a7'.

0.06

0.O4 -

0.02 -

0.00

-0.02

-0.O4
O.O O.2 0.4 0.6 o.e

Fig. 6. Predicted asymmetry A\ for polarized e~ scattering from polarized 3He
(from ref. 26). The contributions from the neutron (short dashed lines) and
the protons (long dashed lines) are shown separately.

The net helicity of the strange quark sea, As, can also be deduced from v[v)f> elastic
scattering. The cross sections involve the Z" coupling to the axial current, (67̂ 7511 -dyrfsd-

, and thus determine the combination (Au—Ad— As). A fitM) to the data m\ together
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with Au - Ad = gA/gv = 1.25, imply As = -0.15 ± 0.09. Intense v (v) beams at a future
kaon factory could be used to narrow the allowed range oi i^s.

A re-evaluation of the semi-leptonic hyperon decays (and of hyperon magnetic mo-
ments), e.g. at a future kaon factory, would seem fruitful if further progress can also be
made in understanding (flavor) SU(3) symmetry breaking. The two axial form factors F
and D which describe the axial current contribution to hyperon 0 decays 22> are shown in
Fig. 7. One may hope that progress on both theoretical and experimental fronts may lead to
improved values for Vu, and the F/D ratio.

FLAVOR NUCLEAR PHYSICS

Scattering of energetic (E » 5 GeV) leptons or hadrons (p, p, JT, . . .) on nuclear targets
A (you may, or may not, want to look up the 1131 mainly experimental references quoted in
ref. 29) can be used to probe whether the distributions of quarks and gluons in nuclei are the
same as in the deuteron which represents the isoscalar average of the nucleon. The extensive
literature on the EMC effect observed in deep inelastic lepton scattering 30-31>K) shows that,
although the effects are well established, there are conceptually different and disconnected
models which can be invoked to explain the data. It has been shown that well established
ordinary nuclear physics" associated with the strong nuclear binding due to pion exchange

and with nucleonic Fermi motion, contribute substantially to the EMC effect. It would
appear that, once these nuclear effects are removed, the scope for new QCD effects such as
six-quark clusters M> or Q2 rescaling in nuclei M> is much reduced.

In the absence of a comprehensive theory we will need in the future a greater variety of
more precise scattering experiments on nuclei to distinguish between the separate models. The
Drell Yan process («i(ari)g2(z2) + $i(a:,)<fe(x2) -»/+/") offers the possibility of kinematically
enhancmg the antiquark distribution in the target (q2(x2)) by selecting events with x, >
0.2,, if- = x, - x2 > 0. The different models which reproduce the EMC data differ in their
predictjons of the Drell-Yan iron/deuterium ratios 35>. Compared to the di-lepton continuum
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the resonant production of J / # and T states has larger contributions from gluon fusion
rather than from qq diagrams. This opens up the possibility of preferentially studying gluon
distributions in nuclei. Preliminary data on pA Drell-Yan from E772 at FNAL indicate M> an
^-dependent suppression of J / * and *' in the nuclear environment. This can be interpreted
as a final state interaction effect in which J / * ionizes into DD and ACD on its way out of
the nucleus. Since pA collisions are not expected to produce nuclear matter at high densities
and temperature J /* suppression seems to be non-specific as an indicator of the quark-gluon
plasma state of matter (see below).

The existence of bound nuclear states with strangeness (hypernuclei) provides one of
the opportunities to look for quark deconfinement effects. Hypernuclei can teach us whether
the Pauli principle is valid on the baryon or the quark level. A recent experiment using the
(*+,K+) reaction on a variety of nuclear targets (E798 at BNL 37)) has uncovered the sys-
tematics of hypernuclear bound states shown in Fig. 8. In contrast to normal nuclei where
spin-orbit and residual interactions broaden the single particle energies of the deeply bound
inner orbitals until they become almost unobservable the A-core interaction is weak enough
that the single particle states are sharp (within the 3 MeV instrumental resolution) down
to the innermost sA level. The solid curves in Fig. 8 are obtained with a Skyrme-Hartree-
Fock potential 38' which include a non-linear density potential. It is premature to assert that
these non-linear effects signify the Pauli repulsion of the (ud) quarks in the A because, unlike
Hartree-Fock in ordinary nuclei which is solidly based on our knowledge of the NN interac-
tion, we know very little about the AN interaction 39> (we mention in this context that our
knowledge of Kli scattering is also very fragmentary). Because of the short survival distance
of hyperons difficult double scattering experiments are needed which may become feasible
when the luminosities of a kaon factory are combined with new detector technology (highly
segmented active targets, large solid-angle spectrometers etc.) which will replace the bubble
chamber and emulsion techniques of the past. Decades of practicing nuclear physics liave
taught us that subtle questions cannot be answered from binding energies alone. We need in

SOB A Single-Particle States

. Emulsion

. (K.n)

. (n,K)

0.00 0.05 0.10 0.15 020 0.25
-2/3

Fig. 8. The A single-particle energies and fits using a density-dependent Skyrme-Hartree Fock
potential (from ref. 38).
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addition static moments of hypernuclear states and probabilities for weak and electromagnetic
decays. Observation of 7 transitions could give us precise information on the separation of the
A major shells and on the multiplet splittings. Magnetic moments can directly and sensitively
probe the simple A-core weak coupling model.

Other issues which need to be attacked in future hypernuclear studies concern the
existence of narrow E-hypernuclear states whose small width is difficult to understand in the
face of the strong UN -» AJV decay. At present the experimental situation is confused since
earlier observations of narrow states could not be confirmed by later work and now at most
two candidates ("BE and 4HeE) remain (see ref. 40). Again, very little is known about the
UN interaction M). Future studies of S = - 2 systems via the (K",K+) reactions may allow
us to produce hypernuclei with (H, AA,...) and gain information about the hyperon-hyperon
interaction. Sources of strangeness more intense by 1-2 orders of magnitude than have been
available until now are needed to answer many of the problems in hypernuclear physics within
the time frame of an average PhD thesis.

DETECTING THE QUARK-GLUON PLASMA

The interest in collisions of ultrarelativistic heavy ions is driven by the expectation
that a state of matter can be created in which the quarks and gluons become deconfined
from their parent hadrons. It is believed that such a quark — gluon plasma existed until
about 1 ps after the Big Bang when the temperature of the universe cooled down sufficiently
(Tc ~ 200 MeV) that freeze-out into nucleons occurred. QCD lattice gauge calculations 41'
have mapped out the dependence of the phase transition on temperature and baryon density
and the quark flavor composition of the plasma near the phase boundary. The detection of
the high density, high temperature region is difficult because it is short-lived and may only
occupy a small fraction of the interaction volume. Furthermore, information on the hot region
becomes diluted after expansion, reconfinement and hadronization.

The two fixed-target experimental programs in relativistic heavy-ion physics at BNL
(AGS; 15 GeV/A A=16,28) and CERN (SPS; 60-200 MeV/A, A=16,32) have now produced
first results. They were eagerly awaited in view of the plans for the Relativistic Heavy-Ion
Collider (RHIC), tc be built at BNL, which will collide beams of up to A=200 nuclei at
energies up to 100 GeV/A per beam (equivalent to a 20 TeV/A fixed-target accelerator).
Measurements of global parameters such as transverse energy, particle multiplicity and en-
ergy in the forward direction from a variety of experiments can be used to characterize the
impact parameter in the collision. The proportionality between transverse energy and parti-
cle multiplicity and the anti-correlation with forward energy found in several studies (NA34,
NA35, HELIOS, WA80 at CERN, E802 and E814 at BNL) shows that several effective triggers
for central collisions can be devised. In Fig. 9 we show as an example the transverse energy
distributions for 200 GeV/A S beams on nuclear targets measured by NA35 *2\ The long
plateaus and the steeply falling tails reflect the shape of the overlap integral of nuclear densi-
ties in collisions with random impact parameters which successfully explained earlier results
43) obtained with 60-200 GeV/A oxygen beams. The fact that the highest transverse energies
keep increasing for the heaviest targets indicates that the beam is incompletely stopped. This
is unlike the situation at the lower BNL energies 44' where the tails of the distributions for
targets heavier than Cu lie on top of each other, indicating complete nuclear stopping. From
these data one can calculate the energy density in the fireball to be about 1 GeV/fm3 for the
BNL data, and depending on model estimates of the energy fraction deposited in the fireball
(see e.g. ref. 45), 1-3 GeV/A for the CERN data.

The observation that the average transverse energy changes very little from NN to
heavy ion collisions, as is implied by the proportionality between E± and multiplicity, is
disappointing at first sight. It should be noted however that the p, spectra are sensitive to
the hadronization process and reflect conditions at the time of freeze-out of the hadrons.
A comparison of hydrodynamical and hadronic cascade models led Bertsch et al 46* to the
conclusion that a transition to a mixed phase is taking place at CERN energies with a
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Fig. 9. Transverse energy distributions measured by NA35 for reactions of 200 GeV/A S
on various targets for pseudorapidities 2.2 < IJ < 3.6 (from ref. 42).

transition temperature of about 220 MeV. If the energy densities can be increased by a
factor of about three the increased pressure of the superheated plasma phase might become
detectable. Such an increase might be expected for RHIC considering the trend of transverse
energy spectra established so far.

Reconstruction of a large fraction of particle momenta per event has allowed NA35 to
study two-pion correlations 42'. The correlations of two bosons in momentum space measure
the Fourier transform of the space-time correlations of the source (similar to the Hanbury-
Brown-Twiss interferometry of astronomy). The data taken over a large rapidity acceptance
indicate a rather small source of 72 •> 4 fm with pion emission ocurring rather early in the
collision and little time for expansion and thermalization. For the central rapidity region much
larger radii R ~ 6 — 8 fm are obtained, indicating an expanded, nearly spherical, thermalized
source. Pion interferometry will be of great importance for RHIC experiments where particle
multiplicities as large as 20,000 (!) are expected for central Au-Au collisions.

The strangeness content of particles emitted in heavy-ion collisions has been suggested
47) as a possible indicator of the quark-gluon plasma phase. A plasma in chemical equilibrium
will contain equal amounts of uu, dd, and as pairs. Although this ratio will be changed during
hadronization an excess of strangeness may survive. The K+/n+ ratio measured by E802 for
Si+Au collisions at 14.5 GeV was found 48' to be enhanced by a factor 2-3 over that found in pp
collisions. No enhancement was found for the K~ir~ ratio. The observation can either signify
K+ enhancement or v+ suppression. The latter could be easily explained if the mesons have
to traverse some target spectator matter in which case w+ would be preferentially absorbed.

The cross section for J/ty production is considered *9' to be another possible diagnostic
tool for detecting the existence of the plasma phase. In the plasma color screening may
prevent the formation of the ce bound state and cause a suppression of J / $ formation. Di-
muon data from NA38 obtained for O+U and S+U collisions at CERN have shown 50) a
decrease in the J/tf peak for central (high E± sample) relative to peripheral (low E± sample)
collisions, with the continuum normalized to remain constant. The suppression is found to
be strongest for low pt muons as expected since high pt cc pairs may leave the plasma region
before separating by the radius of the J /$ . However, the observation of J / * suppression in
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a pA experiment (see above) is an indication that final state interactions are important and
that further careful, quantitative studies are needed before J/9 suppression can be used as
a signature of deconfinement.

Although the new quark-gluon plasma phase has proven so far to be elusive there is
justifiable optimism that the required energy densities can be reached at RHIC.

CONCLUSIONS

The topics which I have touched upon briefly address, more or less directly, limitations
in our current understanding of the electroweak and strong interactions. It will take consid-
erable effort and close international cooperation to get the job done. The most informative
experiments often require accelerators with the highest energies and/or luminosities that are
just within our grasp. To make use of these beams we need to develop sophisticated new de-
tectors with large solid angle, fast response, high energy, spatial and multi-track resolution.
Novel spin physics experiments can only be done if methods are developed to overcome depo-
larization resonances in the accelerators; some of these experiments are only worthwhile if we
can produce purer, denser targets with high polarization. These endeavors are challenging,
the motivations are strong, and the rewards are high.

The author would like to acknowledge helpful discussions with A. Astbury, D. Boal, J.
Ng, E. Vogt, and R. Woloshyn.
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