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I. Introduction





Program and Principal Achievements during 1993
of the Stony Brook- Brookhaven Collaboration on

'Theory of Relativistic Heavy-Ion Collisions'

The program discussed here was started only few months ago oil January
1, 1993. It was initiated by the Nuclear Theory Groups at Brookhaven and
Stony Brook_ and its primary goals are studies of highly excited matter and
its production in nuclear collisions at very high energies. Although both
groups are engaged in a wide variety of projects in different areas, it was

considered important to pool efforts and resources through '_he establishment
of a permanent existing collaboration in Order to help with the analysis of
on-going experiments at the AGS and the planning of future experiments at
RHIC.

Abstracts describing the contents of completed papers and providing some

details of on-going projects are given below. Here, we shall provide a more

general orientation on how the project has started and what different partici-

pants are doing. Before doing that, it is useful to note how the very existence

of this collaboration has already somewhat changed the life of both Groups.

First, some administrative changes have taken place at Stony Brook.

The Center for Nuclear Theory has been establ!.shed as an Organized Re-

search Unit at Stony Brook. 1 Shuryak will serve as Director of the Center.

G.E.Brown, A.D. Jackson and J. Verbaarschot are faculty members partially

assigned to this Center. C.B. Dover has been appointed Adjunct Professor

at Stony Brook. He now supervises one of our graduate students and plans

to offer a special graduate course next year.

Second, we have established 'Stony Brook-Brookhaven Discussion Days'

once a month. This meetings, held alternately at Stony Brook and BNL,
include a review talk (or talks) and long informal discussions. These meetings

involve the participation of 10-15 people and take half a working day. This

arrangement allows discussion of some major topic in considerable detail.
Our initial sense is that that these meetings are quite helpfill, especially for

junior members of the Groups and students who are actively involved in the

1As an 'Organized Research Unit', the Center is administratively separate from the
Department of Physics and reports directly to the Dean of Mathematical and Physical
Sciences.



discussions and get a much better understanding of what other people are
doing.

Personnel associated with this project include Professor Edward Shuryak
as Principle Investigator and Dr. Carl B. Dover and Professor Andrew D.
Jackson co-Principle Investigators. The program supports two postdoctoral
fellows- T. Schlagel and E. Schnedermann. Both postdocs are physically
at Brookhaven, and Schnedermann has partial support from German funds.
Schlagel works in collaboration with S. Kahana and Y. Pang on the develop-
ment of the ARC code. Schnedermann is mainly involved in work with Dover
and A. Baltz on the evaluation of production rates of rare species using the
coalescence model.

At the moment, the graduate students supported by this project include
David Brown (who works with C.Dover), Wen Chen Chang, Chi Ming Hung
and Momchil Velkovsky (all working with E.Shuryak).

There are a number of people at Brookhaven and Stony Brook who,
although not formally involved in this program, are working on related sub-
jects and in close collaboration with this project. These include Stony Brook
faculty G.E._Brown, I. Zahed and J. Verbaarschot, Stony Brook Research
Faculty M. Prakash and V. Koch, BNL physicists A. Baltz, S. Kahana and
S. Gavin, and postdoctoral students Y.Pang (BNL), Li Xiong (Stony Brook)
and T. Schaefer (Stony Brook).

Before turning to a review of the main achievements of the 1ast year,
it is useful to indicate the way in which we have selected topics. We have
included recent work of people directly involved in (i.e., supported by) this
program. Related work performed by others at BNL and Stony Brook has
not been included unless performed in direct collaboration with participants.
Description of this related work can be found in the Progress Reports of the
Stony Brook and Brookhaven Nuclear Theory Groups. There is, nevertheless,
a substantial degree of overlap between the topics presented here and in these
other Reports. We believe that this 'double counting' is useful in the interests
of providing a balanced view of our attack on this problems. We note in this
regard that the level of funding of the current proposal is less than 10% of
the total funding of Nuclear Theory at BNL and Stony Brook, and it goes
mainly to support of young people, p3stdocs and students.

For clarity of presentation, we have divided the topics of interest into the
foUowing main topics:



• The dynamics of nuclear collisions at very high energies (RHIC and LHC).

s The dynamics of nuclear collisions at AGS energies.

s High-temperature QCD and the physics of the quark-gluon plasma•

s The production of strangelets and other rare objects.

• Other activities.

The Dynamics of Nuclear Collisions at Very High Energies

In preparation for large-scale experiments to be running at RHIC and
LHC, the most obvious questions are the temperatures and densities which
are likely to be reached. We have made significant progress on these issues
during the past year. The principal difference from lower energies (AGS and
SPS) is that dynamics are no longer dominated by 'soft' hadronic physics.
Rather, one enters the realm of 'semi-hard' hard processes which involves par-
tons of 'a few' GeV. Thus, one is entitled to turn to 'partonic cascades' based
on perturbative QCD rather than complicated and model-dependent event
generators, based on hadronic cross sections. These studies have led to the so
called 'hot glue scenario '2 of high energy heavy ion collisions. According to
this scenario, the gluon equilibration time is quite short (i.e., 0.3-0.5 fm/c)
and leads to initial temperatures (of about 400-600 MeV at RHIC) which
are twice the temperatures assumed previously. Probably the best test for
this scenario is enhanced charm production. Both the STAR collaboration
at RHIC (using advanced silicon vertex detectors and the excellent tracking
capability of the TPC) and PHENIX (using e-# coincidences) are investigat-
ing the experimental possibilities to observe it. Stony Brook and Brookhaven
theorists are actively involved in discussions with the experimental groups.

We have also demonstrated 3 that other possible signatures of a quark-
gluon plasma, such as the production of photons and dileptons, are also
significantly modified in the 'hot glue scenario'. Briefly, the smaller number

2E. Shurysk, Two-stage equilibration in high energy nuclear collisions, Phys.Rev.Lett.

6s (1992)s270.
SE. Shuryakand Li Xiong, Dilepton and photon productionin 'hot glue scenario',

Phys.Rev.Lett.,?0 (1993).



of charged partons (quarks and anti-quarks) in this scenario is actually more
than compensated by the much higher temperatures involved provided that

one exploits appropriate 'windows of opportunity' in the various kinematic
variables. Continuing projects (with Li Xiong and A.Makhlin) include de-
tailed studies of this scenario and gluon chemical equilibration as well as

dilepton, photon and charm production.
We note that this topic has become one of the most active areas of RHIC-

related studies. At least two other strong groups (K. Geiger and J. Kapusta
in Minnesota and B. M(iller with collaborators at Duke) are now working in
this direction. The consensus appears to be that this scenario and its main
consequences are 'inevitable' if perturbative QCD can be used at all.

The evolution of matter during the first few fm/c considered above is well
enough described by simple scale-invariant expansion. It is not so if one think

about longer-term matter evolution. After a long and controversial history
of applications to high--energy hadron-hadron and hadron-nucleus collisions,
relativistic hydrodynamics may finally become a convincing concept when
applied to ultrarelativistic nuclear collisions with large projectiles and tar-

gets. Schnedermann and Heinz 4 have proposed a new method, which we call
'global hydrodynamics', for solving the hydrodynamic equations. Our aims
are, first_ to make calculations easier by using an approximate but e_cient
scheme and, second, to gain new insight into the dynamics by establishing

the global expansion characteristics as a new viewpoint. Integrating over the
reaction zone by assuming certain forms of profiles, we arrive at a much sim-
pler problem to be solved. This enables us to do large numbers of computer
runs easily and_ thus, to perform a systematic scan of the whole range of pos-
sible initial conditions following each case individually until freeze-out. We

can then take this hydrodynamical simulation as a framework for other com-
putations including hadronic spectra, hadronic abundances, interferometry,
and dileptons.

The Dynamics of Nuclear Collisions at AGS Energies

The development of the new event generator, ARC, for the AGS energy
range was the primary goal of the group led by S. Kahana. The motiva-

tion for this new generator and its principal distinction from other available

4E. Schnedermann and U. Heinz, Phys.Rev. C47 (1993) 1738,



codes (e.g., RQMD One developed by the Frankfurt group) is simple: To con-

struct an 'honest' cascade code free from model-dependent concepts (such

as strings) and to rely on experimental data for the production of hadrons

and resonances in the 'few' GeV region of interest. The code is essentially

finished, _ad its major tests have been performed. These include the 'stop-

ping' of nucleons, pion production and, especially, the production of positive

and negative kaons. The comparisons performed so far show that the overall

performance of ARC is very satisfactory. If so, it means that most of the

available data can be explained by the ordinary rescattering of hadrons and
hadronic resonances.

However, further studies may show more exciting results. One interesting

point is related to antiproton production in heavy ion collisions. It seems that

antiproton absorption in dense nuclear matter differs from the predictions

of simple binary collision processes. As in the case of strangeness, it has

been suggested that anomalously high levels of antinucleons are possible for

heavy ion collisions in which quark-gluon plasma is formed. Pertinent data

exist at the AGS, and previous theoretical analysis has had considerable

difficulty in obtaining sufficient numbers of antiprotons. The problem is clear.

AGS energies are only slightly above the threshold for _ production and the

annihilation cross section is large for the resultant low energy i_'s. Using ARC,

a three-body screening mechanism was identified which strongly reduces the

absorption of anti-nucleons. This mechanism heralds the appearance of a

problem for all rescattering codes at high density. Interactions for a process
with cross section _r are triggered by closest approach distances less than ro =

(ct/Tr) 1/2. If ro is greater than the average distance between particles, it will

be impossible to ignore third bodies. The large _p annihilation cross section

at low relative energy precipitates this crisis for/_ production at even modest

nuclear densities. A straightforward 'fix' is to introduce an annihilation time

delay deduced from the .NN relative velocity and distance. During the delay

other particles, generally pions, may collide with the/V or its targeted nucleon

and prevent annihilation. Annihilation is, after all, a causal process taking

place only when the nucleon and antinucleon overlap. The end result of our

ARC calculations is _ production rates for pA and AA processes which are

in substantial agreement with experiment. These results have recently been

published in parallel with the E802 collaboration. 5

5S.H. Kahans, Y. Pang, T. Schlagel and C.B. Dover, Phys.Rev. C47 (1993) R1356.



High-temperature QCD and the Physics of the Quark-Gluon Plasma

We have made significant efforts to understand recent lattice datae con-
cerning the 'dynamical confinement' of quarks at high temperatures. Ac-
cording to these calculations, _q move iu a highly correlated way even at

.. very high temperatures, and 'wave functions' describing this correlation are
similar to those at T = O. It has been speculated that hadron-like modes
exist even at high T, in sharp contrast to a picture of a nearly ideal quark-
gluon plasma. These lattice data were understood, and even reproduced,
using a two-dimensional Schr_dinger equation with an effective quark mass
of M_u = z'T. An analogy with QED suggested that a modified logarith-
mic Coulomb potential is the cause of these 'bound states'. T A more detailed
study s has shown that a linear (quarkonium-like) potential in QCD is needed
to explain these data. Even spin-dependent splittings (e.9., the 7rp splitting)
are are accurately reproduced. Contrary to the original interpretation of De-
Tar and DeGrand, this phenomenon does no_ imply the existence of hadronic
modes in the plasma in any ordinary sense. Instead, it represents the exis-
tence of a non-trivial raagnetic interaction between the gluo-magnetic cur-
rents in the plasma. Unlike the interaction of charges, the magnetic field is
not screened in plasma, and these effects can survive even at high T.

The Production of Strangelets and Other Rare Objects

A phase-space coalescence model has been used in conjunction with ARC
to describe composite particles (e.9., deuterons, tritons et cetera) observed in
relativistic heavy-ion collisions at the AGS. ARC generated proton and neu-
tron distributions were used as input for a coalescence model which tests CM
momentum and the distance of closest approach of neutron-proton pairs after
freeze-out for the formation of a deuteron (with the appropriate statistical
weight). Several sets of preliminary data have been successfully described
by the model. The fall-off of deuteron multiplidty with increasing rapid-
ity in the E802 Si+Au data is well described. The E814 data at pr = 0
on deuteron, triton, and 3He production in the Si+Ph reaction allows the
model to be successfully extended to three nucleon coalescence. Finally, the

6T. DeGrand et al., at Quark-Matter-91.
CT.H. Hansson and I. Zahed, Hadronic Correlators in Hot QCD, SUNY-NTG-91-44.

sV. Koch, E. Shuryak, G.E. Brown and A.D. Jackson, Confinement of quarks props-

gating in the spatial direction in hot QCD, SUNY-NTG-92-4.



same model parameters can be used to describe the 5° E886 data for Au+Pt
production of deuterons, tritons and 3He. The 4He production seen in this
experiment is also well described.

Using this simple coalescence model, we have estimated production rates
for stable strange nuclear clusters in Si+Au and Au+Au collisions at Brookhaven
AGS energies of 14.6 GeV/A and 11.7 GeV/A, respectivelyY As input to the

• calculations, we use lambda distributions (which are in good agreement with
data) as weU as proton and neutron distributions from ARC. If a bound
AA state exists, its production should be as large as about 8% of ali central
Au+Au events. Predictions have also been made for _ingly- and doubly-
strange hypernuclei with baryon numbers A = 3 - 6.

We have estimated the production of strange quark dusters in high en-
ergy heavy ion reactions in which a quark-gluon plasma intermediate state is
formed. A microscopic fission-chain model (PHASER) has been constructed
for the description of QGP rehadronization. Color fluctuations, _q pair pro-
duction and energy fragmentation have been taken into account. The spin-
flavor degeneracy factors and the formation factors for multibaryon quark
dusters are determined. Baryon, antibaryon and meson yields have been
estimated, as well as those of light multi-strange quark clusters. 1°

These authors have extended the Bethe-Weizsiicker nuclear mass for-
mula to strange hadronic matter composed of nucleons, lambdas and cascade
hyperons. 11 The generalized formula contains several volume and symmetry
terms constrained by phenomenologically determined A-nuclear, E-nuclear
and AA interaction parameters and by hyperon-hyperon interaction param-
eters suggested by one boson exchange models. They find that multi-A
hypernuclei are generally unstable with respect to AA -, EN conversion.
For strange hadronic matter we determine, as function of the baryon number
A, the line of strong-interaction stability, along which a large strangeness
fraction [SI/A .v 0.5 - 1.1 and a low charge fraction q/A _ 0.2 hold, and no
fission occurs. The binding energy per baryon increases monotonically to its

• bulk limit, B/A _ 38 MeV, ISI/A _ 1.1 and q/A _ 0 for a reasonable set of
parameters under the assumption that the hyperon species saturate at den-

'_A.J.Baltl, C.B. Dover, S.H. Kahana,Y. Pang, T. Schlagel,and g. Schnedermann,
Physics LettersB, submittedfor publication

I°C.B. Dover, Z. Arvay,T. Cs6rgS,J. Zimgnyiand U. Heinz, Z.f.PhysikC, submitted
for published.

11C.B.Doverand A. Gsl, NuclearPhysicsA, to be published.
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sities similar to those of protons and neutrons in nuclei. Even in the extreme
limit of vanishingly small hyperon-hyperon interaction strengths, strange
hadronic matter with B/A _ 15 MeV, ISI/A .--, 0.7 and q/A -_ 0 in the
bulk limit should exist. Our mass formula is in semi-quantitative agreement
with recent mean-field calculations which implicitly assumed weak hyperon-
hyperon interactions.

Stability of multiply strange baryonic systems in the context of a mean
field approach was studied, based on an underlying set of phenomenological
meson-baryon interactions.12

The coupling parameters which determine the mean fields seen by various
baryon species in the many-body system are constrained by reproducing the
trend of observed binding energies of single particle (i.e., N, A, -) states as
well as the energy per particle and density of non--strange nuclear matter.
Extrapolating this approach to systems of large strangeness, S, we find a
broad class of objects composed of p,n, A's and E's, which are stable against
strong decay. In these systems, the presence of filled A orbitals blocks the
strong decay EN _ AA and leads to a strangeness fraction/s = ISI/A _ 1,
density p _ 2p0, and charge 2 comparable to that of hypothetical stable
strange quark matter ('strangelets'), but with a low binding energy per par-
ticle Es lA _ -10 MeV. We have developed an approximate mass formula
which describes the results of the mean field calculations. Such weakly bound
multi-strmage objects can be stable for arbitrarily large A, unlike ordinary
nuclei, since the Coulomb repulsion generated by the protons is cancelled by
the presence of a comparable number of E-'s. We have studied the weak
decays of such objects and the possibility of their production in relativistic
heavy-ion collisions.

In the course of a general study of multiply strange nuclear systems, the
stability of systems formed by adding .--.hyperons to aeAHe was studied. 13 In
this case, much of the 23 MeV energy difference between _0 + rt and A + A
is cancelled by the 20.6 MeV neutron separation energy from the cxparticle.
In fact, the E° needs to be bound by only 1.17 MeV to ensure the stability
of the system against decay via strong interactions. This correspond.q to n
E° well depth of around 14 MeV which is less than the estimate of 20-24

t2C.B, Dover, D.3. Millener,A. Gna,J. Sehsffnerend H. St6cker,Phys.Rev.Lett, sub-
mitredfor publicttion, and Annell of Physics, submittedfor publication.

tS(C.B. Dover,D.J. Millenerand A. Gel, NuclearPhysics A, submittedfor publication.
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MeV based on the existing candidate .'-.--nucleus data. With strangeness
__ -4, baryon number 7 and a density approaching twice that of nuclear mat-

ter, this conventional system has quantum numbers approaching those of the
hypothetical strangelets with IS/AI ,_ 1. The expected lifetime should, how-
ever, be in the 100 ps range typical of A hypernuclei. The system obtained
by adding another _o should also be stable unless the IS0 --.'- interaction is
strongly repulsive. We have estimated the production rates for this object in
relativistic heavy ion coUisions.

Other Activities

Tunneling phenomena in the QCD vacuum, described semiclassically by

einstantons', have long been known to be very important for hadronic physics.
I_ecently, evidence has accumulated suggesting that instanton-]nduced ef-
fects are of dominant importance in producing the quark condensate and
the masses of most hadrons, including pions and nucleons. The 'instanton
liquid model '14 explained these phenomena qualitatively, and a quantitative
theory is now being developed. The principal progress is contained in a se-

qu.:nce of papers written by Shuryak and Verbaarschot (and, in one case,
with the participation of Thomas Schaefer). These papers studied mesons
and baryons in the 'instanton liquid' mode] of the QCD vacuum. These

works describe numerical simulations performed at NRSC CRAYs, and the
major results are masses and other parameters of low-energy hadrons. These
results significantly increased accuracy of the measurements. For example,
for the first time it was demonstrated that this model leads to a nucleon as a

bound state of the correct mass without confining effects. The nucleon-delta
splitting can be reproduced without perturbative gluomagnetic spin-spin in-

teractions. Another important achievement is direct comparison with lattice
data on correlation functions recently obtained by the group of John Negele
and coworkers at MIT. Rather unexpectedly, good agreement was found be-
tween the two calculations -- sometimes hteraUy within error bars. The

reason for this good agreement remains to be understood, but it suggests
that instanton-induced effects provide the major component of quark-quark
interactions inside hadrons.

One of the reasons for the importance of instanton-induced dynamics is

14E. Shutyak, Nucl.Phys. B_08 (1982) 93, 11(}, 140; D.I. Dyakonov and V. Petrov,
Nucl.Phys.
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that, in addition to predicting chiral restoration at high temperature, it also
suggests a non-trivial role for light quark masses and the number of flavors.
Future works along this llne (e.g., on properties of the chiral restoration

phase transitions, hadronic modifications et cetera) can only proceed when
instanton behaviour at non-zero temperatures is understood in some detail.

Analytical and numerical work in this direction has been published 15 and
will continue.

As a by-product of work devoted to tunneling in QCD, some work was
also done in order to understand possible tunneling in weak interactions. Al-
though the probability for such tunneling is small under normal conditions,
it has been proposed that tunneling can become observable in the SSC do-

main. There, the cross section for of baryon-number _,o]ating processes grow
rapidly as one proceeds towards the multi-TeV region. We have performed

calculations aimed at the evaluation of this probability by determining the
_streamline' set of configurations _8 which describe the interaction between

instantons and anti-instantons. These results were used in papers by other
authors and also by E. Shuryak and J. Verbaarschot. lr We have shown that

the 'valley' method reproduces well-known results at low energies and pre-

dicts rapid growth of the cross section with energy. There are, however, limi-

tations of this method which preclude its use above a critical energy (of about
35 TEV). Nevertheless, the possibility that this phenomenon might become
observable remains. Further work is pl.anned to investigate this question.

We are encouraged by the first five months of operation of this Project. Of

course, the broad areas of scientific interest have been defined by many years
of activity in nuclear theory both at Brookhaven and at Stony Brook. The

primary role of the present contract is to provide a vehicle to give greater em-

phasis and greater coherence to issues of particular interest to RF'? physics.

Thus, quite aside from progress made on specific topics, we are particularly

taE. Shuryak and J. Verbaarsehot, QCD instantons and fin|tc temperature, SUNY-
NTG-91-3.

JeJ. Verbaarschot, Streamline and Conformal Invariance in Yang-MillsTheories, SUNY-
NTG-91-7.

irE. Shuryak and J. Verbaarschot, On Baryon Number Violation and Non-Perturbative
Weak Processes at SSC Energies, SUNY-NTG-91-42.
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encouraged by the fact that we have already established a variety of ways to
increase the level of interaction between Stony Brook and BNL. This project
is literally in its infancy. We expect it will grow in ways which are profitable

to both experimental and theoretical nuclear physics.
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Strange Cluster Formation in Relativistic Heavy Ion Collisions

A.J. Baltz, C.B. Dover, S.H. Kahana, Y. Pang, T. Schlagel and E. Schnedermann

Using the cascade code ARC to simulate relativistic heavy ion collisions
at Brookhaven AGS energies (11.7- 14.6 GeV/c), we have estimated the pro-
duction rate of strange clusters ranging from a hypothetical doubly strange

7
(S = -2) bound (AA)b dibaryon to the hypernuclei _^He and _0A^Se. We
extrapolate a simplified version of the coalescence model to systems with
S # 0, with parameters adjusted to reproduce data on non-strange compos-
ite formation (d,  ne,  He)at these energies. We predict that (AA)b and

He would be produced with rates dN/cly at mid-rapidity of order 10-1AA
and 5 × 10-G, respectively, for central Au+Au collisions. Some experimental
possibilities for detection of strange clusters are discussed [1].

[1] A.J. Baltz, C.B. Dover, S.H. Kahana, Y. Pang, T. Schlagel and E. Schne-
dermann, Physics Letters B, submitted for publication.



18

Deuteron Production

Ekkard Schnedermann, Anthony Baltz, Carl Dover (BNL)

Based on our previous work [1] on cluster formation in rdativistic heavy-
ion collisions, which employed a thermal framework, we now work on im-
plementing these methods for the relativistic cascade code ARC [2]. The
deuteron plays the role of a simple test case, both in experimental and theo-
retical respect, for the heavier nuclei like 3H, 4He, and even light hypernuclei.

Experimentally the abundance of the deuterons is much larger than in
the ocher cases, so that already a wealth of data from the AGS experiments
is available, which can be compared to our computations. Theoretically
the deuteron coalescence has already a long history, albeit for much lower
energies, from which we can select hints for the appropriate description for
the AGS energy range.

The ARC code generally delivers a good description of the hadron spectra
from heavy-ion collisions at AGS energies and thus probably implements a
good description of the collision dynamics, which can be tested with the
deuteron rate. We have improved on the standard coalescence model, which
uses sharp cutoffs in space and momentum for the formation of the deuteron,
by using the actual wave function of the deuteron. Our first systematic
studies already seem to indicate interesting observations.

[1] C.Bo Dover, U. Heinz, E. Schnedermann and J. Zimanyi, Phys.Rev. C44
(1991) 1636.
[2] Y. Pang, T.J. Schlagel and S.H. Kahana, Phys.Rev.Lett 68 (1992) 2743.
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Work on the relativistic cascade ARC

T.J. Schlagel, S.H. Kahana and Y. Pang)

We are continuing the development of the relativistic cascade code ARC
for nucleus-nucleus collisions. The code has been used successfully at AGS

energies to help in the understanding of the complex dynamics of nucleus-

nucleus collisions. The approach is to include measured hadron-hadron cross

sections as the input to study rescattering of particles in the nuclear medium.
The experimental hadronic data is parameterized as a function of energy for

interactions at and below AGS energies. Recently, these parametrizations
have been extended to higher energy and will be used to study heavy ion

collisions at CERN and RHIC energies.
Comparisons between the cascade code and experimental proton spectra

in Si+Au collisions clearly demonstrate the importance of the formation and

propagation through the nuclear medium of baryon resonances in nucleus-

nucleus collisions. The low mass baryon resonances A and N* play a very

important role in rescattering at AGS energies. Their presence can explain

the proton rapidity distribution, the increased proton _temperature', and the

seemingly large number of forward protons. A consequence of baryon res-

onance dominance in heavy ion collisions at AGS energies is the increased

production of strange particles over hadron-hadron collisions. Strangeness
production is suppressed at these energies due to the high threshold for pro-

duction compared with pure pion production. In ARC, the resonances retain

most of their energy during rescattering and thus have the chance to produce

strangeness in subsequent collisions. Further study of strangeness production

is being pursued to determine the contributions from the different hadron-

hadron channels (e.g., associated and pair production of strange mesons),

and the effects of including K" propagation on the rapidity and transverse

mass spectrum.
ARC has also been used to study the evolution of baryon density in Si+Si_

Si+Au, and Au+Au collisions at 11.6 GeV/c laboratory momentum. A re-

gion of high baryon density is formed in central Au+Au collisions and is,

to a certain degree, thermalized. Preliminary experimental data on inclusive

particle spectra from E866 agree with our predictions despite the high baryon

densities reached. Signatures for interesting physics, such as the formation of

a quark-gluon-plasma, may therefore appear in a subtler form. This makes
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a detailed phase space calculation, such as ARC, especially important in

understanding the phenomenon of high baryon densities. Further calcula-

tions on Au+ Au collisions are being made to explore observables which may

allow experimental triggering on events with high baryon densities. Along

.. these lines, preliminary calculations on including equation of state effects
for nucleus-nucleus collisions into the cascade code ARC through a Pauli

exclusion at high baryon density suggests exclusion effects will be stronger

at laboratory momenta lower than 11.6 GeV/c, where the six-dimensional

phase-space density is higher. Other equation of state effects, such as changes

in hadronic masses, are also being considered.

Due to correlations in the particle coordinates and momenta, two-particle

interferometry does not directly measure the size of the interaction region.

In ARC, one has the all the information about the coordinate space and mo-

mentum space distribution at any given time. This information can be used

directly to predict the experimental interferometry results and study the rela-

tionship of interferometry measurements to the size and the entropy of these

systems. Recently collaborations have begun with some of the experimental

groups on trying to understand the interferometry results.

At higher beam energies, the lowest mass resonance production model

may no longer be applicable. Particle production in hadron-hadron collisions

is mostly through discrete resonances at low energies. This picture may also

be applicable as energies increases. We are developing a production model

where nearly all inelastic collisions form two resonances from a given mass

and width spectrum At low energies these resonances are known, but at

higher energies the resonance mass spectrum becomes continuous. Particle

production follows from the cascade of high mass resonances to lower mass

resonances through the emission of hadrons. The details of this model, such

as the momentum correlations of produced particles, are currently under

study. Eventually this model will be applied to the study of nucleus-nucleus
collisions.
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Antiproton Production from Heavy Ion Collisions at 14.6 GeV/c

S.H. Kahana, Y. Pang, T. Schlagel and C.B. Dover

Antiproton production in heavy ion collisions involves a strong competi-
tion between creation and annihilation mechanisms. Due to the high thresh-
old energy, antiprotons mostly arise from the highest energy baryon-baryon
collisions. We have identified a three-body screening mechanism which
strongly reduces the subsequent absorption of antiprotons in the medium.
We have used the relativistic cascade code ARC to study this effect, and find
that it is essential to obtaining good agreement with recent /_ production
data from Brookhaven experiment E802 [1].

[1] S. Kahana, Y. Pang, T. Schlagel and C.B. Dover, Phys.Rev. C47 (1993)
R1356-59.
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Two-stage Equilibration in High Energy Heavy Ion Collisions #

E.V. Shuryak

Using (lowest-order) perturbative QCD, we propose a new scenario for
high energy heavy ion collisions, the so called 'hot glue' scenario. We have
found that such collisions are likely _o proceed via two stages. First, a rapid

thermal equilibration of the gluon momentum which takes time rg ,,_ 1/3
fm/c. Second, the multiplication of gluons until chemical equilibrium is
reached. This takes several times longer. At the same time, the produc-
tion of quarks is strongly suppressed, so one only has those quarks which
were present as partons of the colliding nuclei.

If this is the case_ the initial gluon plasma will be much hotter than
previously estimated with an initial temperature Tg _ 500MEV. This is to
be compared with the value of 250 MeV found in the so-called 'standard
scenario'. This temperature change would lead to significant modifications

of all proposed 'QGP signals'.
One of the main consequences of the proposed 'hot glue' scenario is the

enhanced production of charm due to reaction gg _ _c reaction which was
suggested as a signature for the QGP in [1]and was studied in detail in ref.[2].
This is a very sensitive 'thermometer' for the temperature region in question,
T = 400 - 700 MeV and (in contrast to the production of strangeness) the
approximate perturbative evaluation of ali relevant rates is possible.

tThis paper is published in Phys.Rev.Lett. 68 (1992) 3270.

[1] E. Shuryak, Sov.J. of Nucl.Phys. 28 (1978) 408.
[2] A. Shor, Phys.Lett. 215B (1988) 375, 233B (1989) 231.



23

Dilepton and Photon Production in the 'Hot Glue' Scenario

E. Shuryak and L. Xiong
+

Perturbative analysis of parton kinetics for high energy nuclear collisions
shows that thermal equilibration of gluons takes piace very quickly. This
suggests that their equilibration temperature is quite high [1]. The sources
for photon and dilepton production, quarks and antiquarks, however, are
produced much more slowly.

In this work we have considered a simple 'minimal' model which includes
only incoming quarks and antiquarks. We have determined the dilepton and
photon spectra for this minimum charge and find that, in the interesting
kinematic region, plasma signals are actually larger than those previously
obtained. If this is the case, experimental observations of thermal dileptons
and photons from a quark-gluon plasma have a better chance of success.

[1] E. Shuryak, Phys.Rev.Lett. 68 (1992) 3270.

tThis paper has been published in Phys.Rev.Lett. 70 (1993) 2241.
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Parton Multiplication and Chemical Equilibrium

L. Xiong and E. Shuryak

Chemical equilibration of a parton system (relaxation of chemical po-
tential to zero) should take longer time compared to thermal equilibration
of parton momenta, because the various particle production processes are
of higher order in as than the elastic scatterings. The rate of production
and number of partons produced in an ultrarelativistic heavy ion collision
directly affect the dynamics of the quark-gluon plasma and the final particle
multiplicity.

We are particularly interested in the gluon number-changing processes,
mg _ rig. We have evaluated these reaction rates in a thermal equilibrated
plasma for arbitrary m and n. In chemically non-equilibrated plasma the
net number-changing rate is nonzero and tends towards equilibrium.

Equation for time evolution of the gluom chemical potential is derived,
which includes those rates and plasma expansion. We will study how and
when the saturation occurs in a expanding plasma with a longitudinal scaling-
invariant motion. We evaluate chemical relaxation time and 'L_heamount of

entropy production from perturb_.tive QCD mechanisms, between thermal
and chemical equilibration.
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Parton Equilibration in a Cascade Model

L. Xiong and E. Shuryak

The approach to thermal equilibrium and formation of a quark-gluon
plasma at RHIC ene:gies is studied by parton cascade model. It starts with
structure functions as initial conditions and _imulates the parton system
within She nucleus and follows the various microscopic interactions among
theconstituents.

With _hismodelwecanobtaina completepictureofthespace-timeevolu-

tionofthecollisionprocessand studymany interestingfeaturesoftheparton
systembeforeand aftertheestablisltmentofthermalequilibriuminclud2ng

entropyproduction,charm productionand otherplasmasignatures.
The differencebetweenour approachand partoncascadesdevelopedby

K.Geigerismainlyconnectedwithtreatementofmulti-partonamplitudes:
we do notusethenotionlike'virtualgluons'and processeslikeg _ gg,but

keeponlyphysicalcrosssectionson mass shell.The work isnow inprogress
and itistooearlytoconcludewhetherresultsagreeornot.
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Correlation Functions in the QCD Vacuum t

E.V. Shuryak

Correlation functions are one of the key tools used in studies of the struc-
ture of the QCD vacuum• They can be evaluated in several ways. First, they
can be constructed out of the fundamental fields and can be calculated using
quantum fie!d theory methods such as lattice gauge theory. One can also
obtain many of these functions empirically using the rich phenomenology of
hadron physics. They are also very interesting objects to calculate using
various quark models of hadronic structure. In short, they are the main tool
allowing us to probe interaction between quarks and anti-quarks. Existence
of several approaches to evaluate them can make these correlation functions
the common ground for the comparison of quite different approaches.

This review paper is focused on available phenomenological information
about these correlation functions and emphasizes the most important qual-
itative observations. We also give quantitative plots of all main known cor-
relation functions which can be directly compared with lattice results.

After that, we review the predictions of various theoretical approaches
including lattice numerical simulations, QCD sum rules based on the operator
product expansion and calculations baseu on the 'instanton liquid' model.

*This paper is published in Rev.Mod.Phys. 65 (1993) 1.
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Quark Propagation in a Random Instanton Vacuum t

E.V. Shuryak and J.J.M. Verbaarschot

• In this work we report an extensive numerical study of the simplest ensem-
ble of instantons -- the random instanton vacuum. This vacuum is charac-

• terized by two parameters: (i) The size p and (ii) The density _ of instantons

(plus antiinstantons) in the QCD vacuum which are chosen to reproduce the
size of the quark condensate and the gluon condensate.

For simplicity, we first studied the propagation of scalar quarks (or squarks),
in which case there is only a nonzero mode contribution to the propagator.
It appears that the scalar mesonic correlation function can be described re-

markably well by a 'constituent quark' model. However, for spinor quarks

the propagator has two different components: the chirality non-flip and the
chirality parts. The first one can again be described by a relatively constant
quark mass of about 300 Mev. The second, spin-flip component is more

complicated and does not resemble a free massive propagator.
We have also studied eigenvalues of the Dirac operator. Because the topo-

logical charge in this model fluctuates strongly on all length scales, there is an
excess of small eigenvalues above the expected Gaussian distribution. This

effect leads to a strong breaking of chiral symmetry and leads to relatively

large effective quark masses.
Finally, we use these results for the propagator to derive some conse-

quences for heavy-light mesons such as the B-meson. We have found that
B-type mesons have masses 615 MeV larger than the quark mass which is in

good agreement with phenomenology. Another result is the splitting between
the opposite parity states (e.g., pseudoscalar and scalar) which is found to be
575 MeV in this model. Finally, we have found decay constants for heavy-

light mesons and have compared the results with other predictions, including
lattice results. Again, the agreement is reasonably good.

. *This paper has been submitted to Nuclear Physics B.
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Mesonic Correlation Functions in the Random

Instanton Vacuumt

E.V. Shuryak and J.J.M. Verbaarschot

First, a general model-independent discussion of correlation functions is

given. We derive new inequalities for these functions and mesonic masses in-

cluding ones stronger than the Weingarten inequality [1]. A rather complete
set of mesonic correlation functions is calculated in the random instanton liq-

uid model. The results are compared with phenomenological expectations [2]

and lattice results [3]. These include bc:th diagonal and off-diagonal correla-
tors of ali strange and light flavored currents as well as the most important
unflavored ones. Our results are used to extract the the masses and the

coupling constants of the corresponding mesons.
The original idea was to use a crude model as a benchmark for further

studies of interacting instantons with the parameters (the instanton density
and typical radius) as suggested a decade ago [4] without adjustment. How-

ever, the results obtained have shown that this model works amazingly weil.
A,._was originally the case for the nuclear shell model, it is not currently clear

why it reproduces the correlation functions so well. This result is surprising

in view of the apparent absence of such ingredients as confining forces and
perturbative effects.

In fact, we reproduce not only the qualitative behaviour of all correlators

at distances as large distances as 2 fm, but (in those few cases where quan-
titative analysis is possible) we find agreement of physical parameters at the
10 percent level. Thus, it is certainly a useful tool. Wider use of this model

would seem to be justified. At the same time, in two channels with strong re-
pulsive interaction m _/, and 6- the results found are not satisfactory. The

model correctly predicts such repulsion but overestimates its magnitude.

This paper is submitted to Nucl.Phys.B.

[1] D.Weingarten, Phys.Rev.Lett. 51 (1983) 1830.

[2] E. Shuryak, Rev.Mod.Phys., January, 1993.
[3] M.C. Chu, J.M. Grandy, S. Huang, and J.W. Negele, Phys.Rev.Lett., to
be published.

[4] E. Shuryak, Nucl.Phys. B203 (1982) 116, 140, 237.
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The Absence of Strong CP Violation in a
Correlated Instanton Vacuum

E.V. Shuryak and J.J.M. Verbaarschot

The absence of strong CP violation is one of the unsolved prgblems of
QCD: either the mechanism should exist which can bring the vacuum 0 angle

to zero (axions?), or fluctuations of the topological charge are compeletely
screened. The latter possibility for non-zero quark masses was recently pro-

posed by Samuel [1], where one can find all relevant references.
We study fluctuations of the topological charge by performing numerical

simulation of an ensemble of interacting instantons. The main correlations

are induced by the zero mode sector of the fermion determinant, but classical

correlation are also taken into account. It is shown that, for small volumes,
the fluctuations of the topological charge are random while, for larger vol-

umes, they are strongly suppressed (i.e., the topological charge is screened).
However, if quark masses grow from zeros this mechanism gradually turns

off, which probably contradicts to the the Samuel's proposal.
The inverse screening length determines the 77/ mass. It is shown that

the screening length is inversely proportional to the square root of number

of massless flavors which agrees with the Witten-Veneziano formula.

[1] S. Samuel, Mod.Phys.Lett. A7 (1992) 2007.
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Baryonic Correlators
in the Random Instanton Vacuum

T. Schiifer, E.V. Shuryak and J.J.M. Verbaarschot

Recently we have performed a systematic study of QCD correlation func-

tions in the framework of the instanton liquid model. In the case of mesonic

correlators we have obtained very good agreement with lattice measurements
reported by Chu et al. We have extended this analysis to include the nucleon
and delta correlation functions.

As a first step, we have considered quark-quark (diquark) systems. We
have found that the quark-quark interaction resembles the one between

quarks and antiquarks. Similar to the pion and rho channels, the inter-

action in the scalar isospin I = 0 and vector I = 1 diquark channels are

completely different: The former has a much stronger attractive interaction.

As a consequence, the SU(3) octet (nucleon) and decuplet (delta) correlators
are also found to be qualitatively different. Using a complete set of ali avail-

able correlation functions, we also determine masses and coupling constants
for the nucleon and delta.

[1] E.V. Shuryak, J.J.M. Verbaarschot, SUNY-NTG-92-40.

[2] T. Schiifer, E.V. Shuryak, J.J.M. Verbaarschot, SUNY-NTG-93.

[3] M.C. Chu, J.M. Grandy, S. Huang and J.W. Negele, Phys.Rev.Lett. 70

(1993)255.
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Random Matrix Theory and Spectral Sum Rules for
the Dirac Operator in QCD

E.V. Shuryak and J.J.M. Verbaarschot

Although the theory of strong interactions is formulated in terms of
' quarks and gluons, at low energies the same physics can be formulated in

terms of mesons and baryons. This equivalence results in strong constraints
on the spectrum of the Dirac operator. It appears that the existence of a
long wave-length limit of the bosonized theory results in a low-lying spec-
trum of the Dirac operator that is universal. In order to study the low-lying
part of the spectrum, we have introduced a new limit: the microscopic limit.
In this limit the spectrum near zero is enlarged proportional to the space
time volume of the system, and the spectrum near zero virtuality converges
to a universal function [1]. Its existence is an expression of the spontaneous
breaking of chiral symmetry.

The shape and the correlations of the spectrum have been determined
[1] with the help of a a random matrix model [2] (which we call the 'chiral
random matrix model') that, in the large N limit, reduces to the low energy
limit of the QCD partition function put forward by Leutwyler and Smilga
[3]. This equivalence holds for an arbitrary number of flavors and any value
of the QCD vacuum angle. In this model, moments of the inverse squares of
the eigenvalues of the Dirac operator obey sum rules, which we conjecture to
be universal. In other words, the validity of the sum rules depends only on
the symmetries of the theory but not on its details. To illustrate this point
we have shown that the sum rules hold for an interacting liquid of instantons.
The physical interpretation is that the way the thermodynamic limit of the
spectral density near zero is approached is universal. However, its value, i.e.,
the chiral condensate, is not.

e

[1] J.J.M. Verbaarschot and I. Zahed, Physical Review Letters, to be pub-
lished.

• [2] J.J.M. Verbaarschot and E.V. Shuryak, Nuclear Physics A, to be pub-
lished.

[3] H. Leutwyler and A. Smilga, Physical Review D, to be published.
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The Higgs-Induced Contribution to Baryon Number
Violation at Very High Energies t

M. Velkovsky and E.V. Shuryak

*" The probability of baryon number violation at SSC energies due to tun-
neling in weak interactions is a subject of intensive studies. This process is
predicted to be accompanied by multiple production of W and Higgs bosons
and can be technically described by the instanton-antiinstanton (irl) inter-
action (see references in [1]). We evaluate numericaly the Higgs-induced
part of this interaction, corresponding to the so called 'streamline' gauge
configurations. As this interaction is known [2] to be repulsive at large ii
distances, the question was raised whether it can produce a 'second barrier'
and significantly reduce the tunneling probability.

We have used a variational approach, using the best trial functions we
could find. (Still they are not the true minimum of the action, in particular,
at zero ii separation the total action is not exactly zero.) However, we
have found that the so-called complete ]rung ansatz [2] is a much better
approximation to such a minimum than the 'simplified' one for the case of
parallel relative orientation. The interaction in this case is such, that it
definitely rules out the 'second barrier' scenario.

If so, extrapolation of the cross section into the interesting energy region
E _ 30 TeV does not suffer from Higgs-induced suppression. Therefore, the
possibility that the effect reaches an observable magnitude (before ali the
approximations do collapse) looks slightly more probable.

*This paper will appear in Physics Letters B.

[1] E.V. Shuryak and J. Verbaarschot, Phys.Rev.Lett. 68 (1992) 2576.
[2] A. Yung, Nucl.Phys. B297 (1988)47.
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RHIC Systems and Self-Organizing Criticality

A.D. Jackson, V. Koch and T. Wettig

The construction of 'event generator' codes has become a popular ac-
tivity in preparation for RHIC. These codes share the _anecdotal' feature

' that many predictions are remarkably insensitive to input parameters. We
suspect that something more fundamental may be taking place. There are
a number of (schematic) models of interest to condensed matter theorists
which display 'self-organizing criticality'. One such model is the _forest fire'
model of ref.[1]. The common feature of these models is the existence of
two (or more) disparate time scales. Their common result is that the pre-
dictions for many quantities including the average number of 'partons', the
distribution of 'parton' clusters and various correlation functions are strictly
independent of the details of the underlying dynamics. (In the case of ref.[1],
the 'partons' are trees.) The only vestige of the dynamics which persists is
the existence of several time scales. We are considering whether such models

may be applicable to RHIC systems.
Thus, we are looking for (schematic) self-organizing models whose basic

assumptions seem a priori compatible with the physical conditions of heavy
ion collisions. Once such analogies are discovered, various predictions can be
obtained immediately. Such models would offer a two-edged sword for RHIC
physics. Quantitative, dynamics-independent predictions would be helpful
in checking codes and for comparisons with data. However, the existence ,
of predictions independent of the dynamics would complicate the task of
unraveling RHIC data to reveal microscopic dynamics.

While such studies are clearly speculative, we view them as important.
Condensed matter studies of these models suggest that complex systems

manage to filter out virtually all dynamical information. Any convincing
demonstration that RHIC systems are self-organizing would provide a 'proof'

!

of the non-existence of signatures for any specific microscopic description of
RHIC events.

[1] B. Drossel and F. Schwabl, Phys.Rev.Lett. 69 (1993) 1629.
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Strange Hadronic Matter

J. Schaffner, C. B. Dover, A. Ga], C. Greiner and H. St6cker

In an extended mean field theory, we find a large class of bound multi-
strange objects, formed from combinations of {p, n, A, ..-o,_- } baryons, which t

are stable against strong decay. We predict a ma_rdma] binding energy per
baryon of Et_/A _. -21 MeV, strangeness per baryon fs _ 1 - 1.2, charge
per baryon fq _ -0.1 to 0.1, and baryon density 2.5-3 times that of ordinary
nuclei. For A _> 6, we obtain stable combinations involving only (A, _,E-_--_'
hyperons [1].

[1] J. Schaffner, C. B. Dover, A. Ga], C. Greiner and H. St6cker, Physical
Review Letters, submitted for publication.
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A Generalized Bethe-Weizsiicker Mass Formula for Strange Hadronic Matter

C.B. Dover and A. GS]

• We extend the Bethe-Weizsiicker nuclear mass formula to strange ha-
dronic matter composed of nucleons, lambdas and cascade hyperons [1]. The

, generalized formula contains severs] volume and symmetry terms constrained
by phenomenologica]]y determined A-nuclear, E-nuclear and AA interaction
parameters and by hyperon-hyperon (AA, AT., T-T-)interaction parameters
suggested by One-Boson-Exchange models. We confirm that multi-A hy-
pernuclei are generally unstable to AA --, T-N conversion. For strange
hadronic matter we determine, as function of the baryon number A, the
line of strong-interaction stability, along which a large strangeness fraction
IS[/A _ 0.5 - 1.1 and a low charge fraction q/A _.. 0.2 hold, and no fission
occurs. The binding energy per baryon increases monotonically to its bulk
limit, B/A --, 38 MeV, ISI/A --, 1.1 and q/A -, 0 for the parameters adopted
here assuming that the hyperon species saturate at densities similar to those
of protons and neutrons in nuclei. Even in the extreme limit of vanishingly
small hyperon-hyperon interaction strengths, strange hadronic matter with
B/A --, 15 MeV, [S[/A _ 0.7 and q/A --, 0 in the bulk limit should ex-
ist and our mass formula reproduces semi-quantitatively recent mean-field
calculations which implicitly assumed weak hyperon-hyperon interactions.

[1] C.B. Dover and A. GS], Nuclear Physics A, to be published.
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Production of Strange Clusters by Quark Gluon Plasma Fragmentation
0

Z. Arvay, J. Zimknyi, T. Cs6rgS, C.B.Dover and U. Heinz
e

We discuss the production of strange quark clusters in high energy heavy
ion reactions in which a Quark-Gluon-Plasma (QGP) intermediate state is
excited. A microscopic fission-chain model (PHASER) has b-.en constructed
for the description of QGP rehadronization. Color fluctuations, QQ pair
production and energy fragmentation have been taken into account. We
determined the sp_n-flavor degeneracy factors and the formation factors for
multibaryon quark clusters. Baryon, antibaryon and meson yields have been
estimated, as well as those of light multi-strange quark clusters [1].

[1] Z./_rvay, J. Zim_.nyi, T. Cs6rgS, C.B.Dover and U. Heinz, Zeitschrift
fiir Physik, submitted for publication.
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Multiply Strange Nuclear Systems

J. Schaffner, C.B. Dover, A. Gal, C. Greiner, D.J. Millener and H. St6cker

" We investigate the stability of multiply strange baryonic systems, in the
context of a mean feld approach obtained from an underlying set of phe-

' nomenological meson-baryon interactions. The coupling parameters which

determine the conventional tr + w mean fields (Hartree potentials) seen by
various baryon species (N, A, E) in the many-body system are constrained
by reproducing the trend of observed binding energies of single particle (N,
A, --.) states, as well as the energy per particle and density of non-strange
nuclear matter. We also consider additional scalar (tr') and vector (_b) fields
which couple strongly to strange baryons. The couplings of these fields are
adjusted to produce strong hyperon-hyperon interactions, as suggested by
the data on AA hypernuclei. Extrapolating this approach to systems of large
strangeness S, we find a broad class of objects composed of neutrons, pro-
tons, A's and E's, which are stable against strong decay. In these systems,
the presence of fiUed A orbitals blocks the strong decay EN --, AA, leading to
a strangeness fraction fs = [S[/A _ 1, density p _ (2- 3)po, and charge frac-
tion fq in the range -0.1 < q/A < 0.1, comparable to that of hypothetical
stable strange quark matter ("strangelets"), but with a low binding energy
per particle EB/A "_ -10 to -20 MeV. We compare with an approximate
mass formula which qualitatively describes the results of the mean field cal-
culations. Such weakly bound multi-strange objects can be stable for very
large A, unlike ordinary nuclei, since the Coulomb repulsion generated by
the protons is largely cancelled by the presence of a comparable number of
E-'s, leading to a small net charge (positive or negative) of order A 1/3. We
comment on the weak decays of such objects and the possibility of their
production in relativistic heavy ion collisions [1].

[1] J. Schaffner, C.B. Dover, A. Gal, C. Greiner, D.J. MiUener and H.
' St/Scker, Annals of Physics, submitted for publication.
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On The Production and Decay of Strangeness S = -2 Hypernuclei

C.B. Dover, A. Gal and D.J. MiUener

We examine the production and decay mechanisms of doubly strange
"" S = -2 hypernuclei, focusing on reactions of the type (K-,KX) induced by ,

kaons. The production of E and E'(1530) hyperons in (K-, K +) reactions on
nuclear targets is considered, including the possibility of observably narrow E
single particle bound states. We present some qualitative arguments regard-
ing the baryon (n,p, A) decay widths of E states, which indicate that such
excitations could be considerably narrower in light nuclei than suggested by
the E decay width I'-: _ 5-10 MeV in nuclear matter. The predicted spectra
of low-lying S = -2 hypernuclear states are presentd. These configurations,
dominantly of AA character, can be produced in second order processes with
K- beams. We consider the possibility that the very small cross sections for
such states (typically of order 1 nb or less) might be enhanced by EN _ AA
mixing. Some prospects for the study of strong, electromagnetic and weak
decays of low-lying S = -2 states are pointed out, and favorable cases for
experimental study are identified [1].

[1] C.B. Dover, A. Gal and D.J. Millener, Nuclear Physics A, submitted
for publication.
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