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ABSTRACT

We address a number of issues related to the production of strangeness in high energy
heavy ion collisions, including the possibility that stable states of multi-strange hyperonic
or quark matter might exist, and the prospects that such objects may be created and
detected in the laboratory. We make use of events generated by the cascade code ARC
to estimate the rapidity distribution dN/dy of strange clusters produced in Si+Au and
Au+Au collisions at AGS energies. These calculations are performed in a simple coales-
cence model, which yields a consistent description of the existing data on non-strange
cluster (d, 3He, 3H, *He) production at these energies. If a doubly strange, weakly bound
AA dibaryon exists, we find that it is produced rather copiously in Au+Au collisions, with
dN/dy ~ 0.1 at mid-rapidity. If one adds another non-strange or strange baryon to a clus-
ter, the production rate decreases by roughly one or two orders of magnitude, respectively.
For instance, we predict that the hypernucleus , SHe should have dN/dy ~ 5 x 10~ for
Au+Au central collisions. It should be possible to measure the successive A — px~ weak
decays of this object. We comment on the possibility that conventional multi-strange
hypernuclei may serve as “doorway states” for the production of stable configurations of
strange quark matter, if such states exist.

1. Introduction and Motivation

There are a number of motivations for the study of multi-strange matter. For in-
stance, one would like to explore the réle of the strangeness degree of freedom in baryon-
baryon interactions. Most of our empirical knowledge relates to the properties of the
nucleon-nucleon system, with more rudimentary information on the AN interaction from
the analysis of hypernuclear spectroscopy,’”? and a hint of an attractive AA matrix ele-
ment from the very sparse data on double hypernuclei. The existing NN, AN and LN
scattering data can be accommodated in a conventional meson exchange picture in which
SU(3) symmetry relations are applied to meson-baryon coupling constaats, and SU(3) is
broken through the use of observed masses for the exchanged mesons.®3 However, the
lack of any data on spin observables for hyperon—nucleon scattering renders this prescrip-
tion non—unique. For instance, the approach of the Bonn-Jilich group® is to impose the
stronger constraints of SU(6) symmetry on the coupling constraints; the data can still be
reproduced by suitable adjustments in the short range behavior of the potentials. Thus
the question of the degree to which SU(3) symmetry is broken, and the mechanism for this
breaking, remains somewhat open. To extend our knowledge of baryon-baryon forces to
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the hyperon-hyperon sector (AA, ZA), it is necessary to obtain information on the binding

energies of multi-hyperon systerus, since the corresponding scattering experiments are not

feasible. Relativistic heavy ion collisions offer the only practical method to produce multi-

strange bound systems, since a bath of several dozen A’s, £’s and Z’s typically results from
" an encounter at low impact parameter.

Strangeness is also crucial in distinguishing between various approaches to non-pertur-
bative QCD. For instance, there are several “QCD-inspired” models which yield substan-
tially equivalent results for the strange and non-strange baryon spectra, but differ com-
p,le y-in their predictions for the stability of strange dibaryons. For instance, Jaffe’
pre tcts a‘stable strangeness S = —2 dxbaryon with J¥ = 0%, I = 0 (the H) on the basis
-of the Bag Model, while Kunz and Mulders® and Kopeliovich et al.® use alternate versions

* "ubf the Skyrme model to arrive at dramatically different conclusions. For instance, Kope-

liovich? obtains a £~X~ bound state ('Sg, I = 2) which might even be stable against first
order weak decay. As we indicate later, if any such stable strange dibaryons exist, they
should be produced at measurable rates in heavy ion collisions at the AGS.

Another basic question is whether there exist two branches of strange matter, one com-
posed of bound nucleons and hyperons, and another composed of a mixture of strange and
non-strange quarks bound together in a single large bag (the “strangelets” of Witten!®
and Farhi/Jaffe!!). Using mean field theory,'2~1% one can confidently predict the existence
of the first branch, based on a reasonable extrapolation of known NN and AN interac-
tions, and some fragmentary information on the AA and =N systems. This extrapolation
yields systems which are stable in the bulk limit (A4 — oo), with charge Z/A — 0, large
strangeness |S|/4 ~ 0.5 — 1, densities p ~ 2pg (pp = nuclear matter density) and binding
energy per baryon Eg/A ~ 10 — 40 MeV. These conventional hyperonic systems share all
the properties of “strangelets”,!%!! except Ep/A. For hyperonic matter, Eg/A is limited
by the depths of the mean fields (~ 30 MeV for a A in a nucleus, for instance), which
are much smaller than the A — N mass difference mp — my =~ 175 MeV. Thus bound
multi-hyperon systems will always enjoy the possibility of weak decays, dominantly via
non-mesonic processes AN — NN, AA — AN, etc. The hypothetical “strangelets”, on
the other hand, might conceivably be stable even against weak decays. There are a number
of experiments underway to search for long-lived “strangelets”, the most sensitive of which
is E864 at the AGS,® which offers a sensitivity of ~ 3 x 10~!! per collision. There has
-been much less emphasis on searches for multisirange objects with weak lifetimes of order
TA ~ 260 psec. We argue here that such searches are also worthwhile, since these conven-
tional hyperonic systems can be produced with observable rates, at least for small 4. If
such systems are observed through weak decays, one obtains a constraint on the existence
of a “second branch” of deeply bound strange states (for example, the observation of , ’He
weak decays constrains the allowed mass range of the putative H dibaryon, which could
be produced via the strong process , fHe — ‘He + H).

2. Multi-strange Hyperonic Systems

The lightest bound strange objects are of greatest interest from the point of view of
their production in heavy ion collisions. The lightest S = —1 hypernucleus is SH (A + d),
followed by {H, AHe and ;He. For § = -2, the hghtest bound system is hkely to be 4AH,
although th1s is not certam, followed by , AH, A AHe and , AHe We will focus on some of
these systems in our later coalescence estimates. From the known well depth V3 ~ 28



MeV for a A in nuclear m..ter,? we know that a A first binds in a p-state for an 4 = 12
core (IXC). Due to the Pauli principle, a third A cannot occupy the s-state, and hence 3ﬁZ
systems will be unstable with respect to A emission for A < 13. As we see later, systems
like }3C and heavier will not be produced with observable rates in heavy ion collisions, at
least via the coalescence process envisaged here.

A relevant question is the following: What is the lightest system containing a = hyperon
which is likely to be stable against strong decay? Normally, one would expect a Z to

encounter a nucleon, and convert strongly to two A’s. In free space, the energy release
would be

Qop (E"p - AA) = 28 MeV
Qon (Eon — AA) =23 MeV (1)

In a nuclear medium, however, binding effects and Pauli blocking can change this conclu-
sion. For instance, consider the system _, AZHe (Z° + 2A + *He). Since the 1s A shell is
occupied, the additional A’s produced inu(l) must be ejected into the continuum. The @
value for the strong decay =0 AZHe — 2A + , ?He is then

Q = Qon — Ba (*He) — Bzo + 2 (B, (He) — By (3He)) (2)

where we have assumed that the AA interaction is about the same in AXHe and , IfHe. We
note that the sizeable binding energy B,(*He) =~ 20.6 MeV of a neutron in *He largely
cancels out the free space Q-value, and we find

Q ~ 1.17 MeV — Bz | (3)

For a Woods-Saxon potential with radius R = rgA!/3 (ro = 1.3 fm), a modest well depth
V= > 18 MeV will produce a binding energy B=o > 1.2 MeV, and hence stabilize the
-0 AZHe system. These considerations are given in more detail in Ref. 14, where it is shown

that _, AZHC is likely to be the lightest stable system containing a = hyperon.

A" Y hyperon, on the other hand, cannot be stabilized by binding and Pauli effects
against ZN — AN conversion, since Q(EN — AN) = 75 — 80 MeV considerably exceeds
the £, A and N well depths. However, one can evade strong decay in some cases because
of charge conservation, for instance by considering composites of {E"nZ"}, {Z+p=°},
{AZ~n}, {AZ%}, and {AZ~Z}. A possible Z~%~ bound dibaryon falls in this class of
objects.

A few words are in order considering the possible existence of a weakly bound S = -2
dibaryon. This would be a deuteron-like object, rather than the deeply bound H dibaryon
proposed by Jaffe’, which corresponds to a six quark SU(3) singlet. From .he three AA
hypernuclear events observed in emulsion experiments,!” one extracts a strongly attractive
AA interaction matrix element in the 15, state of

Vaa & — (4 — 5) MeV (4)

This is to be compared to the !Sg matrix elements Vy y ~ —(2—3) MeV and Vyy ~ —(6—8)
MeV. Although it is known that there is no two-body AN bound state, the possibility
of binding arises for AA because of the stronger attraction and the larger mass; which
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Figure 1: Energy per particle E/A relative to the nucleon mass my as
a function of strangeness |S| for a multi-A hyprnucieus and for a droplet
of strange quark matter, both with Z = 82, A = 208. The hypernuclear
binding was estimated in mean field theory!? and the strangelet energy was
obtained from the Berger-Jaffe mass formula with ¢g = 900 MeV, m, = 150
MeV.

decreases the kinetic energy. Assuming such a AA state exists, it will be copiously produced
in heavy ion collisions, and it should be detectable through its 2(p7~) weak decay mode.

3. Multi~hyperon States as “doorways” to Strange Quark Matter
A mass formula for “strangelets” has been proposed by Berger and J affe.1® It assumes
the form

E(A,S5,2) = A +eaA® + ‘%(s — Sain)’

+(2+ %) (2~ Zuaa)” (5)
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where the constants ¢; can be related to the Bag constant B and the strange quark mass
m,. A similar expression, an extension of the familiar Bethe-Weizsacker mass formula, has
recently been constructed for hyperonic matter.!® For strange quark matter, E/A displays
a minimum for strangeness S = Spy;p, for fixed Z and A. For Z = 82, A = 208, this

“behavior is shown in Fig. 1 (taken from Ref. 19) for typical parameters € = 900 MeV,

m, = 150 MeV. Consider now a conventional hypernucleus 2%8Pb, in which n neutrons are
replaced by A’s.1313 For this system, E/A is minimum for b = 0. As seen in Fig. 1, the
two branches, namely hyperonic matter and strange quark matter, will cross at some value
of S. This crossing depends strongly on the value of €y, which is essentially unknown.
In Fig. 1, there is an appreciable region of S where E/A < my, i.e., these strange quark
systems are stable against weak as well as strong decay. This would of course be somewhat
of a miracle!

Now suppose that a crossing of the two branches of strange matter occurs at a small
value of A, in the region which is experimentally accessible with heavy ion reactions. As
an example, consider again the system _, A "He . We have argued that this object cannot
decay strongly, so we anticipate that it will decay weakly with 7 ~ 7 /3. This argument
holds unless there exists a stable state of strange quark matter of similar A, which would
be populated by strong decays, for example

_OAAHe—-»I& + X - (6)

where X isan A =7, S = -5, Z = 1 strangelet with typical ratios |S|/A ~ 0.7, Z/A ~ 0.1,
which we assume to have a mass of order Tmy (i.e., absolutely stable). Neglecting binding
effects, we then have

M (_OMHe) — M(X) = mzo + 2mp — 3my ~ 730 MeV (7)

Thus there is sufficient energy for the emission of a K™ in reaction (6). We see that the
Liypernucleus =0 AA7He serves as a “doorway state” for the production of the strangelet X.

On the other ha.nd if the weak decay of the Z0AA 7He is seen, it would appear to rule out
the existence of X, at least in a certain mass regime. This argument assumes that the
strong process (6) proceeds much faster than weak decay. The strong lifetime depends on
the spatial overlap between the =0 AXHe state, which consists of quarks localized in baryons

(three quark clusters) and X, in which each quark roams in a single large bag. However,
both systems have a density p ~ 2pqg, so this distinction is not clear. It is possible that
this spatial overlap factor is sufficiently small so that strong and weak decay lifetimes of
=0, AHe become comparable. It is clearly necessary to provide some rough estimates of this
suppression factor before the lifetime argument can be applied to eliminate X.

4. Coalescence Estimates of Strange Cluster Formation -

- There are several possibilities for producing bound strange clusters in relatsttlc heavy
ion collisions. One hypothesis consists of assuming that quark-gluon plasma (QGP) is
formed in the collision, and then adopting some hadronization scenario?’~2 to produce
strange matter. For instance, Greiner and Stocker?® consider a “strangeness distillation”
mechanism in which a QGP droplet radiates K+ and K mesons (i.e., § quarks), leading to
an enrichment of the s quark content of the fragment. These droplets can cool down to form
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Figure 2: Proton and deuteron rapidity distributions dN/dy for Si+Au
collisions at 14 GeV/A. The E802 data for protons?’ are shown as open
circles, while the E802 deuteron data?® corresponds to the open square.
The “7% TMA™ data refers to central collisions with the highest 7% of
multiplicity. The ARC calculations® for the proton spectrum (solid circles)
were done with an impact parameter b = 2 fm. The solid squares represent
the ARC coalescence results for deuterons based on Eq. (11), using the
parameters given in Table 1. '



strangelets of baryon number A4 ~ 10 — 30, with charge Z/4 ~ —0.1 (i.e. large strangeness
|S|/A > 1). Shaw and his collaborators?!'?2 have made more schematic estimates in which
the production probability P(A,Z) of strangelets per collision event is written as

P(A,2)=Pqcp-Pa- Y P(A,Z,S) Peool (8)
S

in which Pqgp, Pa, and Py are the probabilities for producing QGP in a collision, assem-
bling a cluster of baryon number A, and cooling a cluster to the ground state, respectively.
We sum over the strangeness S of clusters corresponding to bound states. It is assumed,
somewhat arbitrarily, that Pogp = 0.1, P4 = 4/2Abeam, Peool = ¢/ A, with ¢ = 6 x 1072
for collisions at 15 GeV /A, and

P(A,Z,8)= P(n,)- P(n,)
(ﬁu,s)n""

P(- = ¢ Mus
(nu,s) © Ty,s!

(9)

The functions P(ny,) are Poisson distributions which specify the deviations from the
average initial strangeness (|S|/A ~ 0.1 — 0.2) and charge of the droplet. That is, the idea
is to build up the strangeness S and lower the charge Z by fluctuations from these starting
values. Taking ¢; = 880 MeV, m, = 150 MeV in a Berger-Jaffe strangelet mass formula,
Crawford et al.?? estimate

2x107° (A=10, Z=-1)
7x107° (A=10,Z=1)
2x 107" (A=20, Z=-1)
8x 10711 (A=20, Z=1)

P(A,2)~ (10)

for Au+Au collisions at AGS energies. Thus in a very high sensitivity experiment such as
E864,1% it would be possible to detect stable strangelets up to A ~ 20.

We mention these rather crude quark estimates to emphasize the point that the pre-
dicted rates?!+?? of formation of strangelets from QGP are many orders of magnitude larger
(for fixed A, Z, S) than the estimates we now present based on the coalescence model. Thus
coalescence provides a rather conservative approach which probably represents a lower limit
for strangelet production, and a realistic estimate for light single and multiply-strange hy-
pernuclei. That is, if deeply bound strangelets exist, they could be formed at earlier stages
of the collision, and not be broken up again by subsequent interactions. The coalescence
picture, on the other hand, is appropriate for rather weakly bound clusters, which are
formed late in the collision process, at “freezeout”.

The preliminary results of the coalescence calculations shown here were obtained?4
using events for Si+Au and Au+tAu collisions at AGS energies generated by the cascade
code ARC,%% due to Pang, Schlagel and Kahana. ARC yields phase space densities of
protons, neutrons and A hyperons, which serve as input for our calculations. The single
particle p and A rapidity distributions dN/dy from ARC are shown in Figures 2 and 3,
together with experimental data from AGS experiments E802.2728 The agreement of ARC
results with data for baryon inclusive distributions is seen to be excellent.
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Figure 3: Rapidity distributions for A hyperons in Si+Si (left) and Si+Pb
(right) collisions at 14.6 GeV/A taken from Eiseman et al.?®. The ARC
results are seen to be in good agreement with the E810 data.

In this first set of calculations, we have used a particularly simple form of the coales-
cence model. Refinements will be reported on later.2* As an example, consider deuteron
production. Given an ARC event, we follow the progress of each neutron—proton (n,p)
pair unt?! after their last interactions with other nucleons or mesons. We then stipulate
that a deuteron is formed if the relative two-body center of mass (c.m.) momentum Ap
and the relative spatial separation Ar of the np pair satisfy the conditions

ApS (AP max » AT S(AT)na (11)

where Ar is computed at the time of closest approach. Eq. (11) corresponds to the con-
dition that the np pair fits into the deuteron wave function, in both momentum and
coordinate space. In Eq. (11), we have essentially approximated the square of the wave
function in terms of a square well. This crude approximation will be improved upon.?
Since the deuteron is a 3S; np bound state, we supply a spin factor of 3/4, according
to the statistical weight of the spin triplet configuration for a pair of uncorrelated spins.
For a more general cluster of spin J and baryon number A4, the spin factor’® becomes
(27 + 1)/24. We take care to avoid double counting. Heavier clusters are built up by
sequential coalescence. For instance, to obtain 3He, we first coalesce a deuteron-like np
pair, and then look for another proton which satisfies Eq. (11), where Ap and Ar are
now the relative momentum and coordinate of the proton with respect to the c.m. of the
deuteron.

In addition to d(J = 1), 3He, 3H (J = 1/2), and 4He (J = 0) clusters, we also calculate
the rates for the production of the following strange clusters:

(AA),(J=0), JH(J=1/2), fHe(J=1/2), AH(J=1), sfHe(J=0) (12)



Table 1: Parameters for Coalescence Calculations

Process (Ap)max (AT)max
p+n—d, A+A—(AA) 120 MeV/c 2.4 fm
d+n—+3H,d+p-—v3He,d+A—>XH 160 3.2
3H + p, *He + n — *He 180 3.6
‘He + A — jHe 190 3.6
d+ (ALY, — 4AH 240 36
‘He + (AA) — 5fHe 320 3.6

The values of (Ap)max and (Ar)max which we have used for the various coalescence pro-
cesses are collected in Table 1. Using these parameters, we obtain good agreement with the
available data on d, 3He, *H and 4He production from experiments E814 and E886.31:%2
The comparison with the preliminary E886 data3? is shown in Fig. 4, and that with the
E802 deuteron data is displayed in Fig. 2.

For the 1So AA bound state (AA)p, we assume the same (Ap)max and (Ar)max as for
the deuteron. As (AA); becomes more deeply bound, the value of (Ap)max, and hence
the production rate, increases strongly. From Fig. 5, we see that (AA), is produced fairly
copiously, with dN/dy approaching 0.1 at mid-rapidity for Au+Au collisions at the AGS.
Thus (AA)y, if it indeed exists, is more abundant than the p!

If other hyperon-hyperon bound states exist, for example the Z~E~ or Z7Z7 states
predicted by Kopeliovich,® their rates can be similarly obtained. For instance, we estimate

N (27Z7), /N (AA), ~1/10 (13)

in heavy ion collisions at AGS energies.

Our results for light $ = —1 and —2 hypernuclei are shown in Figs. 6 and 7. The rates
for these objects are large enough to be measured, as we argue in the next section.

In Table 2, we list the number N = [ dydN/dy of particles of each species produced
per event in central Si+Au and Au+Au collisions at AGS energies. Here 6p and én
represent the change in the initial proton and neutron numbers which occur during the
collision process. Since baryon number is conserved, and BB production is relatively
rare, hyperons come into existence at the expense of nucleons, mostly neutrons. The final
observed neutron and proton numbers for Au-+Au collisions are

N, =N, +6n~18 , Np=Np+6p=x167 (14)
The coalescence probability for deuterons is then
Ng/N,N, ~ 4 x 1074 (15)

A consequence of the approximate equality of IV,, and N, is a comparable amount of 3He
and 3H production in Au+Au collisions. For light projectiles, the 3H /3He ratio is closer
to the N/Z ratio in the initial state.

From Table 2, we see that the N values for clusters decrease rapidly as the baryon
number and strangeness increase. We can express this decrease in terms of a penalty

10
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Figure 4: ARC coalescence calculations (solid curves) of the invariant
cross sections for light non-strange clusters formed in Au+Au collisions at
11.7 GeV/c. The preliminary data of AGS experiment E886 are shown as
solid triangles (protons), open circles (deuterons), open squares (tritons),
solid triangles (*He) and stars (‘He) [G. Diebold, private communication].
The E886 measurements are minimum bias, and correspond to a lab angle
of 5°. The ARC events were generated with a impact parameter =9 fm.

factor P for adding a nucleon to a cluster or a factor ) for changing a nucleon into a A.
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Figure 5: ARC coalescence predictions for the rapidity distribution dN/dy
of a hypothetical bound AA dibaryon state in Si+Au and Au+Au central
collisions at AGS energies. We have assumed the same parameters (Ap)max
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and (Ar)max as for the deuteron, and used b = 2 fm.

As a rough estimate (e.g. for Au+Au), we take

P=

N (*He) /2 U1
N{d/3 ~ 20

N(‘He) _ . .o
“  NQGHe) /2

12

(16)
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Figure 6: Rapidity distributions for the single hypernuclei 7H and jHe for
central Au+Au collisions at 11.7 GeV /¢, calculated in the ARC coalescence
model, using b = 2 fm and the pararseters of Table 1.

where we have divided out a factor (2J + 1). For A, we have

=

A~

(17)
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Figure 7: ARC coalescence predictions for the production of the double
hypernuclei 4 AH and , fHe in Au+Au central collisions (b = 2 fm).

Note that A is larger than the value Nj/N, = 0.1 that one might naively guess. The
penalty factor AP for adding a A to a cluster is then ‘

AP~ (2-3)x 1072 (18)

Because of this rather severe penalty factor, we are clearly limited in the size of strange
clusters we can produce via coalescence with measurable rates. An interesting case is

=0 AXHe, which we have argued is the lightest system containing a = which is stable against



Table 2: Number of particles N per central collision at AGS energies,
frora ARC + coalescence model

Particle N(Si+Au) N(Au+Au)
A 5.3 20.8
- 1.6 6.9
p 3.9 9.3
én -13.8 -49.9
d 12.3 124
3H 1.3 0.4
3He 1.0 0.4
‘He 0.13 0.015
(AA), 0.008 0.08
H 0.04 0.15
AHe 6 x 107* 5x 1074
Al 3x107* 4x 1073
ASHe 6 x 1077 4x107°

strong decay. The ARC cascade does not yet contain = production, but an estimate based
on the RQMD? code yields N(Z%)/N(A) ~ 1/40. Hence we estimate

. N :_;:0
N (EOM(He) ~ -ﬁ(@\—)) AP - N (y5He) ~ (2 -3) x 107° (19)

for Au+Au collisions. This is probably too small a rate to be detectable since _o AIIHe will
have a lifetime of order 74/3, too short to be observed by E864.

5. Experimental Aspects

Objects with long lifetimes 7 > 10 ns can be detected in a high sensitivity search such
as E864. The bound hypernuclear clusters considered here will decay weakly, with lifetimes
of the order of 7 ~ 0.1 ns. Thus one would have to design an experiment to look for specific
weak decay modes. A favorable case corresponds to final states containing only charged
particles. The branching ratios BR for decay into such modes will decrease rapidly with
increasing A. For a weakly bound (AA);, we expect

BR((AA), — 2(pn™)) ~ 4/9
7((AA),) =~ 7A/2 2 0.13 ns (20)

based on BR(A — pr~) = 2/3 for free space A decay. The experimental signature would
be two “vees”, from which one could reconstruct the invariant mass of (AA). As (AA)
becomes more deeply bound, the quasi—free decay A — N is turned off, and other modes
such as An, X~p, etc. must prevail. The weak decays of the SU(3) singlet H dibaryon
are discussed by Donoghue et al.3* As another example, consider 4 fHe. A favorable decay
would be ‘

AXHe —pr” + XHe -2 (p7r—) + *He (21)

15



ISR . AR . W

w

For {He, the ratio of non-mesonic (AN — NN) to mesonic decay widths has been mea-
sured to be%®

Q =Typm/Te- =12 (22)
.For , fHe, we estimate a similar ratio Q~ ~ 1.5. Using I';o/T's~ = 1/2, we find
1 1 .
A O Y (23)
or )
6 -y 4 - 1 .
BR (AAHe — 2 (7(' p) He) ) >~ — (24)
ot 10

Usmg N(,fHe) ~ 4 x107% for Au+Au from Table 2, we find that a sensitivity of ~ 4x 1077
is required to detect , PHe. This appears feasible albeit difficult. Using similar arguments,
one can estimate that

BR( "He — all charged) ~ 1072 (25)

=AA
where we have summed over several charged modes, each with BR ~ 2 x 1073, Combined
with Eq. (19), this implies that a sensitivity approaching 101! is required to detect =0, ‘He
through its all charged weak decays. This appears beyond reach for an object thh 7' ~
0.1ns.

6. Final Remarks

The existing data on d, 3He, H and *He production at AGS energies are consistent
with a calculation based on the ARC cascade code, supplemented by a simple coalescence
prediction. Based on this success, we have obtained reasonable estimates of formation rates
for A and AA hyperfragments. We conclude that bound dibaryon states such as (AA) for
(£~Z7); should be produced at easily measurable rates in Au+Au collisions at the AGS.
Double hyperfragments such as , KH, A KH, A XHe and AXHe should also be observed.

7. Acknowledgments

This work supported by the US Government, Department of Energy under contract
number DE-AC02-76-CHO00016.
8. References
E.H. Auerbach et al., Ann. Phys. 148, 381 (1983).
R.E. Chrien and C.B. Dover, Ann. Rev. Nucl. Part. Sci. 39, 113 (1989).
C.B. Dover, D.J. Millener, A. Gal and D.H. Davis, Phys. Rev. C44, 1905 (1991).

M.M. Nagels, T.A. Rijken and J.J. deSwart, Phys. Rev. D12, 744 (1975) and D15,
2547 (1977); D20, 1633 (1979).

P.M.M. Maessen, T.A. Rijken and J.J. deSwart, Phys. Rev. C40, 2226 (1989).
B. Holzenkamp, K. Holinde and J. Speth, Nucl. Phys. A500, 485 (1989).
R.L. Jaffe, Phys. Rev. Lett. 38, 195, 617(E) (1977).

J. Kunz and P.J. Mulders, Phys. Lett. B215, 449 (1989).

V.B. Kopeliovich, Yad. Fiz. 51, 241 (1990) [Sov. J. Nucl. Phys. 51, 151 (1990)};
V.B. Kopeliovich, B. Schwesinger and B.E. Stern, Phys. Lett. B242. 145 (1990).

Ll NS

© ® N oo

16



10.
11.
12.

‘13.
14.

15.
16.

17.

18.
19.

20.
21.
22.

23.

24.

D)

.

26.
217.
28.
29.
30.
31.
32.
33.
34.
35.

E. Witten, Phys. Rev. D30, 272 (1984).

E. Farhi and R.L. Jaffe, Phys. Rev. D30, 2379 (1984) and D32, 2452 (1985).
M. Rufa et al., J. Phys. G13, 143 (1987) and Phys. Rev. C42, 2469 (1990).
J. Schaffner, C. Greiner and H. Stdcker, Phys. Rev. C46, 322 (1992).

J. Schaffner, C.B. Dover, A. Gal, D.J. Millener and H. Stocker, to be submitted to
Annals of Physics.

C.B. Dover and A. Gal, submitted to Nucl. Phys. A.

R. Majka and J. Sandweiss, spokesmen, Brookhaven AGS Experiment E864, “Mea-
surements of Rare Composite Objects and High Sensitivity Searches for Novel Forms
of Matter Produced in High Energy Heavy Ion Collisions”.

D.J. Prowse, Phys. Rev. Lett. 17, 782 (1966);
M. Danysz et al., Nucl. Phys. 49, 121 (1963);
S. Aoki et al., Prog. Theor. Phys. 85, 1287 (1991).

M.S. Berger and R.L. Jaffe, Phys. Rev. C35, 213 {1987).

C.B. Dover, “Strange Quark Matter”, BNL-47670, to appear in the Proceedings of
the International Conference on the Structure of Baryons and Related Mesons, Yale
University, June 1992 (World Scientific).

C. Greiner and H. Stocker, Phys. Rev. D38, 2797 (1988) and D44, 3517 (1991).
H.C. Liu and G.L. Shaw, Phys. Rev. D30, 1137 (1984).

H.J. Crawford, M.S. Desai and G.L. Shaw, Phys. Rev. D43, 857 (1992).

Z.Arvay et al., Proc. Workshop on Relativistic Heavy Ion Collisions at Present and

Future Accelerators, Budapest, Hungary, June 1992; Central Research Inst. Report
KFKI-1991-28/A.

A.J. Baltz et al., manuscript in preparation.

Y. Pang, T.J. Schlagel and S.J. Kahana, Phys. Rev. Lett. 68, 2743 (1992).
T.J. Schlagel, S.H. Kahana and Y. Pang, Phys. Rev. Lett. 69, 3290 (1992).
T. Abbott et al., Phys. Rev. Lett. 64, 847 (1990); 66, 1567 (1991).

C. Parsons, doctoral thesis, MIT (1992), unpublished.

S.E. Eiseman et al., Phys. Lett. B297, 44 (1992).

A.Z. Mekjian, Phys. Rev. C17, 1051 (1978).

J. Germani, private communication (E814).

G. Diebold, private communication (E886).

J. Schaffner, private communication.

J.F. Donoghue, E. Golowich and B.R. Holstein, Phys. Rev. D34, 3434 (1986).

G. Coremans et al., Nucl. Phys. B16, 209 (1970);
H.G. Miller et al., Phys. Rev. 167, 922 (1968).

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government, Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefuiness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.









