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For twenty five years the ﬂeld ol dibaryons has been the subject of
extansive work, both thearetlcal and experimental. Many candidates have
been proposed, but very few remain after a larger number of preciss
experiments, In particular for the proposed non-strange dibaryon
resonances. One must first define what Is a dibaryon and we wou!d retain
the definition of Heddie and- Kisslinger (11 "Dibaryons are resonances or
bound states in a two baryon system which cannot be explained as haryons
interacting via hadronic exchanges”. Such states are predicted In particutar
in quark phenomenoiogy. Bag models [2] which have been genarally
successiul in reproducing the observed meson and baryon spectra predict a
spectrum of multi-quark states (3,4,5] such as the QY type.

Congerning narrow dibaryons, it is well known bty considerations on
colour-magnetic forces of QCD {31 that six-quark states are more likely for
strange systems. Among the rost extensive calculations the predictions of
the Nijmegen group (3,4] are based on the MIT bag model. They have
considered ali colour-singlet arrangements of six—-quarks into tvo clusters of
m and n quarks (m+n = 6) with SU (3) colour representations ¢ and ¢’.
Aerts and Dcver [7] have studied the stability of these individual quark
clusters against spontaneous dissociation by quark emission as weil as tka
stabllity of these QM x QM states against dissociation li:to two colour-singlet

baryons.

* On leave from Bonn Univarsity (RFA)



The maximum of stabllity is reached when the spin cfthe clusters is zero
and their flavor representations are of lower dimenslonailty. The optimum
case, which is the S = -2 state, flavour singlet called the H, could even be
stable with respect to strong decay. A search for this H dibaryon has been
made at the Brookhaven National Laboratory by means of the pp —» K*K*X
reaction [8]. No narrow structure was observed: upper limits for the
production cross secticn of such a state vary from 30 ta 130 nb depending
upon mass. Another experiment performed at CERN [9], looking for S = -2,
1 = 1 states in the reaction d(K~, K*)} H, did not show evidence for narrow
structures (I € 8 MeV) at the level of 5 to 40 nb/sr. These.resuits do not
rute out the existence of the H, since no retiable estimates of the production

cross section can be made.

There Is no flavour singlet in either the S = -1 or S = 0 six quark
systams. However the six quark S = -1 system permits a lower dimensionai
flavour representation than for S = 0 and is favoured energetically. Two
candidates emerge from table 1, where are listed predictions concerning
the S = -1 and S = -2 dibaryons, which are of Q x Q2 structure, coupling
to P waves of the baryon—-baryon system. The strong decay widths of these

s Quark structure ““'m’I" Hass (MeV)
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-~z | (quee), - (@)y ‘8, 2298
1Yy 1Y
-2 (ml). - (ql)‘ E‘ E‘ 2297
13
~2 (qqes), =~ (R)y ?y 2330
43, EE]
-2 (qqgs), — (qe)y P, Ry 2337
aL,
-1 | temm), = (W) ?, a2
23
=2 (m-), = (1) F‘.’ 2152
TABLE 1 - Sirange q* - q* dibaryonas lying below the aar (fcr S = =2 s1ates)
———— or the ANm {far S = =1 statea) threshaids predicted by Muldaers,

Aerts and de Swart [ral. ).

states which are respectively spin singlet (Dg) and spin triplet (DT}, have
been caicuiated by Aerts and Dover £71 and found to be less—than 10 MeV.
They are predicted to lie 40MeV apart just beiow (MUS = 2.1 GeV) and
above (M._—Jl = 2.15 GeV) the EN threshold (2.13 GeV). There have been
several experiments which Indicate structure in the Ap missing mass
spectrum In this mass range for the reaction d (K™, n7) aAp [16,11,21].
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The main characteristic of these results is the observation of a peak at
2.129 GeV at the N threshold, with a narrow width (< 10 MeV). This effect
is strongly favoured when a cut is done on the momentum of correiated
spectator protons, keeping those having a momentum higher than 100
MeV/c®. The angular distribution is peaked at 0°. The more recent,
compiete experiment studying this effect has been performed at CERN by a
Rome—Saclay-Vanderbilt collaboration [121 ccmparing the iwo reactions :

(Hh Kd-@" + X and
(2) mtd - K+ + X

Resuits from the reaction (2) are given in fig. 1. One observes the
influence of the muitiplicity cut Mt on the emergence of the threshold effect
at 2,13 GeV : for Mt > 3, which corresponds at least to 1 proton and two
charged particies coming from the A decay, the two bumps at 2.07 and
2.17 GeV corresponding to the quasi free production of A and £ disappear
and the tN threshold effect shows up strongly. This effect is now commonly
associated with a cusp etfect due to the opening of the EN threshoid and the
strong coupling of this channel to the Ap channel. However, a’detailed
analysis of the data does not rule out completely the presence of a small
resonant contribution in the matrix elements of reactions (1) and (2) at IN
thrashold [12].

Since kaons and pions are spin rero, and since the elementary KN
= [IY spin-flip amplitude is an order of magnitude iower than the non—-spin-
flip amplitude, the dibaryon that would preferentiaily be produced in the
(K™, and (o, K" reactions is the Dy, [n the case of the (K™,M
reaction, to observe the D;, which s coupled to P-waves of the B-8
channel, it is necessary to look at specific angles for the emitted pions,
indlcative of the' AL = 1 transition. This experiment with kinematical
conditions such as &y # 0* has been recently performed at Brookhaven
(experiment AGS 773) [13]. The incident kaon momentum was 870 MeV/c .
Their resulits are presented on fig. 2 for plon angles ranging from 9 to 27° :
the large bump observed would correspond to the sum of two peaks : the
first one would be the cusp effect at 2129 MeV, the second one iIs a peak
centered at 2138 MeV + 2 MeV with a width " = 8 £ 2 MeV: the differentiai
cross section follows the expected slope for the Dt state production
(maximum at 21) (6]. The same group has acquired new data at e, = 22°
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and confirm the previous resuits. One can note that a bubble chamber
experiment pertormed by Tan et al. [11] for K™d = II” (Ap) using stopped
K~ showed the same kind of resuit with two peaks in the missing mass
spectrum shown on fig. 3 : the second peak at 2138.8 % 0.7 MeV with
r =9.1% 2 4 MeV was already presentdd Ly Aerts as a good candidate for
the DT dibaryon.

The pp - K* X reaction is a simple system In which the hyperon-
nucieon interaction can be studied through final state interaction (FSD
between the two baryons in the output channel, and thus effects of both Dg
and Dt'dibaryons may be observed. A pp - K*X axperiment was performad
at BNL in 1968 [14] which was statistically accurate but suffered from a poor
K* momentum resolution and bad absolute momentum determination. This
experiment showed a strong FSI just above the Ap (2054 MeV) threshold In
the Ap missing mass spectra taken at &g = 0 for two different Incident proton
enorgles (Ty = 2.85 and 2.4 GeV) (see fig. 4). The analysls of this
experimeant in terms of a simple S-wave formalism yleids scattering lenghts
compatible with the scattering lenghts determined in ref. [15] by the
analysis of the avaliable Ap - Ap data. These data are very few for kinetic
energies in the range 6 < T < 45 MeV and show some discrepancles at one
energy (derkeley 71 and 77).

A new pp -+ K*X experiment has bean pertormed at the Saturn
National laboratory with high resoiution to study Ap and N FS! in a large
range of momentum transfer and missing mass. The experiment utllizes the
SPES 4 beam line. The experimental set up has been given elsewhere [16].
The SPES 4 beam line is a 32 meter long spectrometer which aliows the
momentumn analysis of particles up to 4 QeV/c: the solid angle of the
spectrometar Is A = 2,5 107* with momaentum acceptance aAp/p = + 3.5 %
and momentum rasolution 10~*. The protons and pions are partly rejected
by means of total reflaction Cerenkov detectors. The discrimination between
particles (protons, pions and kaons) is obtainad by velocity measurements
over a 16 meter flight path. A typical spectrum Is shown in fig. § applying
more restrictive Cerenkov amplitude windows off line.

Using multidrift chambers, reconstruction of particle trajectorias are
done at the focal plane and a missing mass spectrum Is obtained. The
results of a this Investigation irzlude cross sections for K* at ex =0° 6, 8,
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10 and 12°. K* for protons of 2.3 GeV. The 6k = 10° missing mass spectrum
Is shown on fig. 6. The error bars are oniy statistical. The tota! number of

" events Is 7500 over the full mass spectrum. The spatial resolution In the

dispersive piane (s of the order of 0.5 mm, leading to a momentum
resolution for the retracing of about .250 MeV/c at 1200 MeV/c. The
eneargy losses in the target and in the scintillators at the intermediate focal
plane and the muitiple scattering ylelds an energy straggling of 2.3 MeV
(FWHM) . This has been checked on *2C (p,p") low level excitations. The

. missing mass spectrum, whick Is shown, ls the resuit ot a convolution of

the data by 3 MeV bins. The general trend of this new spectrum is
compatible with a previous one having less statistics (161 : the small
deviations at 2065 and 2085 MeV- which were otsérved with iow confidence
level are not confirmed here. The threshoids for the A and £+ production
are shown. The full lines correspond to the phase space calculations of the
reactions pp » K* Ap and - K*£*n or K*t'p. The missing mass spectrum
shows two strong deformations in comparison to the phase space

calcutation.

in order to understand the basic meson production process, wh!ch'
does not requlre a dlb.iryon resonance, one traditionally has employed a
meson exchange model. Fair agreement with experiments has been
achieved in the case of pion production where extensive data are avallable,
In the case of kaon production early caiculations done in the 1960‘s [171
showed that the Kkaon axchange mechanism dominates the pp - Ktap
reaction. Due to a Iacl't of data the predictions were restricted to total cross
sactions where FS! play a minor role. This is not the case for the forward
differential cross section since the A produced can undergo a strong low
energy interaction with the spectator proton. This effect is clearly seen in
the SATURNE éxperlmem which exhibits strong enhancement in the aA-p
missing mass close to threshold.

We present here preliminary calculations of the pp - K'ap
differential cross section done within the one kaon exchange mechanism
with a-p final state interaction by J.F. Germond. The model Is best
iustrated by the graph of fig. 7. Technical details of the caiculations are
based upon work {181 on pion production off nuclei. One tinds a ilnear
relation betwaen the pp - K*aAp and the K*p - K*p ampiitudes. Due to
antisymmetry the K*p elastic scattering amplitude is required both in the
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forward and backward direction. It is taken here to be the same which is
consistent with recent K*p phase shift analysis [{19]. The A-p final state
interaction was parameterized in the s—-wave by a separable potential with
parameters adjusted to a scattering length a and effective range r, identlcal
for the singlet and triplet s-state (a = -1.80 fm, rg = 3.42 tm). No attempt
to get an absolute normalization was done although this is quite possible Iin
this model. In order to simplify the calculations non-reiativistic kinemalics
for the A-p pair have beer. used which Is consistent with rh; treatment of the
final ifnteraction. The predictions for the missing mass spectra below the &
threshoid are compared In fig. 6 with the data on pp - K*X reaction at
2.3 GeV.” An overail energy resolution of 10 MeV was convoluted with the
theoretical caicuiations. The region of the FSI in the missing mass spectrum
closs to the Ap threshold is rather well reproduced. A dlscrepancy between
this calculation and the data appears at higher missing mass ; a p-wéve
contribution to the Ap scattering cross sectlon, which is not taken into
account in this calculation, could expiain this discrepancy. Nevertheless a
small structure seems to appear around 2095 MeV In missing 'mass, with a
low confidence level. The analysis of the other missing mass spectra at e =
.6, 8, 12°, which is In progress, has to contirm or not this structurel.
Concerning the mass reéion starting at (EN) - threshoid, two

. structures are clearly seen : the first ona at 2129 MeV corresponds to the

well-known cusp effect {201 : the second one which shows up at 2140 MeV
could ‘be assoclated to the structure observed in previous experiments,
either bubble chamber events with inflight K~ [21] or from rest {111 or
in a (K™, n7) recent experiment performed at BNL [13]. The width of the
observed effact is a few MeV. Calcuiations of the cross section around the
EN thresholds In terms of the meson ‘w or K) exctanga modei are in
progress,

The pp - K*X experiment at LNS Is a coliaboration betwaen the
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