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The reaction p p = p 77X was studied in order to look for dibaryons at invariant
masses Myx. The experiment was performed at three different energies (T,=1520, 1805
and 2100 MeV) and at several different angles from 0° up to 17° (lab.). Narrow dibaryons
were observed in invariant mass spectra at 2050, 2122 and 2150 MeV. The corresponding
numbers of standard deviations vary between 3.2 and 13.1. The mass of these narrow
dibaryons agree with systematic studies of dibaryonic masses experimentally observed
through many experiments performed by various collaborations. Such a systematic study
allows us to define the mean dibaryonic mass spectrum which is in agreement with the
spectrum calculated within a simple phenomenological mass formula based on color mag-

netic interactions between two colored quark clusters.

PACS numbers: 14.20.Pt, 13.75.-n, 12.40.Yx

I. INTRODUCTION

The experimental search for narrow dibaryons is an essential task for several reasons. Such dibaryons,
if their existence is confirmed, is a crucial argument to decide whether or not physics at a few GeV
can be entirely explained by baryonic and mesonic degrees of freedom, or if additional assumptions such
as quark degrees of freedom, must also be considered. Over the last 20 years, many results have been
obtained from experiments (not always carried out with the highest precision) that have led some authors
to conclude, that they have observed such structures - whereas others reach the contrary conclusion. It
is therefore highly desirable to reach a conclusion concerning the existence of these narrow dibaryons,
regardless of their origin.

The main reason for the unceasing debates related to the existence of narrow dibaryons is the small-

ness of their signatures compared to the superimposed physical background of baryons and mesons in




interaction for masses larger than the pion production threshold mass (2014 MeV'). For these studies, the
useful experiments needed to be as precise as possible.

Such a precise experiment was performed using a proton beam. The reaction p p = p 7+ X was studied
in order to look for the dibaryonic Myx invariant mass simultaneously with the study of missing mass
Mx whose results were presented elsewhere [1] [2]. Here the missing mass can be either one neutron
(exclusive measurement), or N 7 . The experiment will be described in the next paragraph. The results
will then be presented and discussed. A review of the results from several experiments studied previously
will be presented. Finally an attempt to interprete these results will be presented, followed by a discussion

describing other possible interpretations.

II. EXPERIMENT

The experiment was performed at the Saturne synchrotron using the Spes3 facility. The beam energies
were 1520, 1805 and 2100 MeV. The beam flux varied between 108 /burst and 5 * 108 /burst, depending
on the spectrometer angle (and incident energy), in order to keep the acquisition dead time to less than
10%. The liquid Hs target of 393 mg/cm? was held in a container with Ti windows having a thickness
of 130 um . External heat shields comprised of Al 24 um thick were placed in the beam-line on either
side of the target. The effect of these windows was checked by regular empty target measurements. The
corresponding countings were small, typically < 5%. We therefore deduced that the target windows
were not a source of noticeable contamination. We also deduced that although our measurements were
performed at small angles, the data was not contaminated by any hot areas of incident beam which
could have been scattered by some mechanical piece at the entrance of the spectrometer. The Spes3
spectrometer properties were described elsewhere [3]. To summarize its main properties, that it is a
mean value solid angle spectrometer (+ 50 mrd in both the horizontal and vertical planes), and secondly
that it is a large momentum range spectrometer (600 < pc < 1400 MeV). Both particles were detected
in the same set-up consisting of several drift chambers. The information from these detectors was used
to reconstruct the trajectories. The first chamber was localized on the focal plane of the spectrometer
and was followed by several chambers that were lying orthogonal to the particle trajectories. The trigger
consisted of four planes of plastic scintillator hodoscopes. The time of flight baseline from the first to the
last scintillator was 3 m. The dimensions of each plastic detector were 12*40 cm? for the first plane, and
18*80 cm? for the last plane. Each of these two planes consisted of 20 scintillators. Since mean-timers
and constant fraction discriminators were used, the time resolution for each scintillator was typically
o = 180 ps. An energy loss measurement was taken from the first plane of scintillators, and was mainly

used to discriminate between one and two charged particles. The large horizontal angular magnification




of the spectrometer produced a large horizontal angular opening (up to 30°) of the trajectories at the
output of the spectrometer. It resulted in a large number of possible combinations (132), between the
first and last scintillation counter planes, requiring the same number of coincidences. Careful calibrations
and efficiency measurements were performed between all 132 channels.

Since both particles, p and 7+ were analyzed by the same detector elements, events were lost when both
their trajectories intersected on each plane of the detection system (drift chamber or trigger hodoscope).
A simulation code was written in order to correct such lost events. For Mpx invariant masses (Mx > M,,)
the correction function was a smooth function varying between 1.1 and 1.3. For Mx = M,,, the correction
function was also smooth except in a narrow range of invariant masses, when both trajectories intersected
on the focal plane. The data for these last invariant masses was removed in order to avoid introducing a
spurious oscillation due to this correction. The normalizations of the number of events, were performed
using two telescopes in view of the target, and an ionisation chamber located in front of the beam catcher.
The information of these detectors were normalized by !2C activation measurements.

A second time of flight between both particles was used in order to eliminate the random coincidences
and possible wrong identifications coming from real pp — ppX events. A correction was made to take
into account the differences in trajectory lengths, and then a common window of + 2 ns was used for
all these times of flight channels. When the data reduction code associated a wrong assignment of the
trigger and chamber information (0.6% of events), the corresponding information was removed.

Special care was taken to ensure that no bias could be produced by particles originating from scattering
on mechanical pieces at the entrance of the spectrometer. A detailed discussion of this part of the analysis
was presented in reference [1]. A simulation code was written in order to study the consequences of
particles scattered by the target in the vertical plane at angles 50 < |¢| < 80 mrd. No narrow structure
appeared in Myx invariant masses which could have been attributed to such bias.

The beam polarizations were .78, .74 and .70 for the three increasing energies. The polarities were

reversed after each spill in order to avoid any bias due to slow polarization drift.

III. RESULTS
A. General presentation

The raw data obtained at Tp=1805 MeV, 6 = 0.75° (lab.) before any correction or normalization, is
shown in Fig.1. This figure represents the scatter plot of the missing mass, My, versus the invariant
mass, Mpx. In the figure, software cuts were applied to Mx. In order to suppress a very intense line

corresponding to p 7*n reaction, we selected events for M x > 960 MeV. The blank line corresponds




to the area where the p and #* momenta are the same, as mentioned previously. The external cuts
are due to p and 7% momenta limits at 600 and 1400 MeV /c respectively. The three intense regions
correspond to :

- Mx ~ 960-1000 MeV and M,x = 2150 MeV. This is a remaining tail from the pp — A** n reaction
which is insufficiently cut in this figure and will be dicussed later.

- Mx =~ 1200 MeV (A mass) and Mpx = 2270 MeV. These events correspond to two delta productions :
A*T and A% They are not genuine broad resonances in the dibaryonic system.

- The increase in intensity along the upper limit of the scatter plot is due to the non-linear transformation
between the proton momenta and the missing masses.

Different corrections and normalizations were applied, with a corresponding increase of the errors
depending on the precision of the following factors :

- detection cell efficiencies,

- dead time losses,

- normalization of the number of events by the incident proton flux,

- lost events due to trajectories that intersect in one of the planes of the detection system,
- normalization of the cross-sections to constant momenta acceptances : App and Ap,+.

A major part of these corrections was quantitatively determined using a simulation code written for
this purpose. Careful attention was paid to experimental biases which could have been produced by some
discontinuity in the correction functions (last two corrections). Software cuts were introduced on M x at
a value large enough in order to avoid introducing a bias due to the n missing mass tail. The effect of
such cuts can be anticipated from Fig.1 and is illustrated in Fig.2. The upper part shows the horizontal
projection of Fig.1, with an important tail from residual A** n reactions. There is a remaining peak
which will be reduced after normalization to constant momenta, but a discontinuity will remain. This
peak in dibaryonic M,x masses disappears totally when a software threshold of 1050 MeV is applied to
the missing mass spectra.

Our experimental cuts (600 < p < 1400 MeV/c) remain constant, but the behaviour of the range of
the studied events in the Mx =f (M, x) scatter plot, changes with incident energy. The tail of the neutron
missing mass decreases with increasing energy. The intense pp — A++ A° spot moves inside the range
and is located totally inside our range at T, =1805 MeV. Finally the empty line from Pp = P+ MoOmenta
is less inconvenient at higher energy, since it is located in a less central position in the Mx =f (Mpx)

scatter plot.




B. Results at T,=1520 MeV

In Fig.3, we see the Mpx dibaryonic spectra obtained at T,=1520 MeV for neutron missing mass
930 < Mx < 960 MeV and at all forward angles where the data was achieved with a good resolution
and large statistics. At all angles, a narrow structure appears around 2050 MeV, straight lines are drawn
at this value. Fig.4 shows the corresponding angular distribution extracted by using polynomials for the
background and a gaussian peak for the structure. The numbers of standard deviations (S.D.) vary from
12.6 at 0° up to 4.9 at 9°. The mean value of the width is ¢ ~ 12.6 MeV. The dashed curve is only here
to guide the eye.

For missing masses larger than the neutron mass (Mx >960 MeV), other checks were performed to
make sure that the corrections applied could not be a source of false structures. They are illustrated in
Fig.5 for T,=1520 MeV at 2° :

- the correction for lost events were made for elementary surfaces in the scatter plot My =f(Mpx), as
opposed to mean corrections which were made on the single variable Mpx,

- a limited smooth area was arbitrarily selected, in order to avoid all eventual structured cuts. Such
area is shown in part (a) of Fig.5 between both circle arcs.

The corresponding consequence on M,x distribution is shown in part (b) of Fig.5. We see a structure
around 2122 MeV (|). Then the same analysis was performed, without selection of the range between
both circle arcs. The resulting Mpx distribution is shown in part (¢), which in turn shows again the same
structure.

We conclude that the structure around M,x =2120 MeV and 6= 2° is a genuine dibaryon and not an
experimental artifact. On the other hand, the broad peak observed around 2160 MeV is a part of the
A — A final state.

The cross sections for M,x dibaryonic invariant masses, are shown in Fig.6. The data was regrouped
in order to reduce the statistical errors. The limits on My were adjusted in order to cut all regions
having experimentally “intense” or “weak” counting areas in the Mx =f(M, x) scatter plot. Therefore all
regions of non smooth corrections were eliminated. The range in Mpx dibaryonic mass is higher than
previously discussed and does not explore the region below 2050 MeV. Also the statistics is smaller. At
all forward angles, there is a structure at a mean mass value of 2122 MeV. Straight lines are drawn for
this Mpx mass. Although these structures are seen at all four forward angles, they are not well defined
and therefore no extraction of cross section was performed. There are also indications of structures at
2066 MeV (2°), 2183 MeV (2°) and 2170 MeV (9%).

Since the experiment was performed using polarized proton beams, the analyzing powers were also

measured. Fig. 7 shows the analyzing powers for the two missing mass data, for 1520 MeV incident




protons at 5 and 9 degrees, since there is no polarization for forward angles, and since the resolution and
the counting rate spoil for larger angles.

Although the error bars are smaller for neutron missing mass data than for X=N= missing mass data,
there is no indication, in the analyzing power results, of any structure at the masses where they appear
in the cross sections. In the case of larger missing masses Mx > M,, structures can be seen (with a not

very large confidence level).

C. Results at T,=1805 MeV

Similar checks as those described for Tp,=1520 MeV data, were performed for 1805 MeV data. Inside
the scatter plot My =f(M,x) several selections were carried out with continuous and smooth corrections.
None of them allowed us to extract a narrow and small dibaryonic structure. This is illustrated in Fig.8
where we see two large and broad peaks at masses close to A n and A A dominate the cross section.
(Their masses are slightly lower than the nominal values, since there are cuts in the experimental range).
We see that the A n tail remains in spite of the cuts introduced in order to eliminate it. Similar results
were obtained at all angles between 0.75° and 13°, with the distinctive result that the ratio of A n over
background, decreases with increasing angle. We conclude therefore that the T,=1805 MeV energy was

not suited for the observation of narrow dibaryon structures in our experimental conditions.

D. Results at T,=2100 MeV

At this energy, no measurement was performed at angles larger than 9° lab. The consequence of the
large number of two deltas production events observed in missing mass My and invariant mass Mpr+
was that in M,x dibaryonic mass a large maximum occured around 2300 MeV (not shown)

By using appropriate cuts defining smooth boundaries in the M x =f (Mpx) scatter plot, it was possible
to extract the cross sections, presented in Fig.9. A dibaryon at Mp,x=2150 MeV (oc=11 MeV ) was
clearly extracted from polynomial background at forward angles 0.7° and 3%, with respectively 8.1 and
5.5 numbers of standard deviations.

An extension of the cross sections at three angles between 2170 and 2270 MeV is shown in F ig.10. A

smaller structure is present at all angles around 2230 MeV. Since the corresponding S.D. are < 2.6, its

existence is possible but not firm.




IV. REVIEW AND DISCUSSION ON PREVIOUS RESULTS

A large number of experiments were performed in order to search for narrow dibaryons. Some of the
authors have not observed them, and therefore have concluded on their non existence. We will focus
on the results where narrow dibaryonic structures have been observed and therefore advocated. Several
results were obtained from bubble-chamber slides studies. They are of course low statistic experiments.
Since they were reported in different occasions [4] [5], they will not be mentionned here. Our discussion
therefore does not presume to be exhaustive. Some other precise experiments which will be recalled in
the next paragraphs, were already mentionned previously with more details.

The aim of the following discussion is to recall several results, preferably the most recent ones.

A. Precise previous results in N-N elastic channel
1. pp elastic differential cross-sections.

Cross sections for pp elastic scattering were measured at COSY [6] in the range 2112 < /5 < 2866 MeV
with bins which are equal to §1/s ~ 9.5 MeV around M,, = 2122 MeV. No structure was observed. The

range of that study is marginal as compared to the range studied in our experiment.

2. pp elastic scattering analyzing powers.

Narrow structures were observed at KEK (7] [8] in the analyzing powers at the following invariant
masses : 2160 MeV (T'; =14 MeV) and 2192 MeV (I'; ;=13 MeV). However very precise measurements
were performed later at Saturne [9] using the Spes3 beam line and an energy degrader with variable
thicknesses (rotating wheel). The large overlap between the results obtained from the Saturne experiment,
for different extracted proton energies, allowed very precise relative adjustments. Such precaution is
important since the vG = 3 depolarization resonance occurs in this energy range. No structure was

observed in the data of this Saturne experiment.

B. Precise previous results in inelastic channels.
1. Recall of some previous precise results concerning the dibaryon at 2122 MeV

A dibaryon was already observed at 2122 MeV from electronic and bubble chamber slide experiments.

The 3He(p,d)X reaction was studied at Saturne Spesl beam line, some years ago, using electronics,




therefore with good statistical precision [11] [12]. The missing mass My had the following quantum
numbers : Tx=1 and Bx=2. The experiment was performed at three energies : 750, 925 and 1200
MeV and several angles. Fig.11 shows some of these results with a number of standard deviations (S.D.)
varying from 3.0 up to 6.9. The presentation of the results at T, =750 MeV, 6=40° was changed since
the first presentation [11], see [5].

The same reaction was studied at Los Alamos with polarized protons (T;=800 MeV) [13]. The ana-
lyzing power data showed structures for several My close to our dibaryonic masses (11] [12].

The same situation occured for a dibaryon around 2190 MeV. It was observed with a good statistical

precision using the 3He(p,d) X reaction at Saturne and Los Alamos (same references).

2. The d’ resonance.

A narrow dibaryon at 2060 MeV, has been advocated for several years. It was deduced [14] from pionic
double charge exchange (DCX) reactions on several nuclei from 4C to 48Ca. This narrow dibaryon was
supported by a recent result of DCX reaction study on *He performed at TRIUMF using the CHAQS
spectrometer [15]. The existence of the d’ resonance was confirmed in a two pions production reaction,
namely the p p = p p 7~ 77 reaction performed at ITEP (16] and at CELSIUS using a 750 MeV proton
beam (17]. The experiment is similar to the one presented here, except that at Celsius, the energy
was lower, the invariant M,,»- mass was reconstructed, and a relatively narrow range of M- mass
(2055 £25 MeV) was studied. A narrow peak at 2063 MeV (with a statistical significance of four sigmas),
was found. This might be the same as the one which appears in our data at 2050 Mev (see Fig.3). A
Status-Report concerning the d’ searches in DCX and pp collisions was recently published [18]. Inside
this paper, a table shows a list of various experiments with data analysis in progress. An enhancement
at 2060 MeV (with a statistical significance of two sigmas), was observed in the *He(r*, 7~ pp) invariant
mass search [19], studied at TRIUMF with 115 MeV 7+ beam.

Several theoretical calculations were performed in connection with this result [20] [21] [22] [23]. The
d’ isospin was anticipated as being even, and J® = 0~ since a very small width (I'xyy = 0.5MeV) was
observed. This leads to the conclusion that the d’ cannot decay into two nucleons. The two possibilities
of isospin : 0 and 2, were investigated and discussed within the constituent quark model calculation (six
quark system) [24] for a possible JP = 0— dibaryon at 2065 MeV.

The first assignement of isospin 0, was supported by a QCD string model and three-body calculations
and by non relativistic Fadeev equations with local potentials [25] (see several references inside). Using
the resonating group model, the mass and wave function of a six-quark system of the d’ (JP = 0~ T=0)

was recently calculated [26]. Meanwhile isospin 2 was proposed [27], supported by the small experimental




width according to relativistic calculations and isobar model with first-order perturbation theory. The
same isospin was proposed [28] using a nucleon-A interaction based on quark cluster model.

Of course, isospin 0 - which is presently preferred to isospin 2 [15] - is not excluded by our reaction.
However our observed width for the dibaryon at 2050 MeV (¢ =~ 12.6 MeV) is larger than the reported
width of the d’ (I'xyn = 0.5 MeV). Our experimental resolution (¢) for M,x or Mp,, is estimated as
being equal to 3.1 MeV at 0°, and increases with increasing angle. Unless our structure observed at
2050 MeV in M,, invariant mass corresponds to another dibaryon than the d’, then the conclusion on
the values of spin and isospin for this d’ (J¥ = 0~ , T=0), supported by the assumption of non coupling

with the two nucleon channel, must be re-examined.

3. pd— 7~ ppp ezpertment.

The invariant M,,- mass was studied using a 3300 MeV /c deuteron beam [29]. Two narrow enhance-
ments were observed after quasi-free processes suppression at masses : 2199 £ 7 and 2258 + 2 MeV.
The first one compared favorably with the mass depicted on Fig.12 at 2191 MeV. An analysis based on

impulse approximation reproduced correctly the shape of the distributions below the narrow peaks.

4. pd—pnp ezperiment.

The M,,; invariant mass spectra from the pd—pnp reaction at 1000 MeV was studied [30]. Narrow
dibaryons were extracted in the direct channel at 1950, 2020 and 2120 MeV. The two last masses fit
precisely previous assignements (see Fig.12). The first mass has no counterpart on the same figure,

although it is fair to admit that the experimental situation in this mass range is not clear.

5. pn— 7~ pp reaction .

The invariant mass of two protons was studied using the pn— m~pp reaction [31] at ITEP

(1980 MeV/c) protons. No narrow dibaryon was observed in this experiment, in the mass region

1890 < M,, < 2170 MeV.

6. m*d = pp reaction .

A precise 7td — pp experiment was performed to study an eventual structure in the energy dependence

of this reaction [32]. Small steps in pion energy were used from 18 to 44 MeV, which corresponds to




2032 < /s < 2056 MeV. This is a very small energy range for dibaryon search (see Fig.12). Only one
level is predicted inside that range, and it is located on the upper side at 2052 MeV. No structure was

observed in that experiment.

7. pp— Yyypp ezperiment.

The theory of this reaction was considered [33] [34], since it offers the advantage of allowing the study
of narrow dibaryons with masses below the pion emission threshold (2014 MeV) where the probability
of parasitic reactions is reduced. This two photons process is of course experimentally difficult due to
the low counting rate. A narrow peak at 1923.5 £ 4.5 MeV with a statistical significance of 8¢ was
observed [35]. This value is close to 1916 MeV, which is a mass already reported in Fig.12. However
the same reaction was recently studied at CELSIUS [36]. Narrow dibaryons were looked for in the mass
range 1900 up to 1960 MeV. The authors concluded that their data presented no indication of a state in
the 1917-1923 MeV range. However if several states actually do exist, separated by a few tens of MeV,
the superposition of the corresponding peaks and their mirror peaks, could produce a flat distribution

compatible with the results they show in Fig.3 implying a cross section lower than 50 nb.

8. pp— pnnt ezperiment.

A precise kinematically complete pp— pnm* experiment was performed near threshold [37). The M,,
invariant mass varies between threshold (1878 MeV) and 1891 MeV for the largest incident energy. The
aim of that experiment was not the study of dibaryons, and it is clear that such a small range is not

suitable for such a study.

9. 77d = vX (X=r"nn, 7~ pn) ezperiment.

It was performed at TRIUMF [38]. Pions at rest were stopped in D in order to produce (7~ d) atoms.
A transition from these atoms to neutral 7%nn or 7~ pn could give a peak in the case of a sufficiently
narrow dibaryon. However no peak was observed in the expected range of 10 to 20 MeV for ~ ray, that
is £ 5 MeV on both sides of 2002 MeV where a possible candidate was previously indicated from the

d(n¥,7%)X experiment.




10. pp = ©~ X ezperiment.

It was performed at Saturne, Spes3 beam line at three energies : 1450, 2100 and 2700 MeV', in order
to search for isospin T=2 dibaryons in the missing mass data [39]. One structure only at 2164 MeV was
extracted (Fl/g =15 MeV, S.D.=2.6). Since this mass is close to the Ma + My mass, it is difficult to
eliminate a threshold effect. This mass value is the same as the mass of the structure observed in our

experiment at T,=1805 MeV.

C. Total and differential cross-sections and asymmetries for § p = pp~n? reaction.

Although no enhancement was observed in these observables measured at Saturne [10], a simultaneous
analysis of this data and of the results obtained previously from the np = NNz¥ reaction, lead the
authors to conclude that a strong possibility exists for a significant contribution of ! Dy partial-wave in
the isoscalar channel near \/s=2129 MeV. This energy is the same as our peak mass of 2122 MeV, within
the energy resolution of the pion production experiments . Qur f p = p n*X reaction allows isospin 0
and 1 (even 2). The same dibaryonic mass was observed previously in the *He(p,d) X reaction (already
mentionned in 4B1) in an isovector channel. The fact that the same dibaryonic mass was observed in
isospin channels 0 and 1, can be related to isospin degeneracy, predicted by some models which will be

discussed later .

V. ATTEMPT TO DEFINE AN EXPERIMENTAL SET OF NARROW DIBARYONS.

Many experiments observed narrow structures in dibaryonic masses and concluded on their genuine
existence. However only some amongst all these results had a statistical precision which allowed them
to be conclusive. A part of those precise results was recalled in previous paragraphs. As was already
noticed, the smallness of the signatures and their superposition above a large physical background, makes
this work difficult. Therefore we compared all of the results in order to try to increase the confidence we
could have on their genuine existence.

In an attempt to define which dibaryonic masses were observed with a reasonable confidence level,
we have plotted on Fig.12 the masses of the narrow structures (vertical axis) reported by the authors
whose references are displayed on the horizontal axis. Here the experiments performed with electronics
are noted with squares and those from bubble chambers are noted with triangles. Full signs correspond
to data with S.D.> 3.07 (confidence level > 99%), and empty signs for data with S.D.< 3.07. In some

cases, the S.D. were not quoted by the authors but estimated from the published data. The observed




masses are not spread but concentrated around some values. These values are listed on the vertical scale
and are called “experimental masses”. The double line corresponds to & 3 MeV, which can be considered

as being an approximate precision for experiments performed with electronics.

VI. ATTEMPT FOR AN INTERPRETATION

More general than the study of dibaryons, the stability of exotic bound states of negative pions and
neutrons was investigated [53]. Different theoretical papers deal with narrow dibaryons, either their exis-
tence, or their decay modes or the consequence of their hypothetical existence on some other observables.
One consequence is the possibility of a Bose condensate of dibaryons occuring in nuclear matter [54].
Some works were performed within the Chiral Soliton Model [55]. The consequences of dibaryons on
nuclear matter properties, or on the structure of neutron stars [56] [57] were considered. The inelastic
production cross-section of d* (isoscalar J*=3% didelta dibaryon) was calculated [58] and found to be in
the ub/sr range, although it was not observed [59] in a d d — d X experiment. It’s decay width into two
nucleons was found to be in MeV’s. It is not the aim of the prlesent work to recall the various theoretical

works which were devoted to dibaryon studies.

A. The phenomenological mass formula

Here we will present a very simple phenomenological relation, which nonetheless allows us to predict
the observed “experimental masses” with a surprising accuracy.
The mass formula for two clusters of quarks at the end of a stretched bag was derived some years ago

in terms of color magnetic interactions [60] :
M = Mo+ Mi[i1(i1 + 1) + i2(i2 + 1) + (1/3)s1(s1 + 1) +(1/3)s2(s2 + 1], (1)

where Mo and M, are parameters deduced from mesonic and baryonic mass spectra and t1(22), s1(s2)
are isospin and spin of the first and second quark cluster respectively. We make the assumption that the
clusters are ¢> — ¢g*. The spin and isospin values for a diquark (¢2) cluster are 0 or 1 and for a 4 quarks
cluster (¢*) they are 0,1 or 2. We consider the two parameters My and M as being free and therefore
we will also consider the formula as a phenomenological one. We first assume that the deuteron mass
is obtained when i1 = i = 0, s; = 0 and s; = 1 [61], therefore giving the deuteron quantum numbers
S=1, I=0. In this case Mg = M, + (2/3) M;. We choose My = 1841 MeV and M; = 52.5 MeV, in
order to get the deuteron mass and the best agreement for the other masses. These parameters are about

12% lower than the corresponding values reported in [60]. The ratios between our values and those of




[60] are respectively 0.86 for My and 0.89 for M;. Couples of i, and i; allowing total isospins 0, 1 or
2, have to be considered if Mx > M, (otherwise total isospin=0 or 1). However if we restrict ourselves
to dibaryonic masses below 2200 MeV, the calculated masses for isospin 2 do not introduce new levels,
and the calculated masses for isospin 0 introduce only one additionnal level at 1911 MeV. Such results
illustrate the strong degeneracy of the formula. The calculated mass spectra is shown in Fig.13. All the
“experimental levels” are reproduced except for that at 1916 and 1902 MeV. From 2000 MeV to 2200
MeV the agreement with “experimental masses” is very good, with deviations <1 MeV. A similar good
agreement between calculated masses using the same mass formula and recently observed narrow baryons
was reached [1].

Angular distributions are needed to allow experimental spin determinations, for further comparison
with the predictions (given in Fig.13), but the statistical precision has been too low up until now, to

allow such studies.

B. The diquark cluster model.

A diquark cluster model for any multiquark system ¢*3" was developed by Konno et al. [62]. Amongst
their different assumptions, let us recall the following : “ Two quarks are strongly bound when they
are in the same diquark cluster, if they are both in the 1s,/, shell “. The non-strange dibaryon g8
consists simply of three such diquarks, where all quarks are u or d. This model predicts the coexistence
of broad and narrow resonances. It is a semi-phenomenological model since there are eight parameters
determined using baryon masses and wd phase-shifts [62]. An agreement was found with broad dibaryon
mass spectrum [63)].

There were also other calculations based on the diquark model [64] and on the symmetry properties.

This theory was applied mainly to exotic mesons or H dibaryon and not to non strange low mass dibaryons.

C. Are narrow dibaryons a consequence of narrow baryons recently observed ?

Narrow baryons were recently observed at low masses between neutron mass and A° mass, namely at
1004, 1044 and 1094 MeV [1]. Within the assumption that the narrow dibaryon masses are produced by
all combinations of two baryonic masses (using the nucleon mass and the masses of the narrow baryons),
we get a level sequence shown in the right part of Fig.14. The comparison with experimental dibaryons
shows an agreement for several masses. Moreover the level density found is not very different from the

experimental one.




VII. CONCLUSION

The pp = p 7t X ( X=n or N 7 ) reaction was studied at the following three energies : 1520, 1805
and 2100 MeV and at several angles from 0 to 17° lab. In the invariant M,x masses, several narrow
dibaryons were observed at 2050, 2122 and 2150 MeV. These masses were compared to experimentally
observed narrow dibaryons in previous experiments and were also compared to some phenomenological
mass formulas. The agreement is good with narrow dibaryon masses observed in previous experiments.

The agreement with the phenomenological mass formula is noteworthy. When narrow baryonic masses
are used to reconstruct the dibaryonic masses, the agreement is fairly good. The importance of such
agreement lies in the simplicity of these approaches.

These results were also compared with the diquark model. We have found that the theoretical outline
here is not as convincing with the observations as it was in the case of baryons.

During the data analysis a strongly excited broad structure was observed at 2300 MeV for 2100 MeV
protons (not shown in the figures) and at 2270 MeV for 1805 MeV protons. These broad structures
were associated with A*+ A" dynamic resonant states and not with genuine dibaryons. Another broad
structure was observed at 2170 MeV, and was associated with the A** n dynamic resonant state.

At this time when the true existence of these narrow structures is becoming more and more confirmed,
in spite of experimental difficulties due to the smallness of the signals, two questions arise :

- which conditions provoke the excitation of a specific dibaryonic mass in comparison with other dibaryonic
masses in experiments where the range studied allows the observation of several dibaryons,

- what is the common origin of narrow baryons and narrow dibaryons observed nowadays. Some ideas
were proposed. They have to be confirmed and a complete explanation has still to be done. All results

concerning narrow dibaryons will be very useful for the study of color confinement at large distances.
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FIG. 1. Scatter plot of missing mass versus dibaryonic invariant mass events at T,=1805 Me\’,

8 = 0.75° lab.

FIG. 2. Number of events for dibaryonic Mpx invariant mass for two different cuts on the missing mass

at T,=1805 MeV, ¢ = 0.75° lab.

FIG. 3. Cross sections for 1520 MeV incident protons versus the M, dibaryonic mass showing a small

and narrow structure around 2050 MeV.

FIG. 4. Angular distribution of the dibaryonic structure observed at M,,=2050 MeV for 1520 MeV

incident protons and neutron missing mass.

FIG. 5. Part (a) shows the scatter plot of the raw data, and two circle arcs used to define a surface
where only smooth corrections were applied. Part (b) shows the resulting M, x distribution (see text).

Part (c) shows the Mpx distribution when all data (Mx >960 MeV) was considered.

FIG. 6. Cross sections for 1520 MeV incident protons versus M, x dibaryonic mass for missing masses

Mx > 960 MeV. Straight lines are drawn at 2122 MeV.

FIG. 7. Analyzing power versus My x dibaryonic masses for data at 5° and 9° and 1520 MeV incident

protons.

FIG. 8. Cross sections for 1805 MeV incident protons versus M, x dibaryonic mass at 3.7°. Cuts were
introduced in order to remove the main part of the A n peak. However a tail remained which gave a

peak around M, x=2160 MeV. A large A A peak is observed around 2280 MeV.

FIG. 9. Cross sections for 2100 MeV incident protons against M,x dibaryonic mass showing a dibary-

onic structure at 2150 MeV.

FIG. 10. Cross sections for 2100 MeV incident protons versus Mpx dibaryonic mass showing a dibary-

onic structure around 2230 MeV (vertical straight lines).

FIG. 11. Missing mass spectra for * He (p,d) X reaction showing the presence of a narrow dibaryon at

My = 2122 MeV [11],[12).




FIG. 12. Masses of experimental narrow structures observed in previous experiments displayed versus

the corresponding reference. The last column (x) corresponds to the masses observed in this work.

FIG. 13. Experimental masses of narrow dibaryons (left) and masses calculated using the mass formula
of equation 1. The numbers in brackets (right) indicate the two spin and isospin possible values for the

two quark clusters.

FIG. 14. Masses of narrow dibaryons. From left to right : experimental results, calculated results using

the ¢> — ¢* clusters mass formula (1) and values found using the narrow baryonic masses.
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