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Evidence for narrow dibaryons at 2050, 2122, and 2150 MeV observed in inelastpp scattering
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The reactionpp=p=* X was studied in order to look for dibaryons at invariant masdgg. The experi-
ment was performed at three different energigég=1520, 1805, and 2100 MgVand 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 12.6. 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, and is found to be in agreement with the spectrum calculated within a simple
phenomenological mass formula based on color magnetic interactions between two colored quark clusters.
[S0556-28189)03204-3

PACS numbdps): 14.20.Pt, 13.75:-n, 12.40.Yx

I. INTRODUCTION energies were 1520, 1805, and 2100 MeV. The beam flux
varied between fburst and 5< 16%/burst, depending on the
The experimental search for narrow dibaryons is an esserspectrometer anglénd incident energy in order to keep
tial task for several reasons. Such dibaryons, if their existhe acquisition dead time to less than 10%. The liquid H
tence is confirmed, are a crucial argument to decide whethearget of 393 mg/cfhwas held in a container with 130m
or not physics at a few GeV can be entirely explained bythick Ti windows. External heat shields comprised of 2
baryonic and mesonic degrees of freedom or if additionathick aluminum were placed in the beam-line on either side
assumptions such as quark degrees of freedom, must also béthe target.
considered. Over the past 20 years, many results have beenThe SPES3 spectrometer properties are described else-
obtained from experiment®ot always carried out with the where[3,4]. To summarize its main properties, it is a mean
highest precisionthat have led some authors to concludevalue solid angle spectrometet 60 mrd in both the hori-
that they have observed such structures—whereas othersntal and vertical plangsand secondly that it is a large
reach the contrary conclusion. It is therefore highly desirablenomentum range spectrometer (600c<1400 Me\).
to reach a conclusion concerning the existence of these naBoth particles were detected in the same setup consisting of
row dibaryons, regardless of their origin. several drift chambers. The information from these detectors
The main reason for the unceasing debates related to thveas used to reconstruct the particle trajectories. The first
existence of narrow dibaryons is the weakness of their sigghamber C1(MIT-type), was situated on the spectrometer
natures compared to the superimposed physical backgrouridcal plane. Its spatial and angular horizontal resolutions
of baryons and mesons in interaction for masses larger than
the pion production threshold ma&&014 Me\). For these
studies, the useful experiments needed to be as precise as
possible.
Such a precise experiment was performed using a proton
beam. The reactiopp=p= "X was studied in order to look
for the dibaryonicM ,x invariant mass simultaneously with
the study of the missing mad8y (whose results were pre-
sented elsewheild,2]). Here the missing mass can be either
one neutron(exclusive measurementor N7r. The experi-
ment 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. Fi-
nally, an attempt to interpret these results will be presented,
followed by a discussion describing other possible interpre-
tations.

-*Hodoscope D

/

/
Il. EXPERIMENT Hodoscope B

The experiment was performed at the Saturne synchrotron FIG. 1. The SPES3 spectrometer and the associated detection
beam facility using the SPESS3 systésee Fig. 1L The beam  system.
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were o,=90 um ando,=18 mrd, respectively. Two mul-
tidrift chambers, C2-C3, or CERN chambers, which were
perpendicular to the mean particle direction were designed tc
get information on trajectories in the horizontal and vertical
planes. But, due to the small vertical magnification of the
spectrometer<0.14), the¢ resolution at the target was too 43
poor to be useful. Nevertheless, these CERN chambers wer 3
used to determine the MIT chamber efficiency by calculating ©
the ratio of three to two counterhits. During the experiment,
the maximum value was 96% and the variation of this effi-
ciency was monotonous along the focal plaméthout any
discontinuity.

The trigger consisted of four planes of plastic scintillator
hodoscopes. The dimensions of each plastic detector wer
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12x40 cnt for the first plang/A), and 18<80 cn¥ for the | gw
last plane(B). Each of these two planes were comprised of * f H'H *
20 scintillators. The time of flight baseline from the first

scintillator plane to the last scintillator plane was 3 m. Par-
ticles were identified by their time of flight between tAg
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and B; detectors and also by their energy loss in e
dgtef:tors. This latter measurement was mainly' used to dis- £, 2. Overall time of flightllog scalé of the 190A;-A; com-
criminate between one and two charged particles. Meangintions.
timers and constant fraction discriminators were used and the
time resolution for each scintillator was typicatly=180 ps.  events. A correction was made to take into account the dif-
The large horizontal angular magnification of the spectromferences in trajectory lengths, and then a common window of
eter produced a large horizontal angular operfiqgto 30°)  +2 ns was used for all the 190 (¥20/2) times of flight
of the trajectories at the output of the spectrometer. It rechannels gathered in Fig. 2. The resolution of this distribu-
sulted in a large number of useffy|- B; combinationg125),  tion is 0~570 ps. When the data reduction code associated a
between the first and last scintillation counter planes, whiclwrong assignment of the trigger and chamber information
required the same number of coincidences. It is important t¢0.6% of eventgs the corresponding information was re-
note that a mean range of 200 M&V(25% of the focal moved.
plane acceptangds covered by eacth;-B; combination. Special care was taken to ensure that no bias could be
Therefore, there is a large overlap between manyB; trig-  produced by particles originating from scattering on me-
ger combinations for each spectrometer momentum. Moreghanical pieces at the entrance of the spectrometer. A de-
over, when the scattering angle or the incident energy varytailed discussion of this part of the analysis was presented in
this domain for a fixedh; - B; combination shifts with invari-  Ref. [1]. The effect of the target windows was checked by
ant massM . Careful calibrations and efficiency measure-regular empty target measurements. The corresponding
ments of all the 125 combinations were performed using aounts were small, a few %, depending on the scattering
system of scintillator counters moving in front of the angle and the missing mass range. We therefore deduced that
A-hodoscope and behind tliizhodoscope. The trigger effi- the target windows were not a source of noticeable contami-
ciency mean value is of the order of 95%. nation. We also deduced that although our measurements

Since both particleg and7* were analyzed by the same were performed at small angles, the data were not contami-
detector elements, events were lost when both their trajectayated by any hot area of incident beam which could have
ries intersected on each plane of the detection systkifi been scattered by some mechanical piece at the entrance of
chamber or trigger hodoscopeé\ simulation code was writ- the spectrometer. We will quantitatively illustrate further
ten in order to correct for the loss of such events. Mgy (Sec. Il B) the very small contribution of the empty target
invariant massesM x>M,) the correction function was a compared to the fidata in theM ,x range studied.
smooth function varying between 1.1 and 1.3. RAdg The raw data obtained at,= 1805 MeV, 6=0.75° (lab)
=M,, the correction function was also smooth except in abefore any correction or normalization, are shown in Fig. 3.
narrow range of invariant masses, when both trajectories irfhe blank line corresponds to the area whereprand 7+
tersected on the focal plane. When such a correction creat@somenta are the same. We observe the absence of any hot or
an oscillation, as small as it may be, the corresponding datmefficient wires which would result in an intense or light
are removed, in order to avoid introducing a spurious peakross(horizontal and vertical lingsn the whole range of the
due to this correction. The normalizations of the number ofscatter plot. The dark area corresponds to the events of the
events, were performed using two telescopes that had a viepp— p7*n reaction covering a momentum range of 500
of the target, and an ionization chamber located in front oMeV/c (900-1400 MeV¢). The corresponding missing
the beam dump. The information from these detectors wamass spectrum presented in Fig. 4 shows a continuous dis-
normalized by!’C activation measurements. tribution of the neutron peak.

A second time of flight &;-A;) between both particles A simulation code was written in order to study the con-
was used in order to eliminate random coincidences and posequences of particles scattered by the target in the vertical
sible wrong identifications coming from re@dp—ppX plane at angles 58|¢|<80 mrd. No narrow structure ap-



1880 B. TATISCHEFFet al. PRC 59

1500 1450 ¢
1400 |- 51400
~1300 — L1350 |
O — E
N1200 1300 |
21100 | =1250 £
000 |- 1200 £
Q900 1150 [
800 1100 E
700 1050 £
600 - : 1000 F . ;
500 | | 1 | 1 | | 1 950 Eia L N I I I
500 600 700 800 900 1000 1100 1200 1300 1400 1900 1950 2000 2050 2100 2150 2200 2250 2300 2350
P,y (Mev/c) Mpx (MeV)

FIG. 3. Scatter plot of proton momenta versus pion momenta for FIG. 5. Scatter plot of missing mass versus dibaryonic invariant
events aflf ,= 1805 MeV, §=0.75° lab. mass events at,=1805 MeV, #=0.75° lab. A cut was applied to
the missing mass in order to remove the " n events.

peared inM,x invariant masses which could have been at-

tributed to such a bias. My~1200 MeV (A mas3 and M jx~2270 MeV. These
The beam polarizations were 0.78, 0.74, and 0.70 for theents correspond to the production of two deltaé:* and

three in(_:reasing energie_s. The polarities were revers_ed _aftgro_ They are not genuine broad resonances in the dibaryonic
each spill in order to avoid any bias due to slow polarlzatlonsystem'

drift. The increase in intensity along the upper limit of the scat-

ter plot is due to the nonlinear transformation between the

. RESULTS proton momenta and the missing masses.
_ Different corrections and normalizations were applied,
A. General presentation with a corresponding increase of the errors depending on the

The data shown in Fig. 3 are also presented in a scattdiecision of the following factors: detection cell efficiencies,
plot (Fig. 5 of the missing massMy, versus the invariant dead time losses, normalization of the number of events by
mass,Mx. In this figure several software cuts have beenthe incident proton flux, lost events due to trajectories that

applied toMy. In order to suppress the very intense “neinterseq ir_1 one of the planes _of the detection system, and
corresponding to thes*n reaction, we selected events for normalization of the cross sections to constant momenta ac-

M,>960 MeV. The blank curved line corresponds to theCePtancesAp, andAp,. _ o
area where th@ and 7* momenta are the same, as previ- The major part of these corrections was quantitatively de-
ously mentioned. The external cuts are due to p and termined using a simulation code written for this purpose.

momenta limits at 600 and 1400 Med//respectively. The Careful attention was paid to experimental biases which
three intense regions correspond to the following. could have been produced by some discontinuity in the cor-

My~960-1000 MeV andvi,x~ 2150 MeV. This is a rect|0n functions(last two corrections Software cuts were
remaining tail from thepp— A+ n reaction which is insuf- introduced onMy at a value large enough so as to avoid

ficiently cut in this figure and will be discussed later.
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introducing a bias due to the missing mass tail. The effect data are presented for ten times more incident protons in
of such cuts can be anticipated from Fig. 5 and is illustratedbrder to make them visible.
in Fig. 6. The upper part shows the horizontal projection of For missing masses larger than the neutron madg (
Fig. 5, with an important tail from residual* *n reactions. =960 Me\) other checks were performed to make sure that
There is a remaining peak which will be reduced after northe corrections applied could not be a source of false struc-
malization to constant momenta, but a discontinuity will re-tures. They are illustrated in Fig. 10 far,=1520 MeV at
main. This peak in dibaryoni® ,x masses disappears totally 2°: the correction for lost events were made over elementary
when a software threshold of 1050 MeV is applied to thesurfaces in the scatter pldty=f(Mx), as opposed to mean
missing mass spectra as shown in the lower part of Fig. 6.corrections which were made on the single variailgy ; a

Our experimental cuts (660p=<1400 MeVk) remain limited smooth area was arbitrarily selected in order to avoid
constant, but the behavior of the range of the events studieall eventual structured cuts. Such an area is shown in(part
in the Mx=f(M,) scatter plot(Fig. 5), changes with inci- of Fig. 10 between the two arcs.
dent energy. The tail of the neutron missing mass decreases The corresponding consequence gy distribution is
with increasing energy. The inteng@— A*"A° spot seen  shown in pari(b) of Fig. 10. We see a structure around 2122
in Fig. 5 moves inside the range and is located totally insideMeV (|). Then the same analysis was performed for all the
our range aflT;=1805 MeV. Finally the empty line from events in the scatter plot. The resultiMy,x distribution is
pp,=p,+ Momenta is less inconvenient at higher energyshown in part(c), which shows again the same structure.

since it is located in a less central position in thMey We conclude that the structure aroult},x=2120 MeV
=f(Mpx) scatter plot. and §=2° is a genuine dibaryon and not an experimental
artifact. On the other hand, the broad peak observed around
B. Results atT,= 1520 MeV 2170 MeV is a part of the\ — A final state.

In Fig. 7, we see thé/ ,x dibaryonic spectra obtained at
T,=1520 MeV for neutron missing masses $30l x <960
MeV and at all forward angles where the data were obtainec
with a good resolution and large statistics. At all angles, a
narrow structure appears around 2050 MeV, straight lines ar¢
drawn at this value. Figure 8 shows the corresponding angu'-f:
lar distribution of the c.m. cross section, extracted by using'%120 B
low order polynomials for the background and a Gaussian=
peak for the structure. The number of standard deviationss |
(S.D) vary from 12.6 at 0° up to 4.9 at 9°. The mean value
of the width ise~12.6 MeV. The curve is only to guide the
eye.

Statistically, this result is significant since we treated for
the first angle at 0°, 126300 events in the region of the g
neutron missing mass. This number reduced to 118 410 afte &
the time of flight selection. After cuts on thd,,, invariant
mass in the range 2030-2070 MeV, there remained 26 44(
events(with a statistical precision of %g,). After correc- B
tions and peak over background extraction, the final relative
precision(see Fig. 3 was 7.8%. Figure 9 shows the number 0 ; L m = =
of events for the same data set shown in Fig. 7 at the twc 8., (deg)
smallest anglegdark point$. They are compared to the ’
empty target measuremeritspen points The ratio between FIG. 8. Center of mass cross section of the dibaryonic structure
full and empty target data is close to 180. The empty targedbserved aM,,=2050 MeV for 1520 MeV incident protons.
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data atT,=1520 MeV, §=0° and 2°. The empty target data were _ o

normalized to the same number of incident protons, then were mul- FIG. 11. Cross sections for 1520 MeV incident protons versus

tiplied by ten to make them visible. M x dibaryonic mass for missing massils=960 MeV. Straight
lines are drawn at 2122 MeV.

The cross sections favl ,x dibaryonic invariant masses
are shown in Fig. 11. The data were regrouped in order to
reduce the statistical errors. The limits bh, were adjusted
in order to cut all regions having experimentally “intense
or “weak” counting areas in thé/x=f(Mx) scatter plot.

Therefore all regions of nonsmooth corrections were elimi-
nated The range iM ,x dibaryonic mass is higher than pre-
,» viously discussed and does not explore the region below
2050 MeV. Also the statistics are smaller. At all forward

The intense counting area was produced by the tailofor angles, there is a structure at a mean mass value of 2122
MeV. Straight lines are drawn for thigl ,x mass. Although
AA reactions in the final state. The weak counting area cor;

responds to the redion wheme andp_ momenta are closed these structures are seen at all four forward angles, they are
P 9 e P " not well defined and therefore no cross section extraction

was performed. There are also signs of structures at 2066
MeV (2°), 2183 MeV(2°) and 2170 MeV(9°).

Since the experiment was performed using polarized pro-
ton beams, the analyzing powers were also measured. Figure
12 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 foX=Ns 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 masskk,>M,,, structures can be
seen(with a low confidence level
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Checks similar to those described fbg= 1520 MeV data
| were performed for 1805 MeV data. Inside the scatter plot
N”'"’ ’ Mx=f(M,x) several selections were carried out with con-
L b L st L tinuous and smooth corrections. None of them allowed us to
2000 2200 2000 2200 extract a narrow and small dibaryonic structure. This is illus-
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FIG. 10. ForT,=1520 MeV and§=2°, part (a) shows the

trated in Fig. 13 where we see that two large, broad peaks
corresponding tAAn and AA reactions dominate the cross
scatter plot of the Taw data, and two arcs used to define a surfacgection. The\n tail remains in spite of the cuts introduced in
where only smooth corrections were applied. Réajtshows the —order to eliminate it. Similar results were obtained at all
resultingM ,x distribution(see text Part(c) shows theM  distri-  angles between 0.75° and 13°, with the distinctive result that
bution when all the dataM x=960 Me\) was considered. the ratio of An over background decreases with increasing

L
=
i=3

T
<
=

arbitrary units
2 8
o o
I
e




EVIDENCE FOR NARROW DIBARYONS AT 2050. .. 1883

PRC 59
0.2F 1’=9° (X=N7\')
0.0l H ‘ b +++++H
RYRIETEN AL
0.2} i $=5  (X=Nn)
. lH|+|++. by +++
SOOI+t "y Tt
8
o
£0.2f
5 19:9“’ (X=n)
§0'0++++¢***"°¢E"+’+*+T
0.21 8=15"  (X=n)
oot teste et teit ety
2122 MeV
| | | |
2050 2100 2150 2200
Mo (MeV)

FIG. 12. Analyzing power versubl,y dibaryonic masses for

data at 5° and 9° and 1520 MeV incident protons.

angle. We conclude therefore that fiig= 1805 MeV energy
was not suited for the observation of narrow dibaryon struc

tures with our experimental conditions.

D. Results atT,=2100 MeV

At this energy, no measurement was performed at angles
larger than 9° lab. The consequence of the large humber of
two-delta production events observed in the missing mas
My and invariant mashl .+ was that in the case of thd
dibaryonic mass, a large maximum occured at around 230

MeV (not shown.

By using appropriate cuts defining smooth boundaries
the Mx=f(Mx) scatter plot, it was possible to extract the
cross sections, presented in Fig. 14. A dibaryonMaix
=2150 MeV (=11 MeV) was clearly extracted from poly-

nomial background at forward angles 0.7°
spective values of 8.1 and 5.5 numbers of S.D.’s.

An extension of the cross sections at three angles betwe

is present at all angles around 2230 MeV. Since the corre-
sponding S.D.'s are<2.6, the existence of a dibaryon is
possible but not sure.

IV. REVIEW AND DISCUSSION OF 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 dibary-
onic structures have been observed and therefore advocated.
Several results were obtained from bubble-chamber slide
studies. They are of course low statistics experiments. Since
they were reported on different occasigbst], they will not
be mentioned here. Our discussion therefore does not pre-
sume to be exhaustive. Some other precise experiments
which will be recalled in the next paragraphs, were already
mentioned previously in more detdB,6].

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

A. Previous precise results in theN-N elastic channel
1. pp elastic differential cross sections

Cross sections fopp elastic scattering were measured at
COSY [7] in the range 2112 \/s<2866 MeV with bins
Wwhich are equal t&\/s~9.5 MeV aroundV pp= 2122 MeV.

No structure was observed. The range of that study is mar-
ginal as compared to the range studied in our experiment.

2. |5p elastic scattering analyzing powers

Narrow structures were observed at K|EK9] in the ana-

ﬁ/zing powers at the following invariant masses: 2160 MeV
10=14 MeV) and 2192 MeV [ 1,=13 MeV). However

ery precise measurements were performed later at Saturne

. [10] using the SPES3 beam line and an energy degrader with

ariable thicknessegotating wheel. The large overlap be-
tween the results obtained from the Saturne experiment, for
different extracted proton energies, allowed very precise
relative adjustments. Such a precaution is important since the

and 3°, with re- = _ 3 depolarization resonance occurs in this energy range.

No structure was observed in the data of this Saturne experi-

2170 and 2270 MeV is shown in Fig. 15. A smaller structure

-]

37 * .

+
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T

cross section (nb/sr* MeV® ¢2)

o

| |
2100 2200 2300
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B. Previous precise 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 elec-
tronic and bubble chamber slide experiments. The
3He(p,d) X reaction was studied at the Saturne SPES1 beam
line, some years ago, using electronics, therefore with good
statistical precisioi11,17. The missing mas#y had the
following quantum numbersty=1 andBy=2. The experi-
ment was performed at three energies: 750, 925, and 1200

FIG. 13. Cross sections for 1805 MeV incident protons versugV€V and several angles. Figure 16 shows some of these
M,x dibaryonic mass at 3.7°. Cuts were introduced in order to'esults with a number of standard deviatid8D) varying
remove the main part of thAn peak. However a tail remained from 3.0 up to 6.9. The presentation of the resultsTat
which gave a peak arounid ,x=2160 MeV. A largeAA peak is =750 MeV, §=40° has been changd®] since the first
observed around 2280 MeV. presentatiof11].
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The same reaction was studied at Los Alamos with polarwas observed in théHe(#*, 7 pp) invariant mass search
ized protons T,=800 MeV) [13]. The analyzing power data [19], studied at TRIUMF with 115 MeVir* beam.
showed structures for severty close to the dibaryonic Several theoretical calculations were performed in con-
masseg¢11,12 observed previously. nection with this resulf20—23. Thed’ isospin was antici-

The same situation occurred for a dibaryon around 219@ated as being even, adf=0" since a very small width
MeV. It was observed with a gOOd statistical precision using(rﬂNN~0_5 Me\/) was observed. This leads to the conclu-
the ®He(p,d)X reaction at Saturne and Los Alam@ame  sjon that thed’ cannot decay into two nucleons. The two
referencep possibilities of isospin, 0 and 2, were investigated and dis-

cussed within the constituent quark model calculatisix
2 The d resonance quark system[24] for a possibleJ”=0" dibaryon at 2065

A narrow dibaryon at 2060 MeV, has been advocated for’vIev

several years. It was deducgd] from pionic double charge The first assignment of isospin 0, was supported by a
: . ; CD string model and three-body calculations and by non-
exchange(DCX) reactions on several nuclei frotfC to Q g y y

. . elativistic Fadeev equations with local potenti see
48Ca. This narrow dibaryon was supported by a recent resu d P &S] (

: i everal references insidéJsing the resonating group model,
of DCX reaction study orfHe performed at TRIUMF using  he mass and wave function of a six-quark system of the
the CHAOS spectromet§i5]. The existence of thd’ reso-
nance was confirmed in a two pion production reaction,
namely thepp=ppm~ 7" reaction performed at ITEPLE]
and at CELSIUS using a 750 MeV proton beahY]. The
experiment is similar to the one presented here, except that
Celsius, the energy was lower, the invariavit,,.- mass
was reconstructed, and a relatively narrow rangé/gf, .-
mass (205% 25 MeV) was studied. A narrow peak at 2063
MeV (with a statistical significance of four sigmasvas
found. This might be the same as the one which appears it
our data at 2050 MeVsee Fig. J. A status report concern-
ing thed’ searches in DCX ang@p collisions was recently
published[18]. In this paper, a table shows a list of various  FIG. 15. Cross sections for 2100 MeV incident protons versus
experiments with data analysis in progress. An enhancemem ,, dibaryonic mass showing a dibaryonic structure around 2230
at 2060 MeV(with a statistical significance of two sigmas MeV (vertical straight lines
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FIG. 17. Masses of experimental narrow structures observed in
previous experiments versus the corresponding reference. The last
column (x) corresponds to the masses observed in this w&te
Refs.[11-13,18,29,30,40-52

FIG. 16. Missing mass spectra foHe(p,d) X reaction showing
the presence of a narrow dibaryonMg=2122 MeV[11,12.

d’(JP=0",T=0) was recently calculate®6]. Meanwhile

isospin 2 was proposg@7], supported by the small experi- ure, although it is fair to admit that the experimental situation
mental width according to relativistic calculations and isobarin this mass range is not clear.

model with first-order perturbation theory. The same isospin

was proposed28] using a nucleonx interaction based on 5. pn—ar~pp reaction

quark cluster .modell. L . The invariant mass of two protons was studied using the
Of course, isospin 0, which is presently preferred to isos-

pin 2 [15], is not excluded by our reaction. However, our pn—m pp reaction[31] at ITEP (1980 MeV¢) protons.

observed width for the dibaryon at 2050 Me\w+12.6 mgsla:‘raovi\;g'?ggg& Wiszigzeags in this experiment in the
MeV) is larger than the reported width of tha' (I ,nn 9 PP '

~0.5 MeV). Our experimental resolutiono{) for My or
Myn, is estimated as being equal to 3.1 MeV at 0°, and
increases with increasing angle. Unless our structure ob- A precisew"d— pp experiment was performed to study
served at 2050 MeV M, invariant mass corresponds to an eventual structure in the energy dependence of this reac-
another dibaryon than thd’, then the conclusion on the tion[32]. Small steps in pion energy were used from 18 to 44
values of spin and isospin for thi$' (J°=0",T=0), sup- MeV, which corresponds to 2032\/s<2056 MeV. This is a
ported by the assumption of noncoupling with the two-very small energy range for dibaryon sealsee Fig. 17.
nucleon channel, must be reexamined. 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.

6. wtd—pp reaction

3. pd— @~ ppp experiment

The invariantM .- mass was studied using a 3300 7. pp— yYPp experiment
MeV/c deuteron bearf29]. Two narrow enhancements were ) . . )
observed after quasifree processes suppression at massesi € theory of this reaction was considef&3,34, since

2199+7 and 225& 2 MeV. The first one compared favor- it offers the advantage of allowing the study of narrow
ably with the mass depicted in Fig. 17 at 2194 MeV. An dibaryons with masses below the pion emission threshold

analysis based on the impulse approximation correctly reprd2014 MeV) where the probability of parasitic reactions is

duced the shape of the distributions below the narrow peak&€duced. This two-photon process is of course experimen-
tally difficult due to the low counting rate. A narrow peak at

1923.5-4.5 MeV with a statistical significance oféBwas
observed 35]. This value is close to 1916 MeV, which is a
The M,,,, invariant mass spectra from tipgl—pnpreac- mass already reported in Fig. 17. However the same reaction
tion at 1000 MeV was studiefB0]. Narrow dibaryons were was recently studied at CELSIUS6]. Narrow dibaryons
extracted in the direct channel at 1950, 2020, and 2120 MeMwvere looked for in the mass range 1900 up to 1960 MeV.
The two last masses precisely fit previous assignmesgs  The authors concluded that their data presented no indication
Fig. 17). The first mass has no counterpart on the same figef a state in the 1917-1923 MeV range. However, if several

4. pd—pnp experiment
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states do actually exist, separated by a few tens of MeV, thevas already noticed, the weakness of the signatures and their
superposition of the corresponding peaks and their mirrosuperposition on a large physical background, makes this
peaks, could produce a flat distribution compatible with thework difficult. Therefore, we compared all of the results in

results they show in Fig. 3 of their paper, implying a crossorder to try to increase the confidence we could have on their

section lower than 50 nb. genuine existence.
In an attempt to define which dibaryonic masses were
8. pp—pnzt experiment observed with a reasonable confidence level, we have plotted

A precise kinematically completep— pna+ experiment in Fig. 17 the masses of the narrow structL(rwticql axig
was performed near threshdié7]. The M, invariant mass reported by the authors whose references are displayed on

varies between thresho{d878 Me\) and 1891 MeV for the the horizontal axis. Here the experiments performed with
largest incident energy. The aim of the experiment was noc?lectronlcs are noted with squares and those from bubble

; o hambers are noted with triangles. Full symbols correspond
the study of dibaryons, and it is clear that such a small rang8 i '
is not suitable for such a study. to data with S.D>3.07 (confidence level>99%), and open

symbols to data with S.B:3.07. In some cases, the S.D.

were not quoted by the authors but estimated from the pub-

_ _ _ lished data. The experimental masses are not spread but con-
This experiment was performed at TRIUMB8]. Pions  centrated around some particular values. These values are

were stopped irD, in order to produce £~d) atoms. A |isted on the vertical scale and are called “Dibaryon mass.”

transition from these atoms to neutra®nn or 7 pn could  The double line corresponds t03 MeV, which can be con-

give a peak in the case of a sufficiently narrow dibaryon.sidered as being an approximate precision for experiments
However, no peak was observed in the expegtedy range  performed with electronics.

of 10 to 20 MeV, that is=5 MeV on both sides of 2002
MeV where a possible candidate was previously indicated
from thed(7*,7%)X experiment.

9. m~d— yX(X=="nn, 7" pn) experiment

VI. ATTEMPT AT AN INTERPRETATION

) More general than the study of dibaryons, the stability of
10. pp—ar~ X experiment exotic bound states of negative pions and neutrons was in-
estigated 54]. Different theoretical papers deal with narrow

This experiment was performed at Saturne, in the SPES3. . - -
P b amaryons, either their existence, or their decay modes or the

beam line at three energies, 1450, 2100, and 2700 MeV, i f their hvpothetical exist th
order to search for isospim=2 dibaryons in the missing consequence of their hypothelical existence on some other

mass datd3,39-53. Only one structure at 2164 MeV was observables. One consequence is the possibility of a Bose

extracted r’ —15 MeV, S.D=2.6. Since this mass is condensate of dibaryons occuring in nuclear mafts].

close to thelll\il M mé\ss. i'; is. d.ifficult to eliminate a Some works were performed within the chiral soliton model
A N 1

threshold effect. [56]. The consequences of dibaryons on nuclear matter prop-
erties, or on the structure of neutron stg6g,58 were con-
sidered. The inelastic production cross sectiod’ofisosca-
C. Total and differential cross sections and asymmetries for lar J”=3" didelta dibaryohwas calculated59] and found
the pp=>pp=° reaction to be in theub/sr range, although it was not obseryéa] in

Although no enhancement was observed in these obser@ dd—dX experiment. Its decay width into two nucleons
ables measured at Satur[8], a simultaneous analysis of Was found to be in MeV’s. It is not the aim of the present
this data and of the results obtained previously from theVOrk to recall the various theoretical works which were de-
np=NN=~ reaction lead the authors to conclude that aveted to dibaryon studies.
strong possibility exists for a significant contribution of a
D, partial wave in the isoscalar channel nef&=2129 A. The phenomenological mass formula

MeV. This energy is the same as our peak mass of 2122 o6 e will present a very simple phenomenological re-
MeV and is within the energy resolution of the pion produc-|4tion which nonetheless allows us to predict the observed
tion experiments. Oupp— p7 " X reaction allows isospin 0  “experimental masses” with a surprising accuracy.

and 1(even 2. The same dibaryonic mass was observed The mass formula for two clusters of quarks at the end of
previously in the®He(p,d) X reaction(already mentioned in  a stretched bag was derived some years ago in terms of color
Sec. IVB 1 in an isovector channel. The fact that the samemagnetic interactions1]:

dibaryonic mass was observed in isospin channels 0 and 1

can be related to isospin degeneracy, predicted by some M=Mg+M[ii(i;+1)+iy(i,+1)+(1/3)s:(s;+1)

models which will be discussed further on. +(13sy(s5,+ 1)1, e

V. ATTEMPT TO DEFINE AN EXPERIMENTAL SET

OF NARROW DIBARYONS whereM, andM, are parameters deduced from mesonic and

baryonic mass spectra andi,), s1(s,) are isospin and spin
Many experiments observed narrow structures in dibaryef the first and second quark cluster, respectively. We make
onic masses and concluded on their genuine existence. Howhe assumption that the clusters aje—q*. The spin and
ever, only some amongst all these results had a statisticidospin values for a diquarlqf) cluster are 0 or 1 and for a
precision which allowed them to be conclusive. A part of4 quark cluster *) they are 0, 1, or 2. We consider the two
those precise results was recalled in previous paragraphs. Asrametersvl, and M, as being free and therefore we will
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experimental calculated calculation using calculation using
Experimental q2—g4 clusters narrow baryons
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FIG. 19. Masses of narrow dibaryons. From left to right: experi-
mental results, calculated results using tife-q* clusters mass
formula (1) and values found using the narrow baryonic masses.

FIG. 18. Experimental masses of narrow dibarydlest) and
masses calculated using the mass formula of(Eg.The numbers
in parenthesigright) indicate the two possible spin and isospin

values for the two quark clusters. . . .
a consists simply of three such diquarks, where all quarksiare

war d. This model predicts the coexistence of broad and nar-
row resonances. It is a semiphenomenological model since
there are eight parameters determined using baryon masses
and d phase shift§63]. An agreement was found with the
broad dibaryon mass spectry6v].

also consider the formula as a phenomenological one.
first assume that the deuteron mass is obtained whei,
=0,5,=0 and s,=1 [62], therefore giving the deuteron
guantum numbersS=11=0. In this case Myg=M,

+(2/3)M;. We chooseMy=1841 MeV and M;=52.5 . .
MeV, in order to get the deuteron mass and the best agree- There were also other calculations based on the diquark

ment for the other masses. These parameters are about 1%}00 dIiGelc[jGrﬂa?rTld ct)g g(%t?ngrgsggspg?pﬁ rgﬁ,?gf;gﬁg%g\t’atz
lower than the corresponding values reported6i]. The PP y y

ratios between our values and thosdq @] are 0.86 forM, nonstrange low mass dibaryons.
and 0.89 forM ;. Couples ofi; andi, allowing total isospins
0, 1, or 2, have to be considered\ify>M , (otherwise total
isospin=0 or 1). However, if we restrict ourselves to dibary-
onic masses below 2200 MeV, the calculated masses for Narrow baryons were recently observed at low masses
isospin 2 do not introduce new levels, and the calculatedhetween neutron mass atd mass, namely at 1004, 1044,
masses for isospin 0 introduce only one additionnal level aaind 1094 MeV[1]. Within the assumption that the narrow
1911 MeV. Such results illustrate the strong degeneracy aoflibaryon masses are produced by all combinations of two
the formula. The calculated mass spectra is shown in Fig. 1&aryonic masse@using the nucleon mass and the masses of
All the “experimental levels” are reproduced except for the narrow baryons we get a level sequence shown in the
those at 1916 and 1902 MeV. From 2000 MeV to 2200 MeVright part of Fig. 19. The comparison with experimental
the agreement with “experimental masses” is very good,dibaryons shows an agreement for several masses. Moreover,
with deviations<1 MeV. A similar good agreement be- the level density found is not very different from the experi-
tween calculated masses using the same mass formula antental one.
recently observed narrow baryons was readtdd

Angular distributions are needed to allow experimental VIl. CONCLUSION
spin determinations, for further comparison with the predic-

tions (given in Fig. 18, but the statistical precision has been ~ The pp—pm"X(X=n or Nw) reaction was studied at
too low up until now, to allow such studies. the fOIIOWing three energies: 1520, 1805, and 2100 MeV and

at several angles from 0 to 17° lab. In the invari&hgy
masses, several narrow dibaryons were observed at 2050,
_ 2122, and 2150 MeV. These masses were compared to ex-
A diquark cluster model for any multiquark systegfg" perimentally observed narrow dibaryons in previous experi-

was developed by Konnet al.[63]. Amongst their different ments and were also compared to some phenomenological
assumptions, let us recall the following: * Two quarks are mass formulas. The agreement with narrow dibaryon masses
strongly bound when they are in the same diquark cluster, ibbserved in previous experiments is good.

they are both in the &, shell.” The nonstrange dibaryayf The agreement with the phenomenological mass formula

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

B. The diquark cluster model
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is noteworthy. When narrovbaryonic masses are used to mental difficulties due to the weakness of the signals, the
reconstruct thedibaryonic masses, the agreement is fairly following two questions arise .

good. The importance of such agreement lies in the simplic- Which conditions provoke the excitation of a specific
ity of these approaches. dibaryonic mass in comparison to other dibaryonic masses in

These results were also compared with the diquark modekxperiments where the range studied allows the observation
We have found that the theoretical outline here is not a®f several dibaryons?
convincing in view of the observations as it was in the case What is the common origin of narrolaaryonsand narrow
of baryons. dibaryonsobserved nowadays?

During the data analysis a strongly excited broad structure Some ideas were proposed. They have to be confirmed
was observed at 2300 MeV for 2100 MeV prototeot  and a complete explanation has still to be made. All results
shown in the figuresand at 2270 MeV for 1805 MeV pro- concerning narrow dibaryons will be very useful for the
tons. These broad structures were associated WwitiA®  study of color confinement at large distances.
dynamic resonant states and not with genuine dibaryons. An-
other _broad s_tructure was obsgrved at 2170 MeV, and was ACKNOWLEDGMENTS
associated with th& * *n dynamic resonant state.

At this time when the true existence of these narrow struc- We wish to thank Dr. Marion Mac Cormick and Natalie
tures is becoming more and more clear, in spite of experikutz for help in writing the English version of our paper.
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