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The invariant mass spectra of forty nine hadronic systems with
hypercharge, strangeness and baryon number, varied in the limits
0£Y¢ 6, ~2¢ S £ +1, 0 & B 6, have been studied. Resonance-like
peaks have been found in the invariant mass spectra of YL 1 systems
only. The same inequality holds for all established resonances. Thus,
a hypercharge selection rule is suggested: " The hypercharge of had-
ronic resonances in weak gravitational fields cannot exceed one: Yg 1V
This rule defines the conditions and selects the classes of interac-
tions which make possible the formation of hadrons in weak gravita-
tional fields,i.e., in terrestrial conditions. Thus one cannot exclude
that it is based on a new symmetry principle, unknown up to now /1/.
On the other hand, recently a number of theoretical investigations of
multiquark states have appeared. The masses of peaks found in the ef-
fective mass spectra of Y€ 1 exotic systems, studied in this work
are in striking agreement with the predictions, made in papers /2/.
Below this comparison for Y 1 systems is presented, the results being
obtained by means of 55 c¢m and 2 m JINR propare bubble chambers. The
first one was exposed to the neutron of(pn = 7.0 Gev/c and negative
pion of Py- = 4.0 Gev/c momenta beams, The second one was exposed to
relatlvistlc 12 C ion beam of cp=4.2 Gev/n. Let us remind that the
measured masses of baryons A ,ZX° , % (1385) and of K -meson were
very close to the tabular values. The AP invariant mass resolution
(r.m.s. deviation) is 3.00 MeV/c? in the initial part of the spectrum,
4.25 MeV/c? around the 2128 MeV/c° peak, 6.40 MeV/c? in the vicinity
of 2256 MeV/c2 peak. The AA invariant mass resolution in the 2365
MeV/c2 peak region is M,,=(10.0+2.4) MeV/cZ. v - particles were
possible to identify at PV°>, 0.150 GeV/c, o~ and K~ at p? 0.045GeV/c,
protons - in the range 0.150<pg 1.0 Gev/c, ar+end K at p <1.0GeV/c,
The inclusive production of possible multiquark hadrons on 1ZC nuclei
has been studied.

In order to establish the existence of presumed resonances, the
following method was used in this work. It is customary to consider

the existence of a resonance to be established if one has succeeded
in measuring the following four quantities: (i) The statistical signi-
ficance of a peak, defined by the confidence level, corresponding to
the so-called number of standard deviations, Ns&tANsd‘ (ii) The mass
of the hypothetical resonance, Mt aAM. (iii) Its width, T+AT |
(iiii) Its production effective cross section, 6446 ., In order to
solve this problem, today, because of the absence of the theory of
strong interactions, one has to invent a physical model by means of
which one would be able a) to imitate all final states observed in
the experiment in question and to describe, that is to reproduce ma-
thematically the invariant mass spectrum observed; b) to describe
simultaneously the results of other experiments, if there cre such
ones, Haturally, the larger is the number of such auxiliary experi-
ments, the higher is the plausibility of the model in question, and
the information, thus obtained, should be considered to be closer to
a model~-independent, absolute one. The models used in this work for
the analysis of the invariant mass spectra of di - and multibaryon
systems were based on two fundamental hypotheses. The first one is
the correctness of the impulse approximation for ar- andl1120 inter-
actions in the (4.0-7.0) GeV/c momentum range. According to the se-
cond hypothesis, any peak or enkancement observed in the invariant
mass spectra in question is due to ‘the intranucleer s-channel hype-
ron-nucleon internctinn. The crentinn af avatic atraonca howeonc
apart from this mechanism may be due to interactions of the incident
particles with free or bound nucleons. There exicts clco a probabili-
ty of their creation in intranuclear secondary partiéle - nucleon
interactions. The validities of the proposecd models were tested,
moking use of the well known methods of testing the hypotheses. The
best-fit parameters thus obtained comprised the masses, widths and
contributions of resonances ac well as the contributions and parame-
ters (if any) of all kinds of backgrounds.’ Any fitting used in this
work was performed by means of the "Minuit" pregram. Only after the
acception of the most plausible modeél and thus obtaining the most
probable best-fit total background one became able to determine cor-
rectly the statistical significance of resonance-like peaks and the
resonance production effective cross sections. The following criteria
were used in this work.(1)Models of only C.L.> 1% were accepted.(ii)
For an accepted model any resonance-like peak must satisfy the well-
known condition Hsdz.S. Begides, an additional condition introduced,
had to be fulfiled: ANsd/Nsd:( 0.25. (iii) Any best-fit parameter

Z+ AZ, must satisfy the condition 4Zz/Z € 0.3.




The Ap-dibaryons (I=1/2, ¥=1, B=2, S=-1)

The Ap-invariant mass spectrum (N=2347 combinations), due to
n'?c -+Almp)X; m=1,2 reactions ,is shown in fig.1. The model, accepted
for the analysis was based on two hypotheses: (i) the impulse appro-
ximation is valid; (ii) the formation of ApP - resonances takes place
in S-channel, Ap elastic interactions exclusively,because in the re-
lative momentum range, 0.0 < P, € 2.0 GeV/c, or in the equivalent ef-
fective mass one, 2053.8796 £ ¥ £ 2553.8796 MeV/c? one has
6';1‘2( Ap=+YI(mT); m=1,2,3,...) & G,e‘%,(A p—=>ADp). In order to re-
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produce mathematically tiie A p mass specirum one had to calculate the
probabilities of all final states with A and p, provocated by a fast
neutron, passing through a carbon nucleus. The theoretical cross sec-
tion Sfé(p,\ ), which one needed for the probability '.'/el(/\ p ~=Ap),
was parametrized as a sum of three cross sections due to: (i) spin-
independent (as=at, rs=rt) low energy scattering in effective range
approximation; (ii) potential scattering; (iii) Breit-Vigner resonance
elastic scattering, depending on resonance total spins and orbital
momenta, The probabilities WEl(Ap — A p), 7AEA (A, >Z ; JEO=AT
w ZA (ZtN -+ Ap) were computed using (i) the A-and Xo—hyperons from
interactions of fast neutrons with quasi-free neutrons and free- and
quasi-free protons without seen protons of P, € 1.0 GeV/c momenta;
(ii) the known momentum distribution of protons, bound in 125 nucleus;
{ii1) the measured cms angular distributions for Ape» Ap, Ap-DZ;
processes and the measured crogss section 6"{ B ) /3/. The detection
efficiency, with geometrical and measurement restrictions imposed,
was taken into account. Accoding to the model, the Ap invariant mass
spectrum and the measured Ap elastic scattering cross sections /3/
in the p, =(0.1-2.0) GeV/c range, were simultaneously fitted using

a common /Tnn functional. Using the measured effective mass resolutions,
Gaussian convolutions were performed, what permitted one to choose the
bin-size, proceeding only from the statistical provision, Ap -effec-
tive mass spectrum formed of chance combinations of A - hyperons,
wenbioued Ll (L) wWiln provons 1rom 0 - \mpJA ; m=1,7 reactions,
normalized to one, imitated the background due to A and p from dif-
ferent stages of intranuclear cascade processes. The first hypothesis,
assuming the observed Ap mass spectrum to be due exclusively to the
background of the last type was rejected, because of 124-—*1088.37.
Further,hypotheses on resonance number were tested within Nges =0-17.
During the fit the contribution of the £A conversion tended to zero
at any NR¢$ . This phenomenon, most probably, is due to the negli-
gible detection efficiency of very slow Z°- hyperons. This makes
the Z° sample gcanty of them and distorts the Z °-momentum spectrum,
making the sample unadequate. For these reasons A conversion pro-
cess was excluded, fixing its contribution at zero. The contribution
of the potential Ap scattering gradually decreased with the increa-
sing N geg « Therefore it was excluded for all hypotheses with

He2 7. The upper part of fig.2 shows the C.L. vs. Iihs . The model
becomes significant, C.L.=2.29%, at N g =5. The confidence level
rises up to N4 =10,because the number of enhancements in the spect-
rum exceeds the number of resonance,inserted in 6’:,‘,(,04) . The op-~
timal hypotheses correspond to NRes=12 and 13 with C.L.=39.05% and



39.08%. At Nﬂhs> 13, it exceeds the number of enhancements and C.L.
gradually decreases to 12.09% at Hges =17. Thus an appropriate des-
cription of the Ap mass spectrum, observed in the neutron experiment
requires to take into account (i) the low energy AP scattering; (ii)
the Ap-—Zop conversion pr‘ocess; (iii) the background due to the
intranuclear cascade processes; (iiii) the resonance Ap scattering,
the number of Breit-Wigner resonance being Nge,2 5. Neverthless,only
four peaks,at 2£092,2183,2256 and 2353MeV/c2turned out to be significant,
One has: (i) 6.03 € Nsd(2092) € 6.59 in the range T Ny (2092) € 17;
(ii) 5.09 € Nsd(2183) € 5.56, 6 &€ N, (2183)& 17; (iii) 5.30 € Hag
(2256) € 8.09, 4 € Ng,, (2256)€17; (iiii) 5.22 € N 4(2353) € 6.25,

6 &€ Ngus (2353).€ 12. As an example the results of the fit at Nees =12
are shown in fig.1, with ﬂ'§7=59.36 and C.L.=39.05%. The best-fit
resonance parameters are shown below the predicted ones. The agree-
ment is satisfactory. The blackened circles represent the fitted,i.e.
the reproduced histogram. The best-fit contributions of processes are
also very realistic: A( Ap— Ap)=0.260+0.003; B{ Ap— Z°p)=0,1351+0.001;
C(I.C.B.)=0.605+0.001. The well known peak at 2128 l.IeV/c2 in the
neutron experiment is unsignificant, whereas in the pion experiment
it is of high significance /1/. This fact can be due to interplay of

a number of causes: (i) the softer hyperon, especially the r°-hyperon
momentum spectrum due to the lower incident pion momentum and to the
difference of A and X -hyperon angular distributions in N and nN cms;

(33) +hn Tawmennw Tarmmaanin mmmm A~ TV a AT n WO Y e e P . ar
e e ZLTGOCS LG PCICH,TOPCClany VAl & B P O Y

at 4.0 GeV/c as compared to the nlNcollisionsat 7.0 GeV/c; (iii) dif-
ferent forms of backgrounds,etc., Equally successfull was the fit to
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the measured in /3/ cross sections ng;qp{a) (fig.3), presen-
ted by crosses. The continious curves represent the Ap elastic

. . M
scattering effective cross section df&,(pA ), computed in the

frame of the model at Ng, =12. The open circles represent the best-
fit (G‘q: (p,)> , the averaging performed just over the same
momentum ranges as in /3/ (the horisontal bars of crosses). These
ranges of 100 and 200 MeV/c are enough to smear out narrow resonance
peaks, such as the 2128 and 2183 MeV/02 of T = 8.5 and 14.2 HeV/c
respectively, in momentum units, though their formation resonance
cross sections attain several tens of millibarns. Instead, the full
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widths of the 2256 and 2353 MeV/c® peaks, T =57.6 and 178.2 MeV/c
respectively, are comparable with the mentioned ranges. Therfore these
two peaks can be seen, as is the case (fig.3). These considerations
are confirmed by a good coincidence, within the errors, of circles
and crosses. The peak of 2092 MeV/c2 mass is due to the effect of ne-
gative sign Ap scattering length and stipulates together with the
measured points, the decreasing part of the cross section. The best-~
fit low energy scattering parameters, a=-(2.33+0.01)fm, r=(4.67+
0.03)fm agree with the directly measured ones. The 2183,2256,2353
MeV/c2 peaks are far from thresholds and can be considered as good
candidates for six-quark resonant states of negative strangeness.

Let us note that at least three more enhancements at 2145,2293,2453
MeV/cz, seen in the mass spectrum of fig.1 (not significant) are
waiting for higher statistics and better mass resolutions. It seems
important to compare the spectrum of fig.1 with the spectra of high-
est momenta XD and 4'D experiments. Only the 2128 MeV/c2 peak is seen
in the Ap mass spectrum from three-particle final states, K D»Aprx",
Px-=(1.45-1.65) GeV/c,deuterium bubble chamber /4/. Pesks at 2128,
2183,2256 appear in the Ap mass spectra from five-particle final
states, K'D ~ ApT~n*®~, the same experiment (figs. 4,5,8, ref./5/).
Pig.5 of ref./5/ represents the Ap mass spectrum in 15 MeV/c2 bins
for events with the lower limit of proton momentum imposed,0.150GeV/c,
COLBCLALIY Willt blhe oie o bhls experimeini. rige4 ul LIS puper shows
the same spectrum, reconstructed in 10 MeV/c2 bins. The extreme peaks,
2092 and 2353 MeV/c2 peaks are not seen because of the proton momen-
tum restriction and the lack of energy, respectively. But the peaks
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2128,2183 and 2256 MeV/c2are clearly seen as in the 15 KeV/c2 plot
(fig.5,ref./5/). The situation may be clarified if one reminds that
the laboratory momentum spectrum of A from the reaction K n- AZZ*A”
has a wider maximum, spread to higher momenta, than the one from
K n-+A%~ reactions.According to the above mentioned hypothesis

A -hyperons from the first channel sliould be able to excite higher
mass A resonances then the ones from the second channel, when colli-
ding the remnant proton. The stronger are forwardly collimated the
negative pions from Ap#~-final states, the sharper becomes tle Ap
2128 peak /4/. Three-particle final states with &~ and LK'-mesons,
forwardly emitted in reactions KD -»Ap%~ and stD~> *Ap respec-
tively, were studied by means of a missing moess spectrometer /6/. In
view of results of experiments /4/ and /5/, no wonder that only the
Ap 2128 peak has been observed. Finally, let us turn to Ap invariant
mass spectrum from interactions of 12C with propane ot cp=4.2 GeV/n
in the 2 m bubble chamber. Ap combinations from interactions of both
primary 12C ions and the whole veriety of secondaries-hadrons (ﬁf )
and nuclear fragments (T (1"5)+) were lumped together. In spite of
the variety of projectiles, their energies and targets, the summary
Ap mass spectrum (fiz.5) reveals 2128,2183 and 2256 r.'».eV/c2 peaks,
Again the extreme peaks, at 2092 ané 2353 I.ZeV/c2 are not seen because
of a restriction imposed on slow proton length and the lack of energy,
roacpectivaly  Mhne nt hish enewsiac of inedident norticlan tha An
invariant mess spectra reveal five enhancements: at 2092 meV/cz, due
to the negative sigh low energy scattering length effect, at 2128
MeV/cz, due to two-body Ap resonance /2/ and at 2183,2256,2353MeV/c2,
which are far from thresholds and can be considered as good candida-
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tes for stranze, six—quark resonant states. According to the gsecond
fundamentcl hypothesis, the intensity of resonance peak must depend
on the momentum corresponding to the maximum of the A -hyperon momen-
tum spectrum. If such a mechanism is true, one can easily see that with
increasing the incident particle momentum, tlhe maximum of this spect-
rum has to tend to higher moments. In turn, in the invariant mass
spectra, it has to reduce the intensity of smaller mass resonances
and to increase the intensity of higher mass ones. The facts set

here seem to demonstrate the correctness of these ideas. It is note-
worthy an old suggestion of a Ap(2360) resonance /7/, close to
Ap(2354) of this paper. This information, issued from A.Wetherell,
attained the author through the mediation of P.Sonderreger. Thanks
are due to them,

The Afi-dibaryons (I=3/2,1/2, ¥=1,B=2,5=-1)

The simplest dibaryon resonance of hypercharge Y=1, undergoing
three-particle decay has been searched for in the ApUTir invariant
mass spectrum from interactions of incident neutrons with quasi~free
neutrons and free- and quasi-free protons (total electric charge Q=0
and Q=1, respectively,"nucleon-like" events ). The final states of

both Q=0 and Q=1 total charges contained protons of pds1.o GeV/c momen-
to, Pis, Lo roproconts e ’yf* mass speluiwg Gue o alli compinations
Apﬂ* + Ap+ , with positive unidentified particles of Py > 1.0 GeV/e
assumed to be ¥ -mesons. This is a plausible assumpion, because it
can be shown that only a small admixture of K' with momente p>1.0
GeV/c should be expected in this sample. A prominent peak near

2500 MeV/czis clearly seen. Fig.6b represents Ap#* mass spectrum
with no more than one doubly positive or neutral Ap#* combinations.
The rejection of extra combinations rather evenly lowers the spectrum
and the peak survives /1/. The Ap%* mauss spectrum of fig.6c is contri-
buted to by /\pﬂr* combinations with identified positive pions, i,e.,
with momente p,. € 1.0 GeV/c. Pinally, the spectrum of fig.6d is

made up of Apw* combinations with both positive and negative pion
momenta restricted to 1.0 GeV/c. The peak survivez in both later cases.
Three kinds of background were considered. 1) The background due
to combinations of A, p,JT* from various stages of intranuclear
cagscade processes. It was imitated by the invariant mass spectrum of
chance combinations of A, #* and z#— from another sample of nucleon-
like events, without seen protons, with the protons of the fundamental
sampleof nucleon-like events.2)The phase space volume distributions
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for AN = Ap(m¥); m=1,2,3,4 reaction channels, proceeding on bound
nucleons. 3) The phaese space volume distributions for nlNl —» ApK(m7);
m=1,2,3,4 reaction channels, proceeding on bound nucleons. All rest-
rictions, imposed on particle momenta in the real experiment were
taken into account both in 2) and 3) backgrounds. Let us stress that
the maxima of both 2) and 3)backgrounds are more shifted towards the
peak observed, than it would be in the case of the OBE model background.
Thus the use of phase space volume distributions lowers the signi-
ficance of possible resonance peeks. The analysis included the desc-
ription of the A;x”* mass spectrum by the combinations of various
numbers of Breit-iigner resonances and the background chamnels /1/.
Each component of the combination entered the A&f-functional with its
own weight, which had to be determined together with the resonance
parameters, masses and widths. Five hypotheses were tested for each
of histograms of fig.6.
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1)Nine-component background, no resonances - not signiTicant,

2) Only resonances, no background at all-zsignificant.

3) Only one resonance, no background - not significant.

4) Several Tresonances, not all kinds of background - significant.

5} Only one resonance and ﬁine—component background - significant.

The significance of the last hypothesis is the lowest among the three
significant ones. The best-fit parameters for the Bret-Wigner resonance
of fig.6c are M=(2495.218.7)U6V/c2, T =(204.745.6) MeV/c? its signi-
ficance defined by Nsd=12.8611.68 and production cross section per
carbon nucleons is & =(70.5+15.0) pb . This peak can be considered

as a good candidate for a six-quark Ap?T -dibaryon. The course of
analysis of Ap# mass spectra differed from that of Ap mass
spectrum, first because here there is only one peak, deserving this
name and, secondly, there are not yet available auxiliary experiments,
as were thie ones on Ap elastic scattering cross section measurement,
with respect to the fundamental experiment - the Ap
spectrum.

invariant mass

Aﬂhlbaryons (I=2,Y=0,B=1,8=-1)

A search for Hq4 baryons of stranzenecs 5=-1 has been undertaken
in a sample of nucleon-like events without seen protons. All positive-
ly charged particles of p, > 1.0 GeV/c were assumed Po be xt-mesons.
ine  Aw’sa’  invariant mass spectrum (fig.7) was fitted by a combi~
nation of seven Breit~Wigner resonances and 1) a background due to
the phese space volume distributions for reaction channels nN—»
+NK(m ); m=1,2,3,4 and 2) a background due to hyperons and pions from
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di fferent stages of intranuclear cascade processes. The best-fit para-
meters of resonances the numbers of standord deviations and resonance
production effective cross sections per carbon nucleus are shown in,the
table. In the AF F -invariant mass spectra there are also enhance-
ments {not significant) close to the bag model masses.

Conclusions

Below are shovm results on candidates for possible multiquark
resonant states. Good agreement with the MIT Bag Model predictions on
resonance masses should be stressed.

I. Strange dibaryons-candidates for q6—states
1. Ap(I=1/2, ¥=1, B=2, S=-1)

r > "Significance @& prod.
(lieV/c) (W

_Bag model predictions
g

51 > pros
(Liev/c®) st.dev, ¢ ( HeV/c?) JP
2255.240.4 16.942.3  B.U5+1.32  85.3+20.0 2241 2t
2354.3+0.7 56.1+5.0 6.25+1.25 65'0i17'0 2353 2

o - +

2183.240.6  3.740.7  5.5621.23  60.C415.0 2169 1

2. ApF (I=3/2, 1/2, ¥=1, B=2, S=-1)

e r Qi eniFinanre € rvnd Ras mndel nradistiane

/ol . 2y e T < —
{(MeV/c“) (lieV/c<) (Nst.dev.) (b)) (Mgv/cé) JP
2495,248.7 204.7+5.6 12.8641.68  70.5+15.0 2500 07,17,27

II. Strange exotic baryons-candidates for ﬁq4—states-A1r"'Jr*

r Significance @&prod. Bag model predictigns
M ign
2 . 2
{MeV/c“) (YeV/c“) (Nst.dev. ¢#b) v/62) 7P
1704.940.9  18.0+0.5 5.341.6 19.0+0.6 1710 1/
2071.624.C  172.9112.4 10.311.5  88.0+27.0 2120 /2"
2604.9+4.8  85.9+421.5 5.211.4 31.949.0 2615 3/2
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Wax6a3aH B.A. MynsTUKBAPKOBHE PE30OHAHCHME COCTOAHWA £E1-82-446

HccnepoBans MHBAPUAHTHHE CNEKTPH MacC COPOKA AEBATU CHCTEM B WWMPOKOM
AVMANa3oHe runep3apaga, CTPAHHOCTM U GApUOHHOrO uncna. Pe3OHaHCHWEe NWKW o6-
HapyKeH TONbKO B CNEKTPaX MHBAPMAHTHMX Macc cuctem ¢ Y < 1. Kanaupatamm
B WEeCTUKBAPKOBWE AMBAPUOHH CRefyeT CUMTATh PEIOHAHCHWE COCTOAHMA Ap 2183,
2255, 2354 M3B/c® n Apr 2495 MaB/c®. Euno HalifeHo ewe Tpu Kahaupata B §ot
coctoanma Artet 1705, 2072, 2605 MaB/c? . Maccw BCcex 3Tux KaHAWAATOB Ha-
XORATCA B XOPOWEM COrnacuM C NPeACKaszaHuaMu Mopenn mewwkoe MHT. Hanpauumsaer-
cA npasuno oT6opa no runep3apAgy: ''TMnepaapAg aAPOHHWIX PE3OHAHCOB B cnabux
rPaBUTAUMOHHEIX NOMAX HE MOKET NpessklaTh eauHuuw: Y < 1'.

Pa6ora euwnonHena 8 flaGopatopwmu BLICOKMX IHepruid OHAM.

NpenpuHt 06beAMHEHHOrO WHCTMTYTA AREDPHMX MCCNeROBAHMA. flyBna 1982

Shahbazian B.A. Multiquark Resonant States E1-82-446

The invariant mass spectra of forty nine hadronic systems with hyper-

charge, strangeness and baryon number, varied in wide limits have been stu-
A?nfl

am = 130a ..--.l”- bavn boam fanmd fe st o .
GOl WGde speviia

of YS1 systems only. Candldates for six-quark dlbaryons should be considered
Ap 2183, 2255, 2354 MeV/c® and Apr 2495 MeV/cZresonant states. Three
more candidates for gq* states were found Aws*s*: 1705,2072, 2605 MeVv/c®,
The masses of all these candidates are in good agreement with MIT Bag Model
predictions.A hypercharge selection rule is suggested: '"The hypercharge of
hadronic resonances in weak gravitational fields cannot exceed one Y §1',

The investigation has been performed at the Laboratory of High Energy
Physics, JINR.
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