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Exotic strange multibaryon states have been observed in the effective mass spectra of Azx®,
Anta=, Ap, App, Amp, AA and AKY, K2p, Kgfri subsystems. The measured A /7™ ratio for
average multiplicities from the pC reaction is equal to (5.3 4 0.8) - 102, and it is approximately
two times larger than the A /77 ratio simulated by the FRITIOF model and than that of experimental
pp reactions at the same energy. The observed well-known resonances X*1(1385) and K *£(892)
from PDG are good tests of this method. The mean value of the mass for the ¥*~ (1385) resonance
is shifted to 1370 MeV/c? and the width is two times larger than the same value from PDG. Such
kind of behavior for the width and invariant mass of the ¥*~(1385) resonance is interpreted as an
extensive contribution from stopped =~ — An~ and medium effect. There is enhancement of the
production contribution for all observed hyperons. A few events were registered by hypothesis of
light H9 and heavy H%* dihyperons. Dihyperons were observed by weak decay channels: (X~ p),
(Apm™), (ApnY), and (K ~pp).

U3mepeHo OTHOLIEHHE cpeHux MHoxecTBenHoctell A/m+ g pe xuun pC, koropoe npu6mu-
3UTEBHO B B p 3 Oonblie, 4eM OTHOIeHHe, uaMepenHoe Wi pe kuuu pC (o mopenu FRITIOF)
U Ul pe KUUM pp U3 aKcnepuMeHT . OOH pyxkeH psjl ocoOeHHOCTel B crieKTpe 3(ppeKTUBHBIX M CC
ana noneuerem: Ant, ArtrT, Ap, App, Amp, AA u AKY, K9p, K3nt. nenruduumpos bt
U3BECTHDBIE PE30H HCbHI Z*i(1385) u K*£(892) uz PDG, uro sBisercs XOpOIIUM TECTOM IJIsl 3TOro
Meron . OOH pyXeH YCHJIECHHBIH BBIXOX JUI BCEX 3 PErHCTPHPOB HHBIX THIIEPOHOB. B aTOM aKcIle-
puMente M cc  X*7(1385) peson Hc cMmemen o 3H uyenus 1370 MsB/c?, umpun B 2 p 3
Gonbiie, yeM 3H 4yeHue B PDG. T koe mnosenenue 3((eKTUBHOI M CChl M IIMPHHBI PE30H HC B
(A7~ )-cneKkTpe MHTEpIpeTHpyeTcs K K YCHISHHBIH BKJI J OT =~ — A7~ OCT HOBOK U BIIUSHHE
suepHoii cpensl. H  crepeodororp ¢usx, momydeHHbIX ¢ MPOI HOBOHM Iy3bIPbKOBOM K Mepbl, OOH -
PYXEHBI HECKOMBKO COOHITHII TIo THToTe3 M Jerkmit HO u Taxenstii HO 1 nurumepowsr co crp HHO-
cthio S = —2. Jlurureposl MIEHTHUIEPOB HEl MO K H 1 M p ci & (X7 p), (Apm~), (Apn®) n
K™ pp.

PACS: 14.20.Jn; 14.40.Aq; 25.80.Nv; 25.80.Pw; 14.20.Gk; 14.40.Ev; 14.20.Pt
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INTRODUCTION

The experimental data from the 2-m propane bubble chamber (PBC) [1-14]
for events with A and K¢ particles have been analyzed to search for exotic
multibaryon metastable and stable states [14-34].

There are a few topical problems of nuclear and particle physics concerning
this report. These are the following goals: strange baryons in medium, the
properties of cold dense baryonic matter and nonperturbative QCD [35-47], A
yields [53-66], the confinement of quarks in hadrons, the restoration of chiral
symmetry [76-232]. Strange multibaryonic clusters are an exciting possibility
of exploring the properties of cold dense baryonic matter and nonperturbative
QCD. Recently, the existence of discrete nuclear bound states of K°p has been
predicted with the phenomenological Kaonic Nuclear Cluster (KNC) model which
is based on the experimental information on the K°N scattering lengths, the
kaonic hydrogen atom, and the A*(1405) resonance [35-52]. Multiquark states,
glueballs and hybrids have been searched for experimentally for a very long time,
but none is established.

Strange particles have been obtained extensively in hadron—nucleus and
nucleus—nucleus collisions in the 4-15 GeV regions [53-58]. The experimen-
tal data from heavy ion collisions show that the K /7T ratio [64—66] is larger at
BNL-AGS energies than at the highest CERN-SPS energies and even at RHIC.
The experimental A /7™ ratio in the pC reaction is approximately two times larger
than this ratio in pp reactions or in pC reactions simulated by the FRITIOF model
at the same energy [14]. However, there are no sufficient experimental data
concerning strange hyperon production in hadron—nucleus and nucleus—nucleus
collisions over the 4-50 GeV/c momentum range.

A number of peculiarities were found in the effective mass spectra of Ar™,
Ant7~, Ap, App, Apm, AA subsystems. The observed well-known ¥*1(1385),
A*(1600), and K**(892) resonances are good tests for this method. The width
of ¥*7(1385) for the p + A reaction is two times larger than that presented
in PDG. The An~ spectra have the observed enhancement in the mass range
of 1317 MeV/c? which is interpreted as a stopped =~ in nucleus. The cross
section of stopped =~ production is 4 times larger than that obtained by the
FRITIOF model with the same experimental conditions. The mean value of mass
for the ¥*~(1385) resonance is shifted to 1370 MeV/c? and width is two times
larger than the same value in PDG. Such a behavior for width and mass of
the resonance in the (A7) spectrum is interpreted as an extensive contribution
from =~ — A7n~ stopped in medium of the nucleus. Signals for production of
A*(1600), A*(1690), A*(1750), and A*(1850) resonances are observed.

At present, the existence of S = —2 dibaryons, which are stable against
strong decays predicted by a number of theoretical models, is identified in the
experiments [68—135]. A lot of efforts for H-dibaryon hunting have been made
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although there have been no conclusive experimental results on the existence of
the H dibaryon [136-212]. A few events, detected (Table 9) in the stereopho-
tographs of the propane bubble chamber exposed to a 10 GeV/c proton beam,
were interpreted as S = —2 HY light (< M ap)) and heavy H%* by weak decay
channels [15-29].

Experimental efforts to find S = +1 ©% pentaquark [16,233] have been
motivated by report [213] where antidecuplet baryons were investigated by using
the chiral soliton (Skyrme) models. An opposite viewpoint is that all positive
results might arise from statistical fluctuations and do not reveal a true physical
effect [225].

The NO can be taken as a member of an antidecuplet, or an octet [213,218]
or an 27-plet [216]. On the other hand, Jaffe and Wilczek predicted a mass
around 1750 MeV and a width 50% larger for these states than those of the
©% [215]. These peaks could be interpreted as possible candidates for two
pentaquark states [20,21]: the N° with the quark content udsds decaying into
AK? and the =° resonance with the quark content udssd decaying into AK?.

The scalar mesons have vacuum quantum numbers and are crucial for the full
understanding of the symmetry breaking mechanisms in QCD, and presumably
also for confinement. In the recent topical review [232] it was suggested that
the lightest scalars are at the central core composed of four quarks. There
are theoretical arguments in favor of a light and broad x(800) [231] pole near
the K7 threshold. However, the experimental evidence is not conclusive [22—
30,239-243].

A survey of new experiments with much improved statistics compared to
those early PBC data would hopefully answer the question whether such «exotic»
multiquark hadron and baryon resonances exist.

1. EXPERIMENT

1.1. The Propane Bubble Chamber. Reliable identification of the above-
mentioned resonances requires to use 47 detectors and high-precision measure-
ments of the sought objects. The full experimental information of more than
700 000 stereophotographs or 10° p+propane inelastic interactions from the 2-m
propane bubble chamber at JINR, LHE, at 10 GeV/c are used to select events
with strange particles V° [1-15]. The conditions for primary proton beams are
tan o < 0.02, 1.62 < § < 1.69 rad. The effective ranges for registration of
stars by the Y coordinate are —80 < Y7 < —20 cm and 10 < Y11 < 80 cm
for the first and second parts of the chamber, respectively. The fit of the
GRIND-based program GEOFIT [2,3] is used to measure the kinematic para-
meters of the tracks: p, a, and . Measurements were repeated three times for
all events and fit by GEOFIT. The momentum resolution of charged particles
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is (AP/P) = 2.1% for stopped particles and (AP/P) = 9.8 % for nonstopped
particles. The mean values for the errors of the dip and azimuthal angles are
equal to (Atan ) = (0.0099 £ 0.0002) and (A5) = (0.0052 £ 0.0001) rad.

The estimation of ionization for charged tracks and length for stopped par-
ticles permitted one to identify them over the following momentum ranges [15]:
protons of 0.150 < P, < 0.900 GeV/c and K* of 0.05 < P, < 0.6 GeV/e.

1.2. Identification of A and K. The events with V? (A and K?) were
identified by using the following criteria [5—15]: 1) V' stars from the photographs
were selected according to the A — 7~ +p, K3 — 7~ + 7", and v — et +
e~ hypotheses. The low-momentum limits of KO and A are greater than 0.1
and 0.2 GeV/c, respectively; 2) V0 stars should have the effective masses of
K? and A; 3) the V° momentum and the momenta of the particles from the
V0 decay are located in the same plane (coplanarity); 4) they should have one-
vertex—three-constraint (1V3C) fit for the Mg or M, hypothesis and after the
fit, X%/o should be selected over the range smaller than 12; 5) the analysis of the
experimental data has shown that the events with undivided AK? were assumed
to be A hyperons [5,14].

All VO are classified into three groups. The first group comprises Vs events
which could be uniquely identified with the above criteria (1-4) and with bubble
densities from the positive track of Vs, too. The second grade comprises Vs,
which could be undivided AK?. For correct identification of the undivided
V0, the o (Armenteros parameter) and the cos 0% _ distributions (Fig. 1) are
used

a= (B = PB)/(F + ), M

where P”Jr and Plr are the momentum components of positive and negative

charged tracks relative to the direction of the V9 momentum; 97”;_ is the an-
gle between 7~ (from VO decay) and V° in the V° rest frame. o (Fig.1)
and the cos 0% _ distributions from the K?(A) decay were isotropic in the K
rest frame after removal of undivided K{(A). Then these K%(A) events were
assumed to be A hyperons. After this, we show in Fig.1,c that the cos 07 _
distributions for the A+K?(A)s are also isotropic in the VY rest frame. The
results of the above procedure are as follows: the loss of K? is 8.5% and
the admixture of KO in As events is 4.6%. The third group comprises Vs
which could be invisible Vs at a large azimuth angle ¢ [5]. The average
¢ weights are equal to (wg) = 1.06 + 0.02 for K? and (ws) = 1.14 & 0.02
for A.

Figures 2, a, ¢ and b, d show the effective mass distribution of A(8657 events),
K%(4122 events) particles and their x? from kinematics fits, respectively. The
expected functional form for y? is depicted by the dotted histogram. Each V°
event has a weight wgcom, Where the average geometrical weights are 1.34 +0.03
for A and 1.22 £ 0.04 for K° [15].
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Fig. 1. Distributions of « (Armenteros parameter) and cos 6 used for correct identification
of the undivided K2 (A). a = (PH+ 7PH_)/((P|T+P”_), where PH+ and P are the parallel
components of momenta of positive and negative charged tracks from the V° relative to
the direction of the V° momentum. cos 6* is the angular distribution of 7~ from K2 (A)
decay in the rest frame of K2 (A). Distributions of o and cos § must be isotropic in the
rest frame of K?. Therefore, undivided AK? must be assumed as A hyperons

A possibility of imitating A and KO by neutron stars was made by the
FRITIOF model [12]. The hypothesis reactions p + propane — n + X, n +
propane — 7~ p (or 7~ T)X? with Fermi motion in carbon were simulated.
Then, these events were analyzed by using the same experimental conditions as
those used for the selection of V. This analysis showed that the background
from neutron stars was < 0.1 % for A and < 0.001 % for Kg events.
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Fig. 2. Distribution of experimental V' events from interactions of beam protons with
propane: a) for the effective mass of My; b) for x5 (1V — 3C) of the fits via the decay
mode A — 7~ + p; c) for the effective mass of Myo; d) for X%0(1V — 3C) of the fits

via decay mode K? — 7~ + . The expected functional form of x? is depicted by the
dotted histogram

1.3. The Selection of Interactions on the Carbon Nucleus. The p + C —
ANK S)X reactions were selected from CsHg by using the following criteria [4,7]:

1.Q=
2.

Ny —n_ >2;

np +np > 1;

. nd+nf > 0;

n_ > 2;
.ny=2k+1(k=0,1,2);
-my = (Ep(A) = Pyeay cos (Opa))) > my.
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n4 and n_ > are the number of positive and negative particles on the
star; n, and n, are the number of protons and A hyperons with the momentum
P < 0.75 GeV/c on the star; ng and n’g are the number of protons and A
hyperons emitted in the backward hemisphere; Ep( A)> Pp( A)> and 9p( A) are the
energy, momentum, and emission angle of protons (or As) in the lab. system;
my and m,, are the effective target mass and the proton mass, respectively. Only
~ 83% inelastic p + C interactions were separated by these criteria [8].

The p + propane — A(K?) reaction was simulated by using the FRITIOF
model [12] with experimental conditions. Then the influence of above criteria was
analyzed when pC interactions were selected from the simulated p 4 propane —
A(KY) reactions. This simulation showed that the lost events were 18 and 20%
from the interactions pC — AX and pC — KX, respectively. These results
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Fig. 3. Experimental (dashed) and FRITIOF-simulated (solid) distributions of A hyperons
and K? mesons in the p+ C interaction at 10 GeV/ec: a, €) in the transverse momentum py,
GeV/e; b, f) in the momentum piap, GeV/c; ¢, g) in the longitudinal rapidity Yiab; d, h) in
the azimuthal angle cos © (in the CM of p + p collisions)
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are obtained without correcting by condition, when all undivided K?(A) were
assumed to be A hyperons. Contributions from the reactions pp — AX and
pp — KVX in reactions of pC — AX and pC — K%X were estimated by the
FRITIOF model similarly and they were 1.0 and 0.3%, respectively.

Figure 3 compares the momentum, cos 6 in the c.m. nucleon—nucleon system,
transverse momentum p;, and longitudinal rapidity distributions of A and K9 for
experimental events (dashed line) and those simulated by the FRITIOF model
(solid line) in p+C interactions, which are selected from p+propane — A(K?)X.
From Fig.3 one can see that the experiment is described by the FRITIOF model
satisfactorily.

1.4. The Measured Cross Sections of A and K°. The cross section is defined
by the formula:

; )

VO Vo
O—ONT JrNr Whyp Wgeom wd) Wkin Wint
g = I I w; =
i

e N,e1eses

where 1/e; = 1.144-0.04 is the efficiency of the search for V? in the photographs,
1/es = 1.2540.02 is the efficiency of measurements and collection of V' events
after all measurements, e is the probability of decay via the channel of charged
particles (A — pr—, K — n777), 09 = 0,./N, is the total cross section, where
o, is the total cross section for registered events, N, * and N, (= 750000) are the
experimental number of registered Vs and p + C interactions over the effective
range of the chamber, respectively; oy(p + CsHs) = 30,c + 80pp = (1456 £
+88) mb [13], where oy, 0,,c, and oy, are the total cross sections in interactions
of p+C3Hg, p+C, and p+p, respectively. The propane bubble chamber method
permitted the registration of the part of all elastic interactions with the propane;
therefore, the total cross section of the registered events is o,(p + CsHs) =
30,c (inelastic) 4+ 80y, (inelastic) 4+ 8o, (elastic) 0.70 = (1049 + 60) mb [6,7].

Registration efficiencies obtained for experimental conditions are defined as
e; =n;/N and Ae; = \/e;(1 4+ ¢e;)/N, where n is the number of selected events
with some experimental conditions and N is the total number of events.

The experimental cross sections for the interactions pp — AX and pp —
K?X at the beam momentum 10 GeV/c are taken from the compilation for cross
sections and they are (0.8 £ 0.08) mb for A hyperons and (0.43 £ 0.04) mb for

Table 1. Cross sections for production of A hyperons and K° mesons in the pC inter-
action at the beam momentum 10 GeV/c

Type of exp. | Weum = [T w: Nyo N i

reaction Nyo l:[ total | VO T Nyo/Nin o, mb
pC — AX 6126 4.37 26770 0.053 13.3+1.7
pC — K%X | 3188 2.93 9341 0.018 4.6+0.6
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K? mesons. The experimental inclusive cross sections for A and K? production
in the p'?C collision are equal to oy = (13.3+1.7) and oo = (4.6 £ 0.6) mb,
respectively [14] (Table 1).

2. THE A/x+ RATIO FOR C + C REACTION

2.1. Preview. Strange particles have been extensively obtained in hadron—
nucleus and nucleus—nucleus collisions at 4-15 GeV [53-58]. The number of
As produced in the p + Ta reaction at 4 GeV/c was 11.3 times larger than that
expected from the geometrical cross section in the KEK 1-m hydrogen bubble
chamber [53]. In experiments AGS with Au(Si) + Au collisions at 10.7 [56],
11.6 [57], and 14.6A GeV/c [58], the KT /7t (A/7™T) ratio is four-to-five times
larger than the K+ /7" (A/7") ratio from the p+p reaction at the same energy. In
heavy ion Pb + Pb central interactions (NA49 Collaboration) the KT yield from
p+ p reactions increases faster with increasing beam energy as compared with the
7T yield (KT /7 ratio) from p+ p reactions at momenta 4-160A GeV/c [64-66]
(Fig. 4, a). Therefore, the analysis of strange hyperon and K total yields [64—66]
is of great interest as an indicator of strange quark production. If the hadronic
rescattering mechanism dominates strangeness enhancement at 104 GeV, how
rapidly does it reduce as the beam energy increases [65]? This behavior is of par-
ticular interest as it could be a signal of new dynamics for strangeness production.
Strangeness enhancement was analyzed regarding such reaction mechanisms as a
possible signature for the quark—gluon plasma(QGP) [59,60], as the multinucleon
effect [61], or the fireball effect [62], or as the deconfiment signal, within the
context of thermal equilibration models [63—66].

It has already been experimentally observed in the energy dependence of
the K /7" ratio and is predicted to be even more pronounced in the A/7™
ratio [63-66].

2.2. The A/ * Ratio. Ratios of average multiplicities of A hyperons and K?
mesons to multiplicities of 7% mesons in the p + C interaction at beam momenta
4.2 and 10 GeV/c are shown in Table 2. The experimental A/7™ ratio agrees
with the FRITIOF simulated ratio at the momentum 4.2 GeV/c (Table 2), but at
the momentum 10 GeV/c it is approximately two times larger than the FRITIOF
ratio in the reaction pC.

The A/7t ratio for the C + C reaction is shown in Table 3 and in Fig.4,b.
This A/7* ratio for the C + C reaction at the momentum 10 GeV/c was obtained
by using the FRITIOF model and the Glauber approach from the experimental
cross section for the p+C — AX reaction. As can be seen from the experimental
data in Table 3 and the thermal statistical model (Fig. 4, b) there is pronounced
enhancement especially for the A/7* ratio at 10-154 GeV/e.
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Fig. 4. a) K / 7t ratio obtained around midrapidity as a function of /s from the various
experiments. For the references for all data points see [63,64]. The solid line shows
the results of the statistical model in complete equilibrium. The value at RHIC was
estimated using the results from the STAR Collaboration on the K~ /7~ and K /K~
ratios, assuming 7~ / 7T = 1.007. b) The prediction of the statistical-thermal model [64]
for A/W+(S01id line, note that this ratio is divided by 5), and =~ /7T+(dashed line) and
Q™ /mT (dash-dotted line) ratios as a function of /s. For compilation of AGS data
see [66]. The A/m™ ratio in the interaction C 4 C in the figure is obtained by using the
data from this experiment



1022 ASLANYAN P.Zh.

Table 2. Ratios of average multiplicities of A hyperons and K2 mesons to multiplicities
of " mesons for the p + C interaction at beam momenta 4.2 and 10 GeV/c

pC (this pC Cp Cp
Ratios, 102 experiment, | (FRITIOF, | (experiment [4], | (FRITIOF,

10 GeV/e) | 10 GeV/c) 4.2 GeV/c) 4.2 GeV/c)
(na/nx+) 5.3+0.8 2.6 0.740.3 0.9
(an /M) 1.840.3 1.8 0.34+0.2 0.3

Ratios, 102 4.2 GeV(c [4,8], | 10 G?V/c,
experiment experiment
(na/Nrg) 2.0£0.6 109+1.7

Table 3. Ratios of average multiplicities of A hyperons to multiplicities of 77 mesons
for C + C interaction at the beam momentum 4.2 and 10 GeV/c

3. THE EFFECTIVE MASS SPECTRA FOR §=-1, -2
MULTIBARYON STATES WITH A HYPERON SYSTEMS

3.1. Preview. The first evidence for Quantum Chromodynamics (QCD), the
theory of the strong interactions, came from the systematics of baryon and me-
son spectroscopy. As far back as 1977, Jaffe [68], using the bag model in
which confined colored quarks and gluons interact as in perturbative QCD, sug-
gested the existence of a light nonet composed of four-quark mesons, five-quark
baryons, six-quark dibaryons, etc. Multiquark resonance formation with A hy-
perons via the compression mechanism reduces to the phase transition of nor-
mal density to superstrange hadronic matter revealing itself as multibaryon reso-
nances in the above presented models and especially in the bag models calculation
in [68,69,134,135].

The H dibaryon is a spin and isospin singlet, spin-flavor symmetric, positive
parity state composed of six quarks (uuddss). Many theoretical calculations of
the H-dibaryon mass and structure were performed using various models and
theories [68—135]. Since Jaffe’s prediction, many theoretical calculations were
made to predict the mass of the H dibaryon, employing various QCD-inspi-
red models: bag model [69-80], nonrelativistic quark cluster model [88, 89-98],
Skyrme model [81-87], and so on [107-118], QCD sum rule [102,103] and lattice
QCD [99-101]. Many of them predict the bound state. However, the results of
calculations spread over a wide range as shown in Fig. 16. Theoretical analyses
of the production [119, 189-203] of the H dibaryon in various processes were
performed mainly by the coalescence model.

The H dibaryon may exist in another environment, e.g., in a double hy-
pernucleus or in some special astrophysical objects. Double hypernucleus data
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have important meaning for the existence of the H dibaryon in the sense that the
binding energy of two As is related to the lower limit of the H-dibaryon mass.
However, whether the S = —2 component in a double hypernucleus takes the
form of AA is not a trivial problem, and it is possible that a double hypernu-
cleus is an H-nucleus state [207,212]. The possibility that H-dibaryon matter
may exist in the core of a neutron star was also pointed out [211]. Consider
a double hypernucleus which is formed by the fusion of a nonstrange nucleus
and two As with their binding energy Bax = M(A722) + 2My — M (4, 2).
Therefore, the existence of a double hypernucleus means that the mass of the H
dibaryon should be heavier than the mass of the two As minus the binding energy:
Mg > 2Mp — Baa. A few events of double hypernuclei were reported. Old
nuclear emulsion experiments reported S§Be [204] and ,§He [205]. The former
was reanalyzed by Dalitz et al. [208]. An emulsion-counter hybrid experiment
(KEK E176) reported that an event [206] can be interpreted as /%RBe [206,209]
or 13B [206,209,210]. Many projects for double hypernucleus hunting are going
on. The estimated binding energy of the H particle is model-dependent, and
ranges from positive (unbound) to —650 MeV (quite strongly bound).

A single mass formula inspired by the spinflavour SU(6)-symmetry breaking
is used to estimate the hyperon binding energies of A, double A, ¥, cascade and
0 hypernuclei [47]. The Ad and Xd scattering lengths were obtained by using
baryon-baryon interactions from a chiral constituent quark model, which correctly
predicts the hypertriton binding energy [46].

Instead of the Yukawa mechanism for intermediate-range attraction, some
new approaches, based on formation of the symmetric six-quark bag in the state
|(05)6[6]z, L = 0) dressed due to strong coupling to m, o, and p fields, are
suggested [71].

Recently, exotic light nuclear systems involving K (K~ and K9) as a con-
stituent have been predicted on the basis of phenomenologically constructed KN
interactions [35-39]. One of the most obvious candidates for the simplest KNC
can be the strange baryon A(1405) with the mass my(1405) = (1406 £ 4) MeV
and the width I'y(1402) = (50 £ 2) MeV [10]. According to Akaishi and Ya-
mazaki [35], the strange baryon A(1405) can be treated as a bound K ~p pair or
%H with isospin I = 0. The exotic structure involving a K was also studied
by the Antisymmetrized Molecular Dynamics method by Dote et al. [39]. This
method can predict the density distributions of the constituent K, protons, and
neutrons, as shown in Fig. 5.

The FINUDA (INFN), FOPI (GSI), OBELIX (CERN), PS E549 (KEK) and
PS E471 (KEK) Collaborations also reported [43-52] results of the analysis of
the Ap and Ad correlations (Table 4).

At present the experimental situation is confusing; so is theory. No exotic
mesons and exotic baryons (except for recent discoveries) have been observed
either. The classic example is a baryon with positive strangeness, a Z as it is
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Table 4. Effective mass, width (I') and S.D. for observed exotic strange resonances

Resonance Statistical
Collaboration Type of decay Mres’Q L'~ o | significance
collisions MeV/c MeV/c
mode S.D.
FOPI Al + AL Ap 2120+ 10| 59 + 12 5.0
Ni + Ni 2140 £ 10| 59 + 19 54
FINUDA K~ stopped in '2C Ap 2255+ 9 | 67+ 14 7(10)
and ®7Li
Obelix p stopped “He Ap 2209 <244 3.7
FOPI Ni + Ni Ad 3149 + 15| 100 + 49 4.9
FINUDA K~ stopped in SLi Ad 3251 +6 | 37r£14 3.9
KEK549 K~ stopped in He Ad — — —
Obelix D stopped in *He Ad 3190 £15| < 60 2.6

known, with the valence quark content uudds [67]. Despite years of theoretical
and experimental work, QCD has not yet yielded the secrets of confinement
dynamics, the structure of quark correlations and the problem of exotics. These
are fundamental questions of great importance in particle physics.
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3.2. Experimental Background. The total experimental background has
been obtained by three methods. The first is a polynomial method, where the
experimental distribution on effective mass with removed areas of the resonance
was approximated by the polynomial function, while this procedure provided the
fit with x2 ~ 1 and the polynomial coefficient with errors of less than 30%.

The second is a mixing method, where the angle between decaying particles
for experimental events is randomly mixed (described in [11]). This background
was obtained using our experimental condition. Then, the effective mass distrib-
ution was fitted by the polynomial function.

The third type of background for the effective mass was obtained by the
FRITIOF model [12]. In all figures, the simulated background distribution was
normalized to the experimental distribution.

The signal from the resonance is identified by using the fit with
formula [9]

do(M)
dm

= BG(M) + BW(M) - PS(M),

where BG is the background, BW is the Breit-Wigner function, and PS is phase
space.

The statistical significance of resonance peaks was calculated as NP/ VNB,
where NB is the number of counts in the background under the peak, and NP is
the number of counts in the peak above the background.

3.3. (A, ") Spectra. The An™T effective mass distribution for all 19534 com-
binations with the bin size 12 MeV/c? is shown in Fig. 6, a [27-30]. The bin size is
consistent with the experimental resolution. The upper dashed curve (Fig. 6, a) is
the sum of the background and 1 Breit~-Wigner function (x?/n.d.f. = 79/95). The
background (lower dashed curve) is the six-order polynomial function (Fig. 6, a).
The dashed histogram is always the simulated background by the FRITIOF model
in the figures. The mass resolution is AM/M = 0.7% in the mass range of
$*+(1382). The decay width is I' ~ 45 MeV/c?. The cross section of $*T(1382)
production (=~ 540 exp. events) is approximately 0.9 mb for the p+ C interaction.
This observed resonance ¥*+(1382) — An™ was a good test of this method.

Figure 6,b shows the A7™ spectrum in the momentum range P, < 1 GeV/c
with the bin size 14 MeV/c? for 9095 combinations, where combinations with
protons are removed. In Fig. 6, b, the Aw™ spectrum (dashed curve) is approxima-
tion by the eight-order polynomial form with x?/n.d.f. = 459/98. In this case,
the A7™ spectrum is described by the FRITIOF model satisfactorily (Fig. 6, b).

34. (A,7w7) Spectra. The An~-effective mass distribution for all 6465
combinations with the bin sizes of 14 and 8 MeV/c? are shown in Fig. 6, c, d.
The upper dashed curve (Fig. 6,c) is the sum of the background (by the eight-
order polynomial) and 1 BW function (x?/n.d.f. = 41/54). There is significant
enhancement in the mass range of 1370 MeV/c? with 12.5 S.D., T’ = 92 MeV/c?.
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spectrum in the momentum range of Py < 1 GeV/c with the bin size of 14 MeV/c?;
¢) Aw~ spectrum for all combinations with the bin size of 14 MeV/c*; d) Ar~ spectrum
for all combinations with the bin size of 8 MeV/c?; €) A~ spectrum in the momentum
range of P, < 0.6 GeV/c with the bin size of 10 MeV/c?; f) Am~ spectrum in the
momentum range of P, < 0.6 GeV/c with the bin size of 8 MeV/c?. The events simulated
by FRITIOF model are shown by the dashed histogram. The background is shown by the
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The cross section of ¥X*~ production (= 680 events) is ~ 1.3 mb at 10 GeV/c
for the p + C interaction. The observed width for ¥*~ is ~ 2 times larger than
the PDG value. One of the possible explanations is nuclear medium effects on
invariant mass spectra of hadrons decaying in nuclei [42]. There is also significant
enhancement in the mass range of 1480 MeV/c? (3.9 S.D.). There are small
enhancements in the mass ranges of 1320, 1520, and 1550 MeV/c2. Figure 6,d
shows the same effective mass distribution with the bin size of 8 MeV/c?, where
there are enhancements in the same mass regions of 1320, 1480, 1520, and
1550 MeV/c?, too. In this case, the peak in the mass range of M (1370) decays
into three ranges: M (1317)+ M (1360)+ M (1385), where M (1317) and M (1385)

Fig. 7. a,b) The candidates for the =~ hyperon were observed in the sample of the so-
called one-negative-prong secondary events imitating a weak decay =~ — A+7 . ¢) The
candidate H dihyperon was observed in the sample of the so-called one-positive-prong
secondary event which imitates the weak decay H* — p+ A% + v or p+ A + 7° [15]



1028 ASLANYAN P.Zh.

can be interpreted as contributions from =~ and X*~(1385). Then the M (1360)
peak can be interpreted as contribution from phase space or medium effect with
¥*7(1385) in the carbon nucleus.

Figure 6,e, f shows the An~ effective mass distribution for 3829 com-
binations with the bin sizes 10 and 8 MeV/c? over the momentum range of
P, < 0.6 GeV/c, where combinations with K~ are removed. The upper dashed
curve (Fig. 6, e) is the sum of the background (eight-order polynomial) and 2 BW
function (x?/n.d.f. = 81/73). After the fit of this effective mass distribution by
2 BW function, the observed width for 3*~(1375) is = 58. In this case the width
decreased and is ~ 1.5 times larger than the PDG value.

Figure 6, f shows that the spectrum in the mass range of M (1375) decays
into two mass ranges M (1360) + M (1385). After the cut of P, < 0.6 GeV/c
the behavior of the Am~ spectrum is not changed. The dashed curve (Fig.6, f)
is a six-order polynomial. There are small enhancements in the mass regions
of 1320 (4.1 S.D.), 1480 (4.2 S.D.), and 1550 (3.7 S.D.) MeV/c?. The number
of =~ stopped in nuclear medium is ~ 60 events for p + propane interaction.
The observed experimental cross section for stopped =~ is more than 4 times
larger than the cross section which is obtained by the FRITIOF model for the
same experimental conditions. The total number of events w by the weak decay
channel with £~ is ~16 (where w = 1/ep = 5.3 is a full geometrical weight
of registered As) [15]. Then the experimental cross section for identified =~ by
weak decay channel [15] (Fig. 7) is more than two times larger than that from the
calculation by FRITIOF. In this bin case, the width of ¥*~(1375) for the p + A
reaction is ~ 1.5 times larger than that presented in the PDG.

Figure 7 shows that there is a significant enhancement in the mass ranges of
>*7(1480) which agrees with the report from the SVD2 Collaboration, too [237].

4. (A, p) AND (A, p, p) SPECTRA

Figure 8, a shows the invariant mass for all Ap 21500 combinations with the
bin size of 8 MeV/c? [24]. There are small enhancements in the mass regions
of 2100, 2212, and 2310 MeV/c? (Fig. 8,a). There is a significant signal in the
region of 2155 MeV/c? (> 6 S.D.)

There are published reports [24—29] for the (Ap) invariant mass with identified
protons in the momentum range of 0.350 < P, < 0.900 GeV/c (Fig.8,b). The
solid curve is the sum of the background obtained by the polynomial method
and 4 Breit—-Wigner resonance (BW) curves (Fig.8,b). There are significant
enhancements in the mass regions of 2100, 2175, 2285, and 2353 MeV/c?. Their
excess above the background obtained by the second method is 6.9, 4.9, 3.8,
and 2.9 S.D., respectively. There is also a small peak in the mass region of
2225 MeV/c? (2.2 S.D.).
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Fig. 8. a) The Ap spectrum for all combinations; b) the Ap spectrum with identified protons
in the momentum range of 0.35 < P, < 0.90 GeV/c. The dashed histogram is events
simulated by FRITIOF model. The dashed curve is the experimental background

Figure 9, a shows the invariant mass of 4669(Ap) combinations with the bin
size of 15 MeV/c? for stopped protons in the momentum range of 0.14 < P, <
< 0.30 GeV/c. The dashed curve is the sum of the eight-order polynomial and
4 Breit-Wigner curves with x? = 30/25 from fits (Table 5). The significant
peak in the mass range of 2220 MeV/c? (6.1 S.D.), Bx = 120 MeV was spe-
cially stressed by Prof. T. Yamazaki at «uCF2007», Dubna, June 19, 2007 that is
conformed by the KNC model [35] prediction by channel K~ pp — Ap.

The Ap effective mass distribution for 4523 combinations with relativistic
protons over a momentum of P > 1.5 GeV/c is shown in Fig.9, b, where undi-
vided (AK?) are removed. The solid curve is the six-order polynomial function
(x*Mm.d.f. = 271/126). The background for analysis of the experimental data is
based on FRITIOF and the polynomial method. There are significant enhance-
ments in the mass regions of 2150 (4.4 S.D.), 2210 (3.8 S.D.), 2270 (3.4 S.D.),
2670 (3.1 S.D.), and 2900 (3.1 S.D.) MeV/c?. The observed peaks for the com-
binations with relativistic protons P > 1.5 GeV/c agree with the peaks for the
combination with identified protons and with stopped protons (Table 5).

Figure 10, a,b shows 1945 combinations for the Ap spectrum over the mo-
mentum range 0.3 < P, < 0.95 GeV/c with the bin sizes of 15 and 18 MeV/c?
where the background from 7% and undivided (AKE) combinations is removed.
The upper dashed curve is the sum of the background obtained by the polyno-
mial method and 2 BW functions (Fig. 10,a). The dashed curve in Fig. 10,5 is
a six-order polynomial function with x?/n.d.f. = 149/68. There are statistical
significance signals from Fig.9,a, b in the mass regions of 2100 (4.0 S.D.) and
2165 (4.7 S.D.) MeV/c?. The peak at 2175 MeV/c? shifted to 2165 at the bin
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Table 5. Effective mass, width (I") and S.D. for exotic strange resonances observed in
p + propane collisions

Collisions | M (res.), MeV/c? | T, MeV/c? S.D.
Ap 2100 24 5.7
2150 19 5.7
2220 23 6.1
(2270) 2310 30 3.7
2380 32 3.5
App 3145 40 6.1
3225 50 3.3
3325 53 4.8
AA 2365 55 45
2525 63 3.0
K% 1540 9.2 5.5
K% 1613 16.1 4.8
K% 1821 28.0 5.0
AK? 1750 14+6 5.6
1795 26 + 15 3.3
Kort 885 48 6.0-8.2
780-800 10 2.5-4.2
720-730 > 30-135 | 4.1-15.2
1060 — 4.1

80f 90
F 80
70
T b7
Us >
= f = 6
w 50 o
= ol =
4 [
OE 40
30§ 30
20, 20
10 10
L1 ol b b by by o I8
0 22 24 26 28 3 32 0 22 24 26 28 3 32
My GeVic? My GeVic?

Fig. 10. a) Ap 1945 combinations over the momentum range of 0.3 < P, < 0.95 GeV/c
with the bin sizes of 15 and 18 MeV/c? without #& and undivided (AK 9. The dashed
curve is the experimental background
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size of 18 MeV/c? in Fig. 10,b. There are small enhancements in the mass re-
gions of 2310 (2.7 S.D.), 2380 (2.2 S.D.), 2500 (2.3 S.D.), and 2880
(5.5 S.D.) MeV/c? (Fig. 10, b).

The App effective mass distribution for 3401 combinations for identified
protons with a momentum of P, < 0.9 GeV/c is shown in Fig.9,e [27-29].
The dashed curve is the six-order polynomial function (x?/n.d.f. = 245/58,
Fig.9,e). In this case the analysis of the experimental data is based on the
background obtained by the FRITIOF and the polynomial method. There is a
significant enhancement in the mass regions of 3145 MeV/c? (6.1 S.D.)
(with width 40 MeV/c?). There are small enhancements in the mass regions
of 3225 (3.3 S.D.), 3325 (5.1 S.D.), 3440 (3.9 S.D), and 3652 (2.6 S.D.) MeV/c?
(Table 5). These peaks from the Ap and App spectra were partly conformed with
experimental results from FOPI (GSI), FINUDA (INFN), OBELIX (CERN), and
E549 (KEK).

4.1. The Simulated (A, p) Spectra in the p + C Collision at 4.5 GeV/c. The
inclusive cross sections are ~~ 2.2 mb for A and ~ 20 ub for (A, p) productions
at 4.5 GeV/c for pC — AX. There are 2 - 105 background events of the pC —
— ApX reaction simulated by the FRITIOF and 150 signal events simulated by
GENBODY for the resonance of M,es = 2095 MeV/c?. The number of As is
20135 (Fig. 11, a). The experimental effective mass resolution is AM;es/Myes =
= 0.5%. There is not a signal for (A, pos. tracks) combinations. The significant
signal (4.5 S.D.) is observed only for the (A, p) combination with the cut of
momentum 0.3 < p, < 1.0 GeV/c. The peak is observed in the background
distribution in the mass region of M (2140) which is interpreted as reflection
from the well-known X**(1385) resonance (Fig. 11, b).

4.2. The Simulated (A, p) Spectra for the p + D Collision at 30 GeV/c. The
inclusive cross sections are =~ 5.4 mb for A and ~ 40 ub for (A, p) productions
in the p + D reaction at beam momentum 30 GeV/c. There are 105 background
events of the pC — AX reaction simulated by the FRITIOF and 800 signal
events simulated by GENBODY for the resonance of M. = 2095 MeV/c?. The
number of As is 107600 (Fig. 11, ¢). The experimental invariant mass resolution
is AMyes/Myes = 1%. Figure 11,d shows (A, pos. tracks) combinations over
the mass range 4 < p < 10 GeV/c, where 7+ and KT combinations are re-
moved. There is not a signal from the simulated resonance for (A, pos. tracks)
in Fig. 11, ¢,d. Figure 11e, f shows a signal only for (A, p) combinations only.
There is a significant signal in the mass range of 2095 MeV/c? in Fig. 11, e which
increases over the momentum range of 4 < p, < 10 GeV/c (Fig. 11, f).

4.3. (A, A) Spectra. Figure 9, f shows that there is a significant enhance-
ment in the mass region of 2370 (4.5 S.D.) MeV/c? for the A, A spectrum (201
combinations). This peak agrees with theoretical predictions and with the ear-
lier published result from neutron exposure by the PBC method and very poor
statistics, too. There is negligble enhancement in the mass ranges of 2250, 2530,
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Fig. 11. a) The (A, p) invariant mass distribution for the p 4+ C reaction at 4.5 GeV/c
simulated by FRITIOF model; b) the simulated (A,p) spectrum over the momentum
range of 0.3 < P, < 1.0 GeV/c for the p + C reaction at 4.5 GeV/c; ¢) the (A, pos.
track) spectrum for p + D reaction at the beam momentum of 30 GeV/c simulated by
FRITIOF model; d) the simulated (A, pos. track) spectrum over the momentum range of
4 < P, < 10 GeV/c for the p + D reaction at the beam momentum of 30 GeV/c; e) the
simulated (A, p) spectrum for p + D reaction at beam momentum of 30 GeV/c; f) the
simulated (A, p) spectrum over the momentum range of 4 < P, < 10 GeV/c for the
reaction p + D at the beam momentum of 30 GeV/c. The solid histogram is the sum of
the simulated background (dashed line) and the signal from the resonance
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and 2612 MeV/c? (3.0 S.D.), too (Table 5). Figure 9, g shows the same distri-
bution for 137 (A, A) combinations where undivided AK? events are removed.
Figure 9,¢ shows that there are not signals in the mass ranges of 2250 and
2612 Mev/c?.

4.4. (A, 7", 7v~) Spectra. The AnTr~ effective mass distribution for all
6483 combinations with the bin sizes 24 and 13 MeV/c? is shown in Fig.12,a,b.
The dashed curve and dashed histogram are backgrounds obtained by the poly-
nomial function and FRITIOF methods, respectively. There are significant en-
hancements in the mass regions of A*(1750) (4.2 S.D.,T'. =78, ' = 54 MeV/c2,
AM = 24 MeV/c?) and A*(1830) (5.6 S.D., I'. = 76, I' ~ 51 MeV/c?). There
are small enhancements in the mass regions of 1530 (2.6 S.D.), 1600 (3.1 S.D.),
1830-1860 (3.0 S.D.), (1930-1940), 2030, and 2250 MeV/c?> which can be in-
terpreted as a reflection from the resonances of A*(1520), A*(1600), A*(1750),
A*(1850) and =*(1830)(— AKY?), X*(1940) (and Z*(1950) — AK?), ¥*(2030)
(and =*(1950) — AKY), and 3X*(2250) from PDG.

Figure 12, ¢, d shows the AxT7~ effective mass distribution for 3618 com-
binations with bin sizes 19 and 14 MeV/c? at P, < 0.6 GeV/ec. In the restricted
interval P, < 0.6 GeV/e, from positive tracks combinations for the Arntn—
spectrum there remained only combinations from 7. The statistical significance
from the signals in Fig. 12, a, b decreases for the same mass regions. In Fig. 12, ¢
there is a significant signal in the mass range of A*(1600) (4 S.D.). Figure 12,c¢
with the bin size 14 MeV/c? shows that there are not significant signals from the
well-known resonances in this case.

The AnT7~ effective mass distribution for 3476 combinations with the bin
size of 36 MeV/c? is shown in Fig. 12, ¢ without undivided A, Kg events. The
dashed curve is the background obtained by the polynomial method. There
is significant enhancement in the mass region of A*(1600) (5.5 S.D., ', =
80 MeV/c?, AM = 24 MeV/c?) with the width 56 (from the PDG). There are
small enhancements in the mass regions of A*(1520) (3.5 S.D.), A*(1690) (3.8
S.D.), and A*(1800) (2.8 S.D.) MeV/c? which are interpreted as a reflection from
the resonances A*(1520), A*(1690), and A*(1800) from the PDG.

There are not observed exotic states which were earlier observed and pub-
lished for AxT 7t spectrum (in the mass ranges of 1704, 2071, 2604 MeV/c?)
with small statistics in neutron exposure by PBC method [31,32].

4.5. (A,p,77) Spectra. In Fig. 12, f the (A,p, 7)) effective mass distrib-
ution for 3892 combinations for identified protons in the momentum range of
P < 0.9 GeV/c with the bin size 32 MeV/c? can be fitted by the six-order poly-
nomial function which is satisfactorily described by the experimental data with
x?/(n.d.f.) = 1. The FRITIOF model background does not describe the exper-
imental distribution. The sum of BW and FRITIOF model background with the
mean mass of 2520 MeV/c?, experimental width ~ 220 MeV/c2, satisfactorily
describes the experimental data for the Apm~ effective mass distribution, too.
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Fig. 12. a,b) The An" 7~ spectra over the momentum range of P+ < 1 GeV/c with the
bin sizes of 22 and 13 MeV/c?, respectively; ¢, d) the Ant 7~ spectra over the momentum
ranges of P,+ < 0.6 GeV/c with the bin sizes of 19 and 14 MeV/c?, respectively;
e) the A7~ spectrum for the data [30] in the momentum range of P+ < 0.9 GeV/c
and without undivided (A, K?); f) the Apm~ spectrum over the momentum range of
P, < 0.9 GeV/c with the bin size of 36 MeV/c®>. The dashed histogram is the events
simulated by FRITIOF. The dashed curve is the experimental background
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Fig. 13. a) The Apm~ spectrum over the momentum range of P, < 0.9 GeV/c with the
bin sizes of 29 and 18 MeV/c?. The dashed curve is the experimental background

Therefore, one of probable interpretations of this peak can be a reflection from
phase space distribution, too. The earlier published observation [34] of the reso-
nance with the mass 2495 MeV/c? and width 200 MeV/c? for the Apm~ spectrum
by the PBC method from neutron exposure (7 GeV/c) is not uniquely confirmed.
In Fig. 12, f there is small enhancement in the mass range of 2670 MeV/c?.

In Fig. 13, a there is small enhancement in the mass range of 2470 MeV/c?
(3.6 S.D.) with the experimental width 90 MeV/c? and the bin size of 29 MeV/c?.
The upper dashed curve is the sum of the background obtained by the polynomial
method and 1 BW function by x?/n.d.f. = 54/52 (Fig.13,a). This bin size
is approximately consistent with the experimental resolution. Figure 13,5 shows
the same experimental distribution with the bin size 18 MeV/c?. In this case,
Fig. 13,b shows only negligible signals in the mass range of 2380, 2470, 2520,
2670, 2800-2860, and 3050 MeV/c2. Figure 13,b confirms the peak in the
mass range of 2670 from Fig. 12, f, too. Figure13,b shows that the FRITIOF-
simulated and experimental events have the statistical enhancement in the mass
range of 2520-2540 MeV/c2. Therefore, it can be interpreted as reflection from
background.

4.6. The Procedure of Search for S = -2 H°" Dihyperon Events. A simple
consideration of symmetry and properties of colour-magnetic interactions argues
in favor of increasing binding in three-flavor matter-systems containing u, d, and
s quarks. These objects are known as H particles (uuddss) [68—135]. Theoretical
and experimental searches for H dibaryon are shown in Table 6 and in Fig. 14
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Fig. 14. The calculated masses of the H dibaryon. The dotted line indicates the AA thre-
shold. Some thresholds [134] (Thres.) and experimental masses (Exp.) of the H-dibaryon
candidates reported so far are also shown. Vertical lines above the AA threshold with an
upward arrow mean that the upper limits are not shown in the literature. Corresponding
references are as follows. Experiment (Exp.): A — [138], B — [139,142], C — [147],
D-G — [140, 143], H,I — [144-146]. The events D-I are claimed to be excited states.
Bag model (Bag): A — [68], B — [69], C — [69], D — [72], E — [73], F — [74],
G — [75], H—[76], 1 — [77], T — [78], K — [79], L — [80]. Skyrme model (Skyrme):
A — [81], B — [81], C — [82], D — [133], E — [83], F — [86], G — [87]. The value
in [85] is 3.9—4.4 GeV. Non-relativistic quark cluster model (QCM): A — [88], B — [89],
C —[91], D — [92], E — [93,94], F — [95], G — [96], H — [97], I — [98]. Lattice
gauge theory (Lattice) — A — [99], B — [100], C — [100], D — [101]. QCD sum rule
(SR): A — [102], B — [103]. Others: A — [104], B — [105], C — [131], D — [106],
E — [107], F — [108], G — [77], H — [109], T — [110], J — [111], K — [112],
L —[113],M —[114], N —[116], O — [117]. Here we cite the values in the references
as they are. Some of them are better to be compared with the mass of two As calculated
in the same framework. When the cited value is the binding energy, it is subtracted from
the experimental value of the AA threshold (2231 MeV). For further details see each
reference
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Table 6. Experimental searches for the H° dihyperon. For some of the experiments,
we show in the third column to what range of the H% " -dibaryon mass the experiment
is sensitive. For KEK E224, (pp) and (p) are a proton pair and a proton in '2C,

respectively. By = 2M A — Mpy

166,167, 169]
BNL ES830 [168]
BNL E836
[153-156,
166, 167 169]
BNL E864
[167,168]
BNL ES885
(155,157,
158,167]
BNL E886
[159,167]
BNL E888
[160-162,
167,165]
BNL E896
[163,167,168]

BNL E910 [164]
BNL STAR
[165,188]

KEK E176
[170-172,178]
KEK E224
[173-178]

KEK E248 [179]
Fermilab E791
[182]

Fermilab KTeV
Collab. [183]
Shahbazian et al.
[138-143]
Aslanyan et al.
[144-146]

K +%He— KT+ H+n
K +%He—- Kt +H+n
K +%Ti-> KT+ H+X

Au + Pb collision

K~ +(p) — K++5",
(E_A)atom - HO + X

Au + Pt collision

p+A— H+ X/H° — Y p An
H+A—-A+A+A

Au + Au collision / H® — X7 p — 7~ np,
H® - An~p — 7 pr p;

H® — An,H° — 77 pn

p+ A/ HY — Arp, H> — Sp

Au + Au collision

K™+ (pp) = K"+ H
K7+p—>K+—|—57,:7+(p)—>HO
K™+ (pp) —» K* + H°
K +(p)—-K"+5,2°
p+p—>K+—|—K++X
H° = p+71~ 4+ AA — 7p,
H  SA+A—p+a +p+n-
p+A/HY - p+n~ +A

+ (p) — H°

p+12C — HO(H*) + X/
H° =X +p, %" —7an
HY S p+m"+AA—p+a-
HY Sp+AA—p+m

Collaboration Reaction process (production/decay) Sensitive mass range
BNL E703 [136]|p+p — KT + Kt + X My = 2.0-2.5 GeV
BNL E810 Si+Pb— H '+ X,H* - p Anp

[149,150,167]

BNL E813 K p— K2, (E d)atom — H* +n —15 < Bu < 80 MeV
[151-155,

By = 50-380 MeV

My < 2150 MeV

My = 2194-2231 MeV
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End of Table 6.

Ejiri et al. [148]

Collaboration Reaction process (production/decay) Sensitive mass range
Alekseevetal. [n+A— H° + X/H® — pn A A -7 p

[147]

DIANA Collab. [p+Xe — KTH°X, H° =X~ +p

[180,181]

Condo et al. P+A—H'+X/H° =% +p

[137]

d— H+B8+v, °Be — ®Be + H,
2Ge — °Ge+ H + 7,

12714} 125I+H+’y,

12714} 125T6+H+/3++l/

My < 1875.1 MeV

CERN NA49  [Pb + Pb collision / H — £~ p, Amp

[184]

CERN WAS89 > +A— X+ H/H — AANE,

[185] H — Apn=, 27 p, 2%, An

CERN WA97 Pb + Pb collision CERN

[186]

ALICE [188] Pb + Pb collision

CERN OPAL | Z° decay

[187]

from [135]. Experimental searches for stable S = —2 dibaryon state are going

on [15,27,28,135].

There are approximately 2450 positive-prong stars from secondary positive
charged particles with A, A(K?) selected from all the experimental events in
700 000 pictures or 3.5 - 10 stars. To select the events from the above samples,
the following criteria were used:

1) approximately 380 one-positive-prong secondary events with A, A(K?)
particles;

2) 115 events identified by the hypothesis as protons or relativistic particles
after the track break (Fig. 8, b);

3) 20 events with unsuccessful fits for the background hypothesis (1-8)
possibly imitating these weak decays are presented in [15];

4) 8 events of heavily ionizing, positively charged and more massive (than
the proton) secondary particles before break;

5) 3 events with successful fits for the dibaryon hypothesis possibly imitating
weak decays.

4.7. Identification of =~ — 7w~ A. The candidates for =~ hyperons were
observed in the sample of the so-called one-negative-prong secondary events
imitating a weak decay =~ — A + 7. In these events, A hyperons are directed
to the vertices of one-negative-prong stars, produced by negative charged particles.
Eighteen events were selected by the above samples from 29% of the experimental
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Table 7. Mass and momentum of the = hyperon determined by weak decay channels
tom A

Momentum M., invariant Mass of =~ C.L. for
of =7, mass of =7, with fits, one vertex
GeV/c GeV/c? GeV/c? it, %

0.902 + 0.037 1.312 £+ 0.009 1.313 £ 0.008 89.2 (1V=-2C)
0.973 + 0.038 1.316 + 0.008 1.315 4+ 0.007 96.0 (1V=20)
1.320 + 0.055 1.315 4+ 0.006 1.321 4+ 0.009 75.3 (1V-2C)
1.298 + 0.038 1.313 £ 0.007 1.323 £+ 0.008 29.8 (1V=2C)
2.777 + 0.335 1.315 4+ 0.006 1.398 + 0.023 6.9 (1V=20)

material. Five from these events were identified by using the kinematic (1V-2C)
fits on the decay channel hypothesis =~ — A + 7~ (Table 7). The results of the
observation of Z~ — 7~ A are also presented in Table 7.

The first detected event (Fig.7,a) is formed by the beam proton producing
a twelve-prong star. The appearance of the first part of the track, 4.64 cm long,
with relative ionization I/Iy &~ 2, suggests that it is due to a stopped, heavily
ionizing, positively charged and more massive particle than the 7.

After break of the second part of the track it is identified as 7~ 24.4 cm in
length with the momentum of (217.0 4 21.4) MeV/e.

A VY particle 2.15 cm long is clearly seen near the star. Note that no
interactions are seen in this photograph which could serve as potential V° emission
vertices. The proton of P, = (642.7 4+ 15.2) MeV/c and the negative pion P,- =
(92.2 + 33.0) MeV/c, which stop in propane, are particle decay tracks. Indeed,
the invariant mass of the (p, 7~) pair is (1112.4+8.5) MeV/c?. Thus, the V° can
be interpreted only as a weak decay of a AY hyperon. The hypothesis of emission
of this hyperon from primary interactions fails because the fit of the hypothesis
gives C.L. = 0. The hypothesis of A-hyperon emission from the vertex kink fits
well the event with x?(1V-3C) = 1.9, C.L. = 64%, P, = (734.2+33.1) MeV/c,
Apt = (20 & 23) MeV/e, n = 0.054 rad. There is coplanarity with the vector
p= and the plane from the vectors p,—, pa, where Apt = (—6.94 12.5) MeV/c,
1 = 0.010 rad.

The hypothesis of the inclusive two-body weak decay =~ — 7~ + AY,
A — p+ 7~ fits the event with x? (2V-5C) = 0.46, C.L. = 99.8%, Mz- =
(1313 £7.7) MeV/c?, p=- = (903.5 4 36.6) MeV/c.

There are no successful one- or two-vertex fits for other reaction sequences
given in Table 8.

4.8. The Background from Accidental Coincidence Events. We have esti-
mated the probability of accidental coincidences by the H+ — p -+ A° samples at
average loading from the beam protons in the chamber. There were ~2% (neg-
ligible quantity) of pictures from the chamber with overload from beam protons.
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Table 8. Sequences of strong reactions and weak decays presumed to be able to imitate
weak decays for the candidates S = -2 of the =~ hyperon by channel =~ — 7w~ + A

C.L. for the one-
Process sequences or two-vertex fits
for events

7 4+n—n +A+K° No fit (1V-1C)
T 4+n—7n +nn+n—mxn +p+n| No fit 2V-6C)
K 4+n—-7m 4+Y° No fit (1V-1C)
K +n—7n +A No fit (1V-2C)
K +2n—n +A4+n No fit (1V-1C)
p+n—on +7°, 7% +n—-a +p No fit (2V-6C)
K wn +7%7%4+n -7 +p No fit (2V-6C)
X —-7m +nn+n—a +p+n No fit (2V-6C)
YXT+n—7m +A+n No fit (1V-1C)

The probability of accidental coincidences means that neutral two-prong stars per
stereo picture have the effective mass of A which is directed to a kink of the
positively charged track, identified by the hypothesis as a relativistic particle or
a proton. This probability w = wjwswzwswsws < 10~7. What kind of proba-
bility per picture is included in the expression of the value for w? They are the
following:

wy are the neutral two-prong stars as Vo,

wy are positively charged tracks before the kink identified by the hypothesis
as a relativistic particle or a proton or a particle heavier than proton;

ws are accidental V9 point to some star (coplanarity);

wy are the stars; ws is accidental V9 with the A mass;

we are positively charged tracks after the kink identified by the hypothesis
as a proton or a relativistic particle.

4.9. The Observed Candidates for Light H° and Heavy H":* Dihyperons.
There are two groups of events interpreted as S = —2 stable dibaryons (Table 9):

a) The first group is formed of three neutral S = —2 stable dibaryons, the
masses of which are below the AA threshold.
b) The second group is formed of neutral and positively charged S = —2

heavy stable dibaryons (Figs.8 and 15). The masses of all the three dibaryons
coincide within the errors and are above the AA, =N, AX threshold.

The last candidate for S = —2 HT — K pp dibaryon is shown in
Fig.16,a [27-29]. The appearance of its first part, 15.8 cm long, with a mo-
mentum of py+ = (1.2 + 0.12) GeV/c and average relative ionization more than
I/Iy > 2 is observed. The second part is due to two stopped protons. The
momentum of negative K~ is (0.56 + 0.03) GeV/c (I/Iy ~ 1.5). The kine-
matic threshold does not permit (/s = 1.96 GeV/c) imitating the reaction with
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Table 9. Mass and weak decay channels from published reports for the dihyperons
observed in this experiment

Mass H, |C.L.
Decay channel MeV/c? of References

(dihyperon) |fit,%
H' =% p 2172+ 15| 99 |Z. Phys. C. 1988. V.39. P.151.
H Y p, Y —nn~ 2146 =1 | 30 [JINR Rapid. Commun. 1995.
HY — H°(2146)y 2203+ 6 | 51 |No.1[69]. P.61.
H' > p, > - nn~ 2218 £ 12 | 69 |Phys. Lett. B. 1990. V.235. P.208.
H =% p, %" —nn~ 2385 + 31 | 34 |Phys. Lett. B. 1993. V.316. P.593.
HT — pr®A% A° — pr~ 2376 410 | 87 |Phys. Lett. B. 1993. V.316. P.593.
H' — pr®A% A® — pr~  |2580 4 108| 86 |Nucl. Phys. B. 1999. V.75. P.63.
Htn — XtA% n, A° — pr~=| 24104+ 90| 6
HY — pyA° A® — pr— 2448 4+ 47 | 73 |JINR Commun.
HY — pr®A% A° — pr— 2488 448 | 72 |E1-2001-265. Dubna, 2002.

Fig. 15. a) Two-body weak decay of the heavy neutral dihyperon H® — £%, %% — 77 n;
b) three-body weak decay of the heavy positively charged dihyperon H*— A + p 4+ 7°,
A—7"p
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Fig. 16. a) The observed weak decay H — K pp. The (K2, p) effective mass distrib-
ution for all 10534 combinations with the bin sizes: 22 MeV/c? (b) and 15 MeV/c? (¢).
The (K?,p) effective mass distribution for all 10534 combinations with the bin size
10 MeV/c? (d,e). The (K2, p) effective mass distribution from the reaction p + A —
A(K?p))X for 1921 combinations with the bin sizes: 22 MeV/c? (f) and 15 MeV/c? (g).
The dashed curves are the background obtained by the polynomial method
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deuteron including Fermi motion. The HT — K~ pp hypothesis fits the event
with x2(1V=3C) = 2.6, C.L. = 28%, and My = (2482 + 48) MeV/c?. Also,
there is fit by the hypothesis with the decay channel H+ — X7~ p which has
much smaller probability than the above hypothesis.

5. K% SPECTRA

5.1. Preview. Several models predict the multiplet structure and charac-
teristics of pentaquarks, for example, the chiral soliton model, the uncorrelated
quark model, correlated quark models, QCD sum rules, thermal models, lattice
QCD, etc. [213-226]. The recent observation of narrow, prominent exotic pen-
taquark baryons from antidecuplet [233] has stirred up new interest in hadron
spectroscopy. The lightest member of the pentaquark antidecuplet, © baryon
predicted in [213,215], has positive strangeness, the mass M = 1540 MeV/c2,
a narrow width of < 15 MeV/c? and spin JP = 1/2%. Jaffe and Wilczek sug-
gested an underlying quark model structure of this state [224]. The rotational
states of the S = +1 ©7 baryon are shown in [226-230]. A similar number of
positive [233] and negative results have been reported in experiments on the O,

5.2. K%p Spectra for All Positive Track Combinations. Recently ©T obser-
vation has been reported with the statistical significance increased for O+ — K%
to 7.3 S.D. (DIANA [235]) and 8.0 S.D. (SVD2 [236]). The results obtained from
this experiment [16] are Mo+ = (1540 & 8) MeV/c?, T' = (9.2 + 1.8) MeV/c?
(T = (9.2 4+ 0.3) MeV/c?, from PDG-04). The (K9, pos. track) effective mass
distribution was observed for all 10534 combinations with the bin sizes of 22 and
15 MeV/c?. The dashed curves (Fig. 16,b) are the background by the polynomial
method. There is significant enhancement in the mass region 1545 (> 5 S.D.,
I'. = 45 MeV/c?) with the width < 30 MeV/c?. There are small enhancements
in the mass regions of 1618 (3.5 S.D.), 1690 (3.8 S.D.), 1820 (4.0 S.D.), and
1980 (2.8 S.D.) MeV/c?, because the sum of eight-order polynomial (258/75)
and 1 BW curve describes histogram by x?/n.d.f. = 229/75 (Fig. 16,b). The
(K %) effective mass distribution (10534 comb.) with the bin size 10 MeV/c? is
shown in Fig. 16, d, e. In this bin size the (Kgp) effective mass spectrum shows
significant resonant structures with M = 1520 (> 4.5 S.D., < 13 MeV/c?), 1552
(>5.9 S.D.,, < 15 MeV/c?), 1618 (3.8 S.D., ~ 36 MeV/c?), and 1695 (3.8 S.D.,
~ 40 MeV/c?). There are small enhancements in the mass ranges of 1750, 1820,
and 1980 MeV/c2.

(K?, pos. track) spectra for 1921 combinations in reaction channel p + A —
A(K?, pos. track)X are shown for the bin sizes 22 and 15 MeV/c? in Fig. 16, f.
There is significant enhancement in the mass region 1540 (> 4.3 S.D., I'. =
45 MeV/c?) with the width ~ 30 MeV/c?. The sum of the six-order polyno-
mial and 1 BW curve is satisfactorily described by the histogram in Fig. 16, f.
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Figure 16,g with the bin size 15 MeV/c? shows that there are also small en-
hancements in the mass ranges of 1520 and 1552 MeV/c2. The (K9, pos. track)
spectrum in the mass range of 1540 MeV/c? with the bin sizes 22 and 15 MeV/c?
for all combinations restricted to the reaction channel with A shows the same
behavior (Fig. 16).

5.3. K%p Spectra with Identified Protons. The K’p effective mass distrib-
ution for 2300 combinations with identified protons in the momentum range of
0.350 < P, < 0.900 GeV/c is shown in Fig.17,a [16]. The solid curve is the
sum of the background and 4 Breit—Wigner resonance curves. The analysis done
by two methods has shown that while fitting these distributions we have the same
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Fig. 17. a) The KQp spectrum for identified protons in the range of 0.35 < P, <
0.90 GeV/c (K% comb. by FRITIOF — lower histogram); b) the (K, pos. rel. tracks)
spectrum in the momentum range of P, > 1.7 GeV/c; ) the (K2, pos. rel. tracks) spectrum
in momentum range of 0.9 < P, < 1.7 GeV/c; d) the (K2, A) spectrum
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coefficient and order of polynomial. The K p invariant mass spectrum shows res-
onant structures with Mo, = (1540 £8), (1613 +10), (1821 £11) MeV/c? and
Lo, = (9.241.8), (16.144.1), (28.0+9.4) MeV/c?. The statistical significance
of these peaks is estimated at 5.5, 4.8, and 5.0 S.D., respectively. There are also
small peaks in the mass regions of 1690 (3.6 S.D.) and 1980 (3.0 S.D.) MeV/c?.
The primary total cross section for ©+(1540) production in p + C3Hg interac-
tions is estimated to be ~ 90 pb. The experimental spectrum for O agrees with
the calculated rotational spectra from the theoretical reports of D. Akers [226],
V.H.Mac-Gregor, A. Nambu, P. Palazzi [228], A. A. Arkhipov [227].

The Kp invariant mass distribution with the momentum P, > 1.7 GeV/c
(3500 combinations) is shown in Fig. 17,b. The solid curve is the sum of the
background by the first method and 5 Breit—-Wigner resonance curves (Fig. 17,b).
The dashed curve is the background taken in the form of a polynomial up to
the six-degree. The similarly significant enhancements for the (K2, pos. tracks)
invariant mass distribution with the momentum p, > 1.7 GeV/c (3500 combina-
tions) are observed in the mass regions of 1487, 1544, 1612, and 1805 MeV/c?
(Fig. 17,0) [16]. Their excess above the background is 3.0, 3.9, 3.7, and 4.0 S.D.,
respectively. There is a small peak in the mass region of 1685 MeV/c?.

54. (KSO, pos. tracks) Spectrum at the Momentum of 0.9 < p, < 1.7 GeV/e.
In Fig. 17, c, the (Kg, pos. track) invariant mass spectrum shows resonant struc-
tures with M = 1515 (5.3 S.D.) and 1690 MeV/c? (3.8 S.D.) [16]. No obvious
structure in the mass regions of 1540, 1610, and 1821 MeV/c? is seen in Fig. 17, c.
The FRITIOF [12] model shows that the average multiplicity in this momentum
range for all positive tracks, protons and 7+ is 1.2, 0.4, and 0.8, respectively. The
background for K97+ and KK combinations is 46.6 and 4.4%, respectively.
These observed peaks can be interpreted as a reflection from the resonances
A*(1520) and A*(1700) in the reaction p + propane to KKz npX.

5.5. The Simulated K?p Spectra at the Beam Momentum 4.5 GeV/c for
Reaction pC. The obtained by FRITIOF inclusive cross sections are =~ 0.5 mb
for K2 and ~ 20 pb for ©F — K?p productions. There are 2 - 10° background
events of the pC — K%X reaction simulated by the FRITIOF and 200 signal
events simulated by GENBODY for the resonance of M,es = 1540 MeV/c?
(Fig. 18, a). The number of KU is equal to 4075. The experimental invariant mass
resolution is AM,es/Myes = 1%. The significant signal (5.8 S.D.) was observed
only by cut of positive tracks over the momentum p, > 0.9 GeV/c in (K?, pos.
tracks) combination in Fig. 18,b. The positive particles for simulated events over
the momentum range of P, > 0.9 GeV/c are undivided. Then the significant
signal in the mass region 1530 (8.2 S.D.) MeV/c? was observed only for all
combinations with protons in Fig.18,c. The (Kg, p) invariant mass distribu-
tion (dashed histogram) shows the signal in the mass region of M (1520) MeV/c?
in Fig.18,¢,d. This signal is interpreted as a reflection from the well-known



THE SEARCH FOR AND STUDY OF THE STRANGE MULTIBARYON STATES 1047

500 - 250 A
450 F -—1540
400F 200F
% 350F RO ‘
% 300F 150
= 250 = b M
= 200F s 100F T
150F ¥ i
100 50F L
50F [ ,
O:ljumum‘“m“ A 0' P B PR 7 Moo Lo
14 1.6 1.8 2 22 24 14 1.6 1.8 2 22 24
2 2
M(K?,p)’ GeV/L M(K?,p)’ GeV/e
sooL =—1530 c 140F 1520 p
o, 400 "
> >
2 300 2
= 200 3
= =
100
PRI NS SRS NS S S SR 7} sk
14 16 18 2 22 24
2
Mg, > GeVie
6000F S . -
5000F ~— 1530 1200F
Y T 1, 1000f
2 4000 S
s S 800f
<+ 3000 =
s i o 600f
2000 = 400t
1000} 200§
) S S S IS B 0 1 1 1 | |
16 1.8 2 22 24 26 28 14 16 18 2 22 24
2
Mg ) GeVic? Mgy ), GeVie

Fig. 18. a) The (K?, pos. track) spectrum simulated by FRITIOF and GENBODY (signal)
at the momentum 4.5 GeV/c for the reaction p + C; b) the simulated (K2, pos. track)
spectrum at the momentum 4.5 GeV/c over the momentum range of P, > 0.9 GeV/c
for pos. tracks; ¢) the (KT, p) spectrum simulated by FRITIOF and GENBODY at the
momentum 4.5 GeV/c for the reaction p+C; d) the simulated (K2, proton) spectrum at the
momentum 4.5 GeV/c over the momentum range of P, < 1 GeV/c for protons; e) the (K2,
pos. tracks) spectrum simulated by FRITIOF and GENBODY at the momentum 30 GeV/c
for the reaction p + D; f) the simulated (K2, pos. tracks) spectrum at the momentum
30 GeV/c over the pos. tracks momentum range of 4 < P, < 12 GeV/c. The dashed
curves are the polynomial function
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A*(1520) — K resonance. There is no a signal from the simulated ©(1540) in
the (K g, p) invariant mass distribution after the cut of the momentum of protons
P, < 1 GeV/c in Fig.18,d because the main part of protons from the decay
of ©(1540) — K?p has momentum range over P, > 1 GeV/c which is larger
than the average momentum of Pgo. Figure 18,d shows reflections from A*
resonances, too. \

5.6. K°p Simulated Spectra at Beam Momentum 30 GeV/c for pD Reac-
tion. The inclusive cross sections are ~ 4.2 mb for KU and ~ 40 ub for
©F — K. There are 2 - 10° background events of the pC — K!X reaction
simulated by the FRITIOF and 800 signal events simulated by GENBODY for
the resonance of M,.s = 1540 MeV/c?. The number of Kg is 84351 (Fig. 18, e).
The experimental invariant mass resolution is AM;es/Mes = 1%. There is
no signal in Fig.18,e for (KY, pos. tracks) combinations. The important part
of the momentum distribution with K and 7" has a momentum smaller than
4 GeV/c. The significance signal (5.5 S.D.) with 1530 MeV/c? for the invariant
mass spectrum of (K0, pos. tracks) combination was observed only with the cut of
momentum for positive tracks in 4 < P, < 12 GeV/c (Fig. 18, f). The analysis of
the simulated spectrum of (K2, pos. tracks) at the momentum 30 GeV/c revealed
a shift to low masses of the @1 (1530) as in the report from SVD2 Collaboration
because phase space has the same maximum in the mass range of 1530 MeV/c?.

5.7. AK? Spectrum. Figure 17,d shows the invariant mass of 1012(AKY)
combinations with the bin size 18 MeV/c? [21]. The solid curve is the sum of the
background (obtained by the first method) and 2 Breit—-Wigner curves (Fig. 17, d).
A number of peculiarities were found in the effective mass spectrum of the A K?
system: 1650-1680, 1740-1750, 1785-1805, 1835-1860, and 1925-1950 MeV/c?
in collision of a 10 GeV/c proton with the propane. The structure of the mass
spectrum shows that significant enhancements were observed in two effective mass
ranges 1750 and 1795 MeV/c?. Their excess above the background obtained by
the first method is 5.6 and 3.3 S.D., respectively. Similar results were obtained
for the peak in the mass region 1740-1750 MeV/c2 when the bin sizes 10, 11,
18, and 21 MeV/c? were used. The preliminary total cross section for N°(1750)
production in p + propane interactions is estimated to be ~ 30 ub.

These peaks could be interpreted as possible candidates of two pentaquark
states: the N° with the quark content udsds decaying into AK? and the =% quark
content udssd decaying into AKO.

6. K+ SPECTRA

6.1. Preview. The study [242,243] of vector mesons K **(892) was carried
out in pp interactions at 12 and 24 GeV/c by using the data (280 000 events) from
exposure of CERN’s 2-m hydrogen bubble chamber to p beams. Total inclusive
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cross sections for K** — KgﬂiX in pp interactions at the beam momentum
12 GeV/c are (0.25 £ 0.03) mb and (0.02 & 0.02) mb for inclusive production of
K** and K*~, respectively.

The scalar mesons have vacuum quantum numbers and are crucial for the full
understanding of the symmetry breaking mechanisms in QCD, and presumably
also for confinement [231]. Suggestions that the ¢(600) and x(800) could be
glueballs have been made.

6.2. K?ﬂ”r Spectra. Figure 19,a,b shows the effective mass distribution
for all experimental 9539 (K{7t) combinations with the bin sizes 16 and
13 MeV/c? [27,28]. The average resolution in effective mass of Ko7 system is
~ 2%. Figure 19,b shows that (K7 ") spectrum is approximated by the eighth-
degree polynomial form with x?/n.d.f. = 150/105. The upper dashed curve in
Fig. 19, a is the sum of the background taken in the form of a polynomial up to
the eighth degree and 1 BF function (x?/n.d.f. = 73/69). There is significant
enhancement in the mass range of 885 MeV/c?, 9 S.D., T & 48. There are negli-
gable enhancements in the mass regions of: 730, 780, 890, and 970 MeV/c2. The
cross section of K *(892) production (430 exp. events) is 0.5 mb at 10 GeV/c for
p + C interaction. The peak in invariant mass spectrum at M (885) is identified
as the well-known K*1(892) resonance from PDG [10].

The effective mass of (K7 ") distributions for 4469 combinations over the
momentum range of P+ < 1.0 GeV/c with the bin sizes 31 and 13 MeV/c?
are shown in Fig.19,c,d. The (K7t) spectrum in Fig.19,c is fitted by the
sum of eighth-order polynomial form and 1 BW function which is satisfactorily
described (x?/n.d.f. = 43/37) without the mass range of K**(892) (0.75 <
Mpor < 0.98 GeV/c?). The backgrounds obtained by FRITIOF or polynomial
methods have approximately the same form when they were approximated by the
2 BW functions. Then significant enhancements are observed in the mass regions
of 720 (7.3 S.D.) and 890 (5.5 S.D.) MeV/c?. Figure 19, c shows that the cut of
P.+ < 1.0 GeV/e signal in the mass range of 720 MeV/c? increased. Even the
approximation of the (K%71) spectrum with the bin size 13 MeV/c? in Fig. 19,d
by eighth-order polynomial was only done with x?/n.d.f. = 204/96. There is a
small narrow signal in the range of mass 780 MeV/c?, with 3 S.D. (Fig. 19, d).

6.3. K?w‘ Spectra. Figure 19 shows the invariant mass distribution of
3148 (ng’) combinations with the bin sizes 34 and 18 MeV/c? [27,28]. The
upper dashed curve in Fig. 19, e is the sum of 1 BW and the background (below
dashed curve) taken in the form of a polynomial up to the eighth degree (x? =
42/36 without the mass ranges of K*~(892)). The backgrounds obtained by the
FRITIOF or polynomial methods have approximately the same form when they
were approximated with adding 2 BW functions. There are similar significant
enhancements in the mass regions of 720 and 890 MeV/c? (3.1 S.D., ~ 45 events)
(Fig. 19, e). The signal in the mass range of 890 MeV/c? is identified as the well-
known resonance K *~(892) from PDG. Therefore, the cross section of K*~(892)
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is approximately 10 times smaller than for K*T(892) in this experiment, too.
Figure 19, f shows that the (K7~) spectrum is approximated by eight-order
polynomial function with x?/n.d.f. = 114/65. There are small enhancements in
the mass range of 780, 980, and 1070 MeV/c? (Fig. 19, f).The preliminary total
cross section for M(720) in p 4+ propane interactions is larger than 30 ub.

CONCLUSION

e The experimental A /7™ ratio in the pC reaction is approximately two times
larger than this ratio from pp reactions or from pC reactions simulated by the
FRITIOF model at the momentum 10 GeV/e.

e The invariant mass of the A7 and K97+ spectra shows the well-known
resonances from PDG as ¥**(1385) and K**(892) which are a good test for this
method.

e The mass of excited X*~(1385) is shifted to M (1370) in medium of carbon
and its width is two times larger than the width in PDG, respectively. Particularly,
such behavior can be explained as a sum of contributions from phase space in the
mass range of M (1360) and enhanced productions of stopped =, ¥*~(1385)
which is the medium effect in the carbon nucleus.

e The ¥*7(1480) resonance is observed, which agrees with the reports from
SVD2 and COSY Collaborations.

e There are enhancement signals from all observed hyperons. The Artm—
invariant mass spectrum shows enhancement signals from the well-known reso-
nances from PDG.

e A number of important peculiarities were observed in the effective mass
spectrum for exotic states with the decay modes (Table 5) [21-29] (A, 7), (A, 7T,
), (A, p), (A,p,p), (A, A), (A,p,77), (A, K?), and (K27%).

e The statistical significance signals are observed in the spectrum of (A, p)
in the momentum range of 0.15 < P, < 0.30 GeV/c for protons (Table 5).

e Particular peaks for (A, p) and (A, p, p) spectra agree with the experimental
data from the reports of FOPI, E471 (KEK), OBELIX, FINUDA Collaborations
(Table 4), but there is some disagreement in peak positions or widths.

e The spectrum of (KYp) combinations shows peaks for ©F which agree
with the rotational states predicted by P.Palazzi [228], M. H. Mac Gregor [230]
and Y. Nambu [229].

e In the primary (K2, pos. tracks) spectrum the peak in the mass range of
1540 with width ~ 30 MeV/c? can be interpreted as a sum of two peaks in the
mass ranges of 1520 and 1552 MeV/c? with widths smaller than 15 MeV/c? at
the bin size 10 MeV/c?.

o In the (K2, pos. tracks) spectrum over the momentum range of 0.9 < P, <
1.7 GeV/c there are peaks in the mass ranges of 1520 and 1695 MeV/c?> which
can be reflections from A*(1520) and A*(1690) resonances.
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e In the (A, K?) spectrum the peaks at (1750 4 18) and (1795 + 20) MeV/c?
are possible candidates for two pentaquark states: N with the quark content
udsds decaying into AK? and the =*C with the quark content udssd decaying
into AKO.

o A few events were registered by the hypothesis of light H® and heavy
HO%* dihyperons by weak decay channels to (X7, p) and (A, p, 7). Recently, the
dihyperon was observed by channel H*(2480) — K pp (or — Xt pr7).

e The analysis shows that the simulated spectra of (K, p) for the resonance
©7%(1540) at the momenta 4.5(p + C) and 30(p + D) GeV/c shifted to M =
1530 MeV/c?, when the maximum of phase space for K?p spectrum was observed
in the same mass range, too.

e The analysis of the experimental and simulated data for the effect/backg-
round ratios at the momenta of 4.5, 10, and 30 GeV/c shows that at initial
stage of the identification of the exotic narrow resonances it is necessary to use
some kinematical restrictions for efficient separation of the necessary channels.
Reactions with light nuclei (N, D, He, C) should be choosen specially for reduction
of multiplicity from 7% and K particles.

e The K%7% invariant mass spectra show enhancement signals in the mass
range of 720, 885, 980, and 1070 MeV/c? (Table 5). The peak in the mass
range of 720 MeV/c? can be interpreted as a r-scalar meson with the width
> (30-130) MeV/c?.

e The search for and study of exotic strange multibaryon states with A and
K? subsystems at MPD (NICA, JINR), CBM (FAIR, GSI), p07 (JPARC, KEK),
OBELIX (CERN), and AMADEUS (DAFNE, INFN) can provide information
about their nature, properties and will be a test for the observed PBC data.
Higher-statistics experiments with the mass resolution ~ 1% are needed.
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