


The results on search for multiquark resonant states of
hypercharge I > 1 are presented below., The pictures from the:
JINR propane bubble chamber exposed to beams of neubtrons of
4Pp> = 7.0 GoV/c and of negative plons of p,. = 4,0 GeV/c wers
usea. In the neutron experiment the stajistice amounts to 3462
events with one A’-hyperon and A’ and K° pairs as well as 1835
events with at least one neutral kaon, In the pion experiment
we have 1113 and 493 similar A and K events. Begldes, in all 57

M psirs and more then 16000 events without V'-particles have
been also collected in both experiments,

Dinucleon systems : pp(I=1, Y=2, Ba2, S=0) and np(l=0, Y=2, Bux2,

The jpvariant mass spectra of the pp systems from n120--

ppk and n (mp)X intersctions for m w« 2,3,4,%at <p.> =
7.0 GeV/c are shown in figé, I-5. The diminution of theThisto—
gram bins from 5 fo 1 Me‘i’/e2 did not favour bthe revealing of
?tatistiigllv)significant narrow resonance-like enhancements
figa. T . : :

o enhancements have been alsc observed in the diproton
mass spectrs made up of events with (i) both protons emitted in
the backward hemisphere, (ii) both protons emitted in the for—
ward hemisphere, and-(ili) protons emitted in different hemi
spheres (figs. 2-5), These results have been confirmed in the
following experiments shortly reviewed below.

1, The JINR 100cm hydrogen bubble chamber (HBG10C) was ex-
posed to_a-secondary deutron beam with a totel momentum of 3.3
GeV/c /I/ . The exclusive pg invariant mass. spectrum from the
dp—=pph reaction channel is shown in the upper half of fige 6 o -
The lower mass pesk 1s due to final states with protons of small
relative momenta. These protons both are fast in the laboratory
system, where there is also a slow neutron. Thus, the low mass
peak is formed of n—e p charge exchange, On the contrary, the
higher mass peak is formed of events with protons of large rela-
tive momenta. Therefore this peak i8 due to alast&c PP scatter—
ing. The position of its maximum Myp ~ 2300 MeV/e< corresponds
to the c.,m. total energy of the coﬂiding protons, )

The lower mass pesk in the np invarient mass spectrum (the
lower half of fig. § ) iz due to events with fast neutrons snd
protons in the laborstory system (emall relative momenta)., Thus,
these evente are due to elestic pp, np scattering and to p—w n
charge)exchange events (there is a slow proton in the laboratory
system). . . N R ' ) ‘ )

The pp invarisnt meass spectra from the dp—e pprore reactiom
channels, when' the final states ¢contain 1) either only a slow
neutrom or 2) eithér a’ slow neutron or a slow proton in the labo-
rabory system, are shown.ia the upper and lower parts of £igs 7y
respectively. T R . :

‘Thus, from the snalysis of figs.. 6-7. it follows thet in
this experiment the pp and np invariant mass spectra do not Te-
veal dinucleon resonances though the momentum pexr. . nucleon .of |
the .incident deutron is ,favograb‘le to the resonant excitation of
the Ixt, JPa3~™, M=2260 MeV/ct state claimed in'/2/, - S
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2. The HBCI0O was exposed to & 5.1 GeV/c monoenergetlic neut—
ron beam /3/.. The pp and np iavariant mags spectra from the ex—
clusive reaction channels

ap =——= ppmtF-ir- 51?64 events§
ppata-rome (1149 events
npx et~ (1249 events

were studied, No statisticelly significant resonance-like en~
hancements were observed.

3. The nun, np and pp invariani mass spectra from the reac—
tions tp-—e ppon &t 2.5 GeV/c and “Hep—e pppn at 5.0 GeV/c were
studied using the ITEP HBOS0/4/ . No enbancements, which could
be ascribed to dinucleon resonance production, were observed.

4, The pp effective msss spectra from the reactions
KA~ (mp)X, m=2, ..., A=Al, Cu, Pb &t py- = 3.7 GeV/c were
studied using the 1.5m bree spark chamber spectrometer /5/. No
indications of the existence of diproton resonances were found,

5, One more experiment devoted to the search for dinucleon
resonances 8 been performed by means of the counbter tec.hni.qyas,
in Kharkov /6/. This time the ssymmetry coefficlent Z(Er,e)zs—}%l
of the reaction y*d—s np provocated by & linearly polarized A5
ton beam of Ey = 80-600 MeV has been measured at c.m.s. proton
emisgion angles of O = Y5¢, 90°, 105°, 120°, 135° and 150°, The
results of this experiment, the most complete one among those
which are analogous and agree with 1t, are in irreconcilable
contradiction with the predlctions of several theoretical mo-
dels, The incorporabtion in the model of combinations of the pre-
sumed dinucleon resonances (Ix1, JP=3"(2260))+(1a0, JP=37(2380))
and (I=1, JP=3~(2260))+(I=0, JP=1"(2380)) even somewhat increases
the SCrepancy. B

In conclusion of.this paragraph let us note that the nega-—
tive resull ip the. search for dinucleon resonances first obtainal
at JINR .11/ 1s now confirmed in Tive experiments per -
formed using different experimental technique,.

hree-nucleon systems :

the ;i arian pectra 1rom ¢ reactiens n C—s
;i:ppx and n12C.—s (mp)X, me3,4,56at <£n> = 7.0 GeV/c are shown
n fig. 8, ¥o significant enhancements were found. This result
first obtalned at JINR in 1972 /7-11/ was further confirmed in the
experiments described below.

- 1. The 1,5mn ITEP spark chamber spectrometer was exposed to

a 3.7 GeV/¢ gr--meson beam,; No 3p resonancea were observed in the
3p invariant mass spectrum/5/. 4 .

2, The JINR HBO100 was exposed to &. He besm of a 8,56GeV/c
total m&entum /I2/» The dp invariant msss spectrum from the o~
clusive “Hop--s dppn reaction channel is shown in fig. 9. The
maxing at both ends of the dp invariant mass spectrum are dus to
the kinematics of the reacilon and need no hypothesis on the
existence of dp resonances, It is quite possible that the lower
mass maximum is enhanced because of the final state interactions
of deuterons and protons at small relative velocities,

3+ 'The three-nuszlioon effoctive nmess spectra pon and dp from
tp{at 2.5 GeV/c)and “Heplat 5.0 GeV/c) interactions were studied
using the pletures from the ITEP EBC80O. No resonances in the
systems in question were saeen ./4/ ., .

Four—-aucleon systemns 1 4p(Ial, Yei, Bald, 8a0), dpp{Iwt, Ywi, Bwed
Ju ), dpnl tal) %, Bad, Guv), tpllsU, Twt, Seb, BxU) apnd *He
el . - | t] Nt )

’ 8 4D 1nv nt mass’'spectra from n120—- 425 and-nqac-— .
(Ep)X, me't,5,6 st <p,> = 7.0 GeV/c are presented fig.. I0




/8-1I/ + No signiricent enhancements were seen; This negative
remult was confirmed in the following experimenta,

1, The dpp and dpn invariant mass sp7r-.57a from the reaction
4Hep—- dppn at 8.56 GeV/¢ (JINR HBC100) /1=/ do not reveal reso-
nance-like enhencements (fig. 18). The broad mexima at the higher
mass end of the spectra are due to the kinematical limit of the
reaction in questlon. No enhancements were found as well in the
tp effective mass spectrum from the s?nig reaction (fig. II).

2, A specisl counbter experiment 5{ was devoted to the
search for highly, excited states of the 'He nucleus in the reac—
tion gr-'He—w - +He¥® at 5.0 GeV/c. No resonance-like signals
were found in the relevent missing mess spectrum.

stems ¢ IxS/2, Y=5, Ba%5, S=0} and 6p(l= Y=6, Bx6, S=0
e invar mass spectra O e SyBtems were ilnvestiga-
ted ay JINR ?8—
covered (fig. I2).

. No resonance-like enhancements were dis-

e }far &an sgec Ta 0 e enumerated systems from the
peactions ni2G—e A (mp )X and 712C—» A (mp)X, ms2,3,4,5 at
Dud = 7.0 GeV/c and P,- = 4.0 GeV/c are shown 1n rig. 137 Fo

significant enhancementy§,which could be due to resonances,wers
found.

he <8 nvariant msqaspectra of the systems in
question come from nl =Gy snd ®°'°C intersctions at <?n>. =
7.0 GeV/c and pg-= 4.0 GeV/c and are presented in fig. "L

*¥ /6—T1/ . The Kp mess_ spectra are shown in the left upper cor-
ner, The adwixture Kgr ©p ﬁsmbinntions is not excluded, But the
gg%uaion of both K°p snd X°p combinations conbributed by the

(mp)X, final atates do not transfigure the ggectra. The
hatched K°p inveriant mass spectra from the AAEK"(mp)X final
states slso do not reveal resonsncs-like enhancementas, No such
eghancements are seen either in the A’K%p dibaryon or. in the

3p tribaryon invariant mass spectra shown in fig, 4. .

Thus, the totallty of aveilable experimental results on
the search for multiquark resonsnt systems aa well e of the es-
tablished resonances . forces us to formuilate the hypercharge
selection pule s "The hyperchargs of hadronic resonances in wealk
gravitational fislds cennot exceed one : Y€ 1." One cannot ex-
célude that this-rule is based on a new symmetry principle un~
known up to now. 4/

The cumulative effect/I provides, with strong arguments
the existence of querk plasms as one of the permitted states of
nuclear matter; The hypercharge selsction rule does not contra-—
diet this fact. According to this rule, quark plasma is inherent
in nuclear matter and is Juet as confined to its structure unit,
the atomic nucleus, as quarks are confined to elementary par-
ticles, Thus, it is possible to vear away only quark plasms ple—
ces of hypercharge Y& 1 from the nucleuss

Tt should be stressed that the sum of all possible fla -
vours : Y = B+@+C+b+... i3 meant by hypercharge.
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