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The results on search for multiquark resonant states. of 
hypercharge Y > 1 are presented below. The pictures :from the: 
JINR propane bubble chamber exposed to beams of .neutrons of 
.(. p > = 7.0 GeV/c and of negative pions of &- • 4.0 GeV/c were 

useft, In the neutron experiment the statistics amounts to 3462 
events with one If-hyperon and N ~ · X:U 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, BeAides, in all 57 

M pairs and more than 16000 events without V"'-particles have 
been also collected in both experiments. 
Dinucleon s:rstems : PP(I•1, Ya2. a-2, .S.O} and npCI£0, Yz2. Bc2, 

!!321 The iuvariant mass spectra of the pp systems from n 12~ 
ppX and nr1~ (mp)X interact:I'Qns form • 2,3 4,!J)at .(p > • 
7,0 GeV/c are shown in figo~ I- 5, The diminution of the"histo
gram. bins from 5 to 1 MeV/c did not favour the revealing of 
statisticall~ significant narrow resonance-like enhancements 
(:figs, I-3 ) , 

No enhancements have been also observed in the d.iproton 
mass spectra made up o:t events with (i) both protons emitted in 
the backward hemspherel (ii) both protons, endtted in the for
ward hemisphere. and· (i i) protons emitted 1n di.f'f'erent hemi
spheres (f'igs. 2- 5 ) • These results have been confirmed in the 
following experiments shortly reviewed below. 

1, The JINR 100cm hydrogen bubbl.e chamber (IIBC100) was ex
posed to_a·secondar,y deutron beam with a total momentum of 5.5 
GeV/c _III • The exclusive pp invariant mass. spectrum from the . dp--to. ppll reaction channel is shown in the upper half of fig. 6 .. 
The lower mass peak is 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--.p charge ex~. on the contrary, the 
higher mass peak is formed of events with protons of' large rela
tive momenta. Therefore this peak is due to elastic pp scatter
ing. The position of its maximum l4pp"' 2300 MeV/c2 corresponds 
to the c.m. total energy of the coll.iding protons •. 

The lower mass peak in the np invariant mass spectrum (the 
lower half of fig. 6 ) is due to events with fast neutrons and 
protons in the laborat<?r:Y system (small~ :r;elative momenta). Thus, 
tl;lese e~ente are .d~e to. elastic p_p, np scattering and to P- n. 
charge exchange events (there is a slow proton in the laboratory 
Q~~. . ..• . . . 

The pp invariant mass spectra from the dp- ppnc,ro reacti<n 
channels, wh~n· the fin~l states 90~~ain 1) .either. Qnly a slow 
neutron or _2) either a-'.slo:w neut~ _o~ a sl~w proton in the labo
ra~or;y sys~em, are shown .iii the upper and lower .Parts of fig. 7 ., 
respective~. · , . · 

Thus, ·from the analysis of figs •.. 6-7 it foll:owa t:h&t in . 
this experiment the pp and np invariant mass spectra do not re
veal dinucleon resonances though .the }JlOJilentum .p~ .nucleon .of' ~ 
the .ilicident de_Utron· ~S _tavo~abl8. 't.o the x:e'so_na.xit ..e~c.itation o£ 
the Ia1, JP•3-, lo!-'2260 lo!eV/c state cl.aiQd in. '/2/.. . . · · . ' . . . . '. ' . 
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2. The HBC100 was exposed to a 5.1 GeV/c mOnoenergetic neut
ron beam /Sf.. The pp and np invariant mass spectra from the ex
clusive reaceion channels 

np --. pp,-+71'-;r- ~1764 events~ 
pp:w+•-~t-JTC> 114-9 events 
np~~rl-tr'f11'_.11'_ 124-9 events 

were studied. No statistically significant resonance-like en
hancements were observed. 

3. The nn, np and pp invarian; mass spectra from the reac
tions tP- ppllil at 2.5 GeV/c and ReP- pppn at 5.0 GeV/c were 
studied using the ITlil' I!BOS0/4/ '. No enhancements, which could 
be ascribed to dinucleon resonance production, were observed. 

4. The pp effective mass spectra from the reactions 
:.--A- (mp)X, m-2, ••., A=AJ., Ou, Pb at p,..- • }.? GeV/c were 
studied using the 1o5m !TIP spark chamber spectrometer /5/ • No 
indications of the existence of d.iproton resonances were found. 

5. One more experiment devoted to the search for dinucleon 
resonances b4s .been performed by means of tne counter techni~ 
in Kharltov /6/. This time the asymmetry coefficient L(Et~&).z!.£-t-6'' 
of the reaction rd~ np provocated by a linearly polarized A !• 
ton beam of Ej" • 80-600 MeV has been measured at c.m.s. proton 
emission angles of 0 • ?5°, 90° 1 105° 1 120°, 135° and 150°. The 
results of this experiment, the most complete one among those 
which are analogous and agree with it, are in irreconcilable 
contradiction with the predictions of several theoretical mo
dels. The incorporation in the model of combinations of ~he pre
sumed dinucleon resonances (Ia1, iP=3-(2260))+(IaO, JPa3 (2380)) 
and (I=1, JP=3-(2260))+(IaO, JP=1 (2380)) even somewhat increases 
the discrepancy. 

In conclusion of· this paragraph let us note that the nega
tive resulp iq the

1
.search ror dinucleon resonances first obtained 

at JINB. · /7-II is now confirmed in five experiments per -
formed us·ing di.ff'erent experimental technique. 

rea~ti~~~ n 12e--.. 
:a ?.0 GeV/c are shown 

s~l!:':~'o.'Lnt. o"U:.S],cements were found. This resu1t 
first at was further confirmed in the 
experiments described below. 

· 1. The 1.5m ITKP spark chamber spectrometer was exposed to 
a 3.7 GeV/c or--uson beam.... No 3p resonances were observed in the 
3p invariant mass spectrum/5/. · 

2. The JINR.Hij0100 was exposed to a.4Ho beam of a 8.56GeV/c 
total moaentum. /I2/. The dp invariant mass spectrum from. the ex
clusive "He- dppn reaction channel is shown in fig. 9. Tho 
maxima at both ends of the dp invariant mass spectrum are due to 
the kinematics of the reacVion and need no hypothesis on the 
existence ~ dp resonances. It is quite possible that the lower 
mass maximum is enhanced because of the tiDal state ~teractions 
of deu.terons and protons at small relative nl.ociti.es. 

3. :The three-nuoleon a:t.f'-ective mass spectra p:cn and dp from. 
tp(at 2.5 GeV/c)and ~ep(at 5.0 GeV/c) interactions were studied 
using the picture• rrom the I!ll' .BBC80. No resonances in the 
systems in question were sa~ ·/4/ ·• 
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/8-II/ • No signiricant enhancements were seen• This negative 

result was collf'irmed in the f'ollowing experiments. 

,.__ 1• Tho dpp 8D.d dpn invariant mass sp''-~>:& from tho reaction 

"HaP-- dppn at B. 56 GeV/o (JI!IR HBC100) I I do not reveal reso

nanoe-like enhancements (fig. 18). Tho broad moxima at the higher 

mass end of the spectra are due to the kinematical limit of the 

reaction in question. No enhancements were found as well in the 

tp effective mass spectrum from the s~ reaction (fig. II). 
2. A special counter experiment IU{-was devoted to the 

search tor highlyn-excited states of the ~e nucleus in the reac

tion ?1"-~ tr- .....-.tte• at 5.0 GeV/c. No resonance~like signals 

were found in the relevant missing mass spect~ 

a a on e ariant mas~2spectra of the systems in 

question come from n1. o, np and r 0 interactions at (P~. = 

7.a0 GeV/o and p.,..- :& 4.0 GeV/c and are presented in. fig. .I4 
/8-II/ • The Jq> mass spectra are ehown in tho left upper cor

ner. The admixture Qf i.Op ~mbinations is not excluded. But the 

e~glusion of both ~p and ~p combinations contributed by the 

~~(mp)X-f'inal states do not transfigure the &Rectra. The 

hatched J:'lp invariant mass spectra from the ~K"'(mp)X. final 

states also do not reveal resonance-lik!oenhancements. No such 

eDbancementa are seen either in the A·~~p dib~on or. in the 

JC"'}p tribaqon invariant mass spectra shown in fig. !4:. 

Thus, the totality of available experimental results on 

the search for mul.tiquark resonant systems as well as of the es

tablished resonances ~ . forces us to formulate the h;ypercharge 

selection rule 1 "The hypercharge of hadronic·resonances in weak 

gravitational fields cannot exceed one : Y~ 1." One cannot ex

clude that this·rule is based on a new symmetr7 principle un-

known T~ ~~lD.l~:tive e:ffectfl4/ provides, with strong arguments 

the existence of quark plasma as one of the permitted states of 

nuclear mattere T.be ~1:~ selection rule does not contra

dict this fact. Acco to this rlll.e, quark plasma is inherent 

in nuclear matter and is just as collf'ined to its structuN unit, 
the atomic nucleus, as quarks are confined to elementary par

ticles. Thus, it is possible to tear away.only quark plasma pie

ces of h;ypercharge Y" 1 from the nucleuse 
It should be stressed that the sum of.all possible fla

vours 1 Y ::1 B+i,+C+b+ ••• is meant by hypercharge. 

3 



I .,. 
~ ' •• 
I 

<I ~ ~ 
l!~ ::11: 

"' ... 
··~ 10. 
I 

I 
II' I I! 
h 

! 



~ 

3i!i i i 
@~ ~ I 

"~ 
~ 

} "
' alt! } ~t ~~ ~~ a ~~ s~ ~ N 

' ' ' ~~ ' ~~ >- ~~ E ~~ 
,. 
• F~ ~ ~ 2~ 

" .. 
"' ·rl ,, 

" ... 
5 

" i! 

~ 

§ § ~ " § ~ § 
l!> 

~ § ~ ~ ll 

I I 
L 

i 
"I i li . ' ) .t; 

• c 
"' j .. 

i 

s 



i 
,! 
~ 

§ 
"' 

~ ~ 
,;, 

~ -~ 

Nl E "' ~ " ;, £ ~ i 77 ....!' » z 
~ 

§ 

of!! ~ 'i ~ ~ ~ § !! § i:! I! !! 

" u 

~ 
:E 

ffi } 
cii 
>'!i ~ 

~- l> -x 

~<(! 
!.!i' 
~~ .5.~~ 0~ ~ 

;J R7; l>~ 
g:~ "" ~ E z x>- -~ 

g~ .. 
18 
~ 

!l! 

::! 
!i! 

~ ~ ill 

6 



~ 

~ 
~ 

8:a "~ ~ ~· 
Zl 

~~ 

~I 
~..; 

) I" t! I {z u. •o e 

~ 

~ "' ,;, 
..-1 .. 

~ a 

~ 

7 



t 
:E: 

i 

11 i 0 
0 

b; li1 
x~u 
a.l,t)~ 

"" JJ "c E.£:;: " ·' . ' . . uz uEz N '\: . ., i 

i 
~ e 

10! !i! Iii s !<: [il ;< 0 
~ >il Iii s 2 f. " 

J 

:ft 
$ 
~ 
~ 

"' " "' ~ 

~ "' 
~ 

-c> 
I ~ ... • • " ~ ~ 

u 

J! z 
4 

8 



>-&> 

60 

"' 
10 

80 

.... -dppn .... Ge\1/0 

~ 

N•6111 
.., 
.. 

2'160 ..., '"" lll60 '"' 3260 ~I 1.!0 

..... -dpp~ ... GI!I/C 

~ 

"" 
"" 

..... p-TP9~ .... 
Ne·lS'I' 

60~ ........ 

"' 
10 

.. 
10 

lO 

c 

.. 
so 

""" ..... .... ,..., .,.. -~ ""' ., ""'M......, 
Fig.11 

Y•$ nJc,rl-ppppp ... 

N•SO& 

lt&tt lo1't1 .. wr &ofltJ ;,89t ~91or ""' !Oitr SD9t Srt.r ,.,_.., 

Fig.12 

""' ., 
60 

"' 

""""'- •911"'- :mlJ591 

N,ur---~-----=~~==~~~""'' I 
nnc-~X; ;.ri!JN/c 

ffi•3,4,5 
.. 
!o ~ 

N•.S'tb COMB. 

"' 
10 

"' 
10 

n "'c --Mmplx; (P,.;>,.i.OGev/c 
m•2.,3,4.s 

Y•1 

N•114S C:OMB 

359lJS92 '"""' M.,.t..vfc'l 

n11C-A(mp)x; 1.oGfi/C 
m•4.5 

""' N•lt8 COMB. 

rr"C-f>1!1>1~-'< 
m ... ~ . 
~ 
N=Sa eoto!B. 

I 
$468.1!&. M,.,~MI!IIC'J 

Fig.1J 



COM8. -NC:~ 
rn .. 1.1,3.lt.5 

<?,) 1.0 Gevic 

Re.ferences 

1. Aladashvili B.s. Nucl. 
2. Auer I.P. et al. Phys. 
). Abdivaliev A.A. et al. 

Dubna, 1978. 

Fig.14 

:Phys., 1976, A274, p. 486 .• 
Rev. Lett., 1978, 41, p .. 354. 
JINR, P1-11614, P1-11615," P1-11616, 

4-. Chuvilo I.V. et al .. 9 ICOHE:PANS, 1981,. 
5. Bayukov I.D. et al. ITEP-103, Moscow, 1976 .. 
6. Gorbenko v .. G. et al. 
7. Shahbazian B.A. et al. 
8. Shahbazian B.A. et al. 
9 .. Shahbazian B.A. et al. 

JETP Letters, 1980, 32, P• 337. 
JETP Letters, 1967, 5, P• 307. 
Nucl. Phya.,1973, B53, P• 19. 
Lett. Nuevo Cim., 1973, 2_, p .. 63. 

10 .. Shahbazian B.A. Particles and Nuclei, 1973, vol. 4, part 3, 
p. 811, Dubna .. 

10 



11. Shahbazian B.A. Proc. V Int. Symp. on High Energy Physics and 

Elementary Particles~ Strbske Plese, Chechoslovakia, 

3-9 October 1972, JINR, D-6840, P• 88, Dubna, 1973. 

12. Glagolev v.v. et al. JINR/ 1-80-244, Dubna, 1980. 

13. Badelek A. et al. NucL Phya., 1981, B182, p. 337. 

14. Baldin A.M., Short Conoounications on Physics, 1971, 1, P• 35, 

Academy of Sciences of USSR, Lebedev Physical Institute, Moscow. 

Received by Publishing Department 
on December 1 1981 

ll 


