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1. Introduct i on 

Experimental в tudieв of nuclear interac tionв with l a r ge mome ntum 
t r ana fera in the region of limiting nuc lear fragmentation/l-З/ have 

вhown that nuc l ei a re char acterized Ьу а univeraal qua r k- pa r ton 
вtructure f unc tion which ia di fferen t f r om а вtruct ure func tion of 

nucleonв. Structure functionв of nuclei вimil ar to thoвe dete rmined 
in experimentв on limi ting nuc l ear fragment ation/4- б/ have be en аlво 
obtaine d in NA-4 experiment в on deep-in e laв t i c ac n t t ering of muonв 
and elec t r ona on nucl ei performed Ьу the groupв f rom SLAC, CERN and 

JINR-CERN c ollabora t i on. 
The fact that nuc lei h ave their quark- parton вtructure functianв 

not reduc iЬle t o one-nucleon one a ahowв evi dence f or а poasiЬle exi a­
tence of mul t iquark confi gurationв ( б q and more) i n nuclei. А direct 
manifeвtation of вuch etateв iв to obвerve reвonance featurea in ef­
fective mавв вpectra of baryons produced in hadron-nucleus and nu-

cl eus - nuc l cus collis ions. The production of n<lrr0\7 dibaryon 
resonancc s i n hadron-nucleus interactions for а mass range 

of 1. 9)2-2.171 GeV has been investigated in papera/7,B/. 

In thia paper we вtudy correlation effecta in multinucleon се 
interac tionв at 4.2 GeV/c per nucleon ueing collective variaЬleв. 
From reзulta of вuch an analyeis one can draw а concluaion of а рое­
вiЬlе production of dibaryon reaonanceв in these interactions for 

Meff .c 2.150-2.50 GeV. А review of experimente on а вtudy of nucleon­
-nucleon interactionв, in which indicatione of the exiвtence of вuch 
reвonances have been obtained, ie preвented. in/9/. 

2. Experiment 

Experimental dat a have been ob t ained on the 2m propane bubЬle 
chamber (Нigh Energy Labora tory, JINR) expoaed to а beam of carbon 
nuclei wi th а momentum of 4.2 GeV/c per nucleon. Multinucleon СС 
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interactions were s elected according to the following criteria: 
1 • In an event there were no multicharged stripping fragmentв 

from the incident carbon nucleuв. 
2. The number of вingly charged вtripping particleв with 

Plab 7 3 .о GeV/c emi tted at an angle of Q ~.4° relat i ve to the prima­
ry beam was no larger than 2. 

3. The total charge of all вecondarie в in an event wав larger 
than +7. 

In thiв вelection the average number of nucleonв involved in the 
interaction was .t.. Vn~~1 б. The nurnber of СС events вelected in thiв way 
wав 1394 . Тhе mean relative error in meaвuring the momenta of вeconda­
ry charged particles was "' 12% and its moвt probaЬle value"" б% . In 
our experiment the mean momentum, beginning from which protonв were 
identified, wав 150 MeV/c. Poвitive pionв could Ье diвtinguiвhed from 
protons Ьу path and ionization at Plab~700 MeV/c. In other саsев 
;;+ -mesonв were claвsified as protons. The fraction of Jj+ -meвons 

with Р18Ь ) 700 MeV among ' positive particles wав "'13%. Deuterons and 
triti~ nuclei were visual ly identified Ьу ionization for а momentum 
interval of 172.5 GeV/c. In other саsев these nuclei were asвumed to 

Ье protonв. Protons with Plab~ 300 bleV/c were not considered i~ the 
analyвis ав the fraction of spectator particles (protonв, deuteronв 
and во on) produced in target-nucleus fragmentation wав very large. 

А more detailed description of the experimental method can Ье 
found in рареrв/10 • 11 1. The model of intranuclear савсаdе (Dubna ver­
вion) Y/as аlво uвed for data analysiв/121. 

3. Collective Prouerties of Secondary Particles 

Collective properties of вecondary particleв have been вtudied 
in the system of "principal ахев" of an event Ьу means of variaЬles: 
"вpherici ty" S and < P~ut,.. tha t determine the configuration of an 
event in momentum space. А more detailed analyвiв of the СС data Ь7 
means of different collective variaЬleв can Ье found in paper/131. 
Here we consider only the variaЬles that are most significaцt for the 
analysiв. 

Sphericity S is determined
1
as followв: 

(/) ~ s=:mi~~(~PJ.'/'i:IP;I") 
with Р1 vectors of momenta of second~rieв in the с.m.в. of colli­
ding nuclei and Р~. transverse momenta relative to воmе axis. The 
direction, relative ~ to which the вum 2::>r1 of all charged particleв 
takeв а minimal value, is commonly called an ахiв of jetв. The tran-
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вition of the eystem of principal ахев is accomplished Ьу diagonali­
zation of the matrix conвiвting of componentв of momenta of seconda­

ry particles in the се с.m.в. 

Мо~!::: 2;: Pi~P;_, 
L 

о<, j = х, у, 2 . (2) 

Тhе diagonal elements of thiв matrix, arranged in increasing order of 
magnitude Q

1
< Q

2
<Q

3
, are geometrically the main axes of an ellipsoid 

(fig.1), and the direction of the principal axes of an event iв вресi-- - .... fied Ьу single vectors n1, n2 and n3 corresponding to them. The di-
rection of the largeвt elongation of an event is determined Ьу vector ... . ~ n

3 
and the direction of its largest flatten~ng Ьу n1 • The plane de-

termined Ьу vectorв ~2 and ;
3 

iв uвually referred to ав the plane 

of an event. 
The value of < P~ut' can Ье 

с 

~ 

с 

found · ав 

<. p":t,. - Gt 
-п.; (З) 

where n± iв the multiplicity of 
the charged particleв being con­
sidered. The вmaller the value of 
.{.. P~ut" is in an event, the lar­
ger the coplanarity of the confi~ 

А echeme of the prin­
cipal ахев in an event. guration of вecondarieв in momen-

tum врасе. 

Pigure 2 вhоwв the S distribution for СС interactionв obtain­
ed in the experiment and for СС events вimulated Ьу the intranuclear 
савсаdе шodel•>. One can вее that СС interactions ав а whole are 
characterized Ьу а jet configuration of вecondary particleв in moшen­
tum врасе both in the experiment and in the model. However, ав seen 
froш fig.2, the siшulated СС eventв do not agree with the experimen­
tal data: the се interactions obtained i n the experiment differ in 

larger sphericity. 
In fig.) is preвented the < P~ut > distribution of real and вi­

mulated СС events. It is seen that this distribution is broader than 
the theoretical one. Por < P~ut~> 0.08(GeV/c)

2 
one can оЬвеrте а 

"вhoulder" which iв not deвcribed Ьу the intranuclear cascade model 
in queвtion. The fraction of eventswith < P~ut>> 0.1(GeV/c)

2 
is 

*) Seieotion criteria ot multinucleon се interactionв in the 
experiшent and in the model are the ваше; the featureв of 
particle identification are аlво taken into account. 
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~ 18% in the experiment and -З% in the model. The resultв obtained 
indicate that the production of particleв, emitted in the direction 
perpendicular to the event plane with relatively large momenta, iв 
obвerved in the experiment for multinucleon се interactionв. The с~ 
вection of вuch рrосеввев in the савсаdе model of nucleuв-nucleuв col­
liвionв is smaller Ьу а factor of several timeв. 

4. ТWo-Particle Correlationв 

Por а more deiailed analysiв we have considered azimuthal cor­
relationв of charged particle раi2в in СС eventв with < P~ut > < 

0.08(GeV/c)
2 

and ~ O.OS(GeV/c) • The fraction of СС interactions 
wi th < P~ut>~ 0.08(GeV/c)

2 wав - 28%. The A!J distributionв of par­
ticle pairs were inveвtigated where d!f iв the angle between their 
tranвverвe momenta in the planeв perpendicular to а) the direction 
of motion of colliding nuclei and Ь) the direction of the jet axis 
in an event 

-+ .... 

d.!:f =. atco.s f}( ' ~i 
1 ~i 11 P.~.j 1 (4) 
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with P~i and P~j the tranвverвe momenta of i-th and j-th particleв 
in the azimuthal plane. Correlationв were analyzed between а) proto~ 
Ь) pionв and с) protonв and pionв for different intervalв of tranв­
verвe momenta of the particleв conвidered • 

а) Ь) 

Прр 

\5 

t t 
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o.s о go· 180" о go· 180" 

Alj d!f 

~ The 4!J diвtribution of 
proton pairв: а) for the eventв 
wi th<' P~ut><0.08(GeV/c)2 and 
Ь) for the events wi th < P~ut>~ 
o.os(G~c)~ One of the protons 
has РJ..<.о.з GeV/c; the momen-

t 
tum of а вecond proton iв unli-
mited. 

Pigure 4 а) and Ь) вhоwв 
the n = Arpair diвtribu-

РР gv~nt 
tionв of proton pairв, one of 
which hав P.J.fOoЗ GeV/c (the 
momentum of а вecond iв unliшi-
ted), verвuв angle 4!J between 
them for the two groupв of 
eventв with<p2 ?,.<0.08(GeV/cf 

ou 2 
and ~ O.OS(GeV/c) • Ав can Ье 
вееn from the figure, the 
diвtributionв of вuch pairв of 
protonв are practically iвotro­
pic. 

. 1 In fig.5 а) and Ь) are 
preвented the azimuthal diвtr.i­
butionв of proton pairв with 
P.J.i ~ 0.7 GeV/c and ~ 0.85 GeV,k 
relative to the direction of 
motion of colliding nuclei for 
the two groupв of се interac­
tionв. In the ваше figure are 
given results of а вimilar cal­
culation for the вimulated 
eventв. Prom the figure one 

can вее that in се interactionв with вmall valueв of < P~ut> one can 
observe correlationв of two protonв emitted at angleв approximate to 
180° in the azimuthal plane. In се events with <. P~ut)~0.08(GeV/c) 2 

there occurв а correlated emiвsion of pion pairs at angleв 4 ':f of 
~120° between their trensverse momenta. If а similar distribution is 
constructed relative to the ахiв, the maximum of the n dependence 

2 2 рр 
on д.:f for the eventв with <. Pout::>~ 0.08(GeV/c) is shifted to the 
renge of ~У values equal to 90°. 

In both савев the observed correlationв are not quantitatively 
deecribed Ьу the cascade model although correlated proton pairв with 
I:J.!f approximate to 180° are also produced in the events wi th < P~ut > 
< o.os(GeV/c)2 (this fact iв probaЬly due to proton elastic rescatte­
ring). 
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the jet а~iв. А вimilвr diвtribution 

The аnвlувiв hвв вhown 
thвt pion and ( р li) pairв 

have, within experimentвl er­

rorв, the iвotropic ~~ diв­
tribution between their tranв­
verвe momentв for both groupв 
ot се interвctionв. 

For underвtanding the na­
ture of theвe correlвtionв,it 
iв of intereвt to conвider tm 
Meff(pp) diвtribution of pro­
ton рвirв with lвrge trвnв­

verвe momentв. Figure 6 вhоwв 
the Meff(pp) diвtribution of 
вll proUш рвirв for multinu­
cleon се colliвionв вnd fig.7 
the distribution of proton 

рвirв with PlL~0.5 GeV/c вnd 
Pl' ~ 0.7 GeV/c relвtive to 

for th:intranuclear сввсаdе mo-

del iв denoted Ьу а вolid line. The effective mввв reвolution for dif­

ferent Meff intervalв iв preвented in fig. 8 . 

From fig.7 it ie вееn that in the effective mавв вpectrum of р~ 
ton pairв there are maxima in the mввв range Meff~2.15, 2.23, 2.32, 
вnd 2.50 GeV although вtatiвticв iв inвufficient. At the вате time no 
вtructure iв obвerved in the Meff diвtribution of all proton рвirв. 
No вtructure iв вееn in the effective mавв вpectra of proton pairв 
with lвrge tranвverвe momenta conвtructed for the intranuclear сав­

саdе model. 
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Figure 9 pre вentв the effec­
tive mав в diвtributi on of correla­
ted proton рвirв with Р~~О.5 GeV/ c 
and P.J.·~0.7 GeV/c(the proton pairв 

4 
were вelected wi th tJtj~ 45° in the 
eventв having < P~ut)<0.08(GeV/c) 2 

and 4~ •45°7135° in the eventв 
with < P~ut)~0,08(GeV/c) 2 ). One 
can вее thвt in thiв вelection the 
background from non~rrelated pro­

ton pairв in the fмQ~ вресtrв вig·· 
nificantly dесrеввев, and the reвo­
nвnce в~ructure mвnifeвtв itвelf 

111ore diвtinctly. 
When conвtructing the Meff diвtribution of the ваше proton рШхв 

in the eventв with <. P~ut 7 ~ 0,08(GeV/c)2 (fig.10), в lвrger decrEБSe 
of the number of background comЬinationв сап Ье вееn. 

In all cвses the experimental datв are not deвcribed Ьу the свв-
свdе model. 
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вавеd on the analyвiв carried out, the concluвion can Ье drawn 
that the correlated emiввion of proton pairв with large tranвverвe 
momenta iв obвerved in multinucleon СС interactionв. ТЬеве correla­
tionв are likely to Ье due to the production о! dibaryon reвonanceв 
in theвe interactionв. However , for а final concluвion it iв required 
to significantly increase experimental material and to make itв ana­
lyвiв in more detail. 

In conc luвion the authorв ехрrевв their gratitude to the 2m pro­
pane bubЬle chamber collaboration that inveвtigateв nucleuв-nucleuв 
interactionв for the hel p in experimental data analyвiв and useful 
discuвsi ons. 
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Анализ корреляционных явлений 

в многонуклоннь~ се-столкновениях 

при импульсе 4,2 ГэВ/с на нуклон 
с помощью коллективнь~ переменных 

Е1-84-492 

Проводится анализ корреляционных явлений в многонуклонных 

се-столкновениях при импульсе 4,2 ГэВ/с на нуклон с помощью 
коллективнь~ переменнь~ "сферисити" и <Р 2

1 
> • Показано, что ou 

в се-столкновениях наблюдается коррелированное испускание пар 

протонов с большими поперечнь~и импульсами, вьтетающих под 

углами, близкими к 180 и 90° в плоскости, перепендикулярной 
оси струй . Модель внутриядерного каскада не описывает наблю­

дающиеся корреляции протонов. В спектре эффективнь~ масс 

скоррелированных протонов имеются особенности в виде максиму­

мов в районе масс Мэфф':" 2, 15; 2,23; 2,32; 2,50 ГэВ, которые 
могут быть указанием .на существование дибарионных резонансов . 
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Agakishiev H.N. et al. 
Analysis of Correlation Effects 
in Multinucleon СС Interactions 
at 4.2 GeV/c per Nucleon 
in Terms of Collective VariaЬles 

Е 1-84-492 

An analysis of correlation effects in multinucleon 
СС interactions at 4.2 GeV/c per nucleon is being carried out 
in terms of collective variaЬles. It is shown that the corre­
lated emission of proton pairs with large transverse momenta 
is observed in СС interactions. In the effective mass spectrum 
of correlated protons there are maxima in the mass range 
М err. = 2.15; 2.23; 2.32; and 2.50 GeV which can Ье an evi­
dence for the existence of dibaryon resonances. 

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