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1 • INTRODUCТION 

In the last few years а picture of the nucleus as а system 
composed of nucleons has raised serious doubts. As long as mo
mentum-energy transfer is compar·aЬle to Fermi momentum; this 
picture remains valid, but at energy transfers exceeding 1 GeV 
one could see the substructure of nucleus connected with quarks. 
This effect was predicted theoretioally 111, and first experi
mental indications were obtained in the investigation of cumu
lative P.article production processes in hadron-nucleus interac
tions12~ In а nucleus, with а certain probability, short range 
corre lations are likely to Ье realized, which result in multi
quark configurations. An avidence for multiquark degrees of 
freedom is obtained in many exper iments on deep inelastic in
teractions of leptons and hadrons with nuclei IЗ-BI. 

In this connection it is important to look for narrow diba
ryon resonances. They may manifest themselves in kinematical 
characteristics of secondary p~rticles generated in deep in
elastic nuclear interactions. At relatively large momentum 
transfers correlated dinucleons may Ье knocked out from а nuc
leus and appear as bumps in the effective mass distribution of 
two nucleons. 

High energy nucleus-nucleus collisions make it possiЬle to 
realize essentially multinucleon interactions. C1langing mass 
numbers of interacting nuclei, it is possiЬle to vary the num
ber of nucleons participating in а collision over а wide inter
val. The number of interacting nucleons appears as а new para
meter in high energy nuclear physics. А study of characteris
tics of multiparticle production processes as а function of the 
number of interacting nucleons is one of the important tasks 
of relativistic nuclear physics. Perhaps, it is of great inte
rest to study the ·features of secondary particle production, 
which in transverse momentum and rapidity space fall far from 
fragmentation regions of target and projectile riuclei. 

High-energy inelastic nucleus-nucleus collisions are mainly 
а superposition of NN interactions. In NN interactions the 
resonance produc tion, and particularly that of А isobars, ' pro
c eeds with large cross sections. In multinucleon interactions 
а relatively large number of А isobars may Ье generated in 
а relatively small volume of the geometrical overlap of col
liding nuclei. There exist almost· no relevant experimental data. 
А study of manifestation of correlated particle emission in nuc-
leus-nucleus interactions is the aim of this work. 
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2. EXPERIМENT 

For studying correlation phenomena, it is proper to use 
track detectors as, e.g., bubЬle chambers. The experimental 
data on inelastic interactions of nuclei presented below were 
obtained from exposures of the 2m propane <СЗНВ)ЬuЬЬlе chamber 
in beams of protons, deuterons, helium-4, and carbon-12 nuclei 
with а momentum of Р0 = 4.2 GeV/c per nucleon. The admixture 
of o t her beam particles in our experiment did not exceed 3%. 
The chamber was placed in а magnetic field of В= 1 .5 tesla. 
Momenta of secondary charged particles were determi ned with 
а mean relative error of дР/Р =0.1 and the i r emission ang~es 
with а mean error of дО= 0,5°, А target composed of three tan
talum plates 1 1um thick and 93 mm apart was mounted inside the 
chamber. This makes it possiЬle to study inelastic interactions 
with carbon as well as with tantalum. Diproton resonances were 
also searched for in experimental data obtained earlier from 
an exposure of the propane bubЬle chamber in а 40 GeV/c "- beam 
from the Serpukho·v accelerator. 

Events, which satisfied proper selection criteria 1221, were 
classified as interactions with carbon nuclei of propane. These 
criteria guaranteed the selection of inelastic interactions with 
carbon. However, about 25% of peripheral interactions with car
bon were lost in this procedure. Central СС and СТа interac tions 
were also studied , As СС central collisions, events were se
lected which satisfied the following ctiteria: i) there are no 
carbon projectile spectator fragments with charge Z > 2; ii) the 
number of singly charged stripped projectile fragments n < 2; 
iii) the total charge of secondary particles Q > 7. Posifive ly 
charged particles with а momentum of Р+ ~ - 3 GeV/c and an emis
sion angle of О;$ 4° were taken as spectators. Central colli
sions amounted to about 15% of all се inelastic interactions . 
As central СТа collisions, events were classified having no 
charged spectator fragments of projecti l e . They amounted to about 
25% of all inelastic СТа interactions. ТаЬlе 1 shows the num
bers of different types of events used in the analysis. 

Propane bubЬle chamber technique has some experimental li
mitations. Protons, deuterons and tritium nuclei with momenta 
less than 150, 250, and 350 MeV/c, respectively, are no t seen 
in the chamber due to their short range iц propane R < 3 mm. 
Negatively charged pions with momenta of Р" $ 70 HeV/c (f <3 cm) 
can Ье wrongly classified as protons. Positively charged pions 
are undoubtedly identified Ьу ionization only fo r momenta of 
Р < боо меv/с. 
" r~teractions of deuterons, helium and carbon nuclei with car

bon experimental ly sel ected approximatel y fulfill i sotop i c s ym
me t ry. This al lows one to u~ e t he procedure described be l ow in 
order to select pro tons and heavier nuclei from all pos i tively 
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Table 1 

Statistics for different types of interactions 

Туре of 
4нес 

се 
interaction 'rc рС dC се central 

Number of 
events 17000 1 291 2126 14 21 2200 1394 

Туре of 
4нета interaction dTa СТа СТа central 

Number of 
events 1362 868 1176 296 

cha~ged particles. In the region of Р+ :$ 0,5 GeV/c protbns can 
Ье distinguished from "+ mesons Ьу ionization density and range. 
For positively charged particles with а momentum of Р+> 0,5 GeV/c 
weights dependent on momentum and angle were introduced, which 
accounted for "+ meson admixture. It was assumed that the num
bers of "+ and rт- mesons and also their momentum and angular 
distributions are the same, In the total number of positively 
charged par~icles with Р+ > 0,5 GeV/c the number of mesons, as 
evaluated from that of "-,Цid not exceed 15%. Among all positi- ' 
vely charged particles with а momentum of Р+ ~ 1 GeV/c and an 
emission angle of О >. 4° about 1% of particles were observed 
the ionization density of which was consideraЬly greater than 
that of protons with а momentum of РР ~ 1 GeV/c. These particles 
were classified as composite fragments without subdivision into 
deuterium, tritium and helium nuclei. 

In а propane bubЬle chamber singly charged positive particles 
with momenta of Р+ > 1,5 GeV/c cannot Ье divided into protons 
and deuterons. Therefore in our sample of protons there is some 
admixture of deuterons. Further on all positively charged ba
ryons (including composite fragrnents) will Ье called protons. 
Some methodical and physical results of experimental data ana
lysis have been already puЬlished in papers / 9-22/, 

То observe nontrivial correlations, the Dubna cascade-eva-
. poration model (DCM) 123 •241 was extensively used as а background. 
In this model inel·astic nucleus-nucleus interactions are treated 
as successive quasi-free two-particle collisions described Ьу 
the relativistic Boltzmann equation. The process of absorption 
of secondary pions Ьу pairs of correlated nucleons was included 
in the calculations. The model also permits one to describe the 
emission of fast composite particles d , t , 3 не and 'не Ьу 
taking into account the interaction of cascade particles in the 
final state in the frame of the model of dynamical coales
cence1241,Radii of coalescence of nucleons in momentum space Р , 
initially estimat.ed from experimental spectra of particles. pr~-
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duced in interactions of neon nuclei with uranium at Т0 = 
~ 0.4 GeV per nucleon, turned out to Ье independent neither 
of the primary energy of nucleus nor of the mass number of 
colliding nuclei. These values of Ре were used in the calcu
lations. Such choice of coalescence radii is in agreement with 
the estimated/25/ from а quantum-mechanical description of the 
process of formation of composite particles in hot nuclear mat
ter. 

3. DIBARYONS 

PossiЬle candidates for dibaryon states have been widely 
discussed recently. There would Ье states formed Ьу two nuc
leons with strangeness S =О, masses of 2140 ::;M..NN~ 2450 HeV 
and widths of (50-200) MeV and also states formed Ьу lambda
hyperon and nucleon with strangeness S = -1, masses of 
2120 .$М л .$ 2360 MeV and widths of (З-60) MeV. А detailed re
view of the experimental and theoretical situation on lambda
nucleon systems can Ье found in papers/26/, :We shall lim~t our
selves to dibaryons with strangeness S = О. Data related to 
this proЬlem have been obtained in experiments on NN scat
tering127-81<photodisintegration of deuteron/82-84/ and pion
deuteron interactions /85-871. There are also experimental data 
on "low-lying" resonances obtained Ьу bubЬle chamber technique 
in the course of studying interactions оР 4 Не with protons at 
Р88 = 8.6 GeV/cl38~interactions of "--mesons with carbon nuc
lei at Р" = 5 GeV 1 с 189/ and absorption of. "+ -mesons Ьу nuclei 
of freon at Т" = 60 ИеV /4°1,In these cxperiments indications 

· have been obtained of the existence of narrow dibaryon states 
with masses: М 1 = 2035+15 MeV/38~ М2 = 2137+17 MeV/38/, М3 = 
= 1961.:!:_2 . HeV /391, М4 = ZO 16.:!:_3 MeV /391, М0 = Z025.!_3 MeV 140/ and 
with widt:-hs, respectively, Г1 = 30.:!:_23 }1eV, Г2 = 59.:!:_20 MeV, 
r; = 11.:!:_4 MeV, ~ = 30.:!:_14 MeV, Г5 :5 5 MeV. In а recent pa
per1411 an experiment is described in which various neutron
proton reactions have been studied in а hydrogen bubЬle chamber 
at neutron energies from 1 to 5 GeV. In the effective mass 
spectrum narrow peaks were observed at masses of 1936+2 MeV 
and 1962+3 MeV and widths not exceeding 10 MeV. -

It seems that probaЬly only four narro"т dibaryon states have 
been observed in the above experiments/3&-41/ at masses of about 
1.93, 1.96, 2.02 and 2.14 GeV. 

The existence of dibaryon resonances has been predicted Ьу 
different theoretical models: multiquark c1usters / 42-46/,joined 
springs 147,481, excitation of rotational degrees of freedom of 
а dinucleon state 1 49~and description of experimental data on 
the basis of pion-deuteron scattering at lо"т energies /5О/, .. 
А detailed information on this topic can Ье found in papers / Бf/ . 
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Data collected Ьу our Collaboration on interactions of " 
mesons with carbon nuclei at 40 GeV/c and interactions of pro
tons, deuterons, helium-4, and carbon-12 nuclei with carbon 
at 4.2 GeV/c per nucleon have been used to search for diproton 
resonances. In а propane bubЬle chamber, for protons with mo
menta between 200 and 500 MeV/c the effective mass resolution 
of two or three protons is of the order of а few HeV. The rea
son for this is that protons in the above momentum interval 
have ranges in propane between 1 and 25 cm, i.e., practically 
all are stopped in the chamber volume. Such protons were mea
sured Ьу range with а momentum error of ДР/Р< 0.02 and an emis
sion angle error of O.S degrees. The experimental effective mass 
resolution of two protons for intervals: МРР .::; 1912 HeV, · 
1912 $Мрр$ 1937 MeV and Мрр>1937 HeV turned out to Ье 1.5, 
2.6 and 3,8 HeV, respectively. 

Figure 1 shows the ·effective mass distribution of two pro
tons for "-, р , d , 4 Не ,and С interactions with а carbon 
nucleus, in which two or more protons are produced with momen
ta of 200 .$~5 500 HeV/c. Quantity Q=Mpp -2m11 is the decay 
energy. In the distribution in Fig,1 there are 3755 combina
tions from "-с interactions and 5944 combinations from АС in
teractions, The shape of the distributions for the two classes 
of interactions turned out to Ье alike. The bin width in the Q 
distribution was 5 MeV, The effective mass, М, distribution was 
approximated Ьу three Breit-Wigner terms 

BW = __ М...:.:а:...Г...:.а;_М __ _ ( 1) 
< м2 - м2 ) - м2 г2 

а а а 

where Ма is the mass and Га is the full width of а resonance, 
and Ьу the background distribution obtained 1nixing protons from 
different events, The Breit-Wigner terms were multiplied Ьу the 
background distribution in order to take into account the in
fluence of phase space, The first two intervals in Q were not 
used for the fit as in this region there is а significant in
fluence of final state interactions which we do not take into 
account in the background distribution. А solid line in Fig.1 
shows the results of the fit (x 2/N.D.F. = 1.2), а dashed one, 
the contribution of the background, • 

ТаЬlе 2 gives the values of Ма and Га obtained in the fit 
for the three possiЬle resonances as well as their relative 
contributions а • It can Ье seen that the obtained values of 
masses and widths are in fair agreement "тith data of papers13&-41/, 

Figure 2 shows the effective mass distribution of three pro
rons with momenta of 200 :5 РР .::; 600 MeV/c from the same inter
actions as in Fig.1, In the distribution in Fig.2 there are 
1528 combinations from "-с interactions and 3620 combinations 
from АС interactions. The bin width in the Q =. М РРР -3m Р 
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Fig .l. Pwo- proton effective 
mass distriЪution for protons 
u>ith momenta of О . 2 .$ РР .S 
$ О.Б GeV/a . Q . MPP - 2mp. 

\ ~ 

~~r-~~~~~~~~--

N 

iOO 

o~L-~~~~~~--~ 
о 75 150 22S :m 

. Q (мev) 

Fig. 2. Three- proton ef fective 
mass distriЪution for protons 
u>ith momenta of О . 2 .s РР .s 
$ 0.- 6 GeV/a . 

Table 2 

Parameters of the assumed resonances in two-proton system, 
х 2 / N.D.F."' 1. 2 

R1 R2 R3 Bac lcgr ound 

М (MeV) 19 26+1.4 1964+3.6 2026+6.6 

r (MeV) 11.0~1.9 32.4+3 . 2 31.9.~5.2 

оС. {\ ) 3 . 3+0.5 9.0+1.0 4.0+0.9 83 .7~0.7 

distribution is equa l to 7.5 MeV. Bumps in а regi on of 2.90-
2.95 GeV could Ье considered as an i ndication of а pos s iЬle 
effect. 

An at teщpt has been made to ·minimi ze the contribut ion of 
background pr ocesses t o the analyzed effect i ve mas s spec t ra Ьу 
introducing k inematic limi t ations on charac teristics of secon
dary partic l es . For example, f or 17-с i n t eract i ons , events сап 
Ье selected with а secondary 17- meson having а transvers e mo
mentui!l of Р.1.. 2: 0.3 GeV/ c or ~ 2: ·0.5 GeV/ c in whi ch t he s iun 
Of ШOrnentUI!l vectors of tWO secondary pro t onS lie s near the pro
duction plane of the 17 - meson with h i gh !i . · I n thi s way it is 
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possiЬle to select quasicomplanar events compatiЬle with the 
hypothesis of knocking out а correlated two~proton pair from 
а carbon nucleus. It is necessary to point out that large bubЬle 
chambers with а relatively high stopping power for protons may 
Ье successfully applied for а search for and investigation of 
multiproton states. It would seem useful to use bubЬle cham
bers with such working liquids as propane, mixtures of hydrogen 
with neon or mixtures of propane with freon. Using heavier li
quids is not advisaЬle because of а consideraЬly lower effective 
mass resolution and possiЬle biases resulting from rescattering 
of protons in а heavy nucleus. 

4. NUМВER OF INTERACТING NUCLEONS 

In inelastic high energy nucleus- nucleus collisions depending 
on impact parameter, some nucleons of interacting nuclei remain 
as spectators. Previously /10,12,13 / mean numbers of interacting 
nucleons from d , Не , and С projectiles colliding with tan
talum have been determined on the basis of the experimentally 
me·asured mean charge of spectator fragments. Spectator frag
ments have characteristic moment um and angular distributions 
the widths of which are determined Ьу the Fermi motion inside 
а nucleus. The identification of а spe~tator fragment or а nuc
leon is not quite unique. Nucleons of the colliding· nuclei may 
Ье scattered quasi-elastically, and afterwards they have cha
racteristics alike to those of spectator nucleons. Experimental 
conditions for identification of multicharged spectator frag
ments are relatively better. At а projectile energy of Е0 ~ ~ GeV 
per nucleon multicharged projectile fragments with charges 
Z t 2: 2 are erni t ted wi thin а · very narrow angle of О ~ 20 mrad 
relative to the primary beam, whil e heavy spectator fragments 
of the target nucleus have а range in propane less than an ob
servation limit of 2 mm. However, in any case, due to various 
uncertainties, the procedure of identification of spectator 
particle remains somewhat ambigu6us. 

Nevertheless, it is useful to characterize an inelastic col
l i sion of nuclei Ьу а certain number, namely the mean number of 
nucleons participating in the interaction, considering spectator 
fragments of nuclei a s noninteracting. In this experiment the 
number of nucleons participating- in the interaction was deter
mined from the number of interacting proton~ . The number of 
pa rticipat i ng protons was determined Ьу subtracting the number ; 
of 17+ mesops f rom the number of positively charged particles · 
(without spectators). 

The we ight o f "+ mesons was evaluated from· the ratio of the 
numbers of 17- and "+ mesons in the momentum region Р <500 ИеV/с. 

1Т -
Approximately 50% of all 11 mesons fal l i n to this region. Parti-
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cipant protons include some admixture of composite particles, 
mainl y deuterons and t ri tons . At our primary energy pos itively 
charged particle s wi th а momentum of Р + ~ 3 GeV /с and an emis
sion angle of 8 ~ 4° were taken as а spectator of the projectile 
nucleus~ As · spectators of the t arget nucleus were taken protons, 
deuterons, t ritium, and he lium .nuclei wi th momenta of Pr ~ 
~ 0.3 GeV/c per nucleon. 

Tabl.e 3 

Ratio of the number of "- me sons t o the number o f · "+ 
and "- me sons wi t h Р" ~ 0.5 GeV/c for interactions 
of d , 4 Не , С with carbon and tant alum nuclei 

Туре of 
interaction 

R 

dC 4неС 

0.45+ 0 . 47+ 
о.ог о.о2-

се 
се central dTa 4 нета ста 

СТА 
central 

0.50+ 0.48+ 0.55+ 0.5 2+ 0.56+ 0 . 56+ 
o.oz- о . о2- о . о2- о.о2- о.о2- o.o z-

ТаЫе 4 

Average numbers of participant protons, <np >, and 'correlated 
average numbers of participant nucleons, < N art > • 
The values of <np > theor, are calculated according to 
the DCM 123 •241 

Туре of 
4нес 

се 
4нста 

СТа 
interact i on dC се central dTa СТа central 

(.Пр) 2.40+ 3.27+ 5 \.11~ 8.35+ 5.52+ 8.64+ 13 .84+ 29.96+ 
0.03- 0 .05 - 0.08 0.06- 0.12- 0 . 24- 0 . 37 - 0.55 

<-Npar t'> 4.4+ 6.2+ 10.2+ 16.0+ 11. 2+ 17.4+ 28.5+ 61 .4+ 
0.1- 0.2- 0.3- о.5- 0.3- о.5- 0.8- 1 . 2 

~np) theor. - - - 8 . 7 - - 14.9 32 .8 

If colliding nuclei have the s ame numbers of protons and 
neutrons, t he raean nuшber of interacting nucleons equa ls twice 
the mean number of interac t ing protons. In this sense tantalum 
nuc l ei a r e not s ymme tr i cal. Also the selec tion procedure of in
t eractions with ca rbon of propane and of centra l се interac
tions l eads to some asymmet r y. In the symmetr i c ca s e , when a ll 
iso t opic channels in NN collisions a r e equal ly probaЬl e , mul ti
plici ties of " + and "- mesons , their momentum and angul ar dis
tribut i ons shoul d Ье t he same. In taЬl e 3 are given t he r atios 
of the number of " - mesons to t he sum of the number s of "+ and 
"- mesons (for pi on momerita of Р" ~ 0 .5 GeV/c) fo r i nteract i ons 
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of d , Не , С wi th С and Та. For interactions· wi th tantalum 
this ratio for "- mesons is greater than 0.5 which is caused 
Ьу an excess of neutrons over protons in tantalum nucleus. At 
our energies the multiplicity of "- mesons produced in NN in
teractions is consideraЬly higher th~n in РР interac t i ons / 521. 
Interactions of protons with neutrons give in the mean the same . 
nu~bers of "+ and "- mesons. For interactions with carbon 
another situation is observed: the fraction of "- mesons i s less 
than 0.5. This is caused Ьу the event selection procedure which 
favours events in which interacting nucleons of the projectile 
are protons. 

Knowing multiplicities of "+ and "- mesons and protons in 
NN interactions and an experimental exces s or а deficit of " 
mesons, one can introduce suitaЬle correct ions into the numbers 
of interacting nucleons. 

In ТаЬlе 4 are collected the experimentally dete rmined mean 
numbers of participant protons and the corrected mean numbers of 
participant nucleons, Npart • Errors in the mean numbers of pro
ton participants are purely statistical, while those for nucl eon 
participants include also some methodical uncertainties. In 
ТаЬlе 4 are also given the mean numbers of proton participants 
obtained from the DCM model 123,24/ with experimental conditions 
t aken into account . From ТаЬlе Lf it can Ье seen that our experi
mental da ta make it possiЬle to choose c las ses of event s with 
the number of participants varying over а wi de range: Npart ~ 
~ 5-60. It is necessary to stress that in interactions with 
а heavy nucleus of tantalum in the number of par ticipants there 
are nucleons originated in secondly cascade interactions. In 
collisions with а carbon nucleus the influence of rescattering 
is much smalle~. From ТаЬlе 4 one can also see that theoretical 
values for the mean numbe r s of proton participants are slightly 
greater than experimental ones. This is also clearly seen if one 
compares the shape of distributions of proton participants. 

' Pe rhaps, the DCM mode l slightly overestimates the number of 
cascade rescattering of secondary part i c les. 

5. LARGE TRANSVERSE МОМЕНТА 

We have pointed out ear lier 1 211 that "- mesons and pro tons 
wi th rela tively high transver se momenta were observed in cent
ral се colli s ions o f р ' d ' 4 Не ' с with tantalum at 
4 . 2 GeV/c pe r nucl eon. Let us conside r i n mo r e de tai l cha rac
teri s tics of such part i cle s produced in d , 4~е , С interac
tions wi th carbon nucl eus. 

The i nc l usive transve t se momentum s quared di str ibutions of 
al l " - mesons and pr otons produced in dC and СС central col
lisions a re presented i n Figs .3 and 4. An arrow shows the kine-
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ТаЫе Б 

Values of the slope parameter$ of the exponentials, 
(GeV/cГ-2 for pro"ton and 777 meson PJ.2 distributions 
in dC, 4 НеС, се, and СС central interacti.ons 

1 

Туре of 
particle Protons 1r=mesons 

dC 
4нес 
се 

се central 

Np 

P;IGo~l' 

а 

12.7+2.0 

7.5+0.8 

7.0+0.5 

5.6+0.4 

i1 
35 

Fig. 3. Inclusive proton Pf 
distri bution for dC_(& ·) and 
се central (~) aollisions. 
The hi stogram shoыs the re
sult of the DCM calculations 
f or -CC interactions. 
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Fig. 4. Inclusive "- meson Р} 
dis_tribution for dC( !) 
and се central (•) collisions. 
The histogram shoыs the re
sult of the DCM calculations 
for се interactions. 

matic limit for NN collisions. Open circles and triangles cor
respond to the fragmentation of the colliding nuclei, where pro
tons with РР $150 MeV/c -are not detectaЬle. The results of 
cascade model (DCM) 1 23,24) calculations forCC central collisions 
1~ 

' . 
1! 

are plotted as histograms. The result of the fit to а sum of 
two exponentials 

:-aPJ.2 -ьРf 
N ( Р} ) = А е + В е ( 2) 

in the region of · Pf ~0~1 (GeV/c): is shown Ь~ а solid curve. 
It is seen from Fig,j that for PJ. ~ 1 (GeV/c) the DCM calcula
tions deviate from the data points. The 77- meson distributions 
(Fig.4) are qualitatively reproduced Ьу the DСМ. The calculated 
distribution for protons is normalized to the experimental data 
in the Р}~о.1 (GeV/c) 2 regionwhile that for "- mesons is nor
malized to the whole area of the experimental distribution. 

Presented in ТаЬlе 5 are the results of the approximation, 
according to (2), of the proton and "- meson Р{ distributions 
in dC, 4 НеС, СО; and СС central collisions. It is seen that 
the slope of the proton distribution becomes more gentle with 
increasing the number of interacting nucleons. An analogous 
tenJency is also observed for 77-mesons. Previously /211 we ha've 
puЬlished the results of the approximation of the proton Р{ 
distributions Ьу а sum of three exponentials in ОС interac
tions. Th~ values of the first two slope parameters were some
what greater than those presented in ТаЬlе 5. Here we made 
а comparative analysis of/ the data нithin the PJ.2 intervals 
where the spectra are statistically reliaЬle enough. 

Experimentally "- mesons, which escape the domain kinemati
cally allowed for NN collisions, are observed in different nuc
leus-nucleus collisions. In 'order to enrich statistics for such 
events, we have summed up the Р} spectra of "- mesons prqduced 
in d , 4 Не , С interactions with carbon and tantalum nuclei. 
The total number of "- mesons amounted to ~ 16000. Figure 5 ' 
shows the joint spectrum of "- mesons with Pf ~ O.З(GeV/c)2 

The histogram represents the DCH calculations summed up for СС 
central and СТа interactions. The simulated spectrum was nor
malized to the experimental one within а range of 
0.3 $ Р} $ 0.5(GeV/c) 2 • The kinematic limit for NN collisions 
is indicated Ьу an ar'row. As is seen from Fig.5, the data for 
PJ.2 > 0.5 (GeV/c) 2 are not described Ьу the DСМ. The result of 
the fit to the sum of two exponentials (2) is shown Ьу the so
lid curve. ТЦе slope parameters were found to Ье: а = (7. 14+ 
+1 ;53) (GeV/c)-2 and ь = . (2.45+0.56) (GeV/c)-2 . -
- Let us now consider the correlations in events which gave 
protons and "- mesons wi th relatively high PJ. . Presented in 
ТаЬlе б and Fig.б is the dependence of the average number of 
prot;ons wiJ:h Il ~ 1 GeV/c (dots) and of тr- mesons with ~ ~ 
> 0.5 GeV/c (triangles) on the average number ьf interact1ng 
~ucleons in dC , 4НеС , ОС and in ОС central collisions.A so
lid eye-leading line is drawn through the "- meson points. It 
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Table 6 

Avarage numbers of protons with р~ ~ 1 GeV/c and " mesons 
with ~ ~ 0.5 GeV/c , average transverse momenta for all 
partic1pant protons and "- mesons in dC , 4 НеС , СС, 
and се central collisions 

dC 

~'> 

~Пр'> 0.12+ 

PJ. ~ 1 GeV/c о.ог 

{n'lf"_ '> 0.075+ 

PJ. ~ О . 5 GeV /с 0.006 

<P.u>> (GeV/c) 0.463+ 
0.004 

~PJ..~ (GeV/a) 0.266+ 
о.о'о5 

Na-

10
1 

F 1:\ ~ 

1.2 
1 • 

Р, (GeV/c) 

F . 5 ' 7 • - р2 -z.g • • Inc .. us-z.ve " meson .J.. 

distribution summed up f or d ~ 
4не ; с interactions unth car
Ъon and tantalum unth P.J..2 ~ 
~ О . 3 (GeV/c) 2 . The histogram 
shows the result .of the DCM 
calculations . 
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4нес се се central 
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о.о2- о.ог о.ог 
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0.009- 0.011- О.О1С 

0.518+ 0.504+ 0.538+ 
о.оо5- о.оос о.оо5-

0.274+ 0.256+ 0.261+ 
о.оо5- о.оос 0.003-
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Fig . 6. Average number of pro
tons wi th ~ ~ 1 Ge V 1 с ( • ) 
and "- meson unth ll ~ 
~ 0. 5 GeV/c (А) as а function 
of the number of part icipant 
nucleons in dC ~ 4 НеС ~ СС, 
and се centraZ coZZisions . 

' 

is seen that the average number of "- mesons with ~ ~ 0.5 GeV/c 
is proportional to the number of participant nucleons, For the 
average number of protons, <n >, with Р~ ~1 GeV/c an essen
tially stronger dependence ispob served. А three-fold increase 
of the participant nucl eon numЬer results in а six-fold rise of 
the number of protons with Р~ ~ - 1 GeV/c. Besides, there is an 
indication of structure in this dependence. The strength of the 
<n > dependence increases vтhen \<Те transfer from dC to 4 НеС col
ligions, Then the dependence is weaker for inelastic СС inter
actions, and it again sharpens for СС central ones. ProbaЬly , 
а similar tendency, .though less pronounced, is also true for 
"- mesons (see ТаЬlе 5 for the variations of the slope parame
ter b).The average transverse momentum of protons, <PP >,also 
tends to increase irregularly .For СС central collisitns the DCM 
underestimates. significantly the value of <i > ; it gives <Р~Р > = 
= 0,475 GeV/c. Р 

What possiЬly manifests itself here is а nuclear microstruc
ture in the form of short~range correlations between nucleons. 
Interactions of deuterons with carbon may Ье considered as а good 
approximation of nucleon-carbon interactions due to а weak bin
ding between proton and neutron in deuteron. In 4не collisions 
with carbon, nucleon correlations begin to reveal · themselves 
as_ the binding energy is essent~ally higher in 4 Не nucleus than 
in deuteron. In the case of carbon beam the average number of 
protons with Р~ ~ 1 GeV/c grows more slowly because the carbon 
nucleus has а distinct a-particle structure. Finally in СС 
-centrai collisions, where the irnpact parameter is small and the 
number of participant nucleons is large, the increase of proton 
yield is of mainly combinatorial origin • 

But there is yet another possiЬle explanation of this phe
nomenon. If particles with Р~ ;::: 1 GeV /с are mainly direct deu
t eronE, then the observed dependence of the average number of 
particles with high transverse rnomenta on the number of parti
cipant nucleons may take place as well. In the future we plan 
to study experimentally the composition of the set of particles 
with Р~ . ~ 1 GeV/c via characteristics of their secondary inter
actions. It should Ье noted that both explanations have i n fact 
the same main point: the existence of nucleon-nucleon correla
tions in nuclei, 

Let us consider angular correlations of protons with high 
transverse momenta in the azimuthal plane orthogonal to the 
beam direction. The distribution of pairs of protons wi t h р~ ;::: 
;::: 1 GeV/c versus di f ference, ~ф. of the i r azimuthal angles in 
СС central collisions is showт1 in Fig.7. The his togram is the 
result of the DCM calculations. It is seen that there is а sig
nificant disc r epancy bet ween t he model and the data . ~he model 
gives rise to an apparent effect of k inemat i c compensation in 
the region of ~ф ~ 180° . In the experimental distribution there 
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Fig . ?, Azirrruthal angular diffe
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I.Jith PJ. ~ О . 7 GeV/ c for се cent
ral collisions . The histogram 
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calculations . 1 
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Fig.B . Effective tыo-proton mass . 
spectrwn for protons ыith PJ. ~ 
~ 0. 5 GeV/c and azimuthal angu
lar di fference !'!ф = (120±60) о 
for се central collisions ыith 
the number of such protons, 

~ 
о 0.5 1.0 1.5 2.0 

np = J or 4 . Q = мрр - 2mp • Q (&ev) 

is an essential excess over the theoretical one in the region 
of !'!ф ::: 120 °, This could Ье understood if there were а signi
ficant number of events i~ which а proton with high PJ. was ba
lanced Ьу а pair of protons. In other words, it is probaЬly not · 
а rare process when а proton knocks out а pair of protons, thus 
producing а triad of correlated particles as viewed in projec
tion onto the azirnuthal plane , 

We carne iюw to the point of possiЬle observa,bili ·ty of short
range nuclebn-nucleon correlations in nuclear collisions. Pre
sented in Fig,8 is the effective rnass spectrurn of two protons 
wi.th PJ. ;::: 0.5 GeV/c, and with the azirnuthal angle !'!ф =(120+60) 0 

between thern for се central events' where the nurnber of such 
protons is np = 3 and 4. The Q variaЬle was defined as 

16· 

Q ".М РР- 2mp • · The experimental reso l ution in the invariant rnass 
region around МРР= 2.3 GeV turned out to Ье about 50 MeV. The 
bin width for the Q distribution was chosen to Ье about 
50 MeV, The bin width for the Q distribution was chosen equal 
to 50 Mev. The background distribution, calculated according 
to the DClf with experirner tal cuts taken into accoun·t, has 
а srnooth shape without any peculiarities. 

The assurned enhancernents in the effective rnass spectrurn over 
а range of 2.22, 2,35, 2.55,and 2,93 GeV, which we consider as 
an indication of resonance structure, are shown Ьу arrows in 
Fig,8, It is difficult to draw any definite conclusion about 
these resonances due to low statistics, But the total set of 
the data of this section shows interesting phenornena in nucleus
nucleus collisions when particles with high transverse rnornenta 
are produced, 

б, TEМPERATURE AND DENSITY OF NUCLEAR МАТТЕR 

The production of strongly cornpressed and highly excited had
ronic rnatter is one of the rnost intriguing /'!13-60/ aspects of re-· 
lativistic nuclear physics, Possibilities of phase transitions 
of nuclear rnatter . to pion condensate 153 •541 abnorrnal nuclear mat
ter /55,56/ and quark.;_gluon plasma/58,591 are widely discussed. 
The rnain question is what nuclear densities and temperatures 
are reachaЬle at given atomic masses of colliding nuclei and 
their prirnary energy, Experimentally these parameters were mea
sured for С , Ne , and Ar collisions at kinetic e.n~rgies of 
0.8 GeV and 2,1 GeV per nucleon/61,62/, 

In this paper we have rnade an attempt to estirnate the tempe
rature and density qf nuclear matte r created in СС central col
lisions at Р/А = 4,2 GeV/c, The temperature of nuclear matter 
has been determined from inclusive spectra 

3 2 
Е~ .. .!_~ 

dp3 Р d{}dT 
(3) 

for negative pions and protons emitted at an angle- 90° in the 
center-of-rnass system (c.m.s.) of colliding nuclei, Here р and 
Т are the c,m.s. rnomentum and kinetic energy of the particles, 
respectively. Taking particles emitted at angles of 90°, one 
can neglect the influence of pe~ipheral collisions. We have ana
lyzed the spectra (3) for protons and ~- mesons in the following 
intervals of ang'les (J : (607120)0 , (707110)0 and (807100)0

, The 
admixture of deuterons among protons in these angular intervals 
amounts to 3,5% as estimated according to the DCM, thus practi
cally not affecting the value of the temperature obtained frorn 
the proton spectra. 
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Fia . 9, Theoretical boun
da~ies for possiЫe phase 
transitions of nuclear 
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ture-density plot. The 
result obtained for 
central collisions is 
shown along ~ith the re
sults of Refs,/61-631 at 
Zo~er energies • 

The inclusive spectra 
nf protons and rr- mesons 
were approximated Ьу the 
function 

F(T)"' А ехр (-Т/Т0 ) (4) 

The value of Т0 is the 
average kinetic energy of 
the particles, and hence 
it characterizes the tem
perature of nuclear matter 

at the stage of its expansion when the considered particles are 
emitted. Parameter т0 is therefore cormnonly called an "appa
rent temperature". Results of the approximation show that the 
value of Т0 does not depend on the width of the angular inter
val within the experimental errors. The obtained values of the 
average temperature are: Т0 = (' 190_:5) MeV for proton's and Т0 = 
= ( 127+3) MeV for rr·- mesons. The temperature for protons is 
higher-than that for pions. This apparently means that protons 
are emitted at an earlier stage of the expansion of nuclear mat
ter than pions. 

То evaluate the density of the excited nuclear matter, the 
method has been used / 61-63/ which is based on measuring the size 
of .the interaction volume via identical particle interferomet
ry16~701 and on the estimation of the number of interacting nuc
leons from the colliding nuclei. If the interaction volume and 
the average numbe.r of participant nucleons are known, one can 
easily estimate the density of n~clear matter. It should Ье no
ted that two-particle iдterferometry gives information on _the 
radius of the sphere on which particles become free of any in
teractions. Thus ,if particles have а small free path in tlte nuc
leus or they are the decay products of resonances, the expe~i
mental value of the radius will Ье greater than that of the vo
lume of nuclear matter at the early stage of its expansion. 

18 

/ 

The size of the particle emission region was determined Ьу 
the analysis/71/ of the two-proton correlations. The theoretical 
two-proton correlation function was calculated according to the 
formula from ref. 168~The approximation of the experimental data 
for protons with Р · ~ 0 . 5 GeV/c gives the value of parameter r0 , 
assosiated with the size of the interaction volume, equal to 
r0 = (1.5_:n.2) fm. The corresponding value of the density was 
calculated as 

1 2 .3/ 2 
p=<Npart > (2rrr0 ) , (5) 

and it turned out to Ье equal to р = (0.30+0,08) fm-3• · The nor
mal nuclear density for carbon nucleus was-assumed to Ье р0 

0.168 fm-3 • Hence_ the density ratio was equal to р / р0 = 
= 1.80+0.50. 

In Fig.9 we show theoretical boundaries for possiЬle phase 
transitions of nuclear matter on а temperature-density diagram. 
The experime~tal data for СС central collisions along with 
the results of the experiments 161-63/ at lower energies of col
liding nuclei are also presented here. As is seen from this fi
gure, the experimental point for СС interactions at 4.2 GeV/c 
is near the boundary of transiti·on of hadronic matter to quark
gluon plasma. 

7. МULTIISOBAR STATES 

At energies of several GeV processes of excitation of isobars 
make up а consideraЬle fraction of the inelastic nucleon-nucleon 
cross section 1Б2~Multinucleon central collisions of heavy ions 
can result in the formation of а volume of compressed nuclear 
matter where isobars are produced in reactions NN-.N~ and 
N~-+ ~~. If processes of isobar formation outrun their decay, 
~-+ N rr, then the number of ~ isol}ars may in principle exceed 
the number of nucleons in the compressed volume. Thus , an un
staЬle multiisobar state will arise, а kind of analogue to the 
pumped laser/72/~he decay of such а state would cause the cohe
rent emission of а jet of identical rr mesons with close values 
of momenta and angles. 

Invariant mass, М n 
17

, ·spectra of groups of n pions of equal 
charge (n = 2,3,4) were analyzed. Preliminary data were pub-
lished elsewhere / 18,73/ . The bin width for the М distributions - nrr 
was chosen equal to the average value of the experimental reso-
lution in the range of small masses. The obtained resolution/73/ 
was (20,40, and 60) MeV for · n = 2,3, and 4, respectively. Tlte 
experimental Mn 17 distributions 1r1ere compared to the backgrou~d 
ones obtained Ьу combining "- mesons taken randomly from diffe
rent events and normalized to the number of combinations in the 
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corresponding experirnental distributiohs beyond sorne boundary 
value of Mn"·The shapes of the background distributions are 
well described Ьу DCM. Presented in Fig,IO are the values of the 
ratio, R0 , (open circles) of the expe~irnental Mn 17 distributi
ons to the background ones for groups of 2,3, and 4 "- rnesons 
produced in СТа and СС central interactions. It is seen that 
the experirnental distributions exceed the background ones in the 
region of srnall Mn 17 values. This excess becornes rnore apparent 
as n rises. This fact is indicative of the existence of corre
lations in the production of two, three, and four pions. As at 
our energy the cross section for the production of two and more 
"-mesons makes up less than 3% of the inelastic cross section, 
this effect is the consequence of а consideraЬle number of nuc
leon-nucleon interactions in one collision act. Black triangles 
represent the case when the background was rnade so that for 
each combination (n-l~ions were taken from one event and only 
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one pion frorn another. The rernaining excess of R
0 

over unity 
in the range of small rnasses for such choice of the background 
indicates that there exist з"- and 4"- rneson correlations. As 
is seen frorn Fig.IO, for з"- and 4"- distributions the R

0 
va

lues exceed unity over ~ wider range of rnasses for СС central 
collisions, This fact m~ шs that "- mesons are emitted from 
а srnaller volume in се central collisions than in ста ones. 

"+ rnesons in се and ста interactions demonstrate а similar 
behaviour. For further analysis we used pions ernitted frorn the 
"correlation region", i.e., pions which took part in at least 
one group of n" with the value of М017 hitting frorn the region 
where R

0 
>.1. The contribution of ~ isobars was extracted from 

М"+Р and МIТ- _р spectra in се central collisions. The spectator 
protons of colliding nuclei and "+ rnesons with а rnomenturn of 
Р17 ~ 600 MeV/c were excluded frorn the analysis. Not e that pions 
emitted from the correlation region have small transverse mo
menta, То dirninish а relative contribution of false cornbinations 
to the М017 distributions, the peripheral rnechanisrn of isobar 
production was assumed. Therefore for each pion only one proton 
was appointed as а cornpanion which gives the rnaximal angular 
difference in the azimuthal plane (perpendicular to the beam 
axis). 

The experirnental invariant mass, М 17 Р, distribution of "t р 
f or "± rnesons frorn the correlation region in СС central colli
sions is presented in Fig,ll, А solid curve represent s the re
sult of the fit to the surn of Breit-Wigne r function (1) and the 
background function (shown Ьу а dast1ed curve). The values of 
the ~-isobar mass and width were fixed i n (1): М ~ = 1232 MeV 
and Г~ = 120 MeV. The background distribution was calculated 
accord1ng to the DCM under the same restrictions on the azi
rnuthal angles as applied to the experimental data. The appro, 
xirnation was perforrned taking into account the experirnental re
solution for М017 • The relative contribution of isobars was found 
to Ье 0.24+0.04 at x2 / N.D.F. = 0,86, The obtained va lue should 
Ье considered as а lower estimate of the isobar contribution 
due to bad background conditions for extracting the effect. 

Thus, we have observed the effect of correlated emi ssion .of 
groups of identical " mesons connected with the formation of 
rnultiisobar states in many-nucleon nuclear collisions. 

8. CONCLUSIONS 

The analysis has been rnade of the va st experiment al rna teri al 
on inte r actions of "- rnesons and l i ght relativistic nuclei wi t h 
carbon and tantalurn nuclei. An i nd i cation of the exis t ence of 
narrow diproton re sonances has been obtained. It has been shown 
that а s ea r ch f or l ow-lying exotic multibaryon resonance s Ьу 
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means of bubЬle chambers f illed with propane and neon-hydrogen 
mixtures looks promising. It is not ruled out that mult i nucleon 
nucleus-nucleus collis ions at high energies may pr ovide а unique 
opportunity f or а search, f or mul tiquark s ta t es.; 

Our resul t s show that 9t energies of about 4 GeV per nucleon 
i t i s possiЬle to reach t he trans i tional region between hadro
nic ma tter and quar k-gluon plasrna . 

The ob served dependence of t he average mult i pl icity of pr o
tons with PJ. ~ · 1 GeV/c on t he number of p'a r ticipant nu·cleons 
l ooks rather intri guing and may Ье i ndi cative of shor t-range nuc
l eon-nucleon correlations. The f ormat i on of multiisobar states 
is observed in mult i nuc l eon interac t ions of carbon nuclei with 
carbon and t antalum nucle i . 
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