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In this report we present a brief review of the current state 
of the program o16fxperimental research at the Dubna synchrophaso
tron in the field relativistic nuclear physi.cs. Some attention i.e 
being given to unique possi.biliti.es which we have at the High 
Energy Laboratory, JINR to carry out these studies and to the most 
significant physi.cal resul te obtained recently by differ.ent groups 
of our physicists in the field of relativistic nuclear physi.ce; 

The relati.vistic nuclear physics is a new scientific field 
arising at JINR at the beginning of the seventies after that the 
acceleratidn of light nuclei to the highest energies had been perfor
med at the synchrophasotron and the corresponding program of experi
mental research had been developed. 

The implementation of new operating conditions at the synchro
phasotron and the costructinn of a highly effective slow extraction 
system allowed us to obtain relativistic nuclear beams, ~he inten
sity of which is much larger than that of secondary particle beams. 

The possibilities of the synchrophasotron extended after the 
successful acceleration of polarized deuterons in 1981. 

The above possibilities of the synchrophasotron enable us to 
study systematically not only the behaviour of nuclear metter at 
small i.ntermediate distances under extreme condi tiona but also 
completely new states of hadron matter (quark plasma), to check in 
detail the conclusions of chromodynamice in polarized experiments· 
and to begin systematic studies of dynamic characteristics of inter
ference i.n strong and weak interactions. 

1. Present-da~state of the sypchroRhasotron and ita beams 

As known, the beam of protons with an energy of 10 GeV was 
obtained at the Dubna synchrophasotron in 1957. During the ensuing 
three .)ears the synchrophasotron was a record accelerator in the world'. 
However, in connection with putting more powerful accelerators i.nto 
operation at the beginning of the sixties, it lost its leading posi.
tion. The way out of the situation was found: it was suggested to 
accelerate at the synchrophaeotron nuclei heavier than hydrogen/ 1/ 
and also to develop ana to carry out the corresponding program of 
experimental research/ 21. These suggestions wore succooafully 
i.mplemented at the beginning of the seventies on A.M.Daldin'o :!.nitia
ti.ve and with his direct participation/)/. 
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The fulfilment of new operating conditi.ona of the synchrophaso
tron required to solve a series of complicated scientific-engi.nee
ring problems. One of the-main problems was to develop and to con
struct special-purpose sources of high charge ions. 

Over a short period of ti.me two types of new sources ( laaexf4/ 
and electron-bea~SI) were constructed at the High Energy Laboratory 
(HEL), by means of which the acceleration of light nuclei was 
carried out. 

The source of ions, constructed usi.ng a solid-body laser, 
allowed beams of hi.gh charge ions of carbon and aluminium to be 
obtai.ned with a hi.gh enough i.ntensity. These ions were accelerated 
in the synchrophasotron and injector, respectively. Yet it proved 
inexpedient to use the laser type source at the synchrophasotron 
owing to its insufficiently large repetition of pulses and low 
efficiency. Since 1977 a regular operation of the more effecttve 
electron-beam ion source KRION-1 has begun at the injector of the 
synchrophaaotron. This source made i.t possible to increase the i.nten
sity of previously accelerated nuclei and to accelerate heavier 
nuclei. The production of high charge-ions in the source KRIOll is 

achieved by means of a aeq~tial process of neutral gas ionization 
by an electron beam formed in a euperconducting solenoid. 

As already mentioned, the acceleration of polarized deuterons 
was successfully accomplished at the synchrophasotron in 1981. This 
became possible due to the construction of a source of polarized 
deuterons ( POLARis/61- at the High Energy Laboratory. At present 
the intensity of a beam of polarized deuterons accelerated in the 
aynchrophasotron is about 2•108 deuterons/pulse at the output from 
the main ring of the accelerator, and the degree of polarization 

ia more than 40%. 
Currently t-\1-e set and intensity of nuclei (protons - 10 GeV, 

nuclei - 4.1 GeV/nucleon) accelerated at the aynchrophaaotron up to 

maximum energy are the following: 

Type of nuclei Intensity per pulse 

p d 4•101~ 
td 4•1012 

He2+ 6•10
8 

c
6
+ 5•10 

10 

08+ 4•10
6 

Ne
1
0+ 4•105 

103 
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A beam of nuclei accelerated in the oynohrophaaotron con bo 
ejected in one cycle of acceleration in two diroctionoa I and II. 
In di.rection I beama of nuclei. aro extracted up to maximum onorgy 
with a duration of~ 500 ms. In so doing, the efficiency of boam 
extraction in this direction is more than 90%. In direction II beams 
of nuclei are extracted to maxi.mum energy with a duration of f:. 1 ms 
or to average energy (several hundreds MeV/nucleon) with a duration 
of ~ 200 ma. In direction I a primary beam enters the experimental 
hall having an area of 6000 m2 , where it can be dlrected into one 
of eight channels (see fig. 1). In this case four experimental set
ups can operate simultaneously on beams of secondaries produced from 
the targets placed in the main direction. In direction II a beam is / 
ejected into one of the two bubble chambers (2m propane or 1 m 
liquid hydrogen) or is used to perform studies at average energy (see 
fig. 2). 

The total running time of the accelerator is 4000 hours a year. 
85% of the total machine ti~e are to implement the program of 
research in the field of relativistic nuclear physi.cs and 15% to 
study operating condi.tions of the synchrophasotron and its beams. 
Breakdowns of the accelerator due to its faults do not exceed 7% of 
the planned ti.mo. 

A further development of the synchrophasotron as an accelerator 
of relativistic and polarized nuclei. will be continued in the current 
five years. It is assumed to put a new high-frequency accelerating 
system into operation, to improve the vacuum i.n the main ring of the 
accelerator due to cryogenic pumping, to enlarge the set of accele
rated nuclei., to raise the intensity of beams of nuclei and secon
dary particles, to increase the number of beam channels and the coef
ficient of simultaneity of experiments carried out. 

II. ·Program of experimental research at the Dubna synchro
p_hasotron in the field of relativistic nuclear physic~ 

At present studies in the field of relativistic nuclear physics 
and quark matter properties have acquired prime importance for the 
program of experimental research at the Dubna synchrophasotron. To 
perform these studies, more than 15 large experimental set-ups of 
different types from the Laboratory and other scientific-research 
centres of JINR member-countries are used. At the High Energy Labo
ratory there is the following set of detectors aimed at the above 
field of research. P'ive track (2m propane and 1m li.quid hydrogen 
bubble chambers, spectrometers of the hybrid GIBS and RESoNANCE 
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type usi.ng streamer chambers, nuclear emulsions) and !our olootronio 
I (spectrometers DISK, SYAO, ALPHA and PHOTON) aet-upo opora.to on 

beams of the synchrophasotron. To solve the problema o:t: rola t l via t i.o 
nuclear physics, three large set-ups of the High Energy Laboratory 
(2m li.qui.d hydrogen bubble chamber, spectrometers BIS-2 and TAU) are 
used in experi.ments carried out at the Serpukhov accelerator. Some 
aspects of relafi.vistic nuclear physi.cs are being studi.ed by the 
JINR-CERN collaboration at the CERN accelerator i.n the NA-4 expe
riment. 

Using the above set-ups, a great deal of information in the 
fi.eld of relativistic nuclear physics has been already obtained. A 
large number of physicists from JIN.R member-countries and other 
countries are concerned with the analysis of this informati.on. As a 
result of the stud i.e a already performed, a series of experimental 
facts, unknown previously and important for a further development of 
theory, has been observed. These facts have been confi.rmed at other 
sci.enti.fi.c centres and have been generally recogni.zed/7/. ' 

Experimental re-search in the followi.ng main fields has become 
traditional, to an extent, for the Dubna synchrophasotron:: 

study of cwnulative effect, processes of hadron production, and a 
space-time picture of hadron generation; 
study of hard collisions and polarized effects in processes w~.th 
large momentum transfers; 
search for manifestations of a phase transition of hadron matter 
to quark plasma and relation to the problem of confinement and 
hidden colour; 
search for and study of exotic particles not described by conven
tional quark models; 
search for and study of hypernuclei, mul tiplets involvi.ng quark 
with charm etc.; 
study of dynamic properties of processes for whi.ch predictions 
are expected relating these properties to present-day formula
tions of field theory. 

The above fields make up the program of experimental research 
at the Dubna synchrophasotron. As can be seen, experiments, the 
results of which are important for the construction of quantwn 
chromodynamics of large distances, quark plasma theories, mechani.sm 
of quark confinement etc., are of particular signifi.cance in thio 
program. 

Th'e urgency of these fields of research i.e obvious, and their 
practical implementation is directly related to the conditione of 
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carrying out experiments created at the Dubna synchrophasotron. 
The prospects of scientific research at the Dubna synchrophaso

tron for the development of fundamental interaction theory and quark 
theory of nucleus can be illustrated, in our opinion, by physics 
results that have been already obtained at the accelerator by spe
ciali.sts of the Laboratory. 

III. Review of physics results obtained recent]..y at the 
Dubna synchrophasotron 

Below we discuss some experimental results that have been 
recently obtained at the s~~chrophasotron by different groups of 
physicists from the Hi.gh Energy Laboratory. Results of earlier 
studies can be found elsewhe~e/81. 

~erimental test of consequences of_t~_hypothesis of cumula
.tiv2.,.,effect and guark-parton !Jtructure functions of nuclei.. We deal 
with results of a study of nuclear reactions with large momentum -
energy transfers. The study of these processes has led to the dis
covery of cumulative effect and previously unknown universal regula
rities in the region of nuclear limiting fragmentation. 

Fi.rat the hypothesis of cwnulative nuclear effect was advanced 
by A.M.Baldin i.n 197/9/. According to this hypothesis, i.n interac
tions of elementary parti.cles with nuclei there occur particles i.n 
the ki.nematical regi.on forbidd.en for interactions wi.th nucleons of 
the nucleus at rest. In this case properti.es of cumulative particles 
should be de·termined not by geometric characteri.stics of colliding 
objects but by local features of hadron matter, i.e. they must 
~atisfy the pri.nciples of local interaction and scale i.nvariance. 

The hypotheai.s of cwnulative effect was experimentally confi.r
med already i.n first experiments carried out by V.S.Stavinsky's 
group/10/ at DISK in a beam of relativisti.c deuterons. In particular, 
such important properties of cumulative effect were found as scale 
invariance of inclusive spectra of pions produced by deuterons and 
anomalous (enhanced) .A.-dependence of inclusive production cross sec
tions of pions in these processes. A year later the latter fact was 
confirmed in proton-nuclear experimex1ts for large momentwn tralls
fera performed by J.Cronin/111. 

During the ensui.ng years the A-dependence of the i.ncluaivo 
cross sections for particle production in d_ifferent type nuclear 
colli.siona has been studied in a number of experiments/121. The 
obtained experimental data are commonly approximated by a depen
dence of the form A« , and it is confirmed that ~ can be larger 
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than 1. In fact, tho enhanced A-dopondonoo of tho inoluaJvo oroaa 
sections 1mplJoo that tho oroao oootion ohould bo proportionAl to 
the nucleus volume ( 6' ~A). 

In the experiments of V,S,Stavineky's group 1t hao boon oonv1n
ci.nqly shown that the approximati.on of ()"'A<>(., whore oJ. ;> 1, ia 

unfounded. It is good only i.n the case when the oro eo coo Uono aro 
meaoured for a small number (~3f4) of nuclei (this takes place for 
most experiments under discussion). The group of V.S.Stavinsky has 
also measured the yields of particles with large momentum transfers 
for more than 20 nuclei and has shown that ()....,A for all cases, 

i.e. ol.. " 1. The validity of this statement is convinci.ngly illustra
ted by experimental results of the group of V ,S,Stavinsk/13/ 

obtained for a broad range of A nuclei. and di.fferent types of pro
duced particles in pA and dA interactions. These results are presen

ted in fig, 3 a,b. One can see that at first ,the cross sections for 
pions sharply increase wi.th increasi.ng A and then (from A~ 20) 

remain, wi.thin the errors, approximately constant per one nucleon of 
fragmenting nucleus, The character of the A-dependence of the cross 
sections for kaons and protons i.s signi.ficantly di..fferent from the 
pi.on case: for these particles the producti.on cross sections,norma
lized to A, increase as A i.ncreases and a transition to the ()""A 

dependence appears to proceed only for A ~ 100. 
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As seen from fig. Jb, a similar character of the A-depe~dence of the 
inclusive cross sections of particle production i.e also observed for 
dA interactions. 

A more detai.led analysis of the experi.mental data has shown 
that the character of the A-dependence of the ~nclueive cross sec
tions for fast particle production on nuclei into the backward 
hemisphere is determined not by the momentum of these particles 

and not by their emission angle but by the value of cumulative 
number A/ 141. Here the variable X differs from the Bjorken 
variable x. The relation between them is found for reactions of the 
I+ II-. i + ••• type as follows/ 141. Using the conservation law and 

the hypothesis of minimal missing mass, neglecting the relative 
motion of partons i.n objects I and II, one can write the expression 

' ~ . 2 M.... 
. ( p -+ X .Jl. .- P ) = ( M" -+ X _Jl. + m ) 

2 

I AU 1 l All 2 

where ~ i.e equal to 0 for pions, mk for K--mesons and so on. From 
thi.s it follows 

..!_ _s_Ji·~)+ M1m2+(m3- m;. )12 

All ( ~-~~)- MIMJI-(~i~)-MIIm2 

In the case, e.g., of deep elastic scatteri.ng of leptons, neglecting 
their masses, we obtain the sought relati.on between the above-men
tioned vari.ables 

2 
_x_ :::: -112 ( P1 - f1 > = q.2 

= " All (P·p)-(p.p) 2(P·ct) 
I II II 1 v 

Figure 4 presents experimental data 13/ on the X-dependence of 
degree index n in (j ~ An where n:: Lnf(Apb)/f<AAL) for pA and dA 

' LnApbiAAL 
interactions. One can see that n increases from 2/3 to 1 when X 
varies between 0.4 and 1, and for X;> 1, within the errors, the value 

of n d?es no~ change and its values are grouped around 1. A simi
lar character of the A-dependence of the inclusive cross sections 
is also observed in experiments of L.S.Schroeder et al./7/ in pA 
collisions at 0.8-4.89 GeV and in pion-nucleus and gamma-nucleus 
interactiona/ 15• 161. 

Consequently, the behaviour of the enhanced A-dependence of the 
inclusive erose sections found in the studies of cumulative effect 
ie universal in character and represents a characteristic property 
of particle production processes in nuclear colli.sions with large 
momentum transfers. In this connection the conclusions of 
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A-dopondonoo auoh tiD 6 "' An, whore 
n > 1, are 1nou.t't1.o1ontly val.l.d 
becauoe thoy aro baood on oxpori
menta carried out wi.th a vary omall 
number of nuclel 12/. Tho analyo1.o 
of experimental data performed by 
A.Melissinos/ 12/ confirms thia point 
of view. 

uuring the ensuing years the 
processes of cumulative particle 
production have been studi.ed experi
mentally and theoreticallyl 17/, A 
series of experimental research, 
performed in nuclear interactions 
of different types and over a broad 
range of energies, has allowed one 
to ascertain the universal charac-K-} (pA) 

K+ 

* ter of main properties of cumula
ti.ve effect: scale invariance, the dependence of particle production 
cross sections on cumulative number, an extremal~ weak dependence of 
cross sections on quantum numbers of cumulati.ve parti.cles etc. 

It i.s diffi.cul t to interpret theoretically these and other 
experimental regularities without using quantum chromodynamics and 
qvark-parton models. In fact, as already mentioned, the notion of 
cuniUlative effect has originated from the idea of local hadron inter
action at large momentum transfers and from the fact that a point
likt~ object perceiving a momentum larger than that of the whole 
nucleon belongs to the group of nucleons of the nucleus/9/. This 
means that, in studying cumulati.ve processes, specific multiquark 
interactions are investigated which are directly related to the 
collectivization of quarks of the nucleus, i.e. quark-parton struc
ture functions of nuclei are irradicable to one-nucl~on. In this 
connection, to describe the properties of cumulati.ve processes, it 
i.s more natural to use the quark-parton, model of hard collisions 
which comprises the ideas of the point-like character of hadron 
interacti.ons, a relatively weak coupling of quarks inside hadrons 
and is an analog of i.mpulse approximation i.n nuclear physics. 

Using these fundamental ~roperties, the quark-parton model 
allows the cross secti.on of hard collisions of hadrons to be 
expressed as the product of the elementary interaction cross section 

of quarks b, containing in hadron B, and the momentum distribu
tion function of quarks b in hadron, G(x, Q2 ). The func1ion 
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is G(X, Q2) is the quark-parton structure function of hadron B, x 
the fraction of longitudinal momentum P of hadro.~:t B which is 
by quark b and Q2 is the four-momentum sauared transferred 

carri.ed 
in the 

collisi.on. Thus, the cross section of the hard collision process of 
hadrons represents the sum of the cross secti.ons of noncoherent 
scattering on all quarks which are present, to some probab'ili.ty, in 

hadron B. 
In the case, e.g., of deep inelastic scattering of leptons on 

hadrons ~ = Ab/Q4, x = Q2/2(P q) and Q2 = -q2 • 
As hadrons and nuclei are equally complex objects, quark-parton 

structure functionsof nuclei can be introduced by analogy to hadrons. 
In this case the distributi.on of quarks in the nucleus is defined by 
the function G(x, Q2 ), and a momentum per one nucleon is introduced 
instead of that of the whole nucleus (P), i.e. P = P/A and 

2 0 
X

0 
= XA = Q /2 (P

0
q), 

For cumulative processes X
0

>-:. 1. This means that the probability 
that the consti.tuent (quark) carries the momentum of a group of 
nucleons i.e determined by the function G(X

0
, Q2 ) in this range of X

0 

values. Thus, quark-parton structure functions G(X, Q2 ) are not one
nucleon functions for nuclear collisions with large momentum trans
fers. They are independent characteristics of relativistic nuclear 

collisions. 
More complete information on characteristics of quark-parton 

structure functions of nuclei has been obtained i.n experiments on an 
investigation of nuclear limiting fragmentation/ 13/ performed at the 
synchrophasotron usi.ng the study of the properties of inclusive 
processes in the cumulative region. In the region of nuclear limi
ting fragmentation, which, as found/ 181, begins from an energy of 

3.5 GeV/nucleon, the cross section of i.nclusi.ve process A+B- C+ ... 

(normalized to the atomi.c weight of the nucleus) i.n the cumulative 
region is proportional to the quark-parton 
nuclel 19/ 

Ed~:::= G(X ;) 
I:J. 

structure function of 

AdP 
An explicit form of the Pf 
found experimentallyl13/, 

-dependence of function ¢ (Pi ) has been 
This dependence,measured in reactions of 

different types and for a variety of energies, is well descri.bed by 

a uni.que express i.on 

¢ ( ~) = 
HX,rf) 
f<x,o ) 

2 = 0.9 exp (-2.7 P~ ) + 0.1 • 

If the cross section measured experimentally is normali.zed to the 
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function ~ (Pi ) , one can obtain the 
function G(X, Pi ) depending only on 
X, i.e. G(X, 0). 

The validity of this statement 
has been tested experimentally by the 
group of v.s.stavinsky and later on 
in experiments at the Fermilab acce
lerator for large values of eQergy 
/20, 21/, Results of the experiments 

are presented in fig. 5. From the 

10 '---~-x--:;-2 ---:;-,--
figures one can draw the following 
conclusions: a) inclusive production 
cross sections of cumulative pions, 

Fig. 5c 
Designations: 

• -1T+ 
*- K+ 
•- K-

kaons and other particles are des
cribed by a unique exponential depen
dence on X in proton interactions 
with a large set of nuclei and over 
an energy range from 8.9 to 400 GeV 
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although the G(x) functions forK- and p markedly differ from those 
for 1T and K+ -mesons i.n absolute value; b) parametri.zation of 
this dependence by expression G(X) ~ expGl J leads to a universal 
value of<X> equal to~ 0.14. <X> 

These results are extremely important for understanding the 
nature of cumulati.ve effect. They directly point to the quark 
mechanism 

1
of cumulati.ve processes. Indeed, the behaviour of the 

i.nclusive cross sections for cumulative charged pion and kaon pro
duction .<namely, the equality of the cross sections for K+ and 1T±. 
and a strong difference of the cross sections for K- and K+) obser
ved by the group of v.s.Stavinsky can be interpreted as a result of 
pickup from the symmetric quark sea of correspondi.ng antiquarks by 
valence quarks of colli.ding objects. Then, e.g., the equality of the 
cross sections for K+ and 11 + i.n the indica ted process should be a 
result of pickup from the sea of d and s quarks by knocked out 
valence u quarks. The production of K- in this way will be strongly 
suppressed. 

The above properties, found in the study of cumulative nuclear 
processes in the region of limiting fragmentation, have allowed 
A.M.Baldin to make concrete predictions concerning the absolute 
value and X-dependence of deep inelastic scattering cross sections 
for muons on nucle/ 19/, An experi.mental test of these predicti.ons 
i.e of importance since the measurement of deep inelastic scattering 
croa·s sections of leptons on nuclei. enables one to obtain, in a 
direct way, main data on the most important characteristics of 
quark-parton structure functions of nuclei. 

The prediction of A.M.Baldin was experimentally tested iri a 
joint JINR-CERN experimer.t at the CERN accelerato~221. The group of 
NA-4 studied the inelastic scattering of negative muons on carbon 
nuclei for an energy of 280 GeV and a momentum transferred of 
~ = 100 GeV/c2 • The X-dependence of the quark-parton structure func
tion of carbon nuclei was measured i.n the region X ~ 1. As predicted, 
the quark-parton structure function of nuclei had an exponenti.al 
X-dependence, and the parameter X was equal to 0.14 ±. 0.01. This 
result completely confirmed the conclusions, drawn previously in 
the mea~urement of the cross sections for cumulative particle produc
tion in collisions of relativistic nuclei, and the validity of 
interpretation of cumulative effect and its properties using QCD 
and quark-parton models (see fig. 6). 

New interesting data on cumulative processes have been recently 
obtained in the group of V.B.Lyubimov/ 23/ in the analysis of 
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pictures from the 2m propane bubble 

chamber exposed to negative 40 GoV/c 

pi.ons at the Serpukhov accelerator. 
For the fi.rst time cumulati.ve pro
cesses were studied in experi.ments 
different from inclusive ones, i.e. 
in this case the technique allowed 
the charactetisti.cs of "accompanying" 
particles to be investigated along 
with cumulative particles. Such expe
rimental condi.ti.ons made i.t possible 
to obtain more abundant information 
on the dynamics of cumulative proces
ses. In particular, the experiment 
allowed one to determine more vali.d 

selection criteria of cumulative reactions, to measure thei.r cross 
sections, to obtain important information on the characteri.sti.cs of 
multiple hadron production, to find correlation effects between 
"meson" and "nucleon" cumulative interactions. 

The experimental material i.nvolved about 19000 inelasti.c If -c 
i.nteractions. In the analysis ·the characteristics of secondary 
charged particles were studied i.n detail versus the variable fl c 
which defines the degree of cumulativity of pions·or protons. With 
thi.s aim the cumulative number of pions/protons was chosen i.n each 

event, i.e. 

where 
f'c = max\fl~J 

E.- P. 
fl· :____!___!z 

' m 
determines the order of parti.cle cumulativi.ty or, in other words, the 
minimum target mass which is required for the production of hadron 
with energy Ei and momentum projection on the reaction axis Piz• 

The summary experimental data on all the studied characteris
tics of pions and protons (average multiplicity, average momentum 
and angle in the laboratory system, average rapidi.ties etc.) allowed 
two groups of events to be separated, for which the behaviour of the 
above properti.es is distinctly different versus f3 c: group I is 
characterized by Jl c ~ 0.6 for pions and f3 c(, 1.2 for protons, and 
group II has J3 c> 0.6 for pions and fJ c ';1- 1.2 for protons. This fact 
i.s illustrated in fi.g. 7(a,b). In particular, in ffg. 7 one can see 
that a) the following dependence on J3 c is inherent in the pions 
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~ i 

from group I: the average multiplicity and average emission angJ..e of 
accompanying mesons i.ncrease with increasing f3 c' and their average 
rapiditi.es shi.ft to the regi.on of nucleus-target fragmentation. For 
the pions from group II all 
the i.ndica ted average charac
teri.stics do not change wi. th 
changi.ng fJ c; b) for the 
protons from group I one 
can observe a sharp increase 
of average mul ti.plici ties 
and average emission angles 
with increasing J3 c and a 
decrease of average momen
tum. For the protons from 
group II all the indicated 
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-average characteristics do not change with changing B c• Such a 
character of the observed correlations of the properties of secon
dary charged parti.cles versus Jl c poi.nts to the existence of two 
independent sources of pion and proton production, one of which 
creates the group of events with fJ c> 0.6 for pions and jl 

0
/1.2 for 

protons (group II) and has the general nature-cumulative pi.on and 
proton production. The analysis of the events from group II has 
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shown that the processes, which lead to cumulati.ve pion production, 
are independent of the.processes of cumulative proton production. 
Only in "' 12% of the events "proton" cumulative processes are accom
panied by the emission of cumulative mesons,and this fraction does 
not depend on the degree of cumulati.vity of protons. The estimate 
of the cross sections for the processes of cumulative pion and 
proton production gives the same value equal to~11 mb. This fact 
eliminates the statement of their large (~100 times) difference, 
and this is probably due to a more correct choice of the selection 
criteria of cumulative groups of these particles. 

The experimental conditions also made it possible to measure 
the invariant inclusive production cross sections of pions and 
protons emitted into the backward hemisphere in the laboratory 
system. For the pions from group II ( Jl > 0.6) the cross section is 

well factorized by the dependence c 
d3() 2 2 

E-
3 

::::l"Xp(-'l/~~>)exp(-~/43>) 
dp c c 

In so doing, when fitting the experimental data, the best values of 
the parameters have been obtained:<~~= 0.18±0.02 (GeV/c)-

2 
and 

< J3 > ,. 0.14±0.004. It should be noted that the value of <. fi > is 
in iood agreement with the one of universal constant < X> o),tained 
previously in experi.ments on nuclear limiting fragmentation and in 
lepton-nucleus collisions wi.th large momentum transfers. 

The behaviour of the inclusive cross sections for the pions 
from group II versus the multiplicity of pions emi.tted i.nto the 
backward hemisphere does not·vary with increasing the multiplicity 
of these pi.ons. It has been found that for n,r ~ 2 the value of 
<.fie> does not di.ffer, within the errors kJ3> • 0.130±0.005), from 
the value of < f'/ obtained for events with 'nlT ... 1. This fact 
agrees with the hypothesis of soft quark hadronization and serves as 
an additional argument in favour of using quark-parton structure 
functions of nuclei as main characteristics of relativistic nuclear 

collisions. 
The invariant inclusive production cross sections of protons, 

emitted into the backward hemisphere in the laboratory system, 
versus ~c have an exponential behaviour only for the protons from 
group II. In this case the value of( ~c> is somewhat larger than 
for pions, and it increases with increasing the multiplicity of 

protons. 
The properties of all secondary particles accessible for 

measurement and identification were studied in the discussed 
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pions and protons, the characteri.stic features 
of the behaviour of leading pions were also 
investigated versus flc • The average characte
ristics of leading pions were found to be inde
pendent of cumulati.ve numbe1· (see fig. 8) f3 • 

c 
This polnts to the fact that leading pions are 
produced due to spectator quarks which pass 
through the nucleus without interaction, and 
cumulati.ve particles are produced as a result 
of hard collisions of another quark of the 
incident pion. 

Multiple production processes of fragments 
and J?.articles i.n relati.vistic nuclear calli.
~· The processes of "direct" emission of 
nucleus fragments and multiple parti.cle produc
tion form a main part of the total cross sec

tion of relativistic nuclear interactions. The summary results 
obtained at the Dubna synchrophasotron allows a complete enough 
picture of characteristic properties of these processes to be formed. 
In particular, it has been found that the main characteristics of 
multiple production processes are well described by superposition of 

• the characteristics of nucleon-nucleon interactions and that i.n 
multiple processes the average transverse momentum of particles is 
li.mi ted, independent of the energy of call iding objects and equals 
~350 GeV/c. These and other experimental facts enable multiple 
production processes to be described theoretically by means of the 
modele, in which nucleor.s are good quasi-particles. At present the 
best model is the additive nucleon model. A comparison of the expe
rimental data and the calculations by this model shows a good agree
ment between them in all main characteristics of multiple produc
tion proceases/241. 

Below we present a orief revi.ew of the experimental data, 
obtained recently at the Dubna synchrophasotron, on a study of multi
ple production processes of fragments and particles i.n relativistic 
nuclear interactions. Earlier results can be found in reviews/251. 

Inelastic cross sections of nuclear interactions. Presently a 
large number of papers/£6/ is devoted to the measurement of inelastic 
cross sections'of nuclear collisions for energies .above 1 GeV/nucle
on. The summary data arE presented in fig. 9. In the same figure are 
given new results/ 271 cr. the measurement of inelastic cross secti.ons 
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for interactions of 
22Ne with C, Al, Cu 
and Pb nuclei at 
4.1 GeV/nucloon. 
Available experimen
tal data allow ~he 
followi.ng characte
ristic properties of 
i.nelastic cross 
sections for nucleus
nucleus collisi.ons 
to be found: a) the 
cross sections, 
within the experimen
tal errors, are i.n-

dependent of the energy of projectiles; b) there is a weak depen
dence of the cross sections on the ei.ze of target-nucleus (At) as 
the atomic weight of projecti.le (Ai) increases; c) the behaviour of 
the cross sections versus Ai and At is well described by a simple 
geometric model of interacting nuclei wi.th overlap, in which the 
parameter of overlap depends on the atomic weights of colliding 
nuclei. A comparison of the experimental data and the calculations 
by this model gives the value of overlap parameter equal to Jl:::().93 

Multiple production processes of fragments. Not all nuclyons 
of the i.ncident nucleus interact in the i.nelastic collisi.on of relB;
tivi.stic nuclei wi.th target-nucleus. Owing to a relatively weak 
coupling of nucleons inside the nucleus, a part of them after the 
interaction remai.ns spectators (stripping nucleons). Not only nuc
leons but also projecti.le fragments (fragments of the nucleus) can 
be strippi.ng objects i.n collisions of nuclei heavi.er than deuteron. 

Figure 10(a) presents the summary data on the probability of 
stripping fragment ( 2H, 3H and 3He) production in interactions of 
~-particles with a momentum of 4.5 GeV/c/nucleon versus the atomic 
weight of target-nucleus, and figure 10(b) shows the cross sections 
of the yields of isotopes 1H, 4He, 6Pi, 9B~, 10B, 12c produced in 
the collision of carbon nucleus wi.th tantalum at 4.2 GeV/c per nuc
leon. These results have been obtai.ned at the synchrophasotron by 
means of the 2m propane bubble/29/ and streame~30/ chambers, HEL. 
As seen, the probabilities of stripping fragment produc~ion turn out 
to be rather large, and tqe fragmentation cross section can be 
presented, within the errors, as the dependence G'f ~A~ with n::> 0.3 
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for all fragmenting channels. However, i.n the case of selection of 
a group of events with small impact parameter.(the so-called "cent
ral'' interactions), the fragmentati.on cross section has a stronger 
dependence on At: for this group of events the parameter n becomes 
equal to 1.01~0.06. 

The enhanced A-dependence of the cross sections for nuclear 
fragment production was observed in the experiment on a study of 
fragment production processes in pA interactions with different 
transverse momenta/3ll. As the transverse momentum of the fragment 
produced increases, the value of parameter n rises from 2/3 to 
unityand becomes ~ 1 at~ > 1 GeV/c. This dependence is shown in 
fig. 11. 

Remi.nd that at first for n = 1 the enhanced A-dependence was 
observed i.n experiments on cumulative particle production. The data 
on fragmentation presented above confirm the conclusi.on of univer
sality of this effect. 

Interaction cross section o!._gharged stripping fragments. In a 
number of papers/32/ it has been reported on the observation of the 
effect of increasing the interaction cross section of strippi.ng 
fragments with charge >,:. 2 of projectiles. 
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Recently this effect has been 

studied by the group of the 2m 
propane bubble chamber, HEL in 
conditions when carbon with an 
energy of 4.2 GeV/nucleon is an 
incident nucleus/JJ/. Interaction 

cross secti.ons for carbon projec
ti.le fragments with Z = 5 and 6 i.n 
propane were measured (see fig. 
12a) versus the distance from the 
primary vertex. The charge of the 
fragments was identified by the 
density of S -electrons and by 
evaluati.ng the total charge of 
strippi.ng fragments of pri.mary and 

secondary stars. Interacti.on cross 
section for the projectile carbon 
fragments wi. th charge 5 and 6 i.n 

Fig. 11 propane 

larger than the expected value (see fi.g. 
12b). This result i.ndicates a possible 

existence of exci.ted fragments with an 
anomalously large cross section and an 
excited state lifetime of ~ 10-10s. 

was found to be bv "' 10% 
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Total disintegration of heavy nuc
~· The study of this interesting 
physics phenomenon was begun at the High 
Energy Laboratory i.n paper/3 4/. The 
total disintegrati.on of emulsion heavy 
nuclei was found to occur, to a pronounced 

probability, under the effect of "'10 GeV 
protons. A similar effect was observed in 
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Fig. 12a 

experiments at the Serpukhov accelerator in an exposure of nuclear 
photoemulsions to rv70 GeV protons/35/. The acceleration of nuclei 

at the Dubna synchrophasotron allowed these studies to be conti.nued 
for relativisti.c nuclear collisions. Below we report on new experi
mental results on the total disintegration of heavy nuclei obtained 

by the group of K.D.TolstovfJ61. · 
Most part of the investigations was carried out using BR-2 nuc

lear emulsi.ons (GOSNIIKHIMFOTOPROEKT), emulsions enriched with dif
ferent types of nuclei and lead salts •. Both methods of emulSion 
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enrichment were developed at the High Energy Laboratory. 
The e~ents, in which the sum of g- and b-particles Ng+Nb=Nh? 28, 

were considered as th~ events of total disintegration of Ag and Br 
nuclei. The total charge of the indi.cated particles f'or this group 
of events was found to be 41, i.e. it coinci.ded with the average 
charge of Ag and Br. The events of total disintegration of Pb nuclei 

were selected providing Nh~ 40. Here g and b are particles 
having energies of 20..::: Tp < 400 MeV and Tp~ 26 MeV for protons, res

pectively. 
In the experiment it has been found that for the events selec

ted i.n this way there takes place mainly the emission of individual 

nucleons and there is no residual nucleus. 
The data on thO? probabili.ty of tC?tal disintegration pf nuclei., 

average multiplicities of s-, g- and b-particles, average energies 

of g- and b-particles are presented below in the table. 
As seen from the table,the probabil1ty of the process of total 

disintegrati.on of nuclei depends only on the atomic weights of col
liding nuclei and is independent of the energy per nucleon of pro
jectile. The average nultiplicities of g- and b-particles and their 
redistribution are practically invariable with increasing energy, 
whereas the value of < n

5
> increases by a factor of ~ 4. Consequent

ly, the total disintegration of nuclei. is not due to ions produc
tion and (or) their subsequent interactions i.nside the nucleus (i.e. 

cascade processes). A stronger energy spectrum of protons 
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Table 

Energy 10 70 70 14 14 43 in GeV 
Type of 

4He+Ag 4He+Pb 12C+Ag interac- P+Ag,Br p + Pb 
tion 

w 3.1z.0.6 3o0z.0.7 7;t2 6.4;t1 10;t2 17;t2 
L ns'> 4.0;t0.5 17.1;t,0.8 20.7;t1 7o4;t,Oo4 12.5+1 -. 18.6z.0.7 
<: ng> 10.0,t0.8 14.2;t,0.8 23;t1 18,0;t,0.7 34.7;t2 22.3;t,0.8 
..(Db> 22.0;t,1.2 15.8.:!;.0·1 19. 8;t,O. 4 15.:!;. 1 12.7.±1·3 11.1;t,0.5 
"- Tg> 120,.t12 - - 1 38;t,4 - 148 ±. 3 

<TJ:i>M(;>v 19 .:!: 2 19.2;t1 18 :!;.2 18 .:!: 2 22 .:!;. 2 17 ± 1 

(26<Tp< 400 MeV), when passing from average interactions to events 
o:f total disi.ntegration o:f nuclei, is not described by the cascade
vapour model ( CVM) since the value of < l'P> = 123 MeV calculated by 
the CVM proves to be smaller than the experimental one: <. T > = 138+ 

p -
;t 3 MeV for the events of total disintegration of Br and Ag nuclei 
produced by 4He. All the above facts show that at tot~l disintegra
tion of nuclei there is a possible manifestation of collecti.ve 
effects such as, e.g., hydrodynamic type interaction. In fact, if 
the shock wave model is used, one cannot expect (as di.scussed 
previously) a strong angular collimation of such light fragments as 
nucleons and of. -particles due to flattening the angular di.stribu-

dN/dR 
I 

2110 

Fig. 13 

9 

tion which follows from the transverse 
momentum component of nucleons of the 
nucleus. For fragments with large charge 
this influence should be much smaller. 
The fact that there exists the emission 
di.rection of fragments wi.th charge .? 4, 
produced in the interactions of C with 
emulsion heavy nuclei, is shown in 
fig. 1J. 

Multiplicit~ of secondar~ particle~ 
in nuclear i.nteractions. As known, the 
summary data obtained in hadron-nucleon 
and hadron-nucleus interactions at high 
energy demonstrate the existence of a 
weak dependence of .( n) /D on the 
ener75 and atomic weight of projec
tile 311. If the charge of an initial 
system is taken into account in the 
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analysis of the mul tipli.ci ty distributions of secondary particles, 
all available data for the interactions indicated can be described 
by a universal dependence of the type D = a< n) + b. New experimen
tal data on the multiplicity of secondaries produced in nucleus
nucleus interactions have destroyed this universality. The results 
obtained at the Dubna synchrophasotron by means of track devices 
show that the behaviour of the multiplicity distributions for 
charged pions in nucleus-nucleus interactions is noticably distinct 

from the above depen
dence for heavy (from 
C) nuclei: the value 
of D i.ncreases much 
faster with rising 
< n> • This effect 
iS shown in fig.14• 
The dependence of D 
on <n> observed in 
nucleus-nucleus 
i.nteractions can be 
explaine~ within the 
framework of the 
model of independent 
interaction of pro
j,ectile nucleons/3 8~ 
The assumption that 
i.n nucleus-nucleus 
(Ai+At) colli.sions 
the projectile nuc
leons interact with 
target-nucleus inde
pendently is at the 
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Fig. 14· The dispersion Dc~2>-~~~ versus 
<n> :for P(n ) in inelasti.c 12c + A interac
tions (+} a~d in central 12C+A(o) and 16o + 

·+A(D) collisions at a veto angle of 9ch = 2° 
for charged projectile fragment emi.ssion. 

12 16 e 0- C+Aatf)ch=4°.•- O+Aat ch=4°. 
The curve D=~ corresponds to the Poisson 
di.stribution and the li.ne to the P(n_) dis
tributions in pp interactions. 

root of this model. From here one can get the following expressions 

for average multiplicity < n~ and di.spersion DA·A through the 
corresponding characteri.sti.cs Cl'f nucleon-nucleua

1
· CN+At) i.nterac-

tions: 
< n> :: <'Vi> <n> 

AiAt NAt 

2 2 2 2 
0 :: <-vi> Q +<n > D,, 
A·At NAt NAt , 

where<'lly=Aii /fi AI i.s the average number of projectile nucle-
L IIIAt Ai t ons which interact with target-nucleus; D-y i.s the 'ii -distri.bution 

2:{ 

I 
I 



di.spersion (~j = 1, 2, ••• , A.); 6NA and 6'A·A are the i.nelastic 
l. t l t . 

cross sections of nucleon-nucleus and nucleus-nucleus interactions. 
A comparison of the experimental data and the calculations made by 
the discussed model shows a good agreement between then/39/. 

When the events wi:th small impact parameter ("central" interac
tions) were selected out of all i.nelastic nucleus-nucleus events, an 
essential narrowing (contraction) of the multiplici.ty distribution 
of pions was observed for them, i.e. the dependence of D on < n> 
agrees better wi.th the Poisson distri.bution. It has been found/40/ 
that wi.th changing a veto angle of stripping particle emission from 
0° to 4° a relative width of the distributions 71.::: (<rf>- (n>2 )!<n> 
si.gnificantly decreases remaining practically constant as the veto 
angle i.ncreases to 14°. 

The observed behaviour of the multiplicity distributions of 
particles produced i.n nucleus-nucleus collisi.ons does not confirm 
thermodynamic model prediction/ 41 /. 

Determination of di.mensions of radiation region of seconda;rx 
particles. Despite a large amount of data on the processes of 
multiple particle production, the question on the space-time strucr 
ture of radiation sources of secondary particles remains urgent. To 
clari.fy thi.s question, the method of interference of like particles 
produced i.n different type processes is widely used/ 42/. The possi
bility of applyi.ng this method to the determination of the radius 
of the radiation region (r) for secondaries and the lifetime of this 
system(([) has been proposed and develope~ in papers/ 431. Concrete 
information on the space-time structure of generation sources of 
secondaries in different processes has been obtained to date using 
-this method/ 44/. In particular, at first the group of the 2m propane 
bubble chamber has found that for pions produced in~-p interactions 
at 40 GeV/c, the size of the radiation region is characterized by 
Y" ~ ( 1.9 .±. 0.3) fm and 'L ~(0.8 .±. 0.2) fm. However, later on the 
analysis of space-time characteri.sti.cs of the same process in the 
c.m.s. allowed a more composite structure to be observed: the exia
~ence of two radiation sources of secondary pions, one of which is 
due to direct pion production ( r.j' ~ c't-1 ~ 1 fm) and another - to 
pion i.nterference from the decay of resonances ( ~ ~ c'L

2 
~ 3 fm). 

Recently this group has made an attempt to determine the 
dimelfsi.ons of the radiation region of secondary pions in the c.m.s. 
of quarks belonging to interacti.ng particles/ 45/. Experimental data 
have been obtained in the analysis of events from 1(p, 11-n and -rr-::c 
at a momentum of 40 GeV/c. 
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To determine the size of the radi.ation region of like pions I 

and II, the experimental di.stributions of like pion pairs were 

approximated by an expression of the type 

R <Cl2) ~ a { 1 +:A [4 J~(q_;,n' (q..Lr- )J} 
where'L_=CJ,-~ii),'Ct.:=P.-p' 

1
ii=P/JPI , J 1(q.l.·r) is the first

-order Bessel fun6tibn, a-the normalized coefficient and )...-the 
parameter taking into account·the influence of a number of experi
mental factors and possible specific correlations/461. The indicated 
approximation was made in various reference frames determined by the 
ratio of the momenta of colliding particles R .. PiPt• When R = O, 
this corresponds to the laboratory system (i.e. the nucleon is at 
rest); when R = 1, to the c.m.s. of pion and nucleon; when R = r.5, 
to the c.m.s. of quarks/ 47/; when R"" oo , to the antilaboratory 

system (i.e. the pion is at rest). 
Usi.ng this procedure of experimental data analysis for 11 -p 

and 1T -n, the foliowing has been found: the radius of the radiation 
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region r varies versus R, and in 
all cases (q

0
*= E1-E11 ~ 300 MeV) 

or q
0 

is unlimited) its mi.nimum 
is achieved at 1.5 which corres
ponds to the quark reference 
frame. In this case the parameter 

does not vary significantly 
with changing R, but it decreases 
with increasing q

0
* (see fig.15). 

The "transverse" ( IJ:. ) and 
"longi.tudinal" ( Yij ) sizes of the 
radiation region for pions versus 
R have been obtained for the 
same group of events. For the 
pairs of pions flying in the 

cone at I Brrrr 1~30° ( lJ:. ) and in 
an angular interval of 120°~9nn 
~ 60° ( 1J

1 
) relative to the col

lisions axis of primary particles 
it has been found that IJ_ is 
always larger than IJI and i.nva

riable with changing R (true, if R ~ 1.5, there is a tendency 
toward decreasing ~I , but this confirmation cannot be made due to 
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large errors). 
The analysis of the pairs of like pions produced in ,,-c has 

shown that the values of r versus R have a minimum at R ~ 1 which 
corresponds to the c.m.s. of pion and nucleon. This fact can be 
explained by a considerable contribution of multiquark interactions 
in the case of hadron-nucleus collisi.ons at high energy. 

Search for and study of exotic particles not described by con
ventional guark models. The question on the existence of particles 
not described by conventional quark models is to date one of the 
important problems of quark physics since this problem is directly 
associated with the existence of multiquark states/481. The study of 
multiquark states, when quarks, belonging to the group of nucleons, 
are mi.xed, can give valuable informati.on on the nature of asymptotic 
freedom and quark conf1nement. 

To a large probabili.ty, the observation of multiquark states 
should be expected i.n processes with the parti.cipati.on of nuclei. 

At the High Energy Laboratory the search for multiquark reso
nance states was first performed by the group of B.A.Shahbazian/49/ 
in the processing and analysis of pictures obtained by means of a 
24-li.tre propane bubble chamber irradiated wi.th 4 GeV/ c lT--mesons 
and"' 7 GeV/c neutrons. The resonance states wi.th hypercharge from 
0 to 6 were searched for in the experiment. For this purpose the 
invariant mass spectra of systems,i.ncluding A0 -hyperons and diffe
rent types of charged accompanying particles, were investigated. A 
detai.led analysis of the invariant mass spectra of (A p )··system 
allowed the existence of three exci.ted states of A p -di.baryons to 
be observed (to a high degree of confidence). The masses and widths 
of these resonances are given in Tablei. The values of the corres
ponding quanti ti.es predicted by the bag model are also presimt.ed in 
the table/50/. One can see that the values predicted by this model 

agree surpri.si.ngly well with the experimental data. The resonance 
states observed can be interpreted as si.x-quark systems included in 

one bag. 
As known, multiquark states are theoretically predicted at 

other values of masses as well. Further studies of the invariant 
mass spectra of the systems including /1° -hyperons carried out by 
the group of B.A.Shahbazi.an have shown that some of the resonance 
states predicted by theory are i.n fact observed in the experimen/51~ 
The total results of these studi.es are pre sen ted i.n Table I. 

Presently the search for and study of resonance states of the 
i.ndi.cated type are being performed usi.ng the materi.al obtained by 
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means of the 2m propane bubble chamber, HEL on beams of relati.vi.stic 
has 

nuclei. Recently the same groupYobtained the /1 p -i.nvariant mass 
spectrum, due to 12c-propane interactions, using ' photographs ot.pe 

£m propane bubble chamber, exposed to a p = 4.2 GeV/c momentum 

relativistic 12c ion beam. 

Table I 

I. Strange dibaryons-candi.dates for q6-tt~tates 
1.flp (I= 1/2, Y= 1, B= 2, S= -1) 

M r Signifi- 6' prod. Bag model 12redictions 

(MeV/c2 ) (MeV/c2 ) 
cance M JP (N (~b) ~MeVlc2 ~ st.dev.~ 

2255.2±.0.4 16.9;t2.3 8.05;t1o32 85o3;t20o0 2241 2+ 

23 54.3.±0. 7 56o1.,:t5o0 6.25;t1.25 65.~ 17.0 2353 2 

2183.2.,:t0.6 3.1;t0.7 5.56.,:t1.2J 60.0;t15.0 2169 1+ 

2. /\pTT (I 3/2, 1/2, Y = 1, B = 2, S = -1) 

M r Signifi.- S prod. Bag model J2redi.ctions 

(MeV/c2 ) (MeV/c2 ) canoe JP 
(Nst.dev.> ( .e b) 

M 
(MeVl·c2 ) 

2495.2.,:t8.7 204.7;t5.6 12.86;t1.68 70. 5,±15.0 2500 o-,,-,2-

II. Strange exotic baryons-candidates for qq4-states 

M 2 
(MeV/c ) 

1704.9;!;_0.9 
2071.6±,4.0 
2604.1t4.8 

r 
(MeV/c2)' 

18.0±,0. 5 
172.9;t12.4 
85.9±,21.5 

Si.gnifi.- S prod. Bag model predicti.ons 
cance M p 

(Nat.Jl,ev.) ( pb) (MeV/c2 ) J 

5-3±.1.6 19.0;t0.6 '1710 1/2-
10.JL1.5 88.0±,27.0 2120 1/2-

5.2;t1.4 31.9±.9·0 2615 3/2-

and 

Again the candidates for si.x-quark A p-dibaryons of 2183, 2255 
2354 MeV/c2 mass are clearly seen/ 511. Further on these investi-

gations will be continued on the spectrometers GIBS and RESONANCE, 
setups of the hybrid type anew being constructed. 

The search for and study of multiquark states were also carried 
out in other experi.ments at the Dubna synchrophasotron. 

So, over a peri.od of several years the resonance states with 
isotopic spin 1=5/2 in systems N~~ have been searched for and 
studied in the experiment performed by Yu.A.Troyan 1 s group/ 521. Such 
states can be constructed of four quarks and one antiquark. The 
existence of thi.s type of resonances was predicted i.n a number of 
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theoretical papers/53/, but numerous attempts to observe them expe

rimentally had no success. In all these experiments charged 
particles were used as a primary beam. In the experiment of Yu.A. 
Troyan 1 s group a beam of monochromati.c neutrons with a momentum of • 
( 5.10±.0.17) Gev//54/ was used which a 1m li.quid hydrogen bubble 
chamber was exposed to. Such experimental conditi.ons had a number of 

one 
advantages: a) the absonce of projecti.le charge allowed to "load" 
the chamber in its exposure wi.th neutron fluxes by an order larger 
than for charged particles; b) the possibility of separation of 
reaction np - p "TT+If+nlf1( , i.n which two is·otopi.cally conjugated 
states could be analyzed; c) a high monochromati.zati.on of neutrons 
made it possible to use standard methods of experimental data 
analysis and to compare the results of thi.s experiment wi.th other 
ones. 

The search for and study of baryon resonances with I = 5/2 were 
accomplished by analysing the invariant mass spectra of systems 

f11'+1Tt and n 1f-1T- from reactions n p---+ prr"tn+n1T1f • In all 3088 

events were used in the analysis. The method of experimental data 
processing and analysis is presented in/55/. The study of the i.nva
riant mass distributions of pTI+ -system with respect to nlT- -system 
has shown that reaction np...,.p-rt'ttrfih( i.s "di.vi.ded" into four sub-

processes: 
+ -t - -np -~ pnn n111i 13.6 .t 8.2% 

_. .6++11+n1fn- 30.5 ±. 8.o% 
33 - % ~pn+-rfll~1T 30.5 .t 8.0 

~h;tn+E3~11 - 25.4 .t 8.0% 
In the analysi.s each of them was simulated by the corresponding 

phase space taking into account the peripherality of nucleons in 
reacti.on np -p1tn+nu¥. Later on all experimental distributions 
were descri.bed by the four subprocesses added to the above weights. 
Final results are presented i.n fig. 16. In the figure are shown the 
i.nvariant mass di.stri.buti.ons of .tilT -combinations for di.fferent 
charge states. TheN rr combination was assumed to be in the region 
ofA
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i.sobar if its mass was within 1174~ MN~ 1254 MeV/c2 • The 

solid lines represent the background from the above subprocesses. 
From the figure one can see that the invariant mass distributions 

0 ·c +- +) H -~~-n•1 of 1>." Ll1T 1 A Tl ..._., )-systems are well described by the background 
curves. The devi.ation from this description nowhere exceeds two 
stand;rd errors. The invari.ant mass distributions of il++TI\Ll_n_)
systems differ sharply from the background one. In th~s case thereis 
a good agreement in the approximati.on of the experi.mental 

' 
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di.stribution only by the curve being the sum 

of the background and three resonance curves 

with masses 1438, 1522, 1894 MeV/c2 and 

.wi.dths 30, 20, 40 MeV/c2 • In fig. 16 the 
approximating curve is denoted by the dotted 
line. In this .procedure the first resonance i.s 

descri.bed by the Brei.t-Wigner curve and the 
two other heavi.er resonances by Gaussian 
according to the experimental mass resoluti.on 

which equals 9, 6, 11 and 23 MeV/c2 in the 
region of corresponding resonances. 

The total data on the observed resonances 
and corresponding predictions of some theore
tical models are presented i.n Tables II and III. 

Mres' MeV/c
2 rres'MeV/~ 

1438 
1522 
1894 

23 

"20 
~40 

Table II 

6'(/"'b) 

9.9 ±. 2.7 

4-8±.1·7 
J.J .t 0.8 

Table III 

200 

M , r d res 2 • 2 JP mo e 
MeV/c ~~Y/c decay 

1438 23 3/2.t, 5/21 L\lf 

4.~38 
t 

1,\-6 1,61 i,76 1, 91 
M.~, Gev/c 2 

Fig. 16 

exp 1522 ~20 l/2.t,J/2-,5/2+ L\n ,NrTTf 

B.M. 

JSM 

' SSR 

1894 ~40 - Au, Nu-rr 
2000 

1450t-1470 

1550 
1900 
1400+1700 30 for 

Mres=1438 

5/2-
1/2-

3/2-
1/2+ ,3/2+, 5/2+ 

5/2\ 
h1T 

The search for a possible manifestation of multi.quark degrees 
of freedom in derteron has been recently performed by the groups of 
L.S.Azhgirei. (magnetic a,ectrometer, LCTA) and L.M.Strunov (ALPHA) 
in studies of inelastic scattering reactions of relativistic deute
rons on different nuclei, i.e. processes dA ~AX, where A=p,d,C, ••• , 

have been investigated, 
In the first exper:::.entf56/ deuterons havir.g momenta of 4.3, 
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of it I reached~0.4 (GeV/c) 2 • 

6.3 and 8.9 GeV/c were 
scattered by target nuc
lei. at an angle of 103 
mrad so that the four
-momentum transfer 
squared \tJ was 
0.4(GeV/c) 2 and achieved 
2.5(GeV/c) 2 • In the se

cond experimen/60 I deu
~ons having a momentum 
of 8.9 GeV/c were scat
tered at an angle of ~ 
0.4° so that the value 

Figure 17 presents the invariant i.nelasti.c scattering cross sec
tion of deuterons on carbon nuclei. with the emi.ssi.on of detected 
deuterons "forward" versus ltl • In the same figure are presented 
the data of pape~57/, in which this reacti.on was studied for deute
ron momenta of 3.5 and 5.8 GeV/c and a deuteron detection angle of 
43.6 mrad. 

The summary data in the figure show that the invariant cross 

~·6.lCoV/c \0 ~· 8.9 GtV/c 60LJ 'i 
- d·d 

i: ~t 
lOi d •d A' 

:~l 
60 \0 

d·p 
lO 

d·p 
\0 

20 

20 
10 

t~ ol~~·=-~·~"!~oiiJ~Pt;'l~ 
6.5 1.0 1.5 8.0 6.5 5.0 1.5 6.0 9.0 

p. CoYle 

Fig. 18 

section of reaction 
dA - dX wi.th i.ncreaai.ng 
ltl changes much slower 
from ltl :;-; 0.2(GeV/c) 2 

up to !tl~2.5(GeV/c) 2 

than for ltl~0.2(GeV/c)~ 
A more detailed analysis 
of the deuteron spectra 
in the region of !tl> 
0.2(GeV/c) 2/ 5B/ shows 

that there is a struc
ture characteri.sti.c for 
excitation processes of 
nucleon resonances (see 
fi.g. 18). Thi.s fact 

means that the i.ncident deuteron, to a large enough probability, 
loses a si.gnificant fraction of its momentum and does not"disi.nte

grate" into individual nucleons. A possible explanation of this fact 
can be made within the frame of the quark model for elementary par
ticles. Assuming that the deuteron has a quark structure and the 
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multiple scattering of quarks of the incident 
deuteron on quarks of the target-nucleus 
makes a main contribution to the reaction 
cross section, the authors of pape~59/ repro
duced correctly baai.c regulari.ties of inelas

tic reacti.ons Ap - AX, where A=p or d, In 
particular, in order to describe the above 
results obtained by the group of L.S.Azhgirei., 
i.t was required to introduce the "hybrid" 
wave function of deuterons containing the 
contributi.on of six-quark state. In fact, as 
i.e seen from fig. 19 (soli.d line), the beat 
agreement with experiment is reached if one 
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assumes that in reacti.on dp - dX the domip.ating role belongs to 
excitati.on processes of nucleon resonances and to ..v5% of six-quark 
admixture in the wave function of the incident deuteron. 

The use of the hybrid wave functi.on of deuterons allows one to 
interpret experimental results obtained by the group of L.N.Strunov 
/60/ in a study of the fragmentation process of deuteron wi.th a 

momentum of 8.9 GeV/c on C and CH2 targets at an angle of 0°. The 
yi.eld of protons produced in reacti.on dA - pX was measured at emis
sion angles of~ 0.4° over a momentum range of -206~ p~ ~ 580 MeV/c 
(in the deuteron rest system). Results of the measurements are pre
sented in fig. 20( a). Results of theoretical calculati.ons made using 
different assurnpti.ons are given in the same figure. One can see that 
the experimental data confirm best the calculated results, in which 
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the wave function of deuterons includes the contri.bution of 6-quark 
state, The estimate of the contributi.on of 6q-state, the root-mean
-square of 6q-system and a relative phase of np- and 6q-components 
in the deuteron leads to the following values: 

z,------
Type of Probability 1""(6q) Phase of np-' ':f. /degree 
target of 64-admix- fm and 6q-com- of freedom 

ture ponents _ 

c (5.4 i 0.6)% 0.99 i 0.04 (95 i 7) 0 1.6 
CH2 (4.3 i 0.4)% 0.95 ± 0.05 (82 i 6) 0 1·9 

In fig. 20(a) it is also seen that an enhancement is observed 

over the range of proton momenta 295.6 PJi ~ 404 MeV/c which is not 
used to measure the parameters of 6!\.-state. This enhancement can be 
due either to the process of dib~q.ryon resonance production having a 
mass of (2.14±0,01) GeV/c2 , a width of (80~10) MeV/c2 and I; 0 or 
to the process described by a triangular diagram with Ll -isobar i.n 
the intermediate state. The latter statement i.e hardly probable 
since, first, the width of the enhancement is more narrow as expected 
from the process with tri.angular diagram, and, second, for diffe

rent targets the rati.o of the cross sections ~~CHf; 1.00 + 0.07, . . . c -
where R ~Z:[Ei~~p -6tLt]/ L o/lt . does not agree with the value 
which follows from isotopic invari.ance for the process with tri
angular diagram. This ratio should be "" 2 for the effective number 
of nucleons N 4 inside the carbon nucleus. To check the first state
ment, the invariant ma~s spectrum of d*-system produced in reaction 
dN......,. d*N and d* _. p + N was constructed (see fig. 20(b)), As is 

2 ' 
seen, a peak is really observed for Md*~ 2.14 GeV/c • However, 
stati.stics i.e insuffi.cient, and further studi.es are required. 

Thus, the above-enumerated results of the experiments performed 
at the Dubna s~chrophasotron confirm the existence of multiquark 
states in nuclei and nuclear processes and thereby open new possi
bilities for continuing studies (both experimental and theoretical) 
in thi.s currently central field of elementary particle phyei cs. 

Hadronic bremsstraq}-ung radiation 

In strong i.nteractions of particles at high energ1es there 
occurs an essential change of the number of particle charges and 
momenta. This is the reason why bremsstrahlung "t" -quanta should be 
observed along the trajectories of secondaries and along the beam 

forward directi.on. Energy and angular spectra of such r -quanta 
depend on kinematic characteristics of primary and secondary par
ti.cles. The energy spectrum of y -quanta has a sharply falling form 
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of the dE/E type. At present there i.e i.n pri.nciple only one pape~ 6 1/ 
devoted to the study of this effect i.n interactions of 1f+-mesons 
with a hydrogen-neon mi.xture of the bubble chamber at 10.5 GeV/c. 1 

About 1% of hadron bremsstrahlung t's were detected with respect to 
all y• s produced in these interact tons. ' 

Owing to a small detecti.on efficiency for low energy -y•s, the 
main fraction of y•s havi.ng P7~ )0 MeV/c is not detected as e+e

pai.rs. Therefore the contributi.on of bremsstrahlung "('s from 
hadrons shows itself badly i.n the laboratory system as compared to 
background"( 's from the decay OflT 0 -mesons. It is clear that brems
strahlung radiation should have detailed kinematic properties in the 
laboratory and antilaboratory systems. However, energetic l('s in 
the laboratory system fall wi.thi.n the range of low energies in the 
anti.laboratory system. The momentum spectrum of"'( -quanta in the 
laboratory and antilaboratory systems has a characteristic shape 
with a maximum at 70 GeV/c andadecrease at Py~ 70 MeV/c. Thus, due 
to methodical restrictions, this effect manifests itself well in the 
antilaboratory system. 

Figure 21 presents the momentum spectra of l( -quanta produced in 
CTa i.nteracti.ons for 4.2 GeV/c per nucleon/ 621 in the laboratory 

(a) and antilaboratory (b) systems. The solid lines correspond to 
background /('a from 1T 0 -mesons produced by Monte-Carlo using kine
matic properti.es of lT--rnesons. An excess of'{ 'a is seen at 
Pl( ~ 70 MeV/c in the ar.tilaboratory system. The momentum spectra 
of y'·s for 1TP (a) and 1fC interactions at 40 GeV/c in the anti
laboratory system are shown in fig.22/G3/. H.ere the statistical 

material is more complete, and hence the experimental data are 

presented with a bin of 10 MeV/c. The dashed line corresponds toT's 
from "Jr 0 -mesons. The cor;tribution of hadrc11ic bremsstrahlung radia

tion is clearly seen. It is about 5% of all l('s. 
Thus,hadronic bremsstrahlung radiatior, is observed in hadron

hadron and nucleus-nucleus interactions. 

IV. Conclusion 

From the foregoing it follows 
1) Helativistic nuclear physics as a new scientific field is 

successfully being develi:ped at JINR. For a relati 'Jely short period 
of time a great deal of results, the scier.tific significance of 
which is generally recogr.ized, have beer, obtained in this field by 
physicists from Jr.>R memLer-countries • In particular, extremely 
important information has been obtained on the properties of 
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nuclear reactions at small internucleonic di.stances and on the mani
festation of multiquark degrees of freedom i.n nuclei and nuclear 
processes. First of all, this concerns the results obtained in the 
studies of nuclear reactions, in whi.ch the momentum significantly 
exceeding a Fermi nucleon momentum in the nucleus is transferred to 
atomic nuclei. This is the experimental confirmation of the hypo
thesis of cumulative effect and its features (locality of interac
tions, scale invari.ance, uni.versali ty of characteristics of quark
parton structure functions of nuclei in the region of nuclear limi
ting fragmentation and so on), the observation of multiquark states 
in nuclei etc. 

In addi.tion,systematic investigations of multiple production 
processes of fragments and particles i.n i.nteractions of relati.vis
tic nuclei. (processes wi.th small momentum transfers) alloyved one to 
clarify a general picture (dynamics) of these processes and to 
confirm the validi.ty of using the proton-neutron and the additive 
models for thei.r description. 

Fi.nally, the search for "exoti.c" states not described by con
ventional quark models enables us to observe the existence of some 
of thi.s type particles: di.baryon strange resonances, resonance 
state wi. th i.sotopi.c spin 5/2 and so on. 

2) Tne program of experi.mental research in the field of relati.
vistic nuclear physi.cs ·bei.ng performed at the Dubna synchrophasotron 
di.rectly,adjoins the problems of hi.gh energy and elementary parti.cle 
physics, whi.ch are bei.ng solved on the largest accelerators, and is 
related ~o main problems .. of strong i.nteraction physics: quantum 
chromodynamics and confinement. 

The successful i.mplementation of thi.s program is a result of 
the conditions created for carrying out experi.ments at the Dubna 
synchrophasotron. In our opi.nion, a further development of the 
synchrophasotron as an accelerator of relativistic and. polarized 
nuclei. will allow physicists from JINR member-countries to carry 
out a broad range of present-day studies and to obtain results that 
will favour a further development of the theory of fundamental 
i.nteracti.ons. 
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Ky3HC40B A.A. El-82-660 

3KcnepHMCHTaJ1bHaR nporpaMMa HccneAoBaHHH Ha CHHxpo¢aaoTpoHe OHJH1 

8 HaCTORI4CM C006~CHHH AaCTCA KpaTKaR HH¢0pMa4HR 0 COBPCMCHHOM COCTOR
HHH nporpaMM~ 3KCnepHMeHTanbH~X HCCneAOBaHHH, BMOOnHReMOH Ha CHHXpO¢a30-
TpOHC OHHH B oGnaCTH peJlRTHBHCTCKOH RACPHOH ¢H3HKH. np ... 3TOM 60J1bWOe BHH
MaHHe YACJlRCTCR onHCaHH~ HMe~~HXCR B na6opaTOpHH B~COKHX 3HeprHH OHRH 
YHHKaJlbH~X B03M0mi10CTCH AJ1R npOBCACHHR HCCJlCAOBaHHH H 06CymACHH~ HaHfionee 
3Ha4HM~x ~H3H4eCKHX pe3ynbTaToa, nony4eHH~x paaH~MH rpynnaMH $H3HKOB OHRH 
a nocneAHHe roA~ a o6nacTH penRTHBHCTCKOH RACPHOH ¢H3HKH. 

Pa6oTa B~nOJlHeHa B na6opaTOPHH B~COKHX 3HeprHH OHRH. 

OpenpHHT 06oeAHHeHHOrO I<HCTHTyTa RAePHbiX HCCJleAOBaHHH, .lly6Ha 1982 

Kuznetsov A.A. El-82-660 

Experiments at the Dubna Synchrophasotron 

In this report we present a brief review of the current state of the 
program of experimental research at the Dubna synchrophasotron in the field 
relativistic nuclear physics. Some attention is being given to unique 
possibilities which we have at the High Energy Laboratory, JINR to carry 
out these studies and to the most significant physical results obtained 
recently by different groups of our physicists in the field of relativistic 
nuclear physics. 

The investigation has been perform~d at the Laboratory of High 
Energies, JINR. 
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