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1. Introduction

Relativistic nuclear physics is a new sclentific field arising
at JINR in the beginning of the seventies with the accele;ation of
deuterons to the highest energies of the synchrophasotron') at the
High Energy Laboratory (HEL) and when the corresponding progsam of
experimental research had been developed in general outline <).

During the ensuing years the fulfilment of new operating con-
ditions at the synchrophasotron and the construction of a highly
effective (above 90%) slow extraction beam system in a new expe-
rimental hall allowed us to accelerate still heavier nuclei to
neon inclusive and to obtain relativistic nuclear beams, the in-
tensity of which is much larger than that of secondary particle
beans.,

At present the synchrophasotron is the leading accelerator of
light nuclei over an energy range up tox5 GeV/nucleon and the on-
ly accelerator that possesses a nuclear energy of ~3.5 GeV per
nucleon, which is threshold for the region of limiting nuclear
fragmentation and in which new properties of nuclear matter begin
to manifest themselves,

Beams of nuclei with energies up to 5 GeV/nucleon have not
yet been obltained at other accelerator centres, At CERN short
runs were made with colliding beams of o&-particles for a c.m.s.
energy of 126 GeV, In addition to JINR, beams of relativistic nu-
clel were obtained at Bevalac, Berkeley(USA) and at Saturne, Sac-
lay(Prance)., However, the energy per nucleon at Berkeley is twice
as low as that at Dubna, and the energy at Saclay that muat be
achieved in the nearest future will be two times lower than at
Berkeley and four times lower than at Dubna. The implementation
of the projects of more powerful nuclear accelerators in Japan,
USA and FRG is expected in 1987-1990,

Currently the types and intensities of nuclei (protons -

10 GeV, nuclei - 4.2 GeV/nucleon) accelerated at the synchropha-
sotron are the following:
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Type of Nuclei Intensity per Pulse
P 4 . 1012
d 1 .1012

ta 6 » 108

sHe 5 « 107
2

et 5 . 1010
6

08: 8 « 107

0 4 « 10°

Ne 10+ 104

The total running time of the accelerator is 4000 hours a year
85% of which is used to implement the program of experimental ge-'
search and 15% to study and improve operating conditions of the
synchrophasotron and its beams.Breakdowns of the accelerator due
to faults do not exceed 7% of the scheduled time.

Thus the current state of the synchrophasotron among nuclear
accelerators of the world and its operating conditions enable phy-
sicists from JINR member-coumtries to carry out promising experi-
ments of to-day. In particular, further development of the synchro-
phasotron as an accelerator of relativistic and polarized nuclei
allows us to study not only the behaviour of nuclear matter at
small internuclear distances under extreme conditions, but also to
create completely new states of hadron matter-quark plasma.

Purther development of the synchrophasotron and the simultane-
ous and effective operation of its beams enable us to check in de-
tail the conclusions of quantum chromodynamics and to begin syste-~
matic studies of the dynamic characteristics of interference in
strong and weak interactions.

The importance of studies in the field of relativistic nuclear
physics is obvious. Using the available experimental results, one
can see that nuclear collisions at high energy are the unique
source of information on a S%Pce-time picture of hadron production
and their internal structure ), This primarily concerns studies of
nuclear reactions, in which a momentum, which is much larger than
the Fermi momentum of nucleons of the nucleus, is transferred to
atomic nuclei, The study of the processes has led to the discovery
of previously unknown regularities and of the character of manifes-
tation of multiquark degrees of freedom in nuclei. For example, as
shown, already at momentum transfer Qa1GeV/c the quark degrees of
freedom begin to play an important role in nuclear processes, had-
rons of the nucleus camnot be regarded as elementary and their
quark structure should be taken into account, Consequently, studies
in the field of relativistic nuclear Physics are directly related
to the problem of high energy and elementary particle physics be-
ing solved at the largest accelerators of the world,

Although relativistic nuclear physics exists over a relatively
short period of time, a great deal of information has been obtain~
ed by different groups of physiciste from JINR member-countries in
the following important fields of strong interaction physics:scale
invariance, limiting fragmentation, quark-parton models and so on.
These results have been confirmed at other sclentific centres and

have been generally recognized.

Below we discuss some experimental results that have been re-
cently obtained at the synchrophasotron. Results of earlier studi-
es can be found elsewheret).

2., Experimental test of consequences of the hypothesis of
cumulative effect

The hypothesis of the cupulative nuclear effect was first ad-
vanced by A.M.Baldin in 19717). According to this hypothesis, in
interactions of elementary particles with nuclei there occur par-
ticles in the kinematical region forbidden for interactions with
nucleons of the nucleus at rest. In this case properties of cumu-
lative particles should be determined not by geometric characteris-
tics of colliding objecta but by local features of hadrorfmatter,
i.e. they muet satisfy the principles of local interaction and
scale invariance,

Secondary pions, the energy of which is much higher than the
kinematical 1imit of NN collisions, were detected already in first
experiments carried out by V.S.Stavinsky's group ©) at the synchro-
phasotron with a beam of relativistic deuterons. In particular,
such important properties of the cumulative effect were found as
scale invariance of inclusive spectra of pions and enhanced A-de-
pendence of 1nclﬁgive production cross sections of hadron in cumu-
lative processes () , A year later the latter observation was con-
firmed in prgton—nuclear experiments for large transverse momentum
by J.Cronin °),

During the ensuing years some other consequences of the hypo-
thesis of the cumulative effect have been confirmed experimentally.
In the experiments of V.,S.,Stavinsky's group it has been shown that
the dependence of particle production croses sections on cumulative
number is universal and thegdependence on the flavour of produced
particles is extremely weak”’). A series of experiments, primarily
experiments carried out by G.A,Leksin's group at the ITEP accele-~
rator 10) allows one to measure the polarization of cumulative A°-

~hyperons, which has been found to be very large, and to ascertain
a strong correlation in the production of cumulative - and AK°-
pairs and no correlation for cumulative K{K{-pairs e

The main regularities resulting from the hypothesis of the cu-
mulative effect have been studied rather completely. The processes
of cumulative particle produciion have been investigated over a
broad e of energies and for nuclear interactions of different
types « These results have made it possible not only to test
experimentally the most important consequences of the hypothesis
of the cumulative effect and to confirm its existence, but also to
ascertain the universal character of its main properties for nucle-
ar processes with large momentum-energy transfers in the region of
relativistic energies (region of limiting nuclear fragmentation).

It is difficult to interpret theoretically the above regulari-
ties of the cumulative efgect without using quantum chromodynamics
and quark-parton models ). In fact, as already mentioned, in in-
teractions of particles and nuclei with nuclei for large momentum
transfers (Q;:1Gevlc) the quark degrees of freedom play an impor-
tant role, and the quark nature of nuclear matter should be allow-
ed for. Hence, the study of nuclear interactions for high energy
is directly related to information on the quark structure of nuclei
and, in particular, on the manifestation of multiquark states in
nuclei and nuclear processes, In this connection the experimental
test of the consequences and the ascertainment of the regularities
of the cumulative effect are the most specific example of such a
type of research,



2.1. Properties of invariant inclusive cross sections
of cumulative particles

To describe nuclear reactions in the region of relativistic
energies, we use relativistic-invariant cross sections for inclu-
sive reactions of the type

I +II »=1+X, I +1II+1+2+X and so on
measured in experiments, Cross sections g

d d26
“Wp . MEdZg
and 80 on corresponding to these types of reactions are the func-
tions of variables, A, and Ay the atomic masses of colliding ob-
jects, Py and Py the four-dimensional vectors of their momenta
and (P4P, ), (P4Py) the products of the energy-momentum four-vec-
tors which determine angular and energy distributions of seconda-

ry particles measured in the relat%vistic-invariant form.
Introduce two new variables 14)

C R
E = (p B/ M my= (p, p,,)lmz.
the specific invariant energy of collision, and
Y; =1121nl(E;+p; MIE -pi)]
longitudinal rapidities, Here P;= A\PP and Py= A PP are the
four-dimensional vectors of the momenta of colliding nuclei A,and

A ywith atomic mass m,, energy Ej and momentum projection Piz on
the reaction axis., In the rest system of nucleus I

€ = E'/A“mo

and in the rest system of nucleus II
€ =E,/A,m,

Besides, the products of the energy-momentum four-vectors can be
expressed as follows:

(P, B) = m,mych(y-y,) =8d(pp)=m/m2epZ ch(y, -y)

ﬂrom exgerimenta on multiple particle production in hadron

jflligiogﬁ it is known that the difference of the rapidities is
¥ 22, Then

<o .
E~rngmn =cl2=37 MEn(RRJﬂmmﬁhAy

Consequently, for an energy of relativistic nuclei »3.5 GeV/c/nu~
cleon the € -dependence of inveriant cross sections of nuclear re-~
actions is insignificant, and the limiting nuclear fragmentation
takes place,

The existence of the region of limiting nuclear fragmentation
has begn determined in experiments performed by V.S.Stavinsky's
group J), These results have been confirmed more clearly by ;he
groups of G,N.Leksin 15), K.SH.Eginian 10) and L.S.Shroeder!?) who
have studied cumulative processes in another type of nuclear re-
actions and for other energies,

In the region of limiting nuclear fragmentation the invariant
cross sections of nuclear reactions are weakly dependent not only
on € , but also on other variables, As found in the first experi-

ments of V.S.Stavinsky's group, the cross sections over this range
of energies strongly depend only on the ratio of scalars

\/mz 52
(Pl Pu) ml ! L :
i.e. the principle of scale invariance is valid.
Using the definition of cumulative effect and taking the fore-
going into account, one can determine the limit of the region of
cumulative processes, The limit of the region of the cumulative ef-

fect is€> 3.7 and
i \/m2+ pZ
P = exp(yi—yl)-—‘-—-‘z—mo > 1.

Here = 0,931 GeV and.ffas the kinematical variable which deter-
mines the order of cumulativity; mPB©° is the minimum target mass.

Main experimental data on the cumulative effect have been ob-
tained under these conditions. As already mentioned, the most im-
portant of them have been first obtained by V.S.Stavinsky's groupe.
This group has performed the most complete experimental test of
the consequences of the hypothesis of the cumulative effect and
has made systematic studies of its regularities for large values of
cumulative numbe§f3°.

The characteristic properties of collisions of particles and
nuclei with nuclei originates from the idea of local interaction
at large momentum transfers and from the fact that a point-like
object receiving a momentum larger than that of the whole nucleon
belongs to the group of nucleons of the nucleus. This means that,
in studying processes of this type, the notion of nucleon inside
the nucleus as & good quasi-particle loses its sense, and its quark
structure must be allowed for., In other words, specific multiquark
interactions are investigated which are directly related to the
collectivity of quarks of the nucleus. This naturally allows one
to use quark-parton structure functions of nuclei G(B°, P ) as a
main property of nuclear processes at relativistic erlergy by ana-
logy with hard interactions of hadrons.For relativistic nuclear
collisions the distributions of quarks in the nucleus and the pro-
bability that the constituent (quark) carries the moment of a
group of nucleons are determineg by the function Q53°, gg) in the
region P°> 1. ;

For’cumulative processes (the region whereg>> 3.7 and£g°;;1)
the inclusive cross section normalizzd to th? atomic weight of the
nucleus is well described by the expression 8)

EdE _ _© d26 ~G( °p2
adp P ap%ap2 i o .

An explicit fim ofthePE-dependence has been measured 19) in cumula-
tive reactions of different types and for a variety of energies.,
These data are well approximated by the following expression

B(p?) = 09exp(-2.7p2) + 01 .

If the cross section measured is normalized to the function (EE),
one can obtain the cross section depending only onpB°, i.e,” the
structure function must take the following form: = .

The valid%&y of this statement has been tested By the group of
Vo.S.Stavinsky ) end in experiments at the Fermilab accelerator
for higher energy 20)., Results of the experiments are presented in

" fig. 1a,b, respectively. Here the invariant production cross sec-
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tions of different cumulative particles are dependent on variable
X introduced by V.S.Stavinsky 21). The variable X is a generalized
scale variable determining the effective cumulative number. This
variable differs from the Bjorken variable X. The relation between
them %g)found for deep inelastic scattering of leptons as fol-

H

o X 172(P - p)
Ll S .._r(g__s.' W LE =
Ay (REFG,H > ;

The cumulative region takes place when X>1. From the figures one
can draw the following conclusions: a) the X-dependence of inclu~
slve production cross sections of cumulative particles is describ-
ed by a unique exponential function G(X) in interactions with a
large set of nuclei and for different energies although the G(X)
function for K~ and p markedly differs from that fortrt+ and Kt in
absolute value; ﬁ) parametrization of this dependence by the form
G(X)~exp [ -X/<X>] leads to a universal value of

d6
«x>+-2-(tn Eﬁ) . <X> 20,14

dX
The latter can be seen in fig., 2, where< X > has been measured in

different experiments with different nuclei for different energies
and values of X.
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These results are extremely important for understanding the na-
ture of the cumulative effect. They point directly to the quark
mechanism of cumulative processes, Indeed, the behaviour of the in-
clusive cross sections for cumulative meson production (i.e. the
equality of the cross sections formr* and Kt and & marked differen-
ce from the crose sections for K- and K') can be interpreted as a
result of pickup from the symmetric quark sea of corresponding
quarks by the valence quarks of the colliding objgcts. Then, €.g.,
the equality of the cross eecti%ns for K and T ~ should be a re-
sult of pickup from the sea of and 8 quarks by knocked out va-
lence U quarks. The production of K in this way will be strongly
suppressed.

The above results,obtained in the study of the cumulative effect,
have allowed A.M.Baldin to make concrete predictions concerning the
absolute value and X-dependen?g of deep inelastic scattering cross
sections for muons on nuclei )i

This prediction was tested experimentally in a joint JINR-CERN
experiment. The group of NA-4 studied the inelastic scattering of
negative muons on carbon nuclei for an energy of 280 GeV and a mo-
mentum transfer of Q =100 GeV/c 22), The structure functions of
carbon nuclei P, (X) and their dependence on variable X=Q IZM(EGE)
were measured 1nzthe region X>1. Results of the experiment are
shown in fig.3. The figure also presents results calculated by sane
theoretical modelss — the Fermi-step model for a Fermi momentum of
0.22 GeV/c. As predicted, the structure function of nuclei had an
exponential X-dependence, and the zarameter ¢ X> was found,within
the experimental errors, to be O.14 £0.01, i.e. it is equal to uni-
versal psrameter .

Thus, the results on deep inelastic scattering of leptons com-~
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pletely confirm the quark nature of the cumulative effect, the uni-
versal character and validity of introducing the quark-parton
structure functions of nuclei as main properties of nuclear proces-
gses at large momentum transfers in the relativistic region of ener-
gles. In addition, these results argue against the opinion still
existing that the cumulative effect is the process related to the
Permi motion of nucleons in the nucleus.

2.2. Enhanced A-dependence

Another important property of the cumulative effect origina-
ting from the principle of local interaction was found as enhanc-
ed (as compared to A ) dependence of production cross sections of
cumulative particles on the atomic weight of the nucleus, i.e. a
dependence of the type

n

d6
Eds = A :

whgr; N = 1.0, In this case the power index n must depend on X
an A

The enhanced A-dependence of the cross sections for partigle
production, which is significantly different from a aimplg fh% be-~
haviour, has been first studied by V.S.Stavinsky's group ©¢ () in
nuclear interactions with large momentum transfers. A similar ef-
fect has been also observed by the group of J.Cronin 8),

Puther on the effect of enhanced A-dependence was studied by
the group of V.5.5tavinsky in more detail 18), This group obtained
experimental results for a broad range of nuclei (more than 20)
and different types of produced particles.

A summary of the resulis is presented in fig.4a,b. One can see

that a) the A-behaviour of the crose sections strongly depends on
the flavour of produced particles, namely, at first the croes sec-
tions for pions sharply increase with increasing A and then, from
A 220, remain approximately constant; for kaons and protons the
production cross sections, normalized to A, increase as A increa-
ses and the transition to the A-dependence appears to set in only
for A~100. b) The A-dependence of the cross sections is deter-
mined neither by the momentum of produced particles nor by their
emission angle,but iy the value of cumulative number X, In fact, as
already mentioned, the inclusive cross sections of cumulative par-
ticle production are well approximated by the expression

dé
11885 = 6(x) .

In this case the quark-parton structure function G(X) is of the
form

G(X):,An exp(-él):; where n=2/3 + X/3.

Consequently, as expected, with increasing X the cross section of
cunulative particle production as a function of A is more markedly
different from the simple A%*3 behaviour. Figure 5 presents expe-
rimental data of V.S.Stavinsky's group on the X-dependence of the

power index n in - A"
Lalt(A py) 1 F(AAN
inlApp ! Aprl

(in the experiment n =

. 100 200

Fig. 4b



As seen, n increases from
2/3 to 1 when X varies

between 0.4 and 1, and

for X>1, within the er-
rors, the value of n does
not change and its values
are grouped around 1,i.e.

2 4Py in this case the enhanced
PA,dA ‘.“-'k'? A-dependence takes place.
n A similar character

Y 'I i of the A-dependence of
b : P 0] 7 the inclusive cross sec~
Y ,g;;ﬂ_‘& %." T tions for nuclear reac-
‘;{»;n‘s. o

—

tions with large momentum
trensfers is also observ-
ed in pion-nucleus 15),

om ek’ up . gamma-nucleus %) and (for
2ty . . other energies) proton-

1 2 3 -nucleus 47) interactions.
X In fig.6 are presented

results of the recent pa-
per., The power index of
Fi 5 the A-dependence is shown
1g. as a function of variable
K which coincides with
the value of B¥ with a
good precision, From the figure one can see that the ®nhanced A-
~-dependence takes place for K=1,.,0 when the energy of collision is
above 3.5 GeV/nucleon, The results of V.3.Stavimsky's group are
well confirmed by these data,

To date the character of the A-dependence of the inclusive
cross sections for nuclear reactions of different types has been
studied in a series of experiments 24), For example, in experi-
ments 25) it has been found that the invariant production cross sec—
tions of hadrons with large transverse (P, ) momenta in pA interac-
tions can be parametrized by exponential ﬁ\dependence

36 _ ,a(p)
E._.. ~ A L

d3p !
whereo{ (P, ) is an increasing function of transverse momentum inde-
pendent of A which is > 1 for large PL(the s8o-called "anomalous
nuclear deviation").

An anomalous character of the A~dependence is also observed
in nucleus- leus interactions for a momentum interval of 1 = 4
GeV/c/nucleo d in olol-collisions for ISR energies 2€), A descrip-
tion of different mechanisms advanced to discuss the effect of ano-
malous increasing the cross sections of particles with large P on
nuclei and a more detailed list of references devoted to thie sub-
Ject can be found in papers 32,

In this review we discuss the experimental data obtained re-
cently at the Dubna synchrophasotron, in which the anomalous A-de~-
pendence has been studied for the production of particles and
nuclear fragments in proton-nucleus and nucleus-nucleus interac-
tions. Note that for nucleus-nucleus collisions it is natural to
agsume generalization of the parametrization by the exponential A~
~dependence used to describe proton-nucleus interactions. In par-
ticular, if we have a reaction of the type A+Bs=h(f) + X, where A
and B are the atomic weights of projectile and target-nucleus, h

and f the registered hadron or fragment, by analogy to pA interac-
tions we assume

10

™'} ogcer Eﬁ"(A-B)d(&) -

ot 3
10 31} roster d>p

« + Generally speaking, such
Q?Qw w ¢ é rarametrigation is undoub-
g tedly approximate and valid
: = only for high enough ener-
gies. A series of factors

a
’ g related to the nucleon
J + structure of colliding nu-

=]
[o)
T

[=)
7

: clei should be taken into
on }2.1Gev account to describe experi-
o7 mental data in general

6% + ) | terms 2¢). However, as will

4 ¥

Exponent n

=)
(=]
T

be shown below, experimen-
tal results are rather well
: *g described by the above para-
o%g antl iiany metrization,
o The behaviour of the
06 invariant cross sections of
negative pione and protons
nzu' 3 has :ﬁen investiga:ed ver-
K= 1.7 (NN, sus the atomic number of
(/T vl projecti*gc(u) for p, d,
4He and interactions
Fig. 6 with Ta 8t 4.2 GeV/c/nucle-
i on by the group of the 2m
propane bubble chamber 28),
Experimental results are presented in fig.7. The of (P, ) dependence
is shown for the case ofn ~ production, As seen from the figure,
within the errors of (P,) 1.0 if P< 0.8 GeV/c.

The A-dependence of the cross sections for protons is given
in fig.8. The parametereo{ (P;) has the ggllowing values obtained
from thie distribution: 1.0710.02 for P¢ from 0.5 to 1,0(GeV/cy¥
and 1.,1720.03 for PZ > 1,0(GeV/cP. %

Figure 9 shows the dependence of & (X ) for M “-mesons in
nucleus-nucleus and proton-nucleus interactions. Here X i = P, /Pmax,
where Ppgx is the maximum momentum in the c.m+8. of nucleon-nucle-
on collisions for corresponding energy and

d3¢ d36y .
R, =(E53-) 1 (€
7 (Ed P)AiTa ( d3P)9T0

is the ratio of the differential cross sections for T ~-meson
production. One can see that the date obtained by the group of the
2m propane bubble chamber are in good agreement with results_for
PA interactions at 400 GeV and differ from data at 70 GeV/c 27),
One can understand such a difference if to keep in mind that the
70 and 400 GeV/c data have been obtained for particles emitted at
angles close to 90° in the nucleon-nucleon c.m.s., and the nucleus-
~nucleus data refer to inclusive particle production.

Some new and interesting information on the A-dependence .of
the cross sections not only of particles but also of nuclear frag-
ments has been obtained in experiments carried out at the synchro-
phasotron for proton-nucleus and nucleus-nucleus interactions.
Figure 10 presents data on the behaviour of the power index of the
A-dependence of the cross sections for different fragments (it is
denoted by N) versus P, in pA interactions . One can see that

11
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with increasing the transverse momentum of produced fragments the
index of exponential A-dependence achieves 1.0 much faster than
for hadrons, and it is larger than 1 at B,3> 0.5 GeV/c.

A similar character of the A-dependence of the cross sections
for fragments is also observed for nucleus-nucleus interactions.
Results gf measurements made by the group of the 2m HEL streamer
chamber 31 ) show that in interactions of 4.2 GeV/nucleon ol -par—
ticles with Ii, C, Al and Cu nuclei the value of of (P;) 18~0,3
for all fragmenting channels, and it becomes egqual to 1.01%0.,06
for events with small impact parameter ("central"™ collisions).

Thus, all available data obtained in experiments at different
energies in different types of interactlons for different kinds of
produced particles, jets and fragments directly point to the exis-
tence of the A-dependence of production cross sections for particles
and fragments in nuclear reactions with large mog7gtum transfers
and transverse momenta which is different from A o A8 a rule, in
most papers experimental data are approximated by the expression
E (d6/dp) ~A%, where the power index o is larger than unity.
This effect is called "anomalous nuclear deviation" 24), Yet such
a form of approximation is insufficiently valid.

In fact, the results obtained by the group of V.S.Stavinsky
show that the above approximation is good only for the case when
the cross sections are measured for a small number of nuclei (in
most of the papers being discussed the number of nuclei used in
measurements is < 4). If a large set of nuclei (much larger than
four) is used in experiments as has been done by V.S.Stavingky's
group, the so-called "anomalous" A-dependence (i.e.E (d6/dp) ~§"
whered > 1.0) is the refigction of the transition from the a2/
type dependence to the Al+U type dependence., Indeed, the A-depen-
dence of th?(fross sections should have a universal behaviour,
EW6BIdp)~al-U, for all reletivistic nuclear collisions with large
momentum {ransfers or transverse momenta. This effect is referred
to as enhanced A-dependence,

Prom the analysis of experimental data performed by A.Melis-
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of the cross sections for hadrons
in hadron-nucleus interactions is
explained using the hypothesis of
hard (predominantly Single) quark-
-parton collisiogg 32), 1t was
made an attempt ) to describe
the measured inclusive spectra of
mesons with transverse momenta to
6 GeV/c by the model in which soft
multiple and hard quark collisions
inside the nucleus are taken into
account. As can be seen from fig.
11, the results of theoretical cal-
culation qualitatively agree with
the experimental data 8»34) if
quark confinement is allowed for
in the model.

Thus, although there are some
positive results of a theoretical
description of the effect of the
enhanced A-dependence of particle
production in nuclear reactions
for relativistic energies, a de-
tailed mechanism of this effect is
not clear as yet. However, using
available experimental data, pri-
marily from the study of the cumu-
lative effect, one can confirm
that the enhanced A-dependence is
quark in nature and is the result
of reflection of the presence of
multiquark fluctuations inside the
nucleus.
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sin0524) it follows
that the conclusions
on the anomalous A% -
~dependence of the
crogs sections for
particles in nuclear
processes at high ener-
gy, whereo{ > 1.0, are
not universally valid.
As mentioned above,
there are many theore-
tical approaches which
claim to describe the
effect of enhanced in-
crease of the produc-
tion cross sections
for hadrons in nuclear
reactions with large
transverse momenta or
momenta transfers (see,
€e8ey27) ). However,
this effect is not yet
explained satisfacto-
rily.

For example. the
characte{ 8f the en~
hanced A'°*“Y-dependence
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2.3 Cumulative effect in multiple production
processes

The above results of the experimental test of the hypothesis
of cumulative effect have been obtained in the studies of inclu~
sive reactions. :

An attempt to study cumulative processes in other than inclu-
sive experiments has been made by the group of V.B.Lyubimov 35)
in the analysis of pictures from the 2m propane bubble chamber
exposed to negative 40 GeV/c pions. The technique allowed the chae-
racteristics of "accompanying" particles to be investigated along
with cumulative particles. In particular, the experiment. made it
possible to determine more valid selection criteria for cumulative
reactions, to discover correiation effects between "meson" and
"proton" cumulative processes and to obtain important information
on their cross sections and the properties of accompanying par-
ticles., Such experimental conditions allowed more abundant infor-
mation to be obtained or the dynamics of cumulative processes as
compared to inclusive experiments.

The experimental results involved approximately 19000 inelas-
tic T C interactions. In the analysis, the characteristics of
secondary charged particles were studied in detail versus the cu-
mulative variable © which defines the degree of cumulativity
of pions or protons. With this aim the cumulative number of these
particles was chosen in each event, l.e.

P°= max{ g7} ,

P? =(Ei- P'z)/ m

determines the minimum target mass (the order of cumulativity)
which is required for the production of a hadron with energy Ei
and momentum projection P gz on the reaction axis.

The following charac%eriatics of secondary particles were
studied: average multiplicity, average momentum and emission
angle in the laboratory system, average rapidities, etc. These
characteristics were studied for secondaryfft -mesons with a

where
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maximum value of B° in a - o **
given event (N ,-meson)as qu Vo i
well as fgf all ot?er11 - owt-"‘# ¥ %
-mesons -meson) accan— SeEtining 4 st
panying the" TI ,-meson. “‘1 Lkt i 0;*# 4
The behaviour of the above ole 5

properties versus o 1

allowed two groups o [ °

events to be separated el { .
which are distinctly dif- %[ <%4¢ . °

ferent from one another. i e el e
Results of the experiment o BT D 9 05 09 43 47 21 &S
are presented in fig,.12a, J
b. One can see that the
properties for M .- and

N g-pions versus 9
change at B°® » 0.6 “and
for protona at B9, 1,2,
Group I is ¢ cterized
by x@ °< 0,6 for pions and ° £ 1.2 for protons. For these
everfis the characteristics under study change with ° to the
boundary values of °, Group II has 9> 0.6 for ‘pions and

°>1,2 for protons, For these evenis all the studied charac-~

teristics (except P for Ti .~mesons which increases with increa-
sing JB°) for T .- and - ,~mesons and protons do not change
with °, Such a character of the dependence of the properties
of secéndary particles directly points to the existence of two in-
dependent and different in their nature sources of pion and pro-

Fig.12 b
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ton production in hadron-nucle-
us interactions at high energye.
One of them (i.e. events of
T i group II with °> 0.6 for pi-
¢ ons and gﬁ °> 1.2 for protons)
E has the general nature expected

t

] of cumulative pion and proton

i production. The analysis of the
' 1 events from group II shows that
the processes, which lead to cu-
mulative pion production, are
independent of the processes of
cumulative proton production.
Only ~ 12% of cumulative pro-
tons are accompanied by the
emission of cumulative pions,
] and this fraction does not de-
] pend on the degree of cumulati-

H 1 vity of protons.
5 l} The estimate of the cross
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gections for cumulative pion
] and proton production gives the
] same value of a 1imb.
o ¢ The experimental conditions
o - made it possible to measure the
o OQXP[qmq .'Tb E incluasive productéon cross seq;
T e ] tions of pions and protons emit-
e e ted into the backward hemisphe-
J . re in the laboratory system
versus pf and °, In so
doing, the cross séctions are
factorized as:

st it il

T T

1k

Fig. 13

e 45 ~exp(-pZ/<pB)exp (/<P

Results of the experiment are shown in fige. 13. One can see that
a) the behaviour of the production cross sections for cumulative
pions ( Ny = 1 ) and for cumulative pion "jets" ( Np> 2 ) is
parametrized by the same dependence exp (- °/<jf>), where the
values of k<1£°> are 0,13040,005 and 0.14310.004, respectively.
A similar behdviour of the inclusive cross sections for cumulative
particles and a group of particles versus j3° agrees with the hy-
pothesis of soft quark hadronization and serves as an additional
argument in favour of using quark-parton structure functions of
nuclei as the main characteristics of ralativistic nuclear colli-
gions; b) the dependence of the cross sections on P2 gtrongly dif-
fers for different valges o£ °, If the experimental data are
approximated by exp(-P5 /<P

ed for 5‘_ : 0,03440,002(GeV/c)c for O <p°< 0.5 and 0.13%0.02
(GeV/c)é for 0.5 < B°< 2, These results’serve a good argument in
favour of the validity of selection of the cumulative region,

The character of the dependence of the inclusive production
croes sections for cumulative protons on B° is similar to that
observed for pions. However, the value of 2 for protons is
somewhat larger, and it increases with increading the multiplicity
of accompanying particles. A similar behaviour of the cross gecti-
ons for cumulative particles in hadron-nucleus interactions at a
large variety of energies (in this experiment £ =286) is one more
evigegce for the existence of the limiting fragmentation region of
nuclei,
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Pigure 14 shows the : te : ° g0 .
ivegage characteristics of L ? |
eading pions, One can see
that the characteristicse of o 90N 890 ( ‘“.0 6450 0w
leading pions, i.e. such pi- 1ap %Y

ons which have a maximum mo-
mentum for a given event and
Cell.8., are independent of i
°, This fact can be ex-

plained by the mechanism in which leading pions are produced from
spectator quarks that pass through the nucleus without interaction,
whereas cumulative particles are produced in hard collisions with
another quark of the incident pion.

Figure 15 presents the angular distributions of protons for
all groups of events: protons with %< 0.6 and protons with

B°>0.6, For the events, in which protons have °> 0.6, one

can observe an enhancement at cos 8=0.5 although the momentum dis-
tributions of these protons have no distinct anomalies. This may
be due to the motion in nuclear matter of a colour charge of that
quark which did not take part in hard collision inherent in cumu-
lative processes. The enhancement found in the angular distribu-
tions of protons from the events with P°>0.6 was also obggrved
in the events with the total disintegration of the nucleus e

Thus the regularities of cumulative particle production de-
termined in this experiment providing the meximum number of accom-
panying particles were detected, well confirm theconclusions drawn
from the study of purely inclusive reactions, give new important
information on cumulative processes and make an emphasis on the
validity that these processes correspond to the quark-parton pic-
ture of hard collisions,
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2¢4. Jet behaviour of hadrons in cumulative
nuclear collisions

Numerous studies of jet hadron production in different pro-
cesses, such as e*te”, < p and hadron-hadron collisions, have shown
that in these interactions the jg?e of secondary particles have a
variety of universal properties ). For example, one of the impor-
tant and global properties of hadrons is their jetness which can
be determined by "sphericity"

S = 3/2min(_2 PE:L /ﬂ'l.’ib s, Where Fi are
i ]

the momenta of secondary charged particles in the c.m.s. of colli-
ding objects and P,y are the transverse momenta of Qarticlea
with respect_fo the 3et axis, for which the sum X P{; has a mi-
nimum value « The value of S is equal to 1 for evenis with a
large number of secondary particles distributed isotropically in
phase space and S <& 1 if two narrowly collimated groups of parti-
cles emitted to the opposite sides relative to the direction of
primary particle (or beam particle) are produced in the interac-
tion,

Pigure 16 illustrates average values of the sphericity versus
energy in the c.mes. of colliding particles for different types of
interaction. One can see that the Jet characteristice of hadrons
are practically similar in these interactions for corresponding
c.m.,8, energies, This and other facts indicate that a single me-
chanism of quark/gluon hadronization is realized to the jet of se-
condary particles in different, at first glance, processes.

Below we discuss the data on the jet characteristics of multi-

nucleon T =C interactions of the cumulative type for a momen-
tum of 40 GeV/c obtained by the group of the 2m propane bubble
chamber, The jet characteristicg of hadron-nucleus interactions 5
have been scalcely investigated 9. Nevertheless, they are of in- "
terest to solve different problems associated with nuclear inte-
ractions 40),

The method of event sei*ction and experimental data analgsie
are described in detail in ). For comparison with data on e'e”
ennihilation, the events were selected, in which the multiplicity
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of secondary charged particles was > 4.

A possible mechanism of jet particle production in hadron-nu-
cleus processes is shown in fig. 17. In the figure are presented
the corresponding diagrams for ete~ and TI~p interactions. Figure
18a,b depicts the value of 4 §> for the jets of secondary
charged particles versus energy in the c.m.s. of colliding objects
for ete( 7, D ), M~™p(0) and MC( ® , A ) interactions. The
value of <S> is presented for the jets emitted to the forward &
(fig. 18a) and backward (fig. 18b) hemispheres in the case of ete
and T ~p interactions and the jets having extra cumulative par-
ticles (® ) or without them ( 4 ) for T C interactions. From
the figure one can see the following: o

- The values of < 5S> for the jets from T “C interactions,
emitted in the direction of primary pion and having cumulative
/noncumulative particles, do not differ from one another and agree
with the ete™ and T "p data for equal c.m.s. energies,

- The value of <S> for the jets from T -C interactions,
emitted backwards and having cumulative particles, is much amaller
than for the jets free of cumulative particles and differs from
similar ete” data. &

~The value of ¢ S > for the jets from N1 C interactions,
having cumulative particles, is practically invariable as the num-
ber of interacting nucleons of the carbon nucleus increases,

Figure 19a,b presents the value of <« 8> versus the energy
in the c.m.8, of colliding objects for the jets of secondary
charged particles emitted in the direction of primary pion (fig.
19a) and against it (fig. 19b). In this case in the cumulative and
noncumulative jets all charged particles, emitted backwards in the
collision c.m.8., had °3 1.5 and ﬁ°§ 1¢5, respectively (the
value of j3° was measufed in section” 2,3). As is seen from the
figure,

~ The value of (S » for the cumulative and noncumulative
jets from T C interactions, em;tged in the direction of primary
pion, well agrees with similar e’e and T p data for equal ener-
gy in the c.m.s8..

- The value of < S > for the noncumulative jets from T ~C
interactions, emitted to_the backward hemisphere, does not coinci-
de with the e'e and T1 p data.

19



T T T T 1 T T T T T 1 T
<8>

B Tp, 40 Gev Qe o2 +3°4 3 Lph) Gav Queied o3e%

e

s ¢ E

a2 % ﬁ%##‘ - #’# r Fig,'l?u,b

|
]

=

1 Il 1 1 { 1 1 i 1 1 1 1
(R e R e e 5 8§ ®% B B XN
Ecms(gev/c)

In addition to the study of general properties of the hadron
jets from T C interactions, specific characteristics of particles
of a definite type belonging to different kinds of jets have been
investigated in this comparative analysis. In particular, e.g.,
the following progerties of hadrons in the jets were studied (and
compared to the ete™ data): average multiplicity of particles,
their longitudinal and transverse variables (P, X;) relative to
the Jet axis, their rapidities and so on.

These results are not presented because of a small volume of
this report, However, the main conclusions on all the data on the
jet behaviour of hadrons in Ti C interactions can be briefly for-
mulated as follows; i

- In cumulative TI~C interactions for a momentum of 40 GeV/g
when the number of colliding nucleons is £ 5, one can observe the
production of the jets of secondary charged hadrons emitted in the
direction of primary pion and ageinst it in the collisign_c.m.a.
The value of ¢ S> for both jets coincides with the e'e and

T "p data for equal energies in the c.m.s.

- The jets involving_cumulative hadrons are much narrower
that those in e'e and T p interactions. s

- The multiplicity of charged hadrons in cumulgt;ve T C in-
teractions is coincident with a similar value for e'e interactions
for equal energies in the c.m.s. It is much smaller for noncumula-
tive T C interactions, %

-~ The distribution of pions in cumulative T "C interactions
over the longitudinal and transverse momentum variables relative
to the jet axis agregs with a similar distribution of these vari-
ables for pions in e”e collisions. The distribution of protons in

cumulative jets over similar variables significantly differs from
that of piomns,.

- The probability of hadron jet production in the fragmenta-
tion nuclear region for cumulative T ~C interactions is much lar-
ger than the probability of the production of one charged hadron
for T p interactions at the same energy of incident pion,
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2.5, Cumulative effect and quark-parton structure
functions of nuclei

The results of an experimental test of the hypothesis of cu-
mulative effect made it possible to ascertain rather rigorously
that in nuclear reactions with large momentum transfers hadrons
cannot be considered as elementary particles. One should take into
account thelr quark structure, i.e. specific multiquark interac-
tions which are due to the collectivity of quarks or irreducable
of quark-parton structure functions of nuclei to one-nucleon. In
particular, the experimental data on limiting nuclear fragmenta-
tion obtained by the group of V.S.Stavinsky allowed one to intro-
duce the concept of quark-parton structure functions of nuclei as
main characteristics of relativistic nuclear collisions with large
momentum transfers and to predict the universality of their proper
ties for deep inelastic scattering of leptons on nuclei.

Using the property of relatively weak coupling of quarks in-
side hadrons, the quark-parton model, which is an analog of impulse
approximation in nuclear physics, allows the cross section of hard
collisions of hadrons to be expressed as the product of the nonco-
heifnt scattering cross sections of particles on 511 constituentis
6P of hadron B and the probability GB (x, Q<) to observe
constituent b inside hadron B, i.e. /b

601,09 % X 60 6p (¢, Q")

with %;1/b(x, 02) the quark-perton structure function of hadron

B, 82=— the square of the four-momentum transferred and x =

= Q2/(2Pq) the fraction of momentumb P gf hadron B carried by

constituent b. The cross section 6° = / Q4 depends only on

Q2 and describes the interaction of point-like charges in the lep-
ton case, This enables the cha-

: ! J racteristics of quark-parton

———r—
ek oD R structure functions of nuclei

: - to be measured directly in stu-
[ @ ROCHESTER- MIT-SLAC(EB7) | ]| dies of deep inelastic scatte-
1.3 o EMC (MUONS) N ring of leptons on nuclei.
As noted, this fact was
first tested in the jo%gt JINR-
1.2k 5 ~CERN NA-4 experiment ), in
: which the deep inelastic scat-
'éé 1 tering of negative muons on car-
51 bon nuclei was gtidied for an
energy of 280GeV, The measured
’ characteristics of quark-parton
1

structure functions of carbon

nuclei were found to be the sa-

e é** }} me as in the experiments on li-
0.9} : %** } 5 miting nuclear fragmentation.

4 These conclusions have be-
en recently confirmed by expe-
" 1 E87 Syst. Error(z].1%) rimental results obtained at
| A CERN and SIAC. In these experi-
£ Lo e T ments the deep inelastic scatte~
o 02 04 06 08 IO ring of muons (CERN) and elect-
: X rons on Pe and D nuclei were

studied.
Ei 20 Studying the X-dependence
1g. of the ratio of the structure
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functions of Fe and D nuclel obtained from the measurements of the
deep inelastic scattering of muons, the CERN group 42) has shown
that there is a strong difference in the characteristics of these
functions fgr iron and deuterium in the region x& 0.7. The SLAC
group 43) has confirmed this effect analyzing the data on de-
ep inelastic scattering of electrons on the same nuclei.

These experimental data are presented in fig.20. In the figure
are also shown results calculated for the effect of Fermi motion
(solid line) assuming that this effect dominates. The experimental
data of both groups are in good agreement. Besides, the observed
character of the ratio of the structure functions of Fe and D nu-
clei viiaus x cannot be explained by the lmown nuclear mecha=-
nisms )e "The data show that the momentum distribution of quarks
ingide the nucleon becomes disturbed dug to the presence of other
nucleons", write the authors of paper 43), Consequently, quark-par-
ton models must be used for experimental data iateg retation.

In other words, the experimental results v 4 f directly
point to the quark nature of the observed effect and completely
confirm the conclusions drawn previously from the experiments on
the cumulative effect at the synchrophasotron. 7,9

In fact, if the data of V.S.Stavinsky's group '*“) discussed
above are presented as the variables of fig.20, one can see (fig.
21) that the CERN and SLAC results are in good agreement with the
Dubne data in the overlapped region of x values, In addition,
the Dubna data give new information on the properties of structure
functions of nuclei for the region of large values of x (not yet
studied in lepton-nucleus processes) as well ig 89 the property of
structure functions of nuclei different from 192),

3. Search for multiquark states in nuclei

The question of the existence of multiquark states in nuclgé
has been intensively discussed in a series of theoretical papers®)
The study of multiquark states,
when quarks belonging to the
group of nucleons are mixed, can Gre
give valuable information on the il e
nature of asymptotic freedom and 1o} + se gm
quark confinement, Consequently, - b
the question of the existence of 61
multiquark states is to date one 35 } v gn
of the important problems of 3 I
quark physics,

The observation of multi-
quark states should be expected 1 4 v
in processes involving relati- wsat e #__1_1_3____1__*___
vietic nuclei. For example, the ';rf“ N
above data on the study of cu- \ad
mulative effect allowed us to 05r 44‘
broaden ideas of the quark na-
ture of nuclear matter and, in
particular, of the manifesta-
tion of multiquark states in
nuclear reactions with large
momentum iransfers for relati- 10 20 30
vistic energies. X :

The search for a possible
manifestation of multiquark deg-
rees of freedom in nuclei has Ei
been performed by the groups of ig. 21
M.G.Meshcheryakov 46) and

22

: N AR AR R A 7 T R
I 10? 1nelastic deutercn-carbon scattering Ableev V.0, ot sal. J
:.3 ’0 ¢ 13 experiment 829 CeV/ic %
i o Popp el eL. 3S Gevk ::
Popp et i, o)
":i 'o', « Popp et o, 53 Gevie

Y ~4 Azngrey ool §36wjc &

iy Wl "" of- Auhgerey etot, 43 Gevc

[}
e

Q,Q"”o
(A5
. Htiv:.;

&
T
a-
.
o
| SR EP WOV SRR W W AT TTL

o S Iri R R ; {

i
. 008 o0 a1 020 0rs 030 3% 00w ek’

Fig. 22

L.N.Strunov 47) in studies of inelastic scattering processes of
deuterons on different nuclei in reactions of the type

d+ A= A+X, where A = p, 4, C, CH,,e0. and &' = p, do

In the experiment of M.G.Meshcheryakov's group deuterons ha-
ving momenta of 4.3 and 6.3GeV/c were scattered by target nuclei
at an angle of 103 ad so that the four-momentum transfer squared
/t/ was > 0.4%GeV/d¢. In the experiment of L.N.Strunov's group the
primary momentum of deuterons was 8.9GeV/c and protons were emit-
:egla an angle of < 0.4° so that the value of /t/ reached £ 0.4
Ge .

The data on the inelastic scattering cross sections of deute-
rons versus /t/ obtained in these experiments are s?gwn in fig.22,
In the same figure are presented the data of paper ), in which
the cross sections were measured for deuteron momenta of 3,5 and
5.8GeV/c and a deuteron detection angle of 43.6 mrad. As seen from
the figure, the data presented show that the behaviour of the cros
sections versus /t/ is complicated in character: it slowly changes
with increasing /t/ from /t/ = 0.%eV/&. An analxgie of the deu-
teron spectra in the region /t/3 0.2BeV/cP shows 40) that theTe
is a structure characteristic of excitation processes of nucleon
resonances, This fact means that the incident deuteron, to a large
extent, loses a significant fraction of its momentum and does not
"disintegrate" into individual nucleons. The mechanism of this
process can be explained assuming that the deuteron has a quark
structure and the multiple scattering of quarks of the incident
deuteron on quarks of the target-nucleus makes a major contribu-
tion to the reaction xgoas pection, Based on this point of view,
the authors of paper ) satisfactor11¥ reproduced the basic re-
gularities of inelastic reactions p + = D+ Xand d + P ==
e d + X. In particular, in order to describe the above results
obtained by the group of M.G.Meshcheryakov, it was necessary to
introduce the "hybrid" wave function of deuterons containing the
contribution of a six-quark state. As is seen from fig. 23 %solid
line), the best agreement with experiment is reached if one assum-
e8 that in the reaction d + p = d + X the dominating contribu-~
tion belongs to excitation processes of nucleon resonances and to

~5% of six-quark admixture in the wave function of the incident
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deuteron. 9.

The use of the hybrid wave functi-
{on of deuterons allows one to interpret
experimental dBX? obtained by the group
ﬁ++ of Le.N.Strunov ). The spectrum of pro-
tons, produced in the reaction d + Ae
1e=p + X and identified by means of Ce-
renkov threshold counters, was measured
in this experiment, The measured inva-
riant cross sections of the yield of
protons for C and CH», targets are shown
in fig.24. Results of calculations made
using the hybrid model, in which the
|wave function of relativistic deuteron
p‘ is of the form

e Yd = Ypp+ ¥Yeqg °
400 are given in the same figure. To calcu-
" np and lP 6q
, the Paris potential (PARIS iR the fi-
Flg, 24 gure) and the oscillator quark model

were respectively used. A comparison of the calculated results and
experimental data was made over the range of proton momenta from
5.0 to 7.5GeV/c (or from 110 to 500 MeV?c in the deuteron rest sys-
tem). The absolute normalization was made to the spectrum region
with small momenta. As seen from the figure, the experimental data
are well described by the calculated results over all the momentum
spectrum range except for 290-390 MeV/c. The root-mean-square of
6q-state, the admixture of 6q-state in the deuteron and the rela-
tive phase of np- and 6q-components in the wave functions of the
deuteron fitted in the experiment are presented in Table II.

From the table one can see that the contribution of 6q-state
in the deuteron is practically the same and equals =2 10%
despite different isospin target states,

The existence of the 6q—compong?t of the deuteron has been re~
cently supported by the SIAC group )e This grogB made an analy-
8is of all previous data and results from paper ) to obtain in-

vi 1 1
0 200
momentum in deuteron rest frame (MeV/c) late the wave functions

1

24

~

Table II

Type of Probability Phase of np- and ledegrae
target of 6q-admixture r (6q) fm 6g-components of freedm
C 2:(5.4 £ 0.,6)% 0,99 % 0,04 (95 = 7)° 1.6
CH, 2-(4.3%0.4)% 0.9 % 0.05 (82 t 6)° 1.9

formation on the character of the momentum spectrum of nucleons in
the deuteron at deuteron electrodisigtegration (the energy of
electrons was from 6 to 20 GeV and Q< from 8 to 10(GeV/cF). Re-
sults of the analysisare givem in fig.25a, The momentum distribution
of nucleons in_the deuteron is presented as the square of the wave
function | Y (K2) §2 versus, variable K which is called the nucle-
on momentum of spectator P, The data of L.N.Strunov's group in i
the same variables are shown in fig.25b. As seen from the figures,
the SLAC data are in good agreement with the results of L.N.Stru-
nov's group and confirm their conclusion on the existence of 6q-
-atate in the deuteron.

As noted above, in the comparative analysis of the data ob-
tained by Ll.N.Strunov's group and the calculated resulis using the
hybrid model, an enhancement is observed over the range of proton
momenta 290 & P* 2 390MeV/c which is not described by the hybrid
model, This enhancement can be due either to the process described
by a triangular diagram with nucleon‘isobars in the intermediate
state or to the procees d + N == d + N, where d = p + N. The
first statement is, however, hardly probable, In fact, the indepen—
dence of the momentum spectra of nucleons in the deuteron of iso-
spin target-nucleus states indicates that spin-dependent effects
of interaction in the final state are weak, For example, from the
experiment it follows that for CHp and C targete the ratio of the
crose sections, R(CH2)/R(C), is equal to 1,00 + 0,07 ( R =

«-Z(gl -gL wsgi .
i e p 6%t ?sﬁt
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For the process with nucleon isobars in the intermediate state with
isospin different from zero, this ratio should be much larger than
unity (e.g., it should be ~ 1,22 for the effective number of nucle-
ons =4 inside the carbon nucleus), Hence the enhancement observed
in the experiment can be more naturally interpreted as the diffrac-
tion produgtion of dibaryon resonance with isospin I=0 and mass M
~ 2 GeV/cc, *

To check this statement, the invariant mass spectrum of d-sys~
tem was constructed (see fig.26). The reproduction of this process
(i.es d + N === @ + N) by Monte Carlo and its comparison with the
experimental data lead to the fol&owing parameters of the dibaryon
resonance: M = (2,14 * 0,01)GeV/c agd = (80 t 10)MeV/c2, Such
a state was predicted theoretically 24»50), but an experimental
evidence for its existence was obtained for the first time., The di-
baryon resonance can be interpreted as the production of 6q-bag in
the interaction of deuteron with target-nucleus. |

A search for multiquark resonance states was performed at the
synchrophasotron in experiments on the observation of "exotic" par-
ticles not described by conventional quark models,

The existence of such particles in ng;ure was predicted in a
series of theoretical papers (see, e.g., ) de

At the High Energy Laboratory, JINR the search for multiquark
resonance sggtes was first performed by the group of B.A.Shahbazi-
an in 1962 ) in the analysis of pictures obtained by means of a
24-litre propane bubble chamber irradiated with ~ 7GeV/c neutrons
and 4GeV/c Tl -mesons. The invariant mass spectra of 49 systens,
involving A°-hyperons over a broad range of hypercharge, strange-
ness and baryon number, were investigated,

As a result of this analysis, statistically significant peaks
Wwere observed only in the invariant mass spectra of the systems
having Y< 1, A summary of the data is presented in table III,

As seen, the parameters of the multiquark resonances observed in
the experiment are in good agreement with predictions of the bag
model, Some of the regqnancea presented in the table were observed
in other experiments ) devoted to studies of multiquark reso-
nance states in Kd and T d interactions.
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Presently the search for and study of resonance states of the
indicated type are being performed using the 2m propane bubble
chamber exposed to beams of relativistic nuclei.

In the experiment carried out by Yu.A.Troyaen's group multi-
quark resonance states with isospin I > 3/2 have been searched for
and studied using a 1m hydrogen bubble chamber irradia;gd with
monochromatic neuterons having energies of £ 5.1 GeV Je In the
analysis of the invariant mass spectra pTM+*T¥ and nM ™ N~ from
reactions np ==pmtn MM~ N~, statistically siggificant peaks
were observed for masses 1538,1522 and 1894 MeV/c< and widths

» & 20 and & 40 MeV/c<, respectively which points to the exis~
tence of baryon resonances with isospin I=5/2., All the data on pa~
rameters of these resonances, their production cross sections of
theoretical models are presented in table IV. Currently the work
is being performed to increase statistics and to define quantum
numbers of these resonances, s

4, Multiple production processes of particles/frag-
ments in relativistic nuclear collisiona

Multiple production processes of particles and fragments form
a main part of the total cross section for relativistic nuclear
interactions. A picture, obtained using the 2m propane bubble cham-
ber (see fig.27) exposed to a beam of 50GeV carbon nuclei, illus-
trates such a type of processes, In the picture one can see not on-
ly multiple particle production but also the production of frag-
ments of the carbon nucleus which, in its turn, interacts
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with another carbon nucleus producing secondary particles,

A large amount of physics data on multiple processes has be-
en ob&gined on beams of the synchrophasotron by means of track de-
vices®From these resulte a fairy complete picture of the mecha-
nism of these processes emerges, In particular, it has been found
that the main characteristics of nuclear processes for an energy
of > 1 GeV/nucleon are well described by a superposition of the
characteristics of nucleon-nucleon interactions and the average
transverse momentum of secondary particles is limited to ~350MeVk,
independent of the energy of the colliding objects. A comparison
of the experimental data on multiple particle production with the
theoretical calculations using additive nucleon model predictions
gives good agreement for all the main characteristics of these
processes, The validity of this fact follows from small momentum-
energy transfers in multiple production processes that make a ma-
Jor contribution to the total cross section. In this case the nu-~
cleon is a "good" quasi-particle,

4.1, Inelastic cross sections of nuclear
interactions

The character of the behaviour of the total inelastic cross
section of relativistic nuclei is an argument in favour of this
statement. 61

At present there are many papers ) devoted to the measure-
ment of total inelastic cross sections of nuclear collisions for
energies above 1 GeV per nucleon. The whole complex of these re-
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Table III

I. Strange dibaryons - candidates for q6 states
1. AP (I=1/2, Ya1l, Bun2, S = =i

s,
(leV’ca) (le$/02) S%g:;i;:;:ge Giﬁigd. (XeV/cz) )
2255,240.4  16,9%2,3 8.05%1,32  85,3%20,0 2241 o
2354.3%0.7  56.1%5.0 6.25%1.25  65.,0%17.0 2353 5
2183,210.6 3.740.7 5.5611,23  60.0£15.0 2169 1t

2.Apm (T=3/2,1/2, Y=1, Ba2, S = =1

model
& e tions

r Si ficance prod. 2 J

(HeV/!z) (MeV/c?) Not dov. (o (MeV/c“)

2495.218.7 204.745.6 12.86%1.68 T0.5£15.0 2500 0,12

II. Strange exotic baryons -candidates for qq‘-atatea Ann

Bag model
redictions

r 2, Significance 6 prod.

MoV/c?) (/o i) (pp)  mavzed) | Y

I+

1704,910.9 18.0%0.5 5.3 1.6 19.020.6 1710 1/2
2071.634.,0 172.9%12.4 10.3 * 1.5 88.0427.0 2120 1/2"
2604.94.8 85.9%21.5 5.2 1.4 31.919.0 2615 3/27

sults leads to the following characteristic properties: a) within

the experimental errors the cross sections are independent of the
energy of colliding objects; b)there is a weak dependence of the
cross sections on the size of target-nucleus (At) ag the atomic
weight of the projectile (Ay) increases; and c) ‘the cross sections
for energies above 1 GeV/g:oleon are well described by a simple

ic model with over .

geome;izzreoge presents a ssmmary of the data on total inelastic
cross sections for nuclear interactions versus Aj and At. In the
same figure are gggen experimental data, recently obtained at the
synchrophasotron ’ onzﬁhe measurement of inelastic cross secti-
ons for interactions of ““Ne with C,Al, Cu and Pb nuclei at 4.1
GeV/nycleon. One can see that 311 the experimental data (except
the 1°Q + C point from paper 63) ) are well described by the geo-
metric model with overlap, in which the parameter of overlap
depends on the atomic weights of the colliding nuclei. Approxima-
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Table IV

Mes res aF Rode
(MeV/c?) (MeV/cz) decay
exp 1438 23 3/2%, 5/2% An
1522 €20 /25, 327, 5/28 A4 .
1894 < 40 - Aq @ ¥m
B.M. 2000 Z 5/2" Z
1450-1470 - 1/2" -
JSM 1550 - 3/27 -
1900 = 172%, 312, s/2* -
SSR 1400-1700 «30 for 5/2% ;
Mg = 1438 AT
"5_1 \}\* x C+A
%.*WM# o He+AL (JINR)
5%
o I{“’\% eNe*A
[
-]
T

O P+A (17EP)

o

02 03 o6 Aptian
AT AT
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ting the experimental data by the curve from the formula
' 20073, V3 qond -1/3,12
61 = 1OMEE[4)2 4 a}/3 - pUTY3 Tk

one gets the following values for the parameters Row1,30 fm and
P-0.93.

4,2. Multiple production of fragments and their
interaction cross sections

Not all nucleons of the incident nucleus interact in the ine-
lastic collision of relativistic nuclei with nuclei. Owing to a re-
latively coupling of nucleons inside the nucleus, a part of them
remains spectators (stripping effect). Not only nucleons but also
projectile fragments (fragmentation effect) cam be such stripped
objects in collisions of nuclei heavier than the deuteron.

The effect of nuclear fragmentation in nucleus-nucleus inte-
ractions has been g;udied at the synchrophaeotrgﬂ by means of the
2m propane bubble °°) and streamer chambers °7) and nuclear
emulsions ). A great deal of information on this process has be-
en obtained in these experiments.

Figure 29a presents data on the production cross sections
for fragments of different charge versus the atomic weight of tar-
get-nucleus, and fig.29b shows the values of fragment charge ob-
tained in 4He and 12¢ interactions with different target-nucleus
for an energy of 4.2 GeV/nucleon. One can see that a) the dependen-
ce of the cross sections of fragment production on the atomic
weight of target-nucleus is well described by the curve obtained
from the model of multiple scattering. In so doing, the probabili-
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ties of Jjoining noninteracting nucleons to a coupled system turn
*out to be rather large.

b) The behaviour of the cross sections of nuclear fragmentation
versus the charge of fragment producticon is approximated by the
curve c?gpoaed of two exponents with a kick point at Zg=3.

c) For '4C + propane interactions an excess yield of He nuclei
(K ~particles) is observed which are often produced in groups. In
particular, one o -particle is produced in (39%3)%, two in
(51%3)% and three in (1013)% of events.

In a number of papers 6)  devoted to the study of inelastic
nuclear collisions for high energies the effect of "anomalous” in-
creasing interaction cross sections for secondary stripping frag-
ments having charge Zgf 3 2 of projectiles with target-nucleus has
been reported, This information has arcused considerable interest
because thies effect can be directly associated with the possible
existence of excited fragments w*ah an anomalously large cross
section and a lifetime of ~ 107 « However, the present-day ex-
perimental situation of a real existence of such fragments ("ano-
malons®) is ambiguous and requires futher studies 7).

An attempt +to observe anomalons has been made by the group‘b
at the 2m propane bubble chamber, HEL on a beam of carbon nuclei
with a momentum of 4.2 GeV/c/nucleon. Interaction cross sections
of secondary fragments with Zf = 5 and 6 in propane were measured.
The charge of the fragments was identified by the density of -
~electrons and by evaluating the tota& charge of stripping frag-
ments in primary and secondary stars ©9),

Figure 30a shows the dependence of the number of noninterac-
ting fragments on the distance X from the primary star (open
circles), i.e, the speed of decreasing the number of fragments is
shown as a function of target thickness. The expected decrease
(dashed lines) is evaluated using the experimental data on inte-
raction cross sections of primary protons, deuterons, He and C
nuc176 in propane obtained by this group under the same conditi-
ons ), For the fragments with Z¢ = 6 the slope of the line cor-
responds to the interaction cross sections of beam nuclei with
propane, and for the fragments with Z¢ = 2 and 5 the lines are
plotted takins into aggount corrections to the interaction cross
sections of He and C nuclei with propane because of the admix-
ture of other isotope states. These data are normalized to the
number of observed fragments for X = 10cm., As it follows from the
figure, at small distances X(X 10cm) one can see distinctly the
loes of fragments with Zs = 2 and the increased number of frag-
ments with Zp = 6., This {s due to the superposition of the tracks
of fragments with Zg = 2 (or other charged particles) in proximi-
ty to the primary star that imitates fragments with large charge.

The experimental data given in fig,30a can be represented as
the dependence of cross sections of fragments on their atomic
weight, Such a dependence is shown in fig.30b, The dashed line is
the result of approximation of the measured interaction cross sec-
tions of primary protons, deuterons, He and C nuclei with propane
(black triangles in the figure). The interaction cross sections
of secondary fragments with propane are denoted by black circles,
From the figure it is seen that the slope of the distribution of
experimental points for fragments with Zf = 5 and 6 is larger
than that of the dashed lines. This means that the cross sections
of fragments with Z¢ = 5 and 6 is larger than the expected value
(~10%), This result is an evidence for th? possible existence of
excited fragments with a lifetime of - 10~ 0" which gives an ano-
maloue value of their cross section in propane.
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4.,3. Some characteristics of particles produced in
inelastic nucleus-nucleus interactions

A systematic study of characteristics of secondary particles
produced in inelastic nucleus-nucleus collisions for relativistic
energies is the important source of information not only on one-
-nucleon but also on multinucleon interactions which give rise to
multiple particle production. The study of properties of these
particles versus the "multinucleonic degree™ allows the dynamics
of their production to be reconstructed fairly completely.

4.,3.1, Multiplicity of secondary particles

Available experimental data obtained in hadron-nucleon and
hadron-nucleus interactions for high energy demostrate a weak de-
pendence of the ratio of the mean multiplicity of produced parti-
cles to its dispersion (<n% /D ) on the ene; of the projectile
and the atomic weight of the target-nucleus §¥. If the charge of
eninitial system is taken into account in the analysis of the mul-
tiplicity distribution of secondary particles, all available data
for the interactions indicated can be described by a uni-
versal dependence of the type

D=a<n>» +b .,

New experimental data on the multiplicity of secondaries in
nucleus-nucleus interactions at relativistic energies do contra-
dict this universality. The results obtained at the synchrophasot-
ron show that the behaviour of the multiplicity distributions for
projectiles beginning from the carbon nucleus is quite different
from that observed for hadron-nucleus interactions: the value of
D increases with increasing «<nd» much faster than the universal
dependence (see fig,31). Moreover, selecting a group of events with
small impact parameter (the so-called "central" interactions) out
of all inelastic nucleus-nucleus collisions, a aig9 ficant narrow-
ing of the multiplicity distributions is observed ). These dis-
tributions differ more amd more from the universal dependence and
become much narrower than the Poisson distribution as "centrali-
ty" of the collisions increases, The observed dependence of D on

<n> can be explained within the framework of a model with inde-
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pendent interactions of projectile nucleons 73) in which the pro-
jectile nucleons (Aj) in nucleus-nucleus collisions are assumed to
interact with the target-nucleus (At) independently. Taking these
assumptions into account, one can get the following expressions

for the average multiplicity, < n> pjA4y of secondaries and dis-
persion, DpjA., for nucleus-nucleus coliieions in terms of the cor-
responding chdracteristics for nucleon-nucleus (N + Ay) interacti-
ons

£n> = I ><An>
and AAy i A
20 2 2 2
2 ¢V¥.> +<n>“ D
Dda, N 0Nal ey
it
o~ -2 'P‘
gs— C‘cl?ul++ : + 1
/'} P“\‘#\ E
c2 B s ;
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where <Vp = A6 (N + A/ & (A; + A;) 1is the average number

of projectile nucleons which interact with the tar8et-nucleus;

D is the dispersion of the Yj-distribution Py (¥ = 1,2,¢e.s, 45)3
6 (N + A;) and 6 (Aj + At) “are the elastic cross sections for

nucleon-nucleus ang nucleus-nucleus interactions, respectively.

A comparison 3) of the experimental data and the calculati-
ons with the model gives good agreement.

The results recently obtained on the average multiplicity of
neutral particles ( Y - quanta, N° - hyperons and K° - mesons) in
dTa and CTa interactions at 4.2 GeV/042ucleon can be explained wi-
thin the framework of the same model 74),

In this cgnnection the experimental data on the multiplicit%
distributions /2) and the average values of transverse momentum 4)
for charged ygrticles do not confirm the predictions of thermody-
namic model /°),

4,3.2, Momentum characteristics of secondary particles

The experimental data are discussed on momentum characteris—
tics of secondaries produced in nucleus-nucleu9 interactions ob-
tained by ghe groups of the 2m propane bubble 3,74) and streamer
chambers 7 ) for projectile_momenta of 4.2 and 4.5 GeV/c, respec-
tively. The properties of 1 ~-mesons and protons produced in nucle-
ar reactions with small impact parameter (central interactions)
were studied in these experiments. &

Figure 32a,b presents the momentum characteristics of 1 -~me-
sone and protons produced in central CC interactions versus their
rapidity (y = (E+ Py )/ (E~-Py) ). The limit of the kinemati-
cal region for NNcollisions is denoted by a dashed line. One can
see that for T -mesons the maximum density of events is observed
near y = 1,1 and for protons at rapidities beyond the limit of the
fragmentation regions of projectile and target-nucleus.
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Fig. 32b

In fig. 33a,b are shown similar distributions for T ~-mesons
and protons produced in CTa interactions. In this case the behavi~
our of the characteristics significantly differs from that observed
for CC interactions.

At the same time one can notice that a large number of pions
and protons, the characteristics of which are beyond the limit of
the kinematical region for NN collisions, is observed in CC and
CTa central interactions. A similar situation takes place also for

/P -hyperons produced in 9 a and CTa interactions for a momentum
of 4,2 GeV/c per nucleon /%), =

Figure 34a,b,c presents the distributions of 1 -mesons and
protons produced in CC, dTa and CTa central interactions versus
the transverse momentum squared (P2). The experimental data are
rather well described by the curve co%fosed of the sum of exponents:

dN _ , -aP? -bP
2 o Ae + Be
dP_L
These curves are denoted by solid lines, From the figures one can
draw the following conclusions: =

~ The slope parameters for T -meson production in CC interac-
tions are somewhat different from those observed in NN collisions
for the same energy of projectile: a relative contribution of the
second exponent is 33% in CC and 23% in NN interactions. A relative
contribution of the second exponent equals 41% and 47% for dTa and
CTa interactions, respectively. All the data on the slope parameter
for T -mesons are summarized in table V.

- In table V are presented the slope parameters for proton
production in p, d, He and CTa interactions. One can see that the
slope parameter of the second exponent does not change, within
the experimental errors, with increasing the atomic weight of pro-
jectile (except CC interactions). 2 >

- An exponential gependence on Py having a structure at Py =
= 0,5 and 1.0(GeV/c)¢ is observed for all types of nucleus-nucle~
us interactions in which protons are produced with characteristics
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beyond the kinemaﬁical region for NN collisions. The slope parame-

ter is 1(GeV/c)~¢ which can be interpreted as a consequence of
proton production in hard collision processes at small distances.
- A comparison of the experimental data and the calculations
with the Dubna cascade model with and without taking into account
the interaction of secondary particles in the final state (fige
34b) shows that the experimental characteristics of secondaries
produced in the collisions of relativistic nuclel with nuclei of
large momentum transfers are not described by the cascade model.
Interesting new results_on the property of the average trans-
verse momentum <Py > of 11 -mesons produced in nucleus-nucleus
interactions at 4.5 GeV/c per nugleon have been obtained by the
group at the 2m streamer chamber. his group has been found that
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the value of ¢ P, 3 for pions, produced in interactions
4He + ( 6Li, C, Al, Cu and Pb ), 124 + (C, Ne and Cu)
and 2°Ne + Ne, is independent of the degree of interaction centra-

1lity, the mass of the projectile for A = 4420 and the mass of
target-nucle%g)for A = 6:64. Besides, the predictions of thermody-

namic model contradict all the experimental data on < P>
(see fig.35).

' Table V
Type of in-
teraction a b xalndf
cC 23.1 % 1.8 6,2 = 0.9 1.18
CTa = T~ 45.4 £ 2.8 8.3 1 0.4 0.96
dTa 43,0 ¥ 4,4 7.8 £ 0.8 0.87
ccC 8,7 £ 1.3 2.4 1 0.2 0.81
CTa 2.,62% 0.33 0.99% 0.54 1.05
HeTa = P 3.21% 0,35 0.44% 0.35 1.16
dTa 3.29.“-' 0039 0056t 0054 0,82
p'l‘a 3019: 0062 - 0031
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4,3.3. Dimensions of radiation region of se-
condary particles

The method of interference of 1*&9 particles, which has been
put forward and developed in papers ), is widely used to deter~
mine the space-time structure of radiation sources of secondary
particles produced in multiple groduction processes. In particularn
this method has been applied 78) to the determination of the
size of the radiation region (r) for secondary pions from mp in-
teractions at 40 GeV/c and the lifetime of this system (T ) in
the laboratory system. The group has obtained that r = (1.9%0.3)fm
and CT= (0.810.2)fm. Futher it has been found that for the same
process in the c.m.s8. there exist two radiation sources of pions,
one of which is due to direct pion production (rq=CTy=1fm) and
another to pion production from the decay of resonances (rp =

= C’ts zBfnS. ;

oncrete information on the space-~time structure of generatim

sources of particles in gifferent procesges has been obtained to
date using this method 3°),

The group working with the 2m propane bubble chamber has ob~
tained new data on the space size of the radiation region of nega-
tiv9 sions in nucleus-nucleus interactions at 4.2 Gevgc per nucle-
on 16), Por CC interactions r = (3.10 & 0.89)fm and for CTa cent-
ral interactions r = (4.11 * 1.07fm. Note that the size of the ra-
diation region of pions r = (3.,44 ¥ 0.41)fm for all inelastic CTa
interactions.

All these data make it possible to confirm that the size of
the radiation region of T “-mesons in carbon-nucleus collisions
is determined by the dimensions of projectile.
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5. ©Search for unstable superdense nuclei

The eﬁistence of superdense nuclei has been first predicted
in papers /9), During the ensuing years attempts have been made to
observe this effect. A more completeaaeview of experimental resulis
obtained until 1977 can be found in V),

One of the fields of & search for radioactive superdense nu-
clei hasekeen proposed and implemented by A.V.Kulikov ;gd B.M.Pon~
tecorvo ©'), Using the setup with parameters T 3 5¢10~°8 and
Eeg > 45 MeV, they have obtained the upper limit of the production
cross Bection for radiocactive superdense nuclei in pPb interacti-
ons.

Iater on the energy thﬁeshold of electron detection was de-
creased in the experiments 2), in which bubble chambers were used
under special conditions and targets were exposed to relativistic
nuclei, This technique allowed one to detect decay particles of
practically any engrgy but it did not allow one to obtain data in
the region'l‘:% 10=“s.

As shown 3), the production of metastable superdense nuclei
in nuclear reactions can be observed by delaying nucleon radiation.
An experimental search for in this field for the lifetime gi meta-
stable states ‘T 218 has been performed in the experiment ).

Below we discuss experimental results 85) on a search for su-
pe’zigense nuclgi unstable to P -decay for a lifetime of 10-8 ¢

& 10-°s and metastable auperden97 nuclei decaying with
°-meson emission for a lifetime of 107 '-
-10"'s, These experiments have been re- a _—
cently carried out at the synchrophasotron o m—
on beams of carbon relativifzic nuclei, S i
The momenta of the beam of '2C nuclei ex- 9, i
tracted from the synchrophasotron were ===,
1.68 and 4.5 GeV/c. A layout of the expe- ol 2
riment and a trigger system are presented S¢ Uy ™

in fig.36. Curve 4 in fig.37 glives the up~
per limit (with a confidence level of 90%)
of the production cross section for super- b
dense nuclei having lifetime ‘T and decey-
ing with the emission of ﬁectron or po- =3,

gitron with E345 MeV in '“CPo interacti- —_——
ons at 4,5 GeV/c per nucleon. Curve 5 - e
shows the upper limit (with a confidence B ™M
level of 90%3 of the production cross sec- == §;
tions for nuclei, unstable to the emissi- N

on of N °-mesggs with a kinetic energy of ==l
~50 MeV, in 'eCPb interactions for a mo- 9
mentum of 1.68 GeV/c per nucleon.

As seen from the figures, the probe-
bility of nucleus prgduc'cion having a
lifetime of 10-8-10~%s with the emission
of electron/poeitron with Ee >45 MeV is
no larger than 3¢10~4 in inelastic CPb in-
teractions, and the probabllity of nucle-
us production having a lifetime of 10=7-
-10~1s with the emizeion of T °-meson do-
es not exceed 6+10-%in inelastic CPbcolli-
sions.

W(Ex w(En=0

ds

The data on the obser-~ «?
vation of superdense nuclei are summariz- B %% 00 08 Ex(Med
ed in table V| . i

Fig. 36
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Table VI
NATURA P(10-100)GeV n,f Heavy ions
_ E 21 GeV/A
R.Holtet B.M.Pontekorvg G.Samosvat |P.B.Price et 31.5/
et a1,/ |et al, _ et al. Ar+Pb == (fT)
(Rn) €1072%1 |E >45 MeV E’,En 40 MeV | <103 lem? /
2 4 -3 -7 A.Abdivaliev et af:
i Rns(n,x), T35.10 “sek < 10" "/act C + A e A
A E>30 MeV 6 ¢10™33cn? A, =B, E>20 Mev
2° S.Frankel 10"%’em®
~ 2/ Kh.Anikina et als
mu} et al, c Pb i
(P’PI ) - + : bl 8
c-Ta, 1077 ~ Ag=xrB
V.Aleshin et al,>’ |V.A.Kernaukhov E’> 45 lslev
T
h)C—W,’C;10+;Iars et al, 10/ T> 10_2; 2
b)E(CE) 100 MeV  [Ta,Th + p,d,« 6<10 ““cm
5 10”8/act -~ Rb, Cs, Pr En°“5°_¥°v
h .4, Borovoi et a1 25> 1hour, =10 o
| e -32 2 8410727
E_(Cf)> 20 MeV 6<10"““cm 7
¥ I[P e A.G.Bu§orskx S .P.Avdeev et al,
ol <2°10 /act et al, C + Pe,5n,Pbe X_
~
a P(7°°°:)*‘1;Fs T e n .y
X 9 Y4n+
TB 6 <10"29cn’
1/2 =1 year T s 1o
G <3-10"34cn? 1/2

8, Letters to JETP,
24(1976)114

9, J. of Phys.,G5(1980)723

10. Ya.F.,31(198 )289
Nucl,Phys.,A381(1982)419

11. Letters toJETP,
32(1980)487

12. JINR, Dubna, preprint
P1-81-59¢ (1981)

1. Phya, Rev, Lett., 36(1976)183

2. Phys. Rev., 13C(1976)737

3, Phys, Lett., 66B(1977)136

4. Phys.Rev,Lett., 34(1975)409

5. Ya.F., 30(1979)313

6. JETP, 81(1981)1153

7. JINR, Dubna, preprint 1-83-275(1983)
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6. Conclusion

From the present brief review of experimental results, recent~
ly obtained at the synchrophasotron by physicists from JINR member-
-countries, it follows that

- Relativistic nuclear physics as a new scientific field is
successfully being developed at JINR. £h

- Over a relatively short period of time many results, the
scientific significance of which is generally recognized, have be-
en obtained on beams of relativistic nuclei, Pirst of all, this
concerns the studies of nuclear collisions, in which a momentum
significantly exceeding a nucleon Fermi momentum in the nucleus is
transferred to atomic nuclei. This is the experimental confirmati-
on of the cumulative effect and its main properties, the existence
of the region of limiting nuclear fragmentation and so on,

~ New information has been obtained on the observation of mul-
tiquark states in nuclel and nuclear processes,

- Important results have been obtained on the properties of
nuclear reactions at small internucleon distances that allowed one
to clarify a general picture of the dynamics of these processes
fairy completely.

~ The program of experimental research in the field of rela-
tivistic nuclear physics being performed at the Dubna synchropha-
sotron directly connects to important problems of elementaxg par-
ticle and high ener physicas, which are being solved on the lar-

geat accelerators of the world.

e \ /

m—l‘
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Kyaneuos A.A. . E1-83-334
IKCnepuMeHTanNbHEE UCCNEAOBAHUA B OBRAcTH PenATUBUCTCKON
AREPHOI BM3MKKM Ha CuHXxpodasoTpoHe OMAW

fAaeTch kpaTkuit 0B3OP COBPEMEHHOrO COCTORHUA FPOrpaMMpt 3KCNEepUMeHTanb -
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MOCT3HOBKM WM MPOBEAGHUA Ha CHHXPOPA3OTPOHE UCCNEeoBaHWii, a Takme obcywaaoT-
CA Haubonee 3Hauumble Puanueckve pe3ynbTatel, NONYUEHHWE DPa3HBMMK rpynnamu gu-

3MKOB CTpaH-yuacTHuy OUAU B obnacTu penaTUBMCTCKON ABEPHON OM3UKMU B nocneg-
HUE ropM.

PabBoTa BunonHeHa s llaGopaTopun Beicokux 3avepruit OMAH.

NpenpuHT 0GBLeAUHEHHOrO MHCTHTYTa AAEPHBIX MccnepoBaHui. [lybHa 1983

Kuznetsov A.A.

Experiments in the Field of Relativistic
Nuclear Physics at the Dubna Synchrophasotron

E1-83-334

In this report we present a brief outline of the current state of ex-
perimental research at the Dubna synchrophasotron in the field of relati-
vistic nuclear physics. In particular, much attention is given to the
available possibilities of the synchrophasotron which enable us to perform
research in the field of relativistic nuclear physics and to discuss the
most significant physical results that have been obtained by different
groups of physicists from JINR member-countries in the last few years.

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