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1. Introduction

Relativistic nuclegr physice is a new scientific field arising
at JINR in the beginning of the seventies with the accelefation of
deuterons to the highest energies of the synchrophasoiron') 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 obtein relativistic nuclear beams, the in~
tensity of which is much larger than that of secondary particle
beams .

At present the eynchrophesotron is the leading accelerator of
light nuclei over an energy range up tox 5 Ge¥/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
fragrentation and in which new propertiecs of nuclear matter begin
to manifest themselves.

Beams of nuclei with energies up to 5 GeV/nucleon have not
yet been obtained at other accelerator centres, At CERN short
runs were made with colliding beams of ol -particles for a c.m.s.
energy of 126 GeV, In addition to JINR, beams of relativistic nu-
clei were obtained at Bevalsc, Berkeley(USA) and at Saturne, Sac-
lay(France). However, the energy per nucleon at Berkeley is twice
ag low as that at Dubna, and the energy at Saclay that must 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 PRG is expected in 1987-1990.

Currently the types eand intensities of nuciei (protons -

10 GeV, nuclei - 4.2 GeV/nucleon) accelerated at the synchropha-
sotron are the following:



Type of Nuclei Intengity per Pulse

P 4 . 10'2
a 1.10'2
ta 6 + 108

SHe?* 5 « 107

4ne2+ 5 . 100
b+ 8 » 107

o8t 4 - 10°

Ne1 O+ 104

The total running time of the accelerator is 4000 hours a year,
85% of which is used to implement the program of experimental re-
gearoh and 15% to study and improve operating conditions of the
synchrophagotron 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 nuolear
accelerators of the world and its operating conditions enable phy-
siciste 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, ¥

Further development :f the synchrophasotron and the simultane- -
ous and effective operation of its heams enable us to check in de-
tail the conclusions of quantum chromodynemics and to hegin 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 1s obvious. Using the aveilable experimental results, one
can see that nuclear collisions at high energy are the unique
source of information on a a%ace-time picture of hadron production
and their internal structure3). This primarily concerns studies of
nuclear reactiocns, in which a momentum, which is much larger than
the Perml 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 QaiGeV/c the quark degrees of
freedom begin to play an important role in nuclear processes, had-
rong of the nucleus cannot be regurded 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 physice exists over a relatively
ghort period of time, a great deal of information has been obtain-
ed by different groups of physicists from JINR member-countries in
the following important fields of strong interaction physics:scale
invariance, limiting fragmentation, quark-parton models and 8o on.
These resuits have been confirmed at other scientific centres and




have been generally recogniged.

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

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

The hypothesis of the cugulative nuclear effect was first ad-
vanced by A.M.Baldin in 19712), According to this hypothesis, in
interactions of elementary particles with nuclei there occur par-
ticles in the kinematical reglon 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 objecte but by local features of hadromSmatter,
i.e. they must satiefy the principles of local interaction and
scale invariance.

Secondary pions, the energy of which is much higher than the
kinematical limit of NN collisions, were detected already in first
experiments carried out by V.S.Stavinasky's group °) at the synchro-
phasotron with a beam of relativistic deuterons, In particuiar,
such important properties of the cumulative effect were found as
pcale invariance of inclusive spectra of pions and enhanced A-de~
pendence of inclwpive production croes sections of hadron in cumu-
lative processes « A year later the latter observation was con-
firmed in proton-nuclear experiments for large transverse momentum
by J.Cronin °),.

During the ensuing years scme other consequences of the hypo-
thesis of the cumulative effect have been confirmed experimentally.
In the experiments of V.S.Stavineky's group it has been shown that
the dependence of particle production crose sections on cumulative
number is universal and thegjdependence on the flavour of produced
particles is extremely weak’). A series of experiments, primarily
experimsnts 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 caorrelation in the production of cumulative - and AK°-
pairs and no correlation for cumulative K{K§-pairs e

* The main regularities resulting from the othesis of the cu-
mulative effect have been studied rather completely., The processes
of cumulative particle produciion have been investigated over a
broad Tanee of energles and for nuclear :interactions of different
types « These results have made it ponsibdle 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 iransfers in the region of
relativistic energies (region of limiting nuclear fragmentation).

It is difficult to interpret theoretically the above regulari-
ties of the cumulative ef;ect without using quantum chromodynamice
and quark-parton models ). In fact, as already mentioned, in inw=
teractions of particles and nuclei with nuclei for large momentum
transfers (Q1GeV/c) 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 nuclel
and, in particular, on the manifestation of multiquark states in
nucleli and nuclear processes, In this commection 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~
give reactions of the type

I +1I1 =1 +X, I+1IIe1+24+X and so on
measured in experiments, Cross sections d d26
o 2425
and so 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-~d mensional vectors of their momenta
and (P4P, ), (P4Py) the products of the energy-momentum four-vec-
tors which determ!ne angular and energy distributions of seconda-
ry particles measured in the relativistic-invariant form.
Introduce two new variables

E =(p BIIMMy= (p p")lm2
the specific invariant energy of collision, and

Y; y; =1121n [(E;*Pizll(El P,z)]
longltudinal rapidities, Here FP;m A PP and Pys A P are the
four-dimensional vectors of the momenta of colliding nuclei A and

Aywith atomic maes m,, energy E; and momentum projection Plz on
the reaction a.xis. In the rest system of nucleus I

|/'A!Hn°

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

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

(P, ) = m m,ch(y-y,} and(pp)= 'ﬂ\/mzﬂ:o2 ch(y -y)
Prom exgerimenta on multiple pa.rticle production in hadron
collisions it is known that the difference of the rapidities is
Ay 2. Then

- (pl pll) -
€= —_M,m" xch 2337 when (P, p")zmlmnchAy

Consequently, for an energy of relativistic nuclei >3.5 GeV/c/nu-
cleon the £ ~dependence of invariant 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'e
group °), These resulta have been confirged more clearly by ?
groups of G.N.Leksin 15), K.SH.Eginian '6) and L.S.Shroeder1?) who
have studied cumulative processes in another type of nucleaer 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
ong , 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

X \/ln24-57
(P p) - VM+R exp(y Y)
m i n
(P R !
i.e. the principle of scale invariance is valid.
Ueing the definition of cumulative effect and taking the fore-
going into account, one can determine the limit of the region of
cumulative procesges. The 1limit of the region of the cumulative ef-
fect 18E> 3.7 and

2.2
m5 + p!
Po= expcyi_yl)-—'——lz—-——mo >1.

Here = 0,931 GeV and ths the kinematical veriable which deter=~
mines the order of cumulamtivity; mPB®° is the minimum target mass.

Main experimental data on the ciumulstive effect have been ob-
tained undexr these conditions. As already mentioned, the most im=
portant of them have been first obtained by V.S.Stavinsky's group.
This group has performed the mos: complete experimental test of
the consequencea of the hypothesis of the cumulative effect and
has made systematic studies of its regularities for large values of
cumulative numbexr B°.

The characteristic properties of collisions of particles and
nuclei with nucleil 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 a 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 (suark) carries the momentug of a
group of nucleons are determined by the function q’g“, P£) in the
region B°> 1.

Por’cumulative processes {(the region wheret>>3.7 e.ndE°;1)
the inclusive cross section normaligad to th? atomic weight "of the
npucleus is well described by the expression 8)

EdS _ oo _d26 _ . o(g°p2)
—_— =
adp P op%p? (Ps2 .

An explicit foom ofthaPE-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(2) = 09exp(-2.7p2) + 0.1 .

If the cross section measured is normalized to the functionﬁf(ff),
one can obtain the cross section depending only ong°, i,e," the
structure function must take the following form: °, 0).

The validiﬁ? of this statement has been tested ¥y the group of
V.S.Stavinsky '° ) and in experiments at the Fermilab accelerator
for higher energy 20), Resulte of the experiments are presented in
fig. 1a,b, respectively. Here the invariant production cross sec~
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tions cof different cumulative Earticles are dependent on variable
X introduced by V.S.Stavinsky 21), The varisble X is a generalised
acale variable determining the effective cumulative number. This
variaeble differs from the Bjorken variable X. The ruvlation between
vhem *g)found for deep inelastic scattering of leptons as fol-

H

lows
X o 1/2(9;- p!) = x

A" (pl el u p‘ *
The cumulative region takes place when X>}. From the figures one
can draw the following conclusions: a) the X-dependence of inclu-
sive production cross sections of cumulative particles is describ-
ed by a unigue exponential function G(X) in interactions with a
1arge set of nuclei snd for different enorgies alihough the 0(X)
function for K- and p markedly differs from that forfr* and K* in
absolute valuej; 1) psranetrization of this dependence by the form
@{X)~exp [ -X/<X>] lesds to a universal value of

dé
<x>t'£;(lﬂ E?ﬁ—) R <X> = 0.1y

The latter can be seen in fig. 2, whers< X > has been messured in
differsnt experiments with different nuclel for different ensrgies

and velues of I.
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Fig. 3

These results are extiremely important for understanding the ne~
ture of the cumulative effect. They point directly to the quark
mechanism of cumulative processes, Indeed, the behsviour of the in-
clugive cross sections for cumulative meson production (i.e. the
equality of the crose sections form+ ?d K* and a marked differenr-
ce from the cross sectionas for K and )} can be interpreted as a
result of pickup from the symmetric quark sea of corresponding
quarks by the valence quarks of the coll;ding objgcta. Then, €.ge)
the equality of the cross sectig,ns for K" and 1T ~ should be & re=-
sult of pickup From the sea of d and 8 quarke 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 i.M.Baldin to make concrete predictions concerning the
absolute value and X—dependentf'g of deep inelastic scattering cross
sections for muons on nuclei 'J),

Thie prediction was tested experimentally in a joint JINR-CERN
experiment. The group cf NA-4 studied the inelastic scatiering of
negative muons on carbon nuclei for an energy of 280 GeV and a mo-
meptum transfer of Q ~100 GeV/c 22), The structure functions of
carben nuclei P, (X) and their dependence on variable I=Q /2I(B‘SE)
were measured :I.nzthe region X> 1. Results of the experiment are
shown in fig.3. The figure also presents resulis calculated by smme
theoretical models: — the Fermi-step model for a Fexrmi momentum of
0,22 GeV/c. As predicted, the structure function of nuclei head an
exponential X-dependence, and the zaramcter ¢ X> was found,within
the experimental errors, to be O.14 £0.,01, 1.e, it is equal to uni-

versal parameter .
Thus, the results on deep inelestic scattering of leptons com-
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pletely confirm the quark nature of the cumuletive effect, the uni-
versal character and validity of introducing the quark-parton
structure functions of nuclei as main properties of nuclear proces-
ses 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 procese related to the
Fermi 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 sectioms of
cunulative particles on the atomlc weight of the nucleus, i.e, a
dependence of the type

n
eSS - A
dp '
where N = 1.0, In this case the power index n must depend on X

and Py .

The enhanced A-dependence of the crosa sections for partigle
production, which is significantly different from a aimplg be-
haviour, has been first studied by V.S.Stavinsky's group S f) 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-dep?ndence wap ptudied by
the group of V.S.Stavinsky 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 sumnary of the results ie presented in fig.4a,b. One can see

N



that a) the A-bebaviour of the ocross sections strongly depends on
the flavour of produced particles, namely, at “irst the crose sec-
tione for pions sharply increase with incressing A and then, from
A 320, remain approximately constant; for keons 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 A5 100, b) The A-dependence of the cross sections is deter-
mined neither by the momentum of produced particles nor by their
emission angle,butty the value of cumulative number X. In fact, as
already mentioned, the inclusive cross sections of cumlative par-
ticle production are well approximated by the expression

ds
11BEg S = 6(x)

:1En this case the quark-parton structure funetion G(X) ie of the
orm
X

G(X)gAn exp(-éi; where n=2/3 + X/3.

Consequently, as expected, with increasing X the croes section of
cunulative particle productign as a function of A is more markedly
different from the simple A®8 behaviour. Figure 5 presents expe-
rimental data of V.S.Stavinsky's group on the X-dependen:e of the

power index m in = A%
Lnlf(App) ! f(AAl)] ,

tnlApp/ Apl

(in the experiment n =

05

100 200

Fig. 4b
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As seen, n increases fronm
2/3 to 1 when X varies
between 0.4 end 1, and
for X>1, within the er-
rors, the values of n does
not chaenge and its values
7 are grouped around 1,i.e.
2 PA,dA ~T,K,p in this case the enhanced
!

A=dependence takes place.
A similer character
T ‘I 1 of the A-dependence of
3 N E 0 . the inclusive cross sec-
: ,q;p!v_d ‘k." Ta tions for nuclear reac-
S g.‘.! PR tions with large momentum
i 2 4 transfers is also observ-
° . , ed in pion-nucleus ),
oM sk’ up ! gema~-nucleus %) and (for
LAl . other energies) proton=-
[ 2 3 -nucleus interactions.
X In fig.6 are presented
results of the recent pa-
per. The power index of
i 5 the A-dependence is shown
1g. as a function of variasble
K which coincides with
the value of B with a
good precision, Frox the figure one can see that the nhanced A-
—dependence takes place for K31,0 when the energy of collision is
above 3.5 GeV/nucleon. The results of V.S.Stavimsky's group are
well confirmed by these data.

To date the character of the A-dependence of the inclusive
croes sections for nuclear reactions of different types has been
studied in a series of experiments 24), For exsmple, in experi-
ments 25) it has been found that the invariant production cross set-
tions of hadrons with lérge transverse (P, ) moments in pA interac-
tiong can be parametrized by exponential AAdependem';e

3
d3p ’
whereol (P,) is an increasing function of transverse momentum inde-~
pendent of A which is > 1 for largs PL(the so~called “anomalous
nuclear deviation").

An anomalous character of the A-dependence is also observed
in nucleus- leug interactions for a momentum interval of 1 > 4
GeV/c/nucleo in ofof-colligions for ISR energies 26), A descrip-
tion of different mechanisms advanced to discuss the effect of ano- i
melous increasing the cross sections of particles with large P on
nuclei and a more detalled list of references devoted to this sub-
ject can be found in papers 3%,

In this review we discuss the experimental data obtained re-
cently at the Dubna synchrophasotiron, in which the anomalous A-de~
pendence has been studied for the production of particles and
nuclear fragments in proton-nucleus end nucleus-nucleus interac-
tions. Note that for nucleus-nucleus collisione it is natural to
assume generalization of the parametrization by the exponential A-
-dependence used to deacribe proton-nucleus interactions. In par-
ticular, 1f we have a reaction of the type A+Be=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

-
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f + Generally speaking, such
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tedly approximate and valid
L = . A only for high enough sner-

a gles, A series of factors
* J related to the nucleon
1or AR structure of colliding uu-
¢ ) , clei should be %aken into
}a’cey account tc¢ describe experi-

mental data in general
i I;Gﬂ + be shown below, experimen=
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terms 20 . However, as will
tal results are rather welili

g deacribed by the above para
b% O} BIgeV metrization,

eq | The behaviour of the
g invariant cross sections of
N negative pions and protons
? 3 has E;:n :Iég:gstigagod v;r-
KoL Ta /T  (NN=KN, aus a ¢ _number o
U/ T Wl pro;]ecti%gc(h) for p, d,
4He and interactions
Fig 6 with Ta at 4,2 GeV/c/nucle-
‘ on hy the group of the 2m
propane bubble chamber 28),
Experimental results are presented in fig.7. The ¢{ (P, } depsndence
is shown for the case ofn ~ production. As seen from the figure,
within the errors of (P, ) 1.0 1f P< 0.8 GeV/c,

The A-dependence of the cross sections for protons is given
in fig.8., The parametera{ (P,) has the 11;311cm1ng values obtaine
from this distributjion: 1.0710‘.32 for P€ from 0.5 to 1.0({GeV/.
and 1.1740.03 for PE > 1,0{GeV/cF. -

Figure 9 shows the dependence of o (X,) for TI ~-nesons in
nucleus-nucleus and proton-nucleus interactio 3, Here I = P, /Pmax,
where Ppgx 18 the maximum momentum in the c.m.8. 0f nucleon-nucle-
on collisions for corresponding energy and

d3¢ 43¢
R. = !
1 (Edsp)AiTu (Edjp)pTu

i8 the ratio of the differential cross sections for 1  -mason
production, One can see that the data obialned 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 <7),
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 date 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.

P 10 presents data on the behaviour ¢f the power index of the
A~dependence of the cross sections for different fragmenta (it is
denoted by N) versus P, in pA interactions . One can see that

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

A gimilar character of the A-dependence of the cross sections
for fregments is also observed for nucleus-nucleus interactions,.
Results gf measurements made by the group of the 2m HEL streamer
chamber 31 ) ehow that in interactions of 4.2 GeV/nucleon ot -par—
ticlee with Ii, C, Al and Cu nuclei the value of of (By) iB~0,3
for all fragmenting channels, and it becomes equal to 1.01%0,06
for events with small impact parameter ("central™ collisions),

Thus, all available data obtained in experiments at different
energles in different types of interactions 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 mogﬂgtum transfers
and transverse momenta which is different from A +» A8 a8 Tule, in
most papers experimental data are approximated by the expression
E dé]dp) ~A%, where the power index of is larger t unity.

8 effect is called "anomalous nuclear deviation" ). Yet such
a form of approximation is insufficiently valid.

In fact, the results obtained by the group of V.S.Stavinaky
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 i8 < 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) ~9"
whereo > 1,0) i8 the re{laction of the transition from the A2/
tyrs dependence to the A'*Y type dependence., Indeed, the A-depen-
dence of th? droee sections should have a universal behaviour,

d61dp)~al-U, for all relativistic nuclear collisions with lar
momentum transfers or transverse momenta, This effect is referre
to as enhanced A-dependence,

From the analysis of experimental data performed by A.Melis-
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of the cross sections for hadrons
in hadron-nucleus interactions is
expleined ueing the hypothesis of
hard (predominantly Eingle) quark-
~rarton collisiogg ). It was
made an attempt 2?) 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
ineide the nucleus are taken into
account, Ag can be seen from fig,
11, the results of theoretical cal-
culation qualitatively ee with
the experimental data 8»34) ir
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 energles, a de-
tailed mecheanism of this effect is
not clear as yeti. However, psing
available experimental deta, 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.

sinos??) it follows
that the conclusions
on the anomalous A® -
~dependence of the
croac sections for
particles in nuclear
processes at high ener-
gy, whereo > 1.0, are
not universally valid.
As mentlioned above,
there are many theore-
ticel 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 (aee,
€eosfey21) ), However,
this effect is not yet
explained satisfacto-
rily.
For example. the

characteT 8f the en-
hanced A'<“=dependence
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2.3 Cumulative effect in multiple production
>ocesses

The abovs resuitz of the experimental test of the hypothesis
of cumulative effect have been obteined in the studies of inclu-
sive reactions., -

An attempt to study cumulative processes in other than inclu-
sive oxperiments has been made by the group of V.B.Lvubimov 353
in the analyeis of pictures from the 2m propane bubbie chamber
exposed to negative 40 GeV/c pions. The technique allowed the cha-
racteristics of "accompanying® particles to be investigated along
with cumulative particles. In particular, the experiment. madeit
possible to determine more valid selection criteria for cumulative
reactions, to discover correlation effects between "meson" and
"proton" cumulative processes and to obtain important information
on their cross sections and the properties of accompanyi par-
ticles. Such experimental conditions allowed more abundant infor-
mation to be obtained on the dynamice 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 partioles were studied in detajil 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, i.e,

p°= max{p7} :

.p?'-'(Ei- P}/ m

determines the minimum target meass (the order of cumulativity)
which is »equired for the production of a hadron with energy Ey
and momentun projection Py, on the reaction axis,

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

where
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The bebaviour of the sbove | ° {
properties versus ° 1 oL @
allowed two groups o t~ o ° 1
events to be separated .2,” * .
which are distinctly dif- ™[ *%4¢ 3 °
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Results of the experiment G105 D3 43 47 21§ O 05 09 (3 12 af &S
are presented in fig.12a, »
be One can see that the
properziea for N o~ a:gd
7 g~plons versus P
chafige at §°zo.6 and F:g_‘12b
for protond at B°1,2,
Group I is c cterized
by °¢ 0,6 for pions and ° £ 1,2 for protons. Por these
ever'ts the characteristics under study change with P °® to the
boundazry values of a’. Group II has °» 0.6 for pions and

©51,.,2 for protois. Por these events all the studied charac-
teristics (except P for T ,~mesons which increases with increa-
sing B°) for M~ and ~megong and protons do not chengs
with °, Such a character 8¢ the dependence of the properties
of secdndary particles dirsctly points to the existence of two in-
dependent and different in their nature sourcea of pion and pro-
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ton production in hadron~-nucle-~
us interactions at high emergy.
One of them (i.e. events of
(A group II with [B°> 0.6 for pi-
1
1

ons and °> 1.2 for protons)
has the general nature expected
of cumulative ‘pion and proton
production. The analysis of the
events from group II shows that
the processes, which lead to cu-
“i mulative pion production, are
3 independent of the procesaes of
q cumulative proton production,

] Only ~ 12% of cumulative pro-
tons are accompanied by the
E emigeion of cumulative pions,

] and this fraction does not de-
pend on the degree of cumulati-
4 vity of protons.

The estimate of the cross
3 gections for cumulative pion
] and proton production gives the
] pame value of -~ 11mb.
k The experimantal conditima
t made it possibie to measurs the
E inclusive production cross sec=-
TR 5 tions of pions and protons emit-
ks ted into the backward hemisphe~
re in the laboratory system
versus f and °, In 80
doing, the croes sdctions are
factoriged as:

Eg—f' ~exp(-p2/<p3)e xp(-B°/<FY

Results of the experiment are shown in fige. 13. Une can sse that
8) the behaviour of the production cross sections for cumulative
pions ( Ny = 1 ) and for cumulative pion "jete" ( Np3 2 ) is
parametrized by the same dependence exp {(~ B°/<}3°>), where the
values of <B°>» are 0,130%0,005 and 0.,14310.,004, respectively,
A similar behdviour of the inclusive croese sections for cumulative
particles and a group of particles versus [B° aegrees with the hy-
pothesis of soft quark hadronipation and serves ae &an additional
argument in favour of using quark-parton structure functions of
nuclei as the main characteristics of ralativistic nuclear colli-
sione; b) the dependence of the cross sections on P2 strongly dif-
fers for different valuyea o, %, If the experimental data are
approximgted by exp(~P§ /< >§2 the following values can be obtain-
ed for E{ 3 0,03420,002(GeV/c)< for O <p°< 0.5 and 0,13%0.02
(GeV/c)e for 0,5 <« B°< 2. These results‘serve a good argument in
favour of the validity of selection of the cumulative region.

The charscter of the dependence of the inclusive production
cross sections for cumulative protons on B° is similar to that
observed for pions. However, the value of ° for protons is
somewhat levzer, and it inoreases with increabing the multiplicity
of accompanying particles. A similar behaviour of the cross secti-
ons for cumulative particles in hadron-nucleus interactione at a
lnrgo variety of energies (in this experiment £ =286) is one more
ev!.lofco for the existence of the limiting fragmentation region of
nuclei.

16
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Pigure 14 shows the +¢ ¢ X 2 t
t{veggge c:llmractgriati_cs of | I R S N R S |
eading pions. One can see
that the characteristice of ° % % % 9?3(‘( d?” 0 ’SD 170

leading pions, i.e. Buch pi~
ons which have a maximum mo-
mentum for a given event and .
x=P /Ppax~> 0.2 in the NI N Fig. 15
c.M.8,, are independent of
P o This fact can be ex-
plained by the mechanism in which leading pions are produced from
spectator quarks that pass through the nucleus without interactian,
whereas cumulative particles are produced in hard collisions with
another quark c.' the incident pion.

Figure 15 presents the angular distributions of protons for
all groups of events: protons with °¢ 0,6 and protons with

©50.6. For the events, in which protons have °% 0.6, one

can obaerve an enhancement at cos @=0,.5 although tlle momentum dis-
tributione of these protons have no distinct anomaliea. This may
be due to the motion ir nuclear matter of a colour charge of that
quark which did not take part in hard collision inherent in cumu-
lative processes, The eniancement found 1n the angular distribu-~
tions of protons from the events with °3% 0.6 was also obsgrved
in the events with the total dieintegration of the nucleus

Thus the regularities of cumulative particle production,de—
termined in this experiment providing the maximum number of accom=-
panying particles were detected, well confirm theconclueions 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-pdrton pic-
ture of hard collisions,

17
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2e¢4. Jot behaviour of hadrons in cumulative
nuclear collisions

Numerous studies of jet hadron production in different pro-
cesses, such as s*e™, Y p and hedron-hadron collisions, have shown
that in these interactions the J”n of secondary particles have a
variety of universal properties ). Por exampls, one of the impor-
tant and global properties of hadrons is their jetness which can
be determined by "sphericity"

Sm 3/2min(;P§i Iﬁiﬁ s Where -I.’i are
i 1

the momenta of aecondary charged particles in the c.m.s. of colli-~
ding objects and P are the transverse momenta of particles
with respect_ko the"'%et axis, for which the sum = hes a mi-
rimum value 32), The value of S is equal to 1 for events with a
large number of secondary particlea distributed isotropically in
phase apace and S <& 1 if two narrowly collimated groups of parti-
cles emitted to the opposite sides relative to the direction of
primary particls {uor beam particle) are produced in the interac-
tion.
Figure 16 1llustrates average values of the sphericity versus
energy in the c.m.s. of colliding particles for different types of
interaction. One can see that the jet characteristics of hadrons
are practicelly similar in these interactions for corresponding
c.m.s8, energiea, This and other facts indicate that a aingle me-
chanism of quark/gluon hadronization is realized to the jet of ge-
condary particles in different, at first glance, processes,

Below we diacusg the data on the jet characteristics of multi~
nucleon TN-=C iunteractions of the cumulative type for a momen-
tum of 40 GeV/c obtained by the group of the 2m propane bubble
chamber, The jet charactoristicg of hadron=nucleus interactioms
have been scaXvely investigated -9). Nevertheless, they are of in-
terest to Solve different problems associated with nuclear inte-
ractions 4V),

The method of event aeﬁction and experimental data a.nalxais
are described in detail in 41), For comparison with data on e%e™
annihilation, the events were selected, in which the multiplicity

S e emeC D oy
a5 a Cascade s 9 - %P
OAT vv% Qeet o2 03 o4 Cciile !ﬁ’ E/
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of secondary charged particles was > 4.

A possible mechanism of jet particle production in hadron-nu-
clsus processes is shown in fig. 17. In the figure are presented
ths corresponding diagrems for ete™ and TI“p interacticna. Figure
18a,b depicts the value of 4 S> for the Jets of secondary
charged particles versus energy in the c.m.s. 0f colliding objects
for ete(Q , 0 )y M~p(0) and M ~C( ® , & } interactions. The
value of <S> 1s presented for the Jets emitted to the forward -
(fige 16a) and backward (fig. 18b) hemispheres in the case of ete
and T °p interactions and the jete having extra cumulative par-
ticles ( ® ) or without them ( 4 ) for T C interactions. From
the figure one can see the following: -

- The values of < 8> for the Jets from TI “C interactions,
emitted in the direction of primary pion and having cumulative
/noncunulative particles, do not differ from one another and agree
with the ete™ and T ~p data for equal c,m.s. onergies.

= The value of < 5S> for the Jets from T =C interactione,
emitted backwards and having cumulaiive particles, is much smaller
than for the Jjets free of cumulative particles and differs from
similar ete” data. -

=The value of ¢ S » for the jeta from 1 C interactions,
having cumulative particles, is practically inveriable as the num-
ber of interacting nucleons of the carbon nucleus increases,

Pigure 19a,b presonts the value of £ S> versus the energy
in the c.m.s, of colliding objects for the jeis 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 o.m.8., had °31.5 and ‘B °¢ 1.5, respectively (the
valus of P" wag measufed in section 2,3), As is seen froa the
figure,

& ~ The value of £ S > for the cumulative and noncumulative
Jjets from TN C interactions, om_:‘tged in the direction of primary
piocn, well sgrees with similar e*e¢ and T “p data for equal ener-
gy in the c.m.8.. -

= The value of < S> for the noncumulative jets from T C
interactions, emitted to_the backward hemisphere, does not colnci-
de with the e'e and T1 p data,
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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 enslysis. In particular, e.g.,
the following progertiea of hadrons in the Jjuts were studied (and
compared to the e*e™ deta): 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 smull volume of
this report. However, the main conclusions on all the data on the
jet behaviour of hadrons in T “C interactions can be briefly for-
mulated as follows; -

=~ In cumulative T! C interactions for s 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 against it in the collisign_c eMeBe
The_value of { 8> 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’'¢ and M p interactions. -

« The multiplicity of charged hadrons in cumulgtlve T C in~
teractions is coincldent with a similar value for e'e interactiome
for equal energies in the c.m.s. It is much emaller for noncumula-
tive T C interactionms, -

- The distribution of pions in cumulative M “C interactions
over the longitudinal and transverse momentum variables relative
to the jet axis agreqs with a similar distribution of these vari-
ablas for pions in e"e collisions. The distribution of protons in

cumulative jete over similar veriables significantly differs from
that of pionsa, .

- The probability of hadrom Jet production in the fragmenta-
tion nuclear region for .cumulative - =C interactions is much lar-
ger than the probability of the production of one charged hadron
for 71 p interactions at the same mnergy of incident pion.
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245, Cunulative 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 trensfers hadrons
cannot be considered as elementary particles. One should take into
aocount their quark structure, i.e, specific multiquark interac-
tions which ere 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 leptone 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 physicas, allows the cross section of hard
collisions of hadrons to be expressed as the product of the nonco-
he:Bent scatteri.ig cross sections of particles on gll comnstituents
62 of hadron B and the probability GB (x, Q%) to observe
constituent b inside hadron B, i.e. /b

G'B(X,Qz) ’—:';E G'E GB/D("' QZ)

with G@/b(x, Q2) t+he quark-perton structure function of hadion
B, 82-- the square of the four-momentum trensferred and x =
= Q2/(2 Pq) the fraction of moment P gf hadron B carried by
constituent b. The cross section 6'° = A® / Q4 depends only on
Q< and describes the interaction of point-like charges .. the lep-
ton case., This enables the cha-
LA AL T racteristics of quark-parton
1.4 F%%%ﬁéz'gfgliﬁs—' E structure functions of nuclei
. . 10 be measured directly in stu-
[ ® ROCHESTER- MIT-SLAC(ES7) dies of deep inelastic scatte-~
1.3} o EMC {(MUONS) 1 ring of leptons on nuclei.
AB noted, this fact was
[ first tested in the jo%gt JIRR-
1.2l - ~CERN NA-4 experiment ), in
l ] which the deep inelastic scat-
I

tering of negative muons on car-
1 bon nuclei was sitidled for an
energy of 280GeV. The measured
characteristics of quark-parton
structure functions of carbon

nuclei were found to be the sa-

4*1}# *%}}f me as in the experiments on 1i-

miting nuclear fragmentation.
These conclusions have be-

A

L ) ] en recently confirmed by expe-
0.8 | £87 Syst. Error(z1.%) rimental results obtained at

L CERN and SIAC. In these experi-
e T ments the deep inelastic scatte-
[¢) 02 04 06 08 1.0 ring of muons (CERN) and elect-
i X rons on Fe and D nuclei were

AL
\er

studied,
Fi 20 Studying the X-dependence
g. of the ratio of the structure
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functions of Fe and D nucled obtained from the measurements of the
deep inelastic scattering of mucns, the CERN group 42) has shown
that there is & strong difference in the characteristics of these
functions for iron and deuterium in the region xg 0.7. The SIAC
group 43) hae confirmed thie effect analyzing the data on de-
ep inelastic scattering of eleoctrons on the same nuclei.

These experimental date are presented in fig.20, In the figure
are also shown results calculated for the effect of Perml motion
(s01id line) assuming that this effect dominates. The experimental
data of both groups are in good agreement. Besides, the observad
character of the ratio of the structure functions of Fe and D nu-
clei vzxsus x cannot be expluined by the known nuclear mecha=-
nisme 4%), "The data show that the momentum distribution of quarks
inside the nucleon becomes disturbed dug to the presence of other
nucleons", write the authors of paper 43), Consequently, quark-per-
ton models must be used for experimental data igtog retation,

In other words, the experimental results s4 g directly
point to the quark nature of the observed effect and completely
confirm the conclusione drawn previously from the experiments on
the cumulative effect at the synchrophasotron. 7.9

In fact, 1f the data of V.5.Stavinsky's group '’~“) discussed
above are presented as the variables of fig.20, one can see (fig.
21) that the CERN and SLAC rssults are in good agreement with the
Dubna data in the overlapped region of x values, In addition,
the Dubna daf® 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) &3 well 25 23 the property of
structure functions of nuclei different from 143y,

3, Search for multiquark states in nuclei

The question of the existence of multiquark states in nuclﬁé
has been intensively discussed in a series of theoretical papexs®)
The study of multiquark states,
when quarks belonging to the
group of nucleons are mixed, can

the question of the existence of
multiquark states is to date ons 39 } o
of the important problems of A

quark physice.

The observation of multi-
quark states should be expected 1 4
in processes involving relati- 1P = #
vigtic nuclei., For exampls, the v
above data on the study of cu-~
mulative effect allowed us to osf
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 transfers for relati~ 70 %0 ©
vistic energies. X

The search for a possible
manifestation of multiquark deg-
rees of freedom in nuclei has Fi
been performed by the groups of ig. 21
M.0.Meshcheryakov 46) and

give valuable information on the oK gE
nature of asymptotic freedom and 1of + ee  Gra
quark confinement, Conssquently, s ox
&n
&

[
»
H
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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, d, C) CHy,..0 and A= p, 4.

In the experiment of M,G.Meshcheryakov's group deuterons ha-
ving momenta of 4.3 and 6.3QeV/c were scattered by target nuclei
at an angle of 103 mrad 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-
(tod/a an angle of £ 0.4° so that the value of /t/ reached & 0,4
GeV, .

The data on the inelastic scattering cross sections of deute-
rons versus /t/ obtained in these experiments are a?gvm in fig.22,
In the same figure are pressnted 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 cruas
sections versus /t/ 1s complicated in charecter: it slowly changes
with increseing /t/ from /t/ = 0.2(eV/QF. An anslxgis of the deu-
teron spsctrs in the region /t/3 0.2BeV/cP shows 40) that theTe
18 a structure characteristic of excitation processes of nucleon
resonances., This fact means that the incident deuteron, to a large
extent, loses & significant fraction of its momentum and does not
"disintegrate’ into individual nucleons, The mechaniam of this
process can be explained assuming that the deuteron hss a quark
structure and the multiple scattering of quarks of the incildent
deuteron on quarks of the target-nucleus mekes a major contribu-
tion to the reaction 25055 section. Based on this point of view,
the authors of paper %7) satisfactor11¥ reproduced the basic re-
gularities of inelastic reactions p + Pes p + X and d + P +=
= d + X, In particuler, 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 contiaining 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-
o8 that in the reaction d + p == d + X the dominating contribu~
tion belongs to exoltation processes of nucleon resonances and to

~5% of six~quark admixture in the wave function of the incident
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The use of the hybrid wave functi-
103+ J{on of deuterons allows one to interpret

experimental dex? obtained by the group
i |of L.N.,Strunov « The spectrum of pro-
# tons, produced 1n the reaction d + Ae=
{e=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
ﬁprotons for C and CHp targets are shown
in fig.24, Results of calculations made
using the hybrid model, in which the
{wave function of relativistic deuteron
pl is of the form

Yd = Ynp+¥eq °’

O

i i 1 1 L

° 265 400 @ given in the same fi e, To calcu-
@sosentus in deutercn rest frsme (MeV/c) late the wave functions and 609
Ei the Paris potential (PARIS IR the £i-°%

ig. 24 gure) and the oscillator quark model

wars respectively used, A comparisor of the calculated resulis and
expsrimental data was made over the range of proton momente 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 smail momenta, As seen from the figure, the experimental date
are well described by the calculated results over all the momentum
spectrum range except for 290-390 MeV/c, The root-mean-square of

6g=-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.

Prom the table one can gsee that the contribution of 6q-state
in the deuteron ia practically the same ond equals = 10%
dolpito different isospin target states.

The existence of the 6q-compong¥t of the deuteron has been ra-
cently supported by the SLAC This groga made an snaly-
sis of all previous data and results from peper 7€) to obtain in-
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Table 11

Type of  Probability Phase of np- and X>/degres
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 0.95 % 0.05 (82 ¥ 6)0 1.9

formation on the character of the momentum spectrum of nucleons in
the deuteron at deuteron olectrodisigtesration (the energy of
electrons was from 6 to 20 GeV and Q° from 8 to 10(GeV/CF). Re-
sults of the analysiseare given in f1g.25a, The momentum distribution
of nucleong in_the deuteron is presented as the square of the wave
function | P (K2) $2 versus, variable K which is called the nucle-
on moment of spectator P , The data of L.N.Strunov's group in
the same variables are shown in fig.25b, As seen from the figures,
the SLAC dats are in good agresment with the results of L.H.Stru-
nov's group and confirm their conclusion on the existence of 6q-
~ptate in the deuteron.

As noted above, in the comparative analysis of the data ob-
tained by L.N.Strunov's group and the calculated results using the
hybrid model, an enhancement is cbeerved over the range of proton
momenta 290 & P* = 390MeV/c which 1s not described by the hybrid
model. This enhancement can be due either to the process described
by a triangular diagrem with nucleon isobars in the intermediate
ptate or to the process d + N e d + N, where d = p + N, The
firet statement is, however, hardly probavle. In fact, the indepen-
dence of the momentum spectra of nucleons in the deuteron of iso-
gpin target-nucleus states indicates that spin-dependent effects
of interaction in the final state are weak, ¥or example, f:om the
experiment it follows that For CHp and C targets the ratio of the
cross sections, R(CH2)/R(C), 1s equal to 1,00 £ 0.07 ( R =

~2(g -g wxg: .
¥ Oexp "t /T Ot

Fig. 25a
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For the process with nucleon isobars in the intermediate state with
isospin dlfferent from zero, this ratio should be much larger than
unity (e.g., it should be ~ 1,22 for the sffective number of nucle-
ons =4 ineide the carbon nucleus). Hence the enhancement observed
in the experiment can be more naturally interpreted as the diffrac-
tion proc/lugtion of dibaryon resonance with isospin I=0 and mass M
~ 2 GeV/ece,

To check this statement, the lnvariant mass spectrum of d'-‘sys—
tem was constructed (seo fig.26), The reproduction of this process
(i.6. & + N «o= @" + 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 ﬂgg = (80 % 10)MeV/c2, Such
a otate 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 wawy 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
series of theoretical papers (cee, e.g., )Y

At the High Energy Laboratory, JINR the search for multiquark
resonance aggtes was first performed by the group of B.A.Shahbagi-
an in 1962 2°) in the analysis of pictures obtained by means of a
24-1itre propane bubble chamber irradiated with ~ 7GeV/c neutrons
and 4GeV/c T “-mesons., The invariant mass spectra of 49 systenms,
involving AC°=hyperons over & brosd range of hypercharge, strangs-
ness and baryon number, were investigated.

As a result of this analysis, statistically significant pesks
were observed only in the inveriant mass spectra of the systems
having Y £ 1. A summary of the data is presented in table III.
As sesn, the paramsters of the multiquark resonances observed in
the experiment are in good agrsement with predictions of the bag
model, Some of the mg?mcol presented in the table were observed
in other experiments } devoted to studles of multiquark reso-
nance states in Xd and T4 interactions.
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Presently the search for and study of resonance atates 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.Troyan's group multi-
quark resonance states with isospin I> 3/2 have been searched for
and studied using a 1m hydrogen bubble chamber 1rr¢d1a§§d with
monochromatic neuterons having energies of £ §.1 GeV )e In the
analysis of the imvariant mass spectra pM+T™ and nm "N~ from
reactions np ==pmtmmN~N", statistically s:l.ggiﬁ.cant pesaks
wers observed for masses 1538.1522 and 1894 MeV/c< and widths

£ 30, € 20 and ¢ 40 MeV/cc, respectively which points to the exis-
tence of baryon resonances with isospin Ia5/2, 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 performéd to increasme statistics and to define quantum
numbers of these resonances,

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

Multiple production processes of particles and fragments fora
a main part of the total cross section for relativistic nuclear
interactions. A picture, obtained using the 2m propane bubble cham-
ber (mee fig.27) exposed to a beam of 50GeV carbon nuclei, illus-
trates such a type of processes. In the picture one osn see not on-
ly multiple particle production but also the production of frag-
ments of the carbon nucleus which, in its tuim, 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&ginod on beams of the synchrophasotron by means of track de-
vicesUFrom these results a feiry complete picture of the mecha-
nism of these processes emerges., In particular, i1t has been found
that the main characteristiices of nuclear processes for an energy
of > 1 GeV/nucleon are well deecribed by a superposition of the
characteristics of nucleon-nucleon interactions and the average
trangverse 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 ueing additive nucleon model predictions
gives good agreement for all the main tharacteristics of these
processes, The validity of this fact follows from small momenium-
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" quesi-particle,

441+ Inelastic cross eections of nuclear
interactions

The character of the behaviour of the total inelastic cross
section of relativistic nuclel is an argument in favour of thise
statement, 61

At present ihere are many papers ) devoted to the measure-
ment of total inslastic 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 - ‘cdndidates for qE’ states
1« AP (I=1/2, Yu1, Bu2 S u =1

Bag mogel
0!
M T . Significance B prod.

Qo¥/e®)  ueV/e®) UMy g0,) )~ mev/eh) 7
2255,.210.4 16.9%2,3 8,05%1,32 85.3420,0 2241 2t
2354.320.7  56.,1%5.0 6.2541.25  65,0£17.0 2353 2"
2183.210.6 3.710.7 5.56%1,23 60.0£15.0 2169 1*

2. A PTT (I =3/2, 1/2, Y= 1, Bu 2, S = =1

Bag model
dictions
M, r , Significence 6prod. 2 3
(MeV/c<) (MeV/c“) Ns! 4 v') {rb (MeV/c®)
2495.,218.7 204.715.6 12,8631.68 T0.5215.0 2500 07 ,17,2
I1. Strange exotic baryons -candidates for qqz;atates Ann
Bag model
redictions

Significance sprod.

) r 2 2 J
(MeV/c®) (MeV/c©) (R 4 od v.) (pdo (MeV/c®)

1704,940,9 18.,0%40,.5 5.3 £ 1.6 19.020.6 1710 172"
2071.6£4.0 172.9212.4 10.3 * 1.5 88,0£27.0 2120 172"
2604.914.8 B5,9121.5 562 % 1.4 31.919.0 2615 3/2”

sulte leads to the following characteristic properties: a) within

the experimental errors the cross sections are independent of the
energy of colliding objecte; b)there is a weak dependence of the
croes sections on the size of target-nucleus (Ay) as the atomic
weight of the projectile (A;) increases; and c) the croes sections
for energies above 1 GeV/nucleon are well described by a simple
geometric model with overlap,

Figure 28 presents a summary of the data on total inelastic
cross sections for nuclear interactions versue Aj and A¢. In the
same figure are gt&en experimental data, recently cbtained at the
synchrophasotron N onzéhe messurement of inelastic crose secti-
ons for interactions of ““Re with C,Al, Cu and Pb nuclei at 4.1
GeV/nycleon, One can see that_all the experimental data (except
the 1 + C_point from paper ©53) ) are well described by the geo-
metric mcdel with overlap, in which the parameter of overlapxgn
depends on the atomic weighte of the colliding nuclei., Approxima-
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Table IV

T Mg | . J¥ mode
. (lovlcs) (lleV/cz) decay
exp 1438 23 372*, 52t An
1522 s20 1724, 3727, 5/2*  pq . ¥
1894 § 40 - An » ¥n
B.M. 2000 - 5/2” -
1450-1470 - e -
JSM 1550 - 3/ -
1900 - 1/2%, 3/2%, 5/2% -
SSR 1400-1700 230 for 5/2%
M., = 1438 AT
,"!,J \}{\} x C+A
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ting the experimental data by the curve from the formula
6'121 - 10“}1‘2) [A:{/} + A1/3 - P(AI1/3 . -1/3)]2 .

one gets the following values for the parameters Rym1.30 fm and
p-0093o

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 ineide the nucleus, & part of them
remains spectators (stripping effect). Not only nucleons but also
projectile fr-?ont- (fraguentation effect) can 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;udiqd at the -ynohrophuotrgz by means of the
2n gropum bble °2) and stresmer chambers °%) and nuclear
emulsions ©2), A great deal of information on this process has be-
en obtained in these experiments.

FMgure 29 presents date on the production cross sections
for f:‘l?tntl of different charge versus the atomic weight of tar-
get-nucleuy, and ﬂ5629b shows the values of fragment charge ob-
tained in #He and 14C interactions with different target-nucleus
for an energy of 4.2 GeV/nucleon, One oan ses that &) the dependen-
ce of the cross sections of r:ufnnt 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 Joining noninteracting nucleons to e coupled system turn
" out to be rather large.

b) The behaviour of the cross sections of nuclear fragmentation
versus the charge of fragment production is approximated by the
curve c?gposed of two exponents with a kiok point at Zg=3,

¢) Por '2C 4 propane interactions an excess yield of He nuclei
(ol ~particles) is observed which are often produced in groups. In
particular, one of —particle is produced in (3913)%, two in
(5133)% and three in (1033)§Gof events,

In a number of papers ) 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 2Zs » 2 of projectiles with target-nucleus has
been reported. This information has aroused considerable interest
because this effect can be directly associated with the possible
existence of excited fragments w*&h an anomalously large cross
section and a lifetime of ~ 107'“s, However, the present-day ex-
perimental situation of a real existence of such fragments ("ano-
malons®) is ambiguous and requires futher atudies‘7’§m

An attempt to observe anomalons has been made by the group‘9
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 propene were meagured.
The charge of the fragments was identified by the density of § -
-electrons end by evaluating the tota% charge of stripping frag-
ments in primary and secondary stars 9).

Pigure 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 crosa sections of primary protons, deuterons, He and C
nuc196 in propane obtained by this group under the same conditi~
ons V), For the fragments with Z¢ = 6 the slope of the line cor~
responds to the interaction cross sections of beam nucleil with
propane, and for the fragments with 2y = 2 and 5 the lines are
plotted takins into a?count corrections to the interaction cross
sections of 7He and 12C nuclei with propane because of the admix-~
ture of other isotope states. These data are normaliged 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
loss of fragments w.th Z{ = 2 and the increased number of frag-
ments with Zp = 6. This 1s due to the superposition of the tracks
of fragments with &5y = 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
welght. Such a dependence is shown in fig.30b. The dashed line is
the result of approximation of the measured interaction cross sec-
tions of primery 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.
Prom the figure it is seen that the slope of the distribution of
experimental points for fragments with & « 5 and 6 is larger
than that of the dashed lines., This means that the cross sections
of fragments with Zp = 5 and 6 is larger than the expected value
(.~10%§T This result is an evidence for th? possible existence of
excited fragments with a lifetime of -~ 10™ 0 which gives an ano-
malous value of their croes section in propane.
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4.3. Some characteristics of particles produced in
inelastic nucleus-nucleus interactions

A systemsatic study of characteristics of secondary particles
produced in inelastic nucleus-nucleus collisions for relativistic
energles is the important eource 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 dynemics
of their production to be reconstructed fairly completely.

4.3+10 Multiplicity of secondary particlee

Avallable 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 ite dispersion (<n% /D ) on the ene;ﬁ of the projectile
and the atomic weight of the target-nucleus « If the charge of
aninitial 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 deascribed by a uni-
versal dependence of the type

Dsagnd» +b .

New experimental deata on the multiplicity of secondaries in
nucleus-nucleus interactions at relativistic energies do contra-
dict this universality. The resulte 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 <n)» much faster than the universal
dependence (see fig.31). Moreover, selecting & group of events with
small impact parameter (the so-called "central®™ interactions) out
of all inelastic nucleus-nucleus collisions, a 5139 ficant narrow-
ing of the multiplicity dietributions ie observed /<), These dis-
tributions differ more amd more from the universal dependence and
become much narrower than the Poisson diastribution as "centrali-
ty" of the collisions increasses. The observed dependence of D on

<n> can be explained within the framework of s model with inde~
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pendent interactions of projectile nucleons 73) in which the pro-
Jectile nucleone (Aj) in nucleus-nucleus colllsions are assumed to
interact with the target-nucleus (A4) independently., Taking these
espumptions into account, one can get the following expressions
for the average multiplicity, < n> Aj4¢» of secondaries and dis-
persion, Dgja¢, for nucleus-nucleus coliiaiona in terms of the cor-
reasponding chﬁracteriatics for nucleon-nucleus (N + A;) interacti-

onsa
<0y = isen>
and AAy i NA¢
2 2 . > 2 ‘n>2 2
Ca iy Vi>Dya. <"NaPy

=VenL—¢nyt
~ w

n.
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where <Vp = Ais"(N + A/ 6 (A; + A;) is the average number

of projectile nucleons which interact with the target-nucleus;

D is the dispersion of the V;-distribution Py (V= 1,2,.04., A1);
G (N + Ay) and § (A; + At) “are the elastic cross sections for

nucleon-nucleus anq nucleus-nucleus interactions, respectively.

A comparison 3} of the experimentel data and the celculati-
ons with the model gives good agreement.

The results recently obtained on the average multiplicity of
neutral particles ( ¥ - quanta, /° - hyperons and K° - mesons) in
dTa and CTe interactions at 4.2 GeV/céﬂucleon can be explained wi-
thin the framework of the same model /%), ’

In this cgnnection the experimental data on the multiplicitx,
distributions /9) and the average values of transverse momentum /4)
for charged %.rticles do not confirm the predictions of tharmody-
namic model %),

4.3.2. Momentum characteristics of secondary particles

The experimental data are discussed on momentum characteris-
tics of secondaries produced in nucleus-nucleug_interactions ob-
tained by the groups of the 2m propane bubble 3,74) and streamer
chambers 1°) 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 li.cen'cral interactions)
were studied in these experiments. -

Figure 32a,b presents the momentum characteristics of M -~me-
sons and protons produced in centrgl CC interactions versus their
rapidity (y = #E + Py )(E~Py)l ). The limit of the kinemati~-
cal region for NNcollisions is denoted by a dashed line. One can
8ee that for M -mesons the maximum density of events 18 observed
near y = 1,1 and for protons at rapidities besyond the limit of the
fragmentation regions of projectile and target-nucleus.

20 T T T T T
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In fig. 33a,b are shown similar distributions for m “-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 collieions, is observed in CC and
CTa central interactions. A similar eituation takes place also for

M° -hyperons produced in q a and CTa interactions for a momentum
of 4.2 GeV/c per nucleon /%), -

Figure 34m,b,c presents the distributions of 1 -mesons and
protone 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%{osed of the sum of exponents:

-02 -hP
clN2= JaP?, ggbP?,
dEL

These curves are denoted by solid lines, From the figures one can
draw the following conclueions: _

~ The slope parameters for M -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
pecond 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. 411 the data on the slope parameter
for T =-mesons are summarized in table V.

- In teble V are presented the slope parameters for proton
production in p, 4, 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-
jJectile (except CC interactions). 2 2

= An exponential gependence on Py having a structure at P} =
= 0,5 and 1,0(Gev/c)c is obeerved for all types of nucleus-nucle-
us interactions in which protons are produced with characteristics

36

o T—



# gave)

o

as

Fig. 33a

beyond the kinemaiical region for NN collisions. The slope parame-
ter 18 1(GeV/c)™< which can be interpreted as a8 consequence of
proton production in hard collision processes at small dietances.
~ 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 (fig.
34b) shows that the experimental characteristice of secondaries
produced in the collisions of relativistic nuclei with nuclel of
large momentum iransfers are not described by the cascade model,
Interesiing 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: 8 group has been found that
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the value of ¢ Py » for pions, produced in interactions
e + ( ®11, C, A1, Cu and Pb ), 2C + (C, Ne and Cu)

and 2°Ne + Ne, 1s independent of the degree of interaction centra-
1ity, the mass of the projectile for A w 4420 and the mass of
target-nucle;ig for A = 6364, Besides, the predictions of thermody-~
namic model ) contradict all the experimental datm on < PJ_>
(see £igc35)e.

Table V
Type of in-
teraction -1 b lalndf
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 1 4.4 7.8 £ 0.6 0,87
ce 8.7 £ 1.3 2.4 ¥ 0,2 0.81
CTa 2.621 0133 0099: 0.54 1.05
HeTa = P 3.21% 0,35 0,44% 0,35 1.16
dTa 3.29% 0,39 0,56t 0.54 0.82
pTe 3.19% 0.62 - 0.31
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4,3.,3, Dimensions of radiation region of se-
condary particles

The method of interference of 1$¥e particles, which has been
put forward and developed in papers )y is widely used to deter-
mine the space-time structure of radiation sources of secondary
particles produced in multiple groduction processes. In particulaxn
this method has been applied 79) to the determination of the
size of the radiation region (r) for secondary pions from typ in~
teractions at 40 GeV/c and the lifetime of this syetem (T ) in
the laboratory syatem. The group has obtained that r = (1.9%0,.3)fm
and CT= (0.840.2)fm. Futher it has been found that for the same
process in the c.m.s, there exiet two radiation sources of pions,
one of which is due to direct pion production (ri=C 'IT1 21fm) and
another to g:l.on production from the decay of resonsnces (rp =
e OT» =3fm).

6oncrete information on the space~time structure of generatim
gources of particles in gifferent processes has bean obtained to
date using this method °),

The group working with the 2m propane bubhble chamber has ob~
tained new date on the space size of the radiution region of nega-
t:l.v? ions in nuclems-nucleus interactions at 4.2 GeV/c per nucle-
on 63. Por CC interactions r = (3,10 2 0.89)fm and for CTa cent-
ral interactions r =« (4.11 * 1.07¥m. 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 posseible 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 e’istonce of superdense nuclel has been first predicted
in papers /9), During the ensuing years attempts have been made to
obeerve this effect, A more comp. eteaaeview of experimental results
obtained until 1977 can be found in “VY),

On2 of the fields of a search for radioactive superdense nu-~
clei haasyeon proposed and implemented by A.V.Kulikov apd B.M.Pon-
tecorvo ). Using the setup with perameters C 3 5+10~°s and
Eg > 45 NeV, they have obtained the upper 1limit of the production
cross section for radioactive superdense nuclei in pPb interacti-
ons.

Iater on the energy thyreshold of electron detection was de-
creased in the experiments ), 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 ome io obtain data in
the region'tﬁ 10’8,

As shown 3), the production of metastable superdense nuclei
in nmuclear 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 Y4),

Below we discuse experimental results 85) on a search gor su-
perdense nuclgi unstable to B-decay for a lifetime of 10-E ¢

T & 10-%g and metastable superdcn37 nuclei decaying with
°-q|zeson emission for a lifetime of 107'-
=10~

8. These experiments have been re~ a =5
cently carried cut at the synchrophasotron ® e 1]
on beams of carbon relativigiic nuclei, 1 A
The momenta of the beam of '<C nuclei ex- & T
tracted from the synchrophasotron were —_—,
1.68 and 4.5 GeV/c. A layout of the expe- all 2
riment and a trigger system are presented s, Us, M

in fig.36. Curve 4 in fig.37 gives the up-
per limit (with u confidence level of 90%)

of the production cross section for super-

dense nuclei having lifetime T and decay- b %Es
ing with the emission of ﬁectron or po- K —=
sitron with E®45 MeV in '2CPo interacti- n=-—_sz
ons at 4,5 GeV/c per nucieon. Curve 5 o >
shows the upper 1limit (with a confidence 8 &M
level of 90%) of the production cross sec- L1
tions for nuclei, unstable to the emisgi-  — S
on_of TI°-meagys with a kinetic energy of =]
~50 MeV, in '<CPb interactions for a mo- S5

mentum of 1,68 GeV/c per nucleon.

As seen from the figures, the proba-
bility of nucleus prgduction having a
lifetime of 10-8-10-%s with the emission
of electron/positron with Ee >45 MeV is
no larger than 3¢10-% in inelmstic CPb in-
teractions, and the probability of nuc;e-
us p%'oduction having a lifetime of 10~/=~
=10=18 with the emizsion of T °-meson do-
es not exceed 6¢10~%in inelastic CPbcolli-
sions.

A 8 wiEnAEed

a

The data on the obser-
vation of superdense nuclei are summariz- B R % o 05 ExfMe
ed in table V| .

Fig. 36
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Table v}

NATURA P(10~100 )GeV n,f Heavy ions
21 Gev/a
R Holtet B,I,Pog;okgrvo G,Sggo*vgt BsB.Price et a1,/
et al 1/ ot al, Lgt als Ar4Pb w=(fr),
(Rn) 61072951 [E >45 eV JEn 40 MeV | <10 cn?
a8 t 4 ,
4 _3 ~7 Abdivgliev et
- Rn_(n,y), 55,10 ek £ 10" fact G+ Ao A
A|  E>30 Mev 6 ¢10™3cn? At «B, P20 Nev
o S ,Franke 10-29 2 7
> et a1,2/ me._&m.ug&
“ (p,P’) C+Pb-=mA
¢c-=Ta, 1077 A=
VoAleshin et g1,/ V,A,Karnaukhov ° > 45 Nev
b )C-W, T L;w"'?tara et al, 1.'>10-2; .
p)E4(C2) 1oo MeV |Ta,Th + p,d,of 64107 “7cm
5 107%7act <= Rb, Ce, Pr E.,,az50_lev
.A Borovoi et al¥ |T>1hour, §>10_23
ﬁ (Gf) > 20 MeV 610" 3%cn? £10°%’s
¥(? -8 AslsBugoroly P.As lsev o
o <2010 /act oy a1, 11/ C + Pe,5n,Pbe X,
~
@ i("OG"?’A'Xe X = 3n+ ¥
T >y 6 <1070
1/2 =1 year T s 18
G<3010"24cy 1/2

1. Phys. Rev, Lett., 36(1976)183
2. Phys, Rev., 13C(1976)737

3, Phye. 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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8, Letters to JETP,
24(1976)114

9, J. of Phys.,35(1980)723

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

11. Letters toJETP,
32(1980)487

12+ JINR, Dubna, preprint
P1-81~59¢ (1981)
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6, Conclusion

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

- Relativistic nuclear physics as a new sclentific field is
successfully being developed at JINR.

- 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, First of all, this
conoerns 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 nuclei and nuclear procesSses.

= Important resulte have been obtained on the properties of
nuclear reactions at amall internucleon distances that allowed one
to clarify a general picture of the dynamice of these processes
falry completely.

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

gest accelerators ol the world.

% 0" ot ot et 0t ot 0T

Fig. 37
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Kyaneyom A.A. E1-83-334

3 TaNbHUE WUCCREAC 8 0BnacTH penATMBMCTCKOM
AREPHON Ha CUH; TpoHe OWAK

fAaeTca HpaTkuM OD30P COBPEMEHHOrO COCTOAHMA NPOrpaMM IKCNEPUMEHTaNb-
HuX ucchne M, BRI HWX H3 CWHH: )TpoHe OMAW 8 oBGnacTu penaTuemcT-
CKOM AAEpHON OMIUKW, YAGNEHO BHUMAHWE CYWECTBYIUHM CErOAHA BO3MONMHOCTAM ANA
NOCTaHOBKM W NPOBEAEHMA HA CHMHXPOPAIOTPOHE MCCNBAOBAHMUM, a Takme OGCYmWaaonT-
cA HanwGonee 3HauMMMe OMINUECHHE PE3YNbTATH, NONYUEHHHE PAIHHIMA FPYNNaMH Gu-
3nMKOB CTpaH-yyacTHuy OMAM B obOnacTn PENATUBHCTCKON AREPHON Qu3anKu B nocnea-
HWE FOAN.

Pa6oTta ewnonHeHa B flaGopaTtopuu BbCOKuMX aHepruii OMAK.

MpenprHT 0BBLEAMHEHHOrD WMHCTWUTYTA MAEPHMX McCnepomamwis. fyGua 1983

Kuznetsov A.A. E1-83-334

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

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 Laboratory of High
Energies, JINR. .

Preprint of the Joint Institute for Nuclear Research. Dubna 1983
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