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The collision of high energy particles and relativistic nuclei
with nuclei have recently become still more popular at the Interna-
tional Conferences on High Energy Physics.

Interest of studying such a type of collisions arises from the
fact that wder same definite conditions the relativistic nuclear interac-
tions provide & unique possibility to investigate various aspecis of
strong interactions.

As recent studies have shown, the quark aspects of nuclear mat-
ter are of great importance for the comstruction of both the theory
of strong interactions and modern nuclear theory. In particular, in-
vestigations of nuclear reactions with large momentum transfers in
the region of limiting nuclear fragmentation have led to extremely
important information on the role of quark-gluon degrees of {reedom
in nuclei.

Thus, studies in the field of relativistic nuclear physics are
directly related to the problems of high energy and elementary parti-
cles being solved at the largest accelerator centres of the world.

Relativistic nuclear physics is of considerable importance in
the Dubna research program. In particular, these studies are now a
wide area activity at the Dubna synchrophasotron.

At present the synchrophasotron is the leading accelerator of
light nuclei over an energy of up to 5 GeV per nucleon, which is in
the region of limiting nuclear fragmentation and in which new proper-
ties of nuclear matter begin to manifest themselves.

Table I shows nuclear beams available at present at the Dubna
synchrophasotron/1 » All these are external beams of fully stripped
ions; fast and slow ejections are at the users choice. Cryogenic pa-
nels are being installed inside a part of the main ring of the syn-
chrophasotron in order to improve the vacuum what is necessary for the
acceleration of heavier (than in Table I) nuclei. All panels should
be installed by the end of the next year. For Z/A = 0.5 nuclei the
maximum kinetic energy is 4.2 GeV per nucleon (Pmax= 5.4 GeV/c) what
is substantially higher than at the Bevalac.

The total running time of the synchrophasotron is about 4000
hours a yeary 85% of which is used to implement the program of experi-
mental research.

A large number of physicists from JINR member-countries and other
countries are invelved in the program of relativistic nuclear physics
at the synchrophasotron. Some aspects of this program are also being
studied by Dubna physicists at the Serpukhov and CERN proton synchro-
trons.
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Results obtained have been published in many papers and were re-
gularly presented at International Conferences 2=12/
sent a brief outline of the most significant physical results that
have been recently obtained by different groups of JINR physicists.

Among different types of nuclear reactions at high energies of
particular interest are those in the region of limiting nuclear frag-
mentation which is kinematically forbidden for one-nucleon collisions.

A study of these reactions has led to the discovery of the cumulative

« Below we pre-

effect and the most striking features of its.

Table I
Type of nuclei Energy GeV Intensity per Type of iom
pulse source

P 9.0 4 x 1012 duoplasmatron

n 4.1 1x 1010 duoplasmatron

d 8.2 15 x 1O12 duoplasmatron

td (=53% of the 8.2 5 x 10° "Polaris®

degree of

_ polarization)

JHe 17.2 2 x 100 duoplasmatron
4He 16.4 5% 1010 . duoplasmatron

8

6Li 24.6 Yeb = 10 laser (10 joule
T1a 23.9 2 x 10° laser CO,)
12¢ 49.2 5 x 108 laser
¥y 6546 5 x 107 laser
19p 7341 1.5 x 107 laser

" t

22He 81.0 ‘!O4 "Krion" (gi::)ral
24”8 98.4 105 laser
28gy 114.8 102 laser

The hypothesis of the cumulative effect was first advanced by
AM.Baldin in 1971 13/. The cumulative effect is the process of colli-
gions between particles or nuclei and nuclei in fthe region of limi-
ting nuclear fragmentation where scale invariance is valid. As a re-
sult of this, the momentum which is much larger than that per nucle-
on of relativistic nucleus is transferred to the particle produced.

Some important properties of the cumulative effect (such as sca-
le invariance of inclusive spectra of pions and enhanced A-dependence
of their production cross section) were found already in first expe-
rimente carried out by V.S.Stavinsky's group at the Dubna synchropha-
sotron with relativistic deuterons in 1971 5 .

During the ensuing years some other consequences of the hypothe-
sis of the cumulative effect have been confirmed experimentally by
this team using beams of protons and deuterons with a momentum of
8.9 GeV/c and a large set (from D to U) of target—nuclei/15/.

The main results of these investigations are the following:

1. It has been found that the region of limiting nuclear frag-
mentation begine at an energy of 3.5 GeV per nucleon. In this case
there is an asymptotic regime in which no dependence of the invarient
cross section for a reaction of the type I + II+1 + ... on the in-
variant specific energy of colliding objects and other parameters
(except a scaling parameter) is observed. This result has been con-
firmed by experiments of other groups, which have studied cumulative
processes for various types of reactions and over an energy range of
up to 400 gev/16 a-d/

Figs.1a and 1b show, as an example,

T T ™7 Tthe date (the energy dependence of the
s /.,Jr———?- “slope parameter T, on E,é: = exp[-T/'J‘D)
i | )/ ) Tand the ratio R=r»/7" gg%‘ a Cu tar-
i'“' 7r/ . ;:&EknhGC]ﬁget) on cumulative 7 ¥ production in
"ot ] P s 1pA colligions obtained in Dubna/15/and
o} -Berkeley/16c/ experiments. Both are ob-
o /served to rise with energy up to~ 3-4
4 b L S PO SR GeV after which levelling off occurs.
wh—————— e =—tg—y 2. The cross sections for cumula-
_on} {tive particle production in the region
K “¥ 4 © jof limiting nuclear fragmentation
s - | (4< E, <400 GeV) and in the range of
] o ;ggg;qg“JWC[ scaling variable X from 0.6 to 3.5
. are well approximated by a unique expo-
Coi s ‘,H‘GM’ ¢ 7 ®  nential dependence (see Fig.2a) E, Z—ga
Fig. 1 = const &/3 Aﬁ“x) exp [ -X/<X3 ’ 1

where <X>= 0.14 (to an accuracy of 10%) is & universal parameter
which does not depend on the quantum numbers of cumulative particles;
m(X) = 2/3 + X/3 for 0.6<X<1 and m(X) =1 for X>1 and AI>I20.



The variable x/17/, closely related to the Bjorken variable
X = Q2/2L€v , is defined as follows: X = I(PIPI) - 1/2 m2] /[(PIPII) -
- MIL&I - (PIIPI)I » where P and PII are the four-momenta of
colliding nucleil, MI and MII are their masses and the index
corresponds to a secondary particle (in our case particle 1 is &
pion). The variable X "is called the effective cumulative number.

In the rest frume of the fragmenting nucleus it is approximately
equal to tne minimum target mass = X=(E - PII)/mN' where E and
Pil are the energy and longitudinal momentum of the produced particle
and 1, is the nucleon mass. For deep-inelastic lepton scattering,
negloc%ing magses, X/AII approaches Xe

The cumulative region corresponds to X> 1.

Similar results and the same value of < X> have been confirmed
in deep-inelastic muon scattering on nuclei (see Fig.2b). The cor-
responding prediction was made by A.ld.Baldin 6,18 and realized in
WA-4 experiments at CERN

10} > a h\1 b Fig.3 compiles the values of <X > for
LY " different types of cumulative experiments
1 N, g i including deep-inelastic scattering of ne-
s i
e ~ ET' F gative muons on carbon nuclei for an ener-
O .4 -
= s, ‘ of 280 GeV and momentum transfers of
2 ';'j QR = —q2 = 200 (GeV)z. As deep-inelastic
i lepton scattering is believed to represent
t L TR P g
d 6Cesm = F'Cﬂﬁ interactions with quarks, results of the
X T ? NA-4 experiments are very important to in-
2 3 1 dicate the gquark nature of cumulative pro-
i X
cesses.
Pige 2 3. For identical values of variable X
1 — the invariant cross sections of pion and
1 s - .
kaon production obey the following approxi-
280 A + .
: s mate relation E, d_:(.] (7)) =B, = (#)=
e -2 A0 (xtyey dphc7 - ¥y
400 ramegllt s -3 L B = (K")>> E, - (K”). Such a fact
e 90" P, P
. }ntmy can be interpreted as a result of pick-up
~$f }ngg from the symmetric quark sea of correspon-
2 il p- ding quarks by the valence quarks of the
e }K 168 | g4 Y
% | colliding objects (i.e., the valence quarks
—t F 90 g .
el i of the golliding objects form a part of 7™
a o4 02 and K, but they are not a part of K me-
K> sons). These results well confirm also the
Fig. 3 quark nature of the cumulative effect.

Thus, one can assume that the invariant cross section of the

process ‘I + II 1 + eoe in the region of limitingcfragmentation,

fo le, of =clgl
v example, of the nucleus II is of the form E, CquGII/q(X.Yf).

Here GII/q is the quark-parton structure functiondgk nucleus II,

¢! is the constant characterizing the hadronization of quark into
hadron 1, 0! is the cross section of the process where gquark q
from hadron II passes through target I having the avoided colli-
sion. The physical meaning of the functions GII/q ere universal mo-
mentum distributions of quark q in nucleus II.

4., The most striking feature of the cumulative effect is the
universal (for all the nuclei) X dependence of G11/q° In the range
X>1 the function GII/ is well approximated by & simple dependence
GII/q ~ exp[=X/< X>] with the slope parameter < X> = 0,14. AB can be
seen from Fig.2, GII/q is different from zero for X wup to 3.,5. In
this case the properties of GII/q(x) are in good agreement with
the idea of the cumulative effect as a result of interactions of mul-
tiquark configurations existing in the nucleus and containing an ef-
fective number of nucleons equal to X.

In accordance with the approximation of the limiting fragmenta-

ag

tion cross section (7II= E, —~G (X,gf), the ratios of structure
ag. II/q

functions for different nuclei'(in this case He, Al and Pb) norme-
lized to nucleon have the following X dependence:

(1) Opp'/O0pp = ApgGppy/ ApfGry ¢ 1 for App’>Ap and X < 1;

(i1) UII’/ O;; 21 for X>1 (see Fig.4). Such their very diffe-
rent behaviour can be interpreted as a manifes-

‘W%ET tation of multiquark configurations existing
. 6e| in nuclei. In our case, in the D nucleus,
10 [ ﬂ1g§ there are no configuraticne including quarks
st I 6a| from more than two nucleons, while the Al nu-
' cleus differs a little, in this sense, from
of e T the Pb nucleus.
; —-;ﬁ;ﬂj'..-J'4 = These results have been in part confirmed
‘* ' by experiments on deep-inelastic scattering of
: muons at CERN/ZOI and electrons at SLAC/217 on
7 3 4 D and Fe nuclei. This is often called the
X "EMC effect". However, the data of these experi-
Fig. 4 ments are restricted only to the region X<1.



Dubna results give additional information on the properties of
GII/q for the region X >1 which have not yet been studied in lep~
ton-nucleus interactions, and they can be considered as a prediction.
In particular, the investigation of the A dependence of cumulative
pion production at X = 1.3 for more than twenty nuclei shows (see
Fig.5a) that the multiquark configurations differ from one another
for all nuclei with AIIS 20, and for AII>2O the amount of multi-
guark configurations in nuclei is stabilized at a certain level. A
similar A dependence of cumulative pion production at X = 2.1
(see Fig.5b) makes it possible to separate the contribution of Y9q”*
and”12q”ata:es to the structure functions GII/q of nuclei.
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Thus, an experimental test of the hypothesis of the cumulatvive
effect carried out in systematic investigations of inclusive nuclear
reactions with large momentum transfers in the region of limiting
nuclear fragmentation confirmed the existence of this physics pheno-
menon, established the universality of its main properties and its
guark nature. The regularities which follow from these experimental
data on limiting nuclear fragmentation show evidence for the gquark-
~-parton structure functions of nuclei as independent (irreducible to

one-nucleon) objects of hadron physics. The properties of these func-’

tions are in good agreement with the idea that in the nucleus there
are multiquark states realized by a group of nucleonsg inside the nu-
cleus with effective number X which are substantially distinct
from multinucleon systems in a free state. The above properties of
the structure functions of nuclei, which have been recently confirmed
in pert by experiments on deep-inelastic scattering of leptons on nu-
clei, enable one to predict resulis of future similar experiments.
An attempt to study cumulative processes in other than inclu~
sive experiments have been carried out by several groups Irom the
High Energy Laboratory of JINR using pictures from the 2m prcpane

bubble chamber with Ta plates, This technique enables one to inves-—
tigate inelastic processes under 47 -geometry conditions and, in
consequence, to obtain more extensive information on the dynamics of
cumulative interactions.

Below we shall discuss results of a study of multiple particle
arocepses in  pC, pTa (at 10 GeV/c) and 7 C (at 40 GeV/c) collisi-
ons accompanying the production of cumulative hadrons.

Available experimental data have been analysed versus the lar-
gest value of cumulative number /30 =2?/3i , where /3i = (Ei -

- Pi[[)/mu, umon%_all the values of N for secondary hadrons

(in our case JT~, p and so on) in each event considered. The
quantity [30 thus determined is an ordinary variable of parton
models related to one nucleon of the nucleus. For example, selecting
interactions having particles with[3°> 1 (as known, cumulative), we
select events in which there occurred the hard interaction of consti-
tuents of colliding objectse.

The selection criterion for cumulative interactions can be exten-
ded. The point is that a fast quark produced in the hard interaction
can be hadronized not only to a cumulative particle (version I) but
also to a cumulative jet (version II).

In accordance with the aim indicated, both versions of the ap-
proach to a study of different kinds of correlation phenomena are
used in analysis of the experimental data of both pC, pTa and
7" C interactions.

In version I the properties of general average characteristics
(multiplicities, momenta and emission angles in the lab.system, ra-
pidities in the c.m.s. of tre hadron-nucleon) of pions and protons
produced in the above hadron-nucleus interactions have been analysed
versus /30 « It has been found/22/ that the values of . ® 0.4 (for
pions) and 130 = 1.2 (for protons) are the boundaries on which there
change the regimes of all characteristics of multiple particle pro-
duction on nuclei. The obtained results indicate the existence of two
mechanisms at least which are responsible for the production of se-
condary 1rt and p 1in these collisions. It has been found that the
region of cumulative interactions with f3 > 0.4 ( for T*) end ﬁ°>
1.2 (for p) is distinctly singled out for all the studied properties.

The analysis of the events from the cumulative region has shown
the following: (i) The processes,which led to cumulative pion pro-
duction, are independent of the processes of cumulative proton pro-
duction (only in ~ 12% of the events proton cumulative processes are
accompanied by the emission of cumulative mesons, and this fraction
does not depend onjgo).



(ii) The invariant inclusive cross sections for cumulative 73 and

p versus variable Q =/31 ~ B (here B is the baryon number of
hadrong) have an exponential form ~ exp|[-— i /< i>1 with

<ﬁi 7%= 0.143 * 0.004 and <ﬁ = 0,130 * 0.005 (i.e., with
universgal slope parameter<X> = 0,14 g It should be noted that this
dependence has been also cbserved in the cumulative production of
jets/23/. (iii) The behaviour of leading ﬁ!'mesons (i.e., the pions
having x = PL /Pmaxi’Z in the HN c.m.s.) accompanying the produc-
tion of cumulative hadrons is also of interest. Their general average

characteristics appear to be independent both of ks and l.€a,

1 r
they do not "feel" the cumulative effect. It is 1fficu1tﬁii explain
these facts in the framework of the‘models based on the notions of
"central" collisions in which the leading effect should be suppressed.
On the otker hand, it is difficult t¢ understand this effect using tie
models of rescattering and collision of incident hadron with nucleon
having large Termion momentum., The "leading" effect is in good agree-
ment with the fact that leading hadrons are produced from spectator
quarks, which pass through the nucleus without interaction, and cumu-
lative particles are the result of hard interactions of another quark
of incident hadron.

All the above general characteristics of secondary particles
produced in pC, pTa collisions at 10 GeV/c and 7 ¢ interactions at
40 GeV/c have been also observed for proton production in pion-nucle-
us interactions at momenta of 3.7, 6 and 9 GeV/c/24/ in Y+ nucleus
collisions/25/ and in ¥/V  + nucleus interactions + All these
facts confirm the universality of the general characteristics for
the processes of cumulative hadron and accompanying particle produc-
tion in various nuclear interactions at different energies of colli-
ding objects.

The production of hadron Jjets in cumulative processes for -
interactions at 40 GeV/c has been studied/LB/ in version II. Quark
hadronization from multiquark nuclear states is practically unstudied.
Therefore it is particularly interesting to select jets in the region
of nuclear fragmentiation and to compare them with the properties of
hadron jets in ete” and soft hadron-hadron collisions,

The analysis of the available data was performed in the c.m.s.
of incident pions esnd the corresponding number of nucleons ( Vy) in-
volved in the interaction. The energy of collision is defined by the

formila E,  _ =V5 = |V, mg Ep-

Such an approach makes it possible to observe the change of the
properties of hadron jeits, produced on nuclei, with the number of nu~

cleons involved in the interaction what is somewhat similar t{o an in-
vestigation of the properties of hadron Jjets versus the atomic number
of target-nucleus. Multinucleon 77~ C interactions with the total
charge of secondary particles Q = II - N_> 41, where N and N
are the numbers of secondary posltlve and negative partches per 1;—
teraction, were selected for the analysis (in this case the protons
having Plap€ 300 NeV/c were excluded).

The cumulative events were selected using the variable
/30 iZ-/B; >1.0. In this case summation was done over all seconda-
ry particles moving backward in the ﬂ"\k C.m.s. because the hadroni-
zation of quarks from multiquark states can occur so that none of
the particles has the ﬁg outside the kinematical limit of pion-
-nucleon collisions, whereas the sum of all in a jet produced
in quark hadronization is larger than 1.0. 4 group of particles ga-~
tisfying the condition /3 > 1.0 and having | x. 41 =2 [P J /E 20405
was agsumed to be a cumulative jet. o

. Based on the analysis performed, the following main conclueions
can be drawn: (i) In cumulative 7 *C interactions with the number

of interacting nucleons V¥, € 5 the production of hadron Jjete is ob-
served that collimated towards an incident pion and in an opposite di-
rection in the 7 V c.m.8. The values of average sphericity
(<8>) for both jets coincide with the data for ete” and hadron-
~hadron interactions at equal E, m.s, (see Pige6), (ii) In T ¢
interactions the longitudinal and transverse (Fig.7) momentum distri-
butions of pions for cumulative jets and also for the jets collimated
towards an incident pion agree with similar distributions of pions in
ete” annihilation. In this case the longitudinal momentum distribu~
tions of pions, calculated in the rest frame of & meson system
(<My>=10 GeV) that is identical to e‘e” events, were enalysed.
(iii) Within the experimental errors, the average multiplicity of
charged hadrons (<N¢p> ) in cumulative T *C interactions is in
agreement with the multiplicity in e‘e” annihilation for equal
Ec.m.s « (iv) The quark fragmentation functions F (xE) for K°-me-
sons and A -hyperons in cumulative 7 ~C, ete™ and soft 7P col-
lipions have a similar Xp dependence (see Figs.8a,b). In this case
the <« Ngo> and £ nAQ> » produced in quark fragmentation due to the
pickup of strange quarks from the sea, coincide in these interactions.
(v) The diquark fragmentation functions (xE ) for K°-mesons and
/f hyperons from multiquark states of the target-nucleus are consis-
tent with similar 7 P and e'e” data (see Pigs.9%92,b). In this case
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T T T b s T T T T T
= e 8 o L B S B)
[ TpADDese Jed-2 =34 LHOoNE Qreiedssm
" 1||.WH_Q Hll a
e - l l A i ) i
R 1% + ]
w ~
Ty T Y
- #‘%Ilf‘k it .# } B Fige 6
o ’ o } +¢ E = * ’ (] +# —
gl + U $ b
1 1 | - L] 1 | L 1 1 1 1 1
D § @ 6 W B W 5 0 5 2 25 X
E crmatow)
wl 8 ve Gl ST FEIG
o :‘.'I.P}rc aec & oo
0~ =3
2 @ 3
o > = L # b) e
Iy ey %
2| ®a & of e B .
R g =B IS i Fig. 7
_lzr. 1 ofa 4 3
.‘s% i ‘e o
ﬂ’n&‘ "P 4 R o
04 % 9 8 SN o
tH
ool L ! N ! aot LI 3 ) L | L
S 0 0 0s 10 5 20
2 ¢ " o, P (Govle )

Thue the results obtained in the study of jet production in mC

interactions at 40 GeV/c indicate that the quark end diquark fragmen- .

tation into pions and strange particles is universal in cumulative
s - - . k=

collisions on light nuclei, soft hadron collisions and e'e annihi
lation. - !

The fragmentation of multiquark states on light nuclei is similar
to that of gquarks and diquarks in soft and hard collisions of parti-
clese

Thc above data on the study of the cumulative effect allowed us
to broaden ideas of the quark nature of nuclear matter. The observa-

10

tion of multiquark states should be also expected in processes invol-

ving relativistic nuclei.
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Such a kind of expe-
riments has been perform-
ed by the groups of L.S.
Azhgirey and L.N.Strunov
in studies of inelastic
scattering processes of
deuterons on different
nuclei in reactions of
the type d + A=»p/d + X
with relatively large mo-
mentum transfers.

The spectrum of deu-
terons emitted at an an-
gle of 139 mrad in dd
interactions at 9 GeV/c
wus studied by LeS.Azhgi-
rey's group (fig.10).
From the figure one can
see that a peak from elas-
tic dd scattering at
8.59 GeV/c is seen in the
spectrum., The structure
over a momentum range of

_T.9-8.6 GeV/c caused by

quasi-elastic dd
ring, occurring with tar-

scatte-

get deuteron break-up but
without the production of

new particles, is also seen in the spectrum, This part of the spectrum
is well described within the framework of the multiple scattering mo-
del. An analysis of the deuteron spectrum in a momentum region of

< 7.9 GeV/c shows that the processes of coherent pion production,
when the incident deuterons are not broken, proceed at momentum
tranafers of < 1.5 (GeV/c)2 with a marked probability. This fact may
be considered as an indication of the admixture of"6q" configurati-
ons in the deuteron. In particular, in order to describe the above
results, it was necessary to introduce the "hybrid" wave function of

deuterons containing about

/28/

5% of “6q” states s

11



A similar experiment, performed by L.N.Strunov's group/29/ with
a high-resolution magnetic spectrometer "Alpha" (reaction 4 + C
(or CHE)-*p + X at 3.9 GeV/c), allowed one to reach higher momentum
transfers and to reveal a discrepancy with the standard nucleon-nu-
cleon interaction form (the "Paris" potential) as seen in Fig.lle.
The "Dubna wave function" extracted from these data agrees with that
from electroproduction experiments at SLAC/BO/ and Saclay e « The
observed excess for k 2 0,2 GeV/c (k is a relative nucleon momen-
tum in the deuteron) is interpreted as a manifestation of the “6q”
component in the deuteron wave functions: (//(d) = (1 -et) w (pn) +
+ & .([l(Bq), with 2 “ 6q " admixture of about 10%. The hybrid mode?y
has been used to describe the data.
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1 The "Alpha™ team has also be-

JHesC=d+X gun to investigate ~“He »p and

R R, -10,78 GeV/c ’He » 4 reactions at a beam momen-

tum of 6.0-13.5 GeV/c in order to

extract the He wave function,

i particularly at a higher value of

internal momentum, Preliminary data

\:H\ on the cross section of 3He-vd

e fragmentation and the calculated re-
v sults using the solution of the

Faddeev equation and the NN po-
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o
y

=}
=

g,

T & L o o 1 B s L

ea? ol [sev mb (Gev/c)™3 slerﬂ
R

<
"
?P
e D

daduied ik A L slimes

] Ploavic) BSeen in Pig, 12. A discrepancy beti-

8
Fige 12 ween the experimerital data and the
model is again observed here.

12

An investigation of the fragmentation of polarized deuterons
could give additional information on the quark structure of the deute~
ron wave function o Such an investigation is planned at the Dubna
synchrophasotron.

Turning now to the second topic, which is multiple particle pro-
duction in relativistic nuclear collisions (the renge of emall A y
and small momentum transfers), I would like to point out that the re-
levant experimental data have been obtained at Dubna as well as at
Berkeley. \

Colllsions of such a type make a decisive contribution to the
total croes section and are well described in the framework of ordi-
nary nuclear physics where the nucleon is & "good"™ guasiparticle even
at the highest energies. Relativistic nuclear collision processes are
described in the same way as usual multiple particle production pro-
cesaes of hadron physics on the basis of average general characteris-
tics.

In particular, the study of multiple particle production proces-
ses in nucleus-nucleus collisions has led us to the comclusion that
the main characteristics of these processes can be described as &
superposition of basic characteristics for nucleon-nucleon collisions.
In this case one can say that the additive nucleon model works well.
The validity of this fact followe due to emall momentum transfers in
these processes thal make a major comtribution to the total cross
section.

By the present time a gensrael picture of the relativietic nu-
clear collisions is to a large extent clarified. Although the range
of small A y and smaell momentum transfers yields no essentially
new information even at the highest energies, a study of multiple
particle production in nucleus-nucleus collisions is very important
for the solution of many problems of relativistic nuclear physics
and many problems of astrophysicsa.

Multiple particle production has been studied at Dubna by means
of nuclear emulsions, bubble and streamer chambers.

An interesting question in nucleus-nucleus collisions is how ma-
ny nucleons participate in the interaction (U, ).

Table II shows some new rasultulBGE/ on average numbers of par-
ticipant protons (<nP>) and correlated average numbers of partici-
pant nucleons EL”?) for interactions between 4, 4Be, 12C and
C, Te at 4.2 GeV/c per nucleon. In the table are also given ave-
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rage numbers of proton participants (<np>°°") obteined from the

DCM model 3 b’. It can be seen that the experimental deta make it
possible to choose classes of interactions with the number U, va-
rying over a wide range. However, the theoretical values for <l'\|,.'§e’l
are slightly greater than the experimental ones. Perhaps the DCM mo-
del slightly overestimates the number of cascade rescatterings of
secondary particles.

Table II
Type of in- 4 G
RSy - - - CC  central 9T ‘tere oTa cegg;ﬂ
<n_> 2.40 3.27 5.11 8435 5.52 B.64 13.84 29.96
P +0.03 $0.05 +0.08 10,06 +0.12 $0.24 #0.37 20.55

<Up> 4.4 6.2 0.2 160 1.2 1Tk 28,5 61,
= $0.1  #0.2  #0.2 10.5  10.3 to.g 08 13

< n; = ... . = 847 e o 14.9 32.8

L?t us look at some new results on interactions between d
4He, 20 and carbon/36‘ v :
« These reactions were studied by a group
of the 2m propane bubble chamber. Table III shows the average general
characteristics of secondary T~ ~-mesons together with the predic-
tions of a Dubna version of the cascade model (DCI)/36b/. From the
table one can see a gpod agreement of the experimental data with

the model.

Table III
pC ac 4HeQ cc
<n.> 0.33 % .02 0.62 2 .03 1.07 £ .05 1.52 * .07
<n> expt. 1.14 % .08 1.23 % .08 1.11 + .08 0.85 t .07
p_2 pex 1.23 1.15 - 1.07 0.70
<DP,> expt. 0426 * .01  0.26 * 01 0.26 & .01  0.25 % .01
GeV/c DC 0.21 0.23 0.24 0.24

< Yygpexpt. 0.85 & .04 1.00 £ ,03 1.04 £ .03 1,10 % .03
DCM 0.95 0.98 1.05 1.05

Fig. 13 displays the dependence of the average number of 7° ver-
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sus the number of 7 ~-mesons for dTa and CTa collisions at 4.2
GeV/c per nucleon/37/. Gontrary to nucleon-nucleon date at the same
energy per nucleon (where the average number of 77°-mesons decreases
with increasing the number of 7/ ~_mesons), in nucleus-nucleus colli-
gions & mn_ o> increases with &£ n_ 3. This differsnce in behaviour
is probably only to reflect the mechanism of multiple NN collisions
in nucleus-nucleus interactions.
The first results on antideuteron-deuteron interactions have

been submitted to this Conference by the “Ludmila" collaboration 38
The data (~6500 events of Ed interactions) were obtained by means
of & track sensitive deutercn target (100 X 16 X 8 cm3) gituated in-
side the 2m hydrogen bubble chamber exposed to an RF separated 12
GeV/c antideuteron beam (~ 0.5 3 per pulse end hadronic background
~30%) at the Serpukhov accelerator.

The total dd ennihilati-
on cross section at 12 GeV/c

10 [ ] T T T T T ; ]
9 4 4 | was estimated to be larger than
8 4 0.04 mb based on one 10-prong
2 i | event (see fig.14) with no

e, " l ————+—-——= charged baryons or antibarycne

é; 5 l | and a miesing mass of 2my

v 4 L = found in a part of the data,
1w o dTa - The multiplicity distribution
g 2 ﬁg,bu,— of charged particles in Ed in~-
1 | teractions was determined with

; bit] g > =4.6750.05 and <n»/D =

= 2.20$0.04, while for dd mult:-
nucleon interactions <n » and
<n>/D were estimated to be ~30% larger.

This team also studied the reaction dp-Tp at 12 GeV/c 138/,
The differential and total (10.4%0.7 mb) cross sections were deter-
mined on the basis of 630 events from this reaction. The experimental
data were found to be in agreement with the theoretical predictions
obtained in terms of Glauber formalism.

The events with F spectator were further gelected allowing one
to study np interactions at 6 GeV/c. Approximately 250 events of
np elastic scattering were selected giving <rel(13'911‘5 mb) and
d 0"yt /dt (the slope parameter b= 12.7£1.3 (GeV/c)™2) close to the
corresponding quantities for Pp elastic scattering data at the same
energy. It should be noted that the Tn data at close energy yield
smaller values of the slope paramete . Such a discrepency arises

Fig. 13
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Probably due to methodical difficulties connected with the selection
in the experiments with the deuteron target.

Passing on to another topic, which is the charge-exchange pro-
cess with A -isobar excitation in the nucleus, I would like to paint
out that this process may be the most suitable to solve the problem
of the excitation of A -isobar degrees of freedom in nuclei and to
study the properties of the A in nuclear matter.

Measurements of the in-
variant cross sections of the
(BHe, t) reaction on C and
CH2 targets at triton emis-
sion angles of g 0.4° were

performed at an incident mo-

= r{ ._?';?“.__:n - _J;;:‘”f"<§: mentum of 4.37, 6.78 and
J \\\::f ! :\‘g-‘i_ 10,78 GeV/c (see Fig.15 ).
. 5 T of 1 *{'. The statistical uncertainty
i, s 2 L of the data does not exceed
5%, the normalization one is
Fig. 14 less than 10%.

The results can be summarized as follows: (i) A single peak is
seen in the p(BHe, t) reaction cross section (black circles in
Fig. 15). The position and width of the peak are close to the expec—
ted ones for the p(jHe, t) A **+ reaction. There are two peaks in the
C(BHe, t) cross sections (open circles in Fige. 15). The first one is
located at small Q, and the peak height decreases with increasing
projectile energy. The second peak is located in the same Q region
Q = T3 - T, and T is kinetic energy) @s the peak in the
p(BHeJ)H?3++ reaction cross section. (ii) Two mechanisms contribute
to}the reaction investigated. One of them (the first éeak in the
C(“He, t) reaction) corresponds to spin-isospin excitations of nu-
clear levels in the residual nucleus. The other one contributes to an
internal excitation of target-constituent nucleons (ir this case we
shall refer to it as to A production). The contribution of the lat-
ter mechanisem increases with increasing momentum and dominates at the
largest momentum used., (iii) The ratio of the charge-exchange cross
section dg/d(? (0)= f;dé_lédHPiQ for C and H increases with increa-
ging incident momentu; var?{ng from =0.5 at 3.9 GeV/c to ~ 1.6 at
4,37 GeV/c and 2.3 at Pin;.6.78 GeV/c (in this case the contribu-
tion of the tail from the nuclear excitation peak being subtracted).
(iv) There is a shift between the A -peak positions in the reaction
on C and H at fixed incident energies. This -shift can be due to
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a kinematical difference between the minimal longitudinal momentum
transfer (at fixed Q) required to excite the A collectively on a
few-nucleon group in 120 and the one in the charge-exchange process
on a single nucleon. (v) The comparison of the data on absolute (BHe,
t) cross sections on H and C, as well as the Glauber calculation
results, shows that in the charge-exchange reaction with A produc~
tion in nuclei at high energies such mechanisms of the collective
type are essential, which cannot be reduced to A production on a
single target-constituent nucleon.

Thus, these results are rather unexpected from the point of view
of "standard" models iI one neglects those collective-type effects
which cannot be reduced to simple #gne-nucleon" mechanisms and also
does not take into account possible changes of the properties of the

/\ passing through nuclear matter.
Concluding this part of my talk, I
would like to say that fragmentation and
\ particle production processes in collislons
[ of relativistic nuclel are perhaps “ordina-
.L & ry nuclear physics in a fasti-moving refe-
R rence frame" only at small momentum trans-
l ‘ fers snd small A y, while at large momen=
tum transfers they reflect the quark struc-
ture of nuclei.

The Dubna results have been obtained
on the properties of nuclear reactions at
gmall momentum transfers and gmall inter-
nucleon distances that allowed one to cla-
rify a general picture of the dynamics of
these processes fairly completelye

0f special interest are, in our opini-

on, the investigations using the nucleus as
a laboratory for "exotic phenomena". In

Pig. 15 connection with this topic, I would like to
make some comments on "gnomalons", which have attracted large atten—
tion during the last few years, and the search for manifestations of
& phase transition of hadron matter to & quark-gluon plasma.

First of all, let us look at some new results on "anomalons“.

In a large number of papers devoted to the study of inelastic nuclear
collipions for high energies the effect of anomalous increasing inter-
action cross sectioms for secondary stripping fregments having charge
7 > 2 of projectiles with target-nucleus has been reported, This in-
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formation has aroused considerable interest because this effect can
be directly associated with a possible existence of excited fragments
with an anomalously large cross section and a lifetime of ~ 10—‘IO S
Tow it seems that the odds are against the existence of these pheno-
mena: one can quote here several recent experiments using emulsioném’
42/, plastic detectors/43/ and multilayer Cherenkov counters/44’45/.
In particular, I show in Fig.16 new results of the Dubna emulsion
collaboration/41’42/. The problem of anomalons has been investigated
on 6053 secondary interactions of projectile nucleus fragments with
charges from 3 to 10 found in the nuclear photoemulsion exposed
to a 22He beam at 4.1 GeV/c per nucleon, From the figure one can
see that the data, in which statistice was high enough to allow frag-
ments of all charges from Z = 3 to Z = 10 to be studied separate-
ly, do not exhibit any significant variation of interaction mean free
path (XA, A\ ) measured at different distances from the point of projec-
tile Tragments (X). Thé boundary of the region of stable anomalon
existence allowed by this statistics is estimated at a 1% coexis-
tence level by the method of maximum likelihood.

Similar results have been obtained in a

| e 21 ' high-statistics electronics experiment using a
bt a1 3 ; 2
f ] live target of 40 Cherenkov counters with thin
8 Ty Tn solid radiators (5 mm of plexiglass) which
s = make il possible to measure the fragment charge
e A z=5 2=
3 s o P and the coordinates of the point of its creati-
L
W e 20 ‘ on and absorption. The experiment 45 was per-—
Ewwt‘;:;gﬂﬁf”j__ formed on a Mg beam at 4.5 GeV/c per nucleon.
“ ® b2 s v
e The admixture of 20 nuclei in the beam was
’ 7 used for detector calibration. The branching of
L | 3} < .
Ei” A fiE the nuclear reaction channels and the mean free
H path for different fragments are in reasonable
2 &4 8 L 0 N % % W : 2 /43 44/
X em agreement with the published data ! (see
Pig. 16 Table IV ).
Table IV
Mg Na e F
lican free
path (mm) 126+2 23615 13343 13415
Branching
ratio 0.10810.004 0.09510.004 ©0,052%0,003
18

The experimental result shows (see Pig.17) that the abundance
of anomalons with a mean free path of 0.7-2.0 cm 18 less than 2p
for He, Ne and F fragments (9 £ 2 =< 11) created by the interaction
between Mg and light nuclei contained in the plexiglass target
(Cjﬂaoz, density - 1.16 gfem” ).

Coming now to the second topic,

A I would like to tell very brief{g abo-
lT_—Q - ut results of an investigation oot
7 /;'/ SN the tempereture and d$gsitngf nuclear
sy j»_.o:_:“, m;.':m matter in "central" ¢ + C 'colli-
P i s sions at 4.3 GeV/c per nucleon., For
. Tem CC central interactions (i.e., the
2 U ST RE T T events with no more than two positive,
= gingly-charged particles having momen-
Fige 17 ta Piutfa 3 GeV/c and emitfted at
() < 4° with respect to the beam direction) with additional se-
lei??on P, = 500 MeV/c, the root-mean-sguare radius i‘rmz(pp) =

- (2.6%0.4) fm has been obtained, which, together with the total num-

per of participating nucleons being about 17, gives an estimate of
P= (1.810.5)&3 for the density of hot nuclear matter. -

Thig value of density, combined with the wtemperature” of nuclear
matter T = (190£10) MeV estimated from the slope of the secondary
proton spectra within the interval of emission angles 70°-100°, ,
gives a peint on the nuclear matter phase diagrams shown in Fige 18.

CC central y
200f P i As is seen from the figure, at
b moderate energies and for not very

3 isot :ﬁ$%fl ‘;¥222[4ﬂ heavy nuclei, we can already be not
s 'tmﬂlf7¥@¢vf % far from a transition to the quark-
%,m~WLOMWM: e ¢ -gluon plasma. The result could be,
g N . however, more convincing if either
; {‘”w” & - heavier ions than carbon or much
4 4 ;>°““““m" % high energy are used.
: At the end of my talk I would
e ?: 2 i -like to point out the following:
o R 1. Relativistic nuclear physics
Fig. 16 is sucecessfully being developed at

Dubna. The program of experimental
research in the field of relativistic nuclear physics being performed
at JINR (primary synchrophasotron) directly comnects important prob-
lems of high energy physics, which have been discussed at many Confe-
rences of High Energy Physics.
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2. The nuclear collisions in the region of limiting nuclear frag-
mentation are the unique source of extremely important information on
a space-iime picture of hadron production (and their internal structu-
rec) and also on tle quark-gluon structure of nuclei. In particular,
the regularities which follow from the experimental data on cumulative
hadron production provide an evidence for the existence in nuclei of
maltiquark configurations the sfructure of which strongly differs from
free nucleons. Quark-parton models assuming the existence of such a
kind of states in nuclei seem to be able to explain the behaviour of
nuclear formfactors, deep inelastic lepton scattering and particle
production in the cumulative region. Substantial differences exist,
however, between formulations of these models, and they should be re-
formulated in a consistent way.
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