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1. INTRODUCTION

The asymptotic properties of highly excited nuclear matter
(nucleon and hadron) have been studied by analysing the gene-
ral characteristics of baryon clusters and hadron jets (res-—
pectively) produced in different hadron and nuclear interac-
tions over an energy range from 4 to 205 GeV using a new rela-
tivistic invariant approach to the description of these pro-
cesses.

Multiple particle production is the main process of rela-
tivistic nuclear physics.

In distinction to traditional approaches (e.g., inclusive,
semi-inclusive and so on) to the description of multiple par-
ticle production, the method employed by us makes it possible
not only to more completely use experimental information but
also to order a complicated picture of relativistic nuclear
processes and to distinctly classify nuclear interactions.

In the invariant method of analysing’! multiple particle
production, the processes

[4115142+3+... (1

are considered in a space the points of which are the 4-velo-
citiesu =P /my or the 4-momenta P; divided by the masses mj.

The positive invariant quantities having the meaning of the
squared distance in this space

b= - (g - 0 ® = [y ) - 115 *

where i,k = I1,11,1,2,3,...,are basic variables describing the
relative particle motion.

The idea’?’ of introducing the b variables consists in
that a statistical regularity is realized in the cross secti-
ons of processes (1): in definite domains of the b;, variab-
les the b, distributions decrease monotonously and rather ra-
pidly with increasing b, by analogy with a decrease of the
interaction between objects i and k with increasing their re-
lative velocity (b;y> o ). The existence of the asymptotic be-
haviour of the cross sections as a function of b, results
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from the generalization of experimental observations, and it
can underly the formulation of the common properties of the
cross sections of hadron and nuclg;r interactions, the corre-
lation depletion principle (CDI:’)/3 v in the relative veloci-
ty space by analogy with Bogolubov's principle in statistical
mechanics and the automodelity principle in mechanics of con-
tinua. ‘

The b;, variables and the probability distributions (cross
sections) depending on them are really mcasured quantities:

do
W(...,bm...):m. (3)

It is evident that the knowledge of all by, for all partic-
les of a type (1) process contains full information on this
process. _

If the set of these experimentally determined quantities
is separated into two groups
{“"bik’ -v-}a and {“'v bj_nl""t'[g'
the CDP leads to that in the asymptotic limit, whon the bj,
distances (intervals) between points i and k from different
groups tend to infinity, the probability distributions W*B de-
cay into factors. One of the factors describaes tha particles
from the group a« and another from the group B, i.c.

w8 > WB- wh. ' (4)
baB - 00
In other words, the distributions, describing multiple partic-
le processes, are factorized in the 4-velocity apace by, i.e.
they decay into factors relating to different clusters in this
space.
The automodelity principle using the b,/ variables that
assume asymptotically large values can be formulated 4 as
the so—-called intermediate asymptotics:

. 1 b gk
W(baﬁ'bakg ka'blk’ . -) —-)—Boglg ‘N(bakg Eﬁ" h”(, v -). (5)

where thé parameter m, characterizing the velocity of tending
W to zero, is found experimentally or predicted theoretically.

Joining the CDP and the automodelity principle, the proba-
bility distributions W*B can be presented as

—
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a1
W Baw_l__wh, (6)

baB

B

where W® and W" , independent of large bik*'baB, depend only
on their ratio in the asymptotic limit. According to 27 in
our case the ratio of large quantities (ka,/baﬁQ having a fi-
nite value at baﬁ}* «~ can be written as follows:

_ Wgouko — (glk)
uBO

- X~ Ugo ~Ukz (7)
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=
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Here x is the light front variable of particle k and the Z
axis is directed along the line connecting the vectors of the
average velocity of particles in the a« and 8 groups. Accord-
ing to their definition, W® and whB describe the systems of
particles (isolated systems) which are independent of one ano-
ther. ‘Let V, be an average point of the system (group) of
strongly interacting particles, Uy the velocity of a k-th
particle belonging to the system and u; the velocity of an
i~th particle not belonging to the System. The system is cal-
led "isolated" if all b,; for all particles belonging to the
system W* are much smaller than b,; for all particles which
do not belong to the system:

¥ ’
B ’ !

bak >> bal -~ bo ’
where Dby is a characteristic correlation length. According to
the CD?P, interactions and correlations between the particles
belonging to the system and those not belonging to it are
negligibly small.

It should be stressed that expression (5) essentially gene-
ralized*scale invariance of the cross sections relative to
the transformation of all momenta P; » AP;. It is apparent that
the quantities b;, are scale-noninvariant, by - Azb;k, and
their ratio is scale-invariant. The conventional principle
of scale invariance is formulated as the existence of simila-
rity when the cross sections only depend on the ratio of large
values, e.g. the energy variables (E/Ep = x, The proposed
automodelity principle suggested the existence of scale non-
invariance similarity parameters b,k along with x. The study
of the similarity 'laws, which are not due to scale invariance,
is one of the goals of the papers/sﬂ/.of the report.

The quantity W® (similarly, WF) is the function of not on-
ly the variables bj, but also Xg, i.e. it depends on the di-
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rection of the cut connecting the points V, and Vg . This
means that at any, as large as possible, b, the isolated
system (cluster) decays anisotropically with respect to the
indicated direction in its rest system. Consequently, isotro-
Py in the cluster rest system is not the signature of an iso-
lated cluster ("fireball"). The main signatures of an isola-
ted system (cluster) are the CDP and the automodelity prin-
ciple.

A lot of regularities observed in experiments of relativi-
stic nuclear physics and high energy hadron physics satisfy
the general form of (6).

The relativistic invariant definition of nuclear clusters
and hadron jets as a result of manifestation of different
states of highly excited nuclear matter in interactions bet-—
ween particles and nuclei is a sufficiently new application
of the CDP in the form of (6) for the analysis of multiple
particle processes.

One of the most important conclusions of the paper devoted
to the analysis of multiple particle production in the rela-
tive 4-velocity space is the existence of two characteristic
distances in it: by~ 0.0l (nuclear scale) and bp'~ | (quark
scale). Two intermediate asymptotic regioms, b;,>> b, and b;, >>
>> by, should correspond to these values. In these regions the
probability distributions W as a function of b, have to sati-
sfy the properties of the general structure of {6), i.e. they
must satisfy the automodelity and correlation depletion prin-
ciples.

In this connection, the clusters with relativo velocities
of particles inside the cluster, 0.01 < b, << |, characterize
highly excited nucleon matter (baryon cluster production) and
the clusters with internal relative velocities,by, ~ 1, quark-
gluon matter (jet production). The propertics of these diffe-
rent 4-dimensional clusters should be describad by formulae
of the type (6) although they lie in various raegions of the
kinematical variables.,

The results of searching for the studying the properties
of the 4-dimensional invariant baryon and hadron clusters are
presented below. These data have been obtained by different
authors and published in’®’ .

The data have been obtained with the aid of a 2m propane
bubble chamber with Ta plates inside its fiducial volume expo-
sed to beams of 4.2 and 10 GeV/c protons and 4.2 A GeV/c nuc-
lei at the Dubna synchrophasotron and to a beam of 40 GeV/c
pions at the Serpukhov accelerator; with the help of a 2m hyd-
rogen bubble chamber ("Ludmila") irradiated with a beam of
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22.4 GeV/c antiprotons at the Serpukhov accelerator; with the
76 cm (CERN), 81 cm and 2m (FNAL) hydrogen chambers exposed

to 205 GeV/c protons and 5.7 and 12 GeV/c antiprotons, respec—
tively, and & 15-foot bubble chamber, filled with a neon—hyd-
rogen mixture, irradiated with antineutrinos with a mean ener-—
gy of 35 GeV at FNAL.

In the relativistic invariant approach the baryon clusters
and hadron jets are considered as 4-dimensional clusters with
relatively small values of bijx  in the relative velocity spa-
ce. )

The cluster or jet axis is determined as a single vector
vV = Euk/y(Elk)E that is extracted from the condition of mi-

nimum of the quantity

Ebk=-5(v—uk)2. (8)

Summation is performed over all particles belonging to a sepa-
rate group of particles.

Tw9 clusters (¢« and B) are separated by minimizing the
quantity

Anzmin[n—t—z(va—uk) —HIE 3 (Vg- uﬁg)gl (9)

representing the sum of the 4-velocities squared of secondary
particles relative to the cluster centres. In this case the
following condition is taken as a criterion of cluster sepa-
ration: the distance between clusters « and B in the 4-veloci-
ty space should be baB;: I for baryon clusters and b,5 > 10
for hadron jets. “h =

To determine the regions of cluster production, the Xj¢ and
X11c variables are used. The 4-momentum fraction of colliding
objects carried away by clusters is characterized by these
variables. They can be expressed as

- mg(B) (VY 8yurn) and
¢ mp (upup)

- miA (v, Byuy)

Xlo = - (10)
¢ my (upup)

Here mpa(f) _is the effective mass of cluster a or B, m; the
mass of"an incident particle/nucleus and m

the target mass;
for the nucleus m; = m; , where my = 931 MevV, ’




The cluster was assumed to be produced in the projectile
fragmentation region for Xj,> Xj¢ and in the target frag-
mentation region for X~ Xie .
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Figures la,b,c illustrate 6 o q

two-dimensional X;, and Xy¢
diagrams for events from »" P ,
CC interactions and those cal-. 4+
culated by the spherical phase
volume model. One can see that
real events from 7 P and CC 2t
interactions in the projectile
and target fragmentation regi-
ons are separated (clusterized)
into two groups of particles.
In the case of simulated events
such an effect is not observed.
The values of the X and ZXilc variables used to determine
the limits of the fragmentation regions are presented below.

In our analysis the distributions of particles from diffe-
rent interactions have been studied by the following quantiti-
es: a).b, = —(V—-ukfis the distance ofgall selected particles
to the cluster centre; b) by =-(-V)", the distancezbet—
ween the cluster and the projectile; c) buc==~(un - V)®,. the
distance between the cluster and the target; d) bgg=—(Va=Vp)
the distance between two clusters and so on.
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2, STUDY OF THE FIRST INTERMEDIATE ASYMPTOTICS
IN THE REGION 0.0l << bj << 1, UNIVERSALITY OF THE
PROPERTIES OF 4-DIMENSIONAL BARYON CLUSTERS IN
RELATIVISTIC NUCLEAR INTERACTIONS OVER THE ENERGY
RANGE 7 < by < 570

According to the classification of relativistic nuclear
interactions adopted by us, the given reéion is separated in-
to two independent subregions: bjx ~ 107 and 0.1 <bjk< 1,

The first of them (bjy ~ 10 °) corresponds to the interaction
of nuclei as weakly bound nucleon systems. The proton-neutron
model of the nucleus is valid in this region. The second re~
gion (0.1 <bj,< 1) is intermediate (transitional). Except the
nucleon degrees of freedom, the quark degrees of freedom lea-
ding to the reconstruction of hadron systems being to manifest
themselves in this region.

2.1. Properties of Baryon Clusters in the Region

- -2
b,y 10
To study the properties of baryon clusters in the region
by ~ 102 where we deal with classical nuclear physics, non-

interacting (spectator) protons from the target-nucleus and

the projectile (for an exposure to carbon), produced in hadron-
nucleus (pC, pTa at 4.2 and 10 GeV/c and » C at 40 GeV/c) and
nucleus-nucleus (CTa and CC at 4.2 A GeV/c) collisions, have
been selected. The protons with 150 < P, < 300 MeV or by =

= 2(E;/m; - 1) in the interval 0.025 < by < 0.1 were attribu-
ted to spectator protons.

Figure 2 a,b shows the b, distributions of protons for
various types of interactions. One can see that the obtained
distributions for protons, fragments of the same target—nuc-
leus, are similar within the experimental errors, i.e. they
depend on neither the type of interactions nor the energy in
the investigated interval 7 < by < 570. An analogous beha-
viour (see Fig. 3) takes place for the by, distributions of
protons for various types of interactions.

The following average values of <b,> and <bj > have
been obtained: <by> = 0.031+0.002, <by.,> = 0.024+0.002 for
(=, p,d,C) + C interactions and <by >= 0.048+0.,001, <bi¢> =
= 0.031+0.003 for (d,C) + Ta interactions in the target nuc-
leus ffagmentation region.

Figure 4 presents the by, by, distributions of stripp-
ing protons (i.e. protons with 2.8 <P ;< 5.4 GeV/c and 0 < 4°
relative to the direction of the projectile mot%on) produced




in CC collisions from the incident carbon nucleus. It is seen
that these distributions are similar and the values of <by>
and <b10>'are small: <byg> = 0.036io.001 and <bjy = 0.026:
+0.001.

~ The foregoing shows that the values of <bp > and <by>
are close to the cluster size and much smaller than those of
brin  for. all types of the considered interact%ons, i.e. L,
<brre> = <Prg> = <bg> <«<'b . Thus, in the reg}on-bug~ 10~ 2,
where the proton-neutron model of the nucleus is valid, Fhe
protons from various hadron-nucleus and nucleus-nucleus inter-
actions being fragments of the nucleus represenF a system o
(a 4-dimensional cluster) having a very small size, bik~}0 ,
in the relative velocity space. This system is characterized
by the universal properties depending on neither the type of
interactions nor the energy from 4 to 40 GeV/c per nucleon:
The asymptotic regime for the production of stripping partic-
les begins even at E> | Gev/6/,
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2.2. Properties of Baryon Clusters in the Region
0.1 <bj<

The considered b;, region is intermediate. The protons in-
vestigated in this region can manifest themselves as quasi-
particles in classical nuclear interactions and as fragmenta-
tion products of quark systems if the interaction occurs at
the quark-gluon level.

The existence of baryon clusters in the 0. ] < by <1 region
has been studied for CC interactions at a momentum of
4.2 GeV/c per nucleon. The events with np > 4 were selected.
Spectator events from the target-nucleus and the projectile
were excluded. It was expected that two proton clusters asso-
ciated with the target and projectile fragmentation can be
produced in most events. .

The selection of such two clusters (¢ and B) and the se-
paration criteria of their production region are described in
Section |. The cluster was assumed to be produced in the pro-
jectile fragmentation region when X, - X11c and in the target
fragmentation region providing *ilc 7 ¥1¢ - The X;o and xpp
variables were found from the equations of the energy-momen—
tum conservation laws. With some simplifications they can be
expressed in the same manner as (10).

From the above procedure the fraction of selected events
was ~867% of all analysed CC interactions. The average multi-
plicity of protons in clusters was equal to 3.74+0.04 and
3.49+40.04 in the fragmentation regions of the ta;get—nucleus



and the projectile, respectively. The average values of <b>
were found to be 0.324+0.004 and 0.343+0.004.

' B Figure 5 shows the b,p dis-
tribution of two clusters. As
is seen, in the b, 8> 2 region

1_Q£L ) this distribution is described
N doug cC - inelastic by a power dependence of the
form
10 4 AN _ A
p m
( o dbaB baB
[ ]
with m = 4.3+0.3 what agrees
o1 . with the expected’*’ behaviour.

) In the bgB > 1 region <bgg> =
= 2.31+0,03.

Thus, the clusterization of
nucleons also manifested itself
001+" - distinctly in the transition
’ region, and the average size of
4-dimensional proton clusters
is much smaller than the distan-
ce between them, i.e.<b> <<
T << <bgg>.

To study the properties of
1 L [T T | N
1 5 4 6 810 baryon clusters from CC inter-
.actions, we have analysed the
invariant distributions of pro-
tons from the cluster (F(bk))
and proton clusters of relative-
ly colliding nuclei (F(blul)c))' These distributions are
depicted in Fig. 6a,b. The behaviour of the F(by) and F(by,)
functions can be presented as two exponents

0001

fup
Fig. 5

F( b)) = a,0xp(-b,/ <b>y) + a exp (=by/ <b,>,)

with the average values of <by>; and <by>,; equal to 0.154+
+0.014 and 0.288+0.028, respectively, and

F(byy) = Cyexp (=byy,/ <brre>y) + Cgexp (=bre /< bire>sp)

with the average values of <byj,>; and <bp. >, being respec-
tively’O.]@iQ.OZ and 0.51+0.05.

The behaviour of the F(b;,) function for clusters produced
in’ the beam fragmentation region has a similar character.

-
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Consequently, from the behaviour of the F(by) and F¢brienye )
functions one can conclude that the production of two types
of nucleon clusters is observed in CC interactions: cluster I
is characterized by the "temperature'" (or the mean kinetic
energy of protons in the cluster rest system),

my< bg>q
2

the 4-velocity value relative to the target nucleus <by,> =
= 0.14+40.02, the second cluster (II) has a higher temperature
<Ty>p= (135+13) MeV and <by >, = 0.51+0.02, It has been fo-
und that the part of all CC inelastic events, forming cluster
I, is ~ 87Z and cluster II, ~13Z.

<Ty>,; = = (72+7) MeV, and
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Figure 7a,b presents the behaviour of the characteristics
of nucleon clusters as a function of the type and energy of

interacting objects.
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To provide similar conditions for comparison of various nu-
clear reactions, the protons with 300 <P;,p < 800 MeV/c were
selected. There must be no less than two of such protons in
the event. The clusters selected in this way belong essential-
ly to the type '"cluster I". From the figures one can see that
for a wide class of nuclear reactions over an energy interval
of 7 <byyp £ 570:

(a) the cluster size (<by>) 1is similar;

(b) the proton cluster 4-velocity relative to the parent
target-nucleus is of the order of the cluster size, i.e.
<bge> = <bp>; ‘

lc) the distribution of nucleon clusters relative to the
targetynucleus in universals

(d) for n C interactions at 40 GeV/c there is a ~ 207% deyi-
ation of the indicated values what can be explained by the in-

fluence of the quark-gluon degrees of freedom at these energies.

.-
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Thus, the property of baryon clusterization distinctly
manifests itself in the transitional 0.1<b;;< 1 region of

-~ relativistic nuclear collisions. For the first time two types

,of 4-dimensional baryon clusters are directly separated. They

.differ from one another by their properties: one of them is

characterized by <Ty>; = (72+7) MeV and <by> = 0.14+0.01,
another by <T,>,= (135+13) MeV and <bjy;o>p = 0.51+0.05. The
mean size of proton clusters,<by> , is 3+10 ! and <by.> =101}
In the 4-velocity space the properties of baryon clusters
(cluster I in our case) have a universal character depending
on neither the type of interactions nor the collision energy
in an interval of 7 <bypy <570. This fact should be conside-
red as a manifestation of the automodelity properties in the
region of small bjy and as a generalization of the phenomenon
known as ''nmuclear scaling'. Nuclear scaling is the invariance
of cross sections with changing the collision energy; automo-
delity also implies the independence of the by, > b1g > b.8

variables and other large b,,.

3. STUDY OF THE SECOND INTERMEDIATE ASYMPTOTICS IN THE
b,,> 1 REGION. UNIVERSALITY OF THE PROPERTIES OF
4-DIMENSIONAL HADRON JETS AND OBSERVABILITY OF COLOUR
CHARGES '

In the b;;>» 1 region, hadrons lose the meaning of quasi-
particles of nuclear matter, and the interaction occurs at
the quark-gluon level. This region is most favourable for
studying the hadron jet properties as, according to the pre-
sent-day notations, the hadron jets are the products of con-
version of the quark or gluon, knocked out in the collision
of primaty particles, to hadrons.

In the relativistic invariant approach the jets are consi-
dered as hadron 4-dimensional clusters with relatively small
values in the relative velocity space.

As the studies in the field of relativistic nuclear phy-
sics show’/zﬂ the transition of hadron interactions to the
quark-gluon level is accomplished already for by, > 5. From
here it follows that the jets have to be separated even for
(Virur )~ (Viug)= 3.5 (Vg and V; are the jet axes in the
fragmentation regions of particles II and I), and the jet
width in the considered space should be approximately equal
to the same value,

The determination of the jet axis and the selection method
of particles belonging to the jet are similar to those alrea-

. 13




dy used in the study of baryon clusters (see Section I). Two
jets will be separated in the relative 4-velocity space if
the condition b,g>10 is fulfilled. To separate the jets pro-
duced in the fragmentatlon regions of tolliding objects, the
X;.and Xy, variables were used ‘whi¢h characterize the 4—mo—
mentum fraction of primary partlcles carried away by the Jet
(see (10)). For the jets produced in the fragmentation regi-
ons of the projectile and the target, the following values of
the variables were respectively chosen: Y10~ 0.3 and %y <
<0.3; %11¢> 0.3 and X1.< 0.3. The experiment showed that the
rdumber of unseparated events (i.e., belonging to the region
h? 0.3 and X131, > 0.3) was = 27.

‘The analysis was performed_ using a set of experimental da-
ta on hadron-hadron (7P, pPp,PDP), hadron-nucleus (7 C, pC)
and PN interactions of various types over an energy range
from 6 to 205 GeV.

Figure 8a,b presents the by distributions of n~-mesons nor-
malized to unity for z~p, »~C,PP and PP interacticons in the
beam and target fragmentation regions. According to the auto-
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modelity and correlation depletion principles, in the Py, >

> 22 GeV/c region the properties of 4-dimensional jets (clus-
‘ters) depend on neither the process, in which they are produ-
ced, nor the. collision energy. As expected, the average valu-
es of <b,> are equal to ~ 3%#%4.

The coincidence of the distributions for #7p and »~C cumu-
lative interactions as a function of the scale noninvariant
parameter b, in the beam and target fragmentation regions me-
ans that the fragmentation functions of quarks, diquarks and
multiquark systems into pions have a universal character in
the relative 4-velocity space. From these data it also fol-
lows that the carbon nucleus has no influence on hadron jet
production, i.e. they are mostly produced outside the nucleus.

The observed universality of the hadron b, distributionms,
i.e. independence of the type of a fragmenting object (»~, p,
T, C) and the collision energy at P,, > 22 GeV/c, means that
the hadronization of quarks, diquarks and multiquark systems
in these variables is the same at high energies, and it can
be interpreted as a charactéristic of colour charge interacti-
on with vacuum irrespective of other properties of the system
carrying a colour charge (quark or diquark). In this connecti-
on, it is of great importance to study the properties of had-
ron jets applicable to hard processes, in which the jets are
produced in the hadronization of colour objects in vacuum.
With this aim we have made the analysis of the hadron jet pro-
perties in deep inelastic lepton-nucleon collisions in which,
according to the existing notations, the "isolated" quark,
hadronized in vacuum, and the diquark, which hadronization is
similar to the soft one of quarks and diquarks in hadron-had-
ron collisions, are produced.

In the analysis we have used the experimental material on
N interactions obtained at< Eg>=35 GeV by the IHEP-ITEP-

FNAL and Michigan University Collaborationm. .

Q
The events with Q%= —q?> | (GeV/c)® and x = 57 2 0.1 ha-

ve been sélected to separate deep inelastic ¥N collisions with
valent u-quarks, where q is the 4-momentum transferred to the
nucleon, M the nucleon mass and v = Ey~— E,p"the energy of had-
rons in the laboratory system. For separation of the multiple
particle production region W2 > 9 GeV? (W is, the total hadron
energy in the c.m.s.), The conditions %ei =0 or 1 and ny < 1

(e; is the charge of secondary particles and Ry the number of
secondary nucleons in the interaction) are used to exclude

nuclear effects that are due to cascade nucleon reproductlon
in the neon nucleus,
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Fig. 9

Figure 9 shows the distributions of »“-mesons in the jets
produced in the fragmentation of knocked-out quark and di-
quark for three energy intervals of the hadron system. The
particles, belonging to one or another jet, are selected with
the aid of the invariant variables
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v o — v

X = —— -~ .>0.1 X = —- > 0.1,
4 (PyP - 0 and 99" " (PqPqq) ' (an
where Py, =xPy+q, By = (1 - X)F;. Here Py and Py are the 4-mo-

menta of a nucleon and a k—th particle. In the by > 2 reglon
all the distributions have an exponential character -

exp(-by/ <by>) and are similar within the experimental er-
rors for the quark and diquark fragmentation at the same ener-
gy W. As in the case of soft processes, the average jet size,
<bg>, 1is equal to ~ 4.0 at the same energy in the c.m.s.

Thus, in the relative 4-velocity space the properties of
4-dimensional hadron jets in soft and hard interactions are
universal and independent of neither the type of a fragment-
ing system (==, p, p, C, 4, mq) nor the primary collision
energy at /§= W> 6 GeV. This shows evidence that the jet pro-
perties are determined by the neutralization of colour charge
in vacuum, the process is statistical in character and inde-
pendent of the production method.

As 1s seen from Fig. 10, the independence of the jet proper-
ties (their universality) reaches the asymptotic regime at W2
>6 GeV (or atE (Eq ) > 3 GeV). According to the CDP, from
these data it follows that at energies higher than those in
our studies the hadron jet properties should be the same as
in Fig. 8a,h because, as could be expected, the "separation"
into clusters/jets becomes stronger with increasing by .

As noted above, according to the CDP, in the relative 4-
velocity space the probability W as a function of the b;, va-
riables should have the b, g properties of automodelity assum-—
ing asymptotically large values.

b
W(bags bgis by, een) = s W(bai.—fg -

(12)

The properties of W as a fun— T ERARRARA
ction of the by and bgg vari- 8o oty
ables for different types of in- n (T bocerk)

teractions have been discussed giﬂhqlwﬁ
above. Now we want to present sof S 3
results of the study of the be- Wb v ]
haviour of the W distribution ‘ ]

versus in light front variable 2of

PN B

o —prorest f"'"} 26,5, pp,c ]
o—torg iragm gl giaosen]
o= proyect fragm) b
- terg. ,m"_}uwn Modet E

10 L‘ o~ current fragmy 3N 4
a_targ. lw..-\.} <Eg>235 Gav ]
1 1l I R S
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V5 {w) Gev

Fig.
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b .
for particle k: xg-= _ak

‘b > Uig - u§, . A accordance
baﬁ aﬁ—»oo

with the above general principles, one can expect that the
properties of the W distributions as a function of the scale
invariant parameter of similarity (%x) should satisfy the au-
tomodelity principle in the by, > 5 region, and the isolated
systems (4-dimensional jets a and 8 in our case) should decay
anisotropically in the rest frame of the system/jet with res-—
pect to the direction of the cut joining points V, and vg in
the relative velocity space.

These and other hadron jet properties have been studied by
analysing the characteristics of 40 GeV/c #~p, »~C and
205 GeV/c pp interactions.

The x, distribution of 7z -mesons in the jets is shown in
Fig. 11. This distribution as well as the by distributions
studied previously are similar for the jets produced in the
beam target fragmentations, and their behaviour depends on
neither the type nor the energy of collisions in an interval
from 40 to 205 GeV. This means that the hadron jet properties
are universal for the fragmentations of various quark systems
(@, 9q, mq) in the considered energy range.

Figure 12a,b illustrates
the |cos@| distribution of 7——

T T T

ﬁgi ‘fwﬁ}nnmﬁwc mesons 1? the jet rest system,
°j%“ where 0 is the angle between
QM. - 3

10 :h:mﬁ}mm“G”E theaveloc1ty vector of partic-

% pp 205 Gele le Ug in this system and vec-
P, tor V,g-« In fact, the dist-
oy ributions for all types of in-
ﬁgw teractions have an anisotropic
4 character.
011 i‘t . To determine the values of
i k parameter m in Eq.(12), the
} b,g distributions of hadron
ws 5 10 15 20 jeég a and B have been studied.
These distributions are presen—
ted in Fig. 13. As expected,
the distributions from g3 >2
have a power dependence of the
with m = 3.140.1 independent of the type and the

Fig. 11

form ~

baB
collision energy in an interval from 40 to 205 GeV within the
experimental errors.
We have also studied the invariant distributions of hadron
jets versus their 4-velocities relative to the target ( Py, )
and“the incident particle (by,).
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Figure l4a,b,c shows that the behaviour of these distribu-
tions has an exponential dependence of the type

1 dN T T T TTTTTT T

N d_g'_‘ﬁ o p 40GeV/
o JUC 40GeVe
o+ 4 pp 205GeVc

~ e (-brrye / <Prane”)

with the following average valu-
es of <bI(n)C> . <bIIC>= ].61i
+0.06 in the target fragmenta-
tion region and < by = 10.1+
+0.4 in the projectile fragmen-
‘tation region, i.e. the avegage
relative velocity of the jet
from protons is much smaller
than the one for the jet from
pions. Under similar selection

, conditions the ratio <by,>/<bye>

Q01

mm*;mmﬁ;

Myp =33 201
my-c <3040
mpp =30402
0000t |- pp =30%G

00001 ! !

bup is 6.2+O > what approximatély

—0.3
equals the proton to pion mass
ratio. Substituting the proton
and pion masses in the expressions fcr relative 4-velocities
b;. and by, for some effective mass M and perform}ng the
corresponding transformations, we obtain the result 7 that
can be formulated as follows: the quark objects' with equal

Fig. 13
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effective mass independent of the type of a fragmenting sys-
tem (7,p, C) are the sources of hadron jets.

Thus, in the asymptotic region of large bjy(bix > 5) the
clusterization of hadrons (hadron jet production) is observed
in the beam and target fragmentations. The 4-dimensional had-
ron jets have universal properties depending on neither the
type of a fragmenting system (7— p, p, C, @) nor the colli-
sion energy. The asymptotic regime takes place at /S > 6 GeV.

The observed universality of the jet properties, i.e. their
independence of the production process, can be interpreted as
a result of colour interaction with QCD vacuum.

In connection with the said above, interest has been arou-
sed in the question on the possibility to observe objects
with colour charges. There exists an opinion that objects
(e.g., quarks and gluons) are unobservable because they stron-
gly interact with vacuum fluctuations and immediately convert
to hadrons.

However, let us consider the conditions of observability
of known unstable particles. The most important criteria of
their observability are the following: 'a) the cross sections
(o) can be presented as ¢ = gpWq with a sufficient precision,
where W4 is the decay probability of a particle or a seconda-
ry interaction and ¢ the production cross section; b) univer-
sality, independence and relativistic invarriance of W4 As
known, the properties of W4 are reliably detected in experi~
ment. The properties of unstable particles are determined by
those of Wy, i.e. their observability takes place.

By analogy, if we know the properties of invariant univer-
sal jets, we can also determine the properties of quarks and
gluons. From this it follows that the observability conditions
of quarks completely satisfy the criteria a) and b). It should
be noted that the universality of the jet properties ensures
that quarks and gluons survive over a long period of time to
cover the distance larger than the size of the parent system
(see, e.g., Fig. 8a,b).

Consequently, the observed universality of W%, Wﬁgand so
on, i.e. the similarity of their properties in different reac-
tions, and their invariance show evidence for the observabili-
ty of objects having colour charges.

4. COLCLUSIONS
Our analysis of different hadron and nuclear multiple par-
ticle production processes in a wide energy range made in the
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frame of the new relativistic invariant approach to these
processes has established the following:

1. The classification criteria of relativistic nuclear in-
teractions suggested in papers / are valid: the 0.01 <bj <
< 0.1 region corresponds to classical nuclear physics and the
proton-neutron model of the nucleus holds true in it; by, > 1
corresponds to the region in which hadrons lose the meaning
of quasi-particles of nuclear matter, and the interaction oc-
curs at the quark-gluon level; the 0.1 <bjy <1 region is in-
termediate where the quark degrees of freedom play a signifi-
cant role in hadron systém reproduction (perestroika).

2. The general principles, namely the automodelity and cor-
relation deplétion ones, allowing one to give a universal des-—
cription to the asymptotic hadron properties have been formu-
lated. According to these principles, the validity of the con-
clusion of the existence of two b, regions is shown. These
regions are characterized by different asymptotic properties
of highly excited nuclear matter: in the first of them (0.0l <<
<<bj, << 1) there take place the asymptotic properties of hig-
hly excited nuclear matter, in the second one (b;,~ 1) the
asymptotic properties of highly excited hadron matter.

3. The properties of baryon clusterization manifest them-
selves distinctly in the first intermediate asymptotics in
the bj; << 1 region. Two types of 4-dimensional baryon clusters
that differ from one another by their properties have been
first separated. The first cluster has < T >= (72+7) MeV, whe-
re <T > is the average kinetic energy of protons in the rest
system, and it is nearer the parent nucleus (<b1n;> = 0.l4+
10. 02) in the relative 4-velocity space; the second one has
<To> = (135+13) MeV and is more distant from the parent nuc-
leus. o

The average size of 4-dimemsional baryon clusters,
is 31071, and <by >, as expected, equals-~ 10~ 1 The pro-
perties of 4-dimensional baryon clusters—I have a universal
character dependent on neither the type of interactions nor
the collision energy in an interval of 7 <byp < 570. This fact
should be considered. as the generalization of the phenomenon
known as ''nuclear scaling".

4, In the second intermediate asymptotics in the by, > 1 re-
gion hadron jet (4-dimensional hadron cluster) production is
mainly observed in the beam and target fragmentation regions.
It has been found that the 4-dimensional hadron jets from soft
and hard processes have universal properties, i.e. they de-
pend on neither the type of a fragmenting system (=, P, P, C,
¢ ) nor the primary energy. The asymptotic regime occurs at
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b; y > 10. The universality of the hadron jet properties,
1“2 =

i.e. their independence of the process in which they are pro-
duced, makes it possible to interpret them as a characteris-
tic of colour charge interactien with QCD vacuum. The obser-
ved properties (universality, independence of the reaction
type and relativistic invariance) of 4-dimensional hadron jets
prove the possibility of determination of quark and gluon pro-
perties, i.e. the possibility of observability of objects ha-
ving colour charge.

The authors would like to express their gratltude to
A.M.Baldin for numerous discussions and support in this work.
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Mpuwnn B.T., Qugenko N.A., Kyaneyos A.A. E1-87-829
Nonck u uccnegodaHue acCHMMNTOTMUECKUX CBOMCTB BHMCOKOBO3BYMAEHHOM
AQEPHOW MaTepumn

C NOMOWbIO HOBOTO PENATUBUCTCKM-MHBAPMAHTHOIrO METOQA aHaNW3aMPYOTCA Npouec
Chl MHOMECTBEHHOI O POXAEHMA B NPOCTPAHCTBE, TOMKAMM KOTOPOro ABNRITCR YeTu-
pexXMepHBE CKOPOCTH Uy = Pj/m{, a OCHOBHHMK nepemermuimn = D = —(uy =) * =
=2[(wug) - 1] , rae Pl =~ YeTMpEexXUMMNYNBCuw 4aCTuy w M; - ux MacCu. B penatu-
BUCTCKU-MHBAPHMAHTHOM MOAXOAE COHOPMYMMPOBAHN ACHMMNTOTHUECKHE CBOMCTBA CeUYeHHH
AAPOHHEX W AQEPHMX NPOUECCOB MPW by * ®. HAMC.GNEE BAMHNE U3 ITUX 3AKOHOMEPHOC
TEr - NPpUHUMN ABTOMOAENBHOCTH W NPUHUKN OC HaDNEHWA KOPPENAYUiA, yCTanoBNEHY
3KcnepuMmeHTanbHO. B cooTBeTCTAMM C ITHUMKU NpuHuMNamu IKCNEPUMEHTANBHO NOKa3a-
HO CywecTBOBaHME ABYX ACHMMNTOTHUYECKMX ObDjiac Ten NO NepeMmMeHHOMn b,k, xapakre-
PU3IYIOWMXCA PAINUUYHLIMU CBOMCTBAMM BHCOKOBOIDYMAEHHOW RQEPHOW MATEPUU = HYKNOH
HOW M appoHHOW. OGHapyweHo, uTo B NepBum wx 3Tux obnacten /0,01 Kby, << 1/
MMeeT MeCcTO npeuvMmyuwecTtaernoe obpa3oBamnve HapWMOHHEX KJ1ACTEPOB, a BO BTOPOH
/by 1/ - anpoHHWx CTpyir,

Pabora suwronneHa & fMabGopaTopuu BWCOKMx reprim OHAK,

Npenpunt O61eIHHEMMOTro MNCTHTYTA A.aejmibix st Caeduaini. Jy6ua 1987

Didenko L.A., Grishin V.G., Kuznetsov A.A. E1-87-829
Search for and Study of the Asymptotic Froperties of
Highly Excited Nuclear Matter

In the invariant method of analysing inultiple particle production, these
processes are considered in a space the points of which are the 4-velocities
u; = P,/m; where P, are the b-momenta and m; the masses of particles, and
big = =(u - 0,)% = 2[(u; - u,)-1] are basic variables. General asymptotic properd
ties of the cross sections of hadron and nuclear processes at b;,, += have
been formulated as relativistically invariant in these variables. The most
important of these regularities, the automodelity principle (substantially
generalizing scale invariance) and the correlation depletion principle, have
been experimentally substantiated. According to the automodelity and corre-
lation depletion principles, the existence of two asymptotic bjy regions
has been established experimentally. These regions are characterized by dif-
ferent properties of highly excited nuclear matter (nucleon and hadron). It
has been found that baryon clusters are mostly produced in the first region
(0.01<< by;<< 1) and hadron Jets in the second one (b, > 1).

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