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1. INTRODUCTION

In the literature there exists an affirmation that colour
objects, in particular, quarks and gluons, are not observed as
they strongly interact with vacuum fluctuations and immediate-
ly transform to hadrons. However, let us consider the criteria
of microobject observability. The observability of neutrons or
neutrinos is beyond doubt because their secondary interactions
(which are observed) take place at a large distance from the
production point and due to the application of universal kine-
matic laws to the isolated systems. It is obvious that to mea-
sure the distance between the point of object production and
the one of its secondary interaction or decay is not the neces-—
sary criterion of observability. There is no doubt about the
observability of such unstable particles as % ,3/¢ ,p, ® me-
sons or A vand other baryon rescnances although the corres-
ponding distances are not measurable for them. The observabi-
lity of short-lived particles (besides kinematic laws) is ba-
sed on two required criteria.

(A) The production cross section of really observed pro-
ducts of the secondary interaction (decay), 7 , can be preci-:
sely presented as two factors

T = ’IP . W’d, (1)

where W, is the probability of decay (or secondary interacti-
on) of the supposed particle and 7p the cross section of its
production. This criterion characterizez both the independence
of event production and decay (secondary interaction) and the
isolation of a decaying system. The observability of the dis-—
tance between the production and secondary interaction points
is likely to be a particular case of this criterion,

(B) The universality of Wy , in other words, the similari-
ty of its properties in various reactions, relativistic inva-
riance of Wd (independence of the coordinate system) and the
probability to assign definite quantum numbers to the decaylng
system including the mass belong to this criteria.
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The aim of this paper is to show using various experimental
material that the formulated criteria of microobject observa-
bility are executed for the objects having colour charges. In
other words, quarks are as observable as unstable particles.
Our analysis is based on a new relativistic invariant approach
to the description of multiple particle process and on a new
definition of jets /!’ ., The traditional analysis of the jet
behaviour of secondary particles is performed with the aid of
variables "sphericity", "thrust" and other which are not rela-
tivistic invariant quantities. The jet characteristics depend
not only on the reference frame but also on the properties of
colliding particles. Thus, traditionally identified jets do
not satisfy the above criteria selecting independent objects.
In the old approach jets represent only strong pecularities in
angular distributions.

First applications to the description of jets of the rela-
tivistic invariant approach have discovered not only jet uni-
versal properties but also the similarity of quark and diquark
fragmentation functions /1 2/ considered to be different pre-
viously.

In the invariant method of analysing multiple particle pro-
duction, the processes

L+ 11 — 1+24+3 +.... (2)

are considered in a space the points of which are the four-ve-—
locities u; = P; /m,; , where P, are the four-momenta; and m;,
the masses of particles.

The positive invariant quantities having the meaning of the
squared distance in this space
)2

bik = '—'(ui -u )= 2[(111 u ) - 11, (3)

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

The idea of introducing the by variables consists in that
the interactions of quarks from objects i and k decrease mono-
tonously and rather rapidly with increasing by, by analcgy
with a decrease of the Coulomb interaction between particles
with increasing their relative velocity. This experimental
fact can be formulated as a correlation depletion principle
(CDP) in the relative velocity space by analogy with Bogolu-
bov's principle of statistical Physics. The CDP leads to that
the distributions, describing multiple particle processes, are

2
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factorized in the four-velocity space Dbjy , i.e. they decay
into factors relating to different clusters in this space.

Using the CDP, a new approach to hadron jets has begn for-
mulated: the jet is considered as a cluster with relatively
small bjy values in the relative velocity space. The jet axis
is determined as a single four—-vector V that is extracted from
the condition of minimum of the quantity:

- - - 2
Eb“_ i(v ") (4)

Summation is performed for all particles belonging to a sepa-
rate group of particles. Quantity (4) is minimal for

2
v - fllk/f(%(uk). -

It should be stressed that in the traditional determination of
jets the jet axis is not a four-vector but'a single three—v?c—
tor. Energetic variables do not take part in the olq determi-
nation of jets. .

The CDP shows that the cross sections of jet production,
i.e. the cross sections of the processes:

L+ 10 — Jet®4 JetB 4+ ... (6)

are factorized

7= w”(bk) . wh (b)) ‘ (7)

Thus, the process of four-dimensional hadron jet produc-
tions satisfies the criterion (A).

The goal of the present paper is a further test of the uni-
versality of relativistic invariant quantities W% WP, etc.,
i.e. the satisfaction of the criterion (B) for jets.

To prove the universality of W% and WP , i.e. the simila-
rity of their properties in different reactions and the inva-
riance of their properties is to show evidence for the obser-
vability of objects having colour charges.

The similarity of hadron jet properties studied even by_
traditional methods is shown in papers /2457 , The hadron jet
properties produced in soft 7 P and cumulative # C interac-
tions at an incident pion momentum of 40 GeV/c are compared
with similar data for e*e™ annihilation ard deep—inelastic
v(r)p scattering for equal energies in the c.m.s. Figure 1



meson (13) Fig. 1. The diagrams of diffe-
rent processes.
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these different processes.

The same can be said of the fragmentation function of di-
quarks in the interactions under study. However, the fragmen-
tation functions of quarks F; and diquarks Fqq into hadrons
are different 74/ . The latter contradicts the representation
that the jet properties are due to interactions of colour char—
ges with vacuum. The results of comparison of soft hadron in-
teractions at various energies have shown that the hadron jet
properties depend on collision energy 75/ . This fact is also
in disagreement with the criterion (B). These differences in
the jet characteristics are due to a relativistic nonvariant
approach. :

In this paper we present results of the study of hadron jet
production by the new method in various processes (PP PP , 77D,
7 C,pC, pTa and N ) to prove the universality of W2 and
WP, i.e. to show that they reflect secondary interaction
properties of the isolated objects. The present analysis was
performed using different devices and accelerators over a wide
energy range from 6 to 205 GeV/c*. The four-dimensional hadron
jets are in full agreement with both (A) and (B) criteria, and
it is the main result of this paper.

* . . . . . .

The four—dimensional jet production in soft and hard, speci-
fieally nuclear (cumulative) and annihilation processes, 1s
under study.
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2. EXPERIMENTAL METHOD

The present analysis was performed using a set of experimen-—
tal data on hadron—-hadron, hadron-nucleus and vN interactions.
The types of interactions and event statistics are presented
in Table 1.

Table 1.
Statistics of Events
NN Type of Pla% GeV/c . Statistics
collision
1 PP 205 5025
2 7p 40 17376
3 7~ C 40 8791
4 PP 22.4 44877
5 PP 12 72099
6 PP 5.7 68103
7 p(CyHg) 10 2732
pTa 10 1913
8 N < E~ - = 35 GeV 8000

14

The data on 40 GeV/c 77 p and »~C 1interactions and
22.4 GeV/c PP collisions were obtained with the aid of a 2m
propane and a 2m hydrogen ("Ludmila") bubble chambers exposed
to 7~ and p beams at the Serpukhov accelerator. The results
for 10 GeV/c p(Cq Hg) and pTa interactions were obtained by
irradiating the 2m propane bubble chamber with Ta plates insi-
de its working volume at the Synchrophasotron. The data on
205 GeV/c PP collisions and 5.7 and 12 GeV/c pp «ollisions
were obtained with the help of the 76 cm hydrogen chamber
(FNAL) and the 81 cm and 2m hydrogen chambers (CERN).

The data on N 1interactions were obtained with the aid of
a 15-foot bubble chamber filled with a neon-hydrogen mixture
(647 of Ne atoms) at the FNAL accelerator by the IHEP-ITEP-
FNAL-Michigan University Collaboration. The chamber was expo-
sed to a beam of muon antineutrinos with a broad energy spect-
rum. Altogether ~ 8000 interactions were measured.

1+~ N

i

4[1"&2.,}1.
1

in which E, 2 4 GeV and E; > 10 GeV; in this case <Ej > =
= 35 GeV /8



The experimental details are described in refs. 8”18/, Data
summary tapes containing information on the kinematical para-
meters of events were used in this analysis. Secondary protons
were identified by ionization from 0.18 to 0.8 GeV/c in the
propane chamber and from 0.1 to 1.5 GeV/c in the hydrogen cham-
bers. The remaining charged particles were classified as =t
mesons. In order to obtain the jet characteristics under iden-
tical experimental conditions, protons with P, > 0.8 GeV/c
were taken to be 7' mesons in all the experiments.

[

3. HADRON JET SELECTION

The selection of the particle belonging to the jet is made
by means of relativistic invariant variables /14/;

) m, (u; u;;) . m,
)i - 1 717117 and

mp  (upupp)

(uyup )
xl - 1 i I , 8
' myp (upupg) )

where index I denotes an incident particle, IT a target and i
secondary particles. For the case of nuclear collisions the
atomic mass unit m, = 93] MeV is substituted for myj

The 4-momentum fraction of primary hadrons carried away by
secondary particles is characterized by the Xp and x; varia-
bles. Figure 2 illustrates a two-~dimensional x,; and xp, diag-
ram for 7t mesons from 7 C interactions at P = 40 GeV/c that
has a typical form for all the processes under investigation.

. . The region of large X, values

corresponds to the target frag-
mentation and X, the beam frag-
mentation. As is seen from Fig.2,
already for xp,(xy) 2 0.1 and
xt(xp)~<0.1 the beam and target
fragmentation regions are rather
wg}l separated. Therefore the
7~ mesons, for which X, 20.1

2a

agmeniation

fx

. pojerile

Fig. 2. The x, and x, distribu-
tions of secondary ni mesons in
n-Ceollisions at 40 GeV/c. The
© f%agmentatzon region X, > 0.2
Tt 18 denoted by the broken line.
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and x, < 0.1, were attributed to the jet produced in the tar—
get fragmentation region; the pions with Xp__O 1 and x,< 0.
were selected in the beam fragmentation region. Approx1mate1y
2% of particles are in the overlap region (X,> 0.1 and x, > 0.1)
where the particles cannot be attributed to one or another jet.
With larger probability these particles are due to hard proces-—
ses as their average transverse momentum is 1.7+0.1 GeV/c. In
addition, in the range x,<0.1 and x,<O0.1 the quark-quark in-
teraction is assumed to manifest itself significantly in had-
ron-hadron “3/ and hadron-nucleus collisions, and hence it is
excluded from the consideration.

For more strict selection criteria the 7* mesons with x, >
2 0.2 and x,<0.2 were attributed to the jet in the target
fragmentatlon region and the ones with X, > 0.2 and x,<0.2 in
the beam fragmentation region.

Diffraction events were excluded from hadron-hadron colli-
sions when comparing various types of interactions.

s

4. HADRON JET PROPERTIES IN SOFT HADRON-HADRON
AND HADRON-NUCLEUS INTERACTIONS

Figures 3-6 show the bk(4) distrlbutions of n~
malized to unit for n p,n C, pp 714/ and pp
the beam and target fragmentation regions.
average values of <b, (r7) >

mesons nor-—
interactions in
Table 2 presents the
in the jets for various types
of interactions in the fragmen—
tation regions of the beam (X
20.1, X< 0.1) and the target
(x,20.1, Xp < 0.1). The distri-

o a A0 snbay 8- o
. g s pr .‘n.ﬂrnv/nfbn “nrar “

LIRS sropct ok butions in Figs. 3-5 and the da-
o "{ sobewr Bus 419008 . .

; % towiw. <bw-ww | ta of Table 2 imply that the b,

i Y distribution of 7~ mesons in the

jets has a universal character
‘and 'depends on neither the ener-
gy nor the type of interactions
for P,,, 2 22 GeV/c. Note that

T T

e SO
[—— )
o

7~ mesons for 40 GeV/e n~p and
7~ C and 205 GeV/c pp collisions
in the fragmentation region of
beam (xp 2 0.1 and X< 0.1) and
. targets (x, 2= 0.1 and Xp < 0.1).

? - Fig. 3. The by distribution of
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Fig. 5. The by distributions
of =~ mesons for 40 GeV/c =~ C
interactions in the fragmenta-
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lid line Zs the approximation
of the data by the exponenti-
al dependence.
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Fig. 4. The by distributions of
7~ mesons for 22.4 GeV/ec pp col-
listons, 40 GeV/ec 77D and n~C
collisions in the target frag-
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Fig. 6. The by distributions of
7~ mesons for 5.7, 12 and

22 GeV/c pPp collisions in the
target fragmentation region
(x,20.2, x;<0.2).

this universality manifests it-—
self more distinctly when the
selection of the particles be-
longing to the fragmentation
regions (X, 2 0.2 and x, > 0.2)
becomes more strict (see Figs.
4 and 5). The agreement of the
distributions for 7 p and #»~ C
interactions in the beam and
target fragmentation regions

—_——— -

Table 2.

The Average <b, > Values for = Megons

e e QWO gm0
- 205(Y'3 = 19.7) target fragment. 4.5 % 0.1
i 40({ 8 = 8.7) beam fragment. 4.21 ¥ 0,03
I°C 40 beam fragment. 4.19 ¥ 0,04
R} W= 3 current fragment. 4,92 % 0,17
e 40(J1?= 8.7) target fragment. 4.06 ¥ 0,04
T 40 target fragment. 4.36 £ 0,08
PR LWy a8 target fragment. 4.16 £ 0.30
Bp 22.4( (s = 6.6) target fragment.  3.95 £ 0,03
7N <Y = 4.9 ourrent fragment, 3.68 ¥ 0.11
:H <> = 3.5 current fragment. 3,17 % 0.1
Pl V> = 4.9 target fragment. 3.45 £ 0.19

2(C5Hg)+DTa 10 rarget fragment, 2.13 ¥ 0.04
2P 12( V;’E 4.9) target fragment. - 3.53 ¥ 0,01
P 5.7(#:?= 3.6) target fragment. 3.21 £ 0,01
}JJN ’ WY 3 3.5 target fragment. 2.75 ¥ 0.15

" Statistical errors are presented in the table. The syste-
matic errors that are due to the incorrect identification
of positive particles are 5+10%.

means that the fragmentation functions of quarks, diquarks and
multiquark systems into pions in these variables have a univer-
sal character in contrast to their description by means of the
traditional nonvariant variables /45’ | From these data it
also follows that the carbon nucleus has no influence on pion
jet production which shows evidence for that it occurs outside
the nucleus. From Fig. 6 and Table 2 it is also seen that at
P, < 22 GeV/c the by distributions become much narrower

and the average values of <b, > decrease. This fact can be

due to a limitation on the phase volume for lower energies



that leads to narrowness of the by distributions. In addition,
the fraction of annihilation processes increases (to 40%) in
pp collisions at le)< 22 GeV/c. According to the conventio-—
nal .-notions 715/ | it can have a multijet character which also
results in decreasing the <bk>>values.

Thus, the analysis of the by distributions of =~ mesons in
the jets shows their universality which is independent of nei-
ther the collision energy at Py,, = 22 — 205 GeV/c nor the
type of a fragmentlng system (p, 7 —~ p and C). The squared mean
4-velocity of =~ mesons relative to the jet axis in the frag-
mentation of protons is characterized by <by> = 4.

The observed universality of the hadron jet by distributi-
ons in soft hadron-hadron and hadron-nucleus collisions at
Py 2 22 GeV/c means that the hadronization of quarks, di-
quarks and multhuarks systems in these variables is the same
at high energles in contrast to the traditional nonvariant va-
riables which give substantial dependences on the energy and
type of a quark system. The universality of the hadron jet
properties can be interpreted as a characteristic of colour
charge interaction with OCD-vacuum.

5. HADRON JET PROPERTIES IN DEEP INELASTIC
» N COLLISIONS

Interest has been aroused in the invariant method of analy-
sing hadron jets aplicable to hard processes, in which the
jets are produced in the hadronization of colour objects in
vacuum, and the comparison of their properties with the jet
ones in soft hadron-hadron and hadron-nucleus collisions where
we deal with colourless objects. It is of particular interest
to analyse the hadron jet properties in deep inelastic lepton-
nucleon collisions in which, according to the existing notati-
ons, the "isolated" (knocked-out) quark, hadronized in vacuum,
and the diquark, whose hadronization is similar to the soft
one of quarks and diquarks in hadron-hadron collisions, are
produced.

For this purpose we have made the analysis of the hadron
jet properties using the experimental material on N interac-—
tions optained by the IHEP-ITEP-FNAL and MicHigan University
Collaboration. The statistics of events and the average <Ej
value are presented in Table 1. The events with Q%=- q%
> 1 (GeV/c)? and

10
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Q2
Xp = > 0.1,
B 2My - (9)

have been selected to separate deep inelastic N collisions
with valent u—quarks, where q is the four-momentum transfer—
red to the nucleon, m the nucleon mass and v = Ey —E +the ener-
gy of hadrons in the laboratory system For separation of the
multiple particle productlon region W®> 9 GeV 2 (W is the to-
tdl hadron energy in the c.m.s.). According to these criteria,
2383 interactions are selected. The conditions % e; = O or I
1
and ny < 1 (e; 1is the charge of secondary particles and ny
the number of secondary nucleons in the interaction) are used
to exclude nuclear effects that are due to cascade nucleon re-
production in the neon nucleus. As a result, we have selected
for the analysis about 1000 events of deep inelastic v colli-
sions with valent u-quarks and W 3 GeV.

According to the traditional conceptions in ¥N collisions,
the particles with y¥ > 0’ (where yT is the rapidity in the
hadron c.m.s.) are attributed to the knocked~out quark jet and
those with y§ < O to the jet produced by diquark from nucleon.
For the pion jets selected in such a way (protons are not con-
sidered in this analysis) the jet axis is taken by formula (5)
and the by, distribution (4) of »~ mesons is obtained by analo-
gy with the hadron-hadron and hadron-nucleus collisions consi-
dered earlier. In order to clear up the energy dependence of
the pion b, distributions, N collisions are divided into
three energy intervals:

1) W= 334 GeV, 2) W = 4+6 GeV'and 3) W 2 6 GeV.

Figure 7 shows the by distributions of #¥ mesons (the #* and
7~ meson by distributions are similar) in the jets produced
in the fragmentation of knocked-out dquark and diquark for the
three energy intervals of the hadron system. In the b,> 2 re-
gion all the distributions have an exponential character.

The average <b,>value and B slope distributions obtained
by approximating by the dependence

dN
dby

are given in Table 3.

As is shown from the table, the average <b,> and B values
are similar within the experimental error for the quark and
diquark fragmentation at the same W energy and grow with in-

creasing W. In this case the average jet size is equal to
<b,> = 334,

+

= Aexp (-b, /B), (10)
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Fig. 7. The by distributions
of »~ mesons in vN collisions
in the fragmentation region of
currvent and target in diffe-
vent W energy intervals. The

t solid lines show the results

{ of approximating data by the
F \ exponential dependence.
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where J. is the knocked-out

quark jet and Jgq the diquark
b jet. The particles, belonging
to one or another jet, are selected with the aid of the inva-
riant variables:

.

1
: &

FRNTY . 8 2 e

(PP

Xl:1 = ___q.(}._.____ = 0.17 . . (12)
(Pq Poq)
(P, -P )

ngﬁ 9 K ~.0.1, . (13)
(Pq'qu)

Pq = xPy +q, qu = (1 - x)Py .

Here Py, P, are the four-momenta of a nucleon and a k-th par-
ticle; indices q(qq) show the particles belonging to the jet
of knocked-out quark or diquark. In addition, in order to se-
parate hadrons in the overlap jet region, the following cond%—
tion is used: y 2 O for quark fragmentati?n an@ Vi <0 for di-
quark one. The b, values of 7~ mesons obtained in this jet se-

12
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Table 3.
The Average <h,> Values and Slope B for =~ Mesons
in vN Collisions

W, GeV Current Fragmentation Target Fragmentation
<b,> B <b,> B

3 -4 2.8 * 0.1 2,5 *fo0.3 2.54 *o0.,12 2.22 10,26

4 - 6 3.22 20,09 2.71 ¥ 0.20 2.91 % 0,13 2.58 ¥ 0.26

7 6 3.71 £0.12  3.52 £'0,26 3.47 % * 0.65

01T 3.95

lection for the three, energy intervals are presented in Tab-
le 2. As is seen from the Table, the < by, (#7)> values for vN
interactions coincide, within a single error, with the <b, (7)>
value for the soft jets in hadron-hadron and hadron-nucleus
collisions at equal energies s =W 1in the c.m.s.

Thus, these results imply that the hadronization of quarks
and diquarks in soft and hard interactions in the 4-velocity
space 1s universal in character and independent of neither the
production nor the properties of the colour quark system. All
these data show evidence that the jet properties are determi-
ned by the neutralization of colour charge in vacuum.

CONCLUSION

The analysis of hadron jet production in hadron-hadron,
hadron-nucleus and N collisions in an energy range of P,y =
= 61205 GeV has been made in the frame of the new relativistic
invariant approach”/1:3/, The total statistics is approximately
228 thousand events.

Figure 8 shows the main results of this analysis: the ave-
rage <by > values of the squared four-velocity for pions rela-
tive to the axis of the jets produced in different (pp,~ p,
7~ C, pp and vN ) processes depending on the energy /s = W
in the c.m.s. . The figure also presents similar <b,> calcula-
tions for »~ mesons in the beam and target fragmentations for
40 and 360 GeV/c 7 p collisions simulated by the LUND-model” 18/
The simglated distributions agree with the experimental 7~ p

13
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1 data’!7’. As seen from the figu-
re, the average <b, >values in
the jets grow with increasing
Vs = W, and for s >6 GeV

‘(b =-(V; -V 2 > 10

( 37, ( 7 A ) )

they reach the asymptotic regime.

The average pion jets size is <by, > = 4. This analysis- has
shown that the by distributions of hadrons in the jets have

a universal character in
of neither the type of a
nor the collision energy
This universality is due
lour charges with vacuum
ronization in vacuum has

of the production method.

soft and hard collisions independent
fragmedtating system (N, ~»7,p ,C,q)
for Py, 2 22 GeV/c (/s =W>6 GeV).
to the interaction properties of co-
and means that the colour charge had-
a statistical character independent

It reaches the asymptotic regime at

Eq(Eqq) 2 3 GeV.

The QCD calculation of these distributions as universal pa-
rameters of strong interaction physics is of particular inte-
rest.

We are pleased to thank the international group of the 2m
propane and the 2m hydrogen ("Ludmila'") bubble chambers for
the experimental material and useful discussions. The authors
are also ‘grateful to the CERN-Prague, Amsterdam-Helsinki-Liver-
pool-Stockholm and Argonne-Montreal-Toronto Collaborations
for the use of their DST on 5.7 and 12 GeV/c pp and 205 GeV/c
pp collisions and to the THEP-ITEP-FNAL and Michigan Univer-
sity Collaboration for the data on "N collisions.
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&=7,p, p,C ,a), HM OT nepBuuHON IHeprum P

Sanguwn A.M. u ap.
YHUBEpPCANsHUE WeTHPEXMEPHBE CTPYW 1 HAbnoaaeMocTs
UBETHHX 33apAAoB

E1-87-142

Ha ocHose HOBOro onpegenennn cTpyh KaK KNacTepoB B UETHIPEXMEPHOM NPO~
CTPAHCTBE OTHOCWTENLHHWX CKOPOCTEW NPOBOAMTCA WHBAPMAHTHLN AHANW3 CTpYyHHOro
PO¥LEHMA 3APOHOB B rnyfioKkOoHeyrpyrux N -B3auMopneicTBmAx ANR Tpex uHTepBa-
NOB 3HEPruvi aAADPOHHBIX CucTem: < W > = 3,5; 4,9; 8,0 IaB. NonyuenHwe peaynes
TaTh CPAaBHMBANTCA C XAPAKTEPUCTMKAMM UYEeTHPEXMEPHEX CTDyi B PA3HEX THNAxX
B3aumogencteun: PP PP 77p rC pC .y, pTa B obnacrtu aHeprum 67205 IaB.
NokazaHo, uTO XapakTepucTuku HETHPEXMEDHMX CTPYN B MAMKWMX WM MECTKUX B33UMO-
AEACTBUAX YHWBEDCANbHE, T.e. He 3aBUCAT Hu OT TMNa dparMeHTUPpYDWEN CucTemsb
22 TaB/c (V'8 =W > § raB).

na6 2

Pabota BwnonHeHa B Nabopatopuu BHCOKMX 3Heprun OUAK.

Npenpunr O6venmmesmoro micTuTyTa ANepHBIX HccnenoBanmii. Ny6ua 1987

Baldin A.M. et al.
Universal Four-Dimensional Hadron Jets and
the Observability of Colour Charges

E1-87-142

A new definition of the jets as clusters in the four-velocity space
has been used to make an invariant analysis of the jet production proces-
ses in “N collisions for the three energy intervals of the hadron system:
-W> =35, 4.9; 8.0 GeV. The obtained results are compared with the cha-
racteristics of the four-dimensional jets in various types of interactions:
,pp,7p,7C, pC and pTa at energies from 6 to 205 GeV. The characte-
ristics of the four-dimensional jets in soft and hard interactions are
shown to be universal, i.e. independent of neither the type of the fragmen-
ting system (p ,p,7 ,C,q) nor the collision energy for P, 2 22 GeV/c
‘v 3 =W> 6 GeV). The obtained result means that the hadronization of the
colour charges is determined by the dynamics of their interaction with ya-
cuum.

The investigation has been performed at the Laboratory of High Energi-
es, JINR.
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