


1. INTRODUCTION

With the advent of relativistic nuclear collisions in laboratory, at Dubna (in
1970) and Berkeley (1974), a new scientific field has emerged from both the
‘traditional domains of elementary particle physics and nuclear physics.
At present, the physics of relativistic nuclear collisions takes a leading place
in the programme of investigations at the world’s largest accelerators [1].
-Such increasing interest of nuclear and particle physicists in -these
investigations is mainly motivated by hopes to obtain the states of highly excited
- nuclear matter including both the possibility of colour deconfinement and the
realization of phase transition from hadronic matter to quark-gluon plasma
QGP).
The theoretical calculations made in the framework of lattice QCD predict
.[2] that the above-mentioned states can be obtained in relativistic heavy ion
collisions either by «heating» the nuclear matter (in low quark densrty) to ‘the
temperatures around 150—200 MeV or by «compressings it (at  low
temperatures) to the dens1ty approximately 5 times as large as “the normal -

nuclear density, which is around 0.15 GeV/fm>.

These predictions are of great importance for the construction of both the
theory of -strong interactions and modern nuclear theory, and also for the
cosmology [31] and astrophysics [4]. The creation of QGP helps to realize in
laboratory the hypothetic states of matter which in the early Universe took place .

in the inverse direction some 1077 s after the Big Bang, and gives the possibility
of studymg these states at different stages of time up to the cooling of QGP
(cosmic expanslon) and its transformation into colourless objects — hadrons
(hadronrzatlon process). On the other hand, the observation and study of the
properties of a plasma of deconfined quarks and gluons will allow one to under-
stand the nature of neutron stars and other cosmic objects which can be in the
phase of some type of plasma. : .

However, to interpret the theoretical notions to the language of facts
obtained in studies, it is necessary to set up some heavy ion experiments at high
energies, which will provide one with unambiguous answer to such questxons as:

— What kind of state is the state of hxghly excxted nuclear matter in terms
of the observed values? =~ ;

— Does any similarity of excited matter thermalization appear?
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— How could one observe the exhibition of quark-gluon degrees of freedom
and colour deconfinement? And so on.

The results of many groups of physicists working in the field of relativistic
nuclear physics answér to these questions [§ ]in part.

The present investigation is mainly devoted to search for and study of the

states of highly excited nuclear matter in dlfferent types of hadron-nucleus and
nucleus-nucleus collisions over an énergy’ interval of 4.0—40 GeV/c by
studying the properties of nucleon clusters with the aid of a new relativistic
invariant method in the space of relative 4-velocities [6]. ’

* © 2. METHOD OF DATA ANALYSIS

“““In contrast to the traditional methods (e.g., inclusive or semi-inclusive), the

" new method allows us‘not only to apply experimental information in full, but’

ralso toordera comphcated plcture of nuclear collisions at high energies.
In the method; the processes of multiple particle production

I+ —>1+2+4... C M

are considered in a space the points of which u, = p,/m; are 4-velocitics, and

positive invariant dimensionless quantities

‘ 2
by = —(u; — u)%

are basic variables describing the relative particle motion in this space.

“ One of the most important conclusions of the paper devoted-to thé analysis '

of multiple particle production in relative 4-velocity space is the existence of two

“characteristic distances in it: b, = 0.01 (nuclear scale) and b, = 1 (quark'scale): -

Two intermediate’ asymptotlc reglons b >>b and b >>b , Should

' correspond to these values In these reglons the probablllty dlstrlbutlons (orr

cross sections) W as a function of b, e -6 W(... ...) = do/(1ldb,), have to

satlsfy the . properties of two general- pr1nc1p1es the automodehty [7] and
correlation depletion [8 ] principles.

In this connection, the clusters with relative velocities of partlcles 1n51de the -

cluster,. 0.01 < b, << 1, characterize highly excited nucleon matter (nucleon
cluster- productlon) and the clusters:with internal relative veloc1t1es b

quark—gluon matter (hadron jet production). The propertles of these dlfferent '

.4 dlmensmnal clusters should be described by formulae of the type o
' "W(-‘ )'aﬁw /8" ][Wa(b ,xk— bﬁk/b PWbgs x, vy /b ﬂ)],
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Fig:1. - The - diagram ' showing two
groups of some noncorrclatcd secon--
dary partlclc systems «a» and «ﬂ»
which are consudered as 4-dimen-
sional clusters in the relative 4-velo-
city space

although they lic in various regions of the kinematical variables. Here « and 8
are two 4-dimensional clusters or some other noncorrelated (or weakly correla-
ted) secondary particlc systems which arc considered as clusters in 4-velocity
spacc; b & bﬂk etc. arc squared relative 4-velocities, which can be understood from

Flg I.

“Introduction of conception or relative distances‘into the 4-velocity space
allows one to definc and observe 4-dimensional clusters in this space which are

"hadron jets or nucleon clustcrs. It has. been found-|9 ] that nucleon clusters are

mostly produced in the rcglon 0.01 = b ‘< 1 and hadron ]ets inthe sccond one

b >> 1.

By clustcrs arc meant (scc Flg 1) .the groups of pomts u; (cach pomt

| corresponds to _the real particle), and.the distance bctweenthem bik’ is much

smaller than the average distance between all the points of the set or than thc’
average distance between particles over the whole phase volume of the reaction.

The center of cluster (or jet axis) is determincd as a single 4-vector
_ 2
V. => wlv Q uy extracted from the condition of minimum of the

quantity 2 b, =«_—;2’ (V,— uy)". Here summnllon is performed over all
particles belonging to separate group of particle «a». The two clusters («a» and&
«P») are scparated by minimizing the quantity

A= mln{—n—az v, - L{k)z = _@Z (Vﬂ - uf)z} , (?)

representing the sum of 4-velocitics squared of sccondary particles relative to '
the cluster centers ¥V and ,Vﬁ (sce Fig. ).
In this case the" followmg condition is taken as a criterion of cluster .
scparatlon the distance b (V - ) between two centers of clusters a
and B in the 4—vcloc11y spacc should bc b B = = 1. 0 for nucleon clusters and
ﬂ = 10for hadron]cts Itmcans that the average «size» of the cluster (<b>) in

relative® 4-velocity spacc is substantlally smallcr than the average <<dlstanccs»
<b ﬂ>) between them. : o



To determine the regions of cluster production, the variables X jand X, ol

~ are used The 4-momentim fracuon of collldlng Ob_]CClS is carr1ed away by these
varlables They can be expressed as - “ :

T

. D Wag) m"@w@u) ‘
el = “B L and Xier = - AL
R (“I’fll), ) e (’ﬁ”ul

_ Here‘ma(ﬁl-is the effective mass of cluster @ (or' ), m, the mass of an'incident

~m

the targvel_ mass; for the nucleus m 0 where

Ob_]CCl ~and m It

= 931 MeV.

The clusler was assumed to be produced in.the pro;ecule fragmentauon

reglon 1f X > XII r and in the target fragmenlatlon region 1f Xia> Xie

In:the furlher analysis'the clusters produced in target fragmenlauon have
" becen studied only because positively charged particles are identified better in
this region. S
" Below the following quantmes are uscd to characterize dlfferent propertles

of nucleon cluslers and the products of their decay

It

() b = —(V k) is the dlslance belween all selected parl1cles and the

-

ax1s of the clusler o

G, bl(ll)cl (“1(11)

prO_]CClllC (or targel)

V)2 is the distance bel“{?‘?“, the cluster: and

2 .1 an - .
(i) F(b). -1 2 [ —— dQ is invariant cross scction
Nomy " Ve, + 824 9

E da/dp expressed in terms of b and mtegrated on angular varlables

do
(1v) F(bl(u)d) represents invariant cross section £, d expressed in terms

of b, (or &) and 1nlegraled on angular var1ables The funcuon F(bl(ll)él is

wrmen in the analogous manner as F(bk) '

3. PROPER'TIE,S OF NUCLEON CLUSTERS

" The: experlment was carrled out w1th a 2m propane bubble chamber
exposed to the beams of p, d,- *Hc and '2C nuclei‘at an‘incident momentum of
4.2-GeV/c per nucleon from the Dubna Synchrophasotron.. Events . were
. 'recorded in propanc. The total statistics of the interactions is given in Table 1. -
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The methods of experiment and f1lm information analy51s are described in
deta1l in papers [10] : . : .

Table 1
Typeofinteraction P, Gev/c 7 by - Number of events
pC ‘ © 4.2 . : 7.16 6207
e . 42-A . 7.16. 8724
aC ©a2A | 716 3795
cc t 42°A | 7.16. 10199
sC : 100 194 2706
C 40.0 © 5700 © 8791

Protons were well separated” from pions in the momentum range
150 <p <900 MeV /¢ by ionization density. The contamination of misidentified
xt mesons was about 8%, of the number of fast positively charged particles with
p>1 GeV/c, which were mainly fast protons [11]. The charges of fragments
heavier than proton were determined by ionization density and also by counting :

0 _electrons in the case of carbon exposure [12]. The contamination of:such -

fragments was about 7% of the number of positive tracks in the momentum
ranige from 1 to 2 GeV/c [12].
3.1. Invariant F(b)) proton distributions. The existence of nucleon clusters-

in the region 0.1 <4, <1 has been studied for pC, dC, “HeC and CC -
interactions at a momentum of 4.2 GeV/c per nucleon. The events with np> 2

> 3.0 GeV/e

were selected. Spectator (P < 250 MeV/¢) and stripping Py =

and 6 < 4°) protons were excluded from analys1s
Invar1ant F(b ) proton d1str1but1ons have been analySed to study nucleon .
cluster propert1es The function F(bk) is invariant. cross section . E do/dp
expressed in terms of b, and mtegrated on angular variables (see section 2(iii) ).
* Figs.2 and 3 present normalized functions F(bk) for clusters in pC, dC, aC
and CC interactions. One can see-that the grven dependences have exponential
character in pC and dC collisions:

T F(by) =al expl—b/(b)1. ~ o @

Invariant func_tions F(bk) for «C and CC collisions can be approximated as a

sum of.two exponential dependences: :

F(b)'= a; exp [‘—bk/('bk)l

5
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“100¢ T pC - tnelastie 00
F'(8 ) 42 GeVe '
K o Fby)
6222, MeV
104 T 10
bpr0
:‘-fnt
10 1 10
0 1 o
O‘bl L ! ) € zp - .
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It is: easy to show that the quantity b is unamblguously connected with the

k1net1c energy of part1cle in the cluster rest frame

b —2E/mk 2= 2T/m

©)

- where E and T, are the total and kmetlc energ1es of protons in the cluster rest

frame.’ It follows that oné can calculate the «temperature» of the clusters

defining the values of parameters and by approximation. In thc .
k1 k2

present case, the slope of invariant cross sections 1/p (da/ dT) in the cluster
_ rest frame was determmated as follows RN ~

by = AT m,.

D

The values of temperature obtained in this manner in different collisions arc

given in Table 2. From these data one can draw a conclusion that clusters with =

(T )l =60—70MeV are observed in all considered interactions. In addition, m'
aC and CC collisions clusters with higher temperature, (T k>2" 120—130° MeV

are. observed Systemauc Crrors . connected w1th identification of pos1t1ve
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Fig.3. ‘The normalized functions f(bk) for nuclcon clusters in aC and CC (4.2-A-GeV/c)

collisions )
. Table 2
Type of ‘Pl b Cluster 1 Cluster 11
. la -
 interaction GeV/c ). (1), MeV ), (), MeV
pC 4.2 0.133+0.004 622 — —
dc 4.2-A 0.147+0.002 67x1 - —
aC 4.2:A 0.147+0.008 674 0.248£0.022 11810
ccC 4.2-A 0.154+0.014 72+7 0.288+0.028  135+13
»C 10.0 0.158+0.005 74+2 - -
' CC-muttinucleon — — 0.256+0.005  120+2
7



- Fig.4. The proton distribulions.on variable bk in
o UC,40GeVL :

N %‘?‘,‘ v oCC .42 Gave
. ®oC, 42 GeV/e

the first type of clusters (with (T,)= 60—

apC, 10 GeVi

¢ .o , .
% A o sions is about (20 % 6) %,.
} : The study of proton properties

% . from identical clusters with the aid of . k
L) \‘ T traditional variables has shown that
/*‘+ ' they are produced mainly in the
l { : o central region of rapidity y and have
o relatively large transverse momenta
E . ‘
00— m (Phy=(0.51 £0.05) Gev/o)%
bk In Fig.4 proton distributions on

varlable bk in the first type clusters -
“(.e. with (T, )~ 65 MeV), produced in pC dC, aC and CcC COlllSlOl’]S are

compared with analogous data for z~C interactions at P =40 GeV/c One can

see that all dlstrlbutlons coincide within experlmental errors.

"Thus, the propertics of nucleon clusters with (T } = 60—70 MeV in accor- - -

70 McV), produced in 1~ C, pC, dC, aC and =~
CC collisions in the 4.2—40 GeV/c energy

o --dc 4,2 GeVe range .
?‘g& < 6,r >= 0825
» "'\z particles arc about 10%. The
’10_ B VR 7 S contribution of such clusters.is not-
! & large and, for example, in CC colli-

dance with automodelity principle [7 ], depend on neither the type of projectile . ,"

nor its energy within an interval 4-—40 GeV/c.

-.3.2. Dependence of cluster propertzes on proton multzplzczty The =~

_ observation of clusters in «C and CC collisions with (T,)=120—130 MeV could .
mean that in nucleus-nucleus collision an occurrance of new maximum in their -

production is connected with multinucleon interactions. The temperature of-:
clusters has been defined depending on multiplicity n, to study this problem. .

Table 3 presents cross sections and temperature of clusters with multlpllcity '

n,= 2—7in pC dC and CC cvents. The dependence of (T) on multiplicity n, is

shown in Fig.5§ as well . . , i
One can see that the temperature in clusters in all the considered collisions

grows with mcreasmg of their multiplicity and reaches 120 MeV at n,= 6inCC "y

collisions. However, in pC and dC collisions it is systematlcally lower than in :

CC ones at similar values of n,

- conclusion that the first slope of F(bII ) ' | R

- with(T), = 65 MeV. The contnbutlon of .

~ Table3

pCand dC - : . cC

n, Number o, mb AT, MeY Number o, mb (T), MeV
of events . ofevents

2 212 19 492 447 47 58+2 -
3 358 32 642 514 55 " g2+2
4 119 i 7743 335 36 94x2
5 . 26 2.3 92+9 204 22 1123
6 - - - 110 12 120%3 -
7 — — — 68 7 -

The invariant (see section 2 (iv)) functions F(b; ), describing cluster

distributions relative to target nucleus for CC and pC collisions, are given'in

Figs.6 and 7. One can see that F(by,.p with small proton multiplicity in clusters

n, =< 4 in CC collisions has low slopes, defined by parameters (b, l)l and

<bllc
two exponentlal functlons analogous to (5). At large multlpllcltles (n > 5) the

1)2 These values can be found by approximation of the data by the sum of

behaviour of the F(by;,) can be described by exponennal dependence 1dent1cal :

" to type (4).

- In pC collisions, only one slope is observed in the experlmental d1str1but10n
F(bllcl) V :
All' parameters.. obtained by
approximation “ of - "data b the
ezlponential dependence of types};4) and %»MGV : gg’dc ;
(5) are given in Table 4. - S 150 , 4 4

Analyzing the data one can make a

is connected w1th cluster productlon 100 _ .

this type of clusters decreases with
growing’ r[p and is not observed at all at -~ sl .

n_ =35.
D

-

Fig.5. The dependence of (T) on multiplicity nfor |

'nucleon clusters produced in pC, dC and CC

interactions- - : o - ’ S 3 n_P
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The second slope can be due to
production of high-temperature clusters
(T), = 130 MeV). The contribution of
clusters of this type is too little with
small n, for CC collisions and is not

- observed for pC ones within experimen-

tal errors.

The fact that the. temperature in

clusters in CC events at all values of n 0 is

higher than in pC and dC ones, can be
explained by the presence of high-

temperature - components for  all
multiplicities. |

Thus, the appearance of high-
-temperature clusters in CC collisions is
connected with multinucleon
interactions. The : cross section . of

clusters with n, = 5 is equal to 40 mb,

i.e. it is ~5°/° of all inelastic CC
collisions.

3.3. The study of a possibility of the

production of quasi-stationary states of -

nucleons in the clusters. Independence
of the properties of nucleon clusters with

10

.. Table 4 .

- S q a4 Abiehy by
2 0.92+0.13 0.08+0.03 0.13+0.02 0.63+0.12
3 0.87+0.16 0.130.04 0.09+0.02 0.41+0.06
4 0.72+0.36 0.28+0.06 0.06+0.03 " 0.33£0.03 "
5 e — 1 — 0.3320.02 -
6 — 1 — 0.37+0.05
RRE IR T -
'\\J ; ; : = — = = Legendre ‘ 2835 307 — — — Legendre
; i ER) polynomial | : P . polynomial ~ -
o = Cascade ! 59 - L] L Cascade -
E wode N model =
e | 8
: R L i i
B | RSSO z
W Ve 1% e 2 5 1
M. GeV . ‘M. GeV.

Fig.8. The effective mass speclra of clus(ers M,
: wnh n =2 : T

) ‘withn ‘—3

"Fig.9. The effecnve mass spectra of clustcrs M

low temperature of the type of reaction shows-that the process of cluster
production characterizes fundamental propertics of excited nuclear matter. In
accordance with this, nucleon clusters seem tobe decay producls of some quasi- .
stationary muitinucleon states.

For this purpose the effective mass spcclra of clusters have been analyzed.
Figs.8 and 9 show the cffective mass spectra

= (25

(2 Pi>2:| 1/2

(8)

of clusters with n,= 2 and 3, respccuvcly Onc can sce lhal maxima, pointing 10

the p0551b1111y of production of nucleon resonance states, arc observed for some
values of" masses Mcl' THe errors in determining Mcl arc small and equal to

11



2.5—4 MeV within the first two mass M intervals at the phase spacc boundary
atn, = 2 and 3. Further, the value of the Crrors rises llnearly with increasing
cluster mass: o = —0.3 +0.13M ,.

“To determine the masses and widths of possible ‘nucleon resonances,
experimental spectra-have been approximated by an expression consisting of

the sum of the Breit — Wigner functions corresponding to possible resonance
states and a background term

E(M) = 3 a, BW(M) + BPh(M). )

Here a and § are the coefficients defining the contributions of the Breit —
. Wigner functlons and the background term. The Breit — Wigner functions are

glven as
' BW (M) = 1/[(My, — m)* + T?/4]. )

The 1ntegra1 value of the Bqunctlons taking mto account resolutlon functions

was normalized to unity. :
“Two variants have been considered as a background term: (i) background
“term was taken as Legendre polynomials of the third (at ny= = 2) and the fourth

(at n, = =3 degrees (i) as a background distribution we dssume an cffective
mass dlstrlbutlon obtained in pC, dC, aC and CC collisions simulated by the
cascade model with the aid of the algorithm used for the analysis of
experlmental data. '

. The:results of approximation ofthe_expernmental spectra by the function
F(M) arc shown in Figs.6 and 7 by solid lines. Table 5 presents both the values
of masses M, and widths I'; of assumed resonances. One can see that in two- and
three-proton clusters the first two enhancements with M| and M, are charac-

terized by widths from some McV up to some.tens MeV, i.e. they are rather
narrow. The masses ‘M, and M, at n,= 2 coincide within the experimental

errors with the masses of narrow d1baryon resonances observed in paper [13]as
well asina number of other works [14 ] '

Table 5

n=2 n=3
M, GeV r, GeVv.- M, GeV r,Gev
L ©1.9190.003 0.023x0012  2.935:0011°  0.071x0.020
2 1.967+0.004 0.010+0.015  3.007+0.006  0.016+0.015
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Resonance structure could: not .be dlSCOVCI‘Cd in effective mass distributions
of clusters with multiplicity n, >4 using the statlstlcal data available at the

present time..

- Thus, the data obtained in thls expenment show that i in relat1v1st1c nuclear '
collisions the high exc1tatlon of nuclear matter is observed w1th productlon of
quam statlonary nucleon states w1th (T)1 = 60 70 MeV and a hfetlme of

around 1072
4. CONCLUSIONS'

The analysls of drfferent relatlvrstlc hadron and nuclear multlple partlcle

productlon processes ( ~C, pC, dC aC and CC) in a wide energy range (from - |
4.2 to 40 GeV/c).made within the new relativistic invariant approach to these

processes ‘has establlshed the followmg regularities: . ..c - T

i) Two types of nucleon ‘clusters characterized by dlfferent degrees of
freedom of excited nuclear matter have been separated. The first type of the
clusters has the <<temperature» (1), = (72 #* 2) MeV and it is nearer to_the

parent target nucleus (bII l>1 =014+ + 0 02 in relatrve 4—velocrty space the
second one has (T)2 = (135 + 13) MeV and is more, dlstant from- the. parent

target nucleus (b =0.52 = 0.05.

e l>2

(11) Umversahty (i.e. mdependent of either the type of fragmenting system'
or collision energy) of the propertles of low temperature nucleon clusters: has
been observed in the considered 1nteractlons This fact should be treated as.the,
generahzatxon of the phenomenon known as «nucleon scaling». The. asymptotrc;
regime occurs atp 24.2-A-GeV/ec. :

(m) The above—mentxoned propertles of the first type nucleon clusters are:
similar to those of hadron jets: [15 ], but nucleon’ clusters are located in qu1tej
another region of kinematic variables as compared 1o quark jets. These results,
should be considered as exhibition of automodelity properties in'the region of’
small b, e i.e. the ex1stence of 1ntermed1ate asymptotlc regions of variable b

b band

and mdependence in them of some invariant distributions of & 1er bap

1)’
other large bik variables.

(iv) It was observed that nucleon clusters with (T), =72 MeV can be

interpreted as decay groduct of some p0551ble multinucleon resonances with a
lifetime of around 10~ : -

13 .
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|’ Kysnenos A:A. E1-93:457 |
| CBoitcTBa HyK/I0HHEIX K/1A€TEPOB- ‘ :
|| B-penaTuBUCTCKMX AAEPHBIX CTOKHOBEHHSX:

~ O6pasoBaHue HyK/JTOHHBIX KIJIACTEPOB U3y 4aI0Ch B Pa3/TMUHBIX-SAPO-IAPO H” |
' a;poH-sAPO CTOJKHOBEHUAX: B-001acTi IHepruit-or:4;2:10-40:. 3B/ c. CBojicrsa. |-
| xapakTe puCTHK. HyKIOHHBIX-KJIACTEPOB MCCIENOBAIHCE: C. IOMOIIBI0 HOBOTO"pe--
* IATMBUCTCKM-MHBAPUAHTHOIO METONA B IIPOCTPAHCTBE: OTHOCUTEIBHBIX: 4-CKO- |
- pocTeit: OGHAapYXEHO CyIIECTBOBAHNE ABYX: THIIOB. HYK/IOHHBIX-K/IACTEPOR; . Xa=- |
‘PaKTEPU3YIOMMXCS: DA3HBIMM: CPEOHMMM: 3HAYEHHAMHM: TEMIEpaTyp: |.
: <T>1.=60-70:MaB:u <T>,.=-120-130:M3B: YcranosneHo, 4To CBOICTBA: |
|: xapakTepucTHK . HyK/IOHHBIX K/IACTEPOB: C HU3KOM TEMIICPATY POil-yHUBEPCAb-
' :Hbl,' T:€:. H&- 3aBUCAT, HU: OT" TUNA: PparMeHTHPYIOmEel cnmemu;ﬂn'or'anep-
THH CTOJIKHOBCHUS:. AcHMITOTHYECKMIA : PEKMM: MMEET: MECTO- B :061acTH py, 2 |

2:4;2:A-TaB/c. O6cyxnaercs 3aBMCHMOCTE TEMIIEPATY PHI-KIACTCPOB OT-MHO- |
- KCCTBCHHOCTH TIPOTOHOB B-KaacTepe. [10Ka3aHo; uTo paccMaTpuBaEMbIE HYK-- |
.| TOHHbIE KIACTCPBI- MOXHO MHTCPI PETHPOBAThL KAK MPOAYKTH. PACNANa HEKOTO-- |:
:prX»MyJIb'THHyKJIOHHbIX PE30HAHCOB C IUKHPHHAMMU B HECKOMbKO-MaB:.

PaGora BeinonxcHa B-JlaGoparopus Boicokux aHepruit OUI U,
Hpernprnt O6BCMHEHHONO MHCTHTYTA: IACPHBIX UCCACAOBAHMIA: Ty6ua, 1993

1:Kuznetsov ALA. ' ‘ E1-93:457'}
The Propertics of Nucleon Clusters-
in Relativistic Nuclcar Collisions
The production of nuclcon clusters has been-investigated:in-different had-
ron-and nuclcar reactions.over an cnergy range from 4:2:to 40 GeV./c: We have
| observed the cxistence of two types of nucleon clusters characterized:by diffe--
‘rentvalues of temperature: <T>; .= 60-70 MeV and <T>, =:120—130-MeV.

The characteristics of 'nuclcon clusters are studied in‘terms of a new-relativistic:
.invariant:approach in rclative 4-vclocity. spacc. It-has-been observed that:the:
propertics.of nuclcon clusters with-a low temperature are universal, i.c. inde-
pendent: of cither-the type of fragmenting system:or-collision' energy. The:
asymplotic. regime occurs.at p;, = 4:2: A-GeV./c. for nucleon clusters:. The
dependence of cluster-temperature on proton multiplicity in the nucleon cluster:
was obtained: It-was-also shown-that-the nuclcon clusters under consideration:
can be interpreted.as decay products of some multinucleon resonances-with-a.
width of about a few MeV.
The.investigation has been pcrformed at the Laboratory of‘High:Energies,

JINR.
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