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ON THE EXISTENCE OF THE FIRST INTERMEDIATE
ASYMPTOTICS IN RELATIVISTIC NUCLEAR COLLISIONS

A.M.Baldin, A.O.Kechechyan*, B.A.Shahbazian

The multiple production of protons in relativistic nuclear collisions
in the region of the limiting fragmentation of the carbon nucleus is
studied. An approach in which the cross section is considered as a func-_
tion of the positive relativistic invariant quantities by = ~(u;~u, )2
where Wy =Py/my are particle fourvelocities, is used. It is shown
that in the range 0.01 < b ik <1 a universal behaviour of the cross
sections and the clasterization of the b;y distributions, similar to the
production of jets in the domain bik >> 1, are observed. This fact
enables us to suggest the notion of a first intermediate asymptotics.
The asymptotic behaviour of the cross section at large bijx which
was established earlier cah naturally be called the second asympto-
tics. The measurement of the characteristics possessing automodelity
properties in the region of the first asymptotics makes it possible to
study the general properties of a strongly excited nucleon matter and
the same meaurement in the region of the second asymptotics enables
us to study quark-gluon plasma, , .

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

O cyuiecTBOBaHMM NePBOil MPOMEXYTOUYHOM aCHMIITOTHKH
B PEJIATHBUCTCKHX AEPHLIX CTOJIKHOBEHMAX

AM.Bannun, A.O.Keueuan*, B.A llax6assn

Hayuaerci MHOXecTBeHHOe 0Gpa3oBaHHe MPOTOHOB B PENATHBHCT-
CKHX f[IEPHBIX CTOIIKHOBEHHMAX B OO/I2CTH NpeReNbHON ¢parmMeHTAIHH
Anpa yrnepona. Henonb3yerca nooxon, B KOTOPOM ceueHue PaccCMaTpHu-
BaeTCA KaK (GYHKUHA MONOXHTENBHBIX PeNATHBHCTCKH-HHBAPHAHTHBIX
BEJHWMH b =—(u;~u k)2 »THe ;=P /m— YeThipexMepHbIe CKo-
pocru vacThu. Iloka3saHo, uto 8 o6mactn 0,01 < by, < 1 Habmopaercs
YHHBCPCAIbHOE NOBEACHHE CEYECHWH M KIIACTEpPM3ALMA pacipemeNeHuii
no by, aHanormumas o0pa3zoBaHHio CTpYyil B o6nacTe b“‘» 1, uto
[03BONIACT BBECTH MOHATHE IIEPBOH INPOMEXYTOYHOH aCHMITOTHKH.
YCTaHOBNIEHHOE paHee aCHMITOTHYECKOE TOBENCHHME CeveHHIl NpH
Gompumx by, ecTeCTBEHHO Ha3BaTH BTOPOI ACHMIITOTHKOIA. H3mepenue
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XapaKTEepHCTHK, O0JIaNa0IMX aBTOMOIEIIbHBIMH cBoitcTBaMH, B obna-
CTH TIepBO# aCHMIITOTHKH [03BONACT U3YYaTh OB1He CBOACTBA CHIIbHO-
BO3GYNICHHOH HYKJIOHHOK MaTepuH, a B 06/1aCTH BTOPOH aCHMIITOTH-
KM — H3y4aTh KBapKTIIOOHHYIO N1a3My.

Pa6ora BhinomHeHa B JlaGopaTtopuu BbIcOKHX 3Hepruit OUAU.

The present paper is devoted to the study of the proton production
in relativistic nuclear collisions. Instead of the ordinary inclusive appro-
ach 712/ a new approach /8/ is used in which all the available experi-
mental information is employed. According to this approach, in relati-
vistic nuclear collisions

I+I-1+2+3+.. ' 1)

the colliding particles I and II (one of them or both can be nuclei) and
the produced ones 1,2,3,... are considered in the space of the four-
velocities u; = Py/m; (i= LIL,1,2,3,...). The probability distributions W
(cross sections) are assumed to depend one the positive relativistic
invariant quantities

D ="(“1"“k)2 =2, u,) -1, (2)
having the sense of the relative distances in the four-velocity space. Un-
like the commonly used noninvariant variables (longitudinal rapidities,
transveral momenta, ”sphericity” and so on), the quantities (2) make
it possible to formulate a series of laws of a general nature. As is shown
in /377 | at by, >> 1 asymptotic regimes set in, which are characterized
by a descrease of the probability distribution W(b; , by, b 1gg seee)
with increasing by and by a factorization. This law is analogous to the
correlation depletion principle in statistical mechanics. The correlation
depletion principle enabled us to give a new relativistic invariant defini-
tion of the jets as universal objects in multiple production processes and
to formulate the universal properties of the asymptotic regimes describ-
ing, in particular, the cumulative effect. The asymptotic regimes and the
validity of the correlation depletion principle for the distributions W
(cross sections) follow from the existence of the characteristic correla-
tion length, b o~ 1, in the relative velocity space. The asymptotic regimes
set in at b, > by, and by analogy with the mechanics of continuous
media they may be considered as a manifestation of the automodelity
of the W distributions. The automodelity of the solutions of the mecha-
nics of continuous media’/4/ means a descrease of the number of the



arguments of the function in question at the expense of the importance
of only selected combinations of independent variabies.

The concept of the automodelity was first applied to muliiple
production processes by Matveev, Muradyan and Tavkhelidze /5. They
proceeded from the dimensionality theory and the requirement of ap-
proximate invariance in scaling transformations

Py~ AP .

In the relative velocity space one deals with the dimensionless quan-
tities by and proceeds not from the dimensionality considerations but
from the condition of the existence of an asymptotic limit of the func-
tions W when some b,,’s tend to infinity. By infinity we should imply
a “physical infinity”, i.e., a quantity which makes it possible to expand
the function W in a power series of 1/by, .

Thereby the expansion coefficients turn out to possess automode-
lity properties with respect to this variable,

The formulation of automodelity in this sense and the application
of the correlation depletion principle enables one to propose a general
parametrization of the multiple particle production cross sections
(see 78/, (eq.) (8)). The scaling invariance of the cross sections follows
from this parametrization as a particular case. Scale invariance is valid
only for the dependences of the cross sections of reaction (1) for which
of importance are not the very quantities (2), but only their relationships.
The quantities b,, appear to be scale noninvariant. Scale noninvariant
are, e.g., the universal jet parameters. At the same time the jet properties
are a direct consequence of automodelity.

As was noted’3:8/ | in addition to the correlation length bg ~1
characterizing the scale of quark phenomena, a correlation length
b 1~ 0.01 should exist which characterizes the scale of nucleonic (nu-
clear) phenomena. The automodelity character of the asymptotics
of the W distributions for by, /b;>>1 follows from the pole approxi-
mation /3’ and the smallness of the binding energy per nucleon in
the nucleus: :

1
b 17
ol oy (b )?
0.01

where W, is practically independent of bgy; (automodelity with
respect to this variable). It should be noted, however, that the pole
approximation still needs a detailed experimental check. The validity
of this approximation for b & > 0.01 should also be studied.
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Thus, an experimental check of the existence of universal asympto-
tics in the intermediate domain of nuclear collisions, 0.01 < b y <1.00,
is urgent. It is important to note that the measurement of the automode-
lity characteristics in this domain means the study of the general pro-
perties of a strongly excited nuclear matter. As was often stressed, the
first intermediate asymptotics byy >> by is due to quite other laws
than the second one b, > by. The first asymptotics corresponds {o
quasi-free nucleons whereas the second one to quasi-free quarks. In
order to verify these ideas, the vicinity of the point uj; was investiga-
ted in the four-velocity space, i.e., all the protons within the range

0.03 < b, =(uy-u,)® <0.63. (3)

The 2C nucleus was taken as particle II in all the investigated
reactions. As particle I we used: a) 4 GeV/c negative pions (by y; = 56.2),
b) neutrons, having almost Gaussian momentum distribution with an
average value of 7.04GeV/c (b;yq =13.1) and a standard devia-
tion of 2.84GeV/c, c) 10GeV/c protons (b; 4 = 19.4), and
d) 50.4 GeV/c 12C nuclei (b n= 1.2).

The data were obtained with the aid of a 55cm (a,b) and a 2 m
(c,d) propane bubble chambers of the Laboratory of High Energies.

In all the considered cases the distance between the points u; and
uy is larger than the correlation lengths b and b, and, according to
the correlation depletion principle, the function W in the vicinity of
the point uy (inequality (4)) must not depend on the properties of
particleI and by ; . Figure 2 shows the validity of this statement.

Region (3) is divided into two parts:

0.03 <b,, < 0.1, (4)

where of greate importance is closeness of the point Uy (the nucleus),
and

0.1< by, < 0.63, (5)

where of importance is the clusterization of protons of the type of the

jets. It would be very interesting to discover such a clusterization. In

just the same manner as in the study of the jets /7’ we define the four-

vector:
Su

i

vV, = :

ViZup)?
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Fig.1. by distribution of the protons
from the region (5).

The summation is perfor-
med over the protons either from
the region (4) or the region (5).

The b g =~ (V, —uy)? dis-
tribution of the protons from the
region (5) is shown in Fig.1, and
from the region (4) in Fig.2. The
average value <bg,> for the
protons from the region (5) is
much larger than the average
value <bS > for the protons
from the region (4). This shows
that the mechanisms of the

proton production in the regions (4) and (5) are quite different. The
bayy = -(Vgq -uyy )? distributions are shown in Fig.3 and 4, where
uy is the four-velocity of the target nucleus for the regions (5) and 4),
respectively. The distance from the centre of the cluster V to the point

Uy (nucleus) is characterized by the variable bau-

To these distribu-

tions there correspond the average values <b, > and <b® arr > Shown
in the Table. The average distances <b ak > and <b® ak > between the
protons and the cluster centre in the velocity space are shown for com-

parison in the same table.

The fact that the <ba?
and <b,, > values are close
to each other shows that the
proton clusters (nuclear fire-
balles) are not so strongly
pronounced as the jets. In
this connection it is interes-
ting to consider other values

which are able to characterize wu}
the particle clusterization. The sl

average distances b, =

= ~(Vg ~uy)? are shown in

Fig. 5,6,7 to be a function a}

Fig.2. bgy distribution of the
protons from the region (4).

8

] 2L o &qu; %
o %




0 \ "]
¢ a-nC L
&%Zbgmﬂﬁ o—:C N
L 2 20 f x —CC
-3 .-
Y 4
'-0 é’ %4
t
tf
o DY 8
u i i -y

U 02 0 04 be O

Fig.3. bgqy distribution for protons

from the region (5).
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Fig.5. <v,p»> dependence on bgy; for
protons from the nC- - collisions.

Fig.7.<b 5> dependence on bayy for
protons from the ¢¢ and pC col-
lisions,
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Fig4. by distribution for protons
from the region (4).
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Fig.6. <b,, >dependence on Yy
for protons from the »=C col-
lisions.
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Table
Average values by, and b"m for the protons from the regions (4)and (5)

Typeof Py, Statistics 01> by >0.08 0.62>bd,, >0.1
collision GeV/c ~
: <by > <bg, > <b,, > <bg >
nC 7 11940 0.033 * 0001 0.026 * 0001 0087 t 0.001 0101 *+ 0.001
»C 4 1870 0032 ¢+ 0001 0.0256 * 0001 0094 + 0002 0082 + 0.003
cC 4.2 114 0027 + 0003 0037 + 0004 0.116 + 00068 0.151 + 0.009
pC 10 103 0031 ¢+ 0003 0031 + 0004 0107 + 0007 0135 : 0010

of by =~(Vg-ung )2 for the protons from the region (5). The
average by value is seen to decrease with increasing bgpy and <bgy> =~
~ 0.05 at bgy > 0.15 which is close to the value of <bj, > for slow
protons. It is important to note that the distance between the points
Va and uj is much larger than the average distances inside each of the
clusters. So, we have got the main result of this work: the intermediate
asymptotics of relativistic nuclear collisions in the region 0.01 < b, <1.00
does exist and the clusterization is observed.

Further investigations are required. A direct proof of the correla-
tion depletion principle in the region of the first intermediate asympto-
tics, a detailed study of the universal properties of the cross sections and
the verification of the universality of the correlation length in this region
are of particular importance.

REFERENCES

1. Bayukov Yu.D., Vorobyev L.S., Leksin G.A. et al-Yad. Fiz., 1973, :
v.18, No. 6, p. 1246-1250, h
Bayukov Yu.D. et al-ITEPH preprint N 86-69, Moscow, 1986.

2. Adyasevich B.P. et al-Phys.Lett., 1985, 161B, p.55.

3. Baldin A.M.-Doklady Akad. Nauk 1975, v.222, p.1064; ECHAYA,
1977, v.8, N 3, p.429; Nucl.Phys., 1985, A434, p.695c; Nucl.Phys.,
1985, A447, p.203.

4. Sedov L.I-""Mechanics of Continuous Madia”, v.LII, Moscow, Nauka,
1983, p.380 and p. 424-438.

5. Matveev V.A., Muradyan R.M., Tavkhelidze A.N.-JINR Preprint
P2-4572, Dubna, 1969;

Matveev V.A., Muradyan R.M., Tavkhelidze A.N-~Nuovo Cim.Lett.,
1972, 5, p.907.

10



6. Baldin A.M., Baldin A.A. — In: JINR Rapid Comm., N 17-86, Dubna,

1986, p.19.
7. Baldin A.M., Didenko L.A. — In: JINR Rapid Comm., N 3-84, Dubna,

p.85; N 8-85, Dubna, 1985, p.5.

Received on March 23, 1987.

11





