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Abstract

The experimental data of 4 1(4 5)A GeV/c 22Ne(28Si) emulsion interactions, which
has been measured in the laboratory of high energy physics ( LHEP ) at Cairo
University , has been utilized in this analysis In the present paper we propose the
use of Bubelev's graphical method to visualize the candidates of cluster formation
in nucleus - nucleus interactions This method is based on the Chernikov
geometry formulation of relativistic kinematics in patterns in the Lobachevsky
velocity space in which the motion of particles are equivalent to the Lorentz
group The analysis has shown that events which are identified as formation of
clusters in 22Ne( 8Si) emulsion interactions are well illustrated in the Lobachevsky
velocity space using the principle of likeness (closeness). The study will be
extended to include other reactions and other types of particles
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INTRODUCTION

A new method is proposed for the graphical representation of clusters in the Lobachevsky
velocity space ( LVS ) . This space is based on a new geometry, not only on its logical aspect
but also on its applications in physics and astronomy[l]

Euclid (330- 275 BC) based geometry on a number of axioms Among them, the fifth
a\iom, known as Euclid's postulate on parallel straight lines Euclid defined two straight lines
as parallel if they lay in a common plane and not intersect with each other The doctrine of
parallel lines is the most difficult part of Euclid's geometry It had three postulates as:

1 Only one straight line can be drawn between two points
2 A straight line is the shortest path between two points.
3 Through a given point on a plane one can draw only one straight line that does not

intersect a given line
In Euclid's geometry, one distinguishes a great part of propositions whose proofs do not rely
on Euclid's axiom Such propositions presented by Euclid himself in the first place They
include, for example, the theorem that two lines do not intersect if they are perpendicular to
some third line This part called absolute geometry It is taken over entirely into Lobachevsky
geometry The proof of the third axiom known as Euclid's postulate was sought in vain for a
long time Henry Poincare ( 1854- 1912 ) said "It is impossible to imagine the efforts that had
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been spent in pursuit of this dream Finally at the beginning of the nineteen-century, a
Russian and Hungarian, Lobachevsky and Bolyai, showed independently that this proof is
impossible The impossibility of proving Euclid's postulate could be established only by
discovering a new non- Euclidean geometry "
The main idea of geometry of Bolyai and Lobachevsky established in the new geometry is
that , through a given point on a plane not only one line could pass through it but also
infinitely many lines that do not intersect a given line In the family of such lines , there is a
pair of limiting lines , which are called lines parallel to the given line If from the beginning
of a straight ray one drops the perpendicular onto the line parallel to it, then the angle n
formed by the ray and the perpendicular line in Euclid's planimetry is, as well known, nil
But in Lobachevsky planimetry it is less than nil and depends on the height P from which the
perpendicular is dropped This dependence contains a characteristic length k It is called
Lobachevsky constant Lobachevsky called the dependence IT = IT (p/k) = U (x) on the angle
of parallelism and showed that

t g ( n ( x ) / 2 ) = ex (1)

The key to the proof of this formula was the intrinsic geometry of the orisphere This was
the name that Lobachevsky gave to the surface orthogonal to the sheaf of parallel lines, and he
proved that the intrinsic geometry of orisphere was identical to Euclid's planimetry The
constant k occurs in all formulas of Lobachevsky geometry in the part of which it differs from
Euclid's geometry
In I960 Chernikov established geometric formula of relativistic kinematics in the pattern of
the Lobachevsky's velocity space (LVS)[2] This method is based on the multi-dimensional
analysis of the multi-particle hadron-nucleus collisions by using a descriptive representation
of the hadron collision kinematics which is Lorentz-invariant[3] One element of this formula
is the rapidity which is a distance in the (LVS), between the frame of reference and the rest
formula of a jet particle with energy E, momentum P and rest mass m

p = Vi In |( E + P ) / ( E - P ) | (2)

and its orthogonal projection into the jet axis in the ( LVS ) is the longitudinal rapidity

PL = '/2 ln |(E + P L ) / ( E - P L ) | (3)

The logarithmic half-angle scale r|(9) can be considered as a longitudinal quasi-rapidity , by
using photon approximation for a jet particle

n(9) =-lntan(9/2) = P
L (4)

The translation and the rotation motion in the ( LVS ) are equivalent to the Lorentz group
Therefore, the LVS can be considered as an invariant phase space (IPS ) in high energy
physics So, point in the LVS represents as a world velocity. The world velocity of two
colliding and n detected jet particles, according to Chernikov , from (n+2)-point picture of the
jet kinematics in the LVS This picture is called discrete kinematics figure (DKF) It is
Lorentz- invariant and contains the whole dimensional information on jet kinematics Fora
definite kind of reaction these points are the centers of domains in the LVS permitted for
cluster decay products by the 4 -momentum conservation law

At the stage of classification of jets into types, it is convenient to characterize the likeness
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(closeness) in the (EPS) of single type (DKF) by generalized distance p^ (A', AJ ) ,
where

A ' 0 ) ={p^} ' 0 ) , l < u < n + 2 (5)

is the generalized hyperbolic metric of the LVS between two comparable ith and jth jets. In
the nonrelativistic limit, this equation transferred into the usual generalized root mean square
distance in the quasi-Euclidean domain of the LVS

In about 1970 Bubelev[4] designed a map for LVS on which one may recognize a cluster
by inserting data on kinematical variables such as momentum, angle of emission, rapidity

EXPERIMENTAL TECHNIQUE

Two groups of stacks of nuclear emulsion (Em) have been exposed to the 22Ne -beam at 4 1A
GeV/c and 28Si -beam at 4 5A GeV/c at the Dubna Synchrophasotron Scanning and angle
measuiement techniques are described in details previously in reference [5] All charged
secondary particles have been classified, according to the velocity P = v/c , the range L in the
emulsion, and the relative tonization I* = I / Io, where I is the particle track ionization , and Io
is that for a singly charged relativistic shower track in the narrow forward cone of an opening
angle 0 < 3 °. These secondary particles emitted in the measured events are classified as.
[i] The grey tracks producing particles "g" having L > 3 mm, a relative ionization I*> 1 4 ,
and 0 3< P <0 7 These are charged recoil nucleons The tracks of such type having 9 < 3 °
and L > 2 cm are considered to be projectile fragments having Z=2
[n]The black tracks producing particles "b" with L < 3 mm (P < 0 3) These are slow nucleons
and nuclear target fragments
Together the " b + g " tracks are called the tracks of heavy ionizing particles "h"
The b-particles having 0 < 3 ° and L > 1 cm are considered to be projectile fragments having
Z > 3 The number of delta-electrons has been measured for each of these particles in order to
determine the corresponding charge Z=3,4, ,Zbeam
[in] The shower tracks producing particles " s " having I* < 1 4 and P > 0 7 and an emission
angle 9 < 3 ° The tracks of such type have been further subjected to multiple scattering
measurements for momentum determination in order to separate the produced pions from
non-interacting single charged projectile fragments ,and to differentiate them into protons,
deuteions, and tritons
Thus all the emitted particles have been adequately divided into multicharged projectile
fragments ( PFs ) with Z varying from Z=l to Zbeam, target fragments i.e h-particles ( TFs) ,
and the generated
shower s-particles

METHODE OF SEARCH FOR CLUSTER

From the available data, the shower produced particles (s) are considered only from all the
secondary particles emitted in the measured events Also, the events of high multiplicity with

n, > 30 are chosen For each particle the pseudorapidity r\ was calculated For each event, the
values of r) were rearranged in descending order and normalized as
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n = (n - nmm) / On - r i m a x ) (6)

to take the values between 0 and 1,where r|min and "nmax are the minimum and maximum
values of q in the considered event[6] The r\- distribution of the experimental data are
compared with the generated events by a Monte Carlo (MC) procedure of a same multiplicity
In figure(l), a spike is considered to be significant since there is a difference between the
experimental peak and the corresponding MC one
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Fig( 1) The n. - distribution for the interactions of 4 1(4 5)A GeV/c 22Ne(28Si) emulsion

Collisions between nuclei at high energy may create a finite volume of high density
hadronic matter Such condition could be reached in central nucleus-nucleus collision when
the energy density is linearly related to the rapidity So the experimental events are chosen
within the narrow spike

Also to search for hadronic clusters, the quantitative method of pseudorapidity intervals
Aii n a s been applied as

=1,2, . (7)

where Ai-|\j means the pseudorapidity interval between the ith and jth particles while k is a
number of particles between them[7] If the shower particles are emitted independently and
no correlation exists between them, the distribution will have a binomial shape Therefore,
the experimental data are compared with the independent particle emission Ar\- distribution
model (IPE) which is given by

where ,

dN\ /

Ck
n . ,

= C k= Ck
n . , Ar|k ( 1 - (8)

(9)

The frequency distribution for the normalized pseudorabidity intervals, Ar\- distribution, were
obtained for different values of n and k A deviation between the position of the maxima of
the experimental Ar|- distributions and the calculated (IPE) one has been observed in figure
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(2).where the experimental distribution (histogram) is shifted to the lower values of Ari-
distnbutions with respect to the the IPE one This indicates a correlation between the emitted
Shower particles in the considerd interval The observed correlation may be interpretedas abig
hadronic cluster dring the multiple production process This is consistance with the formation
of excited hadronic matter,which aquires greater size while moving inside the target
nucleus[S] The analysis interpretation discusses the formation and subsequent decay of a big
hadronic cluster during the multiple production process of the interactions The details of the
method can be shown in reference[7]

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Fig (21 The Ar|- distnbutionsfor the interactions of !8Si +Em for k = 12 ,n = 16 and
: ;Ne+Em fork = 7,n= 16

Figure (3) shows the Lobachevsky's velocity plot, which was firstly presented by Bubelev
The plot is an Euclidean image of the distribution of secondary particles intheLVS. It
permits one to analysis of the jet kinematics of each event separately using the curved
coordinate^] The curved orthogonal coordinates of a point are the space angle 9 and the
momentum P in the frame of reference whose velocity is represented by the net origin. The
analysis of the interaction of protons with emulsion shows many produced clusters, some of
them have been selected in figure (4)
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CONCLUSION

By using Lobachevsky's velocity space (LVS) in relativistic kinematics, one can provides
a new method for cluster analysis
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