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1 Introduction 

At the beginning of the 80-th A.M.Baldin et al. (1-4] founded the relativistic 
description of the multiple particle production in nucleus-nucleus interactions. 

We used this method to describe the data obtained in the irradiation of the 
streamer chamber on the synchrophasotron beams in Dubna. 

In this paper we discuss a new algorithm for separation of clusters of particles 
and try to clear up their nature. 

The experimenal material we used was obtained from the reaction Mg-Mg at 
a beam momentum of 4.5 Ge V / c per nucleon. 1390 events were registered. Only 
negative secondary tracks ( 71'-) were measured. 10606 71'- were found. 

For comparison of data at different energies, we used to an.extent the experimental 
material from the bubble chamber (5]. 

2 The algorithm for clusters separation 

There are two main algorithms which are used to separate clusters now. The 
first one is the clusterization of particles according to their cumulative numbers (1]. 
The second algorithm uses the functional (4] : 

A2 = min[- L; (Va - u~)
2 

- Lj (Vi3 - ~t/J 
for creating clusters of particles. 
We offer an algorithm for clusters separation which is based on the nearness of 

tracks in the four-velocities space u; (l]. According to (4] we introduce some values 
which we will often use in this paper. 

For a cluster consisting of n particles with four-velocities u1 , u2, ••• ,un we can 
define the axis of the cluster: 

V = I;;Ui 

✓cr:;u;) 2 

V is a unitary vector as well as u;. For each particle belonging to the cluster we 
can define the quantity 

bk= -(V-uk}1 

The bk distribution shows us how narrow are the clusters we have obtained. Con­
sidering two clusters with axes V,, and Vi3 we can define their relative invariant ve­
locity: 

b,,13 = -(Ve, - Vi3)2 

The distribution of thi~~IweiliftsIMhelH&Ti!ii'!)4lll sters differ from one an-
other. We see a clear divh'1,2,1e~frirxoiwe0ne,reia¥mi clusters when the mean 
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value of b0 p is significantly greater than bk, The cumulative coefficients for fragmen­
tation of the beam ( x 1) and of the target ( x II) can be defined for each particle and 
each cluster as follows: 

Fragmentation 
of projectile 

mr-ui•tl[/ 
X[ = m;•U['UJJ 

_ m 1•V•uu 
X[S - ms·U['UJJ 

for particles 

for clusters 

Fragmentation 
of target 

m1ru;•u1 
X[I = m;•UJ·UJJ 

m 11 -V-u1 
X[IS = ms•U['UIJ 

A limiting value for x 0 divides the x1 - xu plot into four regions : 
l) XJ > x 0 and xu < x 0 beam fragmentation region 
2) XJ < x 0 and XII> x0 target fragmentation region 
3) XJ < x 0 and xu < x 0 non cumulative region 
4) XJ > x 0 and xu > x 0 undefined region 
If we find at least two particles in the beam fragmentation region we consider 

them as a cluster in the given region. Similarly we define a cluster belonging to the 
target fragmentation region . We also take into consideration groups of particles in 
the non cumulative (3) and undefined ( 4) regions. 

To separate clusters we suggest a method that can reveal multi-cluster events 
and, on the other hand, it doesn't exclude from the analysis the particles which are 
in the undefined region ( XJ > x0 and xn > x0 ); in our material the weight of such 
particles is significant. 

- In our approach we define a cluster as a group of particles contained in a sphere 
with a given radius in b;k space. As it was suggested in papers [6] we'll look for 
clusters with < bk >~ 1. 

The clusters selection algorithm is quite simple. To construct a cluster we take 
every secondary particle and then attach to it all particles that satisfy the condition 
b;k < bo where b0 is the radius of the sphere in b;k space, The clusters we have 
obtained in this way are not the final clusters, because they contain common tracks 
(the cl~ster containing the particles i and j appears twice). We must keep only one 
cluster from a group containing common tracks .. The selection criterion is that the 
cluster containing the largest number of particles will be kept. After this last step 
the final clusters were obtained. 

3 Some results on Mg - Mg 

For the calculation of physical results, we used different programs to analyse 
experimental data: 

! 1\ 2' 

\.1 
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ALFAI - algorithm using the fragmentation regions of the primary particles 
ALFA2 - program using our algorithm 
ALFA3 - algorithm using minimization of the A2 functional. 
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- Fig.I presents distances (in b;k) from the tracks to the a,'\'.is of the cluster they 
belong·to. b0 is the cut parameter, which was used to construct the cluster. The. 
legend indicates the numbers of entries to each histogramm. Fig.2 presents distances 
between clusters. 

As we see average widths of the clusters are considerably less than the average 
distance between them. For b0=4 only 5% of all clusters can't be distinguished one 
from another. 
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It is very interesting to compare the characteristic of clusters in different regions. 
For this purpose we have divided our data according to the cumulative numbers. In 
Fig.3 and Fig.4 bk distribution of the clusters are given. They are obtained using 
programs ALFA2 and ALFA3. 
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The results of the old definition ( Alfal [1]) of the clusters are given in Fig.5 and 
Fig.6 for the same regions and different cumulative numbers xo=0.l and xo=0.2. 

In distinction to our definition (Alfa2) we see a clear difference in the bk distri­
bution for different regions. On the other hand, for the definitions Alfal and Alfa3 
there is a difficulty connected with the nearness of bk and b0 13. 

4 Combinatorial background 

Description of the algorithm 
The clusters we've got are supposed to be related to the nucleus- nucleus reaction 

mechanism. The particles belonging to the cluster go out of the event simultaneously. 
To estimate the background, we created a file in which events contain mixed tracks 
from different parts of the experimental data. The background file written in the 
same format as the data file could be run using the same programs. The first step 
in building the background file is to get a permutation of the numbers from 1 to N , 
where N is the full number of secondary particles ( 10606 for Mg-Mg and 30148 for 
'/l"-C). Using this permutation we build pseudo- events which contain tracks coming 
from different events. 
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The multiplicities of pseudo-events are identical to the multiplicities of real events. 
We checked that pseudo-events didn't contain tracks that come from one useful 
event accidentally. We verified our combinatorial background on general distribu­
tions (p,p1., P11,B, y) which must be the same as for useful events. These distributions 
are identical. 
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In Figs. 7,8,9 we have the bk and b0 13 distibutions for background material in 
Mg-Mg interactions. It is clearly seen that there is no differences between useful and 
background events. This conclusion doesn't depend on the program which we use to 
analyse the experimental data. 
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The same we can say about experimental material from ,r-C interactions on 
Eir=40 GeV as it is seen from Figs. 10 and 11. 
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5 Conclusion 

This paper is an analysis of the clusters obtained accqrding to the algorithm that 
looks for close groups of tracks in bik space. The square distances inside jets and 
between jets - bk and bo,fJ - show a clear division of secondary particles into distinct 
groups. The analysis has shown that the distributions for Mg-Mg interactions weakly 
depend on the chosen cumulative number. The comparison to the generated false 
events allows us to affirm that the distributions we studied characterize the reaction 
as a whole and for building jets it's necessary either to increase statistics or to study 
some other distributions. 

We use this opportunity to express our gratitude to Academician A.M. Baldin for 
constant interest in our work, support and valuable discussion. We are also grateful 
to the chamber division administration who allowed us to use the bubble chamber 
data and to Dr. ,R.Togoo , to Dr. Y.Potribennikov, to E.Plekhanov for helping us in 
our work. 

6 

References 

[1] A.M. BaJIAIIH,JI.A.,IJ;uAeHKO IlpenpIIHT mum Pl-87-912,,il;y6Ha,1987 

[2] A.M. Baldin et.al. Rapid Communication JINR No I/21/,Dubna,1987 

[3] A.M.Baldin Preprint JINR El-11368,Dubna,1978 

[4] A.M.BanAxrn,JI.A.,IJ;uAeHKo KpaTKUe Coo6~eHII11 OlUIH N8-85, 
,il;y6Ha, 1985 

[5] K.AHreJioB,B.B.JI106uMoB,P.Toroo KpaTKUe Coo6~eHu11 OUffH 
N5[38]-89, ,IJ;y6Ha, 1989 

[6] A.M.Baldin et.al. JINR El--85-675,Dubna,1985 

Received by Publishing Department 
on March 30, 1993. 

7 


