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I. Introduction

The main concern of high energy physics is the study of fundamental particles. After having
understood the properties of fundamental particles and the laws governing their interactions, one can apply these
to more complex system of particles. Going back to the last many decades, one finds that there has been a
growing realization that nuclear targets can give snapshots of the space-time development of a strong interaction
process. Hence, it was thought that collisions of hadrons with nuclei may provide some information regarding
elementary particles and their interactions which can never be known using a simple hydrogen target.

People use complex atomic nuclei in high energy experiments as targets because of the fact that it gives
quite unexpected and interesting results. From theoretical point of view it is believed that at high energy a
nuclear collision forces the projectile to interact with the whole lot of hadronic matter within a very short
period of time. Therefore, by studying the penetration of projectile in nuclear matter, one may get some very
useful informations of high energy reactions within very small distances and quite short times from impact
which is definitely not possible in normal particle-particle reactions.

In the present investigation nuclear emulsion technique was used to collect the interactions/events
which is when seen under a compound microscope look like a star. Nuclear emulsion is a material which
memorises the tracks of charged particles. When a particle (projectile) collides with the nuclei (target) of
emulsion, a large number of secondary particles are produced. There are three categories of secondary particles
which are produced. First are the shower particles, they are mostly pions and are produced in forward cone, the
other two are grey and black particles. The grey and black particles are also called as slow particles. The number
of shower, grey and black particles in an interaction/event are termed as N, N, and N,. When grey and black
particles are taken together, they are called as heavy tracks/particles and their number is written by N(=Ng+Np).
Many workers [1-12] have studied nuclear interactions using this technique.

In this paper we report some results on mean multiplicity, its dependence on energy and average
number of collisions made by the incident particle inside the nucleus.

II. Experimental method

A stack of Ilford-G5 emulsion exposed to a negative pion beam of energy 340 GeV at the CERN SPS
has been used to collect the data sample. The measurement was carried out by using an oil immersion objective
of 100X magnification. To make sure that data sample does not include any secondary interaction, the primaries
of all the events were followed back up to the edge of the plates and only those events whose primary remained
parallel to the main direction of the beam and which did not show any significant change in their ionization were
finally picked up as genuine primary events. The secondary tracks coming out from each detected interaction
were classified according to emulsion experiment terminology [13] on the basis of their specific ionization
g*(=g/g,), where g is the ionization of the track and go is the ionization of the primary. The tracks with g*<1.4,
1.4<g*<10 and g*>10 were named as shower, grey and black tracks respectively. Other details may be found in
our earlier publications [7-12].

III.  Experimental results
3.1 Mean normalized multiplicity
An important parameter which may be used to understand the multiparticle production process is the
mean normalized multiplicity R,. The definition of mean normalized multiplicity has changed with time.

www.iosrjournals.org 73 | Page



Some aspects of multiparticle production in high energy nuclear interactions

Initially Ra, let us call it as Ra;, was defined as Ra;=<Ng>/<N.,> where <Ng> represents the average number of
charged shower particles observed in hadron-nucleus (hA) interactions and <N > is the mean number of
charged shower particles in hadron-hadron (hh) interactions at almost the same energy. It was realised by
various workers that the above expression for the estimation of R, is not proper enough, because it was not in
accordance with its definition used to predict its behaviour from various models of multiparticle production.

In emulsion experiments, only the charged particles are recorded therefore it is not possible to
determine the total number of particles produced either in hA or in hh interactions. We, therefore, summarise
here the methods proposed by various workers [14-17] to estimate the value of R, which may be compared with
the predictions of various models.

3.2 Estimation of mean normalized multiplicity in terms of actual number of final state particles
The mean normalized multiplicity in terms of actual number of final state particles is given by
RA2:(3/2(<NS>- GA)+<V>+l)/(3/2(<NCh>-(XH)+2) (1)

where <v> is the average number of collisions. o, and ay denote the leading particle multiplicities in
hA and hh interactions respectively. Leading particle is defined as a hadron appearing in the final state and
carrying the maximum share of the energy as compared to other final state particles. It is believed that the
leading particle carries approximately half of the incident energy. The above expression for Ra, has been
obtained on the basis of charge symmetry [18,19]. 3/2(<Ng>- ay) is the number of particles produced in hh
interactions. In order to get the total number of particles in the final state, 2 has been added to account for the
contribution of initial channel particles. Therefore, total expected number of particles in the final state of hh
interactions is 3/2(<Ng>- oy)+2.

Similarly, for hA interactions, 3/2(<Ng>- o) may be taken as actual number of particles produced.
Thus to get the total number of particles in the final state, the number of particles in the initial channel, (<v>+1)
should be added to it. So the average number of particles in the final state becomes (3/2(<Ng>- a)+<v>+1).

3.3 Estimation of R, in terms of created charged particles

Some workers [14-17] have taken Ry as ratio of charged particles created in hA and hh collisions. Thus
they have taken the number of charged particles created in hh collisions as <N >.,=<N.>-2. Two has been
subtracted to account for the charges present in the initial channel. For the case of hA collisions the number of
created charged particles has been taken as <Ng>,=<Ng>-1, where it has been assumed that the incident charged
particle contributes one shower to the final particles and the target nucleus appear as grey. Thus, according to
these workers the expression for mean normalized multiplicity becomes
Ras=(<N>-1)/(<Ner-2>) (2)

The authors in reference [14] have pointed out that while estimating the number of created charged
particles, charge exchange effects should also be taken into account. In the case of pp collisions the average
frequency of protons present in the final state lies between 1.27 and 1.40 [18,19], the average of these two
numbers is 1.33. Thus the actual number of created charged particles in pp collisions may be given as
<Nch>cr:<Nch>' 1.33.

In the case of p-nucleus (pA) interactions the incident proton appears as a proton in the final state in
about sixty to seventy percent of the cases and rest of the times it appears as a neutron. Thus in order to get true
number of created charged particles, 0.67 should be subtracted from the average number of particles produce in
the final state. The average number of created charged particles in p-nucleus interactions may be given as,
<Ng&>=<Ng>-0.67. Therefore, in this case the expression for R,, let us call it as Ragy, takes the form

(RA4)pA:(<Ns>cr)/ (<Nch>cr):(<Ns>'O~67)/ (<Nch>' 1 3 3 ) (3)
Similarly, for pion collisions,
(Ras)x a=(<N>-0.50)/(<Nep>-1.40> )

3.4 Variation R,; and R, with energy

The values of Rja; and Ras have been calculated using equations for mA and pA interactions. The
variations of Rx; and Ra4 with energy are shown in figs. 1 and 2.

One may note from figure that R,; increases with energy up to nearly 50 GeV and thereafter it attains
an almost constant value which means that mean normalized multiplicity becomes independent of energy at
higher energies. A look at the plot of R4 versus energy shows that R4 is independent of energy in mA and pA
interactions both. The average value of Ra4 is 1.70+0.06 and 1.87+0.10 for A and pA interactions
respectively. This energy independent value of Ra4 agrees well with the predictions of the double step models
[20-23].
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Fig. 1 Variation of R,; with energy for 7~ A and pA collisions
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Fig. 2 Variation of R,4 with energy for n” A and pA collisions

3.5 Variation of R4 with the mean number of collisions

The variation of mean normalized multiplicity with the average number of collisions, <v(N,)> has been
studied. The average number of collisions has been calculated using the method given by Stenlund and
Otterlund [24]. The variation of Ra4 with <v(N,)> is shown in fig. 3. It is noted from the figure that as the values
of <v(N,y)> become large, an increasing trend in the value of Ray4 is observed.
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Fig. 3 Variation of R4 with average number of collisions
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IV. Conclusions

On the basis of the results presented in the paper, we conclude the following.
(1) Ra; increases with energy up to around 50 GeV after which it attains a constant value.
(i1) Ra4 is independent of energy for m' A and pA collisions both.
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