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In the present work, the general characteristics of the interactions of “Li nuclei with
nuclear emulsion at 3A GeV/c have been studied. The multiplicity of the charged
secondary particles and the correlations among them are discussed. The average
multiplicity, compound multiplicity, variation of the dispersion, and the variation of the

average compound multiplicity with the different projectile and target mass numbers
have been investigated. The outcomes demonstrate certain regularities in the interactions
between “Li nuclei and emulsion nuclei, which were previously seen in tests involving
lighter nuclei. The values of the average multiplicity of the secondary charged particles
have been estimated, and the dependence of this average multiplicity on the mass number
of the projectile has been analyzed. The impact parameter determines the average
multiplicities of the secondary charged particles, which rise as the impact parameter
decreases. The variation in average multiplicities of shower particles as a function of
heavy ionizing particles has been discussed. The compound multiplicity has been shown
to be a good kinematical parameter for studying the interaction between nuclei. The
compound multiplicity's average value mostly rises as the projectile mass number does
and with the target mass. The study of multiplicity correlations has shown that shower
and grey particles are strongly correlated. The “Li interaction's experimental data have
been methodically compared to other interactions at various energies; the new results are
consistent with the corresponding results at almost the same energy. The results obtained
in the current studies have been compared with those from hadron-nucleus collisions.
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1. INTRODUCTION relativistic particles and nuclear fragments. It is
undoubting that the collider experiment benefits studying
relativistic particle production, which is expected to

relate to the creation of quark-gluon plasma (QGP).

The study of heavy ion accelerators opened a new era
in nuclear accelerator studies at high energies [1, 2].
There have been many research centers that study N-N

interactions, such as: The Joint Institute for Nuclear
Research (JINR), Dubna, Russia. JINR operates seven
laboratories one of which conducts nucleus interactions
with emulsion at Dubna energy 3-4.5A GeV/c per
nucleon [3].

The collisions at high energy are an important
research field in modern physics. The incident projectile
nucleus collides with the fixed target nucleus in the high
energy heavy-ion accelerator experiment. Subsequently,
the collisions produce a large number of final-state

The study of relativistic Nucleus-Nucleus (N-N)
collisions has engendered significant interests during the
recent years [4-7]. The main goal about investigating the
N-N collision at high energies is to search for new
phenomena may not be obtained from a nucleon-nucleon
or nucleon-nucleus interactions, such as the complex
states of nuclear matter that scientists believe occurred
during the early universe. These states require high
pressure with high temperature, and a great massive pion
density that cannot be reached in a single hadron-hadron
collision [6]. One way to reproduce these states in the
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laboratory is the collision of the heavy ion beam, perhaps
as little of GeV / nucleon.

Also, the study of high-energy heavy ion reactions
relates to the desire to produce and examine nuclear
matter at high excitation energy and density. So,
information about the nature of the heavy ion
interaction mechanism may be provided by this work,
which could be significant. Furthermore, it may be
useful to study the multiplicity properties and disclose
the mechanism of high-energy nucleus-nucleus
interactions.

Many investigators [7-13] have endeavored to
examine nuclear reactions, which arise from
collisions between nuclei at varying energies. For
example, over the past few years, numerous
experimental results of these interactions between
relativistic nuclei and the properties of the
interactions of nuclei with emulsion at 3-4.5A
GeV/c have been studied [4-14]. The characteristics
of ®Li and 7Li interactions with emulsion [15], and
the properties of compound multiplicity in the
interactions between the nuclei of 2Ne and 28Si with
emulsion at Dubna energy have been studied [4].

Understanding and appreciating the mechanism
of nucleus-nucleus collisions at the energies under
consideration may require a study into the
correlation between the various types of secondary
charged particles. As a result, many authors have
examined various aspects of correlation and
multiplicity [9,16,17]. Also, the results on the
correlations between different particle multiplicities
of the 22Ne and 28Si interactions with emulsion
nuclei at (4.1-4.5)A GeV/c have been analyzed [9].

Despite earlier research on nucleus-nucleus
interactions, additional experimental investigations
are required to clarify these novel occurrences. The
purpose of this work is to characterize charged
particle characteristics and to investigate both regular
and peculiar occurrences, as well as an in-depth
investigation of these phenomena in high-energy
nucleus-nucleus collisions. Therefore, this work is to
detect new aspects of the interactions between the 7Li
nucleus and nuclear emulsions.

In this paper, we get various multiplicity
distributions, as described in this study for 7Li-Em
collisions at 3A GeV/C, the multiplicity distributions
of secondary charged particles, shower, grey, black,
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highly ionization fragments, and compound
multiplicity are examined. In the meantime,
experimental results on the correlations between
various multiplicities are reported. The obtained
results from the current studies have been compared
with corresponding ones from collisions between
hadrons and nucleus.

2. EXPERIMENTAL DETAILS

Nuclear research emulsions were first in the1940s
developed to meet the needs of physicists engaged in
research on cosmic radiation. Nuclear emulsion is
a versatile instrument to detect the charged particle it
is not only capable of counting charged particle but
also provides information regarding the mass energies
of particles and their modes of a collisions it also
allows studies of angular distribution of all produced
in nuclear interactions with higher accuracy the
nuclear emulsion has high density and high stopping
power. Nuclear emulsions are kept in specific
conditions, so photographic events can be preserved
for many years.

The investigated emulsion stack was exposed to a
3 AGeV/c 7Li beam at Dubna Synchrophasotron (Joint
Institute of Nuclear Research), Russia. The stack
consists of layers of type NIKFI BR-2 with dimensions
of 10 cm x 20 cm x 600 um. The intensity of the beam
irradiation was 10* particles/cm?, and its diameter
was 1 cm [18].

The along-the-track method was used in scanning
of the emulsion stack. The secondary charged
particles were classified as follows:

(i) Shower tracks: “s — particles” denoted by ng,
which is the number of shower particles, with * <
1.4 (where I is the specific ionization, I /1,; I is the
secondary particle ionization track, and I, is the
relativistic shower track ionization in a narrow
forward cone with angle 8 < 3° and a velocity g >
0.7).

(i) Grey tracks: "g-particles” denoted by n,, which is
the number of gray particles, with 1.4 < I* < 10,
range L = 3 mm, and velocity 0.3 < 8 < 0.7.

(iii) Black tracks: "b-particles” denoted by n,, which is
the number of black particles. They have a specific
ionization [* > 10 with range L < 3 mm, and
velocity § < 0.3.
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The number of shower and gray secondary charged
particle tracks were taken together and termed to as
new component of compound multiplicity n,
where n. = ng + ng. Also, the number of gray and black
secondary charged particle tracks are called heavy
ionizing tracks, and their multiplicities are denoted
by ny,, where ny, = ng + ny, [4].

In nuclear emulsion experiments, it is difficult to
determine the targets as the medium contains a variety of
nuclei, such as H, C, N, O, Ag, and Br nuclei, in addition
to having a complex composition. Moreover, events with
n, <1 are mostly the result of interactions with free
hydrogen H (At = 1), and events with 1 < n, < 7
are mostly the result of interactions with CNO, which is
called a light group of nuclei (At = 14). In addition,
events with n;, = 8 are considered to be in the category
of interactions with AgBr and are called a heavy group
of nuclei (< At > = 94) [14].

Shower, grey, and black particle tracks are
represented by ns, ng, and np, respectively, which
indicate the number of charged particles produced in an
interaction. Our previous paper contains further
information about the measurement and scanning
process for the charged particles that are emitted,
angles, etc. [14].

3. GENERAL CHARACTERISTICS
3.1 The interaction of mean free path

By dividing the total scanned length by the total
number of inelastic interactions within this length, one
can determine the inelastic mean free path (m. f. p) A. A
has an inverse relationship with the interaction cross
section.

Along a scanned length of 152.65 meter in emulsion
plates, a number of 1000 “Li- emulsion events has been
found, giving rise to an experimental mean free path
Jexp=15.27+0.36 c¢cm. The experimental value can be
compared to the calculated mean free path (Aca=15.6
cm), this was calculated using the composition of the
emulsion and applying the equation:

et = (Ziniopy)~" (1)

where n;is the number of ith atom per unit volume in
the emulsion and the interaction between two nuclei
has a cross section op.p is given by [19]:

opr = (A2 + AY® — b)? )

With ro = 1.23 fm and b = 1.56 — 0.2(45 /> + 4;/%),
where A, and At are the projectile and target mass
numbers [19].

The mean free path of the experimental values Aexp
compared to the corresponding theoretical values
calculated according to equations (1) and (2). The
calculated values Aca was get on provide a satisfactory
match with the experimental values, Aexp.

3.2  The Characteristics of the Average
Multiplicities

The study of the multiplicities of secondary
particles (shower, grey, black, and heavy particles)
produced from interactions of heavy ions reveals
details on the mechanisms involved in the production
of these particles. The nuclear interaction at high
energy is a collision between the target's nucleons and
the incident particle, or projectile. These collisions
produce relativistic particles (such as pions) by the
transfer of energy. The interacting nuclear matter is
left in a very high local heated excited state.

The mean numbers of secondary charged particles
released as a result of the interactions of different
projectiles with the emulsion nuclei at (3-4.5)A
GeV/c, {ns), {(ng), (np) and (nn) are listed in Table (1).
From this table, one can see that the (ns) increases
with the projectile mass number at the same energy,
except ’Li interactions may be due to it's less energy
than those of the others. There is a tendency for the
(ng) to increase as the projectile mass number does.
The result is consistent with that previously reported
[20], in which it is shown that the average multiplicity
for the hadron-nucleon interaction is about equal to
the ratio between (ns) and the number of projectile
nucleons directly taking part in the interaction.
Moreover, it has been shown that (ng) is a measure of
the number of nucleons in projectile interactions and
the equivalent number of intranuclear collisions
[21]. At the specified energy range, the value of (np)
is nearly independent of the projectile mass number,
indicating that the excitation of the target nucleus and
the ensuing evaporation of the particle and fragments
appear to be independent of the initial phase of the
collision.

Arab J. Nucl. Sci. Appl., Vol. 57, 3, (2024)
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Table (1): The average multiplicity values of secondary
charged particles for various projectile interactions
with emulsion nuclei at (3-4.5)A GeV/c

Projectile (ns) (Ng) (Nb) (Nn) Ref.

H 1.60+£0.20 2.80+0.2 3.78+0.30 6.63+0.13 8,22
2H 2.77+0.07 3.90+0.10 4.60+0.20 8.50+0.30 8,22
SHe  3.50+0.10 3.00+0.10 5.30+0.20 8.20+0.30 23
‘He  3.70+0.10 4.40+0.20 4.40+0.20 8.80+0.20 22

bLi 5.09+0.29 4.23+0.21 4.91+0.30 9.14+0.37 24

i 3.9140.08 3.15+0.09 5.89+0.14 9.04+0.20 P\:fgflft
2C 7.7040.20 5.90+0.20 4.50+0.20  ---cemr 22
160 9.4040.30 6.4020.20 4.40+0.10  —--oeer 25

2ZNe  9.90+0.39 5.52+0.26 4.01+0.15 9.53+0.38 4
Mg 10.79+0.22 7.88+0.21 5.32+0.13 13.21+0.20 26

23j  11.93+0.43 6.23+0.26 5.27+0.2 11.50+0.44 4

To investigate the particle production, the dependence
of the average shower particles (ns) on the mass number
of the projectile nucleus A, has been studied. So, we have
plotted the dependence of the average shower multiplicity
(ns) on the mass of the projectile Ap, which is shown in
figure (1). From the figure, one can see that a linear
dependence of (ns) at high energy on the mass number of
the projectiles Ap.
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Fig. (1): Dependence of (ns) in nucleus-nucleus
collisions at high energy on the mass
number of the projectiles Ap.

The variation of average shower particle multiplicities

(ns) in relation to heavy ionizing particles n, for the

interactions of 6Li and "Li projectiles with emulsion nuclei
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at 4.5A GeV/c and 3A GeV/c respectively, is shown in
figure (2). From this figure one can see that, with
increasing of nn the (ns) increases, within the experimental
error, up to n,=17 at which all the nucleons from the
incident beam interacted with target nuclei. In order to
find out why the average multiplicity of shower particles,
(n) in the plateau region is less for “Li than for SLi, the
decrease in (ns) associated with “Li which approximately
equals 3.7 is due to a decrease in the number of “Li
participant nucleons (often two neutrons)[27]. It is
possible to produce neutrons and emit gamma rays [28],
and ’Li can fragment so that one of its components
interacts with the target intensely while the other
component disappears.
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Fig. (2): Average multiplicity (ns) as a function of nn for
the interactions of projectiles(e) SLi at 4.5A
GeV/e, (0) 'Li at 3.8A GeV/c and (A) "Li(present
work) at 3A GeV/c with emulsion nuclei.

4. COMPOUND MULTIPLICITY

The majority of high-energy nucleus-nucleus
collision tests conducted in the last several years have
been carried out to study the characteristics of the
shower and grey particles produced in such collisions
[29-31]. Because the grey particles are emitted at or soon
after the passage of a leading particle (a hadron), it is
importance to investigate them. They are therefore
expected to keep some recollection of the reaction's
history. Therefore, it would be beneficial to take into
account the compound multiplicity of shower and grey
particles, nc in researching the process that gives rise to
their production. Furthermore, the number of encounters
made by impinging hadrons within the impacted nucleus,
can be well measured by gray particles [31].
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In this section, an effort is made to investigate some
intriguing compound multiplicity characteristics in “Li-Em
collisions at 3AGeV/c, where the compound multiplicity
term is the sum of grey and shower particles taken
together, (nc=ng+ns). The primary reason for researching
compound multiplicity in heavy-ion reactions is that the
data and information from nucleus-nucleus collisions may
help or might be used to improve the models for
multiparticle production in hadron-nucleus and nucleus-
nucleus collisions [6,9]. The behavior of the distribution
of compound multiplicity that was obtained in the present
work for “Li-Em interactions at 3A GeV/c in comparison
with that for 10 [25,31] and *2C [22,32] at 4.5A GeV/c, is
shown in figure (3). From this figure, it is evident that
when projectile mass numbers increase, the distribution's
peak moves in the direction of higher values of nc. It is
also evident that when projectile mass number increases,
the compound multiplicity distribution widens. A
comparable outcome has been noted in references [4,9].
Moreover, if the projectile nuclei are heavier than those of
Li, the average multiplicity of relativistic particles
increases. These features of specific multiplicities <ns>
values are in agreement with the model, which views the
collision between a nucleus-nucleus as the disorderly
accumulation of nucleon-nucleus collisions.

0.4
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Q - - 12c Em
. .. %0 _Em
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Fig. (3): Compound multiplicity distributions in nucleus-
nucleus collisions at (3-4.5)A GeV/c.

4.1 Dispersion variation with average compound
multiplicity

The relationship between the dispersion and the
shower particle average value in high energy nucleus-
nucleus collisions has been investigated. Additionally, a
number of authors have investigated the relationship
between the dispersion and the average multiplicity of the
total number of shower and grey particles, taken together
per interaction [4,8,25,33-35].

The average values of the compound multiplicity (nc),
the dispersion D(ni)=[({n%)- (ni)?)]V2, were n; equal ns or
ne and the ratio (nc)/D(nc), for the experimental data of
Li-Em interactions at 3A GeV/c with the corresponding
values for different projectile induced emulsion
interactions at (4.1-4.5)A GeV/c are presented in Table
(2). This table shows that as the projectile mass number
increase, the average value of the compound multiplicity,
(n¢), primarily increases as well. The ratio {nc)/D(nc) does
not depend on the mass number of the projectile. Also, the
table shows that the value of (ns), and the dispersion D(ns)
in comparison with projectiles. A consistent trend is seen
using different projectiles, at nearly the momenta.

Table (2): Values of different parameters in nucleus—
nucleus collisions at (3-4.5)A GeV/c .

Projectile (nc) D(n)  (ncy/D(nc) (ns) D(ns) Ref.
H 4.44+0.66 8
H 5.42+0.09 34

Present
work

2c 12.08+0.24 7504024 1614024 7.60+0.13 4.32+0.13 33

Li 7.06+0.14 4274014 1.65+06 3.91+0.08 2.46+0.08

%0 14.87+0.30 13.72+0.23 1.08+0.04 — D 25
ZNe 15424061 17.38+0.52 0.89+0.07 9.90+0.39 10.87+0.17 4
Mg  19.5040.50 19.23+0.22 1.01+0.05 11.10+0.33 10.14+0.23 35

%Si  18.16+0.66 17.89+0.86 1.02+0.07 11.93+0.43 11.44+0.19 4

Plots of dispersion D(nj) vs. average shower
multiplicity (ns) and average compound multiplicity (nc)
for various interactions of projectiles with nuclear
emulsion are shown in Figures (4a,b) (by using the data
are given in table 2). From these figures, it may be seen
that D(n;) has an almost linear dependence on the (ns) and
(nc) [(D(ni)=a+b((n;))], were D(ns) and D(nc) increases
linearly with (ns) and (n¢), respectively. The expansion in
the source's dimensions at particle production is indicated
by these increases in D(n;). The following relations were
obtained to satisfactorily match the experimental data
points using the least squares method.

D(ns) = (1.08+0.01) (ne)+ (-1.78£0.05)  (3)
D(n) = (1.17+0.01) (no)+ (-4.04+0.1)  (4)

It is found that D(n;) has a linear dependence on the
average number, independent of the multiplicity distribution's
particular form. So, the fact that the grey particles are emitted
either during or soon after the leading particle’s passage
indicates that D(n;) is linearly related to (ns) and (nc). For this
reason, the grey particles are of particular relevance. When p-
p collisions occur, D (ns) increases more slowly with (ns)
than when p-nucleus collisions occur [33].

Arab J. Nucl. Sci. Appl., Vol. 57, 3, (2024)
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Fig. (4) a): Dependence of dispersion D(ns) on the average shower multiplicity (ns);
b): Dependence of dispersion D (n¢) on the average compound multiplicity {nc)

4.2 Variation of the average compound multiplicity
(nc) with the different projectile and target mass
numbers

Using the data of Table (2), the dependence of the
average compound multiplicity (nc) on the mass of the
projectile A is shown in figure (5). The figure shows that
when the projectile's mass increases, (n¢) increases
rapidly. The following relation fits the experimental data:

(nc) = a [Ap] ? ®)

The fitting parameters o and B are found to be
(4.11+1.1) and (0.44+0.04) respectively, for "Li-Em at 3A
GeV/c. This is in a reasonable agreement with the results
obtained from different projectiles (0=4.2040.76,
=0.49+0.30) reported in [36] and with the results (o
=4.35+0.27, B = 0.44+0.02) reported in [4], For Zhang [25],
the best fit is represented by (0=3.93+0.08, =0.52+0.01).
Furthermore, the Abou-Mousse-reported values of these
parameters as (0=3.88+0.65, B= 0.49+0.07) [37], and
(p=0.47+0.02) as reported by Singh et al.[38] are consistent
with the values obtained in this work.

InAp

Fig. (5): Dependence of {(nc) in nucleus-nucleus collisions on
the mass number of the projectile Ayp.
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In order to better understand the interactions between
nuclei, it is easy to investigate particle production and the
dependence of the average compound multiplicity (nc)
on the mass number of the target nucleus (At). The
three primary categories of heavy ion reactions, H-nuclei,
light CNO-nuclei, and heavy AgBr-nuclei are what
make up the nuclear emulsion. It is appropriate to
categorize the occurrence events that were observed to
relate to their interactions with these various groups.
So, we have divided the “Li-emulsion collision into
ensembles of events, including interactions with free
hydrogen (H), light target (CNO), and heavy target
(AgBr) emulsion nuclei.

The approximate average mass numbers of these
groups are (1, 14 and 94), respectively, and of emulsion
is 70. The experimental events due to the interaction of
’Li projectile with either hydrogen (H), the light group
(CNO) and the heavy group (AgBr) have been separated.
Florian et al. [39] and Fakhraddin et al. [40] they
suggested a method to separate this groups. The criteria
of previous articles [4,7,9, 14] has been followed in
order to separate the events caused by interactions with
emulsion nuclei. The following criterion is applied:

a) AgBr events, where ny>8, or np < 8 and at least
with range, L<10 um

b) CNO events, where 2 <np < 8 and no track with
range, L < 10 pum, and ny = ny =1, the secondary is
moving backward and does not have a range of L
<10 pm.

c) Hevents, where np < 1; np=ng =1 (g particle
moving forward and not falling into any of the
previous classifications).
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The average compound multiplicity for the charged

secondary particles emitted from 7Li interactions and
also the results of the interactions of different projectiles
with the three target groups at momentum (3-4.5)A
GeV/c are listed in Table (3). This table illustrates how
the average compound multiplicity, (nc¢), increases
quickly as the target mass number increases. On the
other hand, as the target mass increases, the ratio
(nc)/D(ne)  gradually increases  within  statistical
uncertainties. This observation is consistent with the
findings of Khan et al. [36].
Table (3): The average values of (nc), D(nc), and
{nc)/D(nc) for the many interactions between nuclei and
emulsion, as well as between the separate emulsion
groups of nuclei (H,CNO, and AgBr).

(nc) D(nc) (nc)/D(nc) Ref.

Projectile
Target

H 1.84+0.19  2.42+0.29  0.76x0.12

CNO  4.94%0.11
Li

5.2540.25  0.94+0.05

AgBr 981019 935043 1.05:005 @ esentwork
Em  7.06£0.14 427014 165+0.06
H 3206026 201021 1644021

CNO  9.27+0.23  3.88%0.21 2.39+0.14
12¢c 36
AgBr 23.19+0.29 9.09£0.40  2.55+0.14

Em  16.17%0.18 10.51+0.34 1.54+0.05

H 2.32+#0.17  2.45+0.16  0.95%0.23

CNO  8.55+0.44 6.56+0.14  1.30+.011
2Ne 4
AgBr 32.00+1.35 18.06+0.60 1.77+0.06

Em  1542+0.61 17.38+0.52 0.89+0.07

H  294:021 260:015 1.13+0.05
CNO  10.31:0.52 7.2740.18  1.42+0.13

2si 4
AgBr 31.01+122 1865:091 1.66+0.06

Em  18.16+0.66 17.89+0.80 1.02+0.07

The dependency of (nc) on the target mass number
A, for a case of nucleus-nucleus collision, is shown in
Figure (6). The following relation can be used to
characterize such dependence:

(ne) = a[AT]P (6)

It is also observed that when the target mass
increases, so does the value of (n¢). Figure (6) displays

the experimental data, which may be rather satisfactorily
matched with a relation of the following form:

<n¢> = (1.8740.12) Ay 0-34003) @)

while this relation for the >C and 2?Ne(%8Si) interactions
with nuclear emulsion, respectively as follow:

(Ne) = (2.14+0.37) A7 (0:56:005) (8)
(ne) = (2.80+0.39) Ar(0:52:0.09) )

Comparing the fitting parameter from *2C, ?2Ne and
28Gij [4,36], it is found that the present result is nearly
consistent within errors with the corresponding ones.

Also, comparing the relation between the (nc) and Ar,
it is evident from the comparison of this value with the
previous one between (n¢) and A, that the projectile
mass number has a greater impact on (nc) than the target
mass number.

In A,
Fig. (6): Dependence of (n¢) in "Li-Em collisions on
the mass of target Ar.

CONCLUSION

We have studied the interaction of Li nuclei with
emulsion nuclei at 3A GeV/c. The average multiplicity,
multiplicity distributions, and compound multiplicity
characteristics have been investigated. One can conclude
the following key points:

1. The calculated values of mean free path Aca were
found to be in good agreement with the
experimental values, Aexp -

2. The variation in average multiplicities of shower
particles (ns) increases with the projectile mass
number at the same energy, except ’Li interactions
may be due to it's less energy than those of the
others.

Arab J. Nucl. Sci. Appl., Vol. 57, 3, (2024)
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3. In which it is shown that the average multiplicity
for the hadron-nucleon interaction is about equal to
the ratio between (ns) and the number of projectile
nucleons directly participating in the interaction.

4. The value of (ng) shows a tendency to increase with
the projectile mass number, which has been a
measure of the number of nucleons in projectile
interactions and the corresponding number of
intranuclear collisions. This result is consistent with
that previously obtained.

5. At the specified energy range, the value of (ny) is
nearly independent of the projectile mass number,
indicating that the excitation of the target nucleus
and the ensuing evaporation of the particle and
fragments appear to be independent of the initial
phase of the collision.

6. The compound multiplicity has been shown to be a
good Kkinematical parameter for studying the
interaction between nuclei.

7. In compound multiplicity, it is evident that when
projectile mass numbers increase, the distribution's
peak moves in the direction of higher values of nc.
It is also evident that when projectile mass number
increases, the compound multiplicity distribution
widens.

8. The average value of compound multiplicity mostly
increases as the projectile mass number does, and
increases rapidly with the increasing target mass
number.

9. The impact parameter, or grouping of emulsion
nuclei, determines the average value of compound
multiplicity. These values increase with an increase
in heavily ionizing tracks n, or with decreasing
impact parameter.

10. The dispersion of D(ns) and D(n¢) increases linearly
with (ns) and (nc), respectively, and as the target
mass increases, the ratio (nc)/D(nc) gradually
increases within statistical errors.

11. The degree of target nuclei disintegration depends
on how many secondary charged particles are
produced in heavy-ion interactions; this reliance is
not seen in hadron interactions with emulsion.

12. The “Li interaction's experimental data have been
methodically compared to other interactions at
various energies; the results are consistent with the
corresponding results at almost the same energy.
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