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This paper search for the results and properties of slow particle productions, appear as a
gray and black tracks in nuclear emulsions, producing secondary charged particles which
are emitted from 2Si interactions with emulsion nuclei at 14.6A GeV. The forward par-
ticles emission of interactions, (f1ap <90°) as well as the backward ones (61,5 > 90°),
have been investigated. It includes the effect of both projectile mass number and energy
on the production and multiplicities of these particles. The results compared with other
experiments for the same target but with different projectiles and energies. The experi-
mental data show that there are two different mechanisms responsible for the production
of gray particles for the chosen channels of emission angles and each are energy depen-
dence. This dependence is weakly on the projectile mass number. The same investigations
are applied for black tracks producing particles. The experimental results show the pro-
duction of these particles is purely target fragments independent on both projectile mass
number and its energy. The anisotropy ratio of angular distribution (F/B) is applied for
both kinds of particles which are found the value for gray particle production depends
on the direction of emissions while it is unchanged for black particles.
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1. Introduction

One of the particular interests at high-energy nucleus—nucleus collisions results from
the expectations of the collective phenomena. It allows strong interactions in which
nuclear matter undergoes a phase transition to quark-gluon plasma at very high
temperature ~ 200 MeV or energy densities ~(2-3)e,.! The characteristic feature
of this matter beyond the productions of excited baryonic and mesonic states is
the individual nucleon—nucleon collisions. As a result, nucleons and hadrons are
observed over a wide range of energies and angles.? This paper presents the exper-
imental properties of slow fragments (E < 400 MeV) which are produced from 28Si
collisions with composite target emulsion nuclei at energy 14.6 A GeV per nucleon.
The multiplicities of secondary slow particles are classified according to their emis-
sion angles #, which are measured from direction of incident projectile. First, is
forward hemisphere (FHS), those are particles with 6,1, < 90° and second backward
hemisphere (BHS) with 6., > 90°. It is important to study experimental features
and search for the physical system responsible for production of these fragments.
Experimentally, it is possible to distinguish between projectile and target fragments
where the projectile spectator fragments are mainly those emitted in a narrow cone
where 0),;, < 13 mrad at energy 14.6A GeV>® while target fragments essentially
emitted in a wide range of angles as evaporated fragments from the residual nucleus
and rescattering or knock out protons and slow mesons. The dependences of the
production of these particles and their multiplicities on the projectile mass numbers
and energies are also investigated.

2. Theoretical Considerations

Many theoretical models succeeded to describe the multiplicities of different sec-
ondary particle productions.® 1® These models are used to describe the high-energy
components of newly created hadrons and many particles resulting from the nuclear
disintegration following the high-energy collisions. Models for nuclear evapora-
tion and fragmentation and for high-energy fusion are however usually included
in hadrons cascade model.'®!7 This is not appreciable in the multi GeV energy
range of present experiment. The intra-nuclear cascade models have been greatly
improved'® 2! and their range of validity can be extended to higher energies due
to the introduction of the formation zone concept.2?2* The cascade protons have
energies, which are typical for the so-called gray prongs, observed in emulsion exper-
iments. Therefore, it is possible to calculate the nuclear excitation energy of the
residual nucleus then the nuclear evaporation and high-energy fission reaction.

In any particular Lorentz frame, it is possible to follow the trajectories of the
secondaries created in the hadronization of the chains in space and time. By consid-
ering the relativistic time dilation, secondaries with high energies in the nucleus rest
systems mostly formed outside the nucleus therefore they are not able to initiate
intra-nuclear cascade processes. On the other hand, the lower energy of the sec-
ondary hadronic system has higher probability to form hadrons inside the nucleus.
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These hadrons may re-interact with spectator nucleons taking into account nuclear
geometry. All these properties of secondary particles production are explained in
terms of analysis of the experimental results, which will be discussed in Sec. 5 in
this paper.

3. Production of Proton in the Backward Hemisphere

The phenomenon of backward particle emission in heavy ion reactions has attracted
much attention from both the theoretical and experimental point of view.? Several
publications are introduced for the last four decades concerning the experiments,
done at Berkeley and JINR and studied the production mechanism of hadrons in
the BHS. Throughout, those studies of the backward particle emission (i.e. the
particles emitted beyond the kinematics limit of those are expected to emit from
simple nucleon—nucleon collisions).

The backward proton emission is strictly forbidden for free nucleon—nucleon
collision, therefore, the production of such protons from nucleus—nucleus collisions
may reflect nuclear effects such as the internal motion of nucleons inside the nucleus
and short-range correlation between nucleons or multiple nucleon—nucleon collision
effects. Therefore, study of the characteristics of the energetic protons emitted
in the backward direction through the heavy ion collisions supplies effective infor-
mation on nuclear effects. In the incident energy limit (E <1 GeV per nucleon);
Frankel has interpreted the data in terms of the quasi-two-body-scaling model,”
in which the primary mechanism for backward proton productions is a scattering
between the incident nucleons and the target nucleons. They are target nucleons,
which boosted onto the mass shell and appeared in the backward direction. Frankel
was able to reproduce the low energy data by a simple structure function and sug-
gested that this function was a measure of the internal momentum distribution of
nucleons inside the target.

Several experiments have been done at Berkeley and JINR® for systematic study
of the backward protons. The obtained data show that, the characteristic spectrum
of the emitted protons with momentum above 400 MeV /c is independent of the pro-
jectile type and incident energy. All experimental data® on the backward proton
characteristic above 2 GeV/nucleon give an evidence for the limiting fragmenta-
tion hypothesis,'® which implies that, both projectile and target may fragment
irrespective of each other. Fujita and Hiifner?® suggested a model for backward
proton emission mechanism, which includes both initial correlations between nucle-
ons in the target and final correlations between two nucleons. The final state of
interaction with the rest of the target nucleons (A-2) is neglected where A is the
target mass number. Fujita?® has extended this model to include multiple correla-
tions. The improved model described well the data for the backward proton produc-
tion at the incident energy less than 1 GeV. A theoretical work by Frankfurt and
Strikman?” beside Yukawa and Furui®® indicated that, the backward proton spec-
tra induced by high-energy probes are mainly composed of spectator nucleons from
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the breakup of correlated pairs in the nucleus. As such, these backward nucleons
potentially reflect direct information of the nuclear wave function. Schroeder et al.,®
presented an experiment held at Berkeley?” in order to obtain more information
on the mechanisms responsible for high energy backward particle production by
bombarding 2.1 GeV proton with various targets. At first, they found large fraction
of the events (= 50 %), to have an associated negative track, which could be identi-
fied as a pion. Typically, that pion appeared at 0,5, < 90°. Thus, backward particles
emission (typically the backward track is a proton) at 2.1 GeV is often accompanied
by the production of a pion. They suggested that the simple quasi-elastic process,
NN — NN, as suggested by Frankel,” was not the dominant mechanism at that
energy for producing backward protons. On this way, the authors in Ref. 30, studied
the results obtained from the experiments using nuclear emulsion, concluded that,
the dependence of the backward emission of different particles on the projectile is
weaker than that in the forward emission and also the backward emission tends to
depend on the target size. In the same time they concluded that, the characteristics
of particles emitted in the BHS are completely different from those emitted in the
FHS. Therefore, the BHS is intimately connected with the target fragmentation
region i.e. with that part of the phase space where all single particle characteris-
tics are most safe from being dependent on the projectile in accordance with the
limiting fragmentation hypothesis when applying to nuclei.?

4. Experimental Details

In the present work, stacks of FUJI type of nuclear emulsion was exposed to the
14.6 A GeV ?8Si beam at Brookhaven National Laboratory (BNL) Alternating Gra-
dient Synchrotron (AGS). Each emulsion pellicle of the stack has 600 ym thickness
and 20 x 10 cm? dimensions. The emulsion pellicles was doubly scanned along the
tracks, fast in the forward direction and slowly in the backward one. The scanning
of the emulsion pellicles was carried out using a 850056 STEINDORFF microscope.
It has a stage of 18 x 16 cm? with an opening of 7 x 2.5cm?, stage adjustment in
the z-direction is possible over a total length of 7.8 cm with a reading accuracy of
the order 0.1 mm. The total scanned length 121.8 m and 962 inelastic interaction
were detected. The experimental technique, method of measurements and primary
results of the experiment are explained in details in Refs. 31-33.

When charged particle passes through the photographic nuclear emulsion, it
will slow down via losing its kinetic energy due to its inelastic interactions with
the nuclear emulsion atoms along its path. The charged particle loses its kinetic
energy via the ionizations of the grains of silver halides and via multiple elastic and
inelastic scattering, which leads to trails of ionized silver halides along its path. The
grain density is defined as the number of developed grains of silver halides per unit
path length of the particle’s track. It is denoted by (¢) in a track corresponding
to a particular value of specific ionization of such particle, so obviously it depends
on some factors such as the degree of the development of the nuclear emulsion, the
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velocity and the charge of the ionizing particle. In order to obtain high accurate
results, determine the normalized grain density g* where, ¢* = g/g,. The value g,
is the observed grain density per 100 ym for the emitted secondary particles after
performing the dip angle correction. The magnitude, g, is the grain density per
100 pm of the energy relativistic track of minimum ionization i.e. singly charged
particle or electron. Both values of g and g, are counted in the same plateau region
and at the same depth in the nuclear emulsion. The tracks of the secondary charged
particles, which are produced, are classified into three types according to the nor-
malized grain density ¢g*. The secondary charged particles are classified according
the grain densities into the categories as follows:

(1) The Shower Tracks are characterized by the value of the normalized grain den-
sity (¢* < 1.4) and very high value of the velocity (8 = v/c > 0.7). Most of
the shower particles are mesons with energy (E > 50MeV) contaminated with
small fraction of fast protons with energy (E >400MeV), charged K-mesons,
antiprotons and hyperons. The shower particles multiplicities are denoted by
(ns), which its value gives good estimates of the number of the charged m-mesons
produced in the interaction.

(2) The gray tracks are characterized by the value of the normalized grain density
(1.4 < g* < 10), the value of the velocity (0.3 </3<0.7), where most of them
are recoil protons having range in the nuclear emulsion (L > 3000 pm), which
corresponds to proton energies in the range from 26 MeV up to 400 MeV. Some
of the gray tracks may be due to emitted deuterons, tritons, helium nuclei and
nearly about (5%) due to slow m-mesons. The gray tracks multiplicity is denoted
by (Ng).

(3) The black tracks are characterized by the value of the normalized grain den-
sity (¢* > 10), the value of the velocity (8 < 0.3), where most of them are
due to protons having “Range” in the nuclear emulsion (L < 3000), which cor-
responds to proton energies (E <26 MeV). The black tracks may be also due
to deuterons, a-particles and heavy fragments. (V) denotes the black tracks
multiplicity. The gray tracks and the black tracks are known as tracks of the
heavily ionizing particles with the value of the velocity (8 <0.7). The heavily
ionizing particles multiplicity is denoted by (Nj), where Nj = N, + Ny,

5. Experimental Results and Discussions
5.1. Gray particle multiplicity

First, we will concern with gray particle productions emitted in all angles of emission
from two silicon beams, at different energies 14.6 GeV per nucleon (this work) and
3.7GeV from Ref. 34. The multiplicity distributions of gray particles are shown in
Fig. 1. The average multiplicities are given in Table 1. It clears that, on the average,
the multiplicities of gray particles are weakly energy dependent. The two distribu-
tions can fit as exponential curve, which reflects that the mechanism responsible for
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Fig. 1. The normalized multiplicity distributions for the gray particles through the interactions
of 288i with emulsion nuclei at 14.6A GeV in comparison with the corresponding data for 28Si-Em
at 3.7A GeV.

Table 1. Average multiplicity of gray particles emit-
ted from Si-Em interactions at 3.7 and 14.6A GeV.

Energy GeV/A (Ng) Ref.

3.7TA GeV 6.90+£0.20 34

14.6A GeV 3.01£0.16 This work
5.40+£0.20 34
2.97+0.14 35

production of gray particles is regular and takes uniform decay rates. This means
that the mechanism of intra-nuclear cascade for projectile nucleons inside target
nucleus plays the main reason for gray particle production as slow particles and
knocks out protons emitted from target fragments. This production is regular and
the frequencies of its production are uniformly decreased with high multiplicity and
weakly dependent on projectile energy.

Now, multiplicities of gray particles at two silicon energies are classified into
two categories, one that is produced in FHS, are shown in Fig. 2(a) and the BHS
are shown in Fig. 2(b). The corresponding mean values are given in Table 2. The
data for gray and black particle emission in FHS and BHS at energy 3.7A GeV
is collected from Ref. 39. It is noticed that for both two 2®Si beams, the forward
gray particle multiplicity is weakly energy dependent while this is not observed for
production of the backward particles. This behavior may be explained in terms of
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Fig. 2. The normalized multiplicity distributions of the gray particles emitted (a) in FHS (b) in
BHS through the interactions of 23Si at (3.7 and 14.6A GeV) with emulsion nuclei together with
the smooth fitting curve.

increasing projectile energy, which allow participant of both projectile and target
nucleons to have enough energy to make a series of secondary collisions. These
collisions are responsible for creation of new hadrons and producing a large number
of fast protons, observed experimentally in forward direction. The mechanism of
interactions is merely different in the backward BHS. The two projectile energies are
sufficient to reach states at which participant nuclear matter becomes at a relative
high-energy states and nonthermal equilibrium. These states are responsible for
producing target fragments. It explains the possibility of limiting fragmentation for
target nucleus.

The previous exponential rate for losing energy may take a form of production of
gray particles emitted in directions independent on the direction of the incident pro-
jectile. The loss of energy for forward and backward directions can be represented
in terms of the multiplicities in both directions and using the normal distribution
of energy as a decay curve takes the form:

P(N}) = ale™ oMo, (1)

where, o, and A} are the fitting parameters. [g (gray)] and [i = f (forward),
b(backward)]. The value of ag and )\g for both silicon beams are given in Table 2.

Within experimental errors, the values Ag, in the forward direction are less
than that in the backward and both values are weakly increased with projectile
energy. This is because the energy transfer to the participant target nucleons is
sufficient to make many fast recoil protons in the forward where the longitudinal
momentum reaches to maximum in the direction of the projectile while in the
backward direction, the interactions do not have enough energy to make successive
collisions and hence the number of knock out protons decreases. The values of
parameter oz; for backward direction are higher than that for the forward ones for
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Table 3. The average multiplicity of the gray particles emitted in FHS and BHS from different
projectiles interactions with emulsion nuclei at high energy.

Energy
Projectile  GeV/A (NI (ND) (Ning)  (F/B), X4 By, Ref.
6Li 3.7 2.08+0.08 0.98+0.05 356 212+0.13 0.33 0.11 42,43
12¢ 3.7 4.52+0.20 1.38+0.07 588 3.27+0.19 052 018  36-41
22Ne 3.3 4.80+£0.20 1.424+0.08 898 3.38+£0.28 0.54 0.19 36-38, 41
28gj 3.7 4.98+0.18 1.4240.07 1043 3.52+0.28 055 0.19 36-38, 41
28g; 146 2264013 0.744+0.05 1043 3.05+0.27 0.49 0.17 This work
32g 3.7 3.17+0.14 0.82+0.05 14.68 3.86+0.29 052 0.18 39,41

the two values of projectile energies. Other point of view is the weak dependence of
b and A} on the projectile mass number for both directions. This behavior may be
explained by considering that the increasing of the number of participant nucleons,
leads to increase of secondary interactions, which are the responsible parameter
for gray particles emission in a wide range of angles which are independent on the
direction of incident projectile.

Table 3 gives the average values of the gray particle multiplicities, emitted in
FHS and BHS, for the interactions of the present 14.6A GeV 22Si in nuclear emulsion
compared with the corresponding due to the interactions of different projectiles
with emulsion nuclei at energy 3.3 to 14.6 A GeV. There is a weekly change for both
directions on projectile mass number.

Other point of view is studying the probability of the emission mechanism
responsible for gray particle production using statistical model.** This model
depends on Maxwell distribution for momentum P of the emitted fragments. This
distribution can be expressed in terms of the dimensionless fragment velocity 8 and

take the form
2

3 duaexp[— (8% - 28,8,) /62],

where 3 is normally the longitudinal velocity of the particle emitting system.
1 = cos @ where 6 is the laboratory angle between the momentum of the fragment
of mass M and momentum of the initial projectile and Py = My = +V2MFE where
Ej is the characteristic energy per particle in this hypothetical moving system. The
parameters 3 and [y take the values characterizing the angular distribution of the
fragments. The forward to backward ratios (F/B),, which are defined as the ratios
between the average multiplicities of the forward emitted gray particles to those
of backward ones, are displayed in Table 3. The (F/B), represents the anisotropy
ratio of angular distribution, which are determined according to statistical model
by the following equations,

4
(173), ~exp( =), 2
where, x¥ is the predicted rational velocity.
XS = 69,18, (3)
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where, ﬂj’ / is the mean longitudinal velocity of the center mass of the gray particle
emission system and (39 is the characteristic spectral velocity of the fragmentation
system of gray particles. The used value of 39 is ~0.35, as given in Ref. 45. The
values of ﬁ;’/ can be calculate from Eq. (3). From Table 3 one can notice that,

e The dependence of <Ng ) on projectile mass number is observed than that for
(N, ;’) and hence the same notice on the mean value of geometrical interacting
nucleon (Nipt)

e The values of (N, g ) are nearly three times greater than (IV, é’) for all projectiles.

e The result is reflected on the (F/B), ratio and consequently on the values of
X3 which tend to be nearly constant for all projectiles. Therefore, mainly one
concludes that, the dependence of the fast target fragments (g-particles) in FHS
and BHS on the projectile sizes is nearly weak.

e The values of x¥ are approximately equal to 0.5 for all given projectiles.

e The emitting system of the gray particles is fast with typical longitudinal veloc-
ities ﬂf/ ~ 0.13-0.22

It is important to study the properties of the gray particle emission in terms of
impact parameter of nucleus—nucleus collisions. In emulsion experiments, the multi-
plicity of heavily ionizing charged particles IV}, is considered as target fragment and
it’s used as indication to describe the degree of overlapping for projectile and target
nuclei. Figure 3 shows the correlation of mean values of gray particle produced in
forward and in BHS with N, multiplicity. This dependence can be represented by
a linear fitting in a form as (JV, ;) = A+ BN}, where i take forward f and backward
b. Table 4 gives the magnitudes of A and B, for both directions. The magnitude of

(a) (b)

Fig. 3. The correlation of mean gray tracks multiplicity for FHS and BHS on multiplicity of
heavily ionizing charged particles.
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Table 4. Slop B and intercept A of the fitting
parameter for both forward and backward gray
particle productions.

A B
(Ny —0.81+£0.3 0.3+0.02
(ND) —0.39£0.15 0.1140.01

parameter B means the rate of gray particle production with impact parameter in
forward takes 3 times as the corresponding value in backward.

5.2. Black particle multiplicity

Second, in this section we will study the properties of the collisions responsible for
production of slow particles, which appear as black tracks in emulsion experiments.
These particles play an important role to describe the mechanism of the interac-
tions between projectile and target nuclei. It is mainly target fragments emitted
during the last stage of interactions as an evaporated particle from residual tar-
get nucleus. It contains massive particles with minimum energy emitted in a wide
range of angles, which are independent on direction of the incident projectile espe-
cially more heavy black fragments. The multiplicity distributions for black particle
productions in both two-silicon energies are shown in Fig. 4. The average values
of the multiplicity are given in Table 5. There is no clear dependence on projec-
tile energy and the average multiplicities are nearly constant. This proves that the
multiplicity of these particles is energy independent and purely depends on the
of target nucleus. Its multiplicity is explained in terms of the limiting values of
target-evaporated fragmentations. The black particle productions in both FHS and
BHS directions emitted from two silicon beams are shown in Fig. 5

The dependence on multiplicity distributions for black particle production in
the forward on the projectile energy is weak while it is completely absent in the
backward direction. The exponential decay represented by Eq. (1) can be applied
for black particle multiplicity where the fitting parameters o} and A} are given in
Table 6. This table contains the corresponding parameters for different projectiles
(®He, *He, °Li, "Li and 328) at nearly the same energy. From Table 6, the magni-
tudes of parameters a{ and )\g are nearly constant for all projectiles independent
on projectile mass number but they slightly increase in backward than that in the
forward. It may be explained by considering that the black fragments are produced
from hot residual target nucleus during evaporation and cooling mechanisms. Hence,
the mechanism responsible for producing black particles in FHS may be similar to
that in BHS.

The predicted rational velocity, x, according to statistical model calculated
from Eqgs. (2) and (3) is applied for black particles where it represents the ratio
of the longitudinal velocity of the center-of-mass ﬂl/’/, to the characteristic spectral
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25

L —— 146AGeV Si
3.7AGeV 'Si

P(N,)

Fig. 4. The normalized multiplicity distributions of the black particles through the interactions
of 28Si at (3.7 and 14.6A4 GeV) with emulsion nuclei.

Table 5.  The average values of multiplicities of the black particles from
28Gi-Em interactions at 14.6 and 3.7A GeV and also the corresponding
values for FHS and BHS.

Energy GeV/A (Np) (Nbf> (N?) Ref.
3.7TA GeV 7.14+£0.20 4.39+0.13 2.76+0.08 36-38
14.6 A GeV 5.67+0.24 3.174+0.14 2.514+0.12 This work

or B 146 A GeV ] " e 146 A GeV

i 0 - 37AGeV 0 -é o J— 37AGeV
5 f 1
20 —%

i 0k
2
2] ey |t
E:m : * ﬁ
" g ' o} :
§ @ i
st f i i t 8 LR
T o q @ g Tou q
fieao L

Of, L L ..D?ED.BE? 'L L ? LI

0 5 10 18 20 0 5 10 15

b
N'b N b
(a) (b)
Fig. 5. The normalized multiplicity distributions of the black particles emitted (a) in FHS (b) in

BHS through the interactions of 28Si at (3.7 and 14.6A GeV) with emulsion nuclei together with
the smooth fitting Curve.
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Table 6. The characteristic parameters of multiplicity distributions of black particles emitted
in FHS and BHS through nucleus—nucleus interactions at high energy.

Energy

Projectile  (GeV/A) al{ /\ér al b Ref.
3He 3.7 21.90£0.74 0.254+0.01 28.17£0.94 0.34+0.01 46
4He 3.7 25.63£1.08 0.31£0.01 30.78+1.26 0.38+0.01 46
STLi 3.7 25.69+1.09 0.304+0.01 31.82£1.31 0.40+0.01 41
Li 2.2 22.38+£0.98 0.26£0.01 29.80+1.27 0.36+0.01 41
288i 3.7 18.24+£4.72 0.214+0.01 26.07£1.04 0.33+0.01 36-38
288 14.6 21.23+£1.35 0.25£0.24 26.78+1.59 0.324£0.16 This work
329 3.7 16.25+£0.96 0.20+0.01 25.34+£1.37 0.32+0.01 41-43

Table 7. The average multiplicity of the black particles emitted in FHS and BHS from the

interactions of different projectiles with emulsion nuclei at high energy.

Energy

Projectile  (GeV/A) (N (ND) (F/B)p X5 By Ref.
3He 3.7 3.46+£0.09 2.394+0.06 1.46+£0.05 0.17 0.018 46
“He 3.7 2.90+0.10 2.18+0.08 1.33+0.07 0.13 0.014 46
614 3.7 2.84+£0.09 2.184+0.07 1.29+£0.06 0.12 0.013 40
Li 2.2 3.39+£0.12 2.294+0.08 1.48+0.07 0.17 0.018 40
288i 3.7 4.39+£0.13 2764+0.08 1.59+£0.07 0.17 0.018 36-38
288 14.6 3.17+0.14 2.51+0.12 1.26+0.08 0.11 0.012 This work
328 3.7 4.63+£0.18 2934+0.12 1.58+£0.09 0.21 0.023 41, 42
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velocity, 82 of the fragmentation system of black particles. The value of 3% ~ 0.11
used from Ref. 45. The ratios of the average multiplicities in both directions, F/B,
are given in Table 7. The magnitudes of (F/B);, X2 and 3% for different projectiles
are nearly constant which proves that there is a constant mechanism responsible for
of black particle evaporation and it’s independent on projectile mass number. The
longitudinal velocity parameter is the same for this range of energy and projectile
mass number. It can be explained in terms of the homogenous distribution for the
emission of target fragments and independently on the angles of emission.

6. Conclusion

Many experimental observations can be concluded as the following:

e There are two different mechanisms responsible for gray particle productions
in forward and backward directions. Both mechanisms can be represented by
exponential decay functions with fitting parameters depended on the direction of
the emission of the particles.

e The anisotropy ratio of angular distribution (F/B),, determined according to
statistical model which describes the ratio of the mean longitudinal velocity of
the center-of-mass for gray particle emission system to the characteristic spectral
velocity of the fragmentation system is nearly constant in the energy range 3.7-
14.6 A GeV
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. Abdelsalam et al.

The mechanism in forward direction is more dependent on projectile energy than
in the backward one.

The emission of the black particles is independent on the projectile energy and
mass number. It concludes that, the production of these particles is purely target
fragments and there is a limiting value of target fragmentations.

The ratio (F/B), for black particle production is nearly constant and independent
on the angle of emission. It proves that, the mechanism responsible for production
of these particles is independent on the direction of the incident projectile.
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