
31 

Corresponding author: E-mail: saliazoum@gmail.com                                                                               SJFSSU 2025 

Scientific Journal for the Faculty of Science-Sirte University Vol. 5, No. 2 (2025) 31-35 

 

 

 

 

Characteristics of Forward-Backward Shower Particle Production from the 

Interactions of 28Si with Emulsion Nuclei at High Energy 

Salima Abuazoum 1 and Mustafa Abdusalam Ben Nasr Bayio 2 

1,2Department of Physics, College of Science, Misrata University, Libya. 
 

DOI: https://doi.org/10.37375/sjfssu.v5i2.3431 

 
 

A  B  S  T  R  A  C  T  

ARTICLE INFO: 

Received: 13 July 2025.  

Accepted: 04 August 2025. 

Published: 27 October 2025. 

 
This study investigates the characteristics of shower particles emitted in both 

forward and backward directions resulting from the interactions of 28Si 

nuclei with nuclear emulsion at relativistic energies of 4.5 and 14.5 

A GeV c⁻¹. The primary objective is to examine the mean multiplicities, 

multiplicity distributions, forward–backward correlations, and 

pseudorapidity distributions of these particles to gain deeper insight into the 

mechanisms of hadron production in high-energy nucleus–nucleus 

collisions. By comparing particle emissions in the forward region (θ < 90°) 

and backward region (θ > 90°), the study reveals clear differences in their 

dependence on projectile energy and mass. Forward particle multiplicities 

increase with both projectile mass and energy, while backward particle 

production remains largely independent of these factors, suggesting that 

backward emission is primarily influenced by the number of nucleons 

directly involved in the collision. In addition, pseudorapidity analysis 

demonstrates that forward distributions shift toward higher values with 

increasing energy, reflecting stronger longitudinal momentum transfer. 

These results contribute to understanding the dynamics of relativistic heavy-

ion interactions, the role of participant–spectator matter, and the conditions 

that may lead to quark–gluon plasma formation. 
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1 Introduction  

High-energy nucleus-nucleus collisions provide 

extremely intense conditions of energy density and 

temperature. Therefore, the study of high-energy 

heavy-ion collisions has attracted the attention of 

scientists to investigate the behavior of matter under 

such conditions, particularly its transition from the 

hadronic phase to the quark-gluon plasma state (QGP), 

as well as the mechanics of particle formation in the 

nuclear environment (Karsch, 1995, Markus, 2005). 

One of the characteristics that distinguish nucleus-

nucleus (N-N) collisions is the emission of relativistic 

hadrons in the forward directions , known as 

forward shower particles , as well as hadrons emitted 

in the backward directions  ), known 

as backward shower particles , where: .  

Many studies have focused on investigating the 

properties of these particles because studying these 

properties helps understand the internal motion of 

nucleons, which in turn determines the mechanism of 

particle production in nuclear collisions (Abd Allah, 

2002, Singh & Kumari, 2025). In this study, the focus 

was on specific features such as the average 

multiplicity, multiplicity distributions, multiplicity 

correlations, and the pseudo rapidity distributions of 

forward and backward particles resulting from silicon 

nuclei collisions with the nuclear emulsion at 4.5 

AGeV c-1 and 14.5 AGeV c-1.  Some characteristics of 

forward-backward shower particle production from the 
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interactions of carbon nuclei with the emulsion at 4.5 A 

GeV c-1, were also investigated for comparison. 

2 Experimental Details: 

The experimental data used in this study were obtained 

by exposing three stacks of BR-2 type nuclear 

emulsion, where each stack had dimensions of (20cm × 

10cm ×600 ). The first stack was exposed to a beam 

of silicon ions 28Si with 4.5 A GeV c-1, and the second 

stack was exposed to a beam of carbon ions 12C with 

4.5 A GeV c-1 at Dubna Synchrophastron (JINR). The 

third stack was exposed to beam of silicon ions 28Si 

with 14.5 A GeV c-1 at AGS (BNL). By using a Nikon 

microscope with 40× objectives and a 15× eye-piece, 

the initial traces were captured at a distance of 3mm 

from the edge of the entry into the pile and were traced 

back to ensure they did not come from a previous 

interaction. In this way, all primary traces were tracked. 

All the charged secondary particles have been classified 

according to the relative ionization g* into the 

following groups: shower particles having a relative 

ionization  , its multiplicity is denoted 

by grey particles having , its 

multiplicity is denoted by and black particles 

having , its multiplicity is denoted by . 

The interaction parameters for each star ( , 

and the emission angle (θ) for each particle) were 

assigned under lenses with a magnification power of 

15× eye-pieces and 95× oil immersion objectives.  

This study included the data: 

 28Si -Emulsion at 4.5 A GeV c-1 (700 interactions). 

 28Si -Emulsion at 14.5 A GeV c-1 (400 interactions). 

 12C -Emulsion at 4.5 A GeV c-1 (500 interactions). 

with (  where,  represents the number of 

heavy ionization tracks) 

3 Results and Discussion 

3.1 Mean multiplicity 

The mean multiplicity of shower particles produced in 
the forward,  and backward,  directions from 
28Si ions collisions with the emulsion ions at 
4.5AGeVc-1 and 14.5AGeVc-1 are shown in table (1). 
Also, in the table the mean multiplicity of shower 
particles emitted in the forward and backward 
directions from 12C ions collisions with emulsion ions 
at 4.5AGeVc-1 are shown for the comparison.  It is 
observed from the table that the value of   increases 
with the increase in the projectile mass and the impact 
energy.  The value of  is not affected clearly by the 
increase in the projectile mass, as the value within the 
experimental errors is equal to , and it is also 
independent of the impact energy. This can be 
explained by the fact that the hadrons emitted in the 
backward directions depend only on the number of 
nucleons colliding from the projectile. 

 

 

Table (1): The mean multiplicity of the charged relativistic particles produced in the forward,  and backward,  directions 

from nuclei - nuclear emulsion collisions at different energies. 
 

Ref.   
Incident energy per nucleon (GeV) 

Projectile 

(El-Nadi et al., 1985) 15.071.5  02.041.0  3.7 Em-Li 6 

(Abd Allah, 2002) 03.096.4  01.040.0  3 Em-Li 7 

(El-Nadi et al., 1998) 02.011.7  01.042.0  4.5 Em-C12 

present work 03.024.7  02.040.0  4.5 Em-C12 

(El-Nadi et al., 1994) 04.085.9  01.045.0  3.6 Em-Ne 22 

(Bhattacharyya et al., 2014) 23.071.9  02.040.0  4.1 Em-Ne 22 

(El-Nadi et al., 1994 09.036.11  02.044.0  3.6 Em-Si22 

(El-Naghy, Sadek, & Mohery, 1997) 35.043.11  02.035.0  4.5 Em-Si22 

(Abdel-Aziz, 2006) 36.036.11  02.044.0  4.5 Em-Si22 

present work 01.050.11  01.038.0  4.5 Em-Si22 

present work 42.050.18  05.042.0  14.5 Em-Si22 
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3.2 Multiplicity distributions 

The distributions of relativistic charged particle 

multiplicities produced in the forward directions from 
28Si nucleus collisions with the nuclear emulsion at 

beam energies of 4.5AGeVc-1 and 14.5AGeVc-1 are 

illustrated in Figure (1), where it is observed from this 

figure that the distribution becomes relatively more 

distributed out with an increase in projectile energy. It 

is worth mentioning that previous researchers have 

observed that the distribution becomes broader with an 

increase in the projectile's mass at the same energy 

(Abdelsalam, 1981). 
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Figure (1): The distributions of from 28Si nucleus 

collisions with the nuclear emulsion at beam energies of 
4.5AGeVc-1 and 14.5AGeVc-1. 
 

Figure (2) illustrates the distribution of charged 

relativistic particles produced in the backward 

directions of 28Si ions with the nuclear emulsion under 

the same previous conditions. It is observed from this 

figure that the distribution is not affected by changes in 

the projectile energy. It is important to note that other 

researchers observed that the distribution is also 

independent of the projectile mass (Abd Allah, 2003). 
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Figure (2): The distributions of from 28Si nucleus 

collisions with the nuclear emulsion at beam energies 

of 4.5AGeVc-1 and 14.5AGeVc-1. 

3.3 Multiplicity correlations 

For understanding the mechanism of hadron emission 

in the backward directions, it's important to investigate 

the correlations between the multiplicities of produced 

shower particles in the forward and backward 

directions. Figure (3) shows the relation between  

and  for 12C-Em and 28Si -Em at 4.5AGeVc-1. The 

relation between and  for 12C-Em and 28Si -Em 

at the same previous energy is illustrated in figure (4). 

The experimental data for the previous figures were 

fitted with the following equations: 

 

                                                    (1) 

                                                   (2) 

 

The values of the parameters   are shown in the 

figures 3, 4. It is observed from Figures (3) and (4) the 

strong correlation between  and , as well as 

between and  It is also noted that the value of 

increases with the increase in projectile mass, while 

the value of decreases with the increase in projectile 

mass. 
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Figure (3): The relationship between  and  for 12C-

Em and 28Si -Em at 4.5AGeVc-1. 
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Figure (4): The relationship between  and  for 12C-

Em and 28Si -Em at 4.5AGeVc-1. 

Figures (5) illustrates the relation between  and  

for 28Si -Em at beam energies of 4.5AGeVc-1 and 

14.5AGeVc-1. Also figures (6) shows the relation 

between and  for 28Si -Em at the same 

previous energies. The experimental data for the 

previous two figures were fitted with the following 

relationships: 

                                                   (3) 

                                                   (4) 

 are shown in the figures 5, 6. It is observed 

from these figures that the values of the parameters are 

affected by the projectile's energy, where the value of 

 increases with increasing energy and the value of 

 decreases with increasing energy, confirming the 

difference in the mechanism of hadron emission in the 

forward and backward directions. 
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Figure (5): The relationship between  and  for 28Si -

Em at beam energies of 4.5AGeVc-1 and 14.5AGeVc-1.  
 

 

Figure (6): The relationship between  and  for 28Si -

Em at beam energies of 4.5AGeVc-1 and 14.5AGeVc-1.  

 

3.4 Pseudorapidity distributions 

Some angular characteristics of the forward and 

backward shower particles resulting from 28Si nuclei 

collisions with the nuclear emulsion at 4.5AGeVc-1 and 

14.5AGeVc-1 were investigated using pseudo-rapidity 

variable,  for the events,  .   

  is given by (Abd Allah, 2003):    

where  is the emission angle of the observed particle 

with respect to the direction of the beam axis. Figure 

(7) shows the comparison between the pseudorapidity 

distributions of 28Si -Em at energies of 4.5 AGeVc-1 and 

14.5AGeVc-1 for  . It can be observed from the 

figure that the peak of the distribution shifts towards 

higher values of η with an increase in projectile energy, 

and the height of the distribution also increases with 

higher energy. Figure (8) also shows the pseudo- 

rapidity distributions at the same energies but for   

 , and it is also noted that the distribution height 

increases with the increase in projectile energy.  
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Figure (7): The dependence of the pseudo- rapidity 

distribution on the projectile energy for 28Si -Em collisions 

for  .  
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Figure (8): The dependence of the pseudo- rapidity 
distribution on the projectile energy for 28Si -Em collisions 

for  .  

4 Conclusion  

Based on the above, we can reach the following 

conclusions:  

 The average multiplicity of the back-shower particles 

is independent of the projectile mass, while the average 

multiplicity of the front shower particles increases with 

the projectile mass.  

 The distribution of the back-shower particle 

multiplicity does not depend on the mass and energy of 

the projectile, while the distribution of the forward 

shower particles depends on both the mass and energy 

of the projectile.  

 The correlation parameters of the front particles 

increase with the increase in the projectile's mass, while 

these parameters decrease with the increase in mass in 

the case of the back particles. Also, the same behavior 

has been observed for the correlation parameters of the 

front and back particles with increasing the projectile's 

energy. 

 The pseudorapidity distributions depend on the 

energy of the projectile.  
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