
Journal of Education for Pure Science- University of Thi-Qar 
Vol.13, No.4 (Dec. 2023) 

jceps@eps.utq.edu.iqEmail:                                                                                                       jceps.utq.edu.iqWebsite:  

  62 

DOI: http://doi.org/10.32792/utq.jceps.10.01.01 

 

Gradient Shielding for Scintillation Detector NaI(TI) Using multiple Materials 

               Rajaa Sh. Saiwan
1
,                                                    Jabbar M. Rashid

2
 

              raja_sha.ph@sci.utq.edu.iq                                   drjabbar.ph@sci.utq.edu.iq  

Department of Physics, College of Science, University of  Thi-Qar, Iraq 

 

Received 16/10/2023,        Accepted 8/11/2023,        Published 1/12/2023 

 

This work is licensed under a Creative Commons Attribution 4.0 International License. 

 

Abstract 

In this research, we studied the graded shielding using one of gamma-ray spectroscopy techniques, which 

consists of a scintillation detector sodium iodide activated by thallium NaI (Tl) with dimensions of  3"×3" 

and its electronic accessories .Shielding is fundamentally necessary to minimize the influence of ambient 

radiation, which consists of single or multiple layers of different materials, such as copper, aluminum and 

fiberglass, in addition to the lead shield manufactured with a thickness 3cm and through this work it led 

to reducing the values of the Compton edge and background scattering using industrial source of Cs-137. 

This method works to attenuate unwanted complications, which leads to reducing the count rates in some 

channels. These new layers should not contain any materials that would add new contributions to the 

radiation background, ultimately eliminating the complications resulting from the use of the lead 

shield.Theexperimental results and theoretical conclusion show consistent. 

Keywords: Layers shielding, NaI(Tl) detector, Stander source, Backscattering, gamma ray 

spectroscopy. 

1.Introduction 

One of the most hazardous forms of environmental pollution is radioactive 

 contamination, which poses a threat to human cells. 

Particularly dangerous form of physical pollution, radioactive contamination refers to the leakage of 

radioactive material into a component environment, such as water, soil and the atmosphere. There are two 

primary categories of radioactive materials, the first category includes electromagnetic radiation such as 

gamma rays and x-rays, which are frequently scientific using. For this category of material radioactive 

substances have a high ability to penetrate biological tissues over a long distance. The second type is 
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particle radiation such as alpha and beta rays. This form of radioactive material has a lower capacity to 

the earliest kind of penetration into the human body [1]. Radioactive contamination, it may occur from 

natural sources such as radiation from space external, radioactive gases rising from the earth's crust or 

from man-made sources of radiation [2]. Three basic methods used to reduce the external radiation hazard 

are time, distance, and shielding. Good radiation protection practices require optimization of these 

fundamental. When reducing the time or increasing the distance may not be possible, one can choose 

shielding material to reduce the external radiation hazard. The proper material to use depends on the type 

of radiation and its energy [3]. Shielding is the third method for reducing the risk from external radiation.  

In general, this approach is recommended because it produces working circumstances that are inherently 

safe, as opposed to approaches that rely on exposure time or distance, which may necessitate ongoing 

administrative control over employees. The required level of shielding is determined by the type of 

radiation, the source's activity, and the permissible dose rate outside the shielding material [4]. Shielding 

of gamma radiation is an important component of radiation safety programs aiming to reduce personnel 

exposure to ionizing radiation. Selecting the most appropriate shielding material for a given source of 

ionizing radiation will require knowledge of the source of radiation, understanding of the basic principles 

gamma ray interactions with matter, other factors, such as cost and chemical compatibility [5]. 

Gamma radiation shielding is the absorption and attenuation of gamma energy in shielding material. Most 

materials absorb the energy of gamma rays to some extent. The extent of attenuation depends on the 

density and thickness of the shielding material. A useful measure of shielding property is the mass per 

unit area of material. Hence a thick layer of a lighter material will have the same effect as a thin layer of a 

denser material [6]. There are two different types of shielding: composite and multilayer. An additive-

mixed base material makes up a composite shield. This may enhance the material's ability to shield. For 

instance, the density of a material can be enhanced by adjusting the amount of additives in concrete, 

leading to higher performance [7]. Two or more layers of various materials make up a multilayer shield. 

In this configuration, the shield will have a greater probability of scattering and absorbing the incoming 

radiation. For the Chicago graphite-moderated reactor, which was one of the first to use multilayer shield, 

concrete and paraffin zed wood were used in 1943. In order to protect against mixed radiation [8]. A 

shield is made from the combinations of composite and multilayer configurations which can be observed 

later in this review. This is because each of the materials has different shielding properties that they can 

be mixed and matched to solve a particular problem depending on the application [9]. Gamma radiation 

interaction with the medium can occur in one of three ways: photoelectric absorption, Compton 

scattering, and pair production [10]. The interaction of gamma radiation with matter results in shielding, 

or the attenuation of gamma radiation. The energy of the incident gamma radiation, the atomic number 

and density of the elements in the shielding material, and the thickness of the shielding all affect how 

much gamma radiation is reduced. Additional advantages in chemical resistance, physical durability, and 

portability may be provided by composite materials [11]. Any detector's setup involves selecting detector 

shielding to lessen background radiation's influence. Consider the shielding materials made of lead (Pb) 

Due to its high density (11340 kg/m3) and high atomic number (Z = 82) [12]. Which can change  

depending on the source to detector distance and geometry, radiation energy, attenuation layers around 

the detector [13]. One of the most popular gamma spectrometry materials is NaI(Tl), and its effectiveness 

is closely correlated with its detection efficiency [14]. When the thickness of the target material increases, 

the number of scattered photons will increase, the intensity of the scattered photons depends on the 

thickness and atomic number of the materials [15]. The photon can scatter by a free electron and transfer 
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an amount of energy that depends on the scattering angle. The maximum energy given to an electron in 

Compton scattering occurs for a scattering angle of 180°, and the energy distribution is continuous up to 

that point this energy known as the Compton edge  

The backscattered peak occurs when the gamma scatters without being detected and then scatters again 

until it is fully absorbed. In fact the energy value of the backscattered peak equals the energy of the 

Compton edge subtracted from the energy value of the photo peak [16]. 

In the present work, the experimental study of various detector shielding materials with different 

thicknesses to determine the Compton edge location and back scattering of gamma-ray photons using Cs-

137 gamma sources is described. We used different materials such as lead, multiple layers of aluminum, 

copper and fiberglass. The lowest Compton edge and backscatter values were obtained with a suitably 

shielded NaI(Tl) scintillation detector 3" x 3" while keeping the distance between the radiation source 

and the detector constant. 

 

2. Experimental part 

2.1 The NaI(Tl) detector setup 

The NaI (Tl) detector that was used in this study is situated inside at the laboratory of environmental and 

radiation pollution research in the department of physics, college of science, university of Thi- Qar. The 

setup consists of a NaI detector (with an attached MCA) situated inside a lead shield and connected to a 

laptop as shown in Figure 2.1 below. 

 

 

  
 

 

 

 

 

 

 

 

Lead shield with NaI detector inside  
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Figure 2.1: A picture of the detection setup that was used showing a lead shield and its stand housing a 

NaI detector which is connected to a laptop. 

Table 2.1: Types of shields 

Types of shields Shield ID 

Lead shield with one layer of copper L3Cu1 

Lead shield with one layer of copper and one layer of 

aluminum 

L3Cu1Al1 

Lead shield with two layers of copper and one layer of 

aluminum 

L3Cu2Al1 

Lead shield with two layers of copper and aluminum L3Cu2Al2 

Lead shield with two layers of copper, aluminum and fiber 

glass 

L3Cu2Al1FIG 

Lead shield with two layers of copper  L3Cu2 

 

In the current work, the Teledyne Isotope scintillation detector of an American origin was used, its crystal 

size 3"x 3". This detector mainly consists of a transparent solid inorganic scintillation crystal of sodium 

iodide doped with thallium (TI), and attached to this crystal a high-efficiency photomultiplier tube whose 

function is to convert the light flash into an electrical signal proportional to the energy of the gamma-ray 

photons falling on detector. This detector is characterized by a good energy analysis ability close to 

(7.5%) at a power line ( 661.7 KeV ) which is one of the energies of gamma rays emitted from the 

standard source of the radioactive cesium-137 (Cs137) isotope and operates at operating voltage (733 

Volt) gamma rays emitted from the standard source of the cesium isotope - 137 radioactive surrounded 

by a lead shield lined from the inside with a copper plate in the form of a cylinder, cut into pieces and 

assembled on each other to form a cylinder thick (3 cm). Its height is (20 cm) and its inner diameter is (20 

cm) to reduce the radiation background to a minimum. The lead shield which houses the detector and the 

source, materials with a low atomic number, such as copper layer at thick (0.5cm), were used as an inner 

lining for a shield for materials with a high atomic number, such as lead shield (3cm). 

Layers of materials with a low atomic number, such as two layers of aluminum at (0.2cm) and one layer 

of copper at (0.5cm), were used as an inner lining for materials with a high atomic number, such as the 

lead shield, with a thickness of (3cm) to reduce the radiation backscattering and the Compton edge. In the 

current work, we made many shields with different materials with different thicknesses, and we made 

shields from more than one material. In this type, we put two layers of copper (1cm), two layers of 

aluminum (0.2cm), and a shield made of fiberglass, and these materials form an inner lining for the lead 

shield with thickness (3cm). 

The laptop which has the cassy lab software for spectrum analysis are the most important components of 

this setup. 

Spectrometer includes built-in electronic units such as a preamplifier, a secondary amplifier, a multi-

channel analyzer (MCA), and other accessories show as in Figure (2.2) shows a diagram of the most 

important parts of the measurement system used. 
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Figure 2.2: Scheme of the most important parts of the measurement system used in the current study. 

3. Results and Discussion 

Backscattering and Compton edge measurements were calculated using the passive shielding method for 

one or more materials (compound materials) for many of the shields used in this work by standard 

industrial source such as CS-137.This study came to reduce energy interference in the spectrum of this 

type of detector by reducing Compton edge and backscattering by using combinations of different 

materials to shield the detector as in the tables 3.1and 3.2. Its shows count rates in the gradient shielding 

layers in a number of energy peaks of importance in gamma ray spectroscopy. From the experimental 

side, it is possible to reduce the contributions of beta particles(β) from the material used in shielding, the 

characteristic X- rays from lead or the sources used, and the events related to Compton scattering of 

gamma ray photons (where the graded shielding method is used), in which materials with a small atomic 

number are used as an internal lining for the materials With a large atomic number, like the lead shield in 

our current work, these materials interact with the characteristic x-rays of lead, beta particles, and 

background radiation, cosmic rays, and work to attenuate unwanted complications which leads to 

reducing the count rates  

in some channels. 

Table 3.1: The backscattering and Compton edge of the standard source of CS-137 for the scintillation 

detector type 3ʺ × 3ʺ.  

Backscattering(kev) 

experimental 

Compton 

edge(kev) 

Experimental 

Photo peak(kev) Type of shield 

221 474.1 662 L3Cu 1 

218.1 472 661 L3Cu1Al1 

216 474.8 661.3 L3Cu2Al1 

218 476.9 664.1 L3Cu2Al2 

215 471 657.6 L3Cu2Al1FIG 

215.7 474.8 660.4 L3Cu2 
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Figure 3.1: Cs-137spectrum measured using NaI (Tl) detector for many shields (L3Cu 1). 

 

Figure 3.2: Cs-137spectrum measured using NaI (Tl) detector for many shields (L3Cu1Al1).

 

Figure 3.3: Cs-137spectrum measured using NaI (Tl) detector for many shields (L3Cu2Al1). 
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Figure 3.4: Cs-137spectrum measured using NaI (Tl) detector for many shields. (L3Cu2Al1FIG).

 

Figure 3.5: Cs-137spectrum measured using NaI (Tl) detector for many shields (L3Cu2Al2). 

 

Figure 3.6: Cs-137spectrum measured using NaI (Tl) detector for many shields (L3Cu2). 
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Each interaction mechanism creates features within the observed pulse height spectrum:  Photoelectric 

interactions give rise to a full-energy peak. Compton scattering events can occur where the scattered 

photon escapes the detector without further interaction. This gives rise to the Compton distribution. 

Compton scattering events can occur where the scattered photon itself undergoes Compton scattering and 

then escapes the detector. This gives rise to energy deposition in the detector, higher in energy than the 

Compton edge, but lower than the full-energy peak. Finally, the scattered photon can also be completely 

absorbed, which gives a full-energy peak event, Figures (3.1-3.6). 

 

Figure 3.7: Experimental of the compton edge is function of types of shielding for stander source of Cs-

137.   
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Figure 3.8: Experimental of the backscattering is function of types of shielding for stander source of Cs-

137. 

Backscattering(kev) 

theoretical 

Compton edge(kev) 

Theoretical 

Photo 

peak(kev) 

Type of shield 

184.35 477.65 662 L3Cu 1 

184.27 476.73 661 L3Cu1Al1 

184.3 477.00 661.3 L3Cu2Al1 

184.51 479.59 664.1 L3Cu2Al2 

184.1 473.59 657.6 L3Cu2Al1FIG 

184.23 476.17 660.4 L3Cu2 
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Table 3.2: Calculation theoretically of the back scattering and Compton edge of the standard source of 

CS-137 for the scintillation detector   type 3ʺ × 3ʺ. 

 

Figure 3.9: Theoretically of the Compton edge is function of types of shielding for stander source of Cs-

137. 

  

Figure 3.10: Theoretically of the backscattering is function of types of shielding for stander source of Cs-

137. 
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4. Conclusion 

Using the scintillation detector represented NaI(TI), we obtain a spectrum of gamma rays for  radioactive 

source, one of which is stander source of CS-137 , containing continuous regions and peaks whose 

locations vary according to the energy of the incident photon, and thus the type of interaction between it 

and the detector material .This study showed us that the count rates in the gradient shielding method at a 

number of energy peaks are important in gamma ray spectroscopy, especially in the range (0-500) Kev, 

that is the region where backscattering of gamma rays occurs and the Compton edge prevails .It was also 

shown that the gradient shielding  method is not suitable for lead shields of low thickness because the 

complications resulting from it are greater than the reduction that occurs as a result of it. The count rate 

decreases when the detector is surrounded by materials with a large atomic number, such as lead, and 

adding internal shielding layers, such as copper, aluminum, and fiberglass, led to a reduction in the total 

count rates. 
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