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Introduction 
In the past decade, there has been an 

extensive experimental investigation on gamma 

backscattering technique [1-3], however 

systematic investigation for wide range of metals 

is yet to be conclusively explored. The 

experimental measurement of the Albedo Factor 

is also limited to a few elements and is yet to 

investigate significant range of metals [3,4]. 

Gamma-backscattering peak analysis is a 

useful technique for determining the density, 

thickness, and composition of the backscattering 

material. The main features of the gamma-ray 

spectra are associated with the gamma rays – 

matter interaction processes. However, events 

with energy less than full energy occur rather 

frequently, resulting from various interactions 

with different energy dependences. Therefore, 

this technique is used to develop such an 

instrumental method which can have different 

uses. In the past, the backscattering of gamma 

rays from shielding materials has been the subject 

of an extensive experimental investigation by 

many studies [1-4]. The principal idea in this 

technique used for this experiment is the area 

under the backscattering peak. 

The area under the backscattering peak is a 

factor of the scattering materials and their 

thickness. The simulation and the experiment use 
137Cs as a gamma source. The simulation used 

various precious and non-precious metals as the 

scatterers to find the area under the peak, 

however, due to procurement limitations 

associated with precious metals, the experimental 

setup used materials with similar Z as the precious 

metals. The simulation was done using GEANT4 

software, while the experimental analysis was 

done using CANDLE software. 

 

Simulation and Experimental Details  

A NaI(Tl) detector crystal of 1.5”x1.5” 

dimensions was simulated and was used to obtain 

the 137Cs gamma spectrum which was further used 

to code the experimental setup shown in Fig 1. 

 

 

Fig 1: Detector Construction in Geant4, Detector 

(dark grey) and Scatterer        (light grey) showing 50 

events of point source under pencil beam emission 

{from visualization of the detector simulation 

through Open GUI} 

For best results, approximately 50,000 

incident photons were simulated at constant 

source activity for various thicknesses of different 

scattering materials to obtain the data. Although 

there is no strict relation between the atomic 

number of the material and its backscattering 

strength, variation in the area under the 

backscattered peak as a result of varying thickness 

is commonly observed. The area under 

backscattering was measured for the material of 

the scatterer and its varying thickness. Monte 

Carlo simulation allows coding a source with the 

desired emission at desired angles as well as the 

spread of the emission, and therefore the 

simulation was also performed using a source 

under 4π emission using a collimated beam at an 

angle similar to that in the pencil beam emission 

setup. 

The experiment was conducted using a 

1.5”x1.5” NaI(Tl) detector to match the 

simulation setup and used a 137Cs (0.5μCi) source. 

The data was collected for 15 minutes and 

calibrated using 133Ba and 137Cs sources. 

Aluminium, Copper, and Lead scatterers were 

used for the experiment. The thickness of the 
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Aluminium scatterer ranged from 3 mm to 21 mm 

and for the Copper and the Lead scatterers from   

3 mm to 16 mm. 

 

Fig 2: Va r i a t io n  o f  t h e  a r e a  u n d e r  

Backscattering Peak with Cu scatterer 

(experimental) 

Fig 2 shows the variation of the area under 

the Backscattering Peak using Copper scatterer 

obtained experimentally. Similar experimental 

spectra are obtained for Lead and Aluminium 

scatterers. 

 

Results, Discussions and Future Scope 
The simulated plots for different scatterers 

are shown in Fig 3 using Carbon as the lightest 

scatterer, Aluminium, Silver, Gold and Lead as 

the heaviest scatterer. 

 

Fig 3: Area Under Backscattering Peak vs 

Thickness for different scattering materials 

(pencil beam emission source, simulated) 

 A similar plot is obtained for the 

experimental data as shown in Fig 4 

 

Fig 4: Area Under Backscattering Peak vs 

Thickness for different scattering materials (point 

source, experimental) 

As seen in Fig 3 and Fig 4, it can be 

concluded that the trends in both plots are similar 

in the given range. The result depicts that the 

backscattered peak intensity provides information 

on the material and its thickness.  

In the simulation, Copper absorbers may be 

further analysed for comparison and 

confirmation. In the experiment, the thickness of 

the scatterers may be increased for more data 

points. Since this technique has found application 

in the field of landmine site detection [5] 

presently, it finds future applications in the field 

of medical, industrial, agricultural industries and 

security domains. 
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