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Abstract 

The present study was aimed to investigate the neutron total cross section 

experimentally based on transmission and absorption of neutrons beam 

intensities. This study sets out to investigate the fundamental atomic nucleus 

radius experimentally using Pu-Be source with a comparison of the Ramsauer 

model calculation for the elements C, Al, S, Fe, Cu, Hg and Pb and neutron 

wavelength. The results of this investigation show that a linear relationship 

was obtained from the two methods with the square linear regression (R2) 

0.9571 of the method and 0.9899 for Ramsauer Model. In the current study, 

comparing experimental the fundamental nuclear radius (r0= 1.5496x10-

13±0.13347 cm) with Ramsauer the model calculated (r0= 1.3524x10-13 ± 

0.0556 cm) showed that similarities between the fundamental nuclear radius. 

A strong relationship between the results of the neutron total cross-section and 

the fundamental nuclear radius, using experimental methods compared to the 

Ramsauer model calculation in the literature.   

Keywords: Experimental method, Ramsauer model, total cross section, 

nuclear radius, neutron wavelength, organic plastic  detector. 

 

INTRODUCTION:  

The cross section is the probability of a collision between the projectile and a target in 

the affected area for a given nuclear reaction to occur. The interaction likely exhibit 
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between an incident neutron and a nucleus that in combination with the neutron flux 

and reaction rate is termed as a neutron cross section (1). The nucleus of atoms when 

interacting with the incident neutron is classified according to the type of cross 

section to occur (2). The nuclear reaction rate can be computed using neutron flux and 

neutron cross section that to control and developed the thermal power of a nuclear 

reactor (3). Thus, the amount of neutron cross section is dependent on the rate of 

neutron reaction with the nucleus. The beam of neutrons travels a distance through 

matter is undergoing (elastic and inelastic) scattering reactions with the nuclei and the 

possibility of a given product of the total cross section (σT) (4,5). 

 However, the neutrons amount is reduced proportionally to the number of nuclei in 

the material that depends on neutron energy, while at a lower velocity as 
1


 the 

neutrons lose part of their energy in the material (6). The low energy of neutron 

interaction with nuclei absorbs part of their energy and the nucleus emitted the energy 

as gamma rays. However, the collision between target and neutrons beam and 

exchange energies that depends on the cross sections and the types of materials (7). 

The neutrons beam incident on nuclide target is transmitted through or absorb the 

target after the reaction that independent of the type of reaction, which is strongly 

dependent on the neutron speed (8). So, that the total cross section of the two 

interactions is the sum of both absorption (σabs) and scattering (σS) cross sections (9). 

Recently, researchers have shown an increased interest in neutron cross section using 

Ramsauer Model for various elements and isotopes at different energies in the range 

of 5 MeV to 600 MeV (10, 11). Several studies have shown Ramsauer Model 

estimation of the energy dependence of the cross section basis of the effective size of 

the neutron, which is proportional to the breadth of the probability density function 

and proportional to neutrons de Broglie wavelength (12). However, experimental data 

have consistently shown the model explains the energy dependence of the neutron 

absorption cross section measurement. In 1997 R. W. Bauer co-workers demonstrated 

the total neutron cross section of elements uses Ramsauer model depends on the 

parameters and on the energy of the neutron in the range of the range of 5-50 MeV 

(10). Ramsauer Model was successfully applied for various nuclei for neutron 

scattering cross section by Peterson (13). Ramsauer Model for the total neutron cross 

section in the MeV energy range was applied by Lawsont and Peterson (11). The 

average phase shift of maxima and minima of the total cross section varies slowly 

with the energy of the neutron using Ramsauer Model can be observed 

(V.Franco,1965) (10). The model provides data of neutron total cross section energies 

range up to 600 MeV that using parameters relative to the energy dependence of the 

neutron total scattering cross section was applied by R. S. Gowda et al (2008), which 

the scattering phase shifts are independent of angular momentum and varies slowly 

with energy. The radius r0 values of nuclei using general systematic parameters for 
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heavy nuclei (1.42988x10-13 cm) and of light nuclei (1.53091x10-13 cm) are evaluated 

by R. S. Gowda et al (2008) used Ramsuaer Model that proposed a new functional 

form for energy variation and atomic mass dependence of the parameters. 

 

Ramsauer Model: 

The literature has emphasized the importance of the neutron cross section using the 

Ramsauer model analysis of heavy and light nuclei is prepared according to the 

procedure particularly used by R. W. Bauer et al. (1997) that relative to the functions 

of the atomic mass number and constant parameters. The Ramsuer Model for cross 

section expression as follows:  

  
   

2
2 1 costot R           (1) 

Where R represents the radius of nuclear potential,  is the reduced wavelength and 

α is parameter less than 1 vary relative to the absorption, β is the phase change 

between transmitted and outside waves (13).  Data of the model for r0 value are 

1.37x10-13cm used for calculation of the cross section that identifies by R. W. Bauer et 

al. (1997). The depth of the nuclear potential V0 and the kinetic energy of the neutron 

the outside nucleus E is used the difference in relation EVE  0 . The phase 

change and the constant parameters of the model were utilized due to the expression 

of that relation. In a study conducted by R. W. Bauer et al. (1997), it was shown that 

the  variable value of K from fitting variation as function 

1

3A  of elements under study 

and values such as K1= 0.07, α= 0.11-0.13, a= 38, and b = 0.85 used as constant 

parameters. However, the phase shift is expressed as: 

     
2

1K a bE E K a bE E       
  

     (2) 

To identify the neutron cross section of the elements under study, using the previous 

parameters was used to calculate the total cross section in the elements using 

Ramsuaer model.  

The detection of neutrons is measured due to the transferring energy in the nucleus of 

atoms of a detector, where neutron interacts with a nucleus to produce a secondary 

charged particle and from them; the presence of neutrons is deduced. However, 

hydrogenous material such as organic plastic scintillator is recently used as a chosen 

neutron detector that the basis of ionization phenomena (14). 

Methodology:  

In this experiment, the neutron total cross section was measured by a principle of the 

transmission method is considered to be accurate, in that case no absolute 
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measurement of a neutron flux is required. This method is only necessary to measure 

the rate of neutrons at the detector with and without a target sample interposed 

between the neutron source. In order to identify the neutron transmission 

measurement was employed Plutonium-Beryllium source to develop intensity of 

5.3x106 ±10% neutrons per second on the sample through the following reaction. 

Be9+ α → C13  → C12 +1n0+5.71 MeV     (3) 

The neutron total cross section method is one of the more practical ways of measuring 

neutron beam intensities basis of the neutrons transmission approach, which considers 

being an accurate assessment. The experiment was executed using the beam 

transmission and absorption of the neutrons intensity of the sample at the detector 

after background correction. Thus, the neurons beam bombarded from the source is 

intercepted by a sample that passes perpendicular to the surface. The sample 

attachment between the detector and the center of the beam has reduced the intensity 

and causes the disappearance of certain neutrons fraction either by scattering or by 

absorption, which expressed, with following relation. The total neutron cross section 

(σT) is defined from μt: 

  
n
t

T


              (4) 

  n = ρxNA           (5 ) 

  sabsT          (6) 

  
 2  Rabs  ,  2  Rs       (7) 

  
 22   RT       (8) 

  
3

1

0 ArR 
      (9)

 

Where  t is the length of the sample,  μt is a Linear absorption coefficient, ρ is density 

g/cm3, (NA) Avogadro number, the fundamental nuclear radius is r0, Atomic weight of 

scattering sample is A and the De Broglie wavelength/2π is  . 

  
mE
h

2
           (10)

 

Where E is the kinetic energy of neutron outside the nucleus. So, the equation: 
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          (11) 

 

The equation in the form of a straight line and data of R is the radius of the nuclear 

potential and   was assessed by plotting A1/3 versus 




2

T . The slope of the line is 

represented r0 and intercept point is the neutron wavelength divided by 2π (11, 13, 

15).  

 

EXPERIMENTAL METHOD 

A method based on detailed illustrations of the design and construction of the system 

requirement of a sample transmission and absorption for neutron total cross section 

assessment and safety of hazardous radiation. The system setup and the measurement 

of the total cross section have been carried out in the Institute of Experimental 

Physics, Kossuth Lajos University, Debrecen, Hungary. The diagram shows the 

experimental arrangement and the sample attached between the source and detector, 

which is connected to the single channel analyzer and computer. Aluminium holder is 

located at the edge of the tank to hold the sample and the iron shadow bar in the axis 

between the source and the detector (16). The diameter of the sample has been 

selected based just large enough to shadow the active volume of the neutrons detector 

and the hole of the iron collimator. The water tank contains the neutron source was 

used to minimize the radiation leakage from the source. The front area of the water 

tank is covered with cadmium (3mm thickness) to reduce radiation neutron flux 

reaching the detector. The iron collimator is used as shadow bar to collimate the 

neutrons beam through the sample transmit to the detector. Wall concentrate was used 

as radiation shielding for radiation protection and from nearby nuclear facilities and 

other radiation sources. A Hornyak typical organic compound plastic scintillator 

neutron detector was employed in this experiment. Also, the Accuespec computer 

program was used for neutrons spectrum analysis. Glass container was designed for 

the mercury sample and the neutrons absorb by the glass, then the background was 

subtracted from the mercury sample data. In the single channel analyzer 

measurement, by surveying the discriminator level and the higher voltage relative to 

each other, we found that the proper position of the discriminator level and the high 

voltage is 800 and 1000 V respectively. In the experiment, the pure elements Carbon 

(C), Aluminium (AL), sulfur (S), Iron (Fe), Copper (Cu), Mercury (Hg), Lead (Pb) 

was used for neutron cross section assessment and sensitivity of the technique used. 

Ramsauer model evaluations were applied to previous mention elements in neutron 

total cross section evaluation. 
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Fig.1. The diagram of the experiment setup for neutron total cross section 

measurement. 

 

RESULTS AND DISCUSSION 

This study sets out with the purpose of assessing the importance of neutron total cross 

section data in the experiment that is compared with theoretical calculation using 

Ramsuier Model. Present neutrons cross section evaluation technique was practiced to 

improve the neutron source shielding in order to, reduce the radiation hazard for the 

experimental measurement of the various elements. The diagram in the fig.1 shows 

the systemic arrangement of the experimental setup. The procedure for this 

measurement was approved by shielding of neutron source against radiation during 

data collection. In addition, the experiment an arrangement is possible to be installed 

in a small area in the laboratory area if a separate room cannot be provided in the 

experimental setup. The cost of installing the experiment also was reduced using a 

Hornyak-type organic plastic neutron scintillator to separate the gamma background 

from neutron intensity. A series of careful measurements has been done to investigate 

the effects of radiation against shielding. However, detection surrounding the system 

was proving that no measurable radiation impact from the scattered neutron or 

secondary gammas. The graph in Fig.2 displays the experimental measurement of the 

relations neutron cross section against the atomic mass number. Linear regression 

evaluation in the two figures was used to predict the linear relation of experimental 
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data measured and the model calculation of the total neutron cross section of different 

elements. From the result in Fig. (2,3) the neutron total cross-section increases 

smoothly with increasing atomic weight of the elements. Thus, the method of this 

technique will now be performed in 2 hours duration is compared to the measurement 

duration of previous work of the free geometry measurement (15). The approach was 

adopted to measure neutron cross section of different elements that assess the 

resulting validity of the method with comparable to Ramsauer Model for the neutron 

cross section. 
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Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

0.88797

Pearson's r 0.98195

Adj. R-Square 0.95708

Value Standard Error

B Intercept 1.02536 0.56922

B Slope 1.54958 0.13347

Fig.2. Result of experimental measurement of the pure elements of total cross section. 
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Residual Sum 
of Squares

0.1541

Pearson's r 0.9958

Adj. R-Square 0.98994

Value Standard Error

B Intercept 1.49989 0.23713

B Slope 1.35242 0.0556

Fig.3. The result of the elements of the total cross section using Ramsauer Model 

calculation. 

 

CONCLUSION 

The following conclusions can be drawn from the present method compared to the 

model’s utility in the nuclear data evaluation. The current data highlight the 

importance of using Ramsauer model calculation for the neutron total cross section 

and experimental confirmation of the resulting validity of the method used. One of the 

more significant findings to emerge from this study is that in short time duration in 

measurement, a sample area in the laboratory without radiation hazards and utilizing a 

plastic scintillation detector with low cost. The results of this study show that the 

experiment the fundamental nuclear radius (r0= 1.5496x10-13 ± 0.13347 cm), 

Ramsauer model calculation value (r0=1.3524x10-13 ± 0.0556 cm) and the neutron 

wavelength from the source is 1.63125x10-14 cm (10,13,15). The most obvious 

finding to arise from this study is that the two methods with the square linear 

regression (R2) accuracy of 0.9571 of the method and 0.9899 for Ramsauer Model. 

The technique in the present work of the total neutron cross section that is compared 

to the experimental measurement using scattering free geometry is in a good agreed 
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with the result obtained (15). The method is confirmed by the results of the neutron 

total cross section, the fundamental nuclear radius and the neutron wavelength divided 

by 2π using the experimental method and the Ramsauer model calculation and the 

other research groups (10,11,13). Accordingly, a little deviation in the results of 

carbon is indicated in the two figures, so that it is confirmed the measurement requires 

different neutron energy at lower atomic mass (13).  Another an important practical 

implication is that the experimental method in the study and the nuclear Ramsauer the 

model implemented for the neutron total cross section for atomic mass from 12 to 82 

of the elements with the same parameters is considered. Further research could also be 

conducted to find the effectiveness of different energy ranges for the neutron total 

cross section (15). The methods were used for this total cross section determination 

possible applied to other elements and isotopes of lower and higher atomic mass 

numbers.  
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