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ABSTRACT 

Pulsed neutron experiments are being used widely to determine the thermal neutron 
diffusion parameters, such as average absorption cross-section and average diffusion 
coefficient, for the material under investigation. The absorption cross-section of the sample is 
calculated using decay constant of the fundamental mode of thermal neutron flux. In this 
study pulsed neutron experiment is simulated using Monte Carlo code MCNP (Monte Carlo 
N-Particle Transport Code). The experimental results for three heterogeneous samples of 
Drozdowicz et. al. [1] are simulated. The decay constant of the fundamental mode of thermal 
neutron flux is obtained using the Monte Carlo results. The simulation results are compared 
with the results of detectors in experiments. Time dependent shift in the average neutron 
temperature are demonstrated. Also the spectral change in neutron flux as a function of time 
is studied in detail and source of the experimental errors are discussed. 

 

1 INTRODUCTION 

The pulsed thermal neutron experiment is a method to determine thermal neutron 
diffusion parameters of the material under investigation (sample), such as average absorption 
rate and average diffusion coefficient. The method is first introduced by von Dardel (1954) 
[2]; various experimental and theoretical studies have been done on pulsed neutron 
experiments ever since [1] [3] [4] [5] . The experiment is based on a neutron burst introduced 
to the system under consideration. The experimental setup consists of the sample, the 
moderator that surrounds the sample and the thermal neutron detectors. In the process of 
moderating, the neutrons can be absorbed or can escape the system. Since the neutron pulse is 
not continuous during the experiment, the neutrons will decay and disappear after a while due 
to absorption and escape. Time decay constants are calculated using thermal neutron flux 
from the thermal neutron detectors. With the use of decay constants the thermal neutron 
parameters of the sample can be obtained. The studies were performed in order to obtain the 
thermal neutron absorption cross-section of the sample material. 

Drozdowicz et. al. investigated the effect of heterogenity on the thermal neutron 
absorption cross-section of the sample material experimentally [1]. Three heterogeneous 
sample models were used, consisting of silver grains and Plexiglas with equal mass in each 
model. Plexiglas, a well-known moderating material, is chosen as a moderator. The sample 
and the moderator are designed as concentric cylinders, with equal heights and diameters. To 
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measure the absorption cross-section of the heterogeneous samples, Drozdowicz used 

Czubek’s method [6]. The moderator thickness was changed for each grain models, the 

experiment is repeated, then using the decay constants obtained from    
  detectors the 

absorption cross-section of the heterogeneous samples are measured. 

In this study the Drozdowicz’s experiments [1] are simulated with Monte Carlo method 

using MCNP code. Three heterogeneous samples are modeled, each experiment is repeated 

for varying moderator thickness’. The effective absorption cross-sections of the 

heterogeneous samples were calculated in the same way that Drozdowicz does. Additionally 

the effective absorption cross-sections of the heterogeneous samples were calculated using the 

reaction rate tallies of MCNP. MCNP also gives information in order to comprehend the 

physics of the experiments. The simulation results showed that the decay constants obtained 

from the    
  detectors do not represent the sample materials, i.e. the decay constants 

calculated from the samples differ from the decay constants obtained from the    
  detectors. 

The other important point is the average energies of the thermal neutrons during the 

experiments which is an important parameter to calculate the absorption cross-section. It is 

seen from the simulation results that the system is not in thermal equilibrium and the average 

energies of the thermal neutrons changes spatially.        

2 MONTE CARLO SIMULATIONS OF PULSED NEUTRON EXPERIMENTS 

2.1 Pulsed Neutron Experiments 

In the pulsed neutron experiments, fast neutrons with constant energies of 14 MeV are 

directed through the Plexiglas moderator for a certain time; the fast neutrons are thermalized 

in the moderator and the thermal neutron flux is measured with the    
  detectors. The sample 

has a fixed diameter and a height of 9 cm              for all models. The moderator 

also has an equal diameter and height         ; but with varying dimensions. In order to 

obtain the vacuum boundary conditions  for thermal neutrons, the outer side of the moderator 

is covered with a cadmium shield. While the thermalization of the fast neutrons takes place, 

the decay of the neutron flux is observed, the pulses from    
  detectors are recorded and the 

decay constant 0  of the fundamental mode  of the thermal flux is obtained by fitting the data 

to an exponential curve since               .  

 

Figure 1: Pulsed Neutron Experiment Setup 

Drozdowicz et. al. used the Czubek’s pulsed method [6] to measure the absorption 

cross-sections of the heterogeneous samples. The decay constants are measured for different 

moderator thickness’. The experimental dependence of the decay constants are obtained for 
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all heterogeneous sample models. A theoretical curve      is calculated based on the diffusion 

approximation for thermal neutron flux in two-regioned cylindrical system [7] [8]. The 

ordinate of the intersection point of these curves      is used to determine the absorption 

cross-section       of the sample material as in Equation (1). 

 
1 0aS X v    (1) 

where v  is the neutron speed and the averages are over the thermal neutron flux energy 

distribution.  

2.2 Heterogeneous Sample Model Geometry 

The sample material in the heterogeneous sample models are consisted of silver grains 

and Plexiglas. Silver is a highly neutron absorbing material, however Plexiglas is a good 

moderator and weakly absorbing one. The physical properties of silver and Plexiglas is given 

in Table 1.  

Table 1: The physical properties of Silver and Plexiglas used in the experiments  

 Density(g/cm
3
)  0a  (cm

-1
) 

Silver (Ag) 10.50 3.71053 

Plexiglas ((C5H8O2)n) 1.176 0.01895 

The models are named after the sizes of cylindrical grains in each model, i.e. model Gr4 

has a height and diameter of 4 milimeters                , model Gr6 has a height and 

diameter of 6 milimeters                 and model Gr10 has a height and diameter of 

10 milimeters                 . Three heterogeneous sample model geometries Gr4, 

Gr6 and Gr10 are given in Figure 2.   

 

Figure 2: Gr4, Gr6 and Gr10 heterogeneous sample model geometries 

 

In Table 2 grain numbers and volumes of the grains, Plexiglas and moderator are 

tabulated for all models.  
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Table 2: Grain numbers and volume datas of the cells for Gr4, Gr6 and Gr10 models 

 Gr4 Gr6 Gr10 

Number of Grains  570 168 36 

Volume of a Grain (cm
3
) 0.0503 0.1697 0.785 

Total Volume of Grains (cm
3
) 28.671 28.501 28.274 

Volume of Plexiglas (cm
3
) 543.904 544.054 544.281 

Volume of Moderator (cm
3
) 1582.58 1582.58 1582.58 

2.3 Monte Carlo Modeling 

The Monte Carlo modeling of the pulsed neutron experiments of the heterogeneous 

samples is done using MCNP code version 5 (MCNP5). All heterogeneous models are 

modeled with physical and geometrical properties as in Drozdowicz’s experiments [1]. The 

cross-sections of the materials are defined using ENDF/B-VI library,        scattering cross-

sections are taken into account for Plexiglas moderator. Since there is no        scattering 

cross-section library defined in MCNP for hydrogen in Plexiglas, hydrogen in polyethylene is 

used (poly.01t); due to the similarity energy dependence of the total scattering cross-sections 

of hydrogen in Plexiglas and polyethylene [9].  

In order to observe the thermal neutron flux and its energy distribution spatially the 

experimental setup is divided into seperate cells. Those cells are represented in Figure 3 as the 

silver grains (Region I), Plexiglas in the sample (Region II), the sample (Region I and II 

together), the whole system except detector (Region I, II and III together) and the detector 

(Region IV).         

  

Figure 3: Regions of the pulsed neutron experiments modeled with MCNP5  

14 MeV fast neutrons are directed to the experimental setup for 100 sec . Then time 

and energy dependent thermal neutron fluxes and absorption rates are tallied in all cells for 

900 sec , except the thermal neutron detector, the          
   

  reaction rate is tallied in the 

detector instead of thermal neutron flux. The particle history is chosen such that the relative  

error for all tallies not exceed 1%. Thermal neutron fluxes are fitted to an exponential 

function in each region to obtain the decay constants, also the          
   

  reaction rate in the 

detector is fitted to an exponential function to calculate the decay constant as in the 

experiment.  
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3 MONTE CARLO SIMULATION RESULTS 

3.1 Obtaining absorption cross-section of sample using the method in experiments 

In this study the absorption cross-section of the heterogeneous samples are simulated 

using MCNP5 by Drozdowicz’s procedure [1]. MCNP5 has advantages of having the termal 

neutron flux and thermal neutron energy distributions for all regions seperately. Firstly, the 

decay constant is calculated from the simulation results of    
  detector and then the process 

is repeated for the simulation results of other regions to observe the possible regional change 

in the decay constant. These simulation results are given in Table 3 with 99% confidence 

interval. 

Table 3: Decay constants from MCNP5 in different regions for Gr4, Gr6 and Gr10 models 

 
λMCNP5 ±  (sec

-1
)  

Gr4 Gr6 Gr10 

Silver Grain 22718 ±77 20624 ±42 17475 ±37 

Plexiglas (in Sample) 22592 ±61 20678 ±17 17431 ±7 

Plexiglas (in Moderator) 21189 ±18 19882 ±14 17157 ±3 

Sample Material (Ag+Plexiglas) 22596 ±61 20677 ±16 17431 ±7 

Sample+Moderator 21613 ±8 20176 ±3 17269 ±3 

Detector 21393 ±182 19741 ±191 16787 ±177 

It is seen from Table 3 that the decay constants decrease as the heterogenity of the 

sample is increasing (moving from Gr4 to Gr10). Another notable thing is the decay constants 

obtained from the detector are obviously less than the decay constants obtained from the 

sample materials for all heterogeneous models.   

Secondly, the change in the energy distribution of thermal neutrons with time is 

investigated. The system is irradiated with fast neutron burst between 100 and 200      in 

MCNP5 simulation. The energy distribution of neutrons at some time values are obtained. It 

is reasonable to say that the thermal neutrons energy distributions is Maxwellian-like, so the 

energy distribution can be given as in Equation (2).  

    . . exp /E C E E kT    (2)      

In Equation (2), C is an arbitrary constant, E is the energy of the neutrons (eV), k is the 

Boltzmann constant (eV.K
-1

) and T is the absolute temperature (K).     

The energy distributions of thermal neutrons at different times are fitted to Equation (2), 

then the energies (kT) of thermal neutrons for heterogeneous sample models are calculated 

and tabulated for sample material and    
  detector in Table 4 and Table 5, respectively. 

Table 4: The change in energies of thermal neutrons (kT) in the Sample with time 

Sample 
          

            

          

           

          

           

          

           

          

           

Gr4 
3.446e-2 

±0.095e-2 

3.150e-2 

±0.083e-2 

3.191e-2 

±0.075e-2 

2.568e-2 

± 0.034e-2 

2.608e-2  

±0.035e-2 

Gr6 
3.293e-2 

±0.088e-2 

3.227e-2 

±0.073e-2 

3.168e-2 

±0.068e-2 

2.573e-2 

± 0.034e-2 

2.604e-2 

±0.035e-2 

Gr10 
3.461e-2 

±0.087e-2 

3.080e-2 

±0.066e-2 

3.030e-2 

±0.059e-2 

2.514e-2 

± 0.034e-2 

2.578e-2 

±0.035e-2 

The energies of thermal neutrons (kT) are not thermally stable after the neutron source 

is ejected (after           ) as it is seen from Table 4 and Table 5. Also the energies of 

thermal neutrons at the detector and the sample differs from each other for all heterogenous 

sample models.   
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Table 5: The change in energies of thermal neutrons (kT) in the Detector with time 

   
   

Detector 

          

            

          

           

          
           

          

           

          

           

Gr4 
3.031e-2 

± 0.099e-2 

2.731e-2 

± 0.089e-2 

2.690e-2 

± 0.076 e-2 

2.042e-2 

± 0.052e-2 

2.059e-2 

± 0.081e-2 

Gr6 
2.986e-2 

± 0.108e-2 

2.725e-2 

± 0.079e-2 

2.703e-2 

± 0.068e-2 

2.177e-2 

± 0.052e-2 

2.162e-2 

± 0.066e-2 

Gr10 
3.031e-2 

± 0.099e-2 

2.812e-2 

± 0.075e-2 

2.704e-2 

± 0.067e-2 

2.163e-2 

± 0.055e-2 

2.022e-2 

± 0.070e-2 

The calculated decay constants of sample material, detector and sample and moderator 

together from the simulation results for various moderator thickness’ are given in Table 6, 

Table 7 and Table 8 for Gr4, Gr6 and Gr10 respectively.   

Table 6: MCNP5 simulational decay constants of various moderator thickness’ for model Gr4 

   
 

  
 

       
λMCNP5     

    

Sample Material 

λMCNP5     
    

Detector 

λMCNP5     
    

Sample+Moderator 

5.739e-3 25531 ±20 24566 ±132 24804 ±2 

6.104e-3 27275 ±17 26543 ±152 26637 ±2 

6.504e-3 29107 ±11 27872 ±206 28578 ±3 

6.944e-3 31005 ±8 30523 ±194 30647 ±4 
 

Table 7: MCNP5 simulational decay constants of various moderator thickness’ for model Gr6 

   
 

  
 

       
λMCNP5     

    

Sample Material 

λMCNP5     
    

Detector 

λMCNP5     
    

Sample+Moderator 

5.1021e-3 20627 ±9 19790 ±64 20181 ±2 

5.4066e-3 21655 ±7 21043 ±87 21318 ±1 

5.7392e-3 22715 ±5 22231 ±70 22504 ±1 

6.1035e-3 23809 ±4 23172 ±103 23705 ±2 

 

Table 8: MCNP5 simulational decay constants of various moderator thickness’ for model Gr10 

   
 

  
 

       
λMCNP5     

    

Sample Material 

λMCNP5     
     

Detector 

λMCNP5     
    

Sample+Moderator 

3.9063e-3 14161 ±11 13324 ±58 13766 ±1 

4.3283e-3 15328 ±8 14629 ±42 15028 ±1 

4.5654e-3 15975 ±6 15341 ±45 15732 ±1 

4.8225e-3 16677 ±4 16260 ±53 16482 ±1 

5.1021e-3 17411 ±3 16877 ±55 17272 ±1 

5.4066e-3 18195 ±2 17708 ±66 18114 ±1 

The Monte Carlo simulation of heterogeneous sample models and the experimental 

results are compared in the following figures. Theoretical curve, experimental results and 

simulation results are given for heterogeneous sample models Gr4, Gr6 and Gr10 in Figure 4, 

Figure 5 and Figure 6, respectively.  

The simulational and experimental decay constants of    
  detectors match well, except 

for Gr6 model. Those results show that the simulation of the experiment is reliable. It is seen 

from Figure 4, Figure 5 and Figure 6 that the decay constants calculated from the detector do 

not fully represent the characteristics of the sample, as it was stated earlier. Since the 

absorption cross-sections of the heterogeneous samples are calculated from the interception 

point of the two curves      in Equation (1), the obtained absorption cross-section from the 

decay constant calculated from the detectors definetly introduce errors.  
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Figure 4: Simulational and experimental decay constants for various moderator thickness’ for model Gr4  

 

 
Figure 5: Simulational and experimental decay constants for various moderator thickness’ for model Gr6 

 

Figure 6: Simulational and experimental decay constants for various moderator thickness’ for model Gr10 
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The intersection points      of the theoretical curve, experimental and simulational 

curves are tabulated in Table 9. The absorption cross-sections of the heterogenous sample 

materials are calculated from Equation (1) and given in Table 11. Since the energies of 

thermal neutrons are not           during the experiment as it is assumed to be, the average 

energies change as seen from Table 4 and Table 5 so the average neutron energy in Equation 

(1) must be chosen carefully. Three values of average thermal neutron energy are used to 

compare the effect of it on the absorption cross-section of the sample materials; first the 

neutron speed taken same as the experimental one (Simulational 1), then the neutron speed at 

           (Simulational 2) and finally the neutron speed at            (Simulational 

3). Those neutron speeds are tabulated in Table 10.   

Table 9: Ordinate of the intersection of two curves,   , for Gr4, Gr6 and Gr10 models 

 

 

Table 10: Neutron speeds used in simulational calculations 

          Gr4 Gr6 Gr10 

Simulational 1 (MCNP5)
 2200 2200 2200 

Simulational 2 (MCNP5) 2217 2219 2193 

Simulational 3 (MCNP5)
 2234 2232 2221 

The absorption cross-sections of the sample material calculated from Equation (1) using 

datas from Table 9 and Table 10 for Gr4, Gr6 and Gr10 models are shown in Table 11 in the 

results and conclusion part. 

3.2  Obtaining absorption cross-section of sample using reaction-rates  

The effective absorption cross-section of the sample material, ,

eff

a sample , can be obtained 

from the reaction rates as in Equation (3). 

                                       ,

Ag Pl

a Ag Ag a Pl Pleff

a sample

Ag Ag Pl Pl

V V

V V

 

 

 
 

  (3)  

In Equation (3)     
  

 (    ) is the average absorption cross-section of silver grains in 

sample material,                is the average thermal neutron cross-section in the silver 

grains,        
   is the total volume of the silver grains in the sample material,    

          is 

the average absorption cross-section of Plexiglas in the sample material,   
  

           is 

the average thermal neutron flux in Plexiglas in the sample material and        
   is the total 

volume of the Plexiglas in the sample material.  

The average absorption rate in the silver grains, 
Ag

a Ag , and the average absorption rate 

in the Plexiglas, Pl

a Pl , can be obtained from MCNP5 using reaction rate tallies. Since the 

average thermal neutron fluxes and the volumes of the silver grains and Plexiglas are known, 

the effective absorption cross-section of the sample material can be calculated simulationally. 

The effective absorption cross-sections of the sample material for Gr4, Gr6 and Gr10 models 

are calculated and given in Table 11 in the results section.   

       
    Gr4 Gr6 Gr10 

Sample Material 31664 23766 16824 

Detector (MCNP5) 30216 22673 15338 

Sample+Moderator  30940 23549 16362 

Detector(Experimental) 29363 21419 15028 
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4 RESULTS AND CONCLUSION 

The absorption cross-section of the sample material is calculated in Section 3.1 and 

Section 3.2 simulationally using MCNP5. The results of the MCNP5 simulation and the 

experimental results of Drozdowicz [1] for the absorption cross-section of the sample material 

for Gr4, Gr6 and Gr10 models are tabulated in Table 11. 

Table 11: Simulational and experimental absorption cross-sections of the heterogeneous samples 

 Absorption Cross-Section of Sample        

 Gr4 Gr6 Gr10 

Simulational 1 
 0.1276 0.0957 0.0678 

Simulational 2  0.1266 0.0949 0.0680 

Simulational 3 
 0.1256 0.0944 0.0671 

MCNP5 (Equation (3)) 0.1094 0.0914 0.0648 

Experimental
 0.1184 0.0863 0.0606 

 

In Table 11, the reference points of this paper are the absorption cross-sections of the 

sample material obtained from Equation (3). The simulational results calculated as explained 

in Section 3.1 show the effect of the average thermal neutron energy on the absorption cross-

sections of the sample material. As the average thermal neutron energy increases, the 

absorption cross-sections of the sample material get closer to the reference values obtained 

from Equation (3). The experimental results are valid for some average thermal neutron 

energies, but not for 0.0253 eV, as it was assumed to be.  

The Monte Carlo simulations showed that it is not reasonable to assume the system is 

thermally stable and the decay constants change spatially. Those parameters are important for 

determining the absorption cross-section of the sample.          

The experimental and simulational absorption cross-sections of the heterogenous 

samples show that the characteristics of the experiment, such as spatial dependence of decay 

constant and thermal neutron energy distribution, should be well realized. This study showed 

that Monte Carlo simulations are suitable and necessary for the realization of pulsed neutron 

experiments. 
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