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This paper describes a calculation method, which commonly used in the Neutron Physics Department to develop a 

new neutron filter or to improve the existing neutron filter. This calculation is the first step of the traditional filter 
development procedure. It allows easy selection of the qualitative and quantitative contents of a composite filter in 
order to receive the filtered neutron beam with given parameters.  

 
1. Introduction 

 
A neutron filtered beam technique (NFBT) was launched at the Kyiv Research Reactor (KRR) for more than 

30 years. The most significant advantage of this method is its suitability to produce high-intensity neutron lines in the 
keV energy region. More than ten quasi-mono-energetic neutron lines were created in the energy region from thermal 
energy to 150 keV instead reactor neutron spectrum using the composite neutron filters. These beams were used and 
continue to use in fundamental scientific, namely for determination of the neutron cross sections with high accuracy. 
New tasks require availability of new neutron beams with different characteristics, so development of the new neutron 
filters is in progress. 

 
2. Formulation of problem 

 
The idea of filtering reactor neutrons possessing a 

continuous spectrum by means of materials, whose total 
neutron cross sections possess deep interference, was 
first suggested by O.D. Simpson and L.G. Miller in 1968. 
If we transmit a “white” reactor spectrum through thick 
layer of this material, we obtain the quasi-mono-
energetic neutron line with the average energy, 
coincident with this deep interference minimum. For 
example, an energy dependence of the scandium neutron 
total cross section is presented in Fig. 1. It can see a deep 
interference minimum at the energy close to 2 keV 
(marked by large oval in Fig.1). However, interference 
minima occur at another’s energies (two of them are 
marked by small ovals in Fig.1). So, to obtain only one 
quasi-mono-energetic neutron line, it is necessary to 

remove the lines caused by these minima. It is possible to do if we add materials, for which resonance maxima coincide 
with the interference minima for the main filter material with the exception of the deepest interference minimum. The 
energy dependence of the neutron total cross section of some appropriate materials is presented in Fig.1. 

There are two ways of a filter component selection. 
• Experimental way:  
Different materials are putting on the reactor neutron beam, neutron beam passed through them is measured and step 

by step an optimal composition of filter is selected. It is universal way, but very long and difficult. Usually it was used 
for the filter creation 30 - 40 years ago. 

• “Calculation” way:  
Model calculation of the neutron filtered spectra is provided using information from the ENDF/B libraries. Then, a 

filter with the components chosen by this calculation is made, and an experimental testing of the created filter is carried 
out. 

It is short and easy way, it is only limited by the ENDF/B information. Today usually this way is used for the filter 
creation. 

This work was intended to generation of software tools for the model calculation of the neutron filtered spectra at 
the KRR. 

 
3. The package FILTER 

 
In order to receive the filtered neutron beam with given parameters, the package FILTER was developed. It allows 
• calculation of the filtered neutron spectra and 
• selection of a qualitative and quantitative content of the composite filter. 
This package contains of  
• Special data libraries; 
• Computer code Filter-7.1 (using Compaq Visual Fortran Version 6.1). 

Fig.1. The energy dependence of the neutron total 
cross section of Sc, Co, Ti, 10B. 
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3.1. Special data libraries 
 

The package FILTER includes tree special data libraries. 
1st library. The files with the total neutron cross sections for a set of materials in the point-wise format and with the 

linear-linear interpolation low. The total list of these files now contains 133 units.  
These cross sections were calculated using the code packages PREPRO/NJOY together with the most updated 

Libraries of Evaluated Nuclear Data. An accuracy of the linearization procedure was taken as 0.1 %, the temperature of 
materials as 300K. 

In necessary cases this list may be added with a new cross section file.  
 

Table 1. A part of a list of the total neutron cross section files 
 

# Isotope Name of file Library 
1 1H1 1H1.jn2  JENDL-3.2  
2 1H1 1H1.jn4 JENDL-4.0 
3 3Li6 3LI6.jn2 JENDL-3.2 

… … … … 
133 92U238 92U238.jn2 JENDL-3.2 

 
2nd library. File DENSITY.dat is a density of material (in g/cm3).  
This file is used when the filter components are specified in cm (length). Today the total list of material density 

includes 55 items. A part of this list is presented in Table 2. 
 

Table 2. A part of a list of the material densities 
 

# Material Density (g/cm
3
) 

1 3Li6 0.5340  
… … … 
53 92U238 19.0400 
54 FLUENTAL 3.0000 
55 PE 0.9180 

 
3rd library. Files HE3_NP and H1_NEL. 
Files HE3_NP includes the energy dependent cross section for reaction 3He (n, p). Files H1_NEL includes the 

energy dependent cross section for reaction of neutron elastic scattering at hydrogen. Both cross sections were 
calculated with the use of JENDL-3.3 library. 

This information is required to take into account the energy-dependent efficiency in the case, when He-3 or 
proton recoil counter is used for neutron registration.  
 

3.2. Computer code Filter-7.1 
 

The code uses a simple expression for calculation of the filtered neutron spectra F(E):  
 

( ) exp[ ( )] ( )i iF E n E E= − ⋅σ ⋅Φ∑ ,                                                                   (1) 
 

where ni – nuclear thickness of the i-th filter component; σi(E) – total neutron cross section of the i-th nuclide; Φ(E) – 
the incident reactor neutron spectrum. 

To take into account an efficiency of the used neutron detector, the function Fd(E) is also calculated: 
 

( ) exp[ ( )] ( ) ( )d i i reacF E n E E E= − ⋅σ ⋅Φ ⋅σ∑ ,                                               (2) 
 

σreac(E) – cross-section of the reaction, which used for neutron detection. 
The correctness of this approach was tested comparing the results obtained in the exact simulation of the KINR 

experimental set-up using the MCNP4C code. 
Peak retrieval in the filtered neutron spectra is realized automatically.  This automatic peak search algorithm 

consists of 3 steps.  
1-st step The search of maximum value Fmax of the F(E) function. 
2-nd step The search of peaks whose value exceeds the threshold AK*Fmax 
Parameter AK is set by the user in the task input file, on default AK=0.0001. Using this parameter, very small peaks 

remove from consideration (Fig. 2). Peaks, that are lower than line, aren’t taken into consideration. Correctness of the 
given value AK is tested by calculation how much the sum of the area under all founded peaks differs from the area 
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under the entire function F(E). If this difference is above 
1 %, a warning appears in the output. 

3-rd step    Assembly of the closely spaced peaks 
(found in step 2) in one peak,  
 

if  1i i

i

left right
left

E E AKEE
−−

< , 

 
where Ei-1

right – the extreme right value of energy for (i-
1)-th peak; Ei

left – the extreme left value of energy for i-th 
peak (Fig. 3).   

The total neutron cross sections of the filter materials 
may have very narrow resonances. They become 

apparent in the calculated filtered neutron spectra as very narrow deeps. Of course they cannot be shown in 
experimental spectrum through the energy resolution of spectrometer. The code considered them as the separate peaks, 
therefore the closely spaced peaks have to be combined in one peak. 
 

 

 

Fig. 3. Explanation of choice of the AKE value. 
 
It is very easy to see in Fig. 3, where the energy region, marked in Fig. 2 as 1, is presented. Four peaks (1, 2, 3, 4) 

were found in the energy region 1. As the above noted condition is satisfied for all these peaks (see example for 3 and 
4), only one peak will be found in the energy region 1.  

Parameter AKE is set by the user in the task input file, on default AKE = 0.012. 
After running the code generates the result output files. There are four types of the output files. Two of them are 

mandatory, another one are created on user request. 
INPname.dat – a file, which includes the calculated filtered neutron spectra. 
INPname.LST – a report, which includes input information (nuclides, thicknesses, AK, AKE) and tables of the 

found peaks with their characteristics. 
INPname.CMP – a file, which includes the computer readable information about the found peaks. It is useful for the 

comparison procedure. 
INPname.Gxx – files, which include the computer readable information for xx spectrum line in GROUPIE format 

(xx – the number of line in the calculated spectrum).  
Number and type of the output files is specified by the user in the task input file INPname. 
A manual with detailed information concerning input and output parameters, the executable code Filter-7.1 and all 

special data libraries are on the site http://ukrndc.kinr.kiev.ua/FILTER-7.html 
In order to facilitate a preparation of the task input file for the code Filter-7.1, graphical user shell was created using 

scripting language Lua and cross-platform graphics library IUP. This also makes easy the adaption of the code to 
operating systems other than MS Windows. One of the windows, created by this graphical shell, is presented in Fig. 4. 

This graphical user shell will be located on the UkrNDC site, too.  
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Fig. 2. Explanation of choice of the AK value. 
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Conclusions 
The package for filter calculation is developed. 
It allows  
• Simulation of the filtered quasi-mono-energetic neutron spectrum with necessary parameters. 
• Putting into calculation practically any material and isotope combination. 
• Getting information about parameters of the calculated filtered spectrum: 
• Energies of the main line and additional lines 
• Relative intensities of all lines, i.e. purity of the neutron filtered beam. 
• Width of the main line. 
• Easy and shortly creation of the neutron filters. Owing to the used algorithm, the calculation time is very short. 
 
The graphical user shell makes easy  
• Input data preparation for the code  
• Adaption of the code to operating systems other than MS Windows. 
The package Filter is free and it is available using the UkrNDC site. 


