
 
 
 
 

NON-DESTRUCTIVE ANALYSIS OF 
ELEMENT AND ISOTOPE 
COMPOSITION BY NEUTRON 
SPECTROSCOPY METHOD. 
 



Abbreviations 

 

• IREN – Intense REsonance Neutron source 

• FLNP – Frank Laboratory of Neutron Physics 

• TOF – Time of Flight 

• TDC – Time Digital Converter 

• NRCA – Neutron Resonance Capture Analysis 



Introduction 

• Neutron resonance capture analysis is used for non destructive 
determination of the isotopic composition of samples.  

• Non-destructive, because there is no sample pre-treatment 
needed. 

• It allows one to analyse relatively large and radioactive objects. 

• Neutron spectroscopy provides information about the excited 
state of a compound nucleus produced after neutron capture (by a 
parent nucleus). 

• The idea of the method is based on observation of neutron 
resonances, i.e. peaks of energy dependant on the cross-section of 
neutrons interacting with nucleus. 



A typical energy spectrum of isotopes. 



Neutron Resonance Spectroscopy 
Technique 

TDC 

Gamma-detector 

n 
Target 

collimator 

n-source 



Peak current, A  3 

Repetition rate, Hz  50 

Electron pulse 

duration, ns  
100 

Electron energy, MeV  60 

Neutron intensity, n/s  4∙1011 

IREN parameters 

The main part of the IREN 
facility is a linear electron 
accelerator. The bunched 
electron beam generates 
bremsstrahlung in the tungsten 
target and it produces the 
neutron pulses via (γ,n)-
reaction in the same  target.  



General view of the detector 

• Detector contains 6 sections forming together the cylinder with the channel along the 
neutron beam direction 

• There are photomultipliers in both ends of each section. The signals from two 
photomultipliers of each section are summarized on output load resistor. Then after 
amplification and shaping they go to the majority coincidence circuit. The majority 
coincidence circuit is applied to observe radiative capture of a neutron. Various 
combinations of coincidence of pulses in different sections are possible. 



TOF spectrum 

Unanalysed spectrum. 

 



Energy calculations using channel 



Labelled spectrum 



Result cont. 



Used curves for the analysis of 
neutron resonances 
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Calculations  

• The table below represent the elements and 
their calculated masses in the sample. 

 Element Mass(g) 

Zn 65.7 ± 2.4 

Cu 45.15 ± 2.26 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Conclusion 

• Non-destructive methods of elemental and isotopic 

analysis using neutron spectroscopy are advantageous. 

• They allow us to analyse samples of all shapes and 

sizes, without pre-treatment. 

• Allowing us to study archaeological artefacts and 

objects of cultural heritage.  
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