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Introduction

• Niobium dosimeters are used in reactors to characterise neutron fluxes in the energy range around 1 MeV.

• Information based on the activity of 93m Nb resulting from the activation reaction 93 Nb(n, n').

• 93m Nb decays by isomeric transition with a strong internal conversion coefficient.

• This decay results mainly in emission of niobium K X-rays which are used to determine the activity of 93m Nb by: • direct measurement (solid sample) using X-ray spectrometry, • after sample dissolution, using X-ray counting or liquid scintillation counting. • Some difficulties for X-ray spectrometry:

Half-life (years)

• Efficiency calibration 𝜀 𝐸 and spectra processing 

X-ray spectrometry

Self attenuation

The number of exiting photons is lower than the number of emitted photons.

Depends on the material and on the energy 

  High-purity germanium (HPGe) detector (N-type) Source-to-window distance = 8 cm Efficiency calibration using standard point sourcesrelative uncertainty = 1: detailed processing using Voigt function for each peak (X-ray natural linewidth) * Ménesguen, Y., Lépy, M.-C., 2021. COLEGRAM, a flexible user-friendly software for processing of ionizing radiation spectra, Nuclear Inst. and Methods in Physics Research, A 1003,165341. https://doi.org/10.1016/j.nima.2021.165341 93m Nb (Nb Ka 16.6 keV) 93m Nb (Nb Kb 18.6 keV)

  Depends on the thickness (𝑥) of the dosimeter Approximation: 𝐶 𝑎𝑡𝑡 = 1-exp(-𝜇•𝑥) 𝜇•𝑥 µ: mass attenuation coefficient of Nb for the energy of emitted photons 𝐶 𝑎𝑡𝑡 also depends on the measurement geometry Corrective factor ( Τ 1 𝐶 𝑎𝑡𝑡 ) by dedicated software (GESPECOR, EFFTRAN, ETNA, etc.) Or using Monte Carlo simulation 20 µm-thick Nb at 8 cm: -rays due to fluorescence from activated Nb Fluorescence corrections 1. Activation products from 93 Nb (n, 2n) (n, g), (n, p) reactions Peaks due to the decay of Nb activation -rays due to fluorescence from impurities in Nb Fluorescence corrections Main characteristics of 93m Nb and of gamma-emitting impurities

  

  

  

  

  

  

Experimental validation

93m Nb activity of 9 dosimeters (3 strips, 6 discs) followed during 1 year Gamma-ray spectrometry : quantification of impurities X-ray spectrometry :  Experimental approach to validate fluorescence corrective factors for activity measurement of Nb dosimeters.

 2-step procedure:

 Gamma-ray to quantify impurities,  X-ray spectrometry with corrective factors.

 Typical relative uncertainty on the activity about 2 %.

 Direct measurement of the activity Nb dosimeters using X-ray spectrometry.

 Possibility of obtaining results shortly after the end of the irradiation.
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Conclusion

Thank your for your attention