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La tecnica



Principio base di NAA



Reattori nucleari



Reattori nucleari

Attivazione tramite reazioni (n,𝛾)



Ingredienti chiave per NAA



NAA per contaminanti naturali



NAA per 40K



NAA per 238U



NAA per 232Th



Concentration of trace elements
During the irradiation, the time evolution of the production of the 
activated isotope (with decay constant λ) in the irradiated sample is: 

At the end of the irradiation, the number of activated nuclei is: 

The amount (N) of the original, stable isotope in the sample is then 
calculated via the counts measured with HPGe detectors in the gamma peaks 
following the decays of the activated isotope: 

HPGe detectors at the Radioactivity 
Laboratories of Milano-Bicocca



The relative method - irradiation standards
To calculate the amount (N) of the original, stable isotope in the 
sample we should know precisely ΦTOT and σeff in every position of 
the reactor and for every irradiation campaign:

To avoid this, one usually uses irradiation standards, containing 
the same elements to be traced in the sample with a known amount.
N is thus obtained by comparing ndec for standards and sample  

The element standards 
are irradiated 
together with the 
samples in the same 
irradiation channels 

When multi-element searches are 
performed, e.g. in environmental 
samples, the k0-comparator method 
(non-relative method) is used to 
reduce the number of irradiation 
standards.  

with



HPGe measurement efficiency
To evaluate ndec from gamma-ray spectroscopy with HPGe detectors, 
the detection efficiency must be known. 
This is best achieved through MonteCarlo simulations of each 
experimental configuration (sample-HPGe): 

where Cmeas and Csim are the gamma-ray 
peaks' counts for the measured and 
simulated spectra with nsim simulated 
decays for each isotope of interest.

Example of a reconstructed 
experimental configuration 
with a GEANT4 MonteCarlo 
simulation. 
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Practical NAA
A neutron activation campaign may involve some or all of the following steps:

• Sample preparation
→ cut to fit in irradiation container, 
cleaning, packing (eventual pre-treatment)

• Irradiation / Activation at the nuclear reactor

• Radiochemical separation (only in RNAA)

• Activity measurements by HPGe detectors

• Elemental concentration calculation

in ultra-trace measurements, 
extreme care is needed to 
avoid adding unwanted 
contaminants during this step

↳



Practical NAA
Sample preparation

Preparation of standards inside 
quartz vials (for high neutron fluxes)

Clean room class 1000 with MilliQ water system Acrylic samples LAB samples

Laser cutting of acrylic samples

Clean room preparation of samples:



Practical NAA
Neutron irradiation

Radiolysis during neutron irradiation must be taken into account!



Practical NAA
Measurements after irradiation

Before and after sample grating A surface contamination 
may appear also with NAA

Effect of interferences 
in the sample matrix



Practical NAA
Radiochemical separation



Practical NAA
Coincidence measurements

2x GMX detectors:
• Coaxial detector (n-type)
• Rela;ve efficiency: 100%
• Ultra Low Background configura;on
• Low Threshold ( 20 keV)
• Muon veto



Practical NAA
Coincidence measurements



Examples of achievable sensitivities with NAA
Neutron irradiation:

Sample preparation 
and HPGe 
measurement at 
Milano-Bicocca:

Acrylic sample of 6 g



Examples of achievable sensitivities with NAA
Neutron irradiation:

Sample preparation 
and HPGe 
measurement at 
Milano-Bicocca:

LAB sample



Examples of achievable sensitivities with NAA

23


