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Nuclear Research Facilities

Neutron source: for what?

Neutron capture:

Radioisotope production
Neutron activation analysis
Neutron depth profiling
Geochronology

Boron neutron capture therapy
Prompt gamma analysis
Transmutation doping
Realization of positron beams
Cross section measurements

Neutron transmission:

Radiography and tomography

Neutron scattering:

Others:

Small Angle Neutron Scattering
Neutron diffraction, (de)polarization
Neutron reflectometry

Material testing
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Nuclear Research Facilities

How to make use of neutrons:

Bringing the target to the neutrons: irradiation facilities
Radioisotope/tracer production
Neutron activation analysis
Geochronology
Material testing
Transmutation doping

Bringing the neutrons to the targets; neutron beams
Neutron transmission imaging
Neutron diffraction
Neutron reflectometry
Neutron scattering
Neutron depolarization
BNCT
Neutron depth profiling
Prompt gamma analysis

IAEA CRP...
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Abstract

For more than 50 years, nuclear methods have been applied to chemical analysis at the National Institute of Standards and
Technology. Radiochemical, istrumental, and prompt-gamma activation analysis are used, as well as neutron depth
profiling and other techniques. The history of this group in methods development and the certification of Standard
Reference Materials, among other applications, is reviewed.

Keywords Neutron activation analysis - Neutron depth profiling - Prompt-gamma activation analysis - Radiochemistry -
Reference materials - Method development




NIST, USA (2018)
Future directions

...The development of versatile time-stamped digital data
acquisition is making multi-detector gamma—gamma coincidence
counting more generally applicable to elemental analysis [117-
119]. Extensions to the PGAA system include a beam chopper to
separate prompt from delayed signals [120, 121], gamma-
gamma coincidence counting [120], and a relocated beam stop
and other improvements for improved background and more
versatile sample positioning [122, 123]...



The main advantage of NAA at DNS-4

mono-energetic or within a sufficiently narrow "energy window"

for determination of elements which can’t be determined with the whole
neutron spectrum

(0N onpeneneHus paaa 3NeMeHTOB, KOTOPbIE C MOJIHbIM CMEKTPOM HEMTPOHOB He onpeaenuTb)

10 n/(cm?: s)

Low temperature in irradiation channels



Expressed in ‘barns’ = 1024 cm?

Cross section is
neutron energy dependent

Low values compensated by
high reactor neutron fluence rates
( 1012 - 10! cm=st)
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Neutron Activation Analysis

Nuclear Reaction

Measurement of gamma-rays
emitted by the de-excitation of
Prompt the compound nucleus after the

Gamma ray
Tar get nuclear capture :
Mucleus
Prompt-gamma analysis (PGA)
: *
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Neutron \\ within ~ 1012 s after neutron
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Neutron Activation Analysis

Measurement of the prompt gamma is measurement of the de-
excitation of the compound nucleus, and
not a measurement of the activity of the radionuclide produced;

As such, the IUPAC compliant term for the technique is
Prompt gamma analysis

and

not prompt gamma (neutron) activation analysis

(see the definition of activation analysis).
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Neutron Activation Analysis

Measurement of gamma-rays

Radioactive Decay

emitted by the ‘activation’
product and after the capture
reaction is stopped:

“Normal” neutron activation
analysis

Product
Nucleus

Gamma ray
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Nuclear reaction

Radioactive decay
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