
Neutron activation analysis in mid-21st 
century at DNS-IV of FLNP JINR

Marina V. Frontasyeva1 and Vladimir P. Kolotov2

1FLNP JINR, Dubna
2GEOCHI, Moscow

Проф. Владимир Пантелеймонович Колотов – зам директора ГЕОХИ им. Вернадского

Workshop: Advanced ideas and experiments for the new Dubna Neutron Source (DNS-IV). Related moderators and 
infrastructure (December 6-8, 2018, Dubna, RF) 



Prof. Amares CHATT (Canada) – President of International Committee of 
Activation Analysis (ICAA); former Director of SLOWPOKE reactor in 
Dalhausie University in Canada (1976-2011)

Prof. Eiliv STEINNES (Norway) – founder of epithermal neutron activation 
analysis (JEEP II reactor at Kjeller near Oslo) 
Honorable Doctor of Sciences at JINR since 2004

“...Best regards and congratulations to your bright colleagues that 
did the pre-design of this fascinating neutron source concept"

Prof. Peter BODE (The Netherlands) – Reactor Institute Delft (RID) at Delft 
University of Technology, Netherlands
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Our experience: pneumatic system; automated 
data management system (DATABASE)



Sector NAA & AR: ~ 35 persons

Male : Female  ~  50% : 50%
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Mature age at 2035

NAA at DNS-4
CENTRE OF COLLECTIVE USAGE
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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:
Small Angle Neutron Scattering
Neutron diffraction, (de)polarization
Neutron reflectometry

• Others: Material testing
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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

Nuclear Research Facilities





…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]…

NIST, USA (2018)
Future directions



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

(для определения ряда элементов, которые с полным спектром нейтронов не определить)

1014 n/(cm2 . s)

Low temperature in irradiation channels
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Expressed in ‘barns’ = 10-24 cm2

Cross section is 
neutron energy dependent

Low values compensated by 
high reactor neutron fluence rates
( 1012 – 1015 cm-2s-1)

Cross section



IAEA CRP… Slide no. Revision no.

Nuclear  Reaction                       Radioactive  Decay

Neutron Activation Analysis

Prompt radiation emitted  
within ~ 10-12 s after neutron 
capture

Measurement of gamma-rays 
emitted by the de-excitation of 
the compound nucleus after the 
nuclear capture :

Prompt-gamma analysis (PGA)
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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).



IAEA CRP… Slide no. Revision no.

Nuclear  Reaction                       Radioactive  Decay

Neutron Activation Analysis

Measurement of gamma-rays 
emitted by the ‘activation’ 
product and after the capture 
reaction is stopped:

“Normal” neutron activation 
analysis
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Nuclear  reaction         Radioactive  decay


