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MotivationMotivation

� Neutron spectral flux density – “neutron spectrum” –� Neutron spectral flux density – “neutron spectrum” –
“what energies are present and what is their 
proportion”proportion”

� Applications:
verification of functionality of nuclear reactors� verification of functionality of nuclear reactors

� estimation of pressure vessel damage

� radiation protection

� radiotherapyradiotherapy

� estimation of biological effects

� nuclear weapons (mainly in the past)� nuclear weapons (mainly in the past)



Scintillation DetectorScintillation Detector



Block SchemeBlock Scheme
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1 - detector
2 - preamplifier
3 - linear amplifier

6 - logic unit
7 - AD 1 converter
8 - AD 2 converter3 - linear amplifier

4 - pulse shape analyzer 1 (PSA1)

5 - pulse shape analyzer 2 (PSA2)

8 - AD 2 converter
9 - data storage unit (DP)



Neutron-Gamma SeparationNeutron-Gamma Separation



The Unfolding ProblemThe Unfolding Problem
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� ϕ(En) neutron energetic spectrum� ϕ(En) neutron energetic spectrum
(this is what we want to measure)

� z(E , E ) detector response function� z(Ep, En) detector response function
(obtained by Monte Carlo 

simulation)simulation)

� Z(Ep) measured proton spectrum
(detector output)(detector output)



Maximum Likelihood EstimationMaximum Likelihood Estimation

� Discrete form: ,= fAg� Discrete form:

� Assumption: neutron and proton spectra are random 
vectors with mutually independent,  Poisson-

,= fAg

vectors with mutually independent,  Poisson-
distributed components
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Mathematica CodeMathematica Code
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Detector Response FunctionDetector Response Function

� Obtained by Monte Carlo simulation� Obtained by Monte Carlo simulation

� The interaction of the neutron with the detector is 
modeled.modeled.

� What must be taken into account:
� detector geometry (cylinder)

� chemical composition (C, H, O, B, ...)� chemical composition (C, H, O, B, ...)

� different kinds of interactions (elastic and inelastic 
scattering, capture)scattering, capture)

� library data (describe stochastic properties of interactions)

� user settings (energetic step, desired output format, etc.)� user settings (energetic step, desired output format, etc.)



Sample Response MatrixSample Response Matrix



Verification of ResultsVerification of Results

Neutron line 13.9 MeV (stilbene Φ=1cm, H=1cm, coaxial impact) Measured and calculated response En=5 MeV, perpendicular 
impactimpact
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Further WorkFurther Work

� In frame of TA ČR no. TA01011383� In frame of TA ČR no. TA01011383
� replace analog part with digital equipment

� develop software for controlling and processing� develop software for controlling and processing

� improve current methods

� incorporate new detectors� incorporate new detectors

� My main responsibility: software part
� neutron-gamma discrimination

� lead software development (evaluation procedures and � lead software development (evaluation procedures and 
response functions)

� increase level of automation� increase level of automation

� improve propagation of uncertainties
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