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Enhancing nuclear safety

Introduction & Objective of the PhD thesis Theoretical Modelling of S(a,f)
IRSN is working on the improvement of thermal scattering cross section data The double differential thermal scattering cross section for neutrons with
of light water at high temperature and pressure (normal operating conditions incident energ E;, secondary energy E;, scattering angle Q, bound scattering
of nuclear power reactors) for criticality safety studies and reactor physics cross section o}, and at temperature T can be written as:
applications.
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What is S(a,3)? Nuclear cross section data libraries use derived thermal f TXB i
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stand for the unit-less momentum and energy transfers respectively. Momentum transfer _ _ © g4 = E; K
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What do we have? The available S(a,p) of light water in the evaluated nuclear

data libraries are based on experimental data measured in the sixties with a Energy transfer B = Br— B _| Zhe : hw = Ef — E;

low accuracy due to the limitations of the experimental and computational kgT kgT

capabilities at that time. \ S(a, B) / \ S(d, ) /

What do we want? Study the structure and dynamics of light water S(a, B) is analogous to the scattering function S(q, w) where q and w stand

incorporating both theory (molecular dynamics simulations) and perform for the neutron wave vector and energy transfers respectively. S(q, ®) can be

new experiments to enhance the reliability of S(a,J) and estimate the measured by performing time-of-flight inelastic neutron scattering

associated systematic and statistical uncertainties. experiments with light water, at desired temperature and pressure.

Experiments

Two consecutive inelastic thermal neutron scattering experiments with light water at
high temperature and pressure have been carried out at the Institut Laue-Langevin
(ILL, Grenoble) in December 2015, using the IN4c and IN6 time-of-flight spectrometers.
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IN4c experimental facility

Experimental conditions with IN4c
Wavelength= 2.4 A; E;= 14.20 meV

Neutron personified as
“Neutron Man”

Experimental conditions with IN6
Wavelength= 5.14; E;= 3.14 meV
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517 42 The experimental run may be over but the experiment is not; Raw time-of-flight data, uncorrected and unprocessed, are useless !!

Data Analysis & Preliminary Results

A detailed data reduction of the raw time-of-flight experimental data is done using data analysis tools (LAMP, iFit) to obtain S(q,w) and g(w).
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Symmetrized dynamic structure factor S,,,(q,w) of light water measured from g(w) (§DOS-Generalized density of states) of light water measured from
IN4c (left) and IN6 (right) IN4c (left) and IN6 (right)
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Methodology & Future work: . . N . . - ~
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