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Abstract:

The motivation for the proposed experimental program is the recent interest throughout the world on revisiting and revising the existing
thermal neutron scattering data in the cross section libraries such as ENDF/B (US), JEFF (OCDE/NEA), JENDL (Japan), CINDL
(China) and BROND (Russia). Many questions emerge from the Working Party on International Nuclear Data Evaluation Co-operation
(WPEC) of the NEA data bank related to the impact of the thermal scattering data on criticality benchmarks. Investigation and
production of covariance matrices are also key issues for light and heavy water reactors.

This proposal is part of a multi-year program plan on actinides. First, we wish to extract S(alpha,beta) tables from the double-differential
neutron cross sections of UO2 as a function of the temperature. The temperatures of interest range from room temperature to Hot Full
Power conditions (T=1000 K). Final S(alpha,beta) tables will be introduced in evaluated nuclear data libraries and tested on critical
benchmarks carried out in the zero-power reactor EOLE located at the CEA of Cadarache and on Power reactor benchmarks.
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Measurement of the double-differential neutron cross section of U in UO2 from room
temperature to Hot Full Power conditions

The present document provides a short description of the experiments performed on a UO2 sample
at the IN4 and IN6 facilities of ILL in November/December 2016. The double-differential neutron
cross section was studied at three temperatures (T=300 K, 600 K and 900 K) and three incident
neutron energies (3 meV, 66 meV and 112 meV).

Sample characteristics

The UO2 sample used for this experiment was prepared at ILL by using four depleted UO2 pellet
provided by CEA Cadarache. Characteristics of the UO2 pellets are given in Fig 1. The final UO2
sample has a cylindrical shape. It is composed of a stack of four UO2 pellets, sealed under vacuum in

a glass tube.
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Fig. 1. Characteristics of the four UO2 pellets

Experimental program

The experiment were performed on the IN4 (A=0.86A and 1.11A) and IN6 (A=5.12A)
spectrometers. Three incident neutron energies were investigated (3 meV, 66 meV and 112 meV) at
three temperatures (300 K, 600K and 900 K). A description of the experimental program is listed in
Tables 1 and 2 for IN4 and IN6, respectively. It mainly consisted in measuring sequentially UO2,
vanadium and dummy samples. UO2 sample was measured two times (before and after heating) in
order to verify the consistency of the results and the possible effect or the heating on the UO2
sample (oxidation ...). Preliminary results indicate that time-of-flight data measured before and after
heating at the same incident neutron energy are consistent. Raw data provided by the acquisition
system were treated with the LAMP package developed at ILL. Fig. 2 (left hand plot) shows the
experimental double differential neutron cross sections measured at four angles with the IN6
spectrometer.
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Table 1. Details of the experimental program (IN4 spectrometer)
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Table 2. Details of the experimental program (IN6 spectrometer)
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Fig. 2. The left hand plot shows the double-differential neutron cross sections measured at T=300
(IN6 spectrometer) at four different angles. The right hand plot compares the experimental density
of states, obtained with the MUPHOCOR procedure of the LAMP package, with results provided by
Monte-Carlo simulations.

Preliminary results

A precise experimental validation of the Thermal Scattering Laws of UO2, available in the
international neutron libraries dedicated for reactor applications, was never reported in the
literature. Therefore, the analysis and interpretation of the data measured with the IN4 and IN6
spectrometers will first consist in comparing the experimental results with Monte-Carlo simulations.
Fig. 2 (right hand plot) compares the generalized density of states obtained with the IN6 data and
with the Monte-Carlo code TRIPOLI-4. The simulation was performed by using densities of states of
U in UO2 and O in UO2 calculated with the VASP code at the North Caroline State University (see the
US library ENDF/B-VIII). The simulation takes into account the energy dependent resolution function
of the IN6 spectrometers established from the vanadium peak. The rather good agreement between
the theoretical and experimental density of states confirms the peak positions of the acoustic and
optical modes calculated for Uranium and Oxygen atoms. More work is still needed for a better
understanding of the observed differences at low energy transfer (resolution function, incorrect
background subtraction ...).

Improved results will be presented at the 5™ International Workshop On Nuclear Data Evaluation for
Reactor applications (WONDER) in Aix en Provence (October 2018).



