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Objective of my PhD thesis

Motivation?

I IRSN is working on the improvement of S(a,[3) thermal scattering kernel
of light water at high temperature and pressure (at normal operating
conditions of nuclear power reactors) for criticality safety studies and
reactor physics applications.

What is S(a,3)?

Nuclear cross section data libraries use derived thermal neutron scattering,
represented by S(a,p) scattering kernel where a and p stand for the unit-
less momentum and energy transfers respectively.

I The double differential thermal scattering cross section for neutrons with
incident energy E, secondary energy E’, Scattering angle €, bound
scattering cross section oy, and at temperature T can be written as:

90T , __ op |E _B
0QOE/ (E->E.Q) = 41TkT\/ge i
N

Scattering Kernel
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Objective of my PhD thesis

What do we have..?

| Thermal scattering data available to users from the evaluated data
libraries come from essentially two different models, prepared by:

= General Atomics group (GA model) in the 1960s

= Mattes and Keinert at IKE Stuttgart (IKE model) in the 1980s and
updated in the mid 2000s

Both the above models are based on...

| Experimental data measured in the 1960s with a low accuracy due to the
limitations of the experimental and computational capabilities at that
time.

I Numerous approximations used for the evaluation of the thermal
scattering cross section.

New experimental data for the verification of generated
thermal neutron scattering data are very scarce.
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Objective of my PhD thesis

What we want...?

| Our goal: Improve the thermal scattering cross section data of light
water at operating conditions of nuclear power reactors.

| Study the uncertainties associated with it, namely the systematic and

statistical uncertainties.
HOW ?1

Study the structure and dynamics of water incorporating both the theory
and experiments.

I On the theoretical side: Review the existing models and use Molecular
dynamics simulations.

I On the experimental side: Perform new experiments to generate

thermal scattering kernel for light water.
We are here !!!
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Objective of my PhD thesis

S(a, B) formalism

| In the thermal scattering kernel S(a, [3)

o )
Momentum transfer is represented by: [a — E+E-2VEE! COQ = q?h’
P Y- &= AKT ~ | 2MKT
Energy t ' ted by: B = E'-E _| —he
gy transfer is represented by: = — = —
\ / ——

| In the thermal scattering function S((], w)

, (o — )
Wauwve Vector transfer is represented by: '

Experiments
Ef—E; |
Energy transfer is represented by: w=-" 7 .
- J

S(a, B) is analogous to the scattering function S(q, )
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Objective of my PhD thesis

S(q, ®) which measures the dynamic structure factor, can be directly
measured by performing time-of-flight inelastic thermal neutron
scattering experiments with light water at desired temperature and

pressure, in order to generate S((x, B)

\""\1

%ze—uf—flight ethod =

o

\:\' -3
We measure the time a neutron takes to travel from a S
source to a detector, which provides the neutron’s velocity \ "La_.‘
| and kinetic energy.

* Neutron Scattering: A Primer by Roger Pynn
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Experiment: ILL

I Two consecutive inelastic thermal neutron scattering experiments with
light water have been carried out at the Institut Laue-Langevin (ILL,
Grenoble) in Dec. 2015, using the IN4c and IN6 high resolution time-of-

flight spectrometers.

| Improved S(gG, w) and neutron scattering cross section of light water at
ambient temperature and pressure has been successfully carried out at

ILL in 2010.

I Extended the previous measurements beyond room temperature and
pressure to more realistic operating conditions in connection to nuclear
power reactors.

I Thus the accuracy of the thermal scattering cross section data could be
enhanced by direct introduction of the measured dynamic structure
factors S(q, ®).
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Experiment: ILL
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Experiment: ILL
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Data acquisition

For light water: Measurements at several temperature and pressure
combinations have been carried out.

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

Raw data
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Data reduction and data analysis

A detailed data reduction of the raw time-of-flight data is done using
data analysis tools (LAMP, iFit) in order to:

I Normalize the data with the monitor

| Subtract the empty cell

| Correct for self-shielding/self-absorption
| Calibrate with the vanadium reference

I Correct for the detector efficiency

I Account for the multiple scattering contribution (to be done)

Finally we obtain S(q,w) for each experimental conditions
(Temperature and pressure)
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Preliminary Results

S(q,w) of light water measured at 494 K & 70 bar (ING6)
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Preliminary Results

Ssym(?j,w) of light water measured at 494 K & 70 bar (IN6)
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Preliminary Results

Ssym(?j,u)) of light water measured at 495 K & 185 bar (IN4c)
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Preliminary Results

Double differential cross section ( Ei= 14.2 meV; 0=15°)
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Preliminary Results

Double differential cross section ( Ei= 3.14 meV; 0=15°)

— Temperaiure=35{] K; Pressure=50 bar

2t — Temperature=494 K; Pressure=70 bar 1

2

L

b

Double differential cross section [a.u.]

[
=1
T

Temperature=494 K; Pressure=600 bar

1 L
0.0 0.001 0.002

-Energy [eV]

'l I
0.005 0.006 0.007




Preliminary Results

S(q): Experimental structure factor  S(g)=J__ (4, ) dw
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Preliminary Results

gDOS: Generalized density of states with IN4c...

Measured generalized density of states (gDOS) is related to the classical

dynamic structure factor by
2

w -
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The translation motion peak can be seen around 7 meV
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Preliminary Results

gDOS: Generalized density of states with ING6...
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Liberation bands of light water is seen around 55 meV
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Preliminary Results

Total cross section: (Results using iFit 1.8)
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Where are we right now?

EXPERIMENT —— S(q,(l)) EXP( K T) sym(_)

e A ( A () / \
S(,B) = kgT Syy(dw)| + | MOL DYNAMICS|—S(a,B)|—
\_ Y, \ Y,
: ; L == | COMPARE
8(0) = |im =7 Sym(@w)|—| LEAPR(NJOY) |—|§(a,p)|—
N q-0 7 )\ J __ \_ )
J | J
| |
Done! To be done!
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Future work & Remarks :

I Correct the experimental data for the multiple scattering contribution.

| Combine data from both the IN4c, IN5 and IN6 spectrometers to
increase the statistical accuracy.

I Due to kinematic restrictions and limited angular range of detectors,
S(q,®) is measured only in a limited region of the (q,®) space. Hence
investigate the possible use of molecular dynamics codes to access S(q,®)
over a wider range.

] Prepar new experimental S(a, B) data in the ENDF format.
I Analyze the uncertainties associated with the experimental conditions

in connection with the measurements, namely the systematic and the
statistical uncertainties.
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Thank you !
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