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An Introduction to NR Data Analysis Using RasCAL in IDAaaS

Introduction

During the following demonstration, we will introduce the RasCAL package for the
analysis of reflectometry data and perform some fits to some simple data. As outlined in
previous lectures, RasCAL uses &labémodels to describe the interfacial structure under
investigation, and calculates the theoretical reflectometry profile using Abeles matrix
formalism (introduced in Lecture 1). This demonstration will be performed live, and all
information given here will be covered during the session. This document provides a guide

for you to reproduce the analysis yourself.

We advise you go through this guide in advance of the Lipid Bilayer Case

Study to familiarize yourself with some of the core functionality of RasCAL.
Throughout this session you will:

1 Be introduced to RasCAL software, including navigation in the GUI, loading
experimental data and building a simple model.

1 Become familiar with the influence of each layer parameter on the observed
reflectivity data.
Fit NR data collected from a clean silicon substrate in D,O.
Perform Markov-Chain Monte-Carlo (MCMC) error analysis and interpret error
analysis.

1 Co-refine a model using two isotopic contrasts describing the same interfacial

structure to improve confidence in fitted parameters.



Part 1: Introduction to RasCAL, loading data and building a model.

To launch RasCAL, navigate to IDAaaS within a web browser, log in and launch

reflectometry workspace using any of the ISIS reflectometry instrument suite (INTER,
POLREF, OFFSPEC, SURF, CRISP). If you dond already have an existing environment,
create a New Workspace as shown below:
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Once you have launched an IDAaaS session, open RasCAL, located within

Applications > Software > RasCAL

B Data

B, Examples
¥ utilities
& system

> About

@ Applications

~ B4

v v w

& Genx

HDFView

Jupyterlab

() & §

JournalViewer

Jupyter notebook

Mantid Workbench
Mantid Workbench Nightly

5
'y

4\ Matlab 2020b
. McStas

M RefllD
© SasViews




You will now be met with the main RasCAL main interface. Windows may be
overlapping, so first select Windows > Tile to arrange windows sensibly for your display

resolution. Here are the key components of the user interface:

File Edit Tools Windows Help

Project Name : defaultProject

AN Type : Standard Layers Geomnetry : Air / Liquid (or solid)
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1. Model inspection panel. This allows you to view:

a. The reflectivity data and theoretical reflectivity profile described by
your model.

b. The SLD profile corresponding to your model, from which the
theoretical reflectivity profile is calculated.

2. Model building panel. This allows you to change parameters associated with
your model, as well as experimental parameters such as the Qz resolution
and scale factors.

3. Information Panel. This will display information relating to the operation of
RasCAL, such as fitting progression information and file operations (eg.
Saving, loading files)

4. Fitting panel. Here, the fitting algorithm currently being used is displayed,
along with the normalized Chi Squared parameter (ie, goodness of fit), the
number of iterations to be performed, and buttons to start and stop fitting the
data.



Here, we will build a model to describe a simple Silicon-water interface. Silicon is a
common substrate for reflectometry experiments, and measurements of the clean substrate
are frequently taken at the start of an experiment to understand the initial substrate structure

and to improve the ambiguity in parameters required for downstream structural analysis.

Silicon will spontaneously form a thin amorphous oxide layer on the surface, which is
permeable to bulk solvent. Our model will therefore require a single interfacial layer,
corresponding to hydrated SiO2, between two bulk phases, Si and water. In order to satisfy
the conditions for total external reflection, the neutron beam must travel through the material
with the lower refractive index (and therefore lower SLD) and reflect from the interface with
the higher refractive index. Therefore, our model will have a dulk-iné(or superphase) of Si,
and a dulk-outd(or subphase) of D,O:




Building a model.

In the RasCAL window, select d&dit > Edit Project6 In the d&eneralétab of the
resultant window, change the Experiment Geometry to Solid / Liquid:
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General | Parameters ' Layers | Experimental Params | Contrast 1

Project Path /opt/RasCAL_2018/defaultProject
Project Name defaultProject

Project Type Standard Layers -
Experiment Geometry Solid / Liquid -

Number of Contrasts Air / Liquid (or solid)

Import Model Export Model

0K ‘ Cancel

Next, we want to add the parameters required for your model. In RasCAL, a sample
is defined as a series of slabs, flanked by bulk phases. Each slab layer is described by four
parameters: Thickness, SLD, Roughness and Hydration. Here, we have a single interfacial
layer corresponding to SiO», between bulk Si and solvent. Gubstrate Roughnessédescribes
the roughness between bulk Si and the first interfacial layer, so should be retained as a
parameter. Four additional parameters should be added, and given initial values, upper and

lower values as shown below.
B e

General Parameters | Layers | Experimental Params | Contrast 1

k Add Param... Remove Parameter(s)

Parameter Name Lower Bound Value Upper Bound
1 4.8444 15
Si02 Thickness 0.000EQ 50 100
Si02 SLD 3.000E-6 3.470E-6 4.000E-6
Si02 Roughness 1 3 15
Si02 % Hydration 0.000EQ 15 100

0K Cancel
|



The d.ayersétab is used to assign parameters to each interfacial layer in your model.
For this sample, add a single layer corresponding to SiO, name the layer (N.B. Spaces are
permitted in both parameter and layer names within the GUI), and select the parameters

describing thickness, SLD, Roughness and Hydration from the drop-down menu.

General | Parameters Layers | Experimental Params | Contrast 1 |

Add Layers ‘ Remove Layers |
|

Layer Name Thickness SLD [ Roughness I %Hydration [ Hydrate with
Si02 Thickness [Si02SLD [si02 Roughness |

Substrate Roughness
Si02 Thickness
Si02 SLD

Si02 Roughness
Si02 % Hydration

OK ‘ Cancel |



backgrounds, scale factors, resolution as well as the SLDs of bulk phases.

The &xperimental Parametersétab contains instrumental parameters such as

Reflectivity is defined as the ratio of reflected neutrons to incident neutrons (I/lp), so

should have a maximum intensity of 1 below the critical edge in the region of total external

reflection. The scale factor parameter should therefore be around 1, though slight

misalignment (amongst other issues) could lead to a slightly lower scale factor. The

resolution is defined by the slit settings, and should be fixed based on the instrument

configuration. In this case, the Q; resolution was 3%, so the resolution should be fixed at
0.03. We can calculate the SLD of Si and D20 as 2.07x10° A2 and 6.36x10° A2, so these

values should also be entered here. Set your parameter values and bounds as shown below:

(]

General | Parameters ' Layers ' Experimental Params ‘.‘ Contrast 1

Backgrounds

Background
Background 1

Lower Bound
5.000E-8

Value
3.069E-8

e

-

[ add || Remove

Upper Bound ‘
7.000E-6

Scale Factors Add Remove
Scalefactor Lower Bound Value Upper Bound
Scalefactor 1 0.8 1 1.1
Qz Shifts Add Remove
Qz Shift Lower Bound Value Upper Bound
Qz Shifts 1 -0.03 0.000EQ 0.03

SLD bulk 1 (beam in)

Name

SLD bulk 2 (beam ...

Name

Lower Bound
0.000E0

Lower Bound
6.000E-6

Value
2.070E-6

Value
6.360E-8

Add || Remove

Upper Bound J
0.000EQ

Add Remove

Upper Bound ‘
6.360E-6

Resolution

Name
Resolution 1

Lower Bound
0.01

Value
0.03

Add Remove
Upper Bound J (

0.05

-
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In the &ontrastétab, you assign instrumental parameters and layers to each contrast
that you have measured. You can also choose to select the data to fit to here, or simply
simulate data. We will start with simulated data of a single contrast. Select the Bulk In phase
as Si, and the Bulk Out phase as D20. To add an additional layer, select the @Bulk Outd
phase and then click the AddoéButton (bottom left) to add a layer above the subphase.

Choose SiO2 from the drop-down menu to assign the layer defined in the Layer tab to this

sample.
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General | Parameters | Layers | Experimental Params ' Contrast 1 )

\ SiD20

Type Simulation -

A

[

Si

B

—
Scalefactor Scalefactorl | Bulk Out D20
Qz shift Qz Shifts 1 -
Resolution Resoclution 1 -
Number of Layers 1
Add || Remove |

Press OK to build the model and return to the RasCAL main interface. Before we do
anything further, save the project as a new file (¢-ile6> &ave as new filed. Navigate to your
IDAaaS home desktop and save this file within the dkRasCAL_Demoddirectory:

Save Project File

]

Save |n: |CJ RasCAL Demo

~] (@] [z B8

(3 dataFiles

] BAYES_2Contrast_Gauss.mat
) correlationContourPlot.m

] RasCAL_Demo.mat

] tempfile.mat

File Name: ’RasCAL_Demo_lLContrast

Files of Type: ‘AII Files

H Cancel ‘

|_§ave



Loading Data

Before loading data, we need to make sure that RasCAL is looking in the correct
directory. Therefore, load the file you have just saved in the RasCAL_Demo directory on

your desktop (d-iled> d.oadband select iRasCAL_Demo_1_Contrast.matd.

To add the data, go back to the Experimental Setup window (d&dit6> ddit Projectd
and on the Contrast 1 tab, change dype6from Simulation to @Ascii Filed Click the Browsed
button and select &i_D20.datéfrom the @ataFilesddirectory within the &RasCAL_Demod

directory.



