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Overview

GRAS,sP is a Matlab™ script application designed for the graphical inspection,
analysis and reduction of multi-detector data produced by the Small-Angle Neutron
Scattering (SANS) instruments of the Institut Laue Langevin (ILL). GRAS,.sP presents
a modern package and general purpose suite of tools to deal with the diverse
requirements for reduction and analysis of two-dimensional small angle scattering and
diffraction data. Data from the two ILL SANS instruments, D11 and D22 as well as that
from the small-angle diffractometer D16 are catered for in the GRAS,,sP package.

Since its first release in early 2001 GRAS,,sP has attracted significant attention and
support both within the user community and from responsibles of similar multi-detector-
based instruments at other neutron and X-ray facilities. Some of these instruments are
now catered for within GRAS,.sP including SINQ SANS | & Il and HMI V4 data. In
principle the architecture and coding of GRAS,,sP, combined with the matrix handling
abilities, graphics and other advantages of the Matlab™ environment should allow
continued development of this software and be able to provide more general aspects of

multi-detector and complex data set handling.

A major milestone in the development and distribution of GRAS,,sP came in mid 2001
when Matlab™ compilers were bought for PC, Linux, SGI and now Macintosh OSX
platforms. By compiling the Matlab™ script code into a ‘runtime’ or ‘stand-alone’
application we are now able to distribute GRAS,,sP freely without obligation to buy the
costly Matlab™ package. Compiled GRAS,sP is freely available and distributed via
the GRAS,,,.P web site www.ill.fr/lss/grasp/.

This manual is the second to be written, the first being with the first release of the
software in early 2001. The software has evolved considerably over the course of the
last year (more so than the manual!), fine-tuning some of the tailor made routines and
applications for different types of SANS data analysis. Comments and suggestions are
always welcome and should be e-mailed directly to me at dewhurst@ill.fr. You ‘the
user’ are instrumental in the development of GRAS,sP by continuing to support this
project, by reporting bugs or suggestions for improvements. Users are also
encouraged to actively participate in the development of GRAS,sP by the contribution
of ‘user modules’ and ‘fitting functions’ to tailor GRAS,.sP to specific needs and can be
easily and almost seamlessly integrated into the GRAS,,P interface without

modification to the main code (m-code version only).
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Software Download, Installation and Configuration

Software Download

Up-to-date ‘Runtime’ and ‘m-code’ versions of GRAS,sP can be downloaded from the

Institut Laue Langevin web site at:

www.ill.fr/lss/grasp/

The web site also includes download for this manual in PDF format, example data and

other utilities as well as news on GRAS,,sP developments and bug-fixes.

System Requirements

= 500 Mhz or higher processor
= 64 megabytes of RAM (recommended 128 MB)
= 30 megabytes of free disk space

= Screen graphics resolution of 1024 x 768 or higher (1280 x 1024 recommended)

Runtime or Matlab™ ‘m-code’ GRAS,,sP?

= Matlab™ ‘m-code’ versions of GRAS,,sP run on any platform with Matlab™ version
6.0 or higher.
= Compiled ‘Runtime’ versions of GRAS,,sP exist for:

"  Windows 95, 98, NT4, 200, XP

= Linux
" SGI
= MacOSX

and are licence free ‘freeware’.
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Installation: Runtime version

The runtime version of GRAS,.sP offers users the opportunity to use GRAS,,sP with all
the associated graphic features of Matlab™ without having to purchase the costly
Matlab™ package. GRAS,,sP is frequently tweaked, modified and improved with new
versions regularly appearing on the GRAS,,sP web site www.ill.fr/lss/grasp/. Runtime

GRAS,sP is licence free and freely distributable.

iz=m]j PC Windows 95/98/NT4/2000/XP
% 1 Download grasp_pc.exe from the GRAS,,sP website.
grasp_pe 2 Double-click the grasp_pc.exe file and follow the installation instructions on
screen that will guide you through the installation procedure.
3 GRAS,sP can now be run be clicking on the shortcut placed in the windows

start menu.

Linux / Unix

% 1 Download grasp_linux.tar.gz from the GRAS,,sP website.

2 Unzip and un-tar the contents of the compressed archive file in to new
directory, e.g. /grasp_runtime/

3 Use setenv LD_LIBRARY_PATH $LD_LIBRARY_PATH/:$home/
grasp_runtime/bin/glnx86/ for tcsh or csh shells. Use export
LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$home/grasp_runtime/bin/
glnx86/ for bash shells, to set the Linux / Unix environment variable.

4 Launch GRAS,P by typing ‘grasp’ in the terminal window in the

‘/grasp_runtime/’ directory.

SGI
% 1 Download grasp_sgi.tar.gz from the GRAS,,sP website.

2 Unzip and un-tar the contents of the compressed archive file in to new
directory, e.g. ‘/grasp_runtime/’

3 Use setenv LD_LIBRARY_PATH $LD_LIBRARY_PATH/:/grasp_runtime/
bin/sgi/, as described in the packaged readme.txt file, to sent the
environment variable.

4 Launch GRAS,P by typing ‘grasp’ in the terminal window in the

‘/grasp_runtime/" directory.

Tip: The default instrument configuration and general GRAS,,sP environment settings

can be modified by editing the grasp.ini configuration file.
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Installation: Matlab™ ‘m-code’ version

£

grasp_m

grasp_m

GRAS,sP m-code is a Matlab™ script application and therefore requires the
commercial Matlab™ package in order to run. The script code is system independent
and can run on both PC, Unix/Linux and Macintosh_OSX Matlab™ versions. The main
advantage of using Matlab™ and the m-code version is that users have complete
control over the GRAS,,sP analysis environment allowing the addition of User Modules,
User Fitting Functions, GRAS,.sP-Script (soon) and direct access to data and

parameters from the Matlab™ command line.

PC Windows 95/98/NT4/2000/XP

1 Download grasp_m.exe from the GRAS,,sP website

2 Double-click the grasp_m.exe file and follow the installation instructions on
screen that will guide you through the installation procedure.

3 Create a new, or copy an existing shortcut to the Matlab™ application. Edit
the shortcut properties such that Matlab™ immediately runs the m-code
GRAS,sP startup script ‘grasp_startup.m’ and GRAS,sP application upon
launching Matlab™ from this shortcut. E.g. Shortcut target
" "C:\Program Files\Matlab\bin\win32\matlab.exe" -r run([’c:\progra~1\
grasp_m\grasp_startup’]);grasp ".

4 Alternatively to (3), grasp_startup.m followed by grasp.m can be run

directly from the Matlab™ command prompt.

Important: The grasp_m.exe PC installer by default offers to install GRAS,,sP into the
‘C:\Program Files\Grasp_m\’ directory. If the GRAS,,sP m-code is installed into any
other directory the grasp_root path must be set accordingly by editing the file

grasp_startup.m, e.g. grasp_root = ‘c:\program files\grasp\'.

Linux, SGI, Unix, Macintosh_OSX and other Operating Systems

1 Download grasp_m.zip from the GRAS,,sP website.

2 Un-zip the application into a new directory.

3 Open and edit the file grasp_startup.m. Set the ‘grasp_root’ path variable
to the directory where you have un-zipped the GRAS,,sP m-code. E.g.
grasp_root = ‘/home/grasp_m/".

4 Launch Matlab™ and manually run grasp_strartup.m followed by grasp.m

from the Matlab™ command prompt.
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Customisation and Optional Edits to the ‘grasp.ini’ Initiation File

The following edits can be made to the GRAS,sP initiation file, grasp.ini, to customise

the appearance, operation, default instrument, and data directory paths for GRASsP.

grasp.ini can be found in the root of the grasp_m or grasp runtime directories.

-

& grasp - Motepad

File Edit Format Wiew Help

[path]
data_dir=z:hd22™,

[instrument]
inst=dz2

[display]

font=Comic Sans MS

fontsize=8

colormap=jet

colormap_invert=0

colormap_swap=0

render=interp

hackground_color=[0.1 0.26 0.21]
sub_figure_bhackground_color=[0.2 0.05 0.5]
Tinestyle=0;

[worksheets]
worksheets=a
depth_max=100

[data]

normalization=mon
standard_monitor=10000000
standard_time=100

[path]

= data_dir

[instrument]

= jnst
[display]

= font

= fontsize

= colormap

= colormap_invert

= colormap_swap

= render

GRAS P

Default directory path to the SANS data, e.g.
data_dir=z:\d22\, data_dir=d:\sans_data\ etc.

Default GRAS,sP instrument configuration at start-up, e.g.
inst = d22, inst = d11, inst = SINQ_sans.

Font used for the main display, e.g. font=arial, font=comic
sans ms etc.

Font size used for the main display, e.g. fontsize=9.

Default color map used for the main 2D data display, e.g.
colormap=hot, colormap=jet, colormap=cool, etc.

Invert up-down the color map matrix (1=on, 0=off).
Swap left-right the color map matrix (1=on, 0=o0ff).

Default image render, i.e. interp, flat or faceted.
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background_color Background color of the main display window [RGB].
sub_figure_background_color
Background color of the 1D plotter and associated
tools windows [RGB].
linestyle Default line-connect style of 1D plotter (0 = none, 1 =‘—', 2 =
3=k 4=k,

[worksheets]

[data]

worksheets  Number of data worksheets (try not to exceed 6, system
depending).
depth_max Max number of allowed worksheet depths (try not to exceed

100, system depending).

normalisation Data normalisation setting, e.g. ‘mon’, ‘time’, ‘none’.

standard_monitor Reference standard monitor value for data
normalisation.

standard_time Reference standard time value for data

normalisation.

Tip: The default instrument configuration that GRAS,,sP starts up in can be overridden
from that described in grasp.ini by typing ‘grasp inst’ on the either the Matlab™
command line, command prompt or icon shortcut for runtime versions, where inst is the

instrument name e.g. d22, d11, d16, SINQ_sans_| etc.

GRAS P
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Data access at Institut Laue Langevin

Data measured on ILL instruments is transferred automatically from the local instrument
control computer to the network data server, SERDON, regularly every few minutes.
GRAS,sP reads current cycle and older data directly from SERDON and not from the

instrument control computer.

PC

Current cycle data on the network server SERDON can be found directly via the local
neighborhood network via the path \SERDON\data\inst\’, where inst is the ILL
instrument name. On many user PC’s at ILL the network drive ‘Z:\inst\' is already

attached to the network data drive. ‘Y:\inst\' is configured to the previous cycle.

Linux / Unix / SGI

Current cycle data on the network server SERDON can be found via the path

‘/usr/illdata/data/inst/’, where inst is the ILL instrument name.

Tip: If recently measured data does not appear on the SERDON data server, (i.e.
within the preceding few minutes), a transfer of recent data can be forced from the
instrument control computers by typing the command ‘transfer’ from the UNIX

command prompt.
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Main Program Interface

The main GRAS,sP graphical interface window appears at the left and side of the
screen, as shown in the figure below. The graphical interface looks like that of a typical
modern style application including drop down menus, push buttons, edit boxes and a
graphical data display. Key features of the interactive display are described briefly
below while a detailed description is given later in this manual.

12 - UNTITLED. =10l =|
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Key Features of the Main User Interface

1 Main Graphical Data Display: The result of 2D data treatment is displayed
in graphical form in the main display window. The displayed data is the
result of the sample scattering data minus the sample background and
cadmium background as indicated by the data selectors (see 2) while taking
account of the sample and sample holder transmission values (see 5). A
choice of display styles is available including pixelated, faceted or
interpolated colour surface plots and / or contour plots, as determined by the

main display options.

GRAS P Page 13 of 95



GRAS . sP

Manual V.2, Software V. 3.40, April 2003

The following worksheets have been pre-allocated

The Data Selector:

The data selector is an important concept for the

efficient use of GRAS,,sP and is essentially an index to the large data

storage arrays, or worksheets.

During operation of the program the data

selector serves two principle uses:

Directing newly loaded data to the required worksheet for storage.
Only the top ‘Foreground / Data Load’ selector determines where

the newly load data should be placed in the storage data arrays.

Other selectors have no effect.

Once the data worksheets have been filled the appropriate foreground,
background and cadmium background worksheets for data treatment
can be selected. Subtraction of the sample background and cadmium
enabled/disabled by

subtraction checkboxes.

background is checking/un-checking the
Accurate values of the sample and sample
holder transmissions (see 4) are imperative for the correct subtraction

of background scattering.

to accept data from

measurement types common to most SANS experiment:

Worksheet Number Depths Description
Available Available
‘fore’ 6 1-100 + Sum | Sample scattering or foreground scattering data.
‘back’ 6 1-100 + Sum | Sample or sample holder background scattering.
‘cad’ 6 1 ‘Cadmium’ or ‘electronic noise’ background data.
‘empty beam’ 6 1 Image of the direct beam on the multi-detector.
‘trans smpl’ 6 1 Direct beam attenuated by the sample + holder.
‘trans emty’ 6 1 Direct beam attenuated by the sample holder only.
‘water’ 6 1-100 + Sum | Water or Calibration sample scattering.
‘water_back’ 6 1-100+ Sum Background scattering to accompany the ‘water’
measurement.
‘water_cad’ 6 1 ‘Cadmium’ or  ‘electronic  noise’  background
measurement to accompany the ‘water’ measurement.
‘wtr emty beam’ 6 1 Direct beam attenuated by the sample + holder.
‘wtr trans’ 6 1 Direct beam attenuated by the sample + holder.

‘wtr trans emty’ 6 1 Direct beam attenuated by the sample holder only.
‘masks’ 6 1 Bad data masks are built and stored in this location.
‘det_eff’ 1 1 Detector efficiency map determined by analysis of a

nominally flat scatterer at small angles, e.g. Water.
GRASsP Page 14 of 95
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Worksheet Number: Data storage is available for several different worksheets of
the same type. Using several worksheets the user can, for example, store data
measured at several different instrument configurations (e.g. g-ranges) in the
worksheets ‘fore’ <1>, ‘fore’ <2>, ‘fore’ <3> etc. Worksheets can be ‘grouped’
together such that changing the Foreground worksheet number automatically
toggles and updates the Background and Cadmium worksheet number as well as
the current mask, beam centre and transmissions associated with the current

worksheet. Ungrouped worksheets can be toggled independently.

Worksheet Depth: The worksheet ‘depth’ allows many individual measurements
made under the same instrumental configuration but with varying sample
environment such as temperature, magnetic field etc., to be collected together and
stored as individual frames making a single larger measurement. The worksheet
‘depth’ is effectively a 3" dimension to the 2D data arrays. Depths can be
‘grouped’ in a similar manner to worksheets. Toggling the current Foreground
Worksheet Depth toggles the background depths accordingly to match (if they
exist). Analysis algorithms that automatically search though the Foreground
worksheet depth will only scroll equivalently though the background depths if the
depth grouping option is checked.

Advanded Tip: The number of worksheets and worksheet depths available to
GRAS,sP is essentially system memory limited. Default settings in grasp.ini provide
for 6 worksheets and maximum depths of 100 worksheets. The can be modified by the

user if necessary by setting the values for ‘worksheets’ and ‘depth_max’ in grasp.ini.

GRAS P
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GRAS P

Data Load Control: Enter the run number or range of the data to be loaded
into the data load edit box. Pressing the ‘Getlt!” button then loads the data
into the workspace indicated by the ‘Foreground / Data Load’ worksheet
selector (see 2). The use of several deliminators (e.g. >' ' ‘) ‘+ etc.)
between ranges allows flexibility in the loading of groups of run numbers to
be stored incrementally in the worksheet depth. For a single file nhumber
indicated in the data load edit box, the + and — buttons beneath allow

incremental/decremental scrolling though file numbers.

Transmission Indicator: Displays the current sample and sample holder
(empty cell) transmission values Ts and T, respectively. The option to
calculate transmissions becomes available when transmission type
worksheets are displayed. Transmission values are calculated, for example,
from the zoomed area of the display by comparison of the ‘trans_smpl’ and
‘trans_emty’ (for Ts) or ‘trans_emty’ and ‘empty_beam’ (for T.) worksheets.
Alternatively, transmission values can be entered directly into the T and T,
edit boxes. The transmission can be ‘locked’ at it's current value using the
‘lock’ checkbox such that subsequent scrolling of worksheet number or

depths do not toggle the transmission value in use.

Centre of Mass Indicator: Displays the current centre of mass associated
with the current group or individual worksheet number. It can either be
calculated from a zoomed area of the current displayed data (direct beam on
the detector) or entered directly into the ¢_x and c_y edit boxes (c_6& also for
D16 detector angle). The centre of mass can be ‘locked’ at is current value
using the ‘lock’ checkbox such that subsequent scrolling of worksheet

number or depths do not toggle the centre of mass value in use.

Display Image Options: Options to manipulate characteristics of the
current displayed data. These include log-z, manual z-scale, correction for
detector efficiency, masking, data smoothing, surface and contour displayed

data.

Colour Control: Stretch top and bottom of colour scale and adjust colour

gamma.

Page 16 of 95



GRAS P
Manual V.2, Software V. 3.40, April 2003

8 Menu and Tool

Bar:

The GRAS,.sP menu items offer access to File,

Display, Analysis, Instrument Characteristics and Data organisational tools

and options. Some of these are reproduced as short-cut icons on the tool

bar or have quick CTRL key shortcuts.

9 Matlab™ Command Window or Text Output Window (Runtime version):

The Matlab™ command window (m_code version) or Text Output

Window (Runtime version) window displays an summary of data and

analysis parameters, warning messages etc. each time the main

GRAS,sP display is updated.

Using the full Matlab™ m_code

version users have the advantage of direct access to the Matlab

language with access to the GRAS,sP global variables, data store

and subroutines for further development or one-off procedures.

Online Help

A pop-up ‘tool-tip’ based help system accompanies many of the interactive buttons,

menus and edits items in the main GRAS,sP interface. To activate the quick pop-up

help leave the mouse pointer over the object for a second and pop-up help should

appear.

e.g.

GRAS P

Enter Data Mumors):

Options:

=" - 5um Numors Inko Single Depth

't' - Store Mumors Incrementaly in Depth

- 5um Individual Mumors
Y - Stare Inwdividual Mumors Incrementaly in Depth
'{n;s) - Used after Mumor [eq. 12345(5;2)]. Sum 'n' Mumars
Skipping Every 's'. Can be combined with ','
“n;st - Used after Mumor [eg. 1234545;2}], Stare 'n' Mumors in Depth
Skipping Every 's', Can be combined with ',
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Quick-Start Guide to Data Inspection and Analysis

This ‘Quick-Start’ section contains step-by-step instructions for data analysis in some of

the more simple cases. Following the several examples presented (see ‘Data Analysis

Examples’) will help the user in the operation and capabilities of GRAS,.sP.

Principle Data Reduction Steps:

Treatment of the Calibration Standard Data (e.g. Water)

1

Calibration and Scaling: Load the calibration measurement (e.g. Water
Scattering), background and cadmium background into the ‘water’,
‘water_back’ and ‘water_cad’ workspaces. Use the ‘Detector Efficiency
Calculator option to generate a calibration scaling value
(counts/pixel/standard monitor) and detector efficiency map.

Treatment of the Sample Scattering

GRAS P

Scattering Data: Load foreground, background and cadmium data sets into
the relevant workspace areas, ‘fore’, ‘back’ and ‘cad’.

Sample Transmission: Load sample transmission and reference empty cell
transmission into the ‘trans_smpl’ and ‘trans_emty’ worksheets. Calculate
sample transmission, Ts, using the graphical zoom and transmission
calculator.

Empty Cell Transmission: Load empty cell transmission and reference
empty beam into the ‘trans_emty’ and ‘empty beam’ worksheets. Calculate
empty cell transmission, T, using the graphical zoom and transmission
calculator.

Beam Centre: Use the ‘Centre of Mass’ calculator to determine the beam
centre coordinates from a zoomed area of the transmission or reference
beam measurement.

Mask: Use the ‘Mask Editor’ to create a bad-data mask of pixels to eliminate
from further analysis. This is combined with an ‘instrument mask’ that
eliminates permanently inactive regions of the multi-detector from analysis.
Isotropic Analysis: Radial Average (I vs. |q|) etc.

Anisotropic Analysis: Sectors, Boxes, Strips, Sector-Radial Average,
Azimuthal Average, 2D data fitting etc.

Reduced 1D or 2D data: Data Export, Graphical Export, Print.
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GRAS,,sP Data Correction Procedures

Loading Data and Visual Inspection

1 Select the worksheet and worksheet number of the appropriate data workspace
where you wish to load the data. For example, to load the sample scattering data

into Foreground 1, set the set the ‘Foreground / Data Load’ selector to read:
<fore> <1> <sum>.

heet— MNumber— Depth

Group: —d

2 Enter the run number of the data to be loaded and press the ‘Get It!I" button to
read the data. The newly loaded data is

displayed in the main figure window. o

7 trmr v il

File Display Analysis Instrument Data In-Development User Modules
le@a/xarsp
Ipw om

a1
Nrm: mon Dt: off|

O
W Loaz

1.5 ik
g

T_e: Lok

[ =

3 Repeat this process to load the Sample Background and Cadmium Background
data files in the relevant workspace areas.

Worksheet— Mumber— Depth:

For example, load the sample background

into the <back> <1> <sum> workspace i Group: —

and the cadmium background into the <cadmium> <1> <1> workspace.

Number— Depth
d:
. |

Group: — ™

Foredroun
{ 0a
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4  The sample transmission, Ts, and the transmission of the sample e

holder, T, (or empty cell, cryostat, furnace etc.) should be entered A

T e Laock:
into the appropriate entry boxes (see ‘Determination of Sample o

Transmission’ for calculation of sample and empty cell

transmissions).

Note: Data is only loaded into the workspace indicated by the ‘Foreground & Data
Load’ selector while it is all three selectors that determine the final result of foreground

— backgrounds.

Loading Combinations and Sequences of Run Numbers into a Single
Worksheet

GRAS,,sP offers the ability to load various combination or sequences of run numbers.
These can either be stored as combined or separate data sets. A detailed description
of all the available, and sometimes complex data load modes is presented in ‘Managing
the Data Workspace’ while a brief summary of the more common load modes is given

below. For example, with ‘<Fore><1><sum>’ displayed in the Data Load selector:

Load String
Single Run Number: ‘00001” — ‘Getlt’
Immediate Specific Sum of Run Numbers ‘00001+00002+00005" — ‘Getit’
Immediate Series Sum of Run Numbers ‘00001>00005’ — ‘Getit’

All the above result in a single combined 2D data set loaded into worksheet

‘<Fore><1><1>',
Specific Load of Run Numbers into Depth ‘00001,00002,00005 — ‘Getit’
Series Load of Run Numbers into Depth ‘00001:00005’ — ‘Getit’

Results all five run numbers, ‘00001’ to ‘00005’ being loaded and stored individually into
the worksheet depth ‘<Fore><1>’ depths <1>, <2>, <3>, <4> and 5. Although held
together under the description of worksheet ‘<Fore><1>’ the individually stored data in
the worksheet depth can be viewed either as a ‘<sum>’, referred to individually by
toggling the depth indicator or areas of intensity cross referenced as a function of some

varying experimental parameter though the series.
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Corrected Sample Scattering Data (not Calibrated)

With the previous steps complete, all components necessary to calculate the scattered
intensity, due only to the sample, are now in place. The corrected, but not calibrated,
data can be viewed in the main display window by setting the ‘Foreground’,
‘Background’ and ‘Cadmium’ workspace indicators to their appropriate values and by
ticking the checkboxes to the left of the ‘Background’ and ‘Cadmium’ data selectors.
With these checkboxes ticked, all subsequent operation to the data will include

correction for both types of background effects.

et— MNumber— Depth:

Group: — ™

Background ﬂ.m m m
Cadmium: g M m m

The corrected data is the result of the foreground minus the two background
components taking into account the sample transmission. GRAS,,sP calculates this in

the following manner for each element of the pixelated multi-detector data:

1 1
lCorrected = F [TS - lCd ]_ Ti[chk - lCd ]

where lcorected 1S the sample scattering corrected for background scattering, electronic
noise, sample and empty cell transmission (i.e. attenuation effects) and other
background effects. Is is the measured scattering from the sample+holder. Iz is the
measured background scattering from the sample holder. Icq is the ‘electronic’

background and T and T, are the sample and empty cell transmissions.

A Note on Data Normalisation: The data correction procedure described above
assumes each experimental data set to be either measured for the same time or beam
monitor counts OR to have been normalised to a standard time or nhumber of monitor
counts. By default GRAS,sP starts up with automatic normalisation of data to a
standard monitor count of 10,000,000 (see ‘Data Normalization’).
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Masking Data

Instrument Mask

Some areas of multi-detector instruments may not exist

as active pixel elements despite being included in the

Pixels

output data array. A good example is the D11 multi-
detector that has inactive corners and therefore is
masked by default when masks are applied using the

in-build instrument mask.

Data Mask

Creating a data mask using the GRAS,,sP mask editor
can eliminate elements of the multi detector data that
are not to be included in subsequent analysis operations

or display.

Using the Mask Editor

1 Launch the ‘Mask Editor’ from the ‘Analysis>Mask Editor’ menu (CTRL-M).

2 To view the Mask select the appropriate mask for display in the
‘Foreground/Data Load’ worksheet selector. Alternatively, leave the data to
be masked on the main display ready to ‘sketch’ a mask directly over.

3 Simple masks may be built using the options presented in the Mask Editor
window. These include:

=  Elimination of individual pixels.
=  Elimination of whole detector lines at constant x or y.
= Elimination of rectangles of detector area.
= Elimination of circles of detector area about a given centre.
All options use the [+] and [-] buttons to include or remove points from the

mask.
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4  ‘Sketch’ rectangular masked areas using the mouse. This allows masks to
be drawn directly over the top of the scattering data. To use the ‘Sketch
Mask’ facility:

= Modify the foreground display selector such that the data to be
masked is displayed in the main figure window.

=  Click the ‘Sketch Mask’ button to enable the sketch mode. An
indicator appears in the message box at the top left hand corner
of the main display as a reminder that the sketch mode is active.

= Click and drag across the image to mask areas of the multi
detector.

= To de-activate the sketch mask mode either click again the
Sketch Mask’ button or press ESC.

Tip: It is easier to accurately select regions of the image if the main display is set to
‘Faceted’ in the ‘Display>Image Render>Faceted’ menu options.

g TR

File Display Analysis Instument Daba In-Development User Modules

le@a xars®

e O O e
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411
Nrm: mon Dt: off
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R | N O v

— Number;

— Depth
| | |

Group. e | e ol

T ) g =
Cadmur: e =

Be:

Import / Export of Mask Flies
Mask files can be Exported or Loaded into GRAS,,sP using the ‘File>Export Data’ and
‘File>Import’ menus from the main window. Mask files are stored, loaded and saved in

the standard ILL format.
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Determination of the Beam Centre

The beam centre is important to know since it is about this position that all radial
symmetries are based for both isotropic and anisotropic scattering data. GRAS,,sP
uses a centre-of-mass determination of the beam centre by analysis of the direct beam

on the detector, as in an empty beam or transmission measurement.

1 Load an empty beam or transmission i— Mumber— Depth
orvoean <1 —-I§ ]

measurement into a suitable workspace. For : o o

example the <empty beam> <1> <1> workspace:

2 With the image of the empty beam EErErTEErr - ——————— Sk

File Display Analysis Instrument Data In-Development Liser Modules

lzma|x a2 e

on the main display use the ‘Zoom’
toolbar option to zoom in closely
around the empty beam centre.
Alternatively use the manual axis _

] . -
option to select a predefined & ST P ]

detector area.

3 Click the ‘Centre Calc’ button to
calculate the centre of mass of the

displayed area of the image. The i m Te Lk

result will be stored as the current : R —

. . [ oerie ]
beam centre associated with the

current worksheet number.

Note: If the ‘lock’ check box is checked all worksheets will use the same beam centre.
This is useful when the several worksheets, <1>, <2>, <3> etc. contain data measured

under the same instrument configuration.
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Determination of Sample Transmission

Calculation of the corrected scattered intensity requires the transmission of the sample
and sample holder (or empty cell, cryostat, furnace etc.) in order to correctly subtract
the background contributions, as shown below. T and T, refer to the transmission of
the sample only (i.e. not the transmission of the sample + empty cell) and the
transmission of the empty cell respectively. The corrected scattered intensity depends

on the transmission values Ts and T, and is given by:

1 1
lCorrected = F[Is - ICd ] - ?[chk - ICd]

s' e e
Sample Transmission, Tg
The transmission of the sample, T, can be calculated by comparison of the transmitted
beam through the sample + empty cell (or other sample holder) relative to the total

counts for the empty cell.

_ Transmitted Neutrons through Sample + Empty Cell or Holder
Transmitted Neutrons though Empty Cell or Holder

T

s

Empty Cell or Holder Transmission, Te

The empty cell transmission, T, can be calculated by comparison of the transmitted
beam though the empty cell or other sample holder, relative to the total counts in the

empty beam.

_ Transmitted Neutrons through Empty Cell or Holder
Transmitted Neutrons in the Empty Beam

T

e

Calculation of T and T, using GRAS,,sP

1 Load an empty beam or transmission measurement into a suitable
workspace. For example the <empty beam> <1> <1> workspace.

2 Load the empty cell (or sample holder) measurement into the allocated
<trans emty> <1> <1> workspace.

3 Load the empty beam measurement into the allocated <emty beam> <1> <1>

workspace.
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4 To compare the total counts between the sample+cell transmission and
empty cell transmission measurements set the main display selectors to
<trans smpl> and <trans emty>.

et— Mumber— Depth

T ) O % e

Group: o™ T_e  Lock

5 When the main display shows data in the transmission worksheets, <trans
smpl> or <trans emty>, the option to calculate the sample transmissions Ts
and T, appears alongside the transmission values display.

6 Zoom around the required region of the transmitted beam to select the region
from which the transmission calculation should be made, or use the manual
axis option to select a predefined detector area.

7 Click the ‘Ts Calc’ button to calculate the sample transmission. The

transmission value Ts is now associated with the current worksheet number.

8 Repeat the above procedure to

. Transmission: T
calculate the empty cell transmission €

Sample + Cell
by comparison of the Empty Cell and
E P ) (IR Tg X Te
mpty beam transmission > >
measurements. Use the ‘T, Calc’
button.
Transmission: Te
Empty Cell
¢ PXTe
e e
Empty Beam

Y

Note: If the ‘lock’ check box is checked next to the T or T, indicators all worksheets
will use the sample transmission. This is useful when the several worksheets, <1>,
<2>, <3> etc. contain data from the same sample but measured under different
instrument configurations e.g. different g-ranges or different sample environment

conditions, e.g. different temperatures.
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Data Normalisation: Standard Monitor, Time or Detector Counts

The correction procedure described above assumes each data set to be measured for
the same time, beam monitor counts or to have been normalised to a standard time or
number of monitor counts. Data normalisation is enabled / disabled from the

‘Data>Normalisation’ menu item.

Standard Monitor (e.g. 10,000,000 monitor counts)

Normalisation to a standard number of beam monitor counts is the most usual form of
data normalisation and is enabled by default upon starting GRAS,,sP. All raw data
counts, n, and errors, +/n, are subsequently divided by the number of actual monitor
counts for the duration of the measurement (stored within header information of the raw
data file) and multiplied by the standard monitor. The resulting data counts in each
pixel of multi detector data become counts or error_countrs per standard monitor. The
value of the standard monitor can be modified by edits to grasp.ini or from the

‘Data>Set Standard Monitor’ menu.

Standard Time (e.g. 100 seconds)

Normalisation to a standard time results in the raw data counts, n, and errors, +/n,
being divided by the data measurement time (stored within header information of the
raw data file) and multiplied by a standard time value. The resulting data counts in
each pixel of multi detector data become counts or error_counts per standard time.
The value of the standard time can be modified by edits to grasp.ini or from the

‘Data>Set Standard Time’ menu.

Total Detector Counts & Window Detector Counts

Raw data counts, n, and errors, /n, are divided by the total counts registered in the
multi detector data array either over the detector or within a defined detector window,
e.g. around the direct beam. This is particularly useful if reflectivities are to be

calculated directly from measurements that include scattering and the direct beam.

None (absolute counts)

Raw data is untouched leaving counts, n, and errors, +/n .
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Detector Dead-Time Corrections

Neutron detectors typically operate on a charge avalanche principle whereby a neutron
interacts with a *He nucleus, to form a *H nucleus releasing an energetic proton which
subsequently ionises *He gas around it creating the charge avalanche that is detected.
A typical detector requires a characteristic time in order to separate two detection
events and distinguish the position associated with the neutron arrival.  This
characteristic time is the detector dead time, 7, and imposes an important experimental
restriction for high counting rates. Essentially, within a time period, 7, after the arrival of

a neutron further counting is inhibited.

Two models have been used to describe the relationship between the real number of
neutrons arriving at the detector, n, and the apparent number actually recorded by the

detector, n,.
n, =n/[l+n1] (non paralysable model)

n, =nlexp(-nt) (paralysable model)
Both the non-paralysable and non-paralysable models are very similar and only begin
to differ significantly for high count rates.

Dead time correction in GRAS,,sP using the non paralysable model is available but
NOT activated by default. Dead time corrections can be enabled / disabled from the
‘Data>Global Deadtime Correction’ menu. A typical dead time for the D22 *He detector
is of the order 1ps. If the dead time correction is significant implemented then the

whole dataset is up scaled by the ratio n/n,.

Note: GRAS,sP default settings are data normalisation to standard monitor =
10,000,000 and dead time corrections off.
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Calibration to Standards of Known Scattering Cross-Section

The previous section showed how data should be loaded into GRAS,,sP and how the
background, transmission, normalised and dead time corrected sample scattered
intensity can be achieved. The resulting quantity, lsampie(Q), represents the real number
of neutrons scattered by the sample per standard monitor, time etc.

If we measure and apply the same procedure to a standard sample of known scattering
cross section, measured under identical conditions, then direct comparison with the
unknown sample being investigated allows us to calculate the sample scattering cross

section per unit volume per unit solid angle, 9z/4Q, in units of cm™. For an incoherent
scatterer such as water or single crystal vanadium then 93/9Q can be expressed as a

single number. Furthermore, since the scattering is incoherent and uniform over the
spherical area 41 the measured and corrected scattering from the flat-scattering
standard sample shows up fluctuations in efficiency of individual detector elements.
Thus, measurement of a standard, incoherent flat scatterer such as water provides two

important quantities:
Calibration Scalar
Detector Efficiency Map

GRAS,sP’s calibration procedure allows the calibration scalar and 2D detector
efficiency map to be separated. In this way the calibration is made directly on the 2D
sample data prior to further data reduction steps. GRAS,.sP is therefore ideal for

analysis of anisotropic 2D data with full detector efficiency and calibration correction.

Assuming for the time being that both unknown sample and calibration sample have
both been measured using the same instrument configuration (i.e. wavelength,
collimation, detector distance — or g-range and resolution) and have been corrected for
background, transmission etc. as described above. The scattering cross section of the
unknown sample can be calculated by a simple division of the intensities measured in
each pixel, multiplied by the known scattering cross section of the calibration sample

as:

szample - I

dQ I

Sample x dzCaIibration

dQ

Calibration
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Calculation of the Calibration Scalar & Detector Efficiency Map

Prepare corrected standard sample scattering data (e.g. water):

Separation of

Efficiency Map:

GRAS P

Load the water scattering, background and cadmium background
into the relevant data workspace areas.

Calculate or enter directly the water and empty cell transmissions
T, and Te.

Mask bad-data as required.

) GRASP_xp ¥3.12 - UNTITLED:
File Display Analysis Instrument Data In-Development Liser Modules

ls@a@/xa /@
|pw . m

Lock
0.4405 |l |
T_e Lock
09643 ||

Calibration Scalar and Detector

Open the ‘Detector Efficiency
Calculator’ from the ‘Analysis

Sketch Efficiens

>Detector Efficiency Calculator’

menu item or CTRL-W.

The ‘Calibration Scalar’ is automatically calculated and displayed in
the Detector Efficiency Calculator and represents the average
counts / pixel / standard monitor (depending on the current
normalisation selection) of the corrected data currently displayed in
at it's measurement configuration (i.e. for it's detector distance,

collimation setting, wavelength etc.)
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The ‘Detector Efficiency Map’ can now be calculated by simply
pressing the ‘Calculate Efficiency’ button. This takes the currently
displayed calibration data and divides the 2D image by the
calibration scalar. By definition, since the Calibration Scalar is the
mean value of the counts in each pixel, the 2D Detector Efficiency
map represents the deviations in detector efficiency with the
efficiency value of each cell fluctuating about the mean value of 1.
The 2D Detector Efficiency map can be applied to 2D sample
scattering data to even distortions to the image due to the spatially

varying detector efficiency.

Using the Detector Efficiency Map and Calibration Scalar

Once the Detector Efficiency Map and Calibration Scalar have been calculated

all subsequent data can be corrected by enabling the various calibration options

in the ‘Calibration Options’ window (‘Analysis>Calibration Options’ menu item or

CRTL-K).

Detector Efficiency Correction

n Calibration Options

GRAS P

Tick the ‘Detector Efficiency’ check box in the Calibration Options
window. The displayed data is divided by the 2D detector
efficiency map (with corresponding errors). This has the effect of
smoothing out variations in efficiency of detector lines or pixels
from the displayed data. Since the mean value of the detector
efficiency map is (by definition) equal to 1, there is no
corresponding change in the mean intensity of the corrected data.
This means that correction by the detector efficiency map can still
be made even if the detector efficiency map was deduced from

BE x| calibration data measured in a
configuration different to the

data to be corrected.

E021572 5% EGOMADI0 15deg 12553

ro7aas

No Det. Eff Correction Det. Eff. Correction.
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Using the Calibration Scalar

Tick the ‘Calibration Scalar’ check box in the Calibration Options
window to divided the displayed data by the calibration value.

If the unknown sample and calibration sample volumes or
illuminated areas differ these should be entered in the sample
illuminated area or volume edit boxes.

The scattering cross section of the known calibration sample
should be entered in the relevant edit box, e.g. for Water the
calibration cross section is close to 1cm™.

Assuming calibration and sample data are measured under
identical instrumental conditions (i.e. without further Flux and Solid
Angle corrections - see ‘Solid Angle and Incident Flux Corrections’)
the corrected data should now be presented in absolute units of

cm™.

‘Tweaking’ of the Detector Efficiency Map (Optional)

4 GRASP Y1.4 - temp

nmmon 11

S 4 GRASP V1.4 - temp

epth:= Group:

FJJ

GRAS,sP allocates a detector efficiency of 0 to areas of the multi detector

masked by the bad-data or the internal instrument mask. This is clear from the

example presented where the instrument mask has eliminated the inactive

rounded detector corners of the D11 multi detector. The area about the beam

GRAS P
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stop is also eliminated by the necessity of these masking pixels. On the other
hand the central area of the detector does work and provides important low-q
scattering information at long wavelengths and detector distances when the
straight-through beam covers a lower region of the detector, or when the detector
is translated (D22). If a detector efficiency map that was measured for short
detector distances were used this central region of the multi detector would be
allocated an efficiency of zero and masked. In this situation the central region of
the multi detector can be recovered by allocating an efficiency value of 1 to this
central region using the ‘Sketch Efficiency’ option. While information regarding
the fluctuation of the detector efficiency in this central region does not actually
exist in the calibration measurement, allocation of an efficiency of 1 and using the
Calibration Scalar determined from the rest of the multi detector provides a

reasonable approximation and recovery of this data.

Detector Efficiency Statistics

(Optional — Of Use Principally to Instrument Responsibles)

GRAS P

Using the ‘Plot Histogram’ option from the Water Analysis Window, statistics
about the detector multi detector pixel elements are calculated as shown in the
figure. Here, the detector efficiency map has been re-binned and a histogram
plotted showing the extent of the multi detector efficiency variation. While this is
not immediately useful for analysis of SANS data it does allow a certain check to
be carried out as to the behaviour and quality of the SANS multi detector over

time or following repairs etc.

|_ - oLx |
n
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Solid Angle and Incident Flux Corrections

Merging Data Measured in Different Instrument Configurations

It is often useful if calibration data measured in one configuration can be used to
correct and calibrate data measured in another configuration. This is, in fact, often
essential since calibration by an incoherent scatter such as water cannot realistically be
measured with any accuracy for long detector distances. Furthermore, it is
unnecessarily time consuming to have to make a calibration measurement at each
instrument configuration used for measurement of the unknown sample. Thus, ideally,
a calibration measurement should be made an optimal instrumental configuration while
the sample data may be measured one or more different instrument configurations (g-
ranges) of interest. For example, at a given wavelength, measurements of a sample
might be made at 3 different detector positions in order to achieve the maximum g-
range at a fixed wavelength on the SANS instrument. Two important effects contribute
the differences in scattered intensities at different instrument configurations. The first is
the change in solid angle subtended by a detector pixel element on the sample as a
function of detector distance. The second is the change in incident flux at the sample

position as the instrument collimation is varied.

Solid Angle Correction (Detector Distance)

Consider two SANS scattering measurements made at two different detector positions,
D; and D,. The multi detector array is, of course, the same for the two measurement
and consists of pixelated elements of size 7.5 x 7.5mm for D22 or 10 x 10mm for D11
for example. As the detector is moved further from the sample (for smaller g's) each
pixel subtends a smaller solid angle, Q ,= A/D?, on the sample, where A is the area of
the detector pixel and D, is sample-to-detector distance. If this data is to be compared
or calibrated to data measured in a second configuration with detector distance D,,
then each detector pixel element only registers neutrons over the solid angle,
Q,=A/DZ. In other words, the counts per pixel from a sample measured at a closer
distance, D, will be much greater than the counter per pixel measure for the same
sample at a further detector distance D,. For either case, however, the counts per unit
solid angle, Q, should be identical. Thus, comparison of the two data sets normalised
by the solid angle subtended by each detector pixel should yield scattering data on

comparable intensity scales.
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Thus, comparison of the two data sets normalised by the solid angle subtended by

each detector pixel should yield scattering data on comparable intensity scales.

To implement Solid Angle Corrections in GRAS,,sP:

1 Open the Calibration Options Window from the ‘Analysis>Calibration
Options’ menu item or CTRL-K.

2 Enable the Solid Angle Correction by ticking the appropriate checkbox. The
value of the detector distance for the currently displayed data is displayed
along with the reference detector distance used for measurement of the
calibration sample.

3 Subsequent operations divide both sample and calibration (if it is present)
data by their relevant pixel solid angles. Data measured for different

detector distance configurations should now be corrected for the solid angle.

Incident Flux Correction (Flux vs. Collimation Distance)

Changing the instrument collimation length has the effect of modifying the incident flux
at the sample position. This is simply due to the fact that as the collimation length
increases the angular divergence criteria for a neutron to successfully make it though
the system becomes tighter. Thus, when a sample is measured at several different
detector distances (g-ranges) with the necessary changes in instrument collimation, the
effective flux at the sample position is modified. In order to match scattering curves
measured for in different instrument configurations (g-ranges) a correction for the
effective flux at the sample position should be made as well as the aforementioned

solid angle correction.
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Since the collimation attenuation is not easily calculable analytically (due to the effects
of gravity on the neutron flight path etc.) GRAS,,sP holds a database of measurements
of the neutron flux as a function of both instrument collimation and neutron wavelength,
currently for the instruments D11, D22 and SINQ_SANS | (see Appendix 2). Rather
than storing absolute values for the flux at the sample position which, in any case,
varies between particular experiment and instrument setups, GRAS,sP stores relative
values for differences in flux between different collimation and wavelengths. For
example, for D22 the relative flux difference between a collimation length of 4m and 2m
(@ 10A) is 3.0498. Using this relative collimation attenuation database means that the
user should still measure the absolute flux at the sample position in at least one
experimental configuration. This is usually provided by measurement of the calibration
sample at a given collimation. The collimation attenuation database is relatively
independent of the exact size of apertures used at the sample end of the collimation or
the use of attenuators or apertures and the reactor end of the collimation tube (i.e.
assumes a uniform flux density across the beam profile). Measurements made at
wavelengths not given explicitly in the Grasp database calculate an interpolated flux-

collimation-wavelength scaling value from adjacent points.

To implement flux-collimation scaling:

‘Analysis>Calibration Options’ menu item or
CTRL-K.

2 Enable the Flux-Collimation scaling by ticking
the appropriate checkbox. The value of
collimation used for the currently displayed data
is displayed along with the collimation value
used for measurement of the calibration sample.
If these two are equal then the relative flux ratio

will be 1. When the two collimation lengths

differ then the data is up- or down-scaled to
match the same incident flux as that used for measurement of the calibration
sample.

3 Subsequent operations up- or down-scale the currently displayed data
intensity to match the same incident flux as that used to measurement of the

calibration sample.

Tip: Example 1 gives a demonstration of full calibration and merging data measured at

different collimations and detector distance.
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GRAS,sP Analysis Procedures

Isotropic Scattering: Averaging I vs. |q| and | vs. |20]

Once background corrected and calibrated data has been prepared, as described in
the previous sections, isotropic scattering data can be further reduced to 1D plots of

Intensity, |, vs. scattering vector, g, or angle, 26. To calculate I, vs. |q| or | vs. |26]:

1 Open the ‘Averaging’ window from the
‘Analysis>Averaging’ menu.

2 Click the I vs. |q| or I vs. |24 button to produce
radially averaged data. The average counts
(per pixel or solid angle) around annuli of
radius given by the radial bin size (pixels) as
a function of pixel radius (|g|) across the

detector is calculated (see ‘Details of analysis

procedures and algorithms).

3 The reduced data now appears in a separate graphic display window.

) Radial Re-grouping =10l

Fle  Analysis
la x a8
[P

M Log

0.002 0.004 008 0.008 0.01
ol (&

4 The resulting | vs. |q| or | vs. | 26| data can now be:
= Exported as ASCII columns of data [|q| or 26, I, Err(l)].
=  Printed
= Curve Fitted

as a further analysis steps in GRAS,sP.
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Anisotropic Analysis: Selective use of Multi-Detector Data

Analysis of anisotropic data with or without polar symmetry (i.e. symmetric about the
beam centre) can be achieved easily and quickly by selective analysis of the multi
detector data using Sectors, Ellipse, Strip and Box masks. Shaped masks can be
designed, as described below, prior to reduction of the data only within the defined

areas.
Sectors
= Open the ‘Sectors’ window from the ‘Analysis>Sectors’ menu. Enter the sector

dimensions to position the sector appropriately over the region of interest of the

multi-detector data. Sector dimensions are described in terms of:

= Quter Radius (pixels) u — =
= Inner Radius (pixels) Eas xarslp
= Theta, sector angle to the S
vertical (degrees)
= Delta Theta, sector
opening (degrees)
as well as options for
adding multiple sectors

with 1 to 6-fold

]
[ It
[ ]
| |

rotational symmetry.

= Use the Averaging or Sector Box tools to further reduce data defined by the
Sector
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Strips

= QOpen the ‘Strips’ window from the ‘Analysis>Strips’ menu. Enter the Strip

dimensions to position the strip over region of interest of the multi-detector data.

Strip dimensions are described in @ A project =] e

EEHES YNAA/ P
e

terms of:

= Strip Centre: Position of
the centre of the strip, i.e.
where the diagonals cross.
An option is available to
use the current beam
centre.

= Strip Width (pixels)

= Strip Length (pixels)

= Strip Angle, to the vertical e fzzzul

X | ,
(degrees) o P

Ellipse

= Open the ‘Ellipse’ window from the ‘Analysis>Ellipse’ menu. Enter the Ellipse
dimensions to position the ellipse over region of interest of the multi-detector

data. Ellipse dimensions are described in terms of:

sHE YA~ P
oW L8

= Quter-minor axis (pixels)

= Inner-minor axis (pixels)

= Ellipse eccentricity
(major/minor) and
eccentricity angle (minor
axis angle to the vertical).

= Theta, ellipse segment

| <N W<

angle to the vertical
(degrees)

[ <]

= Delta Theta, ellipse

segment opening
(degrees) "

[ ==
o = E

Centre Cale
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Boxes

= Open the ‘Boxes’ window from the ‘Analysis>Boxes’ menu. Use the zoom option
of the main display to zoom in to the area of interest of the multi detector data.
‘Grab’ the coordinate of the zoomed area to one of the size box coordinate
spaces.

= With stored boxes, sector boxes or ellipse boxes, summed intensities of selected
multi detector areas can be extracted as a function of file stored in the worksheet
depth.

= The resulting intensity can be plotted as a function of, for example, sample
temperature, angle, magnetic field, time etc. or any other of the stored sample

parameters.

[BIGRASP V336 - ex2_project (M=) %

Fle Display Anclysis Instrument Data InDevelopment User Modules
EHE A~/ B
a8

BlBox Intensity g@

File  Analysis

G rNAAs B

Hold!

Reset Colour

o

xl %2y Ref
e = I E B

m @O E E :
m DN O O N

= N N 0 0N
]

N N o o
-

m DN DN 0N 0N

Clear Boxes

=
2
®
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Using Sector, Strip and Ellipse Masks

= Use the Averaging tools to further reduce data defined by the Sector, Strip or
Ellipse

1 Open the ‘Averaging window from the
‘Analysis>Averaging: Radial Azimuthal’ menu
item, CTRL-R or from the ‘Averaging’ buttons

within the Sector, Strip or Ellipse windows.

2 Ensure the relevant checkbox is ticked to

enable subsequent analysis using Sector,

Strip or Ellipse masks.

Note: When combination of Sector, Strips and Ellipse masks are used simultaneously
the resulting combined sector-strip mask is a logical ‘OR’ of the individual sector and
strip definitions. E.g

[BGRASP V335 - NgB2_d5den 0.5T. 2K P
Fle Display Anslysis Instrument Data In-Developmert User Modules ‘

I=2= = W )
| o 1. m
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Example: Using Sectors with Averaging | vs. |q|

The sector defined and displayed in the figures below select a region of the multi
detector encompassing a [100] Bragg diffraction peak from the superconducting flux-
line lattice. The radial position, or |q|, of the Bragg peak can now be easily determined
using sectors and the radial averaging routine, without contamination of the result from
the unwanted regions of the multi detector.

1 From the ‘Sectors’ window, or from the ‘Analysis>Averaging’ menu, open the
Averaging Window. The ‘Use Sector Mask’ check box should be checked

instructing GRAS,,sP only to use the data within the defined sector.

2 Click the | vs. |g| button to produce the radial average within the defined

sector. The |q| of the Bragg peak is now clearly visible in the | vs. |q| plot.

4 Radial Ro-grouping BE R |

play  Analysis  Analysis 20 Instument Data InDevelopment  User Modules Fis InDevelopment

leaa|xar/ppoHi. lzaa|lxa s @epno

t FuxLatie 2 e d22

[110] uy

o10] &

— ] ]

227170 Getltl

BE Theta:
DeltaTheta:

Remember: To use Sector or Strip ‘masks’ with many of the usual analysis check the

‘Use Sector Mask’ or ‘Use Strip Mask’ checkboxes where applicable.
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Example: Using Sector Masks with Azimuthal Averaging (I vs. ¥).

The sector defined and displayed in the figures below selects an arc region of the multi
detector image encompassing [100] and [010] Bragg peaks from the superconducting
vortex. The Azimuthal, or angular variation of the diffracted intensity (I vs. %) within the

sector can now be easily determined using the Averaging: | vs. routine.

1 From the ‘Sectors’ window, or from the ‘Analysis>Averaging’ menu, open the

Averaging Window.

2 The ‘Use Sector Mask’' check box should now be checked. This instructs
GRAS,sP only to use the data within the sector defined by the Sectors

window.

3 Click the I vs. ¥ button to produce Azimuthally averaged data, | vs. ¥, within

the defined sector.

4 Angular Re-Grouping (o] %]

File  In Development

le@a yAar/ppop

7

roa [N NN O
Cadmium g m ﬂ ”

HE

Theta
DeltaThets.  |ECH

E

.

[35]
180

Remember: To use Sector or Strip ‘masks’ with many of the usual analysis check the

‘Use Sector Mask’ or ‘Use Strip Mask’ checkboxes where applicable.
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Example: Using Strip Masks.

The data below shows the enlarged direct beam on the detector when the detector
distance exceeds the collimation length (simulation data). Using ‘Strip Masks’ the

profile of the direct beam can be extracted along a line in the chosen direction.

1 Use the ‘Strips’ window to define a strip across the multi detector data over
the area of interest. For the data presented in the figure, the strip is centred
at the beam centre with length 85 and width 6 pixels oriented horizontally in

the detector plane.

2 Click the ‘I//Strip’ button in the strips to produce a plot of the average intensity

across the strip width as a function of the strip length.

4 GRASP V1.51 - UNTITLED 4 Stiip Average =[O x]

play Anslpsis Lnstument Data foprent User Modules B5 B

lsda xaA /|2 om w8 la x ar/s @20

nm:mon 22

i
]

" —T T
Cadmium; |
) [ | )| pe—

o Qo |
o0 ==

Grah Beamn Centre,

Strip Colour:

Strip Dirm:

L |

Theta:

EE K

Remember: To use Sector or Strip ‘masks’ with many of the usual analysis check the

‘Use Sector Mask’ or ‘Use Strip Mask’ checkboxes where applicable.
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Extracting Intensity as a Function of Worksheet Depth: Boxes, Sector &

Ellipse Boxes

Using the ‘Boxes’ tool or similarly defining ‘Sector Boxes’ or ‘Ellipse Boxes’ areas of
intensity on the multi detector can be extracted and analysed as a function of a series
of data files stored in the worksheet depth. This might be, for example, a series of data
run numbers measured as a sample is rotated though it's rocking curve in small-angle
diffraction experiment (see Example 2). Or, it might be a series of measurements
made as the sample temperature, magnetic field, time or other environment condition is
varied. The Boxes, Sector Boxes and Ellipse Boxes tool simply allow regions of the
multi detector to be defined and the intensity within these ‘boxes’ to be extracted as a
function of data file in the worksheet depth or sample environment parameter stored in
the data file.

= Define a box, sector or ellipse region of the multi detector data of interest using
the tools described previously.

= Open the appropriate box, sector or ellipse box window and ‘grab’ or enter
manually the coordinates of the area of interest.

= With stored boxes, sector or ellipse coordinates summed intensities of the
selected areas can be extracted as a function of file, or file parameter, stored in
the worksheet depth.

= The resulting intensity can be plotted as a function of, for example, sample
temperature, angle, magnetic field, time etc. or any other of the stored sample

parameters.
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Example

The example shows a series of data files recorded as a function of sample temperature
and loaded into the worksheet depth. The sector window defines rings of multi detector
data, the coordinates of which are recorded in the ‘Sector Boxes’ window. Selecting
the sample temperature as the appropriate parameter (parameter 31 — use the ‘Param
List’ button to display a list of all the data file header parameters) the ring intensities

can be extracted as a function of temperature by pressing the ‘Do It!" button.

m 1ES " Sector Intensity g@

File Analysis
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Magnetic SANS: Ancos?

Small-angle scattering from a magnetised ferromagnetic ribbon is shown in the figure
below. The scattered intensity contains a mixture of isotropic nuclear scattering from
the metal matrix and anisotropic magnetic scattering from the magnetic moments in the
magnetic ribbon. Here the applied field is in the vertical direction and is sufficient to
nominally fully saturate or polarise the ferromagnet along the field direction. In the
ideal case (i.e. all magnetic moments aligned with the field in the vertical direction)
there should be no magnetic scattering for g-vectors parallel to the magnetic moment
direction (vertical) and a maximum in magnetic scattered intensity for g-vectors
perpendicular to the moment direction. Around a circle of constant |g| the magnetic
scattered intensity should vary as a Cosine? with angle around the multi detector

image.

Theta:
DeltaTheta: m

Gamma
Reset Colour

]

]

T
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Inspection of Cosine” Magnetic Scattering at Constant g

With the corrected foreground — background combination and calibration already
prepared in GRAS,sP.:

1 Open the Sectors window and place a ring of width 1 or 2 pixels at a sensible
position on the detector image opened to 360°.

2 Open the Averaging window from the button within the Sectors window
(opening Averaging from here ensures the ‘Use Sector Mask’ button is
checked in the Averaging window).

3 Click the 1 vs. 8’ button to calculate the ring intensity as a function of angle
around the chosen ring.

4 The Cosine? curve can be fitted by opening the Analysis>Curve Fit window.

Fils  Analysis

Fitting Function: SRS B Hé | XA A/ ‘ &
No. of Functions: ﬂ Curve Number: ﬂ H jol
o

Parameters: value err group

[ |
1.0181

Faint & Click Fitlt

Automated Cosine? curve fitting: Ancos® Module

The Ancos® module provides an automated procedure to repeat the above annulus
selection and Cosine® curve fitting. The fit parameters to the Cosine® are then
proportional to:

= Cosine® Offset : Nuclear scattered Intensity

*  Cosine’ Amplitude : Magnetic Scattered Intensity

= Cosine’ Phase : Moment Direction

and are output as a function of g, as shown by the figures below.
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To extract the Nuclear and Magnetic scattered intensities using the Ancos® module:

1 Open the Ancos’ window from the ‘Analysis>AncosZ’ menu.

2 Enter the parameters over which the Cosine® curve fitting is to work:

Ancos2-lil

) Start: EI'I_Ij_Z

Width:
= | |

<) Ancos2 Analysis : Cosine Offset

File  Analysis

Start Radius:

End Radius:

Width:

Step:

Normally the minimum radius just outside of
the beam-stop.

Normally the maximum radius visible
towards the edge of the detector.

Width of each annulus used for the Cosine®
fit.

Annulus step between successive iteration.
E.g. setting Width = 2 and Step = 1
effectively introduces a ‘smoothing’ to the

data given to the Cosine” fit.

Phase and Lock: If it is certain of the magnet moment direction

=loix|

then the phase can be held constant or

locked at a given value during the fit.

+) Ancos2 Analysis : Cosine Phase L =100 x|

Fle Analysis

laxar/|®

I

<) Ancos2 Analysis : Cosine Amplitude P [ ] 64

File  Analysis

lalx arzle

lalx arzle

|2

|2
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1D and 2D Curve Fitting in GRAS,,sP

GRAS,sP already contains several 1D and 2D curve fit functions available to the user from
the ‘Analysis>Curve Fit'’ menu items. The minimisation routine currently used by GRAS,.sP
is the ‘mf_Isgr.m’, a Levenberg-Marquardt nonlinear regression routine by R. I. Shrager and
modified more recently by A. Jutan and R. Muzac. ‘mf_Isqf.m’ is the routine used by the
Risg and ILL TAS analysis program ‘Mfit’ (http://www.ill.fr/tas/). As such, fitting functions for
GRAS,sP are written in a very similar form to those of ‘Mfit'. Given below are examples of
how to use curve fitting within GRAS,,sP for both reduced 1D and 2D data. Parameters
resulting from the last fit procedure can be accessed via the Matlab™ command line or users

own programs and user modules.

Example: 1D Curve Fitting — A single Gaussian Function

The 1D data in the plot window shown below shows the result of a radial average over a set
of data encompassing a Bragg peak centred around g= 4.45x10° A™*. The form of the data

is close to that of a single Gaussian and can be fitted as such.

1 Open the ‘Curve Fit Control’ window from the ‘Analysis>Curve Fit' menu
item of the 1D output figure.
2 Select the Function type and number of simultaneous functions to be fitted.

Here, the ‘Gaussian_n’ function is used with n set to 1.

4 Curve Fit Control M= = 4 Radial Re-grouping 1 [=1 E3

Fie Anaysis InDevelopment

PV Viiry:
No. of Functions: u Curve Number: ”

Parameters:

Background
1.8247e-01}

Paint & Click Jll__Fittt
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3 Starting parameters for the curve fit can be either entered directly into the
parameters edit boxes, auto guessed (‘Auto_Guess’ button) or chosen
manually by clicking around particular points of the data to be fitted (‘Point &
Click’ button), for example the background, peak intensity and position,
width.

4 Once initial fit starting parameters have been provided the fit can
commence by clicking the ‘Fitlt!’ button. The final fit parameters are
returned in the parameters edit boxes alongside their error. The Matlab™
edit window scrolls more detailed information from the ‘mf _Isqr.m’

minimisation function including the chi-squared, number of iterations etc.

Tip: The results from the last curve fit procedure can be accessed either on the Matlab™
command line, standard Matlab™ ‘.m’ routines or user modules though the GRAS,,sP global

variable structure ‘fit_parameters’.

Example: 1D Curve Fitting — Two function fitted simultaneously

The example data presented below shows a strip average across a data set exhibiting two
Bragg peaks at opposite sides of the multi detector. The two peaks are roughly Gaussian
and should be of the same Gaussian full-width-half-max (FWHM). The two peaks could be
fitted individually, as in the previous example, by zooming in on the region of the interest of
the data. On the other hand, if the two peaks are fitted simultaneously the FWHM for the
peaks can be forced to be common. This is one of the advantages of simultaneously fitting
multiple similar functions. Other advantages might be where two peaked functions overlap

significantly and cannot be easily resolved.

1 Using the ‘Gaussian_n’ function, set the number of simultaneous functions,
n, to 2.

2  Starting parameters for the curve fit can be either entered directly into the
parameters edit boxes or chosen manually by clicking around particular
points of the data to be fitted (‘Point & Click’ button), for example the
background, peak intensity and position, width. (NOTE: Auto guess
currently only works for single peaked functions and is not yet implemented
for multiple peaked functions).

3 To ‘group’ the FWHM of the two Gaussian functions, tick the checkbox to
the right hand side of the first Gaussian FWHM parameter. Both fitted

Gaussian will be forced to share a common FWHM.
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4 Once initial fit starting parameters have been provided the fit can
commence by clicking the ‘Fitlt!’ button. The final fit parameters are
returned in the parameters edit boxes alongside their error. The Matlab™
edit window scrolls more detailed information from the ‘mf _Isqr.m’

minimisation function including the chi-squared, number of iterations etc.

4 Curve Fit Control M= 4 Stiip Average M=

File Analysi In Development

laixarsisp
No. of Functions: M Curve Number: ”

Parameters: fix value err

Integrated Inten

0.040828

Point & Click |l __Fitit
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Example: Small-Angle Diffraction: Bragg Peaks and Fitting to 2D Multi
detector Data

In the following example fitting of 2D functions to corrected 2D multi detector data is
presented. The main figure window below shows a Bragg peak on the D22 multi detector
from the superconducting vortex lattice. Closer graphical inspection of the data actually
suggests that the vortex lattice may actually be split into 3 domains slightly miss-orientated
to each other. To begin with, let’s try to fit a single 2D Gaussian to the data, even though we
can clearly see that this is a very bad approximation!

B Curve Fit Control - 2D

_2b_n_Polar -

[ GRASP V3.35 - 29818

File Display Analysic Instrument Data In-Development User Modules
EHE& YA~ R
O 8 L.

Pozens
0113036
N e D

Fit bepth! Plat Fit bepth!

1 Open the 2D Curve Fit Control’ window from the ‘Analysis>2D Curve Fit’
main menu item.

2 Select the Function type and number of functions to be fitted. Here a single
2D Gaussian with Polar Symmetry has been selected (i.e. major and minor
axes are radial and azimuthal to the beam centre).

3 Starting parameters for the curve fit can be either entered directly into the
parameters edit boxes, auto guessed (‘Auto_Guess’ button) or chosen
manually by clicking around particular points of the data to be fitted (‘Point &
Click’ button), for example the background, peak intensity and position,
width.

4 When initial fit starting parameters have been provided or calculated the fit
can commence by clicking the ‘Fit It!" button. The final fit parameters are

returned in the parameters edit boxes alongside their error. The Matlab™
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edit window scrolls more detailed information from the mflsgr.m
minimisation function including the chi-squared, number of iterations etc.

5 The resulting 2D curve fit is plotted on top of the original data as a contour
plot.

6 The bottom of the ‘2D Curve Fit' control window shows the fitted function
(left) and error map (right) as 2D images. The error map shows the
difference between the curve fit and the real data divided by the error in the
real data. The error map provides a useful graphical illustration as to the
accuracy of the fitted 2D curve. For the example presented above it clear
from the error map that the single Gaussian curve is not a good description
of the data and that furthermore, three overlapping Gaussian functions

would make a better description (see following example).

Example: 2D Curve Fitting — Multiple 2D Gaussians

The same data as in the previous example can be more appropriately fitted with 3
simultaneous 2D Gaussian curves by setting the ‘number of functions’ selector to equal 3.
Since the three Bragg peaks come from three slightly miss-oriented, but otherwise similar
domains, it is reasonable to assume that both the radial and azimuthal widths of the
Gaussian should be similar. This ‘grouping’ the FWHM for the three curves reduces the
number of fitting parameters. Furthermore, since the data shows is already background
corrected we can fix the ‘background’ fitting parameter to zero, reducing further the number

of fit parameters.

1 Select the Function type and number of functions to be fitted. Three
simultaneous 2D Gaussian’s with Polar Symmetry has been selected.

2 The starting parameters for the curve fit should either entered directly into
the parameters edit boxes or chosen manually by clicking around particular
points of the data to be fitted.

3 Click the ‘Fit It!" button to start the fit. The final fit parameters are returned
in the parameters edit boxes alongside their error. The Matlab™ edit
window scrolls more detailed information from the mflsqr.m minimisation
function including the chi-squared, number of iterations etc.

4 The resulting 2D curve fit is plotted on top of the original data as a contour
plot.

5 The error map shows that, in this example, three simultaneous 2D
Gaussian curves make a good fit to the data. This is apparent from the
error map that now displays a much ‘flatter’ profile and therefore a much

closer agreement with between the fit and the real data.
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B Curve Fit Control - 2D

[ﬂ GRASP V3.35 - 29513 =
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Get T Centre Cale

Auto_cuess [l Poini & Click Fit Ti!

For more complicated curve fitting examples, the final fit result may need to be carefully
approached by selective minimisation of different parameters or groups of parameters at one
time. Use the ‘Fix’ and ‘Group’ parameters options in the curve fit control window to fix

constant, or group parameters of a similar type together.
Accessing GRAS,sP’s Fit Parameters in Matlab™
The results from the last curve fit procedure can be accessed either on the Matlab™

command line, standard Matlab™ ‘.m’ routines or user modules though the GRAS,,sP global

variable structure fit_parameters’. ‘fit_parameters’ is a structured array with fields:

fit_parameters.name [char] Function name
.pnames [char] Parameter names
.params [double] Fit Parameters
.error [double] Fit Parameters Error
.err_non_cov_check [double] Fit Parameters Error

To access ‘fit_params’, declare it as ‘global’ in your programs.
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Writing Fit Functions for GRAS P

Users of the Matlab™ version of GRAS,sP (not runtime compiled version) can write their
own 1D or 2D curve fitting functions to suit their own particular analysis needs. The fit
function should be written in the same manner as the example presented and described
below. These should then be placed in the ‘grasp/fit_functions/functions/’ or
‘graspf/fit_functions/functions2D/’ depending upon wither they are to be used by the 1D or 2D
fitting routine respectively. GRAS,,sP will automatically pick-up the new functions and add
them to the function menu in the curve fit window. Common and useful fitting functions
should be submitted to dewhurst@ill.fr for permanent inclusion in future versions of
GRAS P

Principles of the Function Program

GRAS,sP fit functions perform two important roles: The first is to calculate y-data for a
given array of x-data according the fit function formula and the input parameters. This is
used by the ‘mf_Isgr.m’ minimisation routine during the actual fit process. Once the fit is
complete the function is re-called with the x-data and final fit parameters such that a plot of
the fitted function can be created. The second role of the fit function is to contain routines
dedicated to the guessing of initial fit parameters. Clearly, in order to guess fit parameters
the function must be provided with both the real x and y data. Using this, a guess of the

starting parameters can be made tailored to the details of the fitting function.

Multiplicity of Functions

Most functions currently provided with GRAS,,sP aim to include a ‘multiplicity’ option such
that many functions of the same type can be fitted simultaneously to a data set, as shown in
the examples above. The multiplicity factor (Number’ in the example below.) is contained in
params(1l) and is not actually a fit parameter and as such is not varied during the
minimisation process. The function parameters follow, and contain the once-only
parameters first (‘Number’ and ‘Background’ in the example below) followed by parameters
that are repeated for multiple functions (‘Integrated Intensityl’,’Centrel’, ‘FWHML1’
‘Integrated Intensity2’, ‘Centre2’ ....etc.). The parameters array is then extended by a list of
flags (O's or 1's) that determined whether certain parameters are grouped. Grouped
parameters are copied from the first position where they occur in the ‘params’ array to the

other equivalent positions.
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Example: GRASnsP (modified Mfit) Fitting Function

function [y, name, pnanes, pin]=gauss_n(x,p, flag, ydat)
% gauss_n Mul tiple Gaussian

%[y, {name, pnanes, pin}]=gauss_n(x,p, {flag}, ydat);

% GRASP Gaussian fitting function (Mdified from MIT)
% p = [nunber Background Anpl Centrel Wdthl etc..... ]
% Aut hor:  MZ <neinki n@ghmns. ac. uk>

% Modi fied: by Chuck (dewhurst@l!.fr) 4/5/00

% **** Function Nane, as will be reported in 'name’; *****
name=' Gaussi an_n’;

98 **** Function Paraneter Nanes, as reported by pnanes *****
pnames = str2mat (' Nunber’,’ Background’);
for n = 1:p(1);
ns = nun2str(n);
pnames = str2mat(pnanes, [’ Integrated Intensity’ ns],
["Centre’ ns],[’' FWHM ns]);
end

o **** Check to: Use function or Guess Initial parans *****
if nargin==2;

%**** Use the fornmula to generate Gaussians fromx data *****

% **** Copy primary paraneters to secondary position *****
param off_set = 2;
paramrepeat _unit = 3;

no_parans = si ze(pnanes);
for n = 1:no_parans(1);
if p(no_parans(1l)+n) ==
for m=1:p(1)
p(n+((m 1) *paramrepeat _unit)) = p(n);
end
end
end

%**** This is the Gaussian function: *****
% =y0 + [I / (fwhntsqrt(pi/2) / sqrt(log(4)))] *
exp((-2(x-xc)"2)/ (fwhm2/10g(4)))

% **** Loop and add n Gaussi an Functions together *****
y = p(2); ¥Background
for n = 0:(p(1)-1)
y =y + (p(3+n*3)/ (p(5+n*3) *sqrt (pi /2)/(sqrt(log(4)))))
*exp(-2*((x-p(4+n*3)).72)/ ((p(5+n*3)."2)/109(4)));
end

el se
o**** |f 'flag’ paraneter is provided guess paraneters *****

%lag = 1 :
if flag==1
if p(l) ~=1 %wunber of functions in the fit.
di sp(’ Auto Paraneters Only works for a single Gaussian');
flag = 2; %.e. go to nmanual select
el se
[amp i _anmp] = max(ydat); %eak Intensity
cen = x(i_anp); %Centre Position
bg = mi n(ydat); YBackgr ound
W dt h estimation fwhm
hal f _height = (anp - bg)/2; %dalf height of data
i_y = find(ydat > half_height); %ind indices >fwhm
xmn = x(i_y(1)); xmax = x(i_y(length(i_y)));
width = (xmax - xmin)/2;

Conputer 'intelligent’ guess at parans

%ut estimated paraneters into the output array.
pin=[p(1l) bg anp cen w dth];
end
end

Function declaration

X = x-data array

p = function parameters
flag = determines the job
to, i.e. fit or guess params.
ydat = y-data array, used
only for guessing params.

Function Name

Parameter Names
1-only params
repeated params

Generate Gaussian from
x-data

Number of 1-only params
Number repeated params

Copy any grouped params
into the correct repeated
position.

s THIS IS THE
GAUSSIAN FUNCTION

*kkkK

Loop and add n functions
together.

Guess or Click-Enter
Starting Parameters

Auto computer guess
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end

%lag = 2 : Point and click Option
if flag==

% asp Text Message

text _handl e = nessage([’ Cick on Background'],1,’sub’);
[x bg]=gi nput(1); %buse input

del ete(text _handl e);

pin = [p(1) bg];

for n = 1:p(1)
text _handl e = nessage([’' Cick on Peak No. ’
nunstr(n)], 1, sub’); % asp Text Message
[cen anp]=gi nput (1); %buse input
del et e(t ext _handl e);

%> asp Text Message

text _handl e = nessage([' Cick on Wdth No. ’
nunm@str(n)], 1, sub’);

[width y]l=ginput(1); %buse input

del et e(t ext _handl e);

wi dt h=abs(wi dt h-cen);
anp=anp- bg;

%ut estimated paraneters into the output array.
pin=[pin anp cen w dth];
end
end

Point and Click Option

End

GRAS P
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User Modules

User modules allow GRAS,sP users to develop their own functions, modules, control
windows etc. and have the callback for execution to be added to the main GRAS,.P
interface (Matlab™ version only, i.e. not runtime version ....since it is already
compiled...obviously!). Creating user modules is simply a matter of writing standard
Matlab™ code. An edit is then made to the ‘grasp\usermodules\usermodules.m’ file to add a
description of the file and it's location. Upon launching GRAS,,sP a menu item is added to
the GRAS,sP ‘user modules’ menu bar. Many GRAS,sP global variables and important
functions and available to grasp developers either at the Matlab™ command prompt or
declared within user ‘.m’ files. These are tabulated in Appendix 3.

Example: Creating a GRASP,4,sP User Module

1 Write the user module e.g. ‘test_user_mod.m’: The example below re-
displays the main image in a separate figure window.

= MATLAB Editor/Debugger - [test_user_mod.m - C:\Program Files\grasptuser_modulesitest_moduleitest_user_mod.m]
[4]

L&
[

funcrion test_user_mwod

3Test user module to bring up a new figure containing the currently displayed data

F#*F*+ Create New Figure Window ####+

h = figure:

GETTHY ToE Ehe crreni |oeloizar teoulip! @EEEE

%i.e. the Foreground minus Backgrounds taking account of the Transmissions, Ts and Te

corrected data = get selector result: %'get selector result' is a GRASP function described in the Appendix

'oorrected data' 1S a Structure varisble returned with fields:

tdata: [128x1258 double]
yerror: [128x125 double]
Yparams: [128x1 double]
fparsub: [80x1 char]
%1m: [80x1 char]
fsum_flag: 1

thistory: [12x1 struct]

FETTEY Plag Gl Dokn 9559
pocolor (corrected data.data) ;
axis sguare;

shading interp;
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2 Edit the ‘user_modules.m’ description file to GRAS,,sP. The first part
before the comma is the name of the user module as it will appear in the
GRAS,sP user module menu. The second part after the comma is the path

and filename to the user module Matlab™ ‘.m’ file.

P user_modules.m - C:\Program Files\grasphuser_modules\user_modules.m M=] E

&FLL Window,f11l math\fll window.m
&FLL Angle Calculatnr,fll_math\angle_window.m
&Test Hodule,t.est_module\test._user_mod.m
\ J N\ _J
) 4 Y

3 Restart GRAS,sP and the new user module ‘Test Module’ now be available

| User Modhies

from the user modules menu.
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Managing the Data Workspace

Grouped Worksheets & Depths

Below the ‘Foreground & Data Load’ selector are two
checkboxes, ‘Group Number’ and ‘Group Depth'.

These perform an important and commonly used data o o o
grouping procedure and are enabled in GRAS,sP by ' S| |

default. With the ‘Number Group’ checkbox ticked all oo o [ (| S
worksheet numbers are grouped together such that
the Background and Cadmium ‘Number’ selectors are
disabled and automatically follow the Foreground
Worksheet Number. Likewise, with the ‘Depth Group’
checkbox ticked, all worksheet depths are grouped R
and are controlled only by the Foreground Worksheet -
Depth. If the Group checkboxes are un-ticked, then
the relevant Number or Depth selectors are enabled oo e T O N
and can be toggled independently to allow

subtractions of different worksheets or worksheet
depths.

Data Map

To keep track of the many data run numbers, Sample
Scattering, Backgrounds, Transmission measurements, etc.
loaded into GRAS,,P the ‘Data Map’ gives a visual
representation of which workspaces have been filled with data. MR
Holding the mouse over each of the checked elements - HE
displays a tool tip containing the run number(s) contained
within the worksheet and the organisation of the worksheet

depth.

If the ‘Lock’ checkbox in the top right hand corner is un-

| o
]
[
5
[
8
¥
=
[
9

checked, then workspaces can be cleared selectively by un-

checking the relevant checkbox.
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Run Number Load Deliminators

‘(n;s)

{nis}

GRAS P

Sum run numbers between given range. The
resulting summed data is stored in ‘Depth 1’ with
an equivalent copy stored in the ‘Depth Sum’.

Store run numbers between given range
Depth. The

individual data files are stored in the worksheet

incrementally in the worksheet

Depths from 1 to n. A sum of the data is stored in
the worksheet ‘Depth Sum’.

The
summation is stored in ‘Depth 1’ with an equivalent

Sum individual run numbers. resulting

copy stored in the ‘Depth Sum’.

Store individual run numbers incrementally in the
worksheet Depth. The individual data files are
stored in the worksheet Depths from 1 to n. A sum

of the data is stored in the worksheet ‘Depth Sum’.

n sequential run numbers with a step s from
and including the starting run number are summed

and stored in the worksheet ‘Depth 1" and ‘Sum’.

n sequential run numbers with a step s from
and including the starting run number are stored
incrementally in the worksheet Depths form 1 to n.
A sum of the data is stored in the worksheet ‘Depth

)

Sum’.

! Numors

1

e.g. 90125>90130

90125>90130

Sum

90125>90130

e.g. 90125:90128

I

90125

90126

90127

EN %) N

90128

Sum

90125>90128

e.g. 90125+90126+90128

! Numors

1

90125+90126
+90128

90125+90126
+90128

e.g. 90125,90130,90133
[ owon | wnos ||

90125

90130

90133

90125+90130
+90133

=

1

e.g. 90125(3;2)

Numors
90125+90127
+90129

Sum

90125+90127
+90129

=

e.g. 90125(3;2}

Numors
90125

90127

90129

90125+90127
+90129
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Combination of Load Deliminators

The run number load delimiters described above can be used in succession and in multi-

combination to load a mixed series of measurements.

epth: umors

. 1 90125>90130

Each group of 5 run numbers would be summed with ]
each summed group placed in Depth 1, 2 and 3. 2 90135290140
g 90145>90150

I

e.g. 90125:90128,90135:90138 1 90125
Each group of run numbers is stored incrementally in the 2 zgiii
Depth between the limits either side of the ‘.’ deliminator. 4 90128

5 90135

6 90136

7 90137

8 90138
e.g. 90125+90127,90130:90135,90140>90142 —!—i

1 90125+90127
Each group of run numbers, separated by ‘,’ will be > 00
placed into a separate Depth along with run numbers & SRR

4 90132
ranges within the ‘ containing ‘' that also instruct 5 90133
incremental loading of data into the Depth. j :22;‘

8 90140>90142
e.g. 90125{3,2},90150{3,4} [ B meE ]

1 90125
The second value within the brackets represents a ‘skip’ 2 90127
parameter. Thus, three run numbers, starting at 90125 j Zzﬁ
and skipping every other run number will be stored in 5 90152
separate depths 1-3. A further three run numbers, ° b

starting at 90150 and taking every fourth run number will

then be stored in separate depths 4-6.
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Details of Analysis Procedures and Algorithms

Data Correction: Subtraction of sample backgrounds and correction for

sample transmission factors.
General Formula:

A general formula for correction of scattering for background scattering and cadmium
background effects can be expressed as:
1 1
lCorrected = ﬁ[ls - lCd] _f[chk - lCd]

where lcorected IS the corrected sample scattering, Is is the measured sample scattering,
Isck i the measured background scattering, lcq is the cadmium background and Ts and
Te are the transmissions of the sample and sample holder. A wide range of
experimental measurement procedures can all be corrected by this single general

formula as described below:
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Example: Sample, Sample Holder, with Removal of Sample for Background

Measurement.
Foreground: Te
Sample + Holder |
S:real
[
ls =T5Te|s:real +T5Te|Bck:reaI + lCd 3 'Bck:rea\
\J/ lcd
Background: Te
Sample Holder
¢ Bk
chk _Techk:reaI + ICd —- Bck:real
Cadmium:
| ¢
cd 3

— ' lcd

This is the most common situation for SANS measurements. A sample of transmission
T is contained in a sample holder (e.g. Hellma cell) of transmission T.. Measurements
of the sample scattering, Is, and background scattering, Ik, are made along with the
cadmium background, Icq. The corrected sample scattering is given by the formula

below, identical to the general formula.

1 1
lCorrected = IS:real = F[Is - lCd] - ?[chk - ICd]

Summary: For this kind of analysis in GRAS,,sP load the foreground, background and

cadmium measurements and calculate the sample and sample holder transmissions.
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Example: Sample, No Holder, with Removal of Sample for Background

Measurement.

Foreground:

Sample IS:real

I, =Tl +T.l +1

s's:real s'Bck:real

]
cd —_— T Ipckireal

Background:
(e.g. air scattering)

oo =1 +1

Bck Bck :real Cd

Cadmium:

o]

e

—_— lcd

Here, a sample is placed in the neutron beam without being contained in a sample
holder of any kind. For example, an under-illuminated freestanding solid sample. The
background contribution to the measured sample scattering, lgc, is likely to be very
small since a background is measured with the sample removed. Any residual
background scattering may come, for example, from air scattering etc. combined with
the cadmium background noise. We can still attempt to correct for these two rather

small backgrounds given by the equation below:

| _ _1

Corrected — IS:reaI = [IS - ICd] - [IBck - ICd]
Ts

Summary: For this kind of analysis in GRAS,,sP load the foreground, background and
cadmium measurements and calculate the sample transmission, Ts. Set the empty cell

transmission value, T, equal to 1.
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Example: Sample (with or without Holder), with non-removal of sample for
background measurement. E.g. Magnetic scattering in a state T<T. that is

completely absent in the state T>T..

Foreground:
Sample la.
(e.g. T<T,) Sreal
ls :Tslnonfmag +Ts|mag +Ts|Bck:reaI + lCd _lb’- E“*'Bck'raa\
\,’/rlc;d
Background:
Sample
(e.g. T>T,)
¢ [
— > Bck
IBck _Tslnonfmag +Ts|Bck:reaI + ICd R‘* °
\///'v Icd
Cadmium:
| ]
cd —_—

\/'Cd
Here, the sample remains in the neutron beam for both the foreground and background
scattering measurements. In the magnetic state the measured sample scattering
consists of a nuclear non-magnetic part, lnon-mag, @nd a magnetic part, I, as well as
the usual background contributions. A background measurement is made with the
sample still in the neutron beam but above the transition temperature, T.. The formula

for background correction in this case becomes:

1
lmag = Ti[lz - chk]

In other words, measurement of a cadmium background is not necessary!. In fact, in

this case the physical sample can be considered as the ‘sample holder’ for the
magnetism. Thus, the physical sample transmission should be used as the sample
holder transmission, T., in GRAS,,sP. The transmission of the magnetic structure

within the physical sample is assumed to be 1.

Summary: For this kind of analysis in GRAS,,sP load the foreground and background
measurements. The physical sample transmission should be calculated and placed
into T NOT Ts. Set Ts equal to 1.
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Dealing with Pixelated Data

Definition of [q], gy, g, and pixel-¢

Each data element or pixel, P!, in the multi
detector data array is allocated a g, qiy, 9] and
angle ¢ to the vertical, defined from the beam

centre to the centre of pixel P

PPl

/. & [9'x. iy,

[Pl Pl
&[g'e.aiy]
& Det (€xCy]
Equations
Scattering angles: . p- P -C
tan @, =—>—= S, tand =L
Det Y Det
g's: Y S Y S . _P-C
qX—TsmtS?X qy—Tsmé?y tand :ﬁ
Pixel angle (from vertical): :
j le B Cx
tang = ==
R -C,

GRAS P
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Radial Average

Where [C,,C,] is the beam centre, and 4R is the

radial ‘bin’ step over which g-values are
averaged at a given pixel radius R from the

beam centre.

2!
_ Eﬁxdswithin ringof constant ||

lo — Number of Pixels !

Error_l‘ =/l

q |al

Azimuthal Average

Where [C,,C,] is the beam centre, and Agis the

azimuthal ‘bin’ step over which pixel intensities

and their actual pixel angle, ¢ values are

averaged at a given angle @ from the beam

centre.

Strip Average

Where [C,,C,] is the beam centre,
[Sx.S,] is the strip centre, L is the

strip length, W is the strip width

and AL strip ‘bin’ step over which

pixel intensities and their distance
to the strip centre-line values are

averaged at a given length, |, from

the strip centre.
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GRAS,.sP Interface, Graphics and Menus

Image Render: (Matlab™ Pcolor Image properties)

Hellweg MscroGels B8-03-31572 15% EGDMA-D20 15deg 12553 Hellweg MicroGels B-03-31572 15% EGDMA-020 15deg 12553
108295 108295
[ 1] 47466 HT486
a5 T I } 3%
| BEB36 BEB36
0 75807 »
B48TT B4
2 - 25
g 54148 1
H
20 43318 20
I 1 H 32488
[
" 21650 '
10830
10 .
[
20 26 30 3% 40 45 20 2% 30 35 40 45
Pixels. Poxels.
faceted flat
Hebweg MicroGels B-03-31572 15% EGDMA-D20 15deg 12553 Hellweg MicroGels B8-03-31572 15% EGDMA-D20 15deg |255!‘°
108285
97468
86636
g $
g
& &
20 25 30 35 40 a5
Piagls Pixels.
‘interpolated’ interpolated + contour

Display Control

= Log Z: Displays intensity data on a log10
intensity scale.

= Manual Z Scale: Allows entry of manual
intensity scale limits.

= |Image: Matlab™ Pcolor surface data
display.

= Contour: Matlab™ Contours data display.

= Smooth: Apply box smooth convolution.

= Rotate: Rotate main image by a given [ BEEEUll=

angle.
= Mask: Apply bad-data and instrument mask.
= Calibrate: Enable calibration options, e.g. volume, solid angle, flux,

calibration standard corrections.
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Colour Control

Menu Items

Stretch Top:

Stretch Top: Modify the value at which the l_u

displayed data reaches the top colour of the Stretch Bottorn:

colour map. (Used to enhance colour contrast ll-

for data well below the peak value).

Gamma:

Stretch Bottom: Modify the value at which l--

the displayed data reaches the bottom colour Reset Colour

of the colour map. (Used to enhance colour

contrast for data well above the minimum value).

Gamma: Modify the manner in which the colour map is distributed

across the range of z-values.

Reset Colour: Resets the Colour Control Sliders to their default

positions.

ﬂ GRASP V3.36 - UNTITLED

File Display Anaksis  Instrument Data  In-Dewelopment  User Modules

=== WA

Felc -
File Menu File Dis.pla}f Anal}fsis Instrume
COpen Project... Chrl4+0
Close Project
Open / Save / Close GRAS,sP projects. Save Project Chrl45
i Save Project As
Set SANS Raw Data Directory.
Set Data Directory
Export main display image as: Bmp, Jpg,
Expart Image »
Tiff, Eps, Adobe lllustrator. e .
Export Data: Corrected 2D data, Mask Import Data ,
files. Pa.ge Setup...
i . L. Prink Setup, ..
Page Setup: Modify the position of the Cuick Print..
Export graphics on the page. FageLayoutRrnt:..
Print Setup: Select Current Printer etc. Préferenses: .
Quick Print: Print main display image. —
Page Layout Print: Prepares layout page including main display
image, summary of data parameters, analysis processes and
parameters and any curve fit parameters.
Preferences: Options to modify font, font size, line width and style.
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Display

Analysis

GRAS P

Display  Analysis  Instrurent

Image Render 3

i Colour Map 3
Image Render: Flat (Pixelated), Interp Contour Levels  Chrl+l

Conkour Colars
srmoothing Kernel
Pixel facets). Flip Display Image

Zoom Opkions
Colour Map: Choice of Standard Matlab™

Shiow Graph Title
Colour Maps, including options to reverse

(Interpolated Display), Faceted (Pixelated +

- v v w

LY

v Show Colour Bar
v Show Graph Axes

and flip the RBG colour map. Depth Mavis chr+F

Contour Levels: Auto / Manual contour options between given limits
in either Absolute or Percent values.

Contour Colours

Smoothing Kernel: Box Kernels of 3x3, 5x5 & 7x7.

Zoom Options: Manually set axes, Force Square Zoom: i.e. 1:1
aspect ratio based upon the largest of the axis dimensions.

Show Graph Title

Show Colour Bar

Show Graph Axes

Depth Movie: Generate a movie of the data files contained within the

current worksheet depth.

Analysis  Instrument Data  In-Development  User M

Averaging: Radial Azimuthal Chrl+R

AncosZ: Anisobropic Azimuthal Averaging Crl+T

Averaging:  Radial and | 3ertors Chrlh

Ellipse Chrl+E

Azimuthal averaging. Boxes Chri+B

i Skrips Chrl+C

Ancos2: For magnetic Prajections ( v} Chriey

Scattering. 2D Curve Fit Chrl+3
Background Shifter

Sectors: Define sectors of Mask Editor Chrl4+

. Calibration Options Chrl+K

multi detector data. Detector EFficiency Caloulator Chrl+in

Elipse: Define ellipse areas of multi detector data.

Boxes: Define box areas of multi detector data.

Strips: Define strip areas of multi detector data.

Projections(xy): Vertical (y) or horizontal multi detector averaging.
2D Curve Fit: Fit 2D functions to areas of multi detector data.
Background Shifter: Allows subtle shifting of background relative to
foreground data by fractions of a pixel. Also includes foreground-to-
background minimisation routine.

Mask Editor: Edit bad data masks.

Calibration Options: Opens the calibration control window.

Detector Efficiency Calculator: Analysis calibration data to

determine detector efficiency map and calibration scalar.
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Instrument

Data

GRAS P

Instrument  Data  In-Develo

Instrurnent 3
Q5ekup 3

Instrument: Select instrument corresponding Data Parameter List

to data to be analyzed. e.g. D11, D22, D16,
SINQ_SANS | etc.
QSetup: Choose to use detector distance or detector distance + table

Instrument Parameters

offset to calculate g.

Data Parameter List: Displays name and position of the parameters
in the data file.
Instrument Parameters: Displays characteristic parameters of the
instrument. e.g. Allowed collimation values, attenuation factors and

calculates relative flux decreases as a function of collimation.

Data  In-Development  User Modules
Windet Chrl+Dr
. . . L. Pixel Pick Chrl+P
Windet: Display listing of raw Ry
detector counts for the current aloblop
Data Mormalisation: »
displayed foreground. Global Deadtime Correction »
. . ) Set Standard Monitor
Pixel Pick: Allows pixel or groups of et Standard Time
pixels values to be monitored by | 2°tStandardDetector iindow
Set Deadtime

clicking or dragging over an area of
the main display.

Rundex: Produce a tabulated listing of Run Number, Title, User, and
any one of the 128 data file parameters for data file.

Data Map: Displays a map of the GRAS,sP workspace and current
data filling status.

Data Normalisation: Choose from Standard Monitor (10 000 000
default), Standard Time (100 s default) or Absolute Counts (None).
Global Dead Time Correction: Enable / Disable dead time
corrections to all data.

Set Standard Monitor

Set Standard Time

Set Standard Detector Window: Set the window area coordinates
for detector counts normalisation.

Set Deadtime: Set detector dead time for the current instrument.
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User Modules

FLL Window
FLL Angle Calculator
FLL Beam Centre Calculakor

routines appear here once registered in FLL Data Generator (Symetrizer)
FLL Wiggle Crnd ‘Writer (DAC)

= User written modules and GRAS,.sP

the User_modules.m description file. FLL ‘Wiggle Cmd Writer (PSC232)
Tool Bar
Add Text Add Line
Plot Edit Enable Add Arrow
=21 |
Open Project Print Graphics Zoom On/Off Manual Axes Image Render
(quick print) Limits
Save Project Rescale Axes  Plxel / q - Axes
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Data Analysis Examples

Example 1. Solution Scattering: e.g. Colloidal Nano-Particle Crystals

Experimental Data to be downloaded from www.ill.fr/lss/grasp/examplel.html

Aims

= Combination of measurements at several
g-ranges and instrument settings. z

= Absolute calibration of scattered intensity.

Experiment Overview

= Instrument: D11

= Detector distances of: 2m, 8m, 36m

= Collimation distances of: 2m, 8m, 36m

= Wavelength: 10 angstroms

= g-ranges: 0.11to 0.022, 0.033 to 6*10-3, 8*10-3 to 8*10-4

Scattering Measurements

Scattering Sample Empty Cell Cadmium
2m #6923 #6927 #6929
8m #6918 #6922
36m #6907 #6911
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Transmission Measurements

Transmission Sample Empty Cell Direct Beam
2m #6930
8m (missing)

36m #6912 #6916 #6917

Calibration Measurements

Water Empty Cell Cadmium/DB
Scattering 4m #6901 #6902 #6903
Transmission #6904 #6905 #6906

Data Reduction and Analysis Overview

GRAS P

Analyze the water calibration standard and calculate the detector efficiency

map and calibration scalar.

Load the sample data into the allocated workspaces. e.g. Load sample
scattering, background and cadmium background into the allocated <fore>,
<back> and <cadmium> worksheets. Use worksheet numbers <1>, <2> and

<3> to store each data set
measured at each |zma/rar/|»

. . . . DO L

instrument configuration i.e. o

Stretch Top:

2m, 8m and 36m data.

image
ntour
smooth

Rotate

[ ]
=

Mask

[<B<]

Calibrate

T Lock

T Lock

iﬂﬁﬁa

Beam Centre

B

(€)2002. e-mail: dewhurst@illfr
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GRAS P

3

Load the sample empty-beam data into the allocated workspaces. e.g. Load
the empty beam data for the 2m, 8m, and 36m configurations into the
<empty beam> <1>, <2> and <3> worksheets. Calculate the beam centre

for each instrument configuration.

Load the sample transmission and empty cell transmission data into the
allocated workspaces. These only needs to be measured once for each
sample and does not depend on the instrument configuration used. Data
can therefore be loaded into, for example, the <trans sample> and <trans
empty> <1> worksheets. The sample transmission, Ts, and empty cell
transmission, Te, can then be calculated. To apply these transmission
values to all the data contained in all the worksheet numbers enable the 'Ts

lock’ and 'Te lock’ check boxes.

Enable the required calibration options:

nple Parameters **=

llluminated Volume: @

OR Area: g cm2 em

Solid Angle Corrections: taking into account the

solid-angle subtended by each pixel in each ST
Data Cal
case. Solid Angle: [
Flux-Collimation:

Flux vs. Collimation Corrections: taking into

libration Standard Parameters ==

account the change in neutron flux at the Calibraiion Value
. ) ) ) i Detector Efficiency: Cou
sample position as the instrument collimation is inated Volume: @

varied to match the detector distance.

Calibration to a Known-Standard: The calibration scalar provides the relative

intensity of the calibration data as measure in it's particular instrument setup.

Correcting for detector efficiency: Simply divides the scattering data by the
measured detector efficiency as determined by analysis of a ‘flat scatterer’.
The detector efficiency has, by definition, a mean pixel value of 1 and
therefore does not change the absolute intensity of the sample scattering

data.

In the present example we only have one Water calibration measurement.
This is even measured at a different instrument configuration to the rest of the
sample scattering data. This should not matter. The Solid Angle and Flux-
Collimation corrections described above should take care of all necessary

data scaling.
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6 Data reduction and Analysis: In this case the isotropic scattering would
usually be reduced to a calibrated 1D | vs. |g| plot. Open the 'Averaging:
Radial and Azimuthal’ analysis window and perform an | vs. |q| operation for
each of the data worksheets <1>, <2> and <3>. The resulting data can be
overlaid in the same output plot by enabling the 'hold’ checkbox in the output

plot window.

Hadial Resoronpng ._1 K Jiﬂ

File  Analysis
S kAA/ P
/&)

Hold!

Log

Acknowledgement

Many thanks to Thomas Hellweg for allowing this data to be used as GRAS,.sP
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Example 2: Small-Angle Diffraction: e.g. Superconducting Vortex Lattice

Experimental Data to be downloaded from www.ill.fr/lss/grasp/example2.html

Aims

High resolution SANS measurements.
Lattice  structure, orientation and
morphology.

Rocking curves and integrated intensity
and Bragg peaks.

2D Curve fitting.

Experiment Overview

Instrument: D22

Detector distance of: 17.6m

Collimation distances of: 17.6m
Wavelength: 10 angstroms

Additional Entrance Aperture: Att 6 (20mm)

Vortex Lattice Scattering Measurements (T<T,)

Rocking Curve Foreground:
Sample Angle from -1to 1, step 0.1

#88144 : #88164 (21 files)

Background Measurements (T>T,)

GRAS P

Rocking Curve Background:
Sample Angle from -1to 1, step 0.1

#88526 : #88546 (21 files)

Page 79 of 95



GRAS P
Manual V.2, Software V. 3.40, April 2003

Data Reduction and Analysis Overview

1 Load the ‘foreground’ scattering from the Vortex Lattice rocking curve data
into the <fore> <1> workspace 'depth’. To fill load all the individual files into
<fore> <1> but keep them separate for analysis as a function of sample
angle use the "’ operator in the Numor Load string, e.g. '‘88144:88164'.

2 Load the ’background’ nuclear scattering from the sample above the
superconducting transition temperature, Tc. Again, the background rocking
curve can be loaded into the 'depth’ of worksheet <back> <1> using the
operator, e.g. '88526 :88546'.

3 The resulting background subtracted image of the scattering from the Vortex
Lattice can now be viewed and analyzed by selecting the worksheets to
display, e.g. <fore> <1> <sum> - <back> <1> <sum>, in the worksheet

selector.

)|
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4 2D Curve Fitting Example: An accurate measure of the beam centre (centre
of radial symmetry) for the diffraction image can be either measured directly
by an attenuator measurement of the direct beam OR by calculation from the
fitted diffraction spot positions of the symmetrical diffraction pattern. Open
the 2D Curve Fitting Window and make a 2D curve fit to 2 pairs of Bragg

peaks on opposite sides of the image.

|- [GRASP W0 2N T D = [B]x] L] ]

'Fle Dispiay Analyss Instrument Data In-Development User Madules ) ]
Fitting Function: [T o
FHE RAA P

D@ 1 4 No. of Functions:
Parameters:

Background

Stretch Top: Integrated Intensity1

I cente

1 Bottom Centre_y1

ﬂl- FWHM_minor1

p FWHM_i
Gamma:

O

LogZ

value e group
0.3444584 0.1

MckPaul Y 110567 |
[[e71782

EEEENENE

Manual Z Scale

:Image
Contour
100th

: Rotate

Worksheet— Number.— Depth

oad:

Group—— 4 — ™ e S

Beam Centre:
C_X c_y

Numor(s): 88144:88164 63.317 | 62564
= Getitl Centre Calc

Fit Depth! Plot Fit Depth!
Auto_Guess il Point & Click Fit

_xp V3. 002. e-mail: dewhurst@ill.fr

5 A ’'User Module’ has been written to calculate the beam centre from the
coordinates and pairs of Bragg peaks, assuming a symmetric diffraction
pattern. Open the user module 'FLL Beam Centre Calculator’. As the Bragg
peaks are fitted in turn, collect the spot co-ordinates in the beam centre
calculator module. When you have fitted and collected the 2 pairs (4 spots)
click 'Calculate’ to calculate the new beam centre. This new value will be
displayed in the user module window and also update the main beam centre

value in the main display.
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X EMmx ¥ Ery Capture

PRI 506744 [ 0.02000 62.4485 [ 0.02203
am Centre 63.3174 62.5636

6 From now on, with an accurate beam centre, radially symmetric analysis
operations can be reliably be performed. For example, to take a rocking
curve of the two Bragg peaks on the horizontal axis, open the 'Sectors’
analysis tool and place 2 opposing sectors (using the mirror tool) over the
two Bragg peaks (see figure 1 above). When positioned correctly grab the
sector co-ordinates using the 'Sector Box’ tool, enter the data file parameter
that is changing though the depth series of data (e.g. sample angle = 65,
temperature = 31) and click 'Do It' to extract box intensity as a function of
sample environment parameter. In the example below a rocking curve of the
left and right horizontal Bragg peaks is extracted, fitted to a Gaussian

function and can be printed or data exported.

() |2 Besoninensig = [B]x]
e Al

= S AL B
No. of Functions: Curve Humber:

Parameters: value

Bac g
Integrated In 26821 751 4000

Log Hold!

FWHM1
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Appendix 1: Input and Output Data and Graphic Formats

Support for ‘gzip’ Compressed Data

GRAS,,sP offers the ability to load ‘gzip’ compressed data files directly without the user
needing to uncompress the data prior to analysis. Compression of the ASCII raw data
files makes enormous savings in disk space and is clearly an advantage when raw data
is stored on the local machine. Furthermore, data stored at ILL is automatically
compressed when older than 2 reactor cycles for archive on the ILL central data server.

GRAS,,sP can read this archived compressed data directly from the network server.

To implement compressed data compatibility in GRAS P, the freeware ‘gzip’ package
must be installed on the local machine including addition of the gzip directory path to
the default search path of the system. For example, on a PC, copy the ‘gzip.exe’
program into the system directory ‘c:\windows\system’.  GRAS,sP recognises
compressed data by searching for the ‘.gz’ or ‘.z’ file extension. If a compressed file is
found it is copied to a temporary file location, un-compressed and loaded into
GRAS,,sP before the temporary file is deleted.

To load compressed data files into GRAS,sP simply enter the run number in the data

load area in the same way was for non-compressed files.

1D Data Export

Reduced 1D data can currently be exported either as an ASCII file with columns of
data, for example q, |, Err_l, with no header information for easy import into other
plotting or analysis packages or as ILL standard 1D file format. From GRAS,,sP use

the ‘File>Export Data’ option.

2D Data Export

As a temporary solution to 2D data export GRAS,,P can export corrected 2D multi
detector data as ‘fake’ ILL raw data format files. Data is actually exported as two files,
the “.err' file contains the errors associated with the counts in the main file. From

GRAS,,sP use the ‘File>Export Data’ option.
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Mask Files

Mask files can be Exported or Loaded into GRAS,sP using the ‘File>Export Data’ and
‘File>Import’ menus from the main window. Mask files are stored, loaded and saved in
the standard ILL format and offer full interchange ability with existing ILL SANS

software.
Graphics File Export
Graphics from the main GRAS,,sP window or from the secondary 1D curve plotting

window can be exported in one of the following standard graphic formats from the

‘File>Export Image’ menu:

= Bmp
= Jpg
= Tiff
= Eps

= Adobe lllustrator

Printer Output Graphics

Graphics from the main GRAS,sP window or from the secondary 1D curve plotting
window can be printed in either one of two forms from the ‘File>Quick Print' and

‘File>Page Layout Print’ menus.

QUICk Print Hellweg WcroGels 8-03-31572 16% EGDMA-D20 15deg 12563
112181

100844
89728

‘Quick Print’ sends only the current 2D detector

78612

image or 1D output graph to the default printer. s
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Page Layout Print

‘Page Layout Print’ prepares a layout page in a separate figure window prior to printing.

The layout page includes additional details relevant to the data presented including the

foreground, background and cadmium

data files used, sample and holder

transmissions, normalisation information, dead-time corrections, important instrument

settings and a history of the data treatment process.

Hellweg MicroGels 8-03-31572 15% EGDMA-D20 15deg 12553

89728
78512
67296
56080
44864
33648
22432

11216

0

10 20 30 40 50 60
Pixels

112161 Hellweg MicroGels 8-03-31572 15% EGDMA-D20 15de;

100944 Foreground: Sum 12553

Background: Sum 12554

Cadmium: 12558

Corrected for Global Deadtime t= 1.8e-006 (s/n)

Using Deadtime Formula: RateReal = RateMeasure /(1 - t'F Ire)
Normalising Data to Standard Moniter: 10000000 {mon)

Transmission Ts (sample): 0.69318

Transmission Te (empty): 0.992

Using Standard Background Correction Formula

Ireal = [1/Ts"Te][Isample - Icad] - [1/Te] [Iback - Icad]

Contour Levels

12462.3, 24924 6, 37386.8, 49849.1
62311.4,74773.7, 87236, 99698.3
112181

Sample-Det Dist (calc) (m): 36.704
Collimation (m): 40.5

Wavelength: 10.0022, Delta Wav: 0.01
SAN: 0, PHI: 0 (degrees)

Sample Temperature: 0

Total Det Counts: 919789

Total Monitor Counts: 300000

GRASP V1.52 (2000). e-mail: dewhurst@ill.fr
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Appendix 2: Flux vs. Collimation Length Relative Flux

Tabulated below are values of the collimation attenuation factor (flux relative to flux
@2m collimation) for both D22 and D11. To a first approximation the data follows an
inverse square law expected for uniform divergence from a point source. This breaks
down for long collimation lengths and long wavelengths where the neutrons parabolic
flight-path (due to gravity) is blocked by the physical dimensions of the collimation tube
and at short collimation lengths with small wavelengths due to the insufficient critical

angle of the neutron guide.

Example: For D22, the relative flux change between 8A, 4m and 8A, 17.6m = 46.795 /
2.518 = 18.58. i.e. the neutron intensity at 8A, 17.6m is 1/18.58 the intensity at 8A, 4m.

Relative Collimation Attenuation Factors for D22.

Wavelength/
Collimation 5A 8A 10A 14A 17A 20A 25A 30A 35A
Length
2 1 1 1 1 1 1 1 1 1
2.8 1.074 1.448 1.672 1.733 1.735 1.810 1.816 1.803 1.707
4 1.398 2.518 3.050 3.175 3.203 3.336 3.269 3.445 | 3.185
5.6 2.213 4.654 5.876 5.859 5.931 6.167 5.883 6.428 6.035
8 4.031 9.291 11.535 11.223 11.349 | 11.962 11.940 | 12.652 | 11.942
11.2 7.914 18.017 | 22.962 | 21.233 | 21.735 | 22.929 | 22.913 | 24.620 | 23.091
14.4 14.337 31.744 | 41.187 38.149 37.575 | 36.958 | 36.371 | 40.952 | 41.542
17.6 21.538 46.795 | 57.370 | 61.7603 | 56.532 | 55.351 | 67.333 | 87.327 | 96.857

Relative Collimation Attenuation Factors for D11.

Wavelength/
Collimation 4.5A 6A 8A 10A 16A 20A 25A
Length
2.5 1 1 1 1 1 1 1
4 1.126 1.372 1.678 1.895 2.095 2.135 2.136
55 1.624 2.448 3.199 3.638 3.962 3.579 3.770
8 2.612 4.260 5.991 6.589 6.909 6.756 7.3779
10.5 3.890 6.714 8.995 9.805 11.193 11.090 12.535
13 5.960 10.213 14.709 15.485 16.929 17.229 20.272
16.5 8.311 14.905 20.376 23.003 24.245 24.539 32.107
20.5 12.083 23.340 32.304 36.507 39.200 37.860 I
40.5 39.838 71.3438 94.320 128.544 678.550 0 o
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Appendix 3: Notes for GRAS,,sP Contributors and Developers

Global Variables Available at the Matlab™ command line

Grasp System

Variable Name

Description

Type and Size

grasp_root

Root directory where
GRAS,sP is installed.

String, e.g. ‘c:\program files\grasp_m\’

chuck_version

Program version number

Real

font

Program font name

String, e.g. ‘Arial’

font_size

Program font size

Integer, e.g. 8

background_color

Program window background

color

Real [1,3], e.g. [0.2 0.2 0.2] i.e. Dark Grey

sub_figure_background_color

Program sub-figure window

color

Real [1,3], e.g. [0.4 0.05 0] i.e. Burgundy

wks_nmbr

Number of available

worksheets

Integer, e.g. 3

wks_depth_max

Max number of worksheet

depths

Integer, e.g. 50

status_flags

Structured array containing
almost all GRAS,sP’s
operating parameter status’s

and values.

.axes

Struct: current axes
type, limits, and xy
pixel mapping

coordinates

.color

Struct: colormap,

stretching, gamma etc.

.smooth

Struct: kernel name

and kernel data

.selector

Struct: values of the
data selector
foreground,

background, cadmium

transmission

Struct: current
transmission values

and locked status

.beamcentre

Struct: current beam
centre and locked

status

.calibration

Strcut: parameters and
checkbox status
associated with the

calibration window

.render

Current image render
type, i.e. inter, faceted,
flat

.normalization

Strcut: Normalizaton

GRAS P
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status

.deadtime

Deattime correction
status On/Off

display

Struct: Current display
status, i.e. log, mask,

smooth etc.

.contour

Struct: Current
contour level status,

colour etc.

Flag indicating whether
g-calculations should
be based on detector
distance or

detector+table offset.

File

Variable Name

Description

Type and Size

data_dir

Directory path to data

String, e.g. ‘z:\d22V

working_data_dir

Directory path to working

data directory

String e.g. ‘c:\windows\desktop\'

project_dir

Directory path to current

working project directory

String e.g. ‘c:\windows\desktop\'

project_title

Title of current project

String e.g. ‘someones data’

Instrument
Variable Name Description Type and Size
inst Current Instrument, e.g. | String
‘d11’, ‘d22’, ‘d16’
inst_params Structured array containing .att Attenuators
parameters associated with .col Collimations
the instrument. det_size Detector Size
.imask Instrument Mask
fparams Parameter Names
(from data file)
flux_col Attenuation as fn. of
Col and Wav.
.pixel_size p_x,p_y (mm)
.pixel_anisotro | p_x/p_y

py

.wav_range

Wavelength range

.default_fpara

ms

Default parameter

names.

GRAS P
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Data

Variable Name

Description

Type and Size

data

Store of all data arrays:

e.g.

foreground
background
cadmium

empty beam
transmission sample
transmission empty
masks

detector efficiency

etc.

Note: Not all structure fields

are used with each set.

.name Worksheet name,
e.g. fore’

.nmbr Number of
worksheets of this
type.

type Type of worksheet,

i.e. scattering data,

transmission etc.

.allowed_types

List of worksheet
types allowed to be
accessed in the
selector with this

worksheet.

.sum_allow

Whether this
worksheet has a

Sum or not.

Jlast_displayed

Positions of the Sub
and Cad worksheets
the last time this
worksheet was
selected as a

Foreground

.data

The actually multi
detector array stored

as RAW counts.

.dpth

Current active depts
of all the worksheets
under this worksheet

name.

.dpth_max

Maximum allowed
depth for this

worksheet.

.params

Data file parameters.

.cm

Beam Centre of
mass associated with

each worksheet.

trans

Transmission value
associated with each

worksheet.

.parsub

Data file experiment

title information.

.info

Structure containing
data load string for,
data file date, time

etc.

.error

Error data for the

detector efficiency

GRAS P

Page 89 of 95




GRAS P
Manual V.2, Software V. 3.40, April 2003

map.

.effieincy_scal Calibration Scalar.
e

.efficiancy_sca | Units associated with
le_units the Calibration
Scalar, e.g. Counts /

Standard Monitor

.calib_xsection | Known cross section
of the calibration

sample.

.calib_xsection | Units associated with
_units the Calibration

Cross-section.

.displayimage Data and information about .data Image data
the current image displayed error Error in the image
in the main window. data.
.params Data file parameters

associated with the
current foreground

data.

.parsub Data subtitle
associated with the
current foreground

data.

Im Load string used to
load the current

foreground data.

.sum_flag Flag indicating
whether the current
display is a Sum or
single depth.

.units Units of the current

displayed data.

.mask Mask used for the

currently displayed

image.
.history Text history of data
processing
standard_monitor Standard Monitor Integer
Normalisation Value Default = 10 000 000
standard_time Standard Time Integer
Normalisation Value Default = 100 s
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GRAS,sP Functions and Subroutines available at the Matlab™
command line

Display
Function / Subroutine Name Description Usage

display_params

Displays a summary of instrument
and data parameters associated
with the current foreground image

in the Matlab™ command window.

“display_params”

display_param_list

Brings up a separate figure
window displaying data file

parameter number and name.

“display_param_list”

message

Displays a message in the top-left
corner of either the main, or sub-

figure axes.

“tag =

message(<‘text’>,<line>,<'window’>)"

where ‘window’ = ‘main’ or ‘sub’ and

‘line’ is the line number.

‘tag’ is the Matlab™ tag to the newly

created display object.

output_figure

Displays a data summary graph
and history text of either the main
figure window or the current sub-

figure window ready for printing.

“output_figure(<’'window’>);:”

where ‘windw’ = ‘main’ or ‘sub’.

plot_and_export2

GRAS.sP’s own output graph

plotting routine.

“plot_and_export2(<plotdata>,
<’column_format’>,

<additional_params>)”

plotdata = [x,y,ErrY];

column_format = ['xye’]

additional_params is specified as
paired properties, e.g.
‘plot_title’,’my graph’,
‘x_label',’'my x-axis’,

‘y_label',’my y-axis’

etc.

update_display

Updates the main GRASsP
interface window, including current
displayed data and various drop-
down menus, edit boxes,

displayed text etc.

“update_display”
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Data

Function / Subroutine Name

Description

Usage

get_numor

Low level basic SANS data read

routine (ILL format).

“[data, param, parsub] =

get_numor(<’directory’>,<numor>)"

where ‘data’ is an [n*m] matrix, ‘param’
is a [128*1] list of data file parameters,
and ‘parsub’ is the measurement
subtitle string.

Input parameters ‘directory’ is the data
directory path string and ‘numor’ is the

data file number (integer).

get_mask

Low level basic SANS data mask

read routine (ILL format)

“[mask] =

get_mask(<'directory’>,<'fname’>)"

where ‘mask’ is an [n*m] matrix of ‘35's’
(ascii .’ = masked) and ‘46's’ (ascii ‘# =
not masked).

Input parameters ‘directory’ is the mask
file directory path string and ‘fname’ is

the mask file name string.

get_selector_values

Reports the current reading of the

main data selectors.

“[wks,nmbr,dpth,wks_tag,nmbr_tag,dpt
h_tag] =

get_selector_values(<'selector’>)"

where ‘wks’, ‘nmbr’, ‘dpth’ are the
current reading of the selector (strings)
and ‘wks_tag’, ‘nmbr_tag’ and
‘dpth_tag’ are the Matlab™ tags to the

selector objects.

Input parameter ‘selector’ is either:
‘for’, ‘sub’ or ‘cad’ for the relevant

selector.

current_beam_centre

Reports the current Beam Centre
values indicated by the main

display.

“[bx,by,b_theta] =

current_beam_centre”

current_mask

Reports the current mask data.

“[data] = current_mask”

current_transmission

Reports the current transmission
values indicated by the main

display.

“[ts,te] = current_transmission”
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SANS Math

Function / Subroutine Name

Description

Usage

build_g_matrix

Builds an [nxmx4] matrix, where
[nxm] is the same size as the data
and contains gx, qy, mod_g and
g_angle in [nxm] planes from
depths to 4.

"[gmatrix]=build_gq_matrix(params)”

where ‘params’ is a [128*1] column

vector of data file parameters.

get_selector_result

Reports the result of the correct
calculation of Foreground minus
Background and Cadmium
backgrounds, taking into account

the Transmissions, Ts and Te.

“[intensity,flag] = get_selector_result”

where ‘intensity’ is a structure with
fields:

.data 128 * 128
.error 128 * 128
.params 128 *1
.parsub Measurement

subtitle string.

Im Load string

.sum_flag ‘Sum’ display
flag

.history Text history of

data processing

pixel_to_q Reports q_x and g_y values for a “[al=pixel_to_q(pixel_x,pixel_y)"
given pixel_x and pixel_y based
upon the current displayed data
parameters and beam centre.
g_to_pixel Reports pixel_x and pixel_y values | “[pixel]l=q_to_pixel(gx,qy,rnd_chk)”
for a given g_x and g_y based
upon the current displayed data if ‘rnd_chk’ = ‘yes’ the pixels are
parameters and beam centre. reported in integers.
err_add Addition operator including errors “[result,err] = err_add(a,da,b,db)”
based upon the propagation of
errors standard formula: where ‘result’ and ‘error’ are the result
fZ=f (X, y) and associated error.
Then
Input parameters are the numbers ‘a’
\/%ﬁ (Ax) +?ZS(AY) and its error ‘da’ and ‘b’ and it's error
‘db’.
err_sub Subtraction operator including “[result,err] = err_sub(a,da,b,db)”
errors based upon the propagation
of errors standard formula:
err_multiply Multiplication operator including “[result,err] = err_multiply(a,da,b,db)”
errors based upon the propagation
of errors standard formula:
err_divide Division operator including errors “[result,err] = err_divide(a,da,b,db)”
based upon the propagation of
errors standard formula:
err_power Power operator including errors “[result,err] = err_power(x,dx,a)”

based upon the propagation of

errors standard formula:

where ‘a’ is the power.
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err_acos

Arc_Cos operator including errors
based upon the local gradient in
Cos (i.e. Sin) about the point of
interest.

“[result,err] = err_acos(a,da)”

Fit Functions

Function / Subroutine Name Description Usage
curve_fit_window Brings up the 1D curve fitting
control window (only works if a
sub-figure exists).
fit_control Controls the 1D fitting procedure,
i.e guessing of start parameters
and fitting.
curve_fit_window_2d Brings up the 2D curve fitting
control window.
fit_control_2d Controls the 2D fitting procedure,
i.e guessing of start parameters
and fitting
Instrument
Function / Subroutine Name Description Usage

attenuation_scaler

Reports the attenuation setting for
the supplied data parameters.
The ‘flux_scaler’ factor has
currently been disabled and is
fixed at 1.

“[flux_scaler,message] =

attenuation_scaler(params)”

where ‘flux_scaler’ is the required up-
scaleing to account for the current
attenuator in the beam. ‘message’ is a
text message describing the current

attenuation state.

Input parameter ‘params’ is the current

data file parameter.

col_atten

Reports the relative attenuation of
the beam using a certain
collimation relative to a reference

collimation.

[att] = col_atten(col, col_ref,wav)

User Modules

Function / Subroutine Name

Description

Usage

user_modules

User editable file containing a
menu description and path to

users own GRAS,sP Modules.
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Appendix 4: GRAS,sP - Script

GRAS,sP-Script is a new development providing a ‘backward’ step in data processing
software to allow common GRAS,,P analysis tasks to be executed from the Matlab™
command line. GRAS,sP-Script will be a collection of small commands that essentially
operate GRAS,sP by ‘remote control’ from the command widow or script file. The advantage
of GRAS,,sP will be that repetitive analysis on large data sets, or highly complex and time
consuming analysis on large data sets can be launched from a script file. Since the script is
essentially Matlab™ functions and commands, the user has enormous flexibility in their
analysis. GRAS,sP script has only just begun and as such is not supported to the user

community just yet...... watch this space!
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