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MANUAL OF THE PROGRAM:

Esmeralda

A program for Laue Diffraction data treatment

Authors:
Luis Fuentes-Montero (Diamond Facility, Chilton Ditcot, U.K.)
Petr Cermak (FRM-II, Munich, Germany)
J. Rodriguez-Carvajal (ILL, Grenoble, France)

The Esmeralda program is the main GUI for the Esmeralda Laue Suite. It is a program in strong
current development and a series of bugs are still present. The program allows reading Laue image
files (TIF, bin, raw or hbin formats) in order to perform a series of tasks.
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Currently the most important tasks are the following:

1:

g

10:

11:

12:

Create (or read) an (existing) input file of extension “.cfl”, called hereafter CFL file, in which the
cell parameters and the space group of the crystal under study are explicitly written. Creation of
CFL files for running the console program Laue Orient.
Create (or read) an (existing) instrument file in which the geometrical characteristics of the
instrument are described.
Read experimental images and visualise them in different conditions (zooming, 3D
visualization). Display the different images and changes of the colour and contrast preferences.
Save section of images.
Automatic search of Bragg peaks (two algorithms)
Manual selection of principal nodal spots
Display the calculated spot positions together with an experimental image. Rotate manually the
crystal and calculation and display the spot positions on the fly.
Automatic orientation of the crystal by getting the UB matrix (or the rotation angles: Phi x,
Phi_y, Phi_z corresponding to the U-matrix) for the current image. If the spindle angle is known
for each loaded image, the calculated spots are adjusted automatically when moving from one
image to the other. There are three orienting algorithms currently implemented in Esmeralda.
Interactive refinement of the orientation corresponding to the current image.
Preparation of scripts for refining a series of images and prepare a file per image containing the
visible Bragg spots with all the necessary information for the integration step.
Perform interactively the integration of Bragg peaks using a simple method that takes into
account the overlap of close reflections.
Run external console program. In particular the following programs:
- Cyclops2cyl: Conversion of the raw Cyclops TIF images to hbin format transforming
them to cylindrical geometry and performing the appropriate corrections.
- Laue_Orient: for roughly get the orientation of the crystal using a large set of images
- Ref UB_Laue: Program to refine the orientation, cell parameters and instrumental
offsets of a series of images.
- Argonne_Boxes_ILL: Program (written by Clive Wilkinson with contribution of Garry
Mclntyre, Ross Piltz and JRC) to perform integration of Bragg peaks of the Laue images.
- CyrsCalc, Search_TwinLaws, Get_Conv_Cell utility program (see the corresponding
documentation).
- Normalize_Laue: Normalization of the integrated intensities in order to get lambda-free
squared structure factors
Consult the documentation of the different programs constituting the Esmeralda Laue Suite.

Getting started with Esmeralda

Normally, Esmeralda is used with the aim of obtaining a list of integrated intensities of well
identified Bragg spots collected in a series of images differing by the spindle angle associated with the
rotation of the crystal.

The first thing to do is to prepare a CFL file in which there is, as minimal information, the cell
parameters, the space group and the name of the instrument file. This can be done by using a text
editor by copying pre-existing files and adapting them to the current problem. Another way of doing
that is by using directly Esmeralda from the scratch: File > Create Instrument and CFL
files. In the Esmeralda distribution there is an Examples directory in which one can find a series
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of detailed examples for the ILL instruments: VIVALDI, CYCLOPS and ORIENT EXPRESS. If the
CFL file exists already, one can open it directly (File > Open CFL file).

The second step is to open a Laue image that should have the appropriate characteristics, in particular
the same number of pixels as those described in the instrument file. One can add the name of the
image files in the CFL file. In such a case the images are opened directly.

Meaning of Toolbar buttons

1
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Icon
Icon
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Open a CFL file

Create/Save a CFL file containing eventually information about orientation,
conditions for searching peaks, list of images, conditions for orienting.

Go to the first loaded image and show it.

Go to the previous image and show it.

Go to the next image and show it.

Go to the last loaded image and show it.

The icons 7, 8 and 9 are exclusive. You may select only one of them.

Icon

Icon

Icon

Icon
Icon
Icon
Icon

7:

8:

10:
11:
12:
12:

Default. Working in drag mode. When clicking on the left button we can drag the
current image to put in the centre of the windows another part of the image.

Working in zoom mode. We can select a rectangular area and then zoom it on leaving
the finger from the left button. Clicking on the right button it comes back to the
standard view of the full image.

Mode for selecting points (peaks). When clicking with the left button a point is
selected. Useful for promoting peaks to the first positions on the list of peaks (nodal
peaks) or for removing existing peaks (double click).

Zoom out.

Zoom in.

Show the calculated peak positions with the current orientation.

Open a window with information about the current image.

Menu item File

New:

Selecting this option the program allows to create, from the scratch, an input CFL file and an
instrument file. A series of dialogs appears sequentially and the user should provide the
appropriate figures

The first dialog is:

- N
& Edit Unit Cell, Space Group and Propagation Vedor-‘ [

Crystallographic informations Propagation Yectors
Space Group R-3m Number of k-vectors: 2 E

a b c
[ 52300 [ s230 [ 123w

ks ky kz | ham | mult |
0.1230] 0.0000| 0.0000(1 Iv
0.0000] 0.0000| 1.0000(1 v

alpha beta gamma
[ soooo [ soooo [ 12000

Other

Min. d-spacing for satelltes: 0.6000
'

— %
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After clicking on OK or Cancel buttons the following dialog appears:

r
R Geometry and Resolution

Name of the instrument

Information about the instrument

Detector Geometry

(" Flat Rectangle

Distance (Radius) 15915 mm
Sample-Detector
Vertical 400.000 mm
Dimension
Horizontal 800.000 mm
Dimension

Order of detector tilt calculations  |%2¥

Tilt around X -axis (degrees) 0.0000
Tilt around Y -axis (degrees) 0.0000
Tilt around Z -axis (degrees) 0.0000

Cartesian Coordinates of the Cylindrical
Detector Centre with respect to Laboratory

|LaUE_DIFF

Angular Position of the Flat Detector Centre
[Xo, Zo) with respect to Laboratory Frame

5)
|Defau[! Laue Diffractometer as VIVALDI
Num Pixels (nZ) 2000 E “
Nurn Pixels (rix) 4000 E
From To

Positive Gamma (degrees) | 0.0000 | 144.00

Negative Gamma (degrees) | -144.00 | 0.0000

Nu (degrees) | 51.488 | 51.488

X, (mm) | -400.00 | 400.00

Z (mm) | -200.00 | 200.00

Gamma (degrees) 0.0000

Nu (degrees) 0.0000

[Xo, Zo) pixel-coordinates of
the origin of Detector Frame

Displacement X 0.0000
Displacement Y 0.0000
Displacement Z 0.0000

%-Origin [Pixels) 2000.0

2Z-0rigin [Pixels) 1000.0

oK Cancel I

The values appearing in the above dialog correspond to those for VIVALDI. Only cylindrical and
rectangular detectors are allowed. After filling carefully the appropriate values for the current
instrument the user should click on OK or Cancel (if abandoning).

Finally the third dialog corresponding to File > New item is the following:

Lambda Min [Angtr.)

Lambda Max [&ngtr.)

Res: D-min [&natr.)

o]

I 0.70000
I 4.0000

| 0.6000

Cancel |

Once the values have been provided the program ask for saving the CFL and instrument files. The
user should provide the appropriate names for those files.

Open:

Save:

Save as.

This option, as well as the corresponding toolbar icon, allows opening a previously

existent CFL file.

This option is not yet operational.

This option is not yet operational.
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Modify Cell, Space Group or k-vectors: This option allows to change whatever of the
named parameters by opening the first dialog appearing in File > New menu item (see above).

Edit a CFL file: This option allows opening a CFL file within the editor associated to
Esmeralda (see below)

Edit results files: This option allows opening a file within the editor associated to
Esmeralda (see below)

Reset All: This option closes all images and comes back to a state similar to that existing after
opening Esmeralda for the first time.

Load Instrument Parameters from File: This option loads the instrument parameters
from an existing instrument file.

Save Instrument Parameters into File: This option writes an instrument file using the
current instrument parameters.

Open Laue Images: This option allows opening Laue Images by selecting them from a directory.
Only files with extensions: tif, bmp, hbin, bin, img, raw and reo are recognized. If the size of
the image does not correspond to the number of pixels specified in the instrument file the image is not
opened.

Open images buffer file: This option allows opening all the Laue Images written in the
buffer file containing the full names of the corresponding files. All images should be given in the
same format and correspond to the size specified in the instrument file.

Save Zoomed Area as Image: This option allows saving a portion of the current image,
which has been previously zoomed, into an hbin file. The following dialog is opened when this

option is selected:
The user should provide the name of the image file.

R Save Zoomed
* from Xto The program calculates an approximate set of parameters for
s [5] creating an appropriate instrument file corresponding to the section
of the image. The instrument type correspond to a rectangular
&frem ze detector, so if the image has been selected from a cylindrical
E (e ’

detector the calculation of spots by re-reading the image and the
instrument file are not properly done. This option is appropriate to
select portions of a multi-detector formed by rectangular sections.
This is the case of CYCLOPS images before transforming them to
cylindrical.

This option should be used for fine studying the geometrical
aberrations of the multi-detector in order to perform the most precise
corrections if they are needed for some special purpose.

Size of the Pizel in mm 0.20005

Code of the output image file (xxx for xxx.bin)

|Image_section

An approximate instrument file is generated
with hame xxx.inf

Cancel

Generate a Dummy Image: This option allows creating a black image that may be used for
simulation purposes. This is only needed if one wants to see the aspect of calculated Laue patterns
from a theoretical unit cell and space group.

Close All Images: This option allows closing all loaded images maintaining the information
from the CFL and instrument files.
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Export: This option gives access to saving different files.

Export> CFL file for Orienting: This option opens a dialog for creating a new
CFL file containing the available information and for adding new one needed for running the
program Laue_Orient. This program allows finding peaks and pre-orienting all the images
provided by the user. It generates the appropriate files for refining all orienting parameters
with Ref UB_Laue.

The dialog is
.
“ Creation of a CFL file
Name of the CFLfle  |ruby_new.cl
Cell Parameters [ 476400 476400 13.00310 30.000 90.000 12000

Space Group Symbol/Number IH -3c

Name of Instrument file IC:\Disk-D\Laue-D ata\WIVALDINRuby_3mm_131\wivaldi.i

Save current orientation @ VYes " No
Images

Save opened images ™ Yes " No
Save Current peakfind(T hreshold) parameters * Yes " No
Save Current peakfind (LFM) parameters " Yes * No
Found Peaks

Save Current experimental peaks " Yes * No

Save standard indexing conditions @ Yes € No

Cancel

This is typically for adding the images already opened or to save the already found
experimental peaks and run Laue_Orient. Further edition is needed, in general, for running
the program.

Export> CFL file for Laue Orient (batch): This option opens a dialog for
creating a new CFL file for running the program Laue_Orient using all the images
corresponding to the rotation of the spindle angle. The dialog is

- sl —A.—|_—-~
3 Create a CFL file for ] ([ Create o CFL file for Laue [image. x|
e —
Nameofthe CFLfle  |by_orch Name of the CFL fle  |uby_or.cf

Cell Parameters [ 476400 476400 13.00310 90,000 30.000 120.000 Cell Parameters [ 476400 476400 12.00310 90000 30.000 120,000

Space Group Symbol/Number IH 3c Space Group Symbol/Number IH 3¢

Name of Instrument file |vivaldi.inf Name of Instrument file |vivaldi.inl

Code of Images.Extension Select all images of a directory Code of Images. Extension Select allimages of a directory

Iruby3_‘ tif | IC:\Disk-D\Laue-Data\VlVALDI\F!uby_Bm
Initial Image: 20 E Browse Initial Image: 0 B Browse
Final Image: 108 E Cancel Final Image: 0 B Cancel

Much shorter than the previous one. It creates a CFL file for running Laue_Orient from the
scratch using the initial orientation found by Esmeralda. In the example on the left, the code
of the images is ruby3 which is the common part of the file name for all images, the
extension is . tif. The names of the files written in the CFL file start with ruby3 20.tif
and finish with ruby3 108.tif. In the example on the right all the images of a particular
directory will be saved in the output CFL file.

After saving the file one can run Laue_Orient directly from the menu item External
Programs > Laue Orient in Esmeralda.
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Export> All experimental peaks (method 1): This option creates a file
(called Peaks All Images.pks) containing the list of all peaks found in the opened
images for further inspection. This file contains the number of the peak, the number of the
image, the number of the peak in the current image, the centre of mass of each peak (in mm)
the position of the maximum in pixel units, the intensity, the angles gamma and nu, the
parameters of the variance-covariance tensor (ellipse axes and angle) and the orienting angles:
Omega, Chi, Phi of the image.

Export> All experimental peaks (method 2): This option creates a file per
image (called image filename.peaks) containing the list of all peaks found in the
images for further inspection. A graphic dialog with a histogram is opened for each image so
that the user can select the number of peaks to save. This file contains the position of the
maximum and the peak intensity. It may be used by Laue_Orient as input peak-file for
orienting.

Preferences: This option gives access to saving preferences. It opens a dialog of the form:

General

Default values for adjusting contrast: Default opening path:

Min:
Mas:

Editor:

Peak shapes and colors

& Working directory

°H
15355 M‘ " Last opened path
The user may provide intensity values for

|F:\Program Files (i86)\Notepad-+nctepad+.cxe Elosse adjusting the contrast, select his(her) favourite
text editor, select colours and shapes for peaks

IExperimenlaI peak, group 1 LI . Change color Circle v | Of dlfferent types (experlmental peak89

I calculated peaks, satellites, etc.)

Advanced

M aximum size of working image Image play wait time (ms):
width: 2048 E Height: [ 1024 E | 20 E

Save | Apply | Cancel |

Menu item Image Tools

Adjust contrast and colour table:
[ Adjusting Contras weSslll  This option allows the user to select the

[~ Auto Rescaling Inside Zoom Range

[~ Auto Rescaling Considering Only Current Image

tin

colour of the images and the
contrast. The dialog is shown on
the left.

[ e [ 4028

The use may play with the different

Redraw With Redefined Limits | Restore Defaults | .

Behaviour
|
/

options and select the colour theme.

Determined Experimental Global Limits => min = 167, max = 40293

Color Theme

& HEAT " Inverted HEAT

" Blue Green " Inverted Blue Green

" Black andWhite " Inverted Black and White
" Rainbow " Inverted Rainbow

" Dark Bright Rainbc ¢ Brigth Dark Rainbow




Invert Intensities:

This option changes the values of the intensities. This is needed for certain images in bitmap format;
otherwise the search of the peaks cannot be done properly. For a normal image (positive intensities)
with peak intensity values higher than the background, the image shown does not change, however the
values are changed in memory. This can be seen selecting the option Visualize Current Area
in 3D (see below).

Image Transformations:

eaw This option allows correcting noise in the

images, flip the image or do an offset

r~ Parameters for Finding Noisy Points; 1~ Conversion from Octagon to Cylinder COITeCtiOH and ﬁnally tranSfOTm OCtagOHal
& 2 2

B[] Kemelsize pixets) | |  keep geomety (eutimage detector geometry to cylindrical geometry

SDE Threshold (%) " keep image complete (geometry deformed) (CYCLOPS) This is done better using the

8] number of sides present (max = 8 program Cyclops2cyl that is able to correct

I Do Conversion to Cylindiical and create cylindrical geometry for images
Offset Comrection——————————— | Coming from CYCLOPS

4805 Offset (pixels) [~ Flip Vertically [~ Flip Horizontally 0 Real Time Zoon V—;"!

|~ Do Offset Correction
oo |

Image Transformati

|v Do Noise Correction

Real Time Zoom:

This option opens (or close) a small window showing a zoom of the
area of the image that is close to the mouse.

This option is useful when it is needed clicking on peaks for
selecting them or for promoting them to nodal peak or to delete a
single peak.

Visualize Current Area in 3D:
W OpenGL Laue Images A [EE)

File RenderMethod Controls Processing Animate Help I

This option opens (or close) a window
showing a 3D representation of the
intensity of the Laue pattern of the area
of the image currently visible in the
main window. The aspect of the
visualization is provided in the image
on the left. The use can change
different things (colours, illumination,
apply filters, etc.) in the image as
shown in the menu bar. Moving the
mouse with the left button down the
4| user can orient the image as wished.

[ Model3D /|

Profile along a Curve:
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This option allows selecting a Bezier curve, of a certain thickness, and representing the profile of the
peak intensities in another window as shown in the image below.

r N
Q Esmeraida . (=] © e
File Image Tools Peaks Tools Instrument  Calculation Tools  Orientation Refinement  Window External Programs Help ~
= H e P QS Qe @

|

|
L UL_.J‘L md LLJ

distance [pirels)--------s-wmeseeemsseeenseeneens

>
—_— J— Thickness of Integration Area

Save cut I Save cut for allimages Cancel

Img( 1):ruby3_20.tif Spdle: -90.00| x=1453.80 z=1997.94 x mm=-109.27 z_mm= 199.69 Int.= 204 Gam & Nu: -39.34 51.44
.

The user can modify the thickness of the integration area using the cursor in the window containing
the line profile. For selection the area to plot the user should start by clicking with the left button of
the mouse in one extreme of the curve to construct, then, without leaving the finger, drag the mouse
up to the end of the curve (a straight line is drawn) and finally select a point of the line and drag it up
to reproduce the arc to be plotted.

If calculated peaks are present and the orientation of the crystal has been already performed the Miller
indices of the reflections appear in the profile.

The user can save the profile in a file for the current image or for all the opened images.

Previous Image: Shows the previous image in the list of opened images

Next Image: Shows the next image in the list of opened images

Show all Images (Forward): Shows sequentially all the opened images, starting with the
first image, during a small time (controlled by the Tmage Play wait
time item in the Preferences dialog)

Show all Images (Backward): Shows sequentially all the opened images, starting with the
last image, during a small time (controlled by the Tmage Play wait
time item in the Preferences dialog)

Go to Image: Opens a dialog to introduce the number of the image to be shown in the main
window

A Aver Im :

& Average/Sum of Images & Image Diference e dd ( erage ) ages
it - Opens a

Initial Image Number Final Image Number Initial Image Number Final Image Number .
dialog to
1] 5[ s = select
The resulting image will replace the initial image Diff = Initial - Final the
' Sum Cancel The resulting image will replace the initial image 1mages
ca— that have
~ ancel

C oo (hat have
- summed

(or averaged).
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Difference of two Images: Opens a dialog to select the images that have to be subtracted.

Menu item Peak Tools

Automatic Peak Finding (Threshold):

& "Peak Finding Parameters (Inres Search for peaks using a threshold algorithm from Clive

Peak_Intensity > Threshold = bek + CutOff * Sigma(bek)

|_5El Cutff

Block Size

Wilkinson (SNAIL). This algorithm is faster than the next
one and has the advantage of getting information about the
" Viewing Image centroid and the width of the peaks through the variance-
covariance matrix of the point distribution for each peak.
The user can select the conditions of the algorithm by

Peak 2D Area (Pixel"2) changing the appropriate values in the dialog on the left.

Minimum Distance C |
Between Peaks LES

Automatic Peak Finding (LFM):

‘& Peak Finding Paramete

[ 10F] Pesk 20 Radus - Viewing o Search for peaks (maximum of intensities) using the

I—15 E Minimumn Distance LFM algorlthm.
Between Peaks

[—8 E Peak Slope (min) Cancel

Clear Peaks of the current image area: Remove the (selected or found) peaks.

Clear All Peaks of All Images: Remove all peaks of all images.

Save Initial Indexed Peaks (All Images):

Save files of indexed and unindexed peaks of all opened images after finding interactively the
orientation of the crystal. The names of the files are of the form image file name peaks.inf
and image file name unindexed peaks.inf. The files can be used by Ref UB_Laue for

refining the orientation for each image.

Integrate Peaks (experimental positions):

Integrate the experimentally found peaks using circles around the maximum for calculating the

background.

Integrate Peaks (calculated positions):

W Esmeralda =

File Image Tools PeaksTools Instrument Calculation Tools Orientation Refinement Window External Programs  Help

BH s #0508 0
0

Op)

o
0 © © &@
®

Please adust size of cuting cicles and
indicate, whether you want to integrate
whole image of just peaks in curent view.

@ Current view © Whole image
{ ' Size of cutling circle:

[l |

ruby3 25.4if: (hkl)= 5 -11 -8 (42)=-28631 19043 Lambda: 06351 Gamma: -104.06 Nu: 50.51 Num.Ref:

Integrate the area around the
calculated peak positions
using circles around the
maximum for calculating the
background. This is
illustrated in the image on
the left. After clicking on
“Integrate” the program
calculates the approximate
background corresponding
to the current view of the
whole image and shows, in



3D, the aspect of the calculated background. Closing the 3D view window the programs asks for
continuing the process. If the user is satisfied clicking on OK initiates the process of integration.

Show Multiplicity (On/Off):
Change the aspect of calculated peaks as a function of the Laue multiplicity of the spot.

Select Closest Peak Tool (On/Off):
This switch allows selecting the position of the maximum of the closest peak to the mouse at the
moment of clicking with the left button and if the mode of the mouse is “Clicking On” (see below).

Mouse Clicking (On/Off):

This switch allows changing the status of the mouse to “Clicking On” or to “Clicking Off”. It is
equivalent to the icon number 9 in the toolbar (see above). The Real Time Zoom window
facilitates the use of the “Clicking On” status of the mouse for selecting peaks. If the Select
Closest Peak Tool optionis “On” it is clearly seen in the Real Time Zoom window that the
peak to be selected appear with red dots.

Show Complete Mask:
This option allows visualizing the “mask” of the image after interactive integration of the peaks.

Adjust Pointer Size:
This option allows changing the size of the symbol representing the spots. The change can be done
interactively by moving a slider and visualizing the radius (for a circle) in millimetres.

Menu item Instrument

Geometry and Resolution:

This option allows the user to visualize the current instrumental parameters. The dialog is the same as
the second appearing after selecting in the File menu the item New. The use can change whatever
parameter, but in general it is not needed unless the user is trying to set up a new instrument file.

Wavelength Limits:

This option allows the user to change the wavelength range and the resolution for the current session.
The values supersede those provided in the instrument file. The dialog is the same as the third
appearing after selecting in the Fi 1e menu the item New.

Show excluded regions:
This option allows visualizing the excluded regions.

Manage Excluded Regions:
This option allows the user to select the areas of the image that should be considered as excluded
regions for preparing a new instrument file. It is not currently operational.

Menu item Calculation Tools

Superposition of Calculated Peaks:

This option allows the user to visualize calculated spot positions for the current orientation. This is the
same as the option corresponding to icon 12 in the toolbar, except that a dialog box is opened
containing sliders for changing the rotation angles interactively. If no orientation has been calculated
the spots appear in positions corresponding to the standard orientation of the crystal: Cartesian crystal
axes coincide with the laboratory axes.

Page 11 of 22



Automatic Orientation:

For using this options peak positions should exist in memory. This can be obtained by using one of
the two procedures for finding peaks (see Peaks Tools menu item) together with manual selection
of nodal peaks (if needed). Three procedures are provided that we describe below.

Automatic Orientation > Angle comparisons of Obs-Calc peaks:
This option opens a dialog (see it
on the left) for selecting the
parameters of the algorithm. This
is based in the assumption that
the first peaks in the list are
nodal points (Bragg reflections
of small Miller indices). The
program uses systematically
Miller indices for two reflections
among the “Maximum number
of reflections to be considered as
orienting reflections”. A pair of
reflections is  enough for
calculating an orientation matrix.
From the calculated orientation
matrix the program ftries to
assign indices to the first
“Maximum number of
reflections for indexing”, this is done by comparing the observed inter-reflection angles with
those calculated from the indices, if a substantive fraction of these reflections are indexed the
corresponding orientation matrix is retained as a solution.

Normally the default parameters (for neutron Laue patterns in instrument like VIVALDI or
CYCLOPS) are enough for finding the orientation, however, if the instrument parameters are
not very precise it may be useful to increase the angular and distance tolerance for indexing
the spots.

This method is the fastest one if the nodal points are among the first peaks in the list. The
peak finding procedures (menu item Peaks Tools > Automatic Peak Finding)
order the peaks as decreasing intensities (the most intense peaks are on top of the list), but this
method may fail if the most intense peak are not nodal. The best way is to select one of the
images in which at least two nodal points are clearly visible (they are recognized because they
are normally the intersection of few rows of peaks and they do not have other peaks close to
them). For promoting observed peaks to the status of nodal one has to select manually those
nodal points by clicking on the found peaks that may be nodals and repeat the procedure.

R Orientation Starting From Speci

ko E Maximum number of solutions

5 E Maximun number of reflections to be considered as orienting

30 E Maximun number of reflections for indexing

3 E Maximun Miller index for indexing nodal reflections

0 E |f different from zero perform an exhaustive search

25000 Angular tolerance for comparing angles between reflections (deg)
25000 pistance tolerance (in mm) for indexing spots
30.000  Minimal angle between two orienting reflections

150.00 b asirnal angle between two orienting reflections

[~ Generate only co-prime indices [ Allow relazed conditions

oK Cancel

Automatic Orientation > Stepwise rotating around nodals: This

[ Otent by Roteaiiournd 'E option assign indices to the first peaks in the list
supposing that they are nodal points (as in the
From To

method above) and the systematically apply a
. rotation to the calculated image until the
H Limits 1] 1 X o R
= = maximum number of coincidences appear. This
K Limits 5 1 method is slower that the first one but it usually
works in all cases. A change in the maximum

L Limits -15 15 £

Number of Steps per Rotation 300.00
oK | Cancel |

value of the indices may be necessary as shown
in the dialog on the left. The number of steps for
a full rotation of 360° may be such that the order
of a single step is between 1° and 2° This
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method should be used if the first one does not work for some reason.

T
Automatic Orientation > All Possible Rotations (Slow): This option
opens a dialog for controlling the parameters of the algorithm. The method works by

successive rotations around the x, y and z axes of [ R —

the image. The user can select the angular range for

each rotation as well as the angular step (see dialog From Te Step

on the right). One can take the current orientation || xase [ G [ wF] [ (]
and select an angular range for the three rotations || i i

of the given amplitude in degrees (10 in the present ’ [ oEH [ =g [ H
example). The algorithm works using the principle || zande [0l [Tmof] [ 1]
of maximum number of matching spots as in the

second algorithm, however a full exhaustive use of || === tapertthe pesentoreriation | [ g
this method may be very time consuming. e E EE
This method should not be used for routine

orientation, however in cases of low quality of the

Laue pattern on can find an approxima%e oriZntation ﬂl

that helps to find the reason(s) why the other
methods fail.

Manually Orient Around a Fixed Spot:

This is a manual method of finding the orientation of the crystal based in visual recognition of the
good orientation. For starting the orientation one has to visualize the calculated spots by selecting
Calculation Tools > Superposition of Calculated Peaks and using the sliders
of the orientation angles dialog move the calculated spots to make a coincidence of a calculated nodal
point with one of the suspected nodal points in the experimental images. This can be done also from
the menu item Window > Stereographic Projection that opens a dialog in which the
stereographic projection of the calculated pattern is visible, the surface of the projection works as an
orienting device: clicking on the left button and dragging the mouse in the surface makes changes in
the orientation. This procedure is better than the use of the sliders because it is needed for doing the
rotation for orienting. One can use both the stereographic projection for doing the rough coincidence
and the sliders for improving the coincidence.

r N
R Esmeraida (= [ @ ]
File Image Tools Peaks Tools Instrument Calculation Tools Orientation Refinement Window | External Programs | Help
= H AL Q& |HO
o

Dot Size
HKY 1 1 3

o = o
ruby3_25tif: (hkl)= 2 -1 -9 (xz)=-398.49-190.38 Lambda: 0.7171 Gamma: -143.46 Nu: -50.11 Num.Ref:
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Once we have a calculated spot in coincidence with an experimental spot we select the menu option:
Calculation Tools > Manually Orient Around a Fixed Spot and then move the

r N
@ Esmeralda ‘ i = [ © [
File Image Tools Peaks Tools Instrument Calculation Tools Orientation Refinement Window External Programs  Help
= H QL &|F

a

o

ool
n

Dot Size

Dot Size

& 00 X % coox 0®/OO o

HKL 1 -2 6

X Axis Rotation Angle 143.46 Orientation and Memary
og”? Save/Ovenwrite Present Orientation |

qugm!‘:'l- o 1435,,,....’....@5

=]

Restore Saved Orientation |

[+ o o .
ruby3_254if: (hkl)= -2 -3 -2 (xz)= 5138 16600 Lambda: 07765 Gamma: 18.50 N jga:plicaionangle 43730 Handing Spindle Angle
1 Crindla T AnAnm

mouse to click on the desired spot. In the example of the image above we have emphasised the nodal
spot and the corresponding point in the stereographic projection. Dragging the mouse on the surface
of the stereographic projection (as indicated with the semi-circular arrow) one can see that the spots
are all rotating keeping fixed the selected nodal point. If the selection is good we can determine the
orientation manually by inspection. This is an interactive version of the second automatic method
described above. We can see that after rotating around the fixed spot as indicated above we arrive to
an approximate orientation that can be saved by clicking on the button Save/Overwrite
Present Orientation ofthe Orienting Angles dialog.

Output Reflection Files:
This menu item allows outputting a list of reflections into a file.

Output Reflection Files >Full List of Reflections:
All excited reflections are output into a file called Reflections File.hkl. A status is
associated to each reflection. Only when status=0 the reflection is visible in the detector.

Output Reflection Files >List of Reflections in Detector:

All reflections actually visible in the detector (status=0, depend on the geometrical characteristics
given in the instrument file) are output into a file called Reflections File.hkl.

Manual Change of Parameters:

This menu item opens a dialog that allows the
change of a series of individual parameters
interactively. The effect on the diffraction
pattern is seen automatically. For instance
changing the resolution or the minimum
wavelength one can see the appearance or
disappearance of reflections. This dialog can also
be used to find propagation vectors quite easily.

-
R Manual refinement of ind

=

Select which parameter you want to vary: k-vector, kx -

0.0000 —)l T - 1.0000
Apply 0.11000 Cancel
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For the moment the list of parameters that can be changed interactively is the following: x-offset, z-
offset, cell parameters, propagation vector components, number of harmonics, minimum d-spacing for
propagation vector calculations (dk-min), resolution (d-min) and wavelength range.

In the following images one can see two different positions of the satellites calculated using the
variation of ky (k. =0.04 and k, =0.14).

-
R Esmeralda I&‘@-t_hj
File Image Tools Peaks Tools Instrument Calculation Tools Orientation Refinement Window External Programs Help

= H QU ad 5O

Select which parameter you want to vary: k-vector, kx -

1.0000

Cancel

ruby3_20.tif: (hkl)= -1 3 2 kv=( 0.0400 0.0000 0.0000) (xz)= 41.99 169.02 Lambda: 1.2436 Gamma: 151

-
R Esmeralda o | B |
File Image Tools Peaks Tools Instrument Calculation Tools Orientation Refinement Window External Programs Help
=] QL8 |20

Select which parameter you want to vary: k-vector, kx -

Apply 0.14000 Cancel

ruby3_20.tif: (hkl)= -1 3 2 kv=( 01400 0.0000 0.0000) (xz)= 44.68 19285 Lambda: 13224 Gamma: 16.0

The manual change of parameters dialog is modeless, so other actions are permitted during its use.
However it may remain unhandled situations, if something wrong happens it is safer to close the
dialog and reopen it.

Page 15 of 22



Apply Distortions (On/Off):

This menu item (switch) is automatically put On after an interactive refinement corresponding to a
particular image. For the image that has been refined the coincidence of the calculated spot positions
with those of the experimental peaks is assured by the application of the refined distortions, however
the application of the distortions to other images may make worse the agreement between observed
and calculated positions.

Calculate Theoretical Image:

woas A full Laue image is calculated according to the information
provided in the CFL file. This item is accessible only if atom
positions have been provided in the CFL file. The calculation is
currently performed for neutron diffraction assuming a Maxwellian
thermal incident spectrum. The characteristics of the sample and
the divergence of the incident beam have to be provided by filling
the dialog box on the left.

The orientation of the crystal can be input by giving three rotation
angles (Phix, Phiy, Phiz) in degrees. The mosaicity of the crystal
along 4, k and / directions in reciprocal space should also be
provided, as well as the horizontal and vertical divergence of the
incident beam. These parameters determine the size of the spot for
the current instrument parameters. If the shape of the crystal is
assumed to be a sphere the size of the sample is assumed to be the
first size parameter (along “x” in mm) as diameter.

-
R Sample Information

Size of t_he sample [|_nm] in three

| 11.0000 | 1.0000 | 2.0000

Rotation angles to put the
iginal position (; d mot

| 15.0000 | 23.0000 | 0.0000

Mosaicity coefficients along (h.k.l)

| 0.4000 | 0.4000 | 0.3000

Horizontal and Yertical
Diveraence [dearees]

| 0.4000 | 0.4000

[~ Change Spindle to value: 0.0000

Shape of the crystal (sphere. ellipsoid)

|ellpsoid
Name of the output reflection file

Adding a header, the output file is of the time *.hbin, otherwise it
is a simple binary image also recognized by Esmeralda.

IReerclions_FiIe.th

Name of the output Image file

The calculated image can be used for testing the program (using it
N as an experimental image) or for comparison with an

oK Cancel i i .
& No haade | ok | cancel experimental image

IImage_FiIe.img

Simulation of Laboratory Rotations:

W Orientation Simulation &=l This item opens a dialog as shown in the left. On
Spindie Angle ™50 T R that dialog box there is the possibility to move
—E ——— g U-Mati (Rx Ry Rz -Angles) the motor controlling the angles (Omega, Chi,

"""""" | %936 036 113854 Phi) of an orienting device and the spot positions

i fnole . Load (hki) as spindle axis in L-system | motions can be seen directly in the image
8 . TH 007 Load | window. The current orientation of the crystal is
e — o0 | Spi"""”o"‘;‘:" Eidystom lqaded as 'thr.ee angles in the right-top of the

dialog. This is not moved when the angles are

0 J— 1 R Ry,Rz angles corr. to Om,Chi,Phi
’—E e [_E (Rp_x Rp_y Rp_z) changed.
Dieiterelail faboston S Alen [ 3395 0366 119860 The area titled: Orient zone axis in Laboratory
. " AlongX 1
gient (o — | systsarn, allows the. calculation of the angular
@ AlongY l | motions to be applied to the crystal in order to

u Restore Original Orientation
gall " AlongZ

Save as current orientation |

orient a particular zone-axis along one of the
principal directions of the Laboratory reference
system. The output of the angles is done in the

console after pushing the button “do it!”
This part of the program is not yet finished and some buttons are not behaving as expected
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Menu item Orientation Refinement

Refinement of the Current Orientation:

This option allows the user to refine interactively the orientation corresponding to the current image.
This option does not aim to refine the whole set of images corresponding to a full experiment. One
can do that but it may be tedious. For treating the whole set of images (corresponding to different
positions of the spindle angle) it is better to use a batch mode by running Laue_Orient and then
Ref _UB_Laue. After selecting an image in which the user has found an orientation using one of the

~
R Refinement of the Current Orientation li_h.l
Close | Re-Index |
Code of the CFLfile to  [ruby3 ref Refine
be generated = : -
Show Sigmas | i Generate Script

— Parameters to refine

)
Cell Parameters [Warning: an axis should be kept fixed) Least Squares Conditions
Tolerance

| 4.76400 | 4.76400 |13.00735 | 90.000 | 90.000 | 120.000
| 1.00000E-06
[ a b vV c [T alpha [ beta [ gamma

Ouput Correls. Above (%)

Orientation &ngles (LU-batrix) |3DB-727BD I 16.32322 |180-9081? I 50.00
[v Phix [v Phiy v Phiz

Max. Num. Function Evaluations

(Offsets) Tilt Angles of Detector l 0.23427 | 033827 | -1.30833 200 E
v Tilt_x v Tilt_y v Tit_z

 Generate script for all Images

(Offsets) Vector Position of I -0.01652 | -0.17583 | -0.18862 Code of Images. Exterision
Origin of Detector Frame in ruby3_tif
Laboratory System [mm) v Rodx |v Rody [v Rod.z B

Initial Image: 20 E

Off. Origin of Detector [Pixels) 0ff. Gam./Nu Flat Detector ~ 5/D Dist. Offset

nooooo | 000000 [ 000000 [ 000000 0.00104 Finallmage: | 1082
[~ Oigx [ Ongz [ Gammac [ Nuc v Dist Code of initial CFL file
fruby3_ref

r~Image Distortions [Chebychev coefficients)

The maximum degree of the polynomials is 8 for this interface to Ref_UB_Laue Nullify _Fix Cheb. Coeff. | Refine &ll Cheb.
| 00000 | 00000 | 00000 | 00000 | 00000 | 0.0000 [ 00000 | 00000 -coeffs
| 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000  Z-Coeffs

[~ Chebl [~ Cheb2 [ Cheb3 | Chebd4 [~ Cheb5 |~ Cheb® [~ Cheb7 [ Chebs
MOSFLM-Type Distortions:
| 0.0024 | -0.6077 | 0.9719 [ -0.0009 W m Tt [ m_Twist W m_Bulge | m_Cross

A -

methods available in the menu item Calculation Tools, the following dialog is opened:

The default refinement parameters are good for an image taken in a well aligned instrument and with
a good instrument file. The meaning of the parameters is clear from their given names. For details the
user can consult the documentation accompanying Esmeralda (in particular the documents
Laue Basic Equations.pdf and Ref UB_Laue.pdf).
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On the console opened by Esmeralda one can see something like:

-

This program reads a series of indexed peaks in a file generated by *
the program AUTOMATIC_LAUE_INDEXING,. as well as instrumental offsets *
and cell parameters. From this information the program refines the cell
parameters, orientation and offsets comparing obhserved and calculated *
spot positions . This program is part of the ILL/ANSTO Laue Suite *

Xk K % X

(JRC - August-2013, ILL >

=> Instrument file: vivaldi.inf
=> Initial U and UB matrices:

-0.899261 -0.318196 0.300135 -0.217963 -0.175773 0.823071

0.428267 -0.500914 0.752112 0.103804 -0.0853244 0.857814

-0.088978 ©.804883 ©0.586725 -0.821566 ©0.158168 ©.845101
Iteration number: 1 Average distance (Sum dist/nspots): B.8427 mm
Iteration number: 2 Average distance (Sum dist/nspots): 8.8427 mm
Iteration number: 3 Average distance (Sum dist/nspots): 0.4926 mm
Iteration number: 4 Average distance (Sum dist/nspots): 0.4001 mm
Iteration number: 5 Average distance (Sum dist/nspots): 8.2754 mm
Iteration number: 6 Average distance (Sum dist/nspots): B.2485 mm
Iteration number: ? Average distance (Sum dist/nspots): 8.2773 nm
Iteration number: 8 Average distance (Sum dist/nspots): 8.2773 nm
Iteration number: 9 Average distance (Sum dist/nspots): 0.2509 mm
Iteration number: 18 Average distance (Sum dist/nspots): 8.2327 mm
Iteration number: 11 Average distance (Sum dist/nspots): 0.2281 mm
Iteration number: 12 Average distance (Sum dist/nspots): 8.2237 mm
Iteration number: 13 Average distance (Sum dist/nspots): 8.2279 nm
Iteration number: 14 Average distance (Sum dist/nspots): 8.2257 mm
Iteration number: 15 Average distance (Sum dist/nspots): 0.2247 mm
Iteration number: 16 Average distance (Sum dist/nspots): 0.2241 mm
Iteration number: 17 Average distance (Sum dist/nspots): B.2239 mm
Iteration number: 18 Average distance (Sum dist/nspotsd: B.2238 mm
=> Initial Chi2: 27.85113 Convergence reached: The relative error hetween x an
=> Final U and UB matrices:

-0.982915 -0.315167 0.292256 -0.218849 -0.175581 0.022440

0.419251 -0.495937 0.760444 0.101618 -0.053292 0©.858388

-0.0994727 0.809145 0.579923 -0.8229680 0.158366 ©.844527

| => Final Chi2: 2.83826
| => Number of free parameters: 11

=> Number of indexed peaks : 145

=> Writing reflection file: ruby3_20.hkl

CPU-time: 8.016 seconds
Normal end of program
Results in File

Updated Instrument File
Updated CFL File

Input File (ArgonneBoxes>
List of reflections in files
Orientation updated?

Fields updated?

Instrument updated?

REFINEMENT _UB_LAUE_PATTERNS

ruby3_20_ref .ubr

ruby3_20_ref_instrm.inf

ruby3_20_ref_new.cfl

ruby3_20_ref .abx

ruby3_28.hkl -> to be read by integration programs

< m »

In which we can see how the refinement proceeds. The average distance is the sum of all the distances
between the calculated and the observed peaks divided by the number of peaks.

The button Re-index allows the inclusion of more
experimental points for refinement because the first time the
user clicks on the Refine button only the rough orientation
with the wuser-provided cell parameters and instrument
parameters are used, and this is normally a fraction of the
found experimental peaks. In the example on the left there
were 145 peaks indexed and 48 unindexed. When the user
clicks on the Apply button, new peaks are promoted to the
list to be refined within the given tolerance. In the example 40
new peaks have been indexed within the tolerance of 2.5 mm.
There are always experimental peaks that may be too close to
excluded regions that the orientation method does not consider
or there are some spurious peaks that are not real spots. This is
not important to get a proper refinement of the orientation
angles, cell and instrumental parameters.

At whatever moment the user can see the value of the refined
parameters and the corresponding standard deviations by
clicking on the button Show Sigmas, then a dialog with all
values appear with the standard deviations in parentheses as is
common in crystallographic conventions.

R Re-indexing obse:

Current Tolerance | 2500

Number of indexed peaks 145

Number of un-indexed peaks 48
Apply I Close | Cancel |

R Re-indexing observ

Current Tolerance 2,500

Number of indexed peaks 185

Number of un-indexed peaks 8
Close | Cancel
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Finally one can use the button Generate Script for preparing a script that will be used by

Ref UB_Laue for refining all the images as

input in the Generate script for all Images

area of the Refinement of the Current Orientation dialog. The program generates

then a file called code of images.

reflaue (in the example above ruby3 .reflaue)

that contains the name of the initial CFL file that will be used for each image (in the example above

ruby3 ref.cfl) and the name of all the

images constructed from the code and the numbers given

in the dialog. This kind of file allows a refinement of individual images without connections between
them. Each image has its own cell parameters, etc. If the user prefers to refine the parameters having a
more physically sound content the best is to use Laue Orient to generate a file for Ref UB_Laue
(see the menu item File > Export> CFL file for Laue Orient (batch)) thatallows
the treatment of all images simultaneously in which one can refine the offsets of the spindle angles
and individual rop (vector position of the origin of the detector frame with respect to the laboratory

system, always in the centre of the crystal)
when changing the spindle angle.

R Current Offsets

Refined Cell Parameters

because a small precession of the crystal is unavoidable

Show Current Offsets:

I 476400 4.76400 13.0078(11) 90.00000 $0.00000 120.00000

Phi_x Phi_y Phi_z

Orientation Angles (U-Matrix) | 306.728(3) 16.923(3) 160.9082(19)

Tilt_x Tilt_y Tilt_z

(Offsets) Tilt Angles of Detector I -0.234(4) 0.938(2) -1.308(4)

0D_x 0D_y 0D_z
[Offsets) Vector Position of

Origin of Detector Frame in | -0.017(4) -0.176(10) -0.189(7)

Laboratory System
Orig_x Orig_z

0.00000 0.00000

[Offsets) Origin of Detector (Pixels) I

Nu_c

0.00000 0.00000

Spindle 0.00000

Gamma_c

[ Offsets) Gam./Nu Flat Detector I

/D Distance Dffset (mm) 0.0010)

Chebychev Coefficienst for X-axis

I 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Chebychev Coefficienst for Z-axis

This menu item opens a dialog that is exactly the
same as that obtained when clicking on the Show
Sigmas button of the Refinement of the
Current Orientation dialog. It is shown on
the left as an example.

One can see that the origin of the detector is not
refined because there is a strong correlation between
those parameters and the components of the vector
rop. For closing this dialog it is necessary to click on
the OK button.

Re-index Observed Reflections:

This menu item opens exactly the same dialog as
that obtained when clicking on the Re-Index
button of the Refinement of the Current
Orientation dialog.

I 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

MOSFLM distortions: Tilt, Twist, Bulge (1/100 deg) and Cross

I 0.0010) 0.61(11) 0.97(7) -0.00030(7)

Menu item Window

X Axis Rotation Angle 333.03

Orientation and Memory
Save/0Overwrite Present Orientation |

Zoom Window:
This option is currently the same as

Image Tools > Real Time

=E S R

Restore Saved Onentation i

Y &xis Rotation Angle 309.93
s ————— ) [3of]

|m

Z Axis Rotation Angle

Handling Spindle Angle

Spinde [~ a0.000
8 ==

Rotate to typed Spindle

Zoom.

Orienting Angles:
This option is a switch for opening
| or closing the Orienting

= e s

Rotate to typed Angles |

[ Stereographic Projection (On/0ff)

Angles dialog shown on the left.
This dialog is also opened with the
option Calculation Tools >
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Superposition of Calculated Peaks. It may be used for changing the orientation angles
to make coincidences of calculated peaks with observed peaks. See the section discussing the menu
item Calculation Tools > Manually Orient Around a Fixed Spot.

Information Dialog:

Stereographic Projection:

This option is a switch for opening or closing the
Stereographic Projection dialog shown on the
left. This is another kind of view of the Laue Pattern; it
may be used to move the calculated pattern with respect
to the observed pattern for making coincidences between
them.

List of Peaks:
This option is not yet operational.

This option opens a window in which all the available information concerning the current image is

written. Below we give an example:

Image read from file: ruby3_20 tif
Header:

Image Offset: 1173 bytes
Header_Length: 1125 bytes
Title: ruby 3mm alpha3%=4mm

N_Frames: 1

Nbits: 16

Nrow-Ncol: 2000 4000
Instrument_Name: LAUE_DIFF
Detector_Type: Cyl
ColRow_Order: Column_Order

Scan_Type: ACQ

Sigma_Factor: 1.00000

Normalization_Tim: 0.00000
Normalization_Mon: 0.00000
Time 180.0
Monitor: 0.0
Counts : 0.0

N_environment: 5

User_LC_Date_time: Default Laue Diffractometer as VIVALDI MHLC 19:29:51 14/03/20

Pixel_size_h{mm): 0.20005

Pixel_size_v{(mm): 0.20010
Sample_Detector_Dist(mm):  159.155

Lambda range(angstroms): 0.60000 5.10000

Environmentitem # 1 ( Temp-set): 330.00000%Kelvin
Environment item # 2 ( Temp-regul): 330.00000%Kelvin
Environment item # 3 (Temp-sample): 330.00000%Kelvin

Menu item External Programs

Cyclops2cyl:

This option allows running the program Cyclops2cyl. For running this program the user should create
an input buffer file as explained in the document Cyclops2cyl.pdf, accessible in the He 1p menu.

Laue Orient:
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This option allows running the program Laue_Orient. For running this program the user should
create an input CFL file as explained in the document Laue_Orient.pdf, accessible in the He 1p menu.

Ref UB Laue:

This option allows running the program Ref UB_Laue. For running this program the user should
create an input CFL file as explained in the document Ref UB_Laue.pdf, accessible in the Help
menu.

Argonne Boxes (ILL) - Laue_Integration:

This option allows running an integration program. Currently for both menu items the program is
Laue_Integration (a modified version of the program Argonne Boxes from Clive Wilkinson and
Garry Mclntyre). For running this program the user should create an input ABX file as explained in the
document Argonne Boxes ILL.pdf, accessible in the He 1p menu.

Normalize Laue:
This item runs the program Normalize Laue for obtaining normalized squares of structure factors
from the total list of integrated reflections. The documentation of this program is not yet available.

Utilities:
This option allows accessing the following console utilities:

Utilities > CrysCalc:

This option runs the CrysCalc program (Crystallographic Calculations). A console terminal
is opened and the menu appears. The different options are available in the document
CrysCalc.pdf, accessible in the He 1p menu.

Utilities > Search TwinLaws:

This option runs the Search_TwinLaws program. The explanations are available in the
document Search TwinLaws.pdf, accessible in the He 1p menu.

Utilities > Get Conventional Cell:

This option runs the G_et_Conventional_Cell program. The explanations are available in the
document Get_Conventional Cell.pdf, accessible in the He1p menu.

Menu item Help

Check for Updates:
This option allows accessing the most recent version of Esmeralda.
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Help ’ I Documents:

Check for update | This  option  allows  accessing  the
Documents » Esmeralda documentation of Esmeralda.
About Cyclops2cyl
Laue_Orient In the figure on the left one can see the
Ref_UB_Laue currently available documents.

Argonne_Boxes (ILL)
Search_TwinLaws
Get_Conventional_Cell
CrysCalc

Laue_Basic_Equations.pdf

Cyclops_to_cylindrical.pdf

About:
Open the last information about Esmeralda. Currently the following dialog is opened:

Esmeralda Program 1.2-beta 3
IApril - 2015 Currter?t revision: 115
Revision date:  2015/04/19 13:08:08
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and JRC. It is based in the library CrysFML. More
info are available at webpage http://lauesuite.com/
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