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|. Prologue

This manual provides an overview of the general workflow of WAND? single-crystal data
analysis using Mantid-based scripts.

The scripts can be found at
/HFIR/HB2C/shared/WANDscripts /Single Crystal/
on the analysis cluster:
e WAND2_SCD_Reduction.py
e peakintegration_2D.py

Two methods of peak integration are included:
% Method 1 (Conventional Mantid algorithm)
Utilize Mantid’s built-in functions (e.g., IntegratePeaksMD). This method is well
suited for rapid integration and quick peak inspection. However, its error
propagation can be problematic. The method is challenged by modulated
background for instance from aluminum powder rings.

+ Method 2 (Detector image-based algorithm)
A newly developed algorithm that performs peak integration directly from detector
images. Although more sophisticated than Method 1, this approach resolves several
limitations, such as handling adjacent peaks, irregular peak profiles, and aluminum
powder ring contamination.

It should be noted that all the Mantid algorithms used in the script can be executed from
the GUI. The algorithms are mentioned in this manual in bolditalic as for instance
IntegratePeaksMD on this page.

If you have any questions or feedback about this manual, please contact the instrument
team, huxé@ornl.gov, mnf@ornl.gov or chens1@ornl.gov .
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ll. Locate IPTS and Run numbers & Open Mantid Workbench

(a) Find experimental data under proposal number (IPTS)

(1) Go to https://oncat.ornl.gov/ to view your experiment information. Click “Browse” and

log in to ONCat catalog with UCAMS.

@ ONCat

ONCat is the catalog for neutron experiment data at SNS
and HFIR.

Experiment teams and instrument staff can browse,
download and search their data. DOI's can be created so
that data sets are publicly available and citable.

Developers can integrate their tools with ONCat's API to
support a variety of file-finding and metadata-searching use

(=L

Release Notes

@D @I CEID

(2) Find the instrument in the HFIR/SNS instrument list and click on WAND?.

@ ONCat

Instruments
- - - - -

High Flux Isotope Reactor

Spallation Neutron Source

MARS
NOWG
Nowv

) POWDER
PTAX
TAX
VERITAS

WAND*

ARCS
BASIS
CNCS
CORELLI
EQ-SANS
HYSPEC
LIQREF

MAGREF
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(3) Search for experiment data through: Experiments = type in proposal number (IPTS).

Scans will be displayed along with run number (ID), sample information, and scan

descriptions. Record run numbers you need for analysis.

WAND*

truments | > HFIR/HB2C

Wide-Angle Neutron Diffractometer
HB-2C

L Experiments I Runs I Scans )

IPTS-7776 Fernandez-Baca, Jaime

WAND? - Calibration and Standan

IPTS-22745 Frontzek, Matthias

O ONCat Instruments | > | HFIR/HB2C | > Experiments

Experiments

TS-7776 Fernandez-Baca, Jaime

TS-22745 Frontzek, Matthias

o ONCat Instruments = > ( HFIR/HB2C = >  Experiments | > | IPTS-30754 xdh' (Hu, Xiao)
WAND? Info v Configure Tables Downloadascsv () !
Sample General
ID
D Name Created Notes Title
1,020,371 > Ca0.65r0.4MnSb2 2023-06-09 19:51:00 - €a0.65r0.4MnSb2 T=10 K scan at Detz=0
=] 1,020,370 > Ca0.6Sr0.4MnSb2 2023-06-09 19:50:54 - Ca0.6Sr0.4MnSb2 T=10 K scan at Detz=0
& 1,020,369 > Ca0.6S0.4MnSb2 2023-06-09 19:50:39 - Ca0.6Sr0.4MnSb2 T=10 K scan at Detz=0
——

Note:

Vanadium calibration was usually performed before or at the beginning of each cycle.
Users have access to the vanadium IPTS 23858. Use the vanadium run number that is
closet (in timeline) to your beamtime.
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(b) Open Mantid Workbench in analysis cluster
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(1) Go to Remote Desktop Analysis at https://analysis.sns.gov/ and log in with UCAMS

username and password.

, click the "Launch

ervers or accessing your data, please contact Linux Support
v or call 865-309-4649 for urge

HIGH FL
ISOTOP
REACTC

g,OAK RIDGE

-National Laboratory

Experiments

# Quickn:

Reflld v

(2) Once logged in, on the left
upper corner, go to Application
- Analysis 2 Mantid
Workbench.

(3) When Mantid Workbench
opens, there will be an option
to personalize the setup and
tutorial available if needed. If a
personalized setup is not
necessary, close the Welcome
window. You should see the
Mantid graphical user interface
on your screen.

mantidworkbench A%

Welcome

) Release Notes

¥ ) Sample Datasets

Tutorials

@) Mantid Introduction

) Introduction to Python == o ‘f\

) Python In Mantid

Y

200 Rix
&) Extending Mantid with Pythor Tessella 4l ( s/s\'\

[ e

Mantd workhench Aoy
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lll. Script execution in Mantid

(a) Open a script in Mantid

Go to File on the left upper corner of the Mantid interface and hit “Open Script” or Ctrl + O.
Locate and open the target script.

%

') View Interfaces Help

Open Script

Open Project
Save Script
Save Script as...

Open Recently Closed Scripts

Ctrl+0

Ctrl+s

Open File...

Name

:dis:'i'? B WAND2_peakintegration_test.py
plotli
, oy as WAND2_peakintegration_compile_old.py

integrati ile.py

4-data HFIR = HB2C @ shared

WANDscripts  »

(b) Execute (entire or part of) the script

(1) To execute the entire
script, click Options on
the upper right corner
and select Run All.

(2) To execute part of the
script, highlight the target
part and click the Run
button (green triangle).

Back to Index
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1 (=]E) SystenI

Editor
+ WAND2_HKL.py X » W | Options ~
1 from mantid.simpleapi import * Run
2 import matplotlib.pyplot as plt
3 import numpy as np Run All
4 from mantid import config
5 config['Q.convention'] = "Inelastic Abort
2 Find/Replace...
- aceniiloco
[Editor @

+ | WAND2_HKLpy X

1 from mantid.simpleapi import *
2 import matplotlib.pyplot as plt
3 import numpy as np

4 from mantid import config

5 config['Q.convention'] = "Inelastic

data_ipts
range(1043817, 1045617)

data = LoadWANDSCD(IPTS = data_ipts,
RunNumbers= data_runs,
ApplyGoniometerTilt = False,
Grouping=grouping)

p» | B | Options -

.
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IV. Data Analysis

The common data analysis workflow for WAND? data involves two parts:
+»+ Data visualization in reciprocal HKL maps
% Peak analysis for refinement

The Mantid script including the two parts can be found in the analysis cluster by following
the path “data/HFIR/HB2C/shared/WANDscripts/SingleCrystal” and locate the script:
WAND_SCD_Reduction.py

Copy both the WAND_SCD_Reduction.py and peakintegration_2D.py into the shared
folder under your IPTS number. Open the script as described in lll.

The script contains following blocks:
Block 1 --- Load data

X/
°

¢ Block 2 --- Create Q (A‘l) workspace for peak analysis

¢ Block 3A --- Predict parent (nuclear) peaks

¢+ Block 3B --- Index, center, filter parent peaks

¢ Block 4A --- Integrate parent peaks — method 1: 3D ellipsoid integration

+» Block 4B --- Filter and save parent peaks — method 1

¢ Block 4C --- Integrate parent peaks — method 2: detector image integration

X/
X4

L)

Block 4D --- Filter and save parent peaks — method 2

e

AS

Block 5 --- Create normalized HKL map

Block 6A --- Predict satellite peaks

Block 6B --- Filter satellite peaks

Block 7A --- Integrate satellite peaks — method 1: 3D ellipsoid integration

e

%

X/
°

e

AS

e

%

Block 7B --- Filter and save satellite peaks — method 1

X/
X4

L)

Block 7C --- Integrate satellite peaks — method 2: detector image integration

X/
°

Block 7D --- Filter and save satellite peaks — method 2

In the following sections, we will go through each block and explain some details regarding
algorithms and practical workflow. Each block begins with parameters, which need to be
optimized based on the data. It may be necessary to re-run single blocks at a time to
optimize the reduction.

To run the script with default parameters, the minimum parameters to be edited are the
ones in Block 1, Block 2 and Block 5.

Back to Index




(1) Block 1 --- Load Data

from mantid.simpleapi import *
import matplotlib.pyplot as plt
import numpy as np

from pathlib import Path

from mantid import config
import hSpy

import re

config[ ' Q.convention’] = "Inelastic

data_ipts = 22745

data_runs = list{range(474136, 4755836))
van_ipts = 23858

van_run = 1708%02

wavelength = 1.485

normalizeby = "Monito

grouping = "dxd

filename = ' /HFIR/HB2C,/IPTS-{}/ 2c_{]
filenames = [filename.format{data_ipts, run) for run in data_runs]
s1_array = np.array([])

scanidx = np.array([])

for m, run in enumerate(filenames):

num = re.findall{r"\d+", run)

nexus fHB2C_{}.nxs.h5'

scanidx = np.append(scanidx, int{num[-2])}
with hSpy.File{run, “r") as f:
s1_array = np.append(sl_array, f["/entry/DASlogs/HEZC:Mot:isl
res = np.c_[scanidx, si_array]
data_runs = res[res[:,1].argsort{),8]

data = LoadWANDSCD(IPTS = data_ipts,
RunNumbers = data_rums,
VanadiumIPTS = wan_ipts,
VanadiumRunNumber = wvan_run,
NormalizedBy = normalizeby.capitalize(),
Grouping = grouwping,
ApplyGonioneterTilt = True)

SetGoniometer (Workspace = '
Axis@ = '"HBZC:Mot:sl
Average = False)

directory = '[HFIR/HB2C/IPTS-{}/shared/methodl/" .format(data_ipts)
peaklist_eoutdir = ' [HFIR/HB2C/IPTS-{}/shared/method2/'.format(data_ipts)
Path{peaklist_outdir).mkdir(parents = True, exist_ok = True)

average_value"][8])

Input parameters:

*

% Experiment IPTS number
s Experiment scan IDs
It should be in a Python list format, such as
o [scanl, scan2, scan3, ...]
o} range(scan_start, scan_end)
o list(...) + list(...) (see above example)

R/

** Vanadium IPTS number and run number

Page |7
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s Wavelength

+ Normalizeby
The concept “Normalization” refers to that neutron intensity collected by detector
pixels needs to be normalized by the detector pixel efficiency and rescaled by scan-
related parameters, such as monitor counts, measurement time, or none. Thisis a
process of intensity correction to avoid instrumental bias.

s Grouping
The raw detector image has 3840 x 512 pixels. Grouping helps reduce the data size.
“2x2” means every 2x2 pixels are grouped into 1 larger pixel.

After loading the data, you can save the resulting workspace using SaveMD command line
so that if later you need to redo the data analysis, you don’t need to reload everything from
scratch but use LoadMD to reload the workspace directly.

+»» Output directories
The two directories, directory and peaklist_outdir, are directories to save any
output files.

(2) Block 2 --- Create Q Workspace for Peak Analysis

g_min = [-7.5, -8.95, -7.5]
q_max = [+7.5, +8.25, +7.5]
wavelength = 1,486

data_in_{ = ConvertHFIRSCOtoMDE(InputWorkspace = "data”,
Wavelength = wavelength,
LorentzCorrection = True,
ObliguityParallaxCoefficient = 1.822,
Minvalues="{},{},{} .format{*q_min),
MaxValues="{},{1,{}" .format{*g_max))

Input parameters:
% g_min, g_max
These two Python lists determine the range of the reciprocal space (in the unit of
A‘l). In most cases, [+10, +1.2, +10] will be enough.
The Mantid algorithm ConvertHFIRSCDtoMDE converts the detector images into
reciprocal Q space. LorentzCorrection is a volume rescaling process between real space
and reciprocal space, which is necessary for proper intensity histogram.

Back to Index
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(3) Block 3A --- Predict Parent (nhuclear) Peaks

reflection_condition = "Primitive

d_min = 0.8

predict = PredictPeaks(InputWorkspace = "data_in_Q",
ReflectionCondition = reflection_condition,
CalculateGoniometerForCW = True,
MinD5pacing = d_min,
Wavelength = wavelength,
OutputType="LeanElasticPeak')

predict = IntegratePeaksMD({InputWorkspace = "data_in_0Q",
Peakradius = ©.15,

Backgroundinnerradius = 0.20,
Backgroundouterradius = 0.25,
PeaksWorkspace = "predict”)
predict = FilterPeaks(InputWorkspace = "predict”, FilterVariable = "Intensity"”, FilterValue = @, Operator = "=")

Input parameters:
s reflection_condition
Symmetry dependent
< d_min

Minimum d-spacing for peak predictions

The Mantid algorithm PredictPeaks will generate a peak workspace, containing all possible
Bragg peaks based on the input reflection conditions. Then a simple integration at each
predicted peak position is performed using IntegratePeaksMD with a default 3D sphere
modelin the reciprocal space. Finally, FilterPeaks with filtering criterion of Intensity > 0 will
remove peaks that have intensities <= 0. These removed peaks usually sit outside the
detection range.

Back to Index




(4) Block 3B --

- Index, Center, Filter Parent Peaks

centroid_radius = 0.1

tolerance = 8.05

filtervariable = "Intensity

filtervalue = @

operation = "="

CloneWorkspace{Inputkorkspace = "predict”, OutputWorkspace = "nuclear")

wavelength = 1.486
HFIRCalculateGoniometer(Workspace = "nuclear”, Wavelength = wavelength)

IndexPeaks{PeaksWorkspace = "nuclear”, Tolerance = tolerance, RoundHKLs=True)

CentroidPeaksMD( InputWorkspace = "data_in_ 0",
PeaksWorkspace = "nuclear”,
PeakRadius = centroid_radius,
QutputWorkspace = "nuclear”)

IntegratePeaksMD(Inputkorkspace = "data_in_
Peakradius = '0.08,08.12
Backgroundinnerradius = '
Backgroundouterradius = '0.
PeaksHorkspace = "nuclear”,
OutputWorkspace = "nuclear”,
Ellipsoid=True,
IntegrateIfOnEdge=False)

FilterPeaks(InputWorkspace = "nuclear”,
FilterVariable = filtervariable,
FilterValue = filtervalue,
Operator = operation,
Qutputkorkspace = "nuclear”)

Input parameters:

7

s centroid_r

adius

Page |10

CentroidPeaksMD generates a 3D sphere with a radius of centroid_radius

centered at each predicted peak position. Then it calculates the intensity-weighted

center within the sphere for each peak and shifts the peak position to this new

center.
+* Tolerance
HKL-indexi
*,

ng strictness

% filtervariable, filtervalue, operation

These 3 inputs help FilterPeaks modify the peak workspace. “Intensity > 0” means it

will remove those peaks with intensity <= 0.

Preset values work well in most cases. Parameters are free to change by users.

Back to Index
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As indicated by the comment “Pause — Inspect ‘huclear’ in SliceViewer,” users should
pause at this stage and manually verify that the peak workspace nuclear contains the
expected peaks and that their positions are correctly identified. Peaks may be added to or
removed from the workspace as needed.

Newly added peaks are initially assigned an HKL index of (0, 0, 0) and may also have an
arbitrary wavelength. Therefore, after adding peaks, users should rerun the relevant
HFIRCalculateGoniometer and IndexPeaks commands, followed by CentroidPeaksMD
if further refinement of the peak positions is needed.

These commands are intentionally placed at this point in the script so that users can
execute them iteratively before peak integration. The goal is to ensure that all expected
peaks are included, no relevant peaks are missing, and the peak positions are accurately
captured.

Detailed instructions for adding, removing, and inspecting peaks in the Mantid SliceViewer
are provided in the Appendix.

Back to Index
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(5) Block 4A --- Integrate Parent Peaks — Method 1: 3D Ellipsoid
Integration

ellipsoid_radius = [8.08,0.12,0.08]
innerbkg_radius = [0.08,0.12,0.08]
outerbkg_radius = [8.1,0.15,08.1]

IntegratePeaksMD( InputHorkspace = "data_in_0Q",
PeakRadius = ellipsoid_radius,
PeaksWorkspace = 'nuclear’,
BackgroundInnerRadius = innerbkg_radius,
BackgroundOuterRadius = outerbkg_radius,
Ellipsoid = True,
IntegrateIfOnEdge = False,
OutputWorkspace = 'nuclear')

monitor_cnt = mtd[ 'data_in_0'].getExperimentInfol@).run().getProperty( monitor_count').value
time_array = mtd['data_in_0'].getExperimentInfo(@).run().getProperty( ' duration’).value

flux = monitor_cnt / time_array

flux_err = np.std(flux)*6/np.mean(flux)

pws = mtd[ 'nuclear']

for no in range(pws.getNumberPeaks(}):
p = pws.getPeak(no)
pl, perr = p.getIntensity(), p.getSigmalntensity()
perr_new = np.sqrt( (pI*flux_err)**2 + perr**2 )
p.setSigmalntensity( perr_new )

Input parameters:
+ ellipsoid_radius
+» innerbkg_radius / outerbkg_radius
Here we use the 3D ellipsoid model so 3 values (3 semi-axis lengths) are needed for each

input.

The inner and outer background radius define a 3D ellipsoidal shell outside and co-
centered with the peak integration ellipsoid. The background intensity within the peak
integration ellipsoid is calculated as:

Ishell
Ibkg = % X Vpeak
shell
The latter part (monitor_cnt, time_array, flux, ...... ) adjusts the intensity error bar with

the neutron beam fluctuations.

Again, please remember to inspect peak integration in Mantid SliceViewer. Details in
Appendix.

Back to Index




(6) Block 4B --- Filter and Save Parent Peaks — Method 1
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filtervariable = "Intensity
filtervalue = 108
operation = ="

format="Fullprof"”

nuclear_temp=FilterPeaks(InputWorkspace = "nuclear”,
FilterVariable = filtervariable,
Filtervalue = filtervalue,
Operator = operation,

)

SaveReflections(mtd[ 'nuclear_temp'], Format=format, Filename = directory + 'nuclear.int')

DeleteWorkspace(nuclear_temp)

Input parameters:

filtervariable
Common options are “Intensity”, “Signal/Noise”
filtervalue

operation

PR S LR T N R TR
<’ >1 T <_1-"

format
Fullprof is default. Available choices: GSAS, Jana, SHELX.

Needs to be adjusted after checking the output to filter out non-existent peaks

Back to Index
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(7) Block 4C -- Integrate Parent Peaks — Method 2: Detector Image Integration

optimize_pos = False
ROI_size = [15,15,30,30]

import importlib
import peakintegration_2D
importlib.reload(peakintegration_20)

data_workspace = mtd["data"]

peak_workspace = mtd["nuclear"]
output_folder = peaklist_outdir + '/integer/'

for no in range(@, peak_workspace.getNumberPeaks()):

plt.close()
plt.close( 'all'})

test = peakintegration_2D.peak2D{data_workspace, peak_workspace, no, ROI_size, output_folder, optimize_xy = optimize_pos)

Input parameters:

/7

% optimize_pos

It decides whether further peak position optimization is performed or not.

«* ROl _size

It specifies the box size (ROl size) for peak integration on the detector images. The

unitis pixels.

The fluctuation consideration is included in the algorithm. Please inspect the integration in
output directory. Peak-related PNG files are stored in the output directory folder.

(8) Block 4D --- Filter and Save Parent Peaks — Method 2

filtervariable = "Intensity
filtervalue = 1080
operation = "="

format="Fullprof”

FilterPeaks({InputWorkspace "nuclear”,
FilterVariable = filtervariable,
FilterValue = filtervalue,
Operator = operation,
OutputWorkspace= 'nuclear’

SaveReflections(mtd[ 'nuclear'], Format=format, Filename = peaklist_outdir + 'nuclear.int'}

Same workflow as Block 4B.

Back to Index
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(9) Block 5 --- Create Normalized HKL Map

proj_axisl = "1,0,0
proj_axis2 = "0,1,08"
proj_axis3 = "0,0,1"
bin_axisl = "-5.2,5.3,500
bin_axis2 = "-3 .3,900"
bin_axis3 = "-1.42,1.42,64"
scale = 1.0

symops='x%, ¥, Z; -¥%,-¥,Z

cell_type = 'Tetragonal’

OptimizelLatticeForCellType(Peakskorkspace="nuclear’,
CellType=cell_type.title(},
Apply=True)

UB_file = None
if UB_file: LoadIsawUB("data", Filename = UB_file)

HKL = ConvertWANDSCDtoQ(InputWorkspace = "data”,
UBWorkspace="nuclear ',
NormaliseBy = "None”,
Frame = "HEL",
Uproj = proj_axisi,
Vproj = proj_axis2,
Wproj = proj_axis3,
BinningDim@ = bin_axis1,
BinningDiml = bin_axis2,
BinningDim2 = bin_axis3,
SymmetryOperations = symops,

)

CreateSingleValuedWorkspace(OutputWorkspace = 'singlevalue', DataValue=scale, ErrorValue=@)
MultiplyMD{LHSHorkspace="HKL', RHSWorkspace='singlevalue', OutputWorkspace='HKL')

Input parameters:
* Projection axes (proj_axis1, proj_axis2, proj_axis3)
HKL maps also refer to reciprocal lattice unit (r. l. u.) maps. You need to decide how
you want to visualize the data. The default axes are along canonical [1,0,0], [0,1,0],
and [0,0,1] directions in the reciprocal space. In some special situations, users may
also want to plot the data along for example [1,1,0], [1,-1,0], and [0,0,1].

+* Data binning dimensionality (bin_axis1, bin_axis2, bin_axis3)
As the name suggests, it determines how you want to histogram the data. Each
bin_axis string follows the format “start, end, number-of-points-in-between”.

+* Scale (optional)
A scalar factor to rescale the intensity and error bar in workspace “HKL”.

< Symops (optional)
Symmetry operations are performed for data folding. If you don’t need it, just put
symops =“X, y, z”. For a full reciprocal map in an orthogonal system, the line is
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“symops="x, Y, z: -X, -y, z”. For hexagonal cases, the transformationis (y, x, -z) for
HOL and (-y, -x, -z) for HHL.

< cell_type
Lattice symmetry for pre-optimization of the UB matrix.

In practice, during the experiment setup, sample alignment will be done, and the UB matrix
will be determined and recorded into the data files. Thus, in general UB file is not explicitly
needed. But if you have a specific UB matrix file (e.g., obtained from UB matrix optimization
discussed in Appendix), you can load it and set it up for the data using LoadlsawUB.

If you want to save/load the HKL map, you can use SaveMD/LoadMD. If you want to output

the HKL map, please refer to Appendix. To inspect HKL data, please refer to details in
Appendix.

Back to Index
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(10) Block 6A --- Predict Satellite Peaks

mod_vectorl = [8.2,8,0]
mod_wector2 = [@,0,8]
mod_vector3 = [@,0,8]

cross_term = False
max_order = 1
includeinteger = False
wavelength = 1.486

satellite = PredictSatellitePeaks(Peaks = "nuclear”,
ModVectorl = mod_vectorl,
ModVector2 = mod_vector2,
ModVector3 = mod_vector3,
IncludeIntegerHKL = includeinteger,
MaxOrder = max_order,
CrossTerms = cross_term)

Input parameters:

/7

* mod_vectors1, 2,3

RY

R/
o0

cross_term

R/
o0

max_order
includeinteger

) K/
L X X4

wavelength

The modulation vectors are specified in reciprocal lattice units (r.l.u.), i.e., as fractional
values of H, K, and L. They define the propagation vectors required to describe satellite
reflections relative to the parent Bragg reflections (integer HKL).

You do not need to use all three modulation vector inputs — only those required by your
crystal structure. Setting IncludelntegerHKL = False excludes the parent Bragg reflections,
i.e., reflections corresponding to the zero-modulation vector (mod_vector =[0, 0, 0]), from
the predicted satellite peak list.

The CrossTerms option in PredictSatellitePeaks determines whether linear combinations
of the input modulation vectors should also be considered when predicting satellite
reflections. For example, if mod_vector1 =[0.5,0,0] and mod_vector2 =[0,0.5,0], then
CrossTerms = True will additionally predict satellite peaks corresponding to combined
modulation vector mod_vector =[0.5,0.5,0]. This option should be enabled only when such
mixed-order satellite peaks are expected from the modulation symmetry of the crystal.
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(11) Block 6B, 7A, 7B, 7C, 7D --- Satellite Peak Analysis

These blocks are essentially the same as those for parent peaks, except that the filtering
parameters in FilterPeaks may need modifications, depending on the relative statistics of

satellite peaks.
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Appendix

(a) Inspect HKL data

The reason to take this step is to check any additional peaks missing from previous analysis
and to verify the correctness of the UB matrix. The UB matrix for the HKL conversion is the
one which is used in peak integration. Right click on the HKL workspace in the left-hand
side “Workspaces” panel. A dropdown menu allows to use the “Slice Viewer”. Sample logs
contain sample environment values during the measurement.

a_TTOTTT

v Sliceviewer - HKL A X
» @# data_norm1l 7 Tk Curwor
» @ data_norm_svrebinned o0 X|Y| «———  Choose projection axis ~ x ly |sgmln |k |t
K :“‘K“’]‘ X and layer value
rv—r alifaly o
: gm y asla B e L a T
pt Show Sample Logs =
. B
, Es. Show slice Viewer i
sé : Adjust value
» H si Rename
Save NeXus 4 « - -
[X:]
Delete
2 . seTEm x:
? 0.6
;
:
]
3
S =
=
-2 - - e ) -
0.2
2 =2 0 2 4 0.0
[H.,0,0] (in 1.498 A™-1) 0.0
¥ - Sliceviewer - HKL A X
v Track Cursor
[H.o.0] X |Y x y signal H K L
[0.K.0 | X |5 1.2050 0.9985 0.2212 -1.2050 0.9985 -0.0047
oot x|y -0.005 $ in0.607 A~-1
In this tutorial example, LI OO N RPN
zooming in on one of the
nuclear peaks, we find
satellite peaks corresponding
14
to a propagation vector (0.2,
5 121
0,0) <
) . @
2
~ 10
£
5: 0.4
S o8 “
0.6
0.2
04
-1.6 -14 -1.2 -1.0 -0.8 -0.6 -0.4 0.0
[H,0,0] (in 1.498 A™-1) 0.0
Lineat
X min: -1.68 3| Xmax: -0.36 : ¥ min: 0.29 2| ¥max:1.71 : Autoscaling
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(b) Export HKL data for plotting

For plotting in a different program, a 2D slice can be exported as follows: Go to
“Algorithms” panel on the left-hand side of Mantid interface, type in
“IntegrateMDHistoWorkspace”, hit Execute. This algorithm will perform axis aligned
integration of MDHistoWorkspace.

;:"'f IntegrateMDHistoWorkspace input dialog A X

Performs axis aligned integration of MDHistoWorkspaces

Select the workspace created
InputWorkspace HKL - by using the script
P1Bin (workspace’s name should be
P2Bin : :

) Modify the range in the type box
P3Bin -0-2,0.2 - that corresponds to the projection
P4Bin you want to integrate in.

PoBin Name the output
OutputWorkspace |HKL_inf] Q workspace and hit
Run.

? Keep Open Run Close

Go to “Algorithms” panel, type in “SaveMD?”, hit Execute. This will save an
MDEventWorkspace or MDHistoWorkspace to a .nxs file that can be read by most
programs (extension may be changed to .hdf5)

o

¥
Save a MDEventWorkspace or MDHistoWorkspace to a .nxs file.
Select the workspace you have
InputWorkspace |HKL_int just created in the previous
Filename IB2C/IPTS-29983/shared/HKL_int.nxs Browse | (&
UpdateFileBackEnd
MakeFileBacked
v SaveHistory
Hit “Browse”, name the file
v Savelnstrument
and select the folder where the
V| SaveSample i i
file will be saved.
v Savelogs

7 Keep Open Run Close
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(c) Inspect peaks in Slice Viewer

(1) Right-click data_in_Q in the “Workspaces” window and select Show Slice Viewer.

(2) In the slice viewer window, click “Add peaks overlays” button (step 1), shown below.

(3) Check the target peak workspace in the pop-up window and click OK. The workspace
content will be listed on the right-hand side.

(4) Check “Concise View” (step 2).

(5) Click on any peak in the right-hand side window (step 3), for example (-1, 1, 0) here. The
peak statistics will be highlighted in the left-hand side contour plot. The red cross in the
plotis the peak center. Details will be covered in the later “Integrate peaks” section.

7" Sliceviewer - data_norm A X
v Track Cursor Paik Actions
Q_sample_x ' X |Y 200 !/ bins x y signal
Q_sample_y | X | Y | comm— -0.008 |4/ Angstrom~-1 | 0.100 s thick | i i integratedl > Add Peaks
Q_sample_z | X | Y 200 + bins Remove Peaks
Colormap
P+ Q B A2 /@ a8 MDF =
Reverse - pace: integratedl
-0.6
10.0
1 10 | ghcigl View
RunNumber h k |
—0.81 7.0 - 1.00000 1.
b -
3 8 |0 -1.00000 1.00000 0.00000 1.
8
9 0 .00000 1.
-1.0
a~r 100 -1.00000 3.00000 0.00000 1.
< e 110 -1.00000 4.00000 1.00000 1.
~ - £
o —1.21 12 0 -0.00000 1.00000 1.00000 1.
-,
E 13 0 -0.00000 2.00000 0.00000 1.
o
a
O‘ 14 0 0.00000 3.00000 1.00000 1.
-1.4- - 4
15 0 0.00000 4.00000 0.00000 1.
16 0 1.00000 1.00000 0.00000 1.
-1.6 4 17 0 1.00000 2.00000 1.00000 1.
2
18 0 1.00000 3.00000 0.00000 1.
19 0 1.00000 4.00000 1.00000 1.
-1.8 1
200 2.00000 0.00000 0.00000 1.
T T T T T T T 0
—24 —22 -2.0 -8 -1.6 -14 -1.2 60 210 2.00000 1.00000 1.00000 1.
Q_sample_x (A1) .
Linear v 22/0 2.00000 2.00000 -0.00000 1.
X min: -2.42 s/ Xmax: -1.13 N Y min: -1.87 ' Y max: -0.58 ¥ Autoscaling
? Min/Max

In this example we are checking the position and the integration range for the nuclear peak.
In addition, we have a look at the background. The integration range is good; the main peak
is covered. The “streak” is intrinsic to position sensitive gas detectors and is in the range of
0.3% to the peak intensity.

e Clickon any peakto check integration statistics. The integration ellipsoid will be

visualized as superimposed on the peak, shown above.
e Thered cross is the peak center.
e Thered dash ellipse is the 3D ellipsoid range.
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e The greyringis the region of background estimation, determined by
Backgroundinner/OuterRadius.

e The error (SigInt shown in the table below) of the integrated peak intensity obtained
from IntegratePeaksMD is highly dependent on Backgroundinner/OuterRadius
(try different settings to see the dependence). The percentage uncertainty is
additionally propagated to the intensity error to alleviate the problem.

e Details of IntegratePeaksMD can be found on
https://docs.mantidproject.org/nightly/algorithms/IntegratePeaksMD-v2.html.

Example for the limitation of Method 1. The peaks shown in the picture below are the

magnetic satellites (0, 2, 0) £7. The position is correct, but their intensity is comparable to
the underlying powder line. A visual comparison shows that their intensity is comparable to

magnetic peaks on uniform background (1, 1, 0) =7 However, the intensity from the

integration is two times larger. This is due to the unsuccessful subtraction of the

background from the powder line.

¥

Sliceviewer - data_norm1
Q_sample_x | X | Y 200 $lbins Iy
Q_sample_y | X | ¥ 0.009 || Angstrom~-1 [0.100 | thick
Q_sample_z | X | ¥ 200 | bins
Colormap
AP Q B NS e 5] HDE
Reverse
1.6 20.0
20.0
144
17.5
124
15.0
Z 1.0 x"
w120 3
= F 125
o =
= =
£ 084 3
8 0.8 o 10.0
o Dy
= o
0.6 = 7.5
0.4 ¥ 5.0
=
0.2 5 2.5
=00 -3.6 -3.4 =32 -3.0 -2.8 =226 -2.4
Q_sample_x (A7%) 20
0.0
Linear
X min;| -3.82 #| X max:-2.27 B ¥ min: 0.11 +| Y max: 1.66 : Autoscaling
? Min/Max

v Track Cursor

y signal

Peak Actions

satellites1 Add Peaks

Remove Peaks

Workspace: satellites1
V! Concise View
h k !

22/-0.20000 2.00000

Intens Sigint Intent~

0.00000 244.40816 21.19520 11.5313

23/-0.20000 3.00000 1.00000 62.97842 11.14433 5.6511€

24 -0.20000 4.00000 0.00000 23.51534 13.07791 1.7981C

25/0.20000 1.00000 1.00000 112.30392 8.30105 13.528€

26/0.20000 2.00000 0.00000 256.07662 21.82276 11.7343

27/0.20000 3.00000 1.00000 59.99894 11.11880 5.39617

28/0.20000 4.00000 0.00000 38.14069 12.77652 2.98522

29 0.80000 1.00000 0.00000 69.31191 7.94375 8.72533

30/0.80000 2.00000 1.00000 77.01853 10.44070 7.3767€

31/0.80000 3.00000 0.00000 57.20510 10.93654 5.23064

32 0.80000 4.00000 1.00000 25.38057 9.98887 2.5408¢

33/1.20000 1.00000 0.00000 48.19526 8.06239 5.9777¢

34/1.20000 2.00000 1.00000 63.92664 11.58953 5.5159C

35/1.20000 3.00000 0.00000 42.30899 11.39623 3.71254

36 1.20000 4.00000 1.00000 28.56245 9.53135 2.9966¢S

37/1.80000 0.00000 0.00000 5.58729 7.32600 0.76267

< »

To inspect the peak integrated with Method 2, in a file browser open the output folder

defined in script execution. In this folder a PNG for each peak has been generated. In this

PNG file, the title shows the target peak (with index), and 3 sections are summarized:
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Detector image integration:

¢ Inthe upper half of the PNG file, a series of detector images are listed. Each image
corresponds to an s1 motor value (the numerical value shown in each image).
e Ineach detectorimage, one colored spot, something like this o2 , corresponds

to one peakin the logarithmic color scale. A peak will gradually appear in the

detectorimage and then fade away as s1 motor rotates, as observed in the example
below for peak (0.2, 2, 0). The image with
peak intensity collected in the detector image reaches its maximum as s1 motor

s1 value refers to where

rotates.
The red box in each image highlights the integration region. Make sure the peak intensity is
covered by the red box. The size of the red box is determined by the input 4-number array
(ROI_size in the input).

Peak [0.2, 2.0, 0.0]

S1 scans (Optm S1 in pink)

200
150
100

50

ybin

200
150
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50
O_' . - B
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T T -
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- T8 scanindex: 1000 4
=201 ! :’5 ! 915 LZ_corr = 0.2 |'|. X optmsl
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€ 0 :J \f #*  pred (xbin, ybin) 900 4 --- bkg
® optimized - ' b peak
250 B 4§‘
& 8007 '
200 1 =
> '
150 1 ‘@ 700
é g ' ]
100 1 ) bbbty
———————————— 600 - it by
50 1 Pl ATi PRGE
______________ )
O I I T 500 _I T T T
1250 1300 1350 1400 0O 5 -2 1]} 2 4
xbin Int. (a.%] s1 (deg-)
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Looking at the integration, it becomes clear that Method 2 deals with the integration on the
powder line much better and indeed the integrated intensity values are now similar to the

(1,1,0) £7.

Method 2 is limited when multiple peaks appear in the red box of the same detector image,

be careful. It could be due to twin domains, or impurity, or very close satellite peaks. In

addition, very weak peaks are sometimes mis-recognized by the optimization routine when

a stronger signal is present as seen in the PNG below for the (2.2, 2, 0) peak. In such
situations, you can turn off the peak position optimization by using optimize_pos = False.

Int. {a.u.

ybin

S1 scans (Optm S1 in pink)

Peak [2.2, 2.0, 0.0]

-31.5° -30.9°

-30.1° -29.7°

-29.37

i

A i

E: : ; ;
1000 1050 1000 1050 1000 1050 1000 1050 1000 1050 1000 1050 1000 1050

100

200 4@
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50

950 1000 1050 1100
xbin

.5 (XY optimized)
:
1
I
1

| = 91837.199, err = 8346.867
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100000 4
614
»  pred (xbin, ybin)
- 80000 A
® optimized L
9 2
=
= 60000 -
£
) L
rd
i ‘w 40000 A
[ =
@
_ E
_t ______ 20000 A
LI BT
. .2
s o

LZ_corr = 0.27 g X optm sl
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-—- bkg
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Int. (a.u.)
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(d) Add/Remove/Adjust peaks in Slice Viewer

In some rare situations, some of the observed peaks are notincluded in
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the peak

workspace. For example, in the slice viewer shown below, each peak in the bragg

workspace will have a red cross assigned at its peak position. However,

we see that there

are two peaks notincluded in the bragg workspace (highlighted by white circles).

To add these two peaks to the peak workspace,
(1) Click on Add Peaks button on the upper right corner.

(2) Move the mouse to the peak position and click. A red cross will appear at the peak
position, and the new peak will be included at the end of the workspace table (right-

hand side) with a (0,0,0) index.

(3) Rerun corresponding block command lines of Index, Center, Filter, Integrate peaks.

1 -5.00000 -1.00000 -0.00000 7542.68799 50,

-5.00000 -1.00000 1.00000 10825.62048 59.

2
45 3 -5.00000 0.00000 0.00000 13313162 14
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35 4.0 45 5.0 0.0
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4.00000 3.00000 -1.00000 203.32275

X min: 3.08 * Xmax:5.37 ¥ min: 2.08 $ Ymax: 567 < v Autoscaling

2

Qsampley X | Y & ee— 0.000 = Angstrom~-1 | 0.100 < thick

Remove Peaks

Q_sample_z | X | ¥ 400 2 bins

hdQaQ B AS e

Colormap
viridis

ace: bragg
Reverse i

5 1.147 V! Concise View

h k |

5.0 45 -0.00000 -4.00000 1.00000 1151.07124 37

46 0.00000 -2.00000 -0.00000 25665.32627 74.

»
n

47 -0.00000 -1.00000 -0.00000 69.15089 10.

48 -0.00000 -1.00000 1.00000 559.15299 13.

»
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In more common situations, some of the peaks are not well predicted, as shown below. For
peak (-4, -1, 1), its predicted peak position (red cross) clearly deviates from the peak
intensity spot. To adjust the prediction, follow the workflow:

(1) Click on Remove Peaks on the upper right

(2) Click onthe red cross in the color plot (this will remove the predicted peak from the
peak workspace)
(3) Click on Add Peaks on the upper right
(4) Click at the expected peak intensity spot (a new red cross appears at the expected
position, shown below). This operation will include the target peak in the peak
workspace with a (0,0,0) index with the revised peak position, shown in the second
snapshot.
(5) Rerun corresponding block command lines of Index, Center, Filter, Integrate peaks.

lex X|v

ley X |v

ez x|Y

QB8 harss

mple_x

mple_z
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(e) UB matrix determination from scratch

In the case the UB-matrix has not been determined correctly in the experiment set-up or

the experiment yielded a commensurate superstructure and a different cell choice is
warranted use the following steps:

1) After loading all the data and creating the data_in_Q workspace, go to Algorithms panel,
and type in “CreatePeaksWorkspace” and hit Execute. This will create an empty peaks

workspace.
Algorithms B 3{ CreatePeaksWorkspace input dialog ~ X
Execute | |CreatePeaksWorkspace] - | Create an empty PeaksWorkspace.
» Arithmeti CreatePeaksWorkspace
» Correctio PoldiCreatePeaksFromCell InstrumentWorkspace |data_in_Q = ®
» Crystal PoldiCreatePeaksFromFile
Y , NumberOfPeaks 0 (0]
» DataHandling
» Diagnostics OutputWorkspace peaks 201!
» Diffraction
> Events OutputType Peak ®
» Fxamnbles b
Idle. Details (] Keep Open Run Close

Select data_in_Q as the Instrument Workspace; type in 0 for the number of peaks; hame
the Output Workspace and select “LeanElasticPeak” for the output type. Then hit Run.

(2) Once the workspace Peaks is created, right click on data_in_Q workspace and select
“Show Slice Viewer”. Select the created peaks workspace.

b

v Track Cuj

Q. sample x X |Y
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Click here to add pfeak e e o
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*

Select the peak
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@ Cancel @ oK

0.0
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(3) In order to find the UB matrix, we need to find two independent peaks with known HKL
values. Click on “Add peaks” and select two independent peaks from the slice view.

¥ sliceviewer - !nlnﬂm_q
v Track Cursor
Qsamplex | x| v 100 Slbins  [x ¥ signal
Qsampley | X | v 0.000 |3 Angstrom~-1 |0.100 3| thick
Q_sample_z | x | ¥ 100 2| bins
Colormap
K}
n QA B A /S oo o =FEE
Reverse
a 2e+03
Zuuu
- 4 1750
g
= 1500
h
o 2 1250
4
E 1000
“o0
\
o 750
- 500
250
-4 N
-6 -4 -2 0 2 4 6
0.0
Q Samﬁle x (A1)

Peak Actions

peaks

Workspace: peaks
Concise View

RunNumber h
10

0.00000 0.00000 0.00000 0.000(

-~

4

Add Peaks

Remove Peaks

k 1 Way

Then click on Add peaks again to stop adding. This will add two peaks, without its hkl

values.

(4) In order to add HKL values to these peaks, right click on peaks workspace and select
“Show Data”. This will show the two selected peaks, which will be used to find the UB
matrix. Double-click the HKL values of those peaks in the appropriate columns to modify

them manually.

peaks - Mantid

RunNumber h k | Wavelength Energy DSpacing Intens Sigint Intens/Sigint BinCount
10 2 200 102549 0 0 0 0
20 3

Qlab

inf

=300 inf 119483 0 0 0 0

QSample
[-5.90811,0.006,-1.62311] [-1.62311,0.006,5.90811] 0
[1.4201,0.006,-5.06324]

[-5.06324,0.006,-1.4201] 0

PeakNumber

(5) After the peaks have their HKL values assigned, go to Algorithms panel and type in
“FindUBUsingLatticeParameters”, then hit Execute. This will calculate the U matrix from

peaks workspace, given the lattice parameters.
T

FindUBUsingLatticeParameters input dialog A X

Calculate the UB matrix from a peaks workspace, given lattice

(6) Use SavelsawUB to save the UB matrix locally.
Up to this point, a reasonable UB matrix is obtained.
Next stage could be UB matrix optimization.

c“‘: SavelsawUB input dialog A X

Save a UB matrix and lattice parameters from a workspace to an ISAW-style
ASCII file.

InputWorkspace ‘peaks| A (0]

Filename /HB2C/IPTS-29983/shared/UB_test.mat Browse |
RotateByGoniometerMatrix

7 Keep Open Run Close

parameters,

PeaksWorkspace |peaks

a 41 L2
b a1 &
c a1 -2}
alpha 30 ®
beta 90 (0]
gamma |120\ ‘ (0]

? Keep Open Run ‘ Close
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(f) UB matrix optimization

The UB matrix optimization workflow is straightforward. After we have a reasonable UB

matrix (either obtained from scratch or in the experiment set-up),

e If you obtain the UB matrix from scratch, ¥
you must have a UB matrix file (.mat)
saved. Then after you load the data

LoadlsawUB input dialog A X

Load an ISAW-style ASCII UB matrix and lattice parameters file, and place its
information into a workspace.

InputWorkspace |data - 2

(Block 1), use LoadlsawUB to assign the Filename
UB matrix to the workspace data.

32C/IPTS-35642/shared/UB _test.mat| Browse X%

v CheckUMatrix

? Keep Open Run Close

e [fyou have the UB matrix determined in
the experiment set-up, then you don’t need to do anything else; simply load the data
(Block 1), because the UB matrix is already recorded in the workspace sample logs.

Now we have a workspace data with a reasonable UB matrix. To further optimize the UB

matrix, we follow steps:

(1) Run Block 3 convert detector image data to reciprocal Q space

(2) Run Block 4A to predict peaks (only integer-HKL peaks, not satellite peaks)

(3) In Block 4B, change the filtering criteria to get strong Bragg peaks. For example,

o filtervariable = Signal/Noise

e filtervalue =50

e operator=4>”
can usually give us very strong Bragg peaks (filtervalue is free to change
accordingly). About 10 strong peaks are usually enough for UB optimization.

(4) Iteratively run this modified Block 4B until nothing changes anymore. DO NOT
include CloneWorkspace line in iteration.

(5) Atthis point, we have a peak workspace containing very strong Bragg peaks with
HKL indices. Go to Algorithms panel, type in OptimizeLatticeForCellType or
FindUBUsingIndexedPeaks. Both can help optimize the UB matrix based on peak
information. Choose expected CellType in OptimizeLatticeForCellType.

Note: FindUBUsinglndexedPeaks sometimes will fail if peaks do notinclude linearly

independent HKL

indices in (H K L) T CLL sl L LU L ~ ¥ FindUBUsingindexedPeaks input dialog ~ A
2 ’ ’ Optimize lattice parameters for cell type.
Calculate the UB matrix from a peaks workspace, containing
indexed peaks
e.g., Only (H, K, 0) PeaksWorkspace | bragg o
CellType Orthorhombic (V)
eaks PeaksWorkspace bragg - ®
p . Apply
PerRun Tolerance
Tolerance ToleranceForSatellite
LR CommonUBForall
OutputDirectory
7 Keep Open Run Close
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