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Outline

Neutron Time of Flight (TOF) Laue diffraction
– Event-base data collection
– 3D reciprocal space mapping

TOPAZ experiment workflow
– Sample mount  Experiment planning  Data collection

TOPAZ data reduction
– Data Reduction GUI
– Data normalization and absorption correction

Data analysis, Structure solution and refinement
– JANA2020 Example

https://www.dropbox.com/sh/o876hasee5ue7rq/AAAkCIV35UJDS7ibfHcB_NQIa?dl=0


3

Neutron single crystal diffraction

Neutron diffraction Weak neutron ~ nuclear interaction E 81.8 meV at1.0 Å

• Scattering length b: 
– Fourier transform of the nuclear density of an atom
– b is isotope specific

H -3.74 fm, D 6.67 fm

– A number that is independent of scattering angle and wavelengths
Magnetic scattering

Neutron (spin ±) ~ (out-shell) electron interaction, strong Q dependence

X-ray diffraction Photon ~ electron interaction, EMo Kα 17.5 keV, λ = 0.71 Å

• Form factor f: 
– Fourier transform of the atomic electron density of an atom

• f ∝ Atomic Z 
– Decay as Q increases

J. A. Smith, et al. 
Nature, 581, 288-293 (2020)

A. Pramanick, et al. Phys. Rev. B, 85, 1444412 (2012)

Presenter Notes
Presentation Notes
Cu 8.05 keV, 1.57 Å
Note: Neutron elastic scattering amplitude can be positive or negative, depending on whether the neutron-nuclear interaction is attractive or repulsive. 
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Neutron Time of Flight Laue diffraction

Neutron Time of Flight: Event-based neutron detection technique
– de Broglie equation relates neutron wavelength to its momentum:

– By recording the time of a neutron arrives over a fix path length from source to detector (aka 
time of flight), its velocity, and consequently its wavelength can be measured. 

Pulsed Neutron  
@ 60 Hz

tof  0.5 msec.                                    16.67 msec.
λ     0.2 Å                                             3.66 Å

<1 µ sec readout time
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Presenter Notes
Presentation Notes
The Auger effect is a physical phenomenon in which the filling of an inner-shell vacancy of an atom is accompanied by the emission of an electron from the same atom
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Neutron Time of Flight (TOF) Laue diffraction

J. Appl. Cryst. 47, 915 (2014)
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Pulsed Neutron  
60 Hz

 

crystal

Neutron Wavelength-resolved Laue

Combine de Broglie’s equation and Bragg’s law

Neutron Time-of-flight Laue
Wavelength-resolved Laue

𝑡𝑡 =
𝑚𝑚
ℎ

(𝐿𝐿1 + 𝑙𝑙2) × 2𝑑𝑑 sin𝜃𝜃𝑥𝑥,𝑦𝑦
L1 – 18 m
l2 – 0.39 to 0.46 m

L1 

𝐤𝐤𝐟𝐟−𝐤𝐤𝐢𝐢 = 𝐆𝐆

Laue Condition

Square both sides and apply 
the trigonometric Identity 

1 − cos 2𝜃𝜃 = 2sin2𝜃𝜃

𝜆𝜆 = 2𝑑𝑑 sin𝜃𝜃𝑥𝑥,𝑦𝑦

Bragg’s Law

 𝐤𝐤𝐟𝐟 =  𝐤𝐤𝐟𝐟 =
2𝜋𝜋
𝜆𝜆

 and 𝐆𝐆 =
2𝜋𝜋
𝑑𝑑

de Broglie Equation 
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Single crystal peaks on 2D detector space

Y

X

Z Beam

Presenter Notes
Presentation Notes
A large number of reflections can be measured at one orientation of the single crystal sample
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Single crystal peaks in 3D Q space

Sample continuous reciprocal Q space
 Cover a large number of reflections stimulated at a stationary crystal
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TOPAZ Ambient Goniometer

• A two-axis goniometer
– Omega, phi with chi fixed at 135°.
– Both omega and phi are fitted with sliprings that 

allow unlimited 360° rotational motion. 
– The omega and phi rotation axes are separated 

by 45 degrees.  

– Sample mount

Glued onto the tip or 
inside a Kapton tube

Glued

MiTeGen loop (1 mm φ)

Glued or Coated with perfluorinated grease 
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TOPAZ Cryogenic Goniometer
One axis of rotation (360º) with precision motor controls to center, 
orient, and hold sample in temperature range 5 K – 300 K.

A video camera is mounted on the base of the DAT
Click-to-center of single crystal sample
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Step Four

TOPAZ Experiment Workflow
Step one

Mount the Sample

Place Peaks

Save dataCreate/Edit 
config file

Step Two Step Three

Finalize data

TOPAZ 
Reduction GUI

topaz_reduction.py

No

Yes

Open / Create 
an experiment 
in CrystalPlan

Define crystal 
symmetry 
Load UB

Generate run list

Sweep cave
Open Shutter

Start  orientation 
run

Save orientation 
run

Center the 
sample

bl12-remote.sns.gov

Export the run list 
to csv

Use SCD Interface 
to reduced data 
for orientation run 

analysis.sns.gov

TOPAZ_xxxxx.mat
TOPAZ_xxxxx.integrate

Step Five

Submit the run 
list for data 
collection

Import the run 
list to Table 

Scan template

Plan Experiment Collect Data

Update PVs and 
P-Charge for 

data collection

Upload the list 
to Phoebus

Reduce Data

exp_plan.csv  exp_plan.gnumeric
exp_name.hkl

exp_name.mat exp_name.config

User Input
Sample Information
Run numbers
Spectrum/calibration files
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TOPAZ Live Instrument Data

https://neutrons.ornl.gov/topaz

https://neutrons.ornl.gov/topaz
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TOPAZ DAS OPI https://status.sns.ornl.gov/dbwr/view.jsp?display=https%3A//webopi.sns.gov/bl12/files/bl12/opi/BL12_Main.opi

https://status.sns.ornl.gov/dbwr/view.jsp?display=https%3A//webopi.sns.gov/bl12/files/bl12/opi/BL12_Main.opi
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Data Collection – EPICS Phoebus Interface

Detectors Pixels / Det Total Pixels
25 256 x256 1.6384 Million
Meas. Time Pulse Rate File Size
One Pulse @ 60 Hz 26.7 GB
1 Sec. @ 60 Hz 1.60 TB

https://neutrons.ornl.gov/topaz 

Histogram data

Event data1 Sec. meas. 121473 n 0.97 MB
1 hour meas. 4.373E+8 n 3.5 GB

https://neutrons.ornl.gov/topaz
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TOPAZ Detector Layout – 2026 A
Det. No. Theta, ° Chi, ° L2, cm

13 108.0 32.0 45.5
14 144.0 32.0 45.5
16 -144.0 32.0 45.5
17 -108.0 32.0 45.5
18 -72.0 32.0 45.5
19 -36.0 32.0 45.5
20 18.0 16.0 42.5
22 90.0 16.0 42.5
23 126.0 16.0 42.5
26 -126.0 16.0 42.5
27 -90.0 16.0 42.5
28 -54.0 16.0 42.5
29 -18.0 16.0 42.5
33 108.0 0.0 39.5
36 -144.0 0.0 39.5
37 -108.0 0.0 39.5
38 -72.0 0.0 39.5
39 -36.0 0.0 39.5
46 -126.0 -16.0 42.5
47 -90.0 -16.0 42.5
48 -54.0 -16.0 42.5
49 -18.0 -16.0 42.5
56 -144.0 -32.0 45.5
57 -108.0 -32.0 45.5
58 -72.0 -32.0 45.5
59 -36.0 -32.0 45.5

(hhL) 
reflections

25 detector installed
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Chemical crystallography
– Structures of metal hydrides; Hydrogen bonding
– Discern the ordering and positions of neighboring elements

Diffuse scattering
– 3D reciprocal space mapping

Magnetism
– Solve & refine  magnetic 
     and nuclear structures

Event based parametric study
– Applied electric field
– Variable temperature
     Structural phase transitions
     Order parameters

TOPAZ Sciences
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Chemical crystallography

Transition metal-mediated dearomatization. 
Opened pathways for a new generation of medicines and therapies 
that incorporate deuterium into the active pharmaceutical ingredient.

J. A. Smith, et al. Nature, 581, 288-293 (2020)

Neutron structure of a d2 isotopologues of cyclohexene complex. 

0.05 mm3

Isotope Scattering lengths

Hydrogen   1H -3.74  fm

Deuterium   D (2H) 6.67   fm
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Single Crystal Neutron Diffraction Beyond Three Dimensions

Link event data to metadata 
with an associated

Time-stamp

Neutron event data

External stimuli

Temperature
Electric field 

…

4D Temporal Data Parameter space

x, y,λ
h, k, l, m, n, p

Qx, Qy, Qz(3+d) d = 0, 1 ,2, 3 

pi i = T, E, P, …

Qx, Qy, Qz

Diffraction space
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Modulated crystal structure

 𝑸𝑸 = 2𝜋𝜋 ℎ𝒂𝒂∗ + 𝑘𝑘𝒃𝒃∗ + 𝑙𝑙𝒄𝒄∗ + 𝑚𝑚𝒒𝒒1 + 𝑛𝑛𝒒𝒒2 + 𝑝𝑝𝒒𝒒3

Single crystal neutron diffraction beyond three dimensions

https://docs.mantidproject.org/nightly/concepts/ModulatedStructure.html
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Local order and magnetic structural phase transition

Data measured on TOPAZ are used to describe simultaneous structural and magnetic 
modulations of Ni2Mn1.16Ga0.84, a Magnetic Shape Memory Alloy. 

Both nuclear and magnetic structures can be refined  in JANA2006

JANA2006 / 5M P2/m(α0ϒ)00

A. Pramanick, et al. Phys. Rev. B, 85, 1444412 (2012)
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Modulated crystal structure

 𝑸𝑸 = 2𝜋𝜋 ℎ𝒂𝒂∗ + 𝑘𝑘𝒃𝒃∗ + 𝑙𝑙𝒄𝒄∗ + 𝑚𝑚𝒒𝒒1 + 𝑛𝑛𝒒𝒒2 + 𝑝𝑝𝒒𝒒3

Multidimensional crystallography in parameter space

𝑸𝑸 + 𝑇𝑇,𝐸𝐸,𝑃𝑃,𝐵𝐵

Single crystal neutron diffraction beyond three dimensions
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Reconstruction and visualization of real-time data

Temperature dependence of MAPbBr3 (2 0 0)C peak

Cubic

Tetragonal

Orthorhombic

time, min.

T,
 K

Ramping rate 1K per min.

B. Yang et al. Advanced Materials, 30, 1705801 (2018)

Presenter Notes
Presentation Notes
The change of the tetragonal (220) peak profile from 100 to 153 K reveals the structural evolution. The [HK0] RPL plot at each temperature used in-situ neutron diffraction data binned in ±2 K thickness and viewed against the tetragonal c direction. Peak splitting shown in the plots is due to the formation of multi-domains in the lower-symmetry orthorhombic phase, consistent with reflection twins on the {101} and {121} planes of the Pnma structure.
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Ferroelastic domain switching in KDP

Split peaks at 95 K  Twin domains

Inverted intensities for E-field at ± 0.5 kV/mm
– Positive states  171 peak
– Negative states  711 peaks

Change polarization includes a lattice rotation

Ferroelastic effects are driven through a180° DWM

Simultaneous measurement of both current and diffraction data 

C. M. Fancher; C. M. Hoffmann; X. P. Wang; L. L. Daemen; A. J. Schultz; APL Materials  9, 021111 (2021)

Presenter Notes
Presentation Notes
The simultaneous measurement of both current and diffraction data allows for a direct assessment of how the reconstructed polarization correlates with the underlying domain fractions.

Reciprocal space maps ([H, 0, 0] vs [0, K, 0]) of the 171/711 peak are shown at the select applied field to highlight how the applications of electric fields induce structural rotation between the (h00) and (0k0) lattice.

The maps at ±Emax and ± Pr exhibit inverted intensities in the reciprocal space maps, with the positive states being biased toward the 171 while the negative is biased to the 711 variants. These data indicate that the mechanisms for changing the polarization in KDP include a lattice rotation.
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Changes in the bond distances at the polarization switch

O1…O1’
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Outline

The aim of the TOPAZ experiment is to use the high-resolution TOPAZ data to locate 
water hydrogen in the nat framework channels of scolecite. 

Introduction to TOPAZ and TOF Laue Diffraction

Reduce one run using Mantid SCD Interfaces

Reduce TOPAZ data using Reduction GUI

Structure Analysis

The structure will be refined using the SHELXL program interfaced with ShelXle. 

Locate missing hydrogen atoms from difference Fourier map

Option to refine neutron structure using GSAS, JANA2020 and Olex2
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Experiment Details

Scolecite is a member of nat zeolites with a porous aluminosilicate framework 
analogous to natrolite but a different placement of the calcium cation and 
water molecules in the zeolite channels. 

A block-shaped crystal with the dimension of 0.62×1.19×1.63 mm3 was cut 
from a prismatic scolecite crystal originated from India, and mounted with 
cyanoacrylate glue on the tip of a polyamide capillary to minimize the 
scattering from the mount. The initial orientation matrix was obtained in mantid 
at 100 K. Using this orientation matrix, an optimized data collection strategy was 
calculated in CrystalPlan [1]. Data were collected using 39 crystal orientations 
for an estimated 99.7% coverage of symmetry-equivalent reflections to dmin of 
0.5 Å. An estimated 90% of the measured reflections would be measured more 
than once. Each orientation was measured for approximately 1.5 h. 

Scolecite CaAl2Si3O10∙3H2O

Temperature 100(2) K
Radiation 
source TOF neutron

wavelengths 0.4 – 3.2 Å
Crystal 
system Monoclinic

Space group C c
a,  Å 6.5120(1)
b,  Å 18.9545(4)
c,  Å 9.7582(2)
β,  ° 108.921(1)
V,  Å3 1139.39(4)
Z 4

1.63 x 1.19 x 0.62 mm3

[1] Zikovsky J., Peterson P. F., Wang X. P., Frost M., Hoffmann C., "CrystalPlan: an experiment-planning tool 
for crystallography",  J. Appl. Cryst. 44, 418-423 (2011)
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Data

Single crystal data are saved in /SNS/TOPAZ/IPTS -33715/data
– Event NeXus 
 TOPAZ_#####_event.nxs      

– Histogrammed NeXus 
 TOPAZ_#####_histo.nxs  

100 K Data Set
– Run numbers 7450:7488    

295 K Data Set
– Run numbers 10074:10079,10081:10084
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Experiment Log and Data storage

Experiment information is available online
Login with your user id and password:
https://oncat.ornl.gov

NeXus file format
– A common data exchange format for neutron, X-ray, 

and muon experiments.
HDF5 format with domain-specific field names 
Can be used to store raw data and processed data

SNS data are saved in event NeXus mode

All experiment data are saved on a data server at a 
remote location, and available online at
https://analysis.sns.gov

http://www.nexusformat.org
http://docs.mantidproject.org/nightly/concepts/NexusFile.html

https://oncat.ornl.gov/
https://analysis.sns.gov/
http://www.nexusformat.org/
http://docs.mantidproject.org/nightly/concepts/NexusFile.html
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Data Reduction
https://analysis.sns.gov

https://analysis.sns.gov/
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Single Crystal Data Reduction Using Mantidworkbench

Logon to userid@analysis.sns.gov

Open a terminal window 

 [aka command line window $]

Reduce one run using MantidWorkbench

https://single-crystal.ornl.gov/guide/mantid/index.html#id10

Reduce multiple runs using python script

CD to reduction folder 

$cd /SNS/TOPAZ/IPTS-33715/shared/ReductionGUI

Run the mantid python script

https://single-crystal.ornl.gov/guide/mantid/index.html#id10
https://single-crystal.ornl.gov/guide/mantid/index.html#id10
https://single-crystal.ornl.gov/guide/mantid/index.html#id10
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Single Crystal Data Reduction Using NeuXtalViz

(1) Launch Remote Session on analysis computer
https://analysis.sns.gov/

(2) From 
Applications 

=> 

Analysis 

=>

NeuXtalViz

https://analysis.sns.gov/
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Experiment Planning - NeuXtalViz tutorials

UB Tools with Silicon Data
o Step 1: Select Instrument and Data
o Step 2: Find Peaks
o Step 3: Primitive Cell Calculation
o Step 4: Select Conventional Cell
o Step 5: Refine UB Matrix
o Step 6: View Peak
o Step 7: Slice View
o Step 8: Save UB

Experiment Plan with Silicon Data
o Step 1: Initialize the Experiment Planner
o Step 2: Update Goniometer Angles
o Step 3: Calculate Peaks
o Step 4: Add Orientation
o Step 5: Optimize Coverage
o Step 6: Update and Review
o Step 7: Save and Export

UB Matrix Determination Generate Experiment Plan

https://zjmorgan.github.io/NeuXtalViz-tools/source/NeuXtalViz.tutorials.html

https://zjmorgan.github.io/NeuXtalViz-tools/source/NeuXtalViz.tutorials.html
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-1-select-instrument-and-data
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-1-select-instrument-and-data
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-2-find-peaks
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-2-find-peaks
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-3-primitive-cell-calculation
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-3-primitive-cell-calculation
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-4-select-conventional-cell
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-4-select-conventional-cell
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-5-refine-ub-matrix
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-5-refine-ub-matrix
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-6-view-peak
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-6-view-peak
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-7-slice-view
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-7-slice-view
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-8-save-ub
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_ub_tools_TOPAZ_Si.html#step-8-save-ub
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-1-initialize-the-experiment-planner
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-1-initialize-the-experiment-planner
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-2-update-goniometer-angles
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-2-update-goniometer-angles
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-3-calculate-peaks
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-3-calculate-peaks
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-4-add-orientation
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-4-add-orientation
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-5-optimize-coverage
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-5-optimize-coverage
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-6-update-and-review
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-6-update-and-review
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-7-save-and-export
https://zjmorgan.github.io/NeuXtalViz-tools/source/tutorial_plan_TOPAZ_Si.html#step-7-save-and-export
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TOPAZ Data Reduction

$mantidpython main.py

$mantidpython topaz_reduction.py   xxxx.config

Output  hkl data in SHELXHKLF 2 Laue format

xxxx.configReductionGUI
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TOPAZ Data Reduction GUI

The data reduction GUI will generate the configure file for TOPAZ data reduction 

 Open in Terminal window and run $python3 main.py
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TOPAZ Data Reduction

Flowchart

$python3 main.py

$mantidpython topaz_reduction.py  config file

Output  hkl data in SHELXHKLF 2 Laue format

config file
Reduction GUI

Result

The neutron wavelength for each reflection was recorded 
separately. No symmetry average is applied to individual 
reflections due to wavelength- dependent sample extinction 
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TOPAZ Data reduction demo
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Data Reduction and Structure Analysis Programs on NDIP

Crystal/Nuclear Structure

SHELX

Olex2

Nuclear /Magnetic Structure

JANA2020

Diffuse Scattering

• DISCUS

https://ndip.ornl.gov/nova/single-crystal-diffraction

Structure Analysis Programs

https://ndip.ornl.gov/nova/single-crystal-diffraction
https://ndip.ornl.gov/nova/single-crystal-diffraction
https://ndip.ornl.gov/nova/single-crystal-diffraction
https://ndip.ornl.gov/nova/single-crystal-diffraction
https://ndip.ornl.gov/nova/single-crystal-diffraction
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JANA2020 

Import TOPAZ data Link to bixbyite tutorial example

Online JANA2020 tutorials https://jana.fzu.cz/login

https://www.dropbox.com/scl/fo/9lxyfg9zsrddazvy5r60f/ADMp7dkCmOeGO7n4CWcHg90?rlkey=vcp7b6tunnsl0p2xftcm1s2o5&dl=0
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TOPAZ Data Reduction Program

There are three Python scripts for TOPAZ data reduction

topaz_reduction.py; topaz_reduction_combinefiles.py; and topaz_reduction_anvred.py

The python script for reducing multiple runs from scratch is topaz_reduction.py. The reduction script needs to run 
from the IPTS-xxxxx ./ReductionGUI subfolder:

$mantidpython topaz_reduction.py xxxx.config

The reduction will perform all corrections, including tof spectrum, Lorentz, and absorption corrections

The reduction script generates two hkl files, the one label _symm.hkl has outliers removed based on the Z-scores specified

The python script topaz_combinefiles.py is for recombining individual .integrate files:

$mantidpython topaz_reduction_combinefiles.py xxxx.config

The python script topaz_anvred.py is for absorption correction if one wants to modify the sample radius, or 
change the absorption type from spherical to polyhedral:

$mantidpython topaz_reduction_anvred.py xxxx.config

Workshop Tutorial Single Crystal Neutron Diffraction Data Reduction and Analysis (ORNL 2024)
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HKLF 2 Laue data format

HKLF 2 ! + batch number (BN) and wavelength λ for individual reflections

 Data Format  3I4, 2F8.2,I4,F8.4

1234123412341234567812345678123412345678 

h      k       l        Fo²         σ(Fo²)       BN  λ

Neutron Time of Flight Laue
– Reflections are measure on a stationary single crystal sample.
– Integrated intensities are corrected for intensity distributions by neutron wavelengths, Lorentz 

and sample absorption.

It is possible to refine the scale factors BN for different sets of reflections measured at different 
sample orientations / or on different detectors

The neutron wavelength for each reflection was recorded separately. No symmetry average 
is applied to individual reflections due to wavelength- dependent sample extinction 

http://shelx.uni-ac.gwdg.de/SHELX/shelxl_html.php#HKLF


41

Data Reduction and Normalization

Convert raw integrated intensities, Ihkl, into relative structure factor amplitudes, 𝐹𝐹ℎ𝑘𝑘𝑘𝑘2 .

f(l) = incident flux spectrum, obtained by measuring the incoherent scattering from 
a vanadium sample

e(l,r) = detector efficiency calculated as a function of wavelength l and position r on 
the detector for each Bragg peak since the slant path through the flat 6Li 
glass varies with r

A(l) = sample absorption; includes the wavelength dependence of the linear 
absorption coefficients

y(l) = extinction correction is evaluated during the least-squares refinement of the 
structure

Vs = sample volume
Vc = unit cell volume

𝐼𝐼ℎ𝑘𝑘𝑘𝑘 = 𝜙𝜙(𝜆𝜆)𝜀𝜀(𝜆𝜆, 𝑟𝑟)𝐴𝐴(𝜆𝜆)𝑦𝑦(𝜆𝜆)
𝑉𝑉𝑠𝑠
𝑉𝑉𝑐𝑐

𝐹𝐹ℎ𝑘𝑘𝑘𝑘 2

𝑉𝑉𝑐𝑐
𝜆𝜆4

2 sin2 𝜃𝜃
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TOPAZ Spectrum correction

Divide the TOF range into several 
hundred channels.

Sum the the counts over the entire 
detector face for vanadium and for 
background.

Subtract background from vanadium.

Corrected for vanadium absorption
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HKLF 2 Instruction for Laue data

HKLF 2 ! + batch number (BN) and wavelength λ for individual reflections

 Data Format  3I4, 2F8.2,I4,F8.4

1234123412341234567812345678123412345678 

h      k       l        Fo²         σ(Fo²)       BN  λ

Neutron Time of Flight Laue
– Reflections are measure on a stationary single crystal sample.
– Integrated intensities are corrected for intensity distributions by neutron wavelengths, Lorentz 

and sample absorption.

It is possible to refine the scale factors BN for different sets of reflections measured at different 
sample orientations / or on different detectors

TWIN instruction cannot be used for refinement against data in HKLF 2 format
– ** ILLEGAL TWIN/HKLF COMBINATION **

Presenter Notes
Presentation Notes
The data are assumed to be scaled for source intensity distribution and geometric factors and (if necessary) corrected for absorption. If λ is zero or absent the value from the CELL instruction is used. N=2 switches off the merging of equivalent reflections before refinement (i.e. sets MERG 0). Equivalents with different wavelengths are merged after refinement and the subsequent application of a dispersion correction, but before Fourier calculations.

The BASF parameters are stored immediately after the free variables in the internal parameter list used by the program, and if I remember correctly you can apply SUMP restraints to them using the appropriate parameter numbers. If necessary MORE -3 will generate a full parameter list (but it is not a good idea to print the large file created by this).



http://shelx.uni-ac.gwdg.de/SHELX/shelxl_html.php#HKLF
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SHELXL instructions for neutron data

name.ins
CELL 0.600 6.5120 18.9545 9.7582 90.0 108.921 90.0
ZERR 4        0.0001   0.0004 0.002     0.0     0.001 0.00
…
NEUT ! Placed before the first SFAC instruction with element names
SFAC Ca Si Al O H
ACTA
FMAP -2 
…
…
EXTI
FVAR
….
HKLF 2 

Nominal wavelength

data from Laue  source
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TOPAZ Data Format  SHELX HKLF2 Laue + TOF

hklFile.write( 3*'%4d' % (h, k, l)
    + 2*'%8.2f' % (fsq, sigfsq)
    + '%4d' % hstnum 
    + 2*'%8.5f' % (wl, tbar)
    + 6*'%9.5f' % (dir_cos_1[0], dir_cos_2[0], dir_cos_1[1], dir_cos_2[1], dir_cos_1[2], dir_cos_2[2])
    + '%6d' % (curhst)
    + '%7d' % (seqnum)
    + '%7.4f%4d%9.5f%8.4f%7.2f%7.2f\n' % (transmission, dn, twoth, dsp, col, row) )

Where

 h, k, l peak indices
 fsq peak intensity
 sigfsq                  sigma 
 hstnum: a number from 1 to the number of crystal settings
  wl: neutron wavelength
  tbar: the absorption weighted path length
  dir_cos_1: the three direction cosines of a*, b* and c* with the reverse incident beam
  dir_cos_2: the three direction cosines of a*, b* and c* with the scattered beam

curhst: the actual run number
  seqnum: a number from 1 to the number of peaks
  transmission:  the transmission after absorption
  dn: the detector number
  twoth: 2-theta angle
  dsp: d-spacing
  col: detector column pixel number
  row: detector row number
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Spherical Absorption Correction

Applied to correct measured spectrum using the V/Nb sphere.

Applied to correct individual hkl peaks from the sample.

Spherical absorption correction A* obtained from table of μR vs. θ. 

 C. W. Dwiggins, Jr., Acta Cryst. A31, 395 (1975). 

For each theta, fit polynomial to the μR dependence. Interpolate between θ 
values.
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C     Program        : GAUSSIAN                                        C
C     Source file    : gaussian.f                                      C
C     Description    : Gaussian absorption correction                  C
C     Author(s)      : K.W. MUIR (1985) mods L. J. Farrugia  (2001)    C
C     Last modified  : 09/09/2001                                      C

P. Coppens in Crystallographic Computing, Ed F.R. Ahmed, S.R. Hall and C.P. Huber, 
Copenhagen, Munksgaard, (1970) pp 255-270

TITL  Rh137T295K 295 K Tetragonal
CELL  5.4877  5.4877  25.7634   90.0   90.0    90.0
FACE   1  0  0  0.565
FACE  -1  0  0  0.565
FACE   0  1  0  0.45
FACE   0 -1  0  0.45
FACE   0  0  1  0.215
FACE   0  0 -1  0.215
MUAB  0.0432  0.3994

Polyhedral Absorption Correction
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In general, μ is equal to the sum of cross sections for all atoms in the unit cell, divided by 
the unit cell volume:

For each peak, read the wavelength and calculate the linear absorption coefficient:
Output from topaz_reduction.py script:

Chemical formula: Ir0.82 Rh0.18 Sr2 O4
Number of formula units in the unit cell (Z):  8.000
Unit cell volume (A^3):   775.00

Cross sections in units of barns ( 1 barn = 1E-24 cm^2)
Absorption cross section for 2200 m/s neutrons (wavelength = 1.8 A)
For further information and references, see ...\ISAW\Databases\NIST_cross-sections.dat

Atom      ScatXs      AbsXs
----      ------      -----
Ir      14.00000  425.00000
Rh       4.60000  144.80000
Sr       6.25000    1.28000
O        4.23200    0.00019

The linear absorption coefficient for total scattering is  0.431 cm^-1
The linear absorption coefficient for true absorption at 1.8 A is  3.893 cm^-1

The calculated density is  7.120 grams/cm^3

𝜇𝜇 𝜆𝜆 = 0.431 + ⁄3.893 1.8 𝜆𝜆

𝜇𝜇 = ⁄Σ𝜎𝜎𝑖𝑖 𝑉𝑉𝑐𝑐

Sr2Ir0.8Rh0.2O4 linear absorption coefficients
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TOPAZ data analysis software

 JANA2020   http://jana.fzu.cz/     [Index modulated peaks in Q space]

 GSAS  https://www.ncnr.nist.gov/xtal/software/downloads.html

 GSAS II        https://subversion.xray.aps.anl.gov/trac/pyGSAS

o FullProf  https://www.ill.eu/sites/fullprof/

 SHELX-2018 http://shelx.uni-ac.gwdg.de/SHELX/download.php
– User GUI 

 ShelXle    https://www.shelxle.org/shelx/eingabe.php
 Olex² Crystallography Software    http://www.olexsys.org/Software

Workshop Talks
George Sheldrick: SHELXL for neutrons (TOPAZ, Oak Ridge 2015) 

Xiaoping Wang: Refinement of small molecules against neutron data (ACA, 2016)
Robert Von Dreele: Single crystal structure refinement with TOF data in GSAS-II   (Argonne, 2016)

Tutorials
Single Crystal Neutron Diffraction Data Reduction and Analysis (ORNL 2024)

nuclear 
     &
magnetic

nuclear 

http://jana.fzu.cz/
https://www.ncnr.nist.gov/xtal/software/downloads.html
https://subversion.xray.aps.anl.gov/trac/pyGSAS
https://www.ill.eu/sites/fullprof/
http://shelx.uni-ac.gwdg.de/SHELX/download.php
http://shelx.uni-ac.gwdg.de/SHELX/download.php
http://shelx.uni-ac.gwdg.de/SHELX/download.php
https://www.shelxle.org/shelx/eingabe.php
http://www.olexsys.org/Software
http://shelx.uni-ac.gwdg.de/SHELX/shelxl_for_neutrons.pdf
http://shelx.uni-ac.gwdg.de/SHELX/neutrons_SM_ACA2016.pdf
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Single%20Crystal%20Refinement/TOF%20single%20crystal%20refinement%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Single%20Crystal%20Refinement/TOF%20single%20crystal%20refinement%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Single%20Crystal%20Refinement/TOF%20single%20crystal%20refinement%20in%20GSAS.htm
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NDIP - https://ndip.ornl.gov/nova/

https://ndip.ornl.gov/nova/single-crystal-diffraction
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SHELX Wiki and Links

https://shelx.uni-goettingen.de/wikis.php

https://shelx.uni-goettingen.de/wikis.php
https://shelx.uni-goettingen.de/wikis.php
https://shelx.uni-goettingen.de/wikis.php
https://shelx.uni-goettingen.de/neutrons_SM_ACA2016.pdf


52

Olex2 Links

https://www.olexsys.org/olex2/

Olex2 User Guide

Olex2 Cheat Sheet

https://www.olexsys.org/olex2/
http://imserc.northwestern.edu/downloads/crystallography-olex2-guide-chem432.pdf
http://imserc.northwestern.edu/downloads/crystallography-olex2-cheat-sheet.pdf
https://www.olexsys.org/olex2/docs/
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TOPAZ Instrument Team

Xiaoping Wang, Christina Hoffmann,  Helen He

https://neutrons.ornl.gov/topaz

https://neutrons.ornl.gov/topaz
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A Virtual Tour of TOPAZ at SNS https://neutrons.ornl.gov/virtual-tour

https://neutrons.ornl.gov/virtual-tour
https://neutrons.ornl.gov/virtual-tour
https://neutrons.ornl.gov/virtual-tour
https://neutrons.ornl.gov/virtual-tour
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Thank you for viewing !

Information for TOPAZ are available online at https://neutrons.ornl.gov/topaz

Xiaoping Wang         wangx@ornl.gov

Christina Hoffmann  choffmann@ornl.gov 

https://neutrons.ornl.gov/topaz
mailto:wangx@ornl.gov
mailto:choffmann@ornl.gov

	SNS BL-12 TOPAZ� ��Introduction to data collection, reduction and analysis
	Outline
	Neutron single crystal diffraction
	Neutron Time of Flight Laue diffraction
	Neutron Time of Flight (TOF) Laue diffraction
	Neutron Wavelength-resolved Laue
	Single crystal peaks on 2D detector space
	Single crystal peaks in 3D Q space
	TOPAZ Ambient Goniometer
	TOPAZ Cryogenic Goniometer
	TOPAZ Experiment Workflow
	TOPAZ Live Instrument Data
	TOPAZ DAS OPI
	Data Collection – EPICS Phoebus Interface
	TOPAZ Detector Layout – 2026 A
	TOPAZ Sciences
	Chemical crystallography
	Single Crystal Neutron Diffraction Beyond Three Dimensions
	Single crystal neutron diffraction beyond three dimensions
	Local order and magnetic structural phase transition
	Single crystal neutron diffraction beyond three dimensions
	Reconstruction and visualization of real-time data
	Ferroelastic domain switching in KDP
	Changes in the bond distances at the polarization switch
	Outline
	Experiment Details
	Data
	Experiment Log and Data storage
	Data Reduction
	Single Crystal Data Reduction Using Mantidworkbench
	Single Crystal Data Reduction Using NeuXtalViz
	Experiment Planning - NeuXtalViz tutorials
	TOPAZ Data Reduction
	TOPAZ Data Reduction GUI
	TOPAZ Data Reduction
	TOPAZ Data reduction demo
	Data Reduction and Structure Analysis Programs on NDIP
	JANA2020 
	TOPAZ Data Reduction Program
	HKLF 2 Laue data format
	Data Reduction and Normalization
	TOPAZ Spectrum correction
	HKLF 2 Instruction for Laue data
	SHELXL instructions for neutron data
	TOPAZ Data Format  SHELX HKLF2 Laue + TOF
	Spherical Absorption Correction
	Polyhedral Absorption Correction�
	Sr2Ir0.8Rh0.2O4 linear absorption coefficients�
	TOPAZ data analysis software
	NDIP - https://ndip.ornl.gov/nova/
	SHELX Wiki and Links
	Olex2 Links
	TOPAZ Instrument Team
	A Virtual Tour of TOPAZ at SNS
	Thank you for viewing !

