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Single-Crystal Diffraction Experiment

• X-ray diffraction

– Series of 2D slices

– Distance, 2θ, ω, φ, χ, λ(Monochromatic)
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Single-Crystal Diffraction Experiment

• Neutron TOF Laue diffraction

– 3D detector

– TOF Laue diffraction: x, y, TOF(t or λ)

de Broglie Equation 𝜆 =
ℎ

𝑚𝑣
=

ℎ𝑡

𝑚(𝐿1 + 𝑙2)

𝑑 =
𝜆

2 sin 𝜃(𝑥,𝑦)
Bragg’s Law

A. J. Schultz, TOPAZ Workshop, 2015
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Single-Crystal Diffraction Experiment

• Neutron TOF Laue diffraction

– 3D detector

– TOF Laue diffraction: x, y, TOF(λ)

𝑑 =
𝜆

2 sin 𝜃(𝑥,𝑦)
Bragg’s Law

de Broglie Equation 𝜆 =
ℎ

𝑚𝑣
=

ℎ𝑡

𝑚(𝐿1 + 𝑙2)
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Single-Crystal Diffraction Experiment

• Neutron TOF Laue diffraction

– Continuous 3D map of scattered 
intensity

• Regular 3D periodic structure

– Discrete list of peak intensities

– h k l Intensity sig

– Peak shape, streaking, diffuse 
scattering are ignored
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Single-Crystal Diffraction Experiment
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Data Reduction of Single-Crystal Diffraction Experiment

• Regular 3D periodic structure

– Raw data → peak position in 
detector space → peak position in 
reciprocal space (x, y, z)

– Find lattice and index peaks with hkl
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Data Reduction of Single-Crystal Diffraction Experiment

• Regular 3D periodic structure

– (x, y, z) ↔ hkl

– Reversible relationship by a invertible
3x3 UB matrix between (x, y, z) and 
(hkl)

– Predict peak position in detector 
space for a given hkl to integrate

– hkl are integer Miller indices, but
doesn’t have to be.
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Data Reduction of Single-Crystal Diffraction Experiment

• Refine UB Matrix and lattice parameters

• (x, y, z) ↔ hkl

• List of (x, y, z) and corresponding hkl

• round hkl to integers

• Least square method for optimal UB

𝑥𝑖
𝑦𝑖
𝑧𝑖

= 𝐔𝐁 ×

ℎ𝑖
𝑘𝑖
𝑙𝑖

(𝑥1 𝑥2…… 𝑥𝑝𝑐) = 𝑈𝐵11 𝑈𝐵12 𝑈𝐵13 ×

ℎ1 ℎ2 ℎ3
𝑘1 𝑘2 𝑘3
𝑙1 𝑙2 𝑙3

……

ℎ𝑝𝑐
𝑘𝑝𝑐
𝑙𝑝𝑐
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Data Reduction of Single-Crystal Diffraction Experiment

• Incommensurately modulated structures

• Main reflections + satellite reflections

• Main Bragg Peaks:

(x, y, z) ↔ hkl with UB matrix

• Satellite Peaks

(x, y, z) ↔ fractional hkl with UB matrix



12

Data Reduction of Single-Crystal Diffraction Experiment

• Incommensurately modulated structures

• Main reflections + satellite reflections

• Main Bragg Peaks:

(x, y, z) → hklmnp (mnp=000)

• Satellite Peaks

(x, y, z) → hklmnp (mnp≠000)
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Indexing Satellite Peaks

• How is (x, y, z) → hklmnp possible?

• Modulation vectors: q-vectors

• Only 3 independent bases in 3D 
space

• Separate Main peaks from 
Satellites

• Intensities may be useful
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Indexing Satellite Peaks

• How is (x, y, z) → hklmnp possible?

• Index main Bragg peaks first

• Identify q-vectors

• Index satellite peaks

• hklf = hkli + mq1 + nq2 + pq3
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Identifying q-vectors

• Intensity is the first clue

• q-vector is not the vector 
pointing to the closest satellite 
peak

• q-vector is the vector pointing 
to the closest first-order 
satellite peak

q2

q1

q1+q2
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Identifying q-vectors

• Collapsing the peaks to lattice 
range in reciprocal space

• Main reflections in the origin
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Identifying q-vectors

• Collapsing the peaks to lattice 
range in reciprocal space

• Main reflections in the origin

• Expanding the Collapsed 
image using symmetry



18

Identifying q-vectors

• Make sure all the peaks are 
accounted for by the q-
vectors

• Number of q-vectors, 
maximum order of satellite, 
cross terms (if more than one 
q-vector)
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Identifying q-vectors

• Fractional index for satellite 
peaks cannot be rounded to 
the nearest integer

• 3.4 5.2 7.8 ≠ 358m
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Indexing Satellite Peaks

• hklmnp → (x, y, z) is trivial

• hf =(h+mδh1+nδh2+pδh3)

• kf =(k+mδk1+nδk2+pδk3)

• lf =(l+mδl1+nδl2+pδl3)

• ha*+kb*+lc*+mq1+nq2+pq3

• With indexed peaks, lattice parameters 
and modulation vectors can be refined

(𝑥1 𝑥2…… 𝑥𝑝𝑐) = 𝑈𝐵11 𝑈𝐵12 𝑈𝐵13 𝑀𝑉11 𝑀𝑉12 𝑀𝑉13 ×

ℎ1
𝑘1
𝑙1
𝑚1

𝑛1
𝑝1

ℎ2
𝑘2
𝑙2
𝑚2

𝑛2
𝑝2

……

ℎ𝑝𝑐
𝑘𝑝𝑐
𝑙𝑝𝑐
𝑚𝑖

𝑛𝑖
𝑝𝑖
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Integration and Absorption Correction

• Integration only need the peak position in detector space

• Absorption is only a function of the diffraction geometry, 
doesn’t matter the reflection type

• These process are not affected by the modulated structure
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Summary of the Process

Harvest strong main 
Bragg Peaks

Find 3D UB for 
average structure

Harvest all the 
peaks in the data 

Index all the peaks 
with found UB

Collapse all index 
peaks to lattice 

range in reciprocal 
space

Identify the satellite 
peaks from the 

clusters, and find 
modulation vectors

Index satellite (and 
main) peaks with 
the modulation 

vector

Refined the 
modulation vectors 

and save UB for 
data reduction
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Mantid Documentation

Shiyun Jin, Xiaoping Wang and Vickie Lynch

https://docs.mantidproject.org/nightly/concepts/ModulatedStructure.html

https://docs.mantidproject.org/nightly/concepts/ModulatedStructure.html
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Demo


