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Laue Condition



http://www.robots.ox.ac.uk/~az/lectures/ia/lect2.pdf



http://goodwin.chem.ox.ac.uk/goodwin/TEACHING_files/l1_handout.pdf









http://www.photonic-science.co.uk/news/index.php?post/2013/04/29/LAUE-single-crystal-orientation-toolhttp://www.photonic-science.co.uk/news/index.php?post/2013/04/29/LAUE-single-crystal-
orientation-tool
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Here there be dragons…

The Hunt-Lenox Globe, as transcribed by B.F. da Costa
https://www.theatlantic.com/technology/archive/2013/12/no-old-maps-actually-say-here-be-dragons/282267/
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Ewald Sphere: Single Scattering

Presenter Notes
Presentation Notes
The Ewald sphere construction: incident beam k₀ and the elastic scattering condition |k| = 2π/λ.



Ewald Sphere: Primary Scattering

Presenter Notes
Presentation Notes
Primary scattering: when a reciprocal lattice point (G₁) lies on the Ewald sphere, Bragg's law is satisfied and we get k₁.



Ewald Sphere: Multiple Scattering 
(Secondary)

Presenter Notes
Presentation Notes
Multiple scattering: the first diffracted beam (k₁) can itself scatter from another reciprocal lattice point, producing k₂.



Multiple Scattering Boosting Weak 
Reflection

Presenter Notes
Presentation Notes
Weak reflections: normally very faint, but multiple scattering from a strong reflection can feed intensity into them, making them look stronger.
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Presenter Notes
Presentation Notes
Mention multiple scattering depleted by G1, or increased if multiple scattering by G2=G0-G1, or decreased by scattering through –G2



Multiple Scattering Generating Intensity at a Forbidden Reflection

Ewald Sphere

C
O (000)

G (Allowed)

H (Forbidden)

Ki

Kg

Kh

G

H-G

H

1. O, G, and H simultaneously lie on the Ewald sphere.
2. Ki scatters via allowed G, creating Kg.
3. Kg re-scatters via allowed H-G, cr eating Kh.

Result: H = G + (H-G)

Mechanism (Umweganregung):

The Renninger effect – an example and its implication
J. C. Speakman
https://doi.org/10.1107/S0365110X65001275

https://doi.org/10.1107/S0365110X65001275




So…

• See scattering where reciprocal lattice point 
lies on Ewald Sphere

• But, whither magnetism???

Presenter Notes
Presentation Notes
We see scattering where reciprocal lattice 



1932, Néel predicts Antiferromagnetic order

Presenter Notes
Presentation Notes
Sadly, no structural solution for MnO, Neel had predicted in 1932, before any materials….







Presenter Notes
Presentation Notes
Mention form factor is Fourier transform of unpaired electron density



















Intermission



How it starts?



Bulk Data Comes In

Physical Review B 78, 22514 (2008)





Neutrons to the Rescue

Physical Review B 78, 140504 (2008)



Guess and Check (Refinement)

Compare predicted intensities to data
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Choices



Goodness of Fit
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“R factors in Rietveld analysis: How good is good enough?”, Brian Toby,Powder Diffraction 21, 67 (2006)



Optimization Approaches

Simulated Annealing

Marquardt-Levenberg

Genetic Algorithm

Markov Chain Monte Carlo



How I proceed

• Think about the problem
• Powder diffraction
• Think some more
• Try Representational Analysis (or Group theory)
• Single crystal diffraction
• Think a lot!!!
• Polarized diffraction
• Spherical polarimetry
• Think some more…

Presenter Notes
Presentation Notes
Mention how representational analysis constrains parameters



YMn2O5

Powder

xtal

Xtal+spherical polarimetry

Xtal+more representation analysis



Powder Diffraction

Advantages
• You get the big picture
• Can get the propagation 

vector
• Avoids the muss and fuss of 

extinction
• It’s often Good EnoughTM

Disadvantages
• Can be hard to truly index k—

is it [3 4 0] or [0 0 5]?
• You average over all symmetry 

equivalent k at any particular 
Bragg angle

• You lose information in the 
powder averaging 

• No domain info
• No multi-k info
• Can be very hard to determine 

phase





Single Crystal Diffraction

Advantages
• Can fully determine k
• Can investigate domain 

populations
• Can apply probes (magnetic 

field, E-field, pressure, etc.) 
along a particular direction 
to see effect on magnetic 
ordering

Disadvantages
• Extinction
• Absorption depends on 

shape
• Reciprocal space is large…
• Crystal growth is hard…





Version Control for Powder Refinement
Using TortoiseGit to track your FullProf (.pcr) refinements

Why? Every fit iteration changes your .pcr. Git snapshots each step so you can compare R-factors, roll back a diverged model, and share the 
exact input that produced a plot.

1 Create the repo

Put your .pcr, .dat, .hkl, .cif
in one project folder.
Right-click folder → Git Create 
repository here.

2 First commit

Right-click → Git Commit → 
“master”.
Stage the input files;
write “Initial model” and 
commit.

3 Refine & re-
commit

Run FullProf, tweak
parameters. After each
good cycle, Commit with a
message: “Released B-iso”.

4 Compare & 
revert

Right-click → TortoiseGit
→ Show Log to diff .pcr
versions & Rp/Rwp. Revert
to any earlier snapshot.

Key menu commands  (right-click any file/folder)
Git Commit  snapshot   •  Show Log  history/diff   •  Revert  undo edits   •  Create Branch  try a model   •  Push  backup to remote

Tip:  Commit the .pcr inputs — not the large .prf/.out outputs. Add a .gitignore so your repo stays small and diffs stay readable.



Seeing What Changed
Use WinMerge to diff two .pcr files side-by-side — pair it with TortoiseGit as your visual diff tool

Why? .pcr files are dense text. WinMerge highlights every line that moved — a released parameter, a new phase, a changed background — so 
you can see exactly what you did between two refinement cycles.

A.  Compare two files directly

• Select model_v1.pcr and model_v2.pcr
• Right-click → WinMerge
• Or drag both onto the WinMerge window

B.  Wire it into TortoiseGit

TortoiseGit → Settings → Diff Viewer
Set external diff to:

WinMergeU.exe /e /u /wl  %base %mine
Now Show Log → Compare opens
each committed .pcr version in WinMerge.

WinMerge  — model_v1.pcr  model_v2.pcr

v1  (before) v2  (after)

!Nph Dum Ias ... !Nph Dum Ias ...

Bkg 145.2 -22.1 Bkg 145.2 -22.1

a  5.4021 a  5.4038

Biso 0.50 0.00 Biso 0.63 21.00

!  Occ 0.98 41.00

U  0.021 0.00 U  0.021 0.00

Rp  8.41  Rwp 11.2 Rp  6.02  Rwp 8.1

Tip:  Yellow = changed value, green = new line. Watch Rwp drop as you release parameters — the diff tells you which change earned it.



Ask the Manual, Don't Scroll It
Use Google NotebookLM to ask questions of the FullProf manual while reading dyc.pcr

Why? NotebookLM (Google's AI research notebook) answers only from the sources you upload — and cites the page. No hallucinated 
keywords: every answer links back to the FullProf PDF.

1 Create a notebook & add sources
Go to notebooklm.google.com. Click
New → Add sources. Upload the
FullProf manual PDF, the .pcr manual,
and the release-notes / What's New file.

2 Ask in plain English
“In dyc.pcr, what does Jbt = 10 mean
for the nuclear phase?”  •  “How is the
propagation vector k=(0,0,0.165)
entered for the magnetic phase?”

3 Follow the citations
Each answer shows numbered
citations — click to jump to the exact
manual page. Save good answers as
Notes; generate an Audio Overview.

FullProf Notebook  ·  3 sources

FullProf_Manual.pdf Release_notes.txt dyc.pcr

In dyc.pcr, what does Jbt = 10 mean for phase 1, and how is 
the propagation vector for the magnetic phase set?

Phase 1 uses Jbt = 10 → a magnetic phase described
by real spherical components (Rx,Ry,Rz) [1].
The magnetic phase 2 lists its k-vector
under Propagation vectors: k = (0, 0, 0.1651) [2].
Sources:  [1] Manual §Jbt codes   [2] dyc.pcr

Tip:  Upload dyc.pcr alongside the manual — answers are grounded only in your sources, so click each citation to confirm against the real page.



Questions?
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