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What is diffuse scattering?
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Why do we study diffuse scattering?

Structure defines properties... but what is the structure?

* Many mechanical, magnetic, electronic and optical properties depend not only
on the average crystal structure, but also on correlated disorder .

* Diffuse intensities are usually much weaker than Bragg scattering and one
needs a bright source of radiation to see the diffuse signal.

At variance with Bragg scattering, there is still no unique protocol allowing to
routinely characterize disorder from diffuse scattering data.
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“Dream” mode

* Recover RS during experiment
* |Indexing-free mode
* Ability to visualize entire RS and necessary slices

* Forget nightmare of converting different image
formats

* Friendly interface
e License free = can be given to our users
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Domain walls in PbTiO; thin films

Collaboration:
F. Mo, L.S. Thoresen, D.W. Breiby,
T. Tybell (NTNU, Trondheim, Norway)

D. Chernyshov (SNBL)

MAPLE script:
3D visualisation from MAR CCD files

50 unit cells PbTiO, / SrTiO,
(103) Reflection

field off
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Domain walls in PbTiO; thin films

Collaboration:

F. Mo, L.S. Thoresen, D.W. Breiby,

T. Tybell (NTNU, Trondheim, Norway)
D. Chernyshov (SNBL)

6 unit cells PbTiO; / SrTiO,
(103) reflection

field off
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Moscow State University: Mathcad (SAXS -> 3D)
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Swiss Norwegian Beam Lines / MAR Image Plate / MAR output
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Towards 3D representation

sphere space filling

CCP4 map format

VRML |
X3D  «— UCSF Chimera

POV-Ray
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axis of texture
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What is the structure of precious opal?

ht SEM
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Collaboration: A. Bosak (ESRF), A.
Snigirev (ESRF), K. Napolsky
(MSU)

Compound refractive lens
based setup: ID06 / CCD
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Hexagonal stacking: not fully random

AB and BA sequences have different probabilities!
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Diffuse scattering in « prussian blue »
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Pure disorder: no phonon contribution
MH(H) [MI’I(HD (CN)(,] 2/3° (6H20) 1/3 °yH20

elastic or inelastic?

replacement of [Mn(CN),)] by [6H,0] IXS @ ID28!

. (301)

Intensity (arb. units)

-30 -20 -10 0 10 20 30
Energy transfer (meV)

inelastic contribution
to the strong diffuse
features is negligible
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Diffuse scattering in perovskite

Piezoelectrics Li (K, sNa, ¢);.,NbO;

Collaboration:

A. Bosak

ESRF

D. Chernyshov

SNBL

D. Damjanovic

EPFL, Lausanne

M. Korablev-Dyson
SpbGPU, St. Petersburg
S.Vakhrushev

A.F. loffe PTI, St. Petersburg

High temperature:

cubic phase, three families of
diffuse planes normal to
<100>, <010>, <001>
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Diffuse scattering in perovskite

Piezoelectrics Li (K, sNa, ¢);.,NbO;
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Phonons only: no static disorder

Ambient temperature:

orthorhombic phase, only one family of diffuse planes normal to <001> survives

elastic or inelastic?
IXS @ ID28!

(0.5 2 2)

Intensity (arb. units)

230 -20 -10 0 10 20 30
Energy transfer (meV)

Q172

no diffuse plane sharp diffuse plane
(122) (211)

in-plane direction

(022) (200)

q/’/ ql’/

sharp diffuse features correspond to strong phonon softening
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Phonons only: no static disorder

Ambient temperature:
orthorhombic phase, only one family of diffuse planes normal to <100> survives

elastic or inelastic?
IXS @ ID28!
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Where we are now

 RSrecovery during experiment
* Indexing-free mode

e Ability to see entire RS and
necessary slices

* Forget nightmare of converting
different image formats

* Friendly interface

* License free = can be given to
our users

A\

possible for a slow detector
yes, but not for integration
done

works for MAR, EDF, BSL, CBF
(PILATUS)

simple interface
yes

NTNU, Trondheim, Norway: MAPLE (MAR CCD -> 3D)
Moscow State University: Mathcad (SAXS -> 3D)
EPFL, Lausanne, Switzerland: home-developed code (Crysalis reconstructions ->

CCP4 maps)
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Additional options

* Choice of 3D mesh resolution

* High resolution slicing

* Arbitrary detector position

* Lorentz and polarization corrections
* External orientation matrix

* Laue averaging
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What do we gain with pixel detector?
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Thermal diffuse scattering in silicon

ool

PILATUS 6M Crezeczor <

European Synchrotron Radiation Facility

area detectors -> revival of
TDS since 1999

M. Polzy Z. Wiy B3 T,
Zsc Je%’cﬂl
» , 1.-C. C
PIys. Rev. Lezz. 83, 3317 (1999)

fitting of single images with lattice
dynamics model

new age with pixel detectors?

FULL reciprocal space can be
explored in few minutes
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Done opening F:\PILATUS si_12keV\S1 py | no selection .

constant TDS intensity surface — phonon contribution only
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rendering performed
with POV-Ray software
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PILATUS: strong suppression of fluore
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elastic contribution can be neglected (proven by IXS)
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measured on the
Images

ke~ 1.573 A

free electron
model with 2
electrons per Zn
atom
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Prussian blue again

Ml’l(H) [MH(IH) (CN)G] 2/3° (6H20) 1/3 'szO

replacement of [Mn(CN),)] by [6H,0]

not fully random!

inelastic contribution
to the strong diffuse
features is negligible
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Elle Select Actions Presets Tools Favorites Help

Pioneering work:
P. Schaub, T. Weber,

Wﬁeurer
PII-"Mag. 87, 18 (2007)
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Concluding remarks

* Protocol for diffuse scattering experiment

(mapping of reciprocal space, inspection in 3D, inelastic probes)

e Variety of examples illustrating mesoscopic
correlations in 3D still waits for a theoretical
Interpretation

(prussian blue analogues, ferroelectric perovskites, photonic crystals)

* A combination of bright X rays (ID) with fast detector

(PILATUS) would give fast access to high-quality data
on reciprocal space

(kinetic of disorder fluctuations in 3D, mapping in real and reciprocal space
(distribution of correlated disorder in a bulk sample)...)
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