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Gabor Holography
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Atomic Structure Holography
with thermal neutron waves

2nd order coherently scattered

Incoherently
scattered reference
wave (from H atom)




Atomic structure holography of
macroscopic samples
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Oriented (not necessarily crystalline) samples required Hc . cmc




S-Wave Diffraction for a Single Point Source
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An “Easy” Demonstration Sample

Simpsonite*
 No connection to Homer
or Bart
 Mineral first discovered in
Australia

« Simple structure

* 1 Hatom

* Thanks to Ian Swainson (NRC) and Scott Ecrit
(Canadian Museum of Nature)

Illustrations courtesy of Rob
Hammond




s-Wave diffraction from planes: “K-Lines”
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What We Expect to See

Interference leads to cones of scattering with:
e cone axis parallel to the plane normal

e characteristic angle relates wavelength and
atomic spacing




Expect to See “K-Lines”

Looking over a sphere of scattering, these cones intersect
the sphere forming rings, known as Kossel Lines, Kikuchi
Lines or collectively as “K-Lines”
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Expect to See “K-Lines”

Can easily calculate once you know the -1 -1
crystal orientation and radiation wavelength.




K-lines:
A Needle in a Hay Stack

* Bragg peaks
very intense -
 Hologram data |
is in the 2
featureless s

“background”




Looking for the Needle
Reduce Dynamic Range

* The “background”
is not featureless,
but still dominated
by slowly varying
intensity

e Attenuation

* Debye-Waller
factor
* Remove by fitting

to slowly varying
functions in @and 0
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Found the Needle
K-Lines Appear
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The Reconstruction

No model system required

Crystal structure falls out of
reconstruction

Obtain a full 3D view (H atom view)

Slice of 3D data set
taken at the known

distance below the H

atom to the plane of red Atomic Structure Holography Using Thermal Neutrons

O atoms B. Sur, R. B. Rogge, R. P. Hammond, V. N. P. Anghel and J. Katsaras
Nature 414, 525 (2001)




The Reconstruction

Slice from 3D data set taken at
the known distance above the
H atom to the plane of

O atoms




Applications

 Hologram of atoms in general... *

« Solves the phase problem

* Permits study of systems that cannot be
crystallized (e.g. biological macromolocules,
catalyst particles, nanostructures);

 Has been used to:
* locate dopant atoms in semiconductors and alloys;

« probe ordering in alloys, quasicrystals;
* look at interfaces and films

* J. Spence, Nature (News and Views), 410, 1037-1040 (2001) Mc ) cmc




Applications
Neutron Holography

* Neutrons are coherently scattered equally well by light and
heavy atoms

* Neutrons can distinguish similar-Z atoms and can
distinguish some isotopes

* The internal source H atom is abundant in biological
materials and polymers

 H and D scatter very differently

* Neutrons are gentle, causing little or no damage to delicate
systems

Take advantage of the complementarity of
neutrons to tackle those systems that cannot
be easily studied with electromagnetic radiation




