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“Philosophy” of diffraction experiments
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Positions of reflections — lattice parameters

Intensities of reflections — atomic positions

Image credit: LibreTexts Chemistry (CC-BY-SA)
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Stripe antiferromagnetic order: k = (%,0,0)
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Propagation vectors
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“Standard” (Néel) antiferromagnetic order: k = (3, 3, 0)
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Incommensurate magnetic order: k = (0.21456, 0, 0)

Fundamentals of Magnetism, WS 24 /25 Magpnetic crystallography



primitive

Fundamentals of Magnetism, WS 24 /25

Extinctions

b*
°

() {
{

() {
° [ ]

body-centered

Magnetic crystallography




Propagation vectors
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Body-centered lattice: k = (1,0,0)
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Spin is an axial vector (pseudovector)!

Image credit: Gerbrant (CC-BY-SA)
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Symmetry elements + spin flip

—0—> —0—>
A Emm—
Q- Q-

m = reflection in the mirror plane m’ = reflection + spin flip
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Symmetry elements + spin flip

—0—> —0—>
A Emm—
Q- Q-

m = reflection in the mirror plane m’ = reflection + spin flip
2 = 2 =
two-fold rotation
rotation +
spin flip
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Black-and-white point groups
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Black-and-white point groups

' P4

mm

Fundamentals of Magnetism, WS 24 /25 Magpnetic crystallography



Black-and-white point groups
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Shubnikov group

M.C. Escher. Winged lion

Copyright note: fair use
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Shubnikov group

M.C. Escher. Winged lion

Black-and-white (Shubnikov) group: P2{a'm

Copyright note: fair use
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Types of incommensurate magnets

Spin-density

$9%$6$ wave

S = Spcosga
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Types of incommensurate magnets
Spin-density
<} $ 9 % é 8 $ wave

S = Spcosga

Cycloid

DO DO Q 255,

k= (07 k}’70)
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Types of incommensurate magnets
Spin-density
<} $ 9 % é 8 $ wave

S = Spcosga

Cycloid

O DD 2,

k= (07 k}’70)

Helix

DO DGO G

ky,0)
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Experiment

neutron diffraction
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Proof of antiferromagnetism
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Magnetic order — additional periodicity
— additional peaks in neutron diffraction

Phys. Rev. 76, 1256 (1949) and Phys. Rev. 83, 333 (1951)
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Neutron diffractometer
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Image credits:
Kaspar Kallip (CC-BY-SA)
J. Phys. Conference S , 012003 (2014)
irkbeck College, UCL
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https://commons.wikimedia.org/wiki/File:Freezed XRD.jpg
http://doi.org/10.1088/1742-6596/549/1/012003
http://pd.chem.ucl.ac.uk/pd/indexnn.htm

Neutron sources

@ Nuclear reactor:
stable and robust neutron source,
but requires huge infrastructure
+ environmental concerns

o Spallation source:
neutrons may arrive in pulses
less stable in general,
but more environment-friendly,
and higher flux can be achieved

Image credits: Andreas Battenberg / TUM (fair use) and U.S. Department of Energy (public domain)
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https://commons.wikimedia.org/wiki/File:Oak Ridge Spallation Neutron Source Aerial View.jpg

Neutron sources in Europe
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Person

Clifford Shull
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Clifford Shull

@ 1937: Physics studies at Carnegie Institute of
Technology, Pittsburg

@ 1941: PhD in physics, New York University

@ 1941-1946: work at Texas Company,
development of aviation fuels and lubricants

Clifford Shull
1915-2001
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Image credit: Fastfission (PD)
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Clifford Shull

@ 1937: Physics studies at Carnegie Institute of
Technology, Pittsburg

@ 1941: PhD in physics, New York University

@ 1941-1946: work at Texas Company,
development of aviation fuels and lubricants

@ 1946-1955: first neutron diffraction at Oak Ridge

— positions of light atoms (1948)
— magnetic structures (1950)

Clifford Shull
1915-2001
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Clifford Shull

@ 1937: Physics studies at Carnegie Institute of
Technology, Pittsburg

@ 1941: PhD in physics, New York University

@ 1941-1946: work at Texas Company,
development of aviation fuels and lubricants

@ 1946-1955: first neutron diffraction at Oak Ridge

— positions of light atoms (1948)
— magnetic structures (1950)

@ 1955-1986: professor at MIT
@ 1994: Nobel prize in physics

Clifford Shull
1915-2001
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