Experimental Aspects of Neutron
Diffraction
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On the Magnetic Scattering of Neutrons
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1942 Fermi’s 30" pile goes critical

An Account of Oak Ridge National Laboratory’s Thirteen Nuclear Reactors August 2009
https://info.ornl.gov/sites/publications/Files/Pub20808.pdf R



ORNL Graphite Reactor
1943-1963

An Account of Oak Ridge National Laboratory’s Thirteen Nuclear Reactors August 2009
https://info.ornl.gov/sites/publications/Files/Pub20808.pdf
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The Diffraction of Neutrons by Crystalline Powders

E. 0. WorLaw axp C, G, SauLL
Oak Ridge National Laboraiory, Ock Ridge,
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{Received January 5, 1948)
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It's good to know
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Crystallography
and the reciprocal

space .
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Reciprocal Space
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Here there be dragons...
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The Hunt-Lenox Globe, as transcribed by B.F. da Costa
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Ewald Sphere
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So...

e See scattering where reciprocal lattice point
lies on Ewald Sphere

* But, whither magnetism???



1932, Néel predicts Antiferromagnetic order

Detection of Antiferromagnetism by Neutron
Diffraction*
2, i, SHULL
Oak Rudge Nafeonal J'.uimra]ur:-. Oak Ridge, Tewneisee
AND

J. SAMUEL SMART
Nawal Ovduaace Laborators, White Oak, Silver Spring, Marsland
August 2%, 1949
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Magnetic Structure of Magnetite and Its Use in
Studying the Neutron Magnetic Interaction

C. G Sauel, E. 0. Worrax, avp W. A, StRAausER
Oak Ridpe Nalional Loboratory, Ook Ridge, Tennesses
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PHYSICAL REVIEW VOLUME 83, NUMEBER 2 JULY 15, 1951

Neutron Diffraction by Paramagnetic and Antiferromagnetic Substances

C. G. Savir, W. A. StRaUseER, axp E. 0. Worraw
Oak Ridge National Laboratory, Oak Ridpe, Tennessee
{Received March 2, 1951)
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{a} The magnetic moments are aligned along arbitrary [100]
directions, in other words, along the cube axes, as illustrated in
Fig. 5. For this case it can be shown that ¢ (average) =1 for each
of the four observed magnetic reflections in Mn(),

{b) The magnetic moments are aligned perpendicular to the
ferromagnetic (111) sheets. For this case, ¢ vanishes for the (111)
reflection and becomes 32/33 for the (311) and 32/57 for the
{331} reflections.

{c) The magnetic moments are aligned arbitrarily in the ferro-
magnetic {111) sheets. Here g2 should be 1 for the (111) reflection
and various odd values for the other reflections, depending upon
the assighment of moment orientation within the sheet.

TasLe II. Comparison between observed MnO antiferromag-
netic intensities and those calculated for various models of mag-
netic orientation with respect to crystallographic axes.

Calculated for various
oriented models Observed
{a} (b} (<) {neutrons /min)
{lll% 1038 0 1560 1072
(311 460 675 . 08
(331) 129 109 e 132
Eg;ég} 54 24 " 70

RN



PHYSICAL REVIEW VOLUME 84, NUMBER & DECEMBER 1, 1951

Neutron Scattering and Polarization by Ferromagnetic Materials

C. G Sovir, E. O, Worzaw, avo W, O, KoEHLER
Ok Ridge National Laboratory, Ouak Ridee, Tennessee

(Received August 20, 1951)
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PHYSICAL REVIEW VOLUME 100, NUMBER 2 OCTOBER 15, 1955

Neutron Diffraction Study of the Magnetic Properties of the Series
of Perovskite-Type Compounds [ (1 —x)La, xCa ]MnO,;7

E. 0. WoLray anp W. C. KogHLER
Oak Ridge Nalional Laboratory, Oak Ridge, Tennessee

(Received May 9, 1955)
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THESE CELLS REQUIRE DOUBLING IN THIS PLANE
HEAVY CIRCLES INDICATE CELL EDGE

F1c. 18. Scheme of magnetic structures and related information. 4, B, C, G, and (C-E) definitely observed and some evidence for
D and F. Ton ordering schemes represent arrangements consistent with certain coupling criteria. Arrowheads are a schematic representa-
tion of Goodenough's semicovalent exchange coupling.
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Bulk Data Comes In
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Neutrons to the Rescue
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Guess and Check (Refinement)

Compare predicted intensities to data .
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Choices



Goodness of Fit

Zz = ;Wi(Yi — Y (a))z W, :?

or

N

iwi(yi — Y (@)
anwi(yi)2

R, =100

“R factors in Rietveld analysis: How good is good enough?”, Brian Toby,Powder Diffraction 21, 67 (200&)



Optimization Approaches

Simulated Annealing

Marquardt-Levenberg

Genetic Algorithm



How | 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...



YMn,O.

r week ending
PRL 96, 097601 (2006) PHYSICAL REVIEW LETTERS 10 MARCH 2006

Ferroelectricity Induced by Acentric Spin-Density Waves in YMn,Os5

L.C. Chapon,' P.G. Radaelli,"? G.R. Blake,"* S. Park.* and S.-W. Cheong*

Journal of the Physical Society of Japan
Vol. 76, No. 7, July, 2007, 074706
2007 The Physical Society of Japan

Spiral Spin Structure in the Commensurate Magnetic Phase of Multiferroic RMn,0s

Hiroyuki KIMURA™, Satoru KoBayasH!!, Yoshikazu FUKUDA, Toshihiro Osaw a,
Youichi KAMADA, Yukio NODA, Isao KAGOMIYA®, and Kay KOHN®

PHYSICAL REVIEW B 78, 245115 (2008)

Spiral spin structures and origin of the magnetoelectric coupling in YMn, 04

I-H. Kim.' S-H. Lee,"* S. I. Park.”? M. Kenzelmann.® A. B. Harris,* J. Schefer.® J-H. Chung.’ C. F. Majkrzak.®
M. Takeda,” S. Wakimoto,” S. Y. Park,? S-W. Cheong.® M. Matsuda,” H. Kimura,” Y. Noda,” and K. Kakurai’

PHYSICAL REVIEW B 79, 020404(R) (2009)

Incommensurate magnetic structure of YMn,03: A stringent test of the multiferroic mechanism

P. G. Radaelli,'? C. Vecchini,'” L. C. Chapon,' P. J. Brown.* S. Park.” and S-W. Cheong?

Powder
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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 Enough™

Disadvantages

Can be hard to truly index k—
isit[340]or[005]?

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
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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...



Questions?



