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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



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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angular range, The advantape of automatic

operation cannot be overestimated sinee the =
best data can be taken during the evening and
night shilts.

%

by

et

2
2

&
by
%05

&
()
&
el
&

f’i .

AT AT AT AT T,
t‘;:.:,*"t’t*t‘t‘i# ’4."'4
e g
e t:'r:t:q:q_: B

WS bttty by
G S M
* ..‘?1?“-i.".-‘:";‘:“:‘:‘:‘,i’ﬁ’ >

GRAPHITE

Ll 33

001 [0
1010) fion}
LR ]

o8 8 8 8

COUNTS PER MINUTE

1] -] 30 40 50 &0 TO a0 20
COUNTER ANGLE



howstuffworks

It's good to know
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Reciprocal Space
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Here there be dragons...
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Ewald Sphere: Single Scattering

Step 1: Incident & Ewald Sphere



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


Ewald Sphere: Primary Scattering

Step 2: Primary Scattering

ln\
ko



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)

s Step 3: Secondary Scattering (Multiple)



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

Normal Weak Reflection Weak Reflection Boosted by Multiple Scattering

\ Weak G (boosted)



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.


Ewald Sphere



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

H (Forbidden)

Seeol .-t Mechanism (Umweganregung):
______ 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 Kn.

Result: H= G + (H-G)

Ewald Sphere

The Renninger effect —an example and its implication

J. C. Speakman
https://doi.org/10.1107/50365110X65001275
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So...

* See scattering where reciprocal lattice point
lies on Ewald Sphere

e But, whither magnetism???


Presenter Notes
Presentation Notes
We see scattering where reciprocal lattice 


1932, Néel predicts Antiferromagnetic order

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

J. BaMuUEL SMART
Naeal Ordugnce Laboralory, White Oak, Silver Sgring, Maryland
August 29, 1949
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Magnetic Structure of Magnetite and Its Use in
Studying the Neutron Magnetic Interaction

C. G Sauel, E. 0. Worrax, anp W. A, StRAUsER
ok Ridpe Nalional Loboratory, Ook Ridge, Tennessee
Diecember B, 1950

Jt;; - SPWEL STRUCTURE

QXY &EN
TEFrRANEDRAL SrTES

, CCTANEDRAL 3iTES


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

VOLUME 83, NUMBER 2

JULY 15, 1951

Neutron Diffraction by Paramagnetic and Antiferromagnetic Substances

C. G. Savir, W. A. StRavseER, axp E. 0. WoLraw
Oak Ridge National Laboratory, Oak Ridge, Tennessee

{Received March 2, 1951)
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Presenter Notes
Presentation Notes
Mention form factor is Fourier transform of unpaired electron density


On the Magnetic Scattering of Neutrons

The direct experimental evidence of the neutron, ob-
tained so far, indicates its mass and the range of forces
within which it interacts with other heavy particles. The
angular moments of nuclei make it practically sure that it
has an angular momentum i/2v. Furthermore there are
good theoretical reasons to believe that it should have a
magnetic moment of the same order of magnitude as the
measured moment of the proton but having the opposite
direction with respect to the angular momentum; these
conclusions are partly based on Fermi's theory of the
B-decay, partly on the known magnetic moment of the
deuteron. Since the Stern-Gerlach method may meet con-
siderable difficulties when applied to neutron beams, we
want to propose a different way of obtaining information

about the magnetic moment of the neutron which seems,

considerably simpler and promising in several other
respects.

Consider an atom (or molecule) which in its ground
state has a total magnetic moment u caused by the spin
or the orbital motion of the atomic electrons. The magnetic
field around and within the atom can in any case be de-
scribed by an average dipole density distribution pg(r)
with JSg(t)dr=1. It will scatter neutrons on account of
two reasons:

(1) Because of the interaction of the neutron with the
atomic nucleus (or nuclei);

(2) Because of the inhomogeneous magnetic field in its
surrounding acting on the magnetic moment of the
neutron.

The reduction factor for the radiation of the nucleus asa
whole depends on the adopted nuclear model and cannot
easily be calculated. But it seems plausible that the total
effect will be essentially the same as for two particles.

F. BrLocu
Stanford University,
G. GaMow

George Washington University,
July 9, 1936



APRIL 1, 1937

PHYSICAL REVIEW

VOLUME 351

On the Magnetic Scattering of Neutrons

J. S. SCHWINGER
Columbia Unwversity, New York, N. Y.

(Received January 11, 1937)

The scattering of slow neutrons by atoms is considered,
assuming that, in addition to the ordinary nuclear forces,
there is a magnetic interaction between the neutron and
the atomic electrons. It is found that the neutrons scattered
from an unpolarized beam will be partially polarized in
virtue of this magnetic interaction. Since the scattered
intensity depends not only upon the intensity, but also
upon the spin density of the incident beam, the polarization

thus produced can manifest itself by a second scattering. .

An expression is derived for the neutron intensity after
double scattering from magnetized iron plates. Under

optimum conditions, it i1s found that the scattered in-
tensity with parallel orientation of magnetizations is 15
times that with antiparallel orientation. The partial
polarization of the scattered neutrons indicates that the
undeviated neutron beam will also have a nonvanishing
spin density. Expressions are derived for the intensity
and spin density of a neutron beam after traversing a
certain thickness of magnetized iron. These results are
used in the discussion of three types of experiments for
producing and detecting a polarized beam of neutrons.



PHYSICAL REVIEW VOLUME 76, NUMBER 9 NOVEMBER 1, 1949

Magnetic Interaction between Neutrons and Electrons*

H. EKSTEIN
Armour Research Foundation, Chicago, Illinois

(Received July 11, 1949)

The phenomenological interaction operator between neutrons and electrons is usually assumed to be
— us-B. (us magnetic moment of the neutron, B magnetic field of the electrons.) Bloch has pointed out that
other operators are possible. It is shown that the class of operators considered by Bloch is equivalent with
the form — us- (H+4-4xrCM) where M is the spin momentum density of the electrons, H=B—4xM and C is
an indeterminate constant. Diffraction by ferromagnetic crystals and magnetic double refraction are cal-
culated for this interaction. Present experimental evidence excludes the value C=0. Experimental methods

for measuring C are discussed.
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Neutron Scattering and Polarization by Ferromagnetic Materials
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Oak Ridge National Laboratory, Oak Ridge, Tennessee
(Received August 20, 1951)
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{a} The magnetic moments are aligned along arbitrary [1007]
directions, in other words, along the cube axes, as illustrated in
Fig. 5. For this case it can be shown that g2 (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 g% should be 1 for the (111) reflection
and various odd values for the other reflections, depending upon
the assignment 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)
{1112’ 1038 0 1560 1072
(311 460 675 . 308
(331) 129 100 et 132
Eﬁ;g} 54 2 " 70
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Neutron Scattering and Polarization by Ferromagnetic Materials

C. G Sovrr, E. O, Worraw, axn W, O, KoEHLER
ek Ridge National Laboratory, Ouk Ridre, 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;j

E. 0. Worrax avo W. C. KogsHLER
Oak Ridge National 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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How it starts?
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Neutrons to the Rescue
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Guess and Check (Refinement)

Compare predicted intensities to data -

Y 4




Choices



Goodness of Fit

=D w -y () W, =—
1

or

N |~

i W (Y, = Ve (05))2

R, =100 -
Zwi(yi)z
1

“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 | 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


YMn,O.

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

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

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 Osawa,
Youichi KAMADA, Yukio NODA, Isao KAGOMIYAZ®, and Kay KoHN?

PHYSICAL REVIEW B 78, 245115 (2008)

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

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

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

Incommensurate magnetic structure of YMn,0s: 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...
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Version Control for Powder Refinement

Using to track your (.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.

Create the repo First commit Refine & re- Compare &
commit revert

Put your .pcr, .dat, .hkl, .cif Right-click —» Git Commit — Run FullProf, tweak Right-click — TortoiseGit
in one project folder. “master”. parameters. After each — Show Log to diff .pcr
Right-click folder — Git Create Stage the input files; good cycle, Commit with a versions & Rp/Rwp. Revert
repository here. \év()rirtwen:ilpitial model” and message: "Released B-iso”. to any earlier snapshot.

(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 to diff two 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.

WinMerge — model_v1.pcr <~ model_v2.pcr

A. Compare two files directly " (before > (aften
\" erore \"/ arter

* Select model_v1.pcr and model_v2.pcr INph Dum las ... INph Dum las ...
* Right-click = WinMerge

* Or drag both onto the WinMerge window 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

B. Wire it into TortoiseGit
Occ 0.98 41.00

TortoiseGit — Settings — Diff Viewer
. U 0.0210.00 U 0.0210.00
Set external diff to:

WinMergeU.exe /e /u /wl %base %mine Rp 841 Rwp 11.2 Rp 6.02 Rwp 8.1
Now Show Log — Compare opens

each committed .pcr version in WinMerge.

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 to ask questions of the while reading

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

" FullProf Notebook - 3 sources
° Create a notebook & add sources

Go to notebookim.google.com. Click FullProf Manual.pdf
New — Add sources. Upload the

FullProf manual PDF, the .pcr manual,

and the release-notes / What's New file.

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?

e Ask in plain English Phase 1 uses Jbt = 10 — a magnetic phase described
“In dyc.pcr, what does Jbt = 10 mean by real spherical components (Rx,Ry,Rz) [1].
for the nuclear phase?” « "How is the The magnetic phase 2 lists its k-vector

propagation vector k=(0,0,0.165)
entered for the magnetic phase?”

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.

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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