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1935 
Nobel Prize 
in Physics

Chadwick discovers the neutron
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The first chain reaction: CP-1

CP-1 December 2,1942 

“Chicago Pile” #1

Enrico
Fermi
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ORNL in 1943
During the Manhattan Project
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X-10 Pile or Graphite Reactor
The graphite reactor at Clinton Laboratories 
went critical on Nov. 4, 1943, under the 
supervision of Enrico Fermi.  It was dedicated 
as a national historic landmark in 1966.
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Secrets and Talking trash 
among scientists!

• The ‘chance’ of scattering, 
called a cross section, has a 
strange unit of area of 10−28 m2 or 
100 fm2

• Nuclear physicists during WW-II 
chose a secret term for this unit

• Aligning for an experiment, we can 
talk trash with each other, using the 
old saying: 
”Can’t hit the broad side of a barn”

Can’t hit the broad side of a barn!

Fun fact interlude
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Wollan’s research proposal
Ernest Omar (Ernie) Wollan received his Ph.D. in 1929 at U. Chicago under Arthur 
Compton.  He was present at the startup of CP-1, and X-10.  Among other things he 
is the “father of health physics”.  Wollan moved to Oak Ridge in 1944.  
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December 1944 – rocking curves!
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Nobel prizes and Neutron Scattering

Always the bridesmaid, never the bride (until 1994)
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New set of magnetic 
Bragg peaks 
observed on MnO
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1970 
Nobel Prize 
in Physics

Half of the Nobel Prize in Physics 1970 was 
awarded to Louis Neel "for fundamental work 
and discoveries concerning antiferromagnetism 
and ferrimagnetism which have led to important 
applications in solid state physics".

Neel’s model confirmed
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 the first magnetic form-factor data were obtained by measuring the paramagnetic 
     scattering by Mn compounds (1951) 
  the production of polarized neutrons by Bragg reflection from ferromagnets 
     was demonstrated (1951) 

 The first direct evidence of antiferromagnetism was produced in 
   determining the magnetic structure of MnO  - 1949
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Shull and Wollan established 
the rules for scattering lengths 
of H and D (below left), and 
used this to prove that Pauling’s 
model was the correct 
description for the structure of 
water (right).

•C. G. Shull, E. O. Wollan, G. A. Morton, and W. L. Davidson, Neutron 
diffraction studies of NaH and NaD, Phys. Rev. 73, 842-847 (1948).

•E. O. Wollan, W. L. Davidson, and C. G. Shull, Neutron diffraction study 
of the structure of ice, Phys. Rev. 75, 1348-1352 (1949).

H-D scattering and structure of ice
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1954 
Nobel Prize 

in 
Chemistry

The Nobel Prize in Chemistry 1954 was 
awarded to Linus Pauling "for his research 
into the nature of the chemical bond and its 
application to the elucidation of the 
structure of complex substances".

Pauling’s model confirmed
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Ramping up Reactor-based Neutron Scattering
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The neutron 
scattering emphasis 
in the 1960’s was at 
another reactor

Beam room of the Oak Ridge 
Research Reactor, ORR, at Oak 
Ridge National Laboratory, 
December 29, 1960



18

Oak Ridge Research Reactor 
(ORR), January 1960
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A research reactor for 
isotope production, 
irradiation studies 
(& a bit-o-scattering)

High Flux Isotope Reactor (HFIR). 
General view looking southeast at 
Reactor building, 27 percent 
complete. September 28, 1962.
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Herb Mook, HB-3, Beam Room, 
HFIR, December 13, 1982
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Ralph Moon (1929-2004)

HB3, HFIR
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Triple Axis Polarization Analysis 

R. M. Moon, T. Riste, and W. C. Koehler, Polarization Analysis of Thermal-Neutron Scattering, Phys. Rev. 181, 920-931 (1969). [345]

In a seminal paper in 1969, Ralph Moon and colleagues invented the method of neutron 
polarization analysis, opening up new fields for investigation by neutron scattering.  A 
schematic diagram of the original apparatus is shown at left.  Below, right, are 
measurements of spin-flip scattering in magnetic excitations.
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Beyond the solid state ‘bubble’
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George Wignall John Hayter Steve Spooner & 
Cam Hubbard

Wally Koehler tried to expand the neutron science beyond 
the traditional scope of Solid State Physics

o First SANS User 
Facility in the US

o Polymers

o Ferrofluids
o Colloids
o Neutron optics

o Metallurgy using 
SANS

o Residual stress 
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George Wignall was one of the pioneers in the use of H-D 
labeling in SANS 

The initiative for the use of 
the H-D contrast technique 
in SANS from polymers to 
"color" individual molecules 
and make them visible in the 
condensed state
was taken independently
By G. Wignall (ICI/Julich) 
and Julia Higgins in France 
(Saclay/ILL)

Macromolecules
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The 30m SANS Facility at HFIR

o Beam delivery by 6 pair 
PG crystals in a 
“periscope” fashion

o 4.75 angstrom , beryllium 
filter, no cold source

o 3.4 x 104 neutrons/(cm2 s)
o Aperture up to 2 x 2 cm2 

separated by 10 m.
o Large 60 x 60 cm2 

movable PSD
o Vacuum flight-path  of 

20m on stilts stuck out of 
the HFIR building!
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W. Koehler and G. D. Wignall built the first Small Angle Neutron Scattering 
(SANS) User Program in the US in 1980

The first NSF Center for Small 
Angle Neutron Scattering
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Transition from collaborative research to User 
program

1970’s - 2000’s
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The National Center for Small Angle Scattering Research 
NCSAR

o NCSAR conceived as a  National User Facility for Small Angle Research              
(A NOVEL IDEA IN THE US at the time!)

o Limited SANS availability in the US: Biology at BNL, metallurgy at ORR-ORNL
o Only ILL a truly User Facility. Julich and Saclay also focused programmatic efforts
o Proposed to NSF/DOE in 1977 to serve  a larger community of University and Industry
o Approved in Jan1978 as a joint NSF/DOE program

o New 30m SANS at HFIR
o Existing 5m SANS at ORR
o A SAXS facility
o A double perfect crystal SANS at HFIR

o 30m SANS completed in mid 1980
o First publication in 1981
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Sister reactors in the US and a major swing-and-miss
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Department of 
Commerce / NIST / 
was NBSR / 
now NCNR
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High Flux Beam 
Reactor (HFBR) 
Sister reactor at 
BNL (1965-1996)
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Proposed research 
reactor, Advanced 
Neutron Source, 
ORNL (1990-1996)

https://www.ornl.gov/blog/advanced-
neutron-source-projects-demise-resulted-
anothers-rise
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Smaller, university-based research reactors in US with neutron 
scattering capabilities

MURR:  Missouri University Research Reactor

PULSTAR research reactor 
at NC State U

MIT Research 
Reactor
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HFIR, Changing Be reflector, new cold source & guide hall, 
with another round coming!
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A new cold source 
and guide hall for 
HFIR

Exterior of building for the Center 
for Neutron Scattering - Cold 
Guide Hall. Initial helium heater 
test at High Flux Isotope Reactor. 
HFIR's cold source has passed 
tests on its refrigeration system, 
clearing the way for researchers 
to begin receiving cold neutrons, 
September 29, 2006.
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Setting up inside

Cold Guide Hall guide hall, 
January 3, 2008.
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Exploiting the 
next Beryllium 
reflector 
change:  
upgrades at 
HFIR 
instruments
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Pulsed sources & the Spallation Neutron Source
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Pulsing the steady 
state source at HFIR

Ferrite crystal 7Li0.5Fe2.5O4

1,000 Gauss, pulsed
Both periodic and correlation
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Pulsed spallation 
source, ZGS Intense 
Neutron Generator 
(ZING) preceded IPNS @ 
Argonne (1977-2008)

Jack Carpenter, (1936-2020)
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Pulsed spallation 
source, Lujan @ LANSCE 
@ Los Alamos:  User 
program (1977-1995-2012)
Partial user program continues

Manuel Lujan Jr. Neutron Scattering Center



43

Low energy neutron source 
(LENS) 
@ U Indiana-Bloomington

Difficult to keep open (may now 
be closed)
Moderator innovations for SNS 
tested here
Innovative optics for polarization 
analysis and Larmor techniques 
(enhance resolution in ‘one direction’)

Roger Pynn

Neutron 
Radiation 
Effects 
Facility

SANS

SESAME

Moderator
Imaging
Station
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Spallation Neutron 
Source

Spallation Neutron Source (SNS) 
construction site, August 1, 2003
BASIS in foreground
Office complex in background

https://science.osti.gov/-
/media/opa/pdf/SNS_033110.pdf
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SNS celebration in the Central 
Control Room after the first 
neutron pulse hit the Target, April 
28, 2006.
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Gradual 
roll-out of 
instruments 
at the SNS

SNS capital 
project:  ~4 
instruments
A few 1-off’s
SING (SNS 
Instruments Next 
Generation) ~5 
instruments
SING II ~5 
instruments
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Joint Institute for 
Neutron Sciences, 
later Schull Wollan 
Center

June 21, 2011
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Proton Power Upgrade Project:  

Increased signal & S:N (1.4 to 2 
MW with better ortho-para mix), 

& Paving the path to the Second 
Target Station
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Science recap, ORNL neutron scattering
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Some ORNL Neutron Scattering Accomplishments

• Measurement of the neutron scattering amplitudes of over 
60 elements and isotopes. 

• First direct evidence of antiferromagnetism. 
• Confirmation of the Néel model of ferrimagnetism. 
• First use of neutrons to determine the structure of hydrides. 
• First observation of magnetic critical scattering. 
• First measurements of 3d and 4f electronic form factors. 
• First measurements of magnetic moment distributions in 3d 

alloys. 
• Determination of the magnetic structures of rare-earth 

metals. 
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Some ORNL Neutron Scattering Accomplishments

• Development of the neutron polarization analysis technique 
• Phonon anomalies in superconductors 
• Magnetic excitations in 3d and 4f metals 
• Measurement of Bose condensate in liquid helium 
• Form factors of paramagnetic metals 
• Phonons and magnetic excitations in high-Tc 

superconductors 
• Structure & Excitations in Manganites
• Excitations in quantum magnets
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Some ORNL Neutron Scattering Accomplishments

• Core-shell morphologies and film formation in polymer 
latexes. 

• Compatibility, segregation, and interactions in polymer 
blends (alloys). 

• Quantification of isotope effects and phase segregation in 
deuterium-labeled polymer mixtures. 

• Order-disorder transitions in block copolymers and metal 
alloys. 

• Structure and interactions in micelles, microemulsions, and 
ferrofluids. 

• Flux-line lattices in high-Tc superconductors. 
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Now it’s YOUR turn to 
add to our rich 
legacy!
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