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ELEMENTS OF SLOW-NEUTRON SCATTERING

Basics, Techniques, and Applications

Providing a comprehensive and up-to-date introduction to the theory and applica-

tions of slow-neutron scattering, this detailed book equips readers with the funda-

mental principles of neutron studies, including the background and evolving devel-

opment of neutron sources, facility design, neutron-scattering instrumentation and

techniques, and applications in materials phenomena.

Drawing on the authors9 extensive experience in this oeld, this text explores the

implications of slow-neutron research in greater depth and breadth than ever before

in an accessible yet rigorous manner suitable for both students and researchers

in the oelds of physics, biology, and materials engineering. Through pedagogical

examples and in-depth discussion, readers will be able to grasp the full scope of

the oeld of neutron scattering, from theoretical background through to practical,

scientioc applications.
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If, in some cataclysm, all of scientioc knowledge were to be destroyed, and only one

sentence passed on to the next generation of creatures, what statement would contain the

most information in the fewest words? I believe that it is the atomic hypothesis (or the

atomic fact, or whatever you wish to call it) that all things are made of atoms – little

particles that move around in perpetual motion, attracting each other when they are

a little distance apart and repelling upon being squeezed into one another. In that one

sentence, you will see, there is an enormous amount of information about the world, if

just a little imagination and thinking are applied.

Richard P. Feynman

Lectures on Physics, 1963.

(Printed with permission from Pearson Education.)

Cover illustration: The curve is a semilogarithmic plot of the Ewald function describing

the renectivity of a perfect single crystal as a function of the deviation of the glancing

angle from the nominal Bragg angle for a given wavelength. Original cover design by

J. M. Carpenter.
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Preface

With <a little imagination and thinking,= scientists have learned to use parts of

atoms 3 neutrons 3 as probes to glean enormous amounts of information about

the world. We have neutrons in the orst place inasmuch they are one of the basic

constituents of nuclear matter. It also comes about that because neutrons interact

strongly but locally with atomic nuclei and because neutrons equilibrated at every-

day temperatures have wavelengths comparable to interatomic distances, neutrons

are ideally suited as probes of the structure and motions of matter on the atomic

length scale. Objects of neutron studies include not only molecules, but also larger

assemblies of crystals, polymers, and membranes 3 nuid and solid, ordered and

disordered. Because neutrons have no electric charge, they penetrate deeply into

sample materials, providing a true volume average measure of their properties and

making it possible to nondestructively deone a oducial volume deep within. And

because neutrons carry a magnetic moment, they sense magnetic order and exci-

tations. The wide range of topics that neutron scattering methods address are the

business of neutron scattering, which concern substances important to daily living,

from engineering materials and earth matter to the stuff of life itself 3 materials in

a very broad sense.

The extent of applications of neutron scattering in science and technology has

grown immensely since the beginnings: tentative probing and establishment of

principles by the pioneers such as Enrico Fermi, Shyoji Nishikawa, and Lise

Meitner in the 1930s; early developments of applications using neutron beams from

the orst reactors in the 1940s and 1950s; broadening of uses and enlargement of the

community of researchers as high-nux research reactors came on the scene in the

1960s and 1970s; and a burgeoning of applications as instruments and techniques

evolved for an ever-widening range of specioc purposes in the 1980s and 1990s

and beyond. Very importantly, starting in the early 1970s, a new basis for neutron

scattering research emerged: accelerator-driven pulsed spallation neutron sources.

Enabling technologies grew very rapidly 3 accelerator science, knowledge of
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xiv Preface

spallation source engineering, development of applications-oriented time-of-night

neutron scattering techniques and instrumentation, and affordable computer power

to support the new sources 3 orst in the United States at Argonne National Lab-

oratory in the early 1970s and spreading to the United Kingdom and Japan in the

1980s and 1990s. The new sources opened new horizons for neutron scattering in all

traditional branches of science, engineering, and technology addressed by neutron

methods; also, the prospects for more powerful versions foreshadow a nourishing

of new uses of neutron scattering.

We realize that there are already a number of excellent books on the subject of

neutron scattering and that more have been appearing in recent years. In this book

we aim to provide an introduction to the subject suited to the needs of advanced

undergraduates, graduate students, and their professors; those who, although not

aspiring to true expertise in the techniques, require a general understanding of the

subject; and also those who intend deeper study, for use as a orst text. Furthermore,

many of the existing texts predate the use of some of the time-of-night techniques

developed for use in pulsed neutron beams from pulsed spallation neutron sources.

As facility designers and neutron researchers, we offer a broad range of informa-

tion, a <how-to= book, to the ever-broadening community of interested people. We

maintain a website, http://www.slowneutronscattering.com, to promote commu-

nication with readers and to extend coverage beyond the contents of this book.

Cross-references to the web page will be cited as <CL 2015= (Carpenter and Loong

2015), with the individual topic indicated in square brackets 3 for example, <CL

2015 [large systems].=
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Symbols and notations

Following are deonitions of symbols unique to this book or needing further expla-

nation than in the text and symbols with multiple uses, mostly excluding conven-

tional terminology.

Vectors: boldface with overbar arrow. Scalars: lowercase, not bold.

Symbols Meaning

Section or equation
number of orst
appearance

β 1/kBT 1.11
2δθD Full width of the Darwin plateau (5.18)
γ Greuling3Goertzel parameter (1.102)
µ Reduced neutron mass (1.12)
−→µ Neutron magnetic moment 1.2
µN Time-decay constant for the Nth normal mode (1.60)
ξ Mean logarithmic energy loss per collision 1.10
�ai Reciprocal lattice vector basis vector in the ith

direction
5.3

D Diffusion constant (1.31)
h, k, l Miller indices for crystal diffraction 5.3
N↑ Number of particles in a sample having spins in the

< ↑= direction
(5.11)

P↑ Polarization, i.e., the fraction of particles in a
sample having spins in the < ↑= direction

(5.11)

re Classical electron radius 1.2
R Surface renectivity (5.24)
T Interpulse interval in a pulsed source, T = 1/ f

s
(6.4)

v̄ Neutron speed (1.53)
F Fourier transform operator (3.14)
H Hamiltonian operator (3.74)
L Laplace transform operator (1.55), (A3.1)
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