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Basic Picture

WV Energy transfer
E =hw = h(wf—w;)
Momentum transfer
P~ Q= h(kj—k)

wi, k;

——p Sample

m  Scattering function, S(Q,w), is 4-dimensional

g Sel(Q) = S(an)

g Stot(Q) = / S(Qaw)dw
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Scattering Function

Kinematics: Q = k;—k; and w = 5= (kf —k})
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Interaction Mechanisi

Surface

Neutron

Neutron

X Ray

m  Neutrons interact with

0 atomic nuclei via the short-range (fm) strong force;
0O unpaired orbital electrons via a magnetic dipole interaction.
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Scattering by a Single(fixed) Nucleus

m b is called the neutron scattering length.

O TWO values for nuclei with non-zero spin.
0 Cross-section o = 4mb2.
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Scattering from Many Nuclei
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Relative to the origin, the contribution of the scattered wave from atom j is
o b/ Cikfo(r—R,J) eik{,-Rj
r — R
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Neutron Scattering and
Fourier Transforms

Since the sample is much smaller than the flight-path to the detectors,

eikf or

\I}scat = - r

ij ¢ 1QRi where Q=ks—k; and r>R;
J

The probability of being scattered into a detector of small area dA is proportional to

dA —i R 2
|\Ijscat|2dA = —5 ‘ E b]e 1QeR,;
—_———— r 7

do

dQ

In the continuum limit of scatterers, the differential cross-section becomes

| o
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x 5(Q)

Some Fourier Consequences

m  Bragg’s law — scattering from a periodic lattice

, Q =2k sinf

. . s H H

d-spacing inR < =7 -spacing inQ _ drsing
A

(nA :Q(lsin(f)

m  Debye-Waller and magnetic form factors — scattering from diffuse objects

O Convolution theorem = fall-off in scattered intensity with high-Q!
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Inelastic scattering
(non-zero energy transfer)

Energy Gairl,'/,?ﬁ. w#0 = [ki| # |k

|
-
- |
- |

Energy Loss -~ I
Q* = k? + k’f2 — 2k;kpcos20

“Cosine Rule”

Time-dependence yields the partial differential cross-section

2
ki 20 _ —i(QeR—wi) 3
kfXdeE = '////ﬁ(R,t)e d°Rdt| x S(Q,w)

m Elastic scattering gives information on time-averaged structure.

m Inelastic scattering tells us about the dynamical behaviour of the sample.

m  Total scattering is related to the instantaneous correlations.
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Coherent and Incoherent
Elastic Scattering

Since atoms of the same element are not “indentical”, because of isotope and spin effects, it is useful
to split the scattering into two parts:

p(z) (B(=)) A3(z)
gl

Coherent or scattering from thaverage — b, = (b)
Incoherent or scattering froniluctuations— 52, = (52)— (Y’
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Coherent and Incoherent Scattering

m  For elastic scattering, the incoherent contribution is background-like.

(F(q)) AF(q) Sa(q)

m  For inelastic scattering, a model or polarisation analysis is required.

0 Coherent — correlated motion of atoms. (e.g. phonons and magnons)

0 Incoherent — self-correlations, or local dynamics. (e.g. diffusion)
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