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Neutron Fraunhofer Approximation
distance source
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Cross Section

— scattered intensity
n':  particles scattered per second into

—_— dQ: solid angle seen by detector
7 S i under angle 20 and into

£ dE" ener%intewalbeiween E'and
! E+

j:  incident beam flux (particles /
\ (area - time))

double differential cross section:

Inelastic Scattering

energy transfer
AE=hw=E -E, :Ef—Ei
momentum transfer

hQ =hk , - hk,

particle E; many body E,
neutron ... l system T

m E; M E,

van Hove 1954 Phys. Rev. 95,249

T - o " cross section mm scattering properties of the probe
» —— dOdE' JAQdE' (L.4) x  spatial dynamic correlations
of the unperturbed system: S(Q, @), (G(r,1))
differential cross section: total scattering cross section: -
do’ do k, nuclear scattering of neutrons:
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Scattering Law S(Q o) s QOutline
Dynamic structure factor ~ S(Q,®) = [deS(Q, e
* Crystal spectrometers
integral: _[S(Q, w)ydo= jsz(Q, z)j dae™ =5(0.0)
5(1)
= snapshot
elastic: 5(0.0)= _[ drS(Q.1)

= time average




s Reciprocal Lattice s Lattice Planes
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basi fih Example for 2d lattice (red) « Atoms lie on lattice planes \
asis vectors of the and reciprocal lattice (blue): ) o
reciprocal lattice: « parallel lattice planes form
. sets of lattice planes
o) « They are labeled by
\ Miller indices h,k,1
the integer intercepts of the
direct lattice are inverted and multiplied
by an integer number to obtain a tripel of
integer numbers.
In 2d example: Intercepts 2,1 —
Miller indices: (h,k) = (1,2)
//‘ 20
« The reciprocal lattice vector G = ha* + kb* + Ic* is perpendicular to the lattice
planes (h, k, 1)

*|G|=2n/d (h, k. 1), where d (h, k, 1) = distance of lattice planes along G.
ey Laue Function s Bragg Condition
Tlduseye IR
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describes scattering from 3d lattice
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Laue function — main maxima for Q = G = ha* + kb* + Ic*

Ewald-construction:
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Wiy Why Triple Axis Spectroscopy ?

s Triple-Axis Spectroscopy
R E
ﬁw in real space ...

...and in reciprocal space
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one can follow any desired path in reciprocal space

two typical scan types: . . - - . .
constant energy scan
constant Q scan

phonon dispersions in copper
(depend on lattice direction!)

1) change sample angle y by Sy
2) calculate new k(8y) so as to close

the scattering triangle
3) change scattering angle ¢ by 3¢(k;, dy)
) 4) set analyzer to new ki, i.e. change 6, and 6
! 5)goto1)

2= K2+ k7 — 2k, K cosd i
AE= E, - E, = (2m)(k? - k?)

AE = AE(Q,$)

1 hQ
2k;
dispersion relation for phonons $=0° 35 | 90° 180°
o =o(q)
-E,—%
AE = ha(q)

detector
s Kinematic Conditions S 3. Resolution and Intensity of a Crystal Spectrometer
:35‘“; ;.:5:_5 2 sauq\-;s:_i
. AE | AE>0 for energy loss wave vector resolution 3k; of monochromator and analyzer
a) Energy and momentum conservation of the neutron for a perfect crystal and experimental beam collimation 56
Q =k -k E . G, =2k;sind = 8k; = k;(8G4 /Gy, + cot0-50)
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Wave Vector Resolution 5k;

for a mosaic crystal with orientational variance n and
experimental beam collimation o,

Gt Gras Gt /Ky 3
S G G (s

SRR SR mosaic crystal

2, Intensity o« Sizes of Resolution Volume Elements
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by choosing mosaic spread n and collimations o, and o,
before and behind monochromator / analyzer
select a volume element in momentum space X ,

in fact the 3-dimensional shape of
the volume elements is ellipsoidal

Intensity at the detector:
Al, = dj(k) ngt dxdy d*c/dQdE; AQA® = (Plk;)f(k) ngt dxdy (o /4m) S(Q,w) (him) A(k) A(k), Ak, d%;

Aly = (®/k;) (k) dxdy ngt (o/4m) S(Q,w) (h/m) d*k, A%k,

o Intensity (Quantitative)
source —» primary spectrometer ~ — sample — secondary spectrometer
1. collimator 3. collimator
monochromator analyzer
2. collimator 4. collimator
detector
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Focusing

adapt the inclination of the resolution ellipsoid to the slope of the dispersion curve

defocusing
configuration

broad in energy!
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3 {s:e,: Visualization of the Inclination of the Resolution Ellipsoid

H

2%, Visualization of the Inclination of the Resolution Elljpsoid

How to select size and
inclination of the
resolution ellipsoid
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SV-30 during set-up of the 70 tons
monochromator shielding
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The SV-30 Double Focusing Monochromators

SV-30 Completed

Sehemaic drawng of B PRISMAS detector
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* Time-of-flight spectrometers
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Time to Energy Spectrum

S Energy Spectrum
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Time Focusing

flight path

sample

time

— time sequence of wavelength Ap(t) at start
— slow neutrons first, fast last

— convergence in arrival time at detector plane

Time Focusing Instrument

slow nentrons first, Bast Last

COAVETECTee 1 val time at detector plane
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Chopper Spectrometer for single crystal studies
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