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5. Inelastic scattering

5 Reminder: Phonons, linear chain
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5 Reminder: Phonon dispersion for m->M
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• lattice constant for crystal with m ≠ M: a
• lattice constant for crystal with m = M: ½a  (gap vanishes)

5. Inelastic scattering
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5 Reminder: Longitudinal and transverse phonons

5. Inelastic scattering
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5 Inelastic scattering: Phonon dispersion diamond

5. Inelastic scattering
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After: J. L. Warren et al., Phys. Rev. 158, 805 (1967). 

diamond: fcc, basis: (000), (¼ ¼ ¼) , T = 296 K, shell model fits 

For X-ray data see: E. Burkel, Inelastic Scattering of X-Rays with Very High Energy Resolution, Springer Berlin (1991)

2.
0⋅

10
14

 ra
d/

s 
= 

13
1.

7 
m

eV



Physics with Neutrons I, WS 2015/2016, Lecture 10, 21.12.2015

5 Reminder: Phonon DOS, specific specific heat, Debye approximation

5. Inelastic scattering

g(ω) not Debye like!

Van Hove singularities are kinks or discontinuities in the 
density of states due to flat portions of the dispersion curves.
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5 Reminder: Phonon DOS, specific specific heat, Debye approximation

5. Inelastic scattering

Energy E (meV)

crosses:            T = 300 K
dashed curve:   T =     6 K

after: B. Renker et al., Z. Phys. B – Condensed Matter 67, 15 (1987).

soft
phonon
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5 Inelastic scattering: Debye Waller factor: Aluminium/Lithium

aluminum
(fcc)

θD = 428 K

lithium 293 K

90 KG. Pankow, Helv. Phys. Acta 9, 87 
(1936)

thermal diffuse scattering

Bragg reflection:
zero phonon line

T > 0 K
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no Bragg at 293 K

5. Inelastic scattering



Physics with Neutrons I, WS 2015/2016, Lecture 10, 21.12.2015

5 Inelastic scattering: Thermal diffuse scattering of pyrolytic graphite

J. Bergsma and C. Van Dijk, Nucl. Instrum. Methods 51, 121 (1967).

T = 293 K
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thermal diffuse scattering

5. Inelastic scattering
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5 Inelastic scattering: Cross-section for phonon emission/absportion

5. Inelastic scattering

Time dependendent position operator

Displacement expressed in terms of normal mode (QM harmonic oscillator)

Ladder operators of QM oscillator Bose-Einstein statistics of phonons
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5 Inelastic scattering: Cross-section for phonon emission/absportion

5. Inelastic scattering

Taylor expansion of the time evolution

Write linear term in term of sample properties (QM harmonic oscillator!)

Abbreviaton of the exponents
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5 Inelastic scattering: Cross-section for phonon emission/absportion

5. Inelastic scattering

Consider only coherent scattering (j=j')

Convert integrals to delta functions using lattice sums (as for diffraction)

Phonon 
emission

Phonon 
absorption
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5 Inelastic scattering: Scattering „triangle“ for inelastic scattering

5. Inelastic scattering
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