Crystal vibrations - Phonons

Lecture 2
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Vibrations of 1D diatomic chain
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Diatomic chain: dispersion relation
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Vibrations in 3D with s atoms per cell 2 ACOUSTICAL BIRANCHES
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Optical Mode

Acoustical Mode

https://www2.warwick.ac.uk/fac/sci/physics/current/postgraduate/regs/mpags/ex5/phonons/



Quiz : Dispersion curves in Piamond
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Quantum modes: Phonons

Quantum correspondevce: If a classical harmonic system (i.e. any quadratic Hamiltonian) has a normal
oscillation mode at frequency o, the corresponding quantum system will have eigenstates with energy
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Phonons
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Phonon momentum

* Phonons can interact with other particles (i.e. photons, neutrons, electrons).

. or
* This interaction occurs such as if the photon had a momentum 7K. — 0m0momlum “I'U
* However, a phonon does not carry a real physical momentum. ny 6* zUZ wiomen i)

= ‘FhOnon oordinates” are relahve ooo(d.zM‘l’QS)
1 monoatomic dhoun

wt = iKna Wb ,1Ka Kna
| > = _1 Q""‘”L A = _twwmAe" ¢ 1-4"
FLﬁ&Q Wl //H'Z%ﬂ 1 MA 5 . T 1 4 1- e/’l'l‘(ﬂk (~ )
o d(kva-wt) ST X
/Wl" Ae Vé 1-5

ditions (note that Na = 1)
]LorFen'ocuc bour\d.a.ﬁcondk NS 1 gt o —=e \Q/N:Jj

=1
= polal =0 aud M_C;A/Jtomz



Inelastic scattering by phonons

Remember - Elastic scaﬂemj K's K4 G
ndashc scatlenng © K'= Ktg+6 | Lot
?h incldent ( Qroe(;u b o absorP‘\w =

w(K) ahs[aens{ev\ wuves can be dekermined. kv inelaghc sca%m'nj, q neutron

consepyahon oj. ?uasw monentum ’K K+ |<, 16

N WK V\?K‘
concenion: Q} @’\Qﬁd - 2m om : mvnKMh




Triple axis spectrometer
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https://www.helmholtz-berlin.de/forschung/oe/em/transport-phenomena/flex/index_en.html
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The Nobel Prize in Physics 1994
Bertram N. Brockhouse, Clifford G. Shull
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Learving outcomes — Phonons

Normal modes are collective oscillations where all particles move at the same frequency.
. . . . 1
A normal mode of frequency w is translated into quantum-mechanical eigenstates E,, = hw (n + E)'

» The quantum unit of a crystal vibration is a phonon, which has energy Aiw. Phonons can be thought as particles
that obey Bose statistics. Thus, if a mode is in the nt” eigenstate, we say it is occupied by n phonons.

> All elastic waves can be described by wavevectors that lie within the first Brillouin zone of the reciprocal space.

> If there are s atoms in the primitive cell, the phonon dispersion relation has 3s branches: 3 acoustical phonon
branches (i.e. have linear dispersion at small k; sound wave) and 3s-3 optical phonon branches (i.e. have finite
frequencyat k = 0).

— —
> The wavevector selection rule for an inelastic scattering process of a photon or a neutron from wavevector k to k’,
when a phonon of wavevector K is created, is

K=Kk +K+G

-
where G is a reciprocal lattice vector.




