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Vibrational properties overview

I Harmonic phonons are a very good approximation.

I Anharmonic phonons: light elements, hydrogen bonds, high
temperatures, . . .

I Interacting phonons:
I Phase stability.
I Thermal expansion.

I Electron-phonon coupling:
I Temperature dependence of band gaps.
I Superconductivity.
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Condensed matter Hamiltonian
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Born-Oppenheimer approximation

I Trial wavefunction:

Ψm({ri}, {rα}) = ψm({ri}; {rα})Φ({rα}) (1)

I Equations of motion:

Ĥeψm({ri}; {rα}) = εm({rα})ψm({ri}; {rα})
ĤvibΦ({rα}) = EΦ({rα})

I Decoupled Hamiltonians:
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Harmonic approximation

I Vibrational Hamiltonian in {rα} (or {uα}):

Ĥvib = −1
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I Normal mode analysis: {upα} −→ {qks}
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I Vibrational Hamiltonian in {qks}:
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Principal axes approximation to the BO energy surface
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I Static lattice DFT total energy

I DFT total energy along frozen independent phonon

I DFT total energy along frozen coupled phonons
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Vibrational self-consistent field equations

I Phonon Schrödinger equation:∑
k,s
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Diamond independent phonon term (I)
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Diamond independent phonon term (II)
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Diamond coupled phonons term
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LiH independent phonon term (I)
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LiH independent phonon term (II)
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LiH coupled phonons term
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Anharmonic ZPE correction
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Anharmonic ZPE correction
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Anharmonic ZPE correction
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Anharmonic ZPE correction
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Conclusions

Summary:

I Principal axes approximation to the Born-Oppenheimer energy
surface.

I VSCF method for the solution of the vibrational equation.

I Examples of anharmonic energy correction.

Extended framework (see future talk):

I Phonon expectation values for general phonon-dependent
operators.

I Electron-phonon interactions, stress tensor, mean atomic
positions, hyperfine tensor, . . .
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Additional Material: diamond phonon dispersion
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Additional Material: LiH phonon dispersion
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