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SPECTROSCOPIC SET- UP
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Metals: reflect
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INSULATORS: do not reflect
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Pauli exclusion principle generatesthe discrete energy levels called "bands

structure”
Periodicity makes completely filled (empty) bandsinert.
(Perfect sinusoidal waves don't transport water, also like an oscillating rope)
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Pauli exclusion principle generatesthe discrete energy levels called "bands

structure”
Periodicity makes completely filled (empty) bands inert.

(Perfect sinusoidal wavesdon't transport water, also like an oscillating rope)




INTERBAND RESONANCE -ight can be absorbed
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TWO CONTRIBUTIONS FROM ELECTRONS
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PHONONS
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SYMMETRIES
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It's enough to know the symmetries of the phonons
(experimentally)
to obtain information about the geometrical structure
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Vibrational resonances
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Phonons can be seen
> as peaksin the reflectivity !!

this is a phonon
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IDEAL CASE: everything clearly visible
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Most metals:
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phononic features!!
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SOME METALS:
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resonance

Idea: even ifthere are free carriers (a plasma peak exists)
they "live" too shortly to oscillates and thus perfectly reflects light

Hence, other contributions are now visible
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How to simulate IR reflectivity

"Dynamical linear response function in DFPT" (Density Functional Perturbation Theory)

. are computed straightforwardly by the canalitinel formula

where  §7¥a% , §<e}  are solved SCF via Kohn-Sham theorem

The magic behind DFT framework

Averaging over
different energies Finite Temperature
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My Work:

. there are already packages to compute these properties

- Not feasible to apply them to metals

Lv Using a straightforward implementation requires
too many resourcesto be applied to the hard case of metals
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My Work:

there are already packages to compute these properties

- Not feasible to apply them to metals

Lv Using a straightforward implementation requires
too many resourcesto be applied to the hard case of metals

W sampling is a bottleneck SA”’K v do
w

idea:

Metals need very high N« ¢ .
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Efermiintersection+ smooth features
a lot changesbetween "ABOVE" and

"BELOW"
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New approach — new software

» \ No self-consistent

21 Quick computation on many k-points

( thanks to Wannier interpolation)
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Quick layout:  Thanks to a simple rewriting of 7,
- one SCF calculation for easy parameters

1 7 - refine the preliminary scf with nscft calculation
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RESULTS:
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RESULTS:

H3S
’m'ém Cubic
1-05'\[\
\[\

A1.OO
3
c

0.95

—— Experiment
0.901 —— Theory
0 50 100 150 200 250
w (meV)
Rombohedrical

1.05 -
A1.OO
3
c

0.95

—— Experiment
0.901 —— Theory
0 50 100 150 200 250

w (meV)



CONCLUSION

Hopes

you got a little more familiar with electrons, phonons,
bands structures, reflectivity resonances....

| found soon | way to get a better agreement with the
experimental data and pubblish a good paper

®
( thank you for your attention!!
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More detalls about the new approach
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More detalls about the new approach
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More detalls about the new approach

New formulation
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More detalls about the new approach

Comparison
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