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Motivation Schematic temperature-density diagram:
Aluminum [Phys. Today 63(6), 28 (2010)]
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* Orhbital Free Density Functional Theory for Molecular Dynamics

« Calculation of properties requires Kohn-Sham orbitals,

but there is an overall gain in speed
» Electrical conductivity is an important property to predict, which
needs a code that overcomes the mentioned difficulties

Goal: full-featured post-processing tool for Quantum Espresso
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KGEC: (K)ubo (G)reenwood (E)lectron (C)onductivity

Main features of KGEC

Coded in modular Fortran 90.

Calculates the full complex conductivity tensor.

Uses either the original KG formula or the most popular one (in
terms of a Dirac delta function & approximation)

Performs a decomposition into intra- and inter-band
contributions as well as degenerate state contributions.
Calculates the direct-current conductivity tensor directly.
Provides both Gaussian and Lorentzian representations of the
Dirac delta function. (A Lorentzian always is recommended.)
MPI parallelized over k-points, bands, and plane waves, with an
option to recover plane wave processes for their use in bands
parallelization

Allows for writing and reading of the gradient matrix elements.
Fast convergence with respect to k-point density.

Requires investigating details of the K-G formalism
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Kubo-Greenwood Conductivity Tensor
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Kubo-Greenwood Conductivity Tensor

For small §, the Lorentzian in o;(w) behaves like a Dirac delta function, that is

5/2
(Aémm/ = hLd)2 - 52/4

which allows o1(w) to be written as

~ TO(A€mm — hw),

27r62h3 L m N
o1(w) = Ty Z Z A mIV ) o'V m) 8 A — o).
or
2me’h? N,
o1 (w) = —o Z Z A frm (m |V mY(m|V|m)é(Aepmm — hw).
v i
Approximation by introducing only Usual KG formula, typically approximated:
the Dirac delta function keeps all 1) By introducing the Dirac delta function,
contributions and allows for 2) Taking into account only inter-band

recovery of original KG expression. contributions

Needs a careful treatment for m=m?’, No recovery of the KG expression possible
and degeneracies
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Kubo-Greenwood Conductivity Tensor in Bloch States (Real Part):
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Decomposition into intra-band contribution, degeneracy contribution,
and inter-band contribution

(similarly for the imaginary part)
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DC Component
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Drude Component (no inter-band contribution)
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T=— Defines the delta-width as the inverse of the average inter-collision time

Analytical expressions for the DC components also obtained for the
approximated KG formulas
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Sum Rule for a particular state:

2 i [/ [pa|)® _
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Sum Rule in terms of the occupation numbers:

Sme o= 1 = 1 n= 1 Em Gn)
n#m
6n?éﬁm
Sum Rule for the integral of the average trace:
2V = Because of intra-band
Sw = 312 N dw T'r(oy (w)) Z]‘/v and degeneracy
e Neor

contributions

UF i GRIBA A



Sum Rule for a particular state: .
Finite Number of States

N
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Sum Rule in terms of the occupation numbers:

v

S‘S‘ S‘ (f(en) (Em))|<m|pa|n>| 3 1

3me a=1m=1 n=1 Em 6")
n#m
EnFmn Incomplete sum
Sum Rule for the integral of the average trace: l
2.V = Can be either
S = 312 N dwTr(o1(w)) X1 — greater or less
HE" =Yg than 1.

Similar problem for the conductivity
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Gradient Matrix Elements for PAW datasets
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Calculated in the one-center approximation

%'em(r - Ri) ZRie(|I‘ — Ri|)ng(9, <f>) — Atomic Orbitals
Gitm(r — R;) =Ri(|r — R;|) Yo (0, &) —— Pseudo Orbitals

Piem(r — R;) = Pie(|r — R;i|) Yo (0, ¢) —  Projectors

Angular integrals calculated analytically
Radial integrals calculated numerically
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Comparison with Abinit (ordered system)
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Comparison with Abinit (disordered system)
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Remarks

« Survey of the KG theory, leading to new analytical results,
algorithm and code (KGEC).

« KGEC implemented as a post-processing tool for Quantum
Espresso (from version 5.1 to version 6.0).

« KGEC is MPI parallelized taking into account the
demanding computational conditions usually needed in WDM
calculations. It is in the final stages of beta testing.

» Work still in progress to tackle the problems associated with
finite numbers of states.

\\)
I

UF|FLORIDA



