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I. SUMMARY

This document describes a modest extension of the conducti program, suitable for calculating linear optical re-
sponse in the PAW formalism. The original conducti program, which has been part of abinit for some time, computes
the optical conductivity in the Kubo-Greenwood formalism using norm-conserving pseudopotentials. Recently, this
functionality was supplemented by the use of the PAW formalism, making it significantly faster in many respects.
In addition, the PAW formalism can be used to compute the frequency dependent dielectric tensor in a similar way,
and indeed this is part of recent releases. However, the implementation up to version 5.4 was coded such that only
principle dielectric tensor values were treated, therefore crystals of arbitrarily (low) symmetry were not fully treated,
and also there was no provision for a scissors correction. I have re-written the linear optics calculation for conducti,
using the PAW formalism as implemented already, but including provisions for a scissors correction and all crystal
symmetries.

II. COMPUTATION

Components of the imaginary part of the linear dielectric tensor are computed as a function of energy from the
perturbative formula1

ǫab
2 (ω) =

4π2

Ωω2

∑
n,m,k

fnmwkδ(ωn,k − ωm,k + ∆ − ω)〈nk| − i∇a|mk〉〈nk| − i∇b|mk〉
∗ (1)

where atomic units are assumed, and thus ω is an energy in Hartrees, and all factors of e, m, and ~ are unity.
Superscripts a and b refer to cartesian directions, and the momentum operator is −i∇a = −i∂/∂xa. Indices n and
m refer to bands. The factor fnm is the difference in occupation number between two bands. Summation over the
irreducible part of the Brillouin Zone uses k points. The Dirac delta function in Eq. 1 is applied by replacing it with
a Gaussian function, with a width that acts to smear features of the spectrum and is an input parameter. The factor
∆ is the scissors correction,2 and is also an input parameter. Finally, Ω is the unit cell volume.

After computation of ǫab
2 , the tensor is symmetrized, because in general the integration is over only the irreducible

part of the Brillouin Zone. The tensor over the full Brillouin Zone is constructed as follows:
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where the sum is over the nsym point group symmetry elements S.
The real part of the dielectric tensor is computed from the imaginary part by a Kramers-Kronig transform:
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where P means to take the principal value.

III. USAGE

First, do a normal ground state calculation, using PAW data (not norm-conserving pseudopotentials) with prtwf 1

and prtnabla 1 to save the wavefunction and momentum matrix elements. Next, prepare two files, one that contains
just the names of your input and output files, and the second (the input file) that contains the relevant parameters.
Thus for example I have one file called con.files that contains two lines: con.in and con.out. Then my input file,
con.in, contains the following data:
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3 # option for the program conducti, telling it to do linear optics calculation
sio # base name of files to read from ground state calculation

0.018 # scissors correction to apply, in Hartrees
0.009 0.0001 2.0 1000 # smearing width, minimum and maximum energies (all in Ha)

# and number of points to compute

Then feed the file of file names to conducti:

conducti < file.files

The code will report some some details, and generate two files, con.out real and con.out imag containing the real
and imaginary parts of the dielectric tensor, as a function of energy. These files have 7 columns, which are: energy,
ǫxx, ǫyy, ǫzz, ǫyz, ǫxz, and ǫxy.
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