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Abstract

The accurate ab initio description of effective masses is of key interest in the
design of materials with high mobility. However, up to now, they have been
calculated using finite-difference estimation of density functional theory (DFT)
electronic band curvatures. To eliminate the numerical noise inherent to finite-
difference and obtain an approach that is more suitable for material design using
high throughput computing, we develop a method allowing to obtain the curvature
of DFT bands using Density-Functional Perturbation Theory (DFPT), taking a
change of wavevector as a perturbation. Also, the inclusion of G$_0$W$_0$
corrections to DFT bands in our method will be presented.
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G Ĥk G ' =
k +G( )2
2

δGG ' +VG−G ' + !Vk ,GG '

G Ĥk
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G Ĥk G ' =
k +G( )2
2

δGG ' +VG−G ' + !Vk ,GG '

G Ĥk
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Ĥ αβ

αβ = xx, yy, zz, xy, yz, xz{ }
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n Ĥ αβ n ' ≠ 0 ⇒ M n

−1 → M nn '
−1

Luttinger and Kohn, Phys Rev 97 869 (1955)

εn ′n (k) ≈
1
2
kT M nn '

−1 k = k
2

2
k̂(θ ,φ)T M nn '

−1 k̂(θ ,φ) = k
2

2
Mnn '

−1 (θ ,φ)

εn (k,θ ,φ) ≈
k2

2
Mn

−1(θ ,φ)

•               not convenient for transport properties calculation
Mecholsky et al., PRB 89 155131 (2014)

Mn (θ ,φ)
→σ nMn (θ ,φ)



APS March Meeting, San Antonio (Texas), March 3, 2015 of 9

Degenerescences?

6

• Degenerate perturbation theory:

• in degenerate subspace, diagonalize

• But cannot diag. w/r to 6 perturbations!

• Around band extrema
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