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Wannier Functions and
. i i Local Orbitals: What do You Want?
Applications to Magnetic Insulators

Just another basis set?

{Ku, Rosner, Pickett, Scalettar, PRL, ca. Oct 2002}
Warren Pickett, UC Davis

Some physical meaning?
e Wei Ku

Orthogonal? it costs in localization
e Helge Rosner

Maximally localized? any physics in this?
e Richard Scalettar

e Michelle Johannes Symmetric or no

1D Free Electron Wannier Function
Compare: P(k) = A k*2

Outline of Talk

’ 075
e General comments about Wannier functions

B
e Calculation of all-electron, full potential WF's % \
E oz
e Application to magnetic insulators "' \
LagBazCuz010, Nd4BazCu2010 m\&jxw—;}j@f
e Case of overlapping bands: cerium e ey e wa mer e

e Peculiar case of CaCu3TisO12 (if there’s time)
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Wannier Functions: Generalities

Given an isolated set of bands with Bloch wvins
{%k,n}, Wannier functions are given by

Wi, ("‘ . R) o Z Z Umj(k)'d’k.j(’]‘)(-ﬂk.}z
k3

e U(k) is any k-dependent unitary
transformation

o {R} labels the unit cells

e Indices run over orbitals in the subspace

e Single band: U(k) — e'¥*) where P is real
e P(k) affects the localization of W (r)
o If {9% »} are orthonormal, then

fd37”Wf*(‘f — R1)W;(r — R3) = 6;j0R, R,

U(k) provides much flexibility: maximally
localized WFs are popular and, without other
considerations, are more efficient than
alternatives.

Wannier Functions: Single Band

Given a single band, what can we say about the
(single) Wannier function?

R = extn; €k = ZtReik'R
R

e {tr} is unique (Fourier transform of &)

e hence, the “extent” of the Wannier function
is determined

e |W(r—R)? and < (r — R)? >, depends on
the phase choice P(k)

Thus even for a simple § = } spin-orbital, the
degree of localization is somewhat flexible (so the
orbital is not unique), but its extent (hopping
range) is unique.

For multiband systems, progressively less can be

said in general about the flexibility of their
localization.
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Symmetric Projection of Wannier Functions

Given an isolated set of Block wvfns {¢xn}
e choose (symmetry-related) orbitals {g;}
e form the projections < g;|Yk,n >= M; (k)

; 3 Wannier Functions: Applications
e construct unitary transformation

M( Mt M)-1 /2 — 7 Given a set of Wannier functions (or any local

orbitals) it is straightforward to calculate

Uty = (M M) 2MM(MTM)TY2 =1 o &= [Wi(r—R) hW;(r-R)
e transform to Wannier functions tij(R) = [W!(r — R) h W,(r)
{rn} = W(r—R) =Y e*BU(k)yu(r) o Uy = [ IWi(r - R)2E|W;(r — R)P?
‘ e J7;(R)=

e produces symmetric orthonormal Wannier ’ .2 ’
functions if {g} are symmetric ff Wi (r — R)WE(r' — R) = Wi (r')Wj(r)

e conserves the density of the subspace

Z|W (r—R)>=p(r) =Y [Wrn(r)?
k,n

and other more specific integrals.

e additional phase factors not yet investigated
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