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B Light-Matter Interaction
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The dielectric tensor

0 Free electrons: the Lindhard formula
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INnterband contributions

O Independent particle approximation
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Optical constants

O Complex dielectric tensor
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INfraband contributions

0 Dielectric tensor

Energy
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Sumrules
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Symmetry
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Magneto-opftics: example
O without magnetic field, spin-orbit coupling: cubic

Im exx 0 0 Re exx O o)
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0 o 0
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0 with magnetic field ||z, spin-orbit coupling: tetragonal
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B The Program ...



SCF cycle — converged potential

O x kgen — dense mesh
O Xlapwl — Kohn-Sham states (higher E,, )
O X lapw2 -Fermi — Fermi distribution

opftic package

0 x opfic — momentum matrix elements
O X joint — tensor components
0 X kram — optical constants

< life fime broadening
< Scissors shift

B The Program Flow
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opftic

0 case.symmat

0 case.mommat
joint

[0 case.joint
kKram
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Sumrules
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LOSS function
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Relaftivistic effects

non-relativistic scalar-relativistic relafivistic
T N,
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o Example: Au



Relaftivistic effects
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Theory versus experiment

-----------------------------
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W. S. M. Werner, M. R. Went, M. Vos, K. Glantschnig, and C. Ambrosch-Draxl
Phys. Rev. B 77, 161404(R) (2008).

B Examples: Ag, Au



) W. Werner, K. Glantschnig, and CAD
Theory & experiment J. Phys. Chem. Ref. Data 38, 1013 (2009).
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Theory & experiment

O Overall excellent agreement in the entire
energy range (up to 100 eV)

0 New REELS data agree
much better with DFT

Journal of
. Physical and Chemical
0 Details of the band AIP Reference Data |
S-I-rUC'I-U re mO‘I“I‘er e Browse ¥ Librarians ¥ | Interactive Features

J. Phys. Chem. Ref. Data / Volume 38 / Issue 4

Optical Constants and Inelastic Electron-Scattering Data for
17 Elemental Metals

J. Phys. Chem. Ref. Data 38, 1013 (2008); doi:10.1063/1.3243762
Published 10 December 2009

ABSTRACT || REFERENCES (79) |

Wolfgang S. M. Werner
Institut fiir Allgemeine Physik, Vienng University of Technology, Wiedner HaupltstraBe 8-10, A 1040
Vienna, Austria

Kathrin Glantschnig
Chair of Alomistic Modelling and Design of Malerials, University of Leoben, Franz-Josefstralle 18, A

W. Wer-ner'l K. G lan Tschnigl an d C AD zzflef;;t:; ;:!:fgfﬁ;u;:grgfzs;;:,uzz:bemich Theoretische Physik, University of Graz,
J. Phys. Chem. Ref. Data 38, 1013 (2009). Gt T

Chair of Atomistic Modelling and Design of Materials, University of Leaben, Franz-Josefstrale 18, A
8700 Austria
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Whom to ask? Robert Abt

Linear optical properties of solids within the full-potential linearized
augmented planewave method
Comp. Phys. Commun. 175, 1-14 (2006).




Exploring the Core Region



BasIcs Right Left
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exchange
SN VN IR N S — splitting

L, edge 2P

SO splitting
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O A polarized photon beam excites electrons
of different spin with different cross sections

% X-Ray Magnetic Circular Dichroism



Results: Ni
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L. Pardini, F. Manghi, V. Bellini, and C. Ambrosch-Draxl,
in Linear and Chiral Dichroism in the Electron Microscope,
Edt. P. Schattschneider, 2011).







Details matter ...

O Interband transition onset: d band position

— LDA
— - LDA-opt
_o* I\ « Ehrenreich (1962)
\ = Johnson (1972)
T 2\ ~ Robin (1966)
o Hagemann (1975)
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Q Different theory needecill \
g ' '5*'."" ;

o Can Functionals Help®e




Discrepancies

0 Ground state
xc functionals Vie(r) =

0 Excited state
Interpretation in terms of ground state properties
Interpretation within one-particle picture

Response function

0 Many-body treatment needed

0 2routes
Time-dependent DFT (TDDFT)

Manybody perturbation theory (MBPT)

dEgc (p(r))
dp(r)

B Beyond the Ground State



Photoemission

hv w indirect

N-1 electrons N+1 electrons
e = E(N)— E(N —1./) er = E(N+1,f) — E(N)

%b Probing Electronic States
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The quasi horse according to Richard D. Mattuk

The Quasiparticle Concept




Where to start from@e G = GKS +

0 The quasiparticle equation

T+ Ve () + Vi (n)] w27 (r) + ﬂi(r. e (Nd = 7R (r)

0 The Kohn Sham equation

[T + Vexe(r) + VH(r) H Ve (M0 (r) = /20 (r)

0 GoW, G, = Ggs

P = (DOFT _ <nk’2(e§kp) _ VXLEFT‘nk>

R The Quasiparticle Concept



What is the precision?

O All-electron & pseudopotential results

EgPP _ EgAE eV]

0.6

core-valence seudoization
04 .partitioning .p hOSed on LDA
0.2”777 | . l
0.0

-0.2
-0.4
-0.6

C Si BN AP GaAs LiF NaCl CaSe
R. Gémez-Abal, X. Li, M. Scheffler, and CAD, PRL 101, 036402 (2008).

%D The GW Approach






The electron-hole pair

0 Effective H atom

|

Ep
m*e2

Q

effective mass m*

dielectric constant €

The Bethe-Salpeter Equation



The electron-hole pair

O Two-particle wavefunction

PM(re,r) = Y ALk (tp) Yok (re)

“

KS states from GS calculation

0 Effective two-particle Schrodinger equation

matrix form e—h A _ A
Z chk,v’c’k’ Av’c’k’ — E)\Afuck
v' k!

The Bethe-Salpeter Equation



The eigenvalue problem

e—h A _ A
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O Diagonal term
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0 Exchange term - repulsive
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The Bethe-Salpeter Equation



The dielectric function
(b)\(rela rhole) = Z A)c\vd)c(rel)wv(rhole)

0 Bethe-Salpether equation (BSE)

Ime ~ 2,2

O Indepehdet particle ap A)
Ime ~
oscillator strength peak position

The Bethe-Salpeter Equation
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P. Puschnig and C. Ambrosch-Draxl, Phys. Rev. Lett. 89, 056405 (2002).
P. Puschnig and C. Ambrosch-Draxl, Phys. Rev. B 66, 165105 (2002).

The Bethe-Salpeter Equation




Core excitations

O Typical approach:
Supercell including a core hole

O LAPW allows tor a BSE freatment
All-electron, full potential, no frozen core

0 How well do both approaches compare?

0 For deep core states they are basically
equivalent

J.J.Rehr, J. A. Soininen, and E. L. Shirley, Phys. Scr. T115, 207 (2005).

0 What about semi-core levels?

The Bethe-Salpeter Equation
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W. Olovsson, I. Tanaka, T. Mizoguchi, P. Puschnig, and CAD, PRB 79, 041102(R) (2009).
Exp.: K. Handa et al., Memoirs of the SR Center Ritsumeikan University 7, 3 (2005).

o Core Excitations




Codes & Publications

O Independent-particle approximation
CAD and J. O. Sofo, CPC 175, 1-14 (2006).

0 XMCD
L. Pardini, V. Bellini, CAD, and F. Manghi, submitted to CPC (preprint).

Optics-joint-kram package inside WIEN2k

0o GwW
FHI-gap 10O be released

H. Jiang, R. Gémez-Abal, X. Li, Ch. Meisenbichler, CAD, and M. Scheffler,
CPC to be published.

[ BSE
hittp://amadm.unileoben.ac.at/software.html

P. Puschnig and CAD, Phys. Rev. B 66, 165105 (2002).

o Status of Codes






