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Bethe-Salpeter equation calculations of core excitation spectra
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We pressnt o hybod approsch for Bethe-Salpster equation {(BSE) calculabions of cors excitsbon spectra,
including x-my absorption (XAS ), electron energy loss spectra (EELS), and nonresonant inelastic x-ray scattering S p e C ra u S I I l g

{MNRINE). The method is based on ab initis wawe functions from the plane-wave pasudopotential code ABRIMNIT;

ny-pale -energy mode wnt for final-smate broadening and self-energy shifts.
Multiplet effects are also approximately 2 The approach is implementsd using an interface dubbed a n
OCEAN (Obtaining Core Excitations using ABMIT and MBEE). Te demonstmte the utility of the code we present
resulis for the K edges in LiF & probed by XAS and NRIXS, the E edges of KCl & probed by XAS, the Ti Loy

edge in SrTi0}, as probed by XAS, and the Mg L , edge in Mg s probed by X AS. These results are compared
with experiment and with ather theoretical approsches.

= Hybrid approach to core spectroscopy
s GW/BSE for XAS, NRIXS, EELS, ...
= PAW Pseudo-potential / planewave DFT

m Includes self energy damping, multiplets ...

*Phys. Rev. B 83, 115106 (2011)
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Owptical to UV spectra and birefringence of 510, and Ti0O,:
First-principles calculations with excitonic effects

H. M. Lawler,! 1. I. Rehr,! F. Vila.! 5. In. Dalosto,™* E. L. Shirley.? and Z. H. Levine?®
JJ'.'-'.r_p:-'ﬂ|"|'.l:||='|'l' of Physics, University of Washingron, Semtle, Washingfon 95105, 154
Natiomal Institute of Standords and Tecknelopy, Gaitherrburg, Mardand N899, [F54
[Rimcedwed 11 July 2008; revised manuscript received 13 October 3008; published 12 November 008

& first-principles appromch is presemted for calculations of optical, ultrawiclet spectra including excitonic
effects. The apprsach is based on Bethe-Salpeter equation coloulations using the NBSE ¢ anbined with
ground-state density-functional the lculations from the s ABRDNIT. Test calculaticns
for bulk i are presemted, and the approach is illustrated with calculations of the optical specta and birefron-

7 and the natile and anatss phases of Tiy. An interpretation of the strong birefringenc

UV Si Spectrum

*Phys. Rev. B 78, 205108 (2008)

(ABINIT +
NIST BSE)



Bethe-Salpeter Equation

Bubble Ladder

Particle-Hole Hamiltonian
mH=FE,+V +W

m Bubble V. Is unscreened
m Ladder 7 Is screened






Dielectric Response < BSE

H particle-hole Hamiltonian including:

many-pole GW self-energy
Algorithm: Haydock recursion



Ground-state

m Standard Density-Functional Theory
= Pseudopotential, Plane-wave, LDA

= \Well-documented shortcomings,
Improvements:

= GW
s XC + U

m Core to pseudo transitions with PAW
= Following Bl6chl, PRB 50, 17953 (1994)



Kohn-Sham Wave-Functions

m ABINIT (Plane-wave, pseudo-potential)*
= LDA (Ceperley-Alder) V..
m Zero Temp / Frozen lattice

m Regular grid In k-space
= Size required varies with BZ volume

m Core states from NIST HF atomic code

*Other PW/PP DFT codes may also work



Electron-hole pair
approximation

e-r XAS
e'dT NRIXS




PAW Matrix Elements
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Core-Hole Screening
Wi(r) = Vu(r)+ AV,(r) + AVyq(r)

m Core response from self-consistent HF

m Use neutralizing shell to divide valence
= RPA for short range
= Model dielectric for long range

AV (r) = /d?’r’[e_l(r,r’) — 8% (r — )] x [Vo(r') + AV,(r")]

Hybersten and Louie, Phys Rev B 35, 5585 (1987)



GW Many-pole self-energy

m Extension of Hedin-Lundqvist plasmon-pole

s MPSE (Kas et al.*)
= Calculate loss function
with AI2NBSE - | LiF loss
= Model as a series
of (many) poles
= Apply as convolution

J.J. Kas et. al, Phys Rev B 76, 195116 (2007)



OCEAN Package

DFT/ABINIT




Example: Li K-edge XAS of LIF

Exi}. .
SV R B 1000 k-points
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Expt. data from K. Handa et. al, Memoires Sr. Center Ritsumeika Univ 7 (2005)




Example: Li K-edge XAS of LIF
Comparison with EXCITING* (NO MPSE)

" OCEAN ——
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*W. Olovsson et. al, Phys Rev B 79, 041102(R) (2009)




Example: F K-edge XAS in LIF

Exb. _
OCEAN + MPSE | 1000 k-points
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Expt. data from E. Hudson et. al, Phys. Rev. B 49, 3701 (1994)




ICe: OK edge XAS

i lce-th ——
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Expt. data from P. Wernet et. al, Science 304, 995 (2004)



xample: L-edge Spectra — Multiplet effects

Ti L,;edge SrTiO3
Bethe—Salpeter treatment of X-ray absorpton. .
including core-hole multiplet effects e —
Eric L. Shirley* ' '
*J. Elec.Spect. Rel. Phen. 144, 1187(20053)

ala E. Shirley: BSE \U\%

+ KS crystal potential
ab initio — no parameters

Hpsg = Hp + He + Hep,
Hh = —Ga—|—L°S(p)

H.=Z+L-5(d)+ HZY

+L - S(d) + Hytai ficld

W Hep, = Va(r) +9(1, )



Intensity {arb. unlits)

Intensity (arb. units)
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3. Ab initio XAS Debye Waller Factors 6-202 K

An Initio Determination of Extended X-Ray Absorption Fine Structure Debye-Waller
Factors

Fernando D. Vila, G. Shu, and John J. Rehr
Department of Physics, University of Washington, Seattle, WA 98195

H. H. Rossner and H. J. Krappe
Hahn-Meitner-Institut Berlin, Glienicker Strasse 100, D-14109 Berlin, Germany
(Dated: August 23, 2005)
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Example: XAFS Debye-Waller Factor of Ge

T T T T I T T T T I T T

l

— CD

— LDA (I)
— hGGA (II)
+ Expt

F. Vila et al. Phys. Rev. B76, 014301 (2007)
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Conclusions

m Core & Valence BSE+GW packages
OCEAN & AI2NBSE

m NRIXS, EELS, XAS,

m Includes GW self-energy, multiplets, ..

m Future: RIXS, XPS, DW factors, etc.



Acknowledgments

Rehr Group & collaborators Thanks to
m J. Vinson (UW) X. Gonze, UC de Louvain
m J. Kas (UW) A. Soininen (U. Helsinki)
s F. Vila (UW) L. Reining (E. Polytechnique)
m K. Jorissen (UW) C. Ambrosch-Draxl (U. Leobon)
= H. Lawler (Vanderbilt) T. Ahmed (UW)
|

E. Shirley (NIST)

s b ol 2ol Ly tl

|||||||

Supported by DOE BES Grant DEFG03-97ER45623
& DOE Computational Materials Science Network



	OCEAN and AI2NBSE �postprocessors of ABINIT for �Core and Valence Spectra
	aka SKWIGGLiE
	Slide Number 3
	Slide Number 4
	Bethe-Salpeter Equation
	Bethe-Salpeter Equation
	Dielectric Response < BSE
	Ground-state
	Kohn-Sham Wave-Functions
	Electron-hole pair approximation
	PAW Matrix Elements 
	Core-Hole Screening
	GW Many-pole self-energy
	OCEAN Package
	Example: Li K-edge XAS of LiF
	Example: Li K-edge XAS of LiF �Comparison with EXC!TING* (NO  MPSE)�
	Example: F K-edge XAS in LiF
	Ice: O K edge XAS
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Conclusions
	Acknowledgments

