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= Slater

XPS, core-level shifts

= Jonizationpotential of core-e, IP= E®t{(N) — E®t{(N-1)
= gives information on charge state of the atom
m core-eigenvalues ¢; are NOT a good appr%ximation: g=dE/dn

transition state”:
n core-eigenvalues &; for half occupancy
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secant ~ tangent at N-'%

N-1

occup.

» A-SCF-calculation with and without core-hole: EPt(N) — E®t(N-1)
s supercells to reduce hole-hole interaction

C,N 1s exp.(eV) & A-SCF
TiC 281.5 264.7 281.9
Ti,C, 281.5 263.3 281.1
TiN 397.0 377.5 397.1




m core electrons are excited into a
conduction band

= Each core shell introduces an absorption
edge, (they are indexed by the principal
number of a core level)

K'1S, L1'2$, L2'2p1/2, L3-p3/2
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= XES:

knock out a core electron, valence electron
fills core hole and hv is emitted
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X-ray absorption spectroscopy - XAS TU

Electron energy loss spectroscopy - EELS WIEN
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EELS spectrum of various
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Difference between

XAS: synchrotron
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EELS and XAS

WIEN

EELS: microscope




XAS vs. EELS: theory TU

WIEN

= transition described by Fermis “golden rule” between initial
(core) and final (conduction-band) state and the e  or photon

s double differential cross section:
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dipole approximation

WIEN

= _
GR <<1—> ™ =1+igR + (qj;)

EELS | XAS

0'c -1 : o’o = 2
e ;\<J\qR\F> “ra0 © Z1IER|F)

The polarization vector in XAS plays the same role as momentum
transfer in (nonrelativistic) ELNES within the dipole approximation.

(TELNES3 can also handle non-dipole transitions + relativistic corrections)

core-valence spectroscopies give information
>  on the local DOS (because of <W_,.|r|¥s>)
of angular momentum character £+ 1
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“Final state rule”: 22

“Final state” determines the spectrum:

- Emission spectroscopy:
Final state has filled core, but valence hole.
This is usually well screened, thus one “sees” the groundstate.

- Absorption spectroscopy:
Final state has a “hole” in core state, but additional e in conduction band.

Core-hole has large effect on the spectrum
 electron — hole interaction, “excitonic effects”

E E A
| ; E; | ;EF
T = F

_® 213 213
— 25 —— »— 2p
2 5
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Treating the core hole within WIEN2k

WIEN

= No core hole (= ground state, sudden approximation)
s Usually not a good approximation (maybe in metals ?)

= Z+1 approximation (eg., replace C by N)
= also not very good

= Core-hole (supercell) calculations:

s Remove 1 core electron on ONE atom in the supercell, add 1 electron
to conduction band

= Remove 1 core electron, add 1 electron as uniform background charge
= considers statically screened e - h coulomb correlation
= Fractional core hole (consider different screening)

= Explicit treatment of electron-hole interaction (excitonic
effects) using Bethe-Salpeter equation (BSE)



= 2x2x2 supercell calculation, with
core hole in one of the Mg atoms.
This allows the conduction state to
relax (adjust to the larger effective
nuclear charge), but also to have
static screening from the environment.

core hole, no supercell:

Z+1 (AlO) ﬁ/

groundstate —/\

e

Experiment —&—
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MgO core hole
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Execution >> |

[ StructGen™ ]

[ view structure ]
[initialize calc. ]

run SCF

[ single prog. |

[ optimize(V,c/a) ]
[ mini. positions ]

[ Utils.>> |

[ << Tasks ]

[El Dens. ]
[DCS]

[ XSPEC]
[TELNES.2]
[OPTIC]

[ Bandstructure ]

[ Files >> ]

[ struct file(s) |
[input files ]
[output files ]
[ SCF files ]

[ Session Mgmt. >> |
change session

[ changedir]
[ change info]

[ Configuration ]

Usersguide

[ html-Version ]
[ pdf-Version ]

Session: [ magnetite |
/areaS1/pblaha/lapw/correlated/magnetite

XSPEC

[Spin UP ][ Spin DOWN ]

Spin UP selected.

If you want to include states with higher energy
edit magnetite.in1 | Editin1

x lapw1 -up |Calculate eigenvalues I~ interactively

x lapw1 -dn ]Calculate eigenvalues |~ interactively

XSPEC-task

x lapw2 -qtl -up |Ca|culate partial charges |~ interactively

edit magnetite inxs | Edit input-file for XSPEC

X XSpec -up | Calculate X-ray spectra |~ interactively

plot | Plot XSPEC
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WIEN

16:42:50 ide

[refresh | | [ no refresh |

Title: Atom 1 L3 absorption spectrum

{atom)

(n core)

(1l core)

(split, Intl, Int2)
(EMIN,DE, EMAX)
(type of spectrum)
(s)

(gamma0)

(w only for EMIS)

(AUTO or MANually select Energy



TELNES3 task TU

WIEN
Session: [ rutlle ] InnesGen™ for TELNES3
/psi11/pblaha/lapw/bulk/Rutil_exp
TELNES3 Title: |Rutile O- K edge
Atom: 2:0| 3| Edge: |usenand| ;ﬁi(n=}1_,iiil=i_p:7}

pre— . A Edge onset: 285 eV Beamenergy: 300 keV

|_edit Rutil_exp.innes | Edit inpu Energy grid: 0.0 ‘eVto|15.0 | eV in steps of [0.05 jeV
Execution >> | Collection s.a.: 1,_5,;9,, R }mrad Convergence s.a.: | 71;.787777 | mrad
I_S_FLLW_GEM Only If you want to Include Spectrometer broadening 0.5 'eVQ-mesh: NR=5 [NT=2
Wl | editRutil_exp.in1 | Edit in1
[initialize calk. ] :
[run SCF ] Advanced settings:
[single prog. | | X lapwi1 I Calculate eigenva Branching ratio: | | (statistical if empty)
[optimize(V.c/a) | - Spinorbit splitting of core state (eV): (calculated if empty)
[ mini. positions | = = — —

' xqgti-telnes | Calculate parti ' Orlentation sensitive: o= 1o B= y= e
[ Utils. >> | Integrate over equivalent atoms: ) [to | | (all eq. atoms if empty)
[<<Tasks| lixtelnes3 | Caleulate ELNES :et:c“fr?o'mom er)_:_;g_o e gl 0.0 mrad
LEL Dens. ] odus: ensrgy | 7]
L__IEOPS | view Rutil_exp.outputelnes |dis 'Mitialization: | Calculate DOS ¥/ write DOS
[XSPEC ] = 5 | Calculate rotation matrices ¥ write rotation matrices
[TELNES3] — - — —
[OPTIC [ edit Rutil exp inb_| Edit input-f Verboslty: basic | % Flle headers: Write headers (default) % |
[ Bandstructure | - . ' Interaction potentlal: | relativistic (recommended) % |

- fAd: U uniform | $|6_0< ' (not used for uniform gri
Lhtbes - | | xbroadening | Broaden the ¢ :’;9 tl |nord r: | all A (def _ni'l 7F(I | state selectio glId)-t_—|+t1 default) &
[ struct fie(s) | = nteractio er: | all A (default)] $ nal state selection rule: L= +-1 (default) %)
Linput files | — _ Extend potentlal beyond Rmt: rmax= | bohr

tput file | plot | Plot ELNES = e

[output files | chaiennil __ Set Ferml energy manually: EF= 'Ry
[ SCF files | - '

| Read core state wavefunctlon: filename= case.cwf [
| save_eels |Save an elnes c:

[ Session Mgmt. >> | | __| Read final state wavefunctions: filename= case finalwf |
[change session | | calculate DOS only
[change dir ] B TR
[change info “_ N?TOT' jaco |
save |



= B-K edge in BN and BN/Ni(111)

= Preobrajenski etal, PRB70, 165404 (2004): “The experiments

contradict recent DFT calculations by Grad etal.”
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Photoabsorption (arb.units)

Angle dependency of B-K edge in h-BN/Ni(111)
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n*-bands (they interact witH Ni!)

190 195 200 205 210 0
Photon energy (eV)

Energy (eV)



Intensity [arb.units. ]

= J.Luitz et al., Eur. Phys. J. B 21, 363{367 (2001)
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L, 5 spectra: failure of the single particle approach

= In particular early 3d TM-compounds show a

» non-stanaard L /L ; branching ratio (1.:2)

» Sometimes a completely different lineshape (T10,)

u ,Wrong" SOC or CF splittings
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@ Beyond IPA
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. ab-initio configuration interaction (solid is approximated by
finite cluster)

Y. Kumagai, H. Ikeno, and |. Tanaka, J. Phys.: Condens. Matter 21, 104209 (2009).
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. linear response in time dependent DFT (TDDFT)
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. Bethe- Salpeter equation (BSE)
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7 fully relativistic electron-hole interaction (BSE) U

WIEN

» Bethe-Salpeter-equation. L(12;172))
« solving a 2-particle (e - h) equation of \‘/ \/
large dimension ( N,N.N, ~ 100000) 1 b ‘ T .

. <.
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Excitons in LiF

. « experiment
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WIEN

Ca-L,; edge in CaF, TU

= “ground-state” DOS > Y Y

core-hole calc.
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L, ; edge for Ca in CaF, Wi
T T .{\'I T T T T T ¥ T
— total
L, {;’N L, ___-g:t? contrib.
1 S p3/; contrib.

--== Ccross contrib.

intensity (arb.units.)
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Decomposition of €, into the excitation from p,,, and p,, states
cross terms suppress the L; branch and enhance L,
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Ti L, 5 in rutile-TiO,, anatase-TiO,, SrTiO, WI.'EJN
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cross term suppresses the L;
branch and enhances the L,

intensity (arb. units)

the first peak of L, or L, is related
to excitations into t,,, the second
peak is associated with e,

the cross term strongly modifies
the ratio between these peaks
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3d metal L, ; branching ratio T
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(SOC splitting is set to values

* calculation
A experiment from 5eV to 25eV)

The size of spin orbit
splitting is a main factor
0-4_ o A Fe O | determining the branching
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