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Outline

Theoretical aspects of spinpolarized photoemission

Ni(011): Electronic structure and angle-resolved
UV-photoemission

Fe(001): Electronic structure and angle-resolved
UV-photoemission

Ni(001): Fermi surface and angle-resolved X-ray
photoemission

Conclusions and outlook



LSDA+DMFT and photoemission

Angle-resolved photoemission

m
One-step model of photoemission

⇑
Electronic Green’s function

⇑
KKR-method / multiple scattering theory

⇑ ⇑
LSDA LSDA+DMFT



General theory of photoemission
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One-step model

Inserting |ΨI > and |ΨF > in Fermi’s Golden Rule

Summation over all possible final states

Averaging in the Grand Canonical Ensemble
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One step model of photoemission

α̂ ·A0 : relativistic form of electron-photon interaction



Initial and final states

Calculation of the initial states for ΣDMFT (E) 6= 0

Relativistic LDA-Hamiltonian
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Generalized nonlocal potential
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Dyson equation for the initial state Green function
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The semi-infinite Solid

Bulk potential

Surface potential

det|1−RBRC | = 0 ⇒ Surface state

det|1− RBRC | = min ⇒ Surface resonance



Dipole selection rules

MPES 6= 0 für ∆κ = ±1 , κ + κ′ = 0 und µ + µ′ = 0

Relativistic dipole selection rules
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α̂ ·A0 : relativistic form of electron-photon interaction
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The spin-angular functions χµ
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Cκµs and by the spherical harmonics Y
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Spinpolarized electronic structure for Σ 6= 0
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Ni(011): electronic structure and ARUPS

Spinpolarized bandstructure Comparison between experiment and theory

Single particle (LDA)
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Fe(001): Fermi surface

Experiment Theory LSDA Theory LSDA+DMFT

Ehν=50eV, linear polarised light

Experiments Mulazzi et al.
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Fe(001): Fermi surface

Experiment Theory surface Theory bulk

Ehν=50eV, p-polarised light

Experiments Mulazzi et al.



W(011): X-ray photoemission at T 6= 0 Ko

Ehν=870eV, T=780 K

Exp. Plucinski et al.

effect of photon momentum considered

Temperature-dependent PE

within Debey-Waller model



Ni(001): X-ray photoemission and Fermi surface

Spinpolarised
bandstructure
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Conclusions and Outlook

Relativistic DFT-ONE-STEP-DMFT (REDOSD) approach
⇓

Improved description of the electronic structure of ferromagnetic 3d-metals
Detailed analysis of electronic dispersion in the UV- and X-ray regime

Spectroscopic investigations on Mn and hexagonal Co, NiO or FeCo

Consideration of the spatial dependence of the electronic self-energy Σ

⇓

Numerical solution of the corresponding integro-differential equation for Σ

⇓

Spectroscopic investigations to highly correlated materials and
consideration of Phonon effects beyond Debey-Waller

Combination of the TBKKR-method with the REDOST approach
⇓

Quantitative description of electronic structure and photoemission from
arbitrary 2D-structures like multilayers or adsorbate systems



System of radial Dirac equations

MC 6= 0 for Bz : δκ,κ′(−κ′−1)δµ,µ′ Bxy : δκ,κ′(−κ′−1)δµ,µ′±1

κ = l, κ > 0; κ = −l − 1, κ < 0; µ = l + s = −|κ| + 0.5, ..., |κ| − 0.5
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The integrals I±p/m can be written in terms of Clebsch-Gordan coefficients Cκ,µ,s,
multiplied by the three components of the direction vector b of B and by the
Gaunt coefficients Il′m′l′′m′′l′′′m′′′ , which describe the angular mixing.



Ni(001): electronic structure and ARUPS

Non-local potential U

Spinpolarised

bandstructure Off-normal emission: ΓX
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Ni(011): electronic structure and ARUPS

Spinpolarized bandstructure Comparison between experiment and theory

Single particle (LDA)
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Fe(001): electronic structure

Spinpolarized bandstructure Spin- and symmetry resolved self-energy for Fe
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Fe(001): ARUPS

Comparison between experiment and theory
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Ni(001): X-ray photoemission

Spinpolarised
bandstructure
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