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Outline of the talk

1 Methodology
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Characteristics of the method

ADC is based on a propagator (Green's function)
formulation

Wave functions enter only indirectly
Direct route to properties (contained in G)
No formation of expectation values over property operators

Combination of perturbation theory and matrix
diagonalization.
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What can we describe?

|. Properties related to one particle:

Theory:

2 Excitation energies
2 |lonization energies
2 Electron af nities

=) Experiment:

2 Complete ionization spectra

2 Intensity distributions

2 Hole localizations via population analysis
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What can we describe?

Il. Properties related to two particles:

Theory:

2 Double ionizations

2 Double electron af nities

2 Density analysis, hole localizations

=) Experiment:

2 Double ionization spectra with spectral enevelope

2 Auger spectra

2 Electronic decay mechanisms after primary ionization:
Intermolecular Coulombic Decay (ICD)
Electron-transfer Mediated Decay (ETMD)
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What can we describe?

Ill. Other propagator-related properties:

2 Electron absorption coef cients
2 Ground state densities

2 Frequency dependent polarizablilities and more...
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De nition of the one-particle propagator

1

G(ry;tyraity) = fP o TTA(r 1; 1) AV (r2; 12)]j2 of
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G(rq;ty;ro;to) =

N-particle
system

De nition of the one-particle propagator

1

in
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particle creation Propagation of _
N+1-particle state N+1-particle state N+1-particle system
2

*
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Extracting physical information from the one-particle propagator

2 Fourier TF and basis set representation leads to the
Lehmann representation
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Electron affinities lonization energies

|
Actinet workshop, Avignon, October 2007 — p. 8



Solution strategy for the one-particle propagator

K fully correlated H, Hartree-Fock
2 y=Gi unknown ©p=G}, known
ﬁaO: EONao ﬁo@o: WQ@Q
exact ionization energies | Koopmans ionization energies
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Solution strategy for the one-particle propagator

K fully correlated H, Hartree-Fock
2 y=Gi unknown ©p=G}, known
ﬁaO: EONao ﬁo@o: WQ@Q
exact ionization energies | Koopmans ionization energies

Partitioning the Hamiltonian suitable for PT

H=Ho+Hi Ho=Ho+ H;
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Solution strategy for the one-particle propagator

K fully correlated H, Hartree-Fock
2 y=Gi unknown ©p=G}, known
|qa(): EONao ﬁo@o: WQ@Q
exact ionization energies | Koopmans ionization energies

Partitioning the Hamiltonian suitable for PT

H=Ho+Hi Ho=Ho+ H;

Introduction of a time dependence to the perturbation operator:
H=Ho+ e WA, = Ho+ Hi(t) adiabatic switching

=) Methods of time-dependent perturbation theory.
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Abrikosov diagrams for Gl
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The Algebraic Diagrammatic Construction (ADC)

2 Comparison: diagrams/PT expansion !

ja-Ni liha-:\|i 1j
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diagonal nondiagonal

ADC matrix:

matrix entries
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The Algebraic Diagrammatic Construction (ADC)
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diagonal
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2 Comparison: diagrams/PT expansion ! matrix entries

ADC matrix:
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Non-Dyson-ADC
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Relativistic implementation

2 All the relativistic information Is transported via

Vpgrs and ", where p;q;r;s2 h=p(virt./occ.)
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Applications of the one-particle propagator

The lonization spectrum of Pt(CN)g'
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Effect of relativity on the electronic structure via MO diagram
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Effect of relativity on the HI ionization spectrum

Pole strength

HI NR-ADC(3)

lonization energy (eV)
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Applications of the two-particle propagator

De nition:

(1) = ikt g iTe (Des(t) ot o(t]ja o'
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Applications of the two-particle propagator

Calculation of the Auger process:

Outer
valence
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Applications of the two-particle propagator

Example: SiF4, density of dicationic states
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Applications of the two-particle propagator

Example: SiF4, 2h population analysis

Solid: F~2 £
Shaded: f'1 £ : =
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Applications of the two-particle propagator

Example: F Auger spectrum of SiF4, experimental (self imaging)

S: satellites

Only the F2 populations occur in the
experiment
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Applications of the two-particle propagator

The double ionization spectrum of CH3l%*
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The Intermolecular Coulombic Decay ICD

hn

Description of more involved electronic decay processes |
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Description of more involved electronic decay processes Il

The ICD in hydrogen-bonded clusters

Decaying F 2s vacancy

N

lonization potential (eV) lonization potential (eV)

Characteristics: Very short timescale (¥4 10 fs)
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Spectral intensity [arb. units]
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Description of more involved electronic decay processes Il

The two-monomer electron-transfer mediated decay
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Graphical representation of the ETMD2 process
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ICD in surface analysis

2 Different adsorbed molecules produce different ICD electrons
2 =) Characterization of adsorbed species
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Summary

Relativistic and electron correlation effects are included
consistently in DHF-ADC(3)

Detailed analysis of electronic structure

Detailed spectral information, fast convergence of spectral
moments

Analysis of electronic decay processes via 1h/2h population
analysis

Heavy element systems become accessible

Requirement: Initial electronic wave function must be of
closed-shell type
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