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Abstract
An XUV pulse incident on a molecule typically removes an electron from one of the inner valence shells. Such a process is accompanied by various
relaxation effects like autoionization, auger decay. Here we describe an interface with quantum chemistry for studying these processes numerically.
We present the results of its first application: transition rates for XUV photo-ionization of O2 molecule and a short list of more applications for
which we envisage to use this interface.

Interface with Quantum Chemistry

Consider a N electron system in which we want to study q (q 6 N)
electron dynamics. An interface with quantum chemistry consists of:
I Extracting (N-q) electronic wave-function Ψ1(~r1, .....~rN−q) from a

quantum chemistry package.
I Attaching to it a q electron continuum wave function.
Ψ(~r1,~r2, ........,~rn) = A[Ψ1(~r1, .....~rN−q)× Ψ2(~rN−q+1, ......,~rN)]

We use COLUMBUS quantum chemistry package[1,2].

Expanding a Quantum Chemistry
Wavefunction
Expanding Configuration Interaction(CI) Wavefunction :
1. CI wavefunction: |ψ〉 =

∑
i ci|CSF〉i

2. Configuration state function: |CSF〉 =
∑

iαi|Det〉i
3. Determinant: |Det〉 = 1√

N!

∑
i(−1)piPi[χ1(1)χ2(2).....χn(n)]

4. Molecular Orbital : χ(~r) =
∑

iβiφi(~r)
5. Atomic Orbital: φ(~r) =

∑
i aiGi(~r)

where Gi(~r) is a gaussian function.

Transition rates for XUV Photo-Ionisation of O2

Motivation

I Continuum states are not handled by
standard quantum chemistry and evaluation
of transitions rates is quite tricky as it
involves evaluation of bound-continuum
matrix elements.

I Recent experiments[3] involve interaction of
XUV pulses with gases. A large number of
electronic states present, makes it difficult to
undestand the dynamics.

I An analysis of population distribution of
ionic states is required.

Transition Rate
Given by Fermi’s Golden rule:
Ti→f =

2π
 h |〈ψf |~E.~r|ψi〉|2ρ(εf ).

ψi = ΨO2
(~r1, ........,~r16)

ψf = A[ΨO+
2
(~r1, ......,~r15)× χ(~r16)]

PlaneWave Approximation
First approximation: plane wave χk(~r) ≈ eik.r

for ionized electron and integrate over a
k-grid. Ti→f ∝

∫
dk3|〈ΨO2

|~E.~r|A[ΨO+
2
χk]〉|2

Improvements
Replacing plane waves with scattering
solutions in collaboration with Piero Decleva,
Trieste.

Results
Single Photo-Ionization of O2 with 38eV XUV
photon and O2 and O+

2 wavefunctions
calculated from a cc-pvdz basis.

conclusions

I Plane Wave Approximation yields transition
rates that can be relied upon only upto the
relative order of magnitudes which would
suffice for our purpose.

I Results in Table 1. were used to correlate
some of the auto-electron peaks obtained in
XUV pump-probe experiments performed by
Matthias kling’s group at MPQ [4].

Future Calculations with the interface

I Static Ionization rates for real systems- atoms and small molecules by solving Schrödinger equation in conjunction with Complex scaling [5,6].
I Single Electron dynamics in molecules.
I Double Ionization in molecules [7, Poster by A. Zielinski] .
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We acknowledge the support from Thomas Müller, Jülich Forschungszentrum, Felix Plasser and Hans Lischka, Institute for Theoretical Chemistry,
University of Vienna.

s


