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The recent availability of high resolution spectroscopy using synchrotron radiation makes it desirable to use conventional
ab-initio quantum chemistry for studies of high-energy states, their evolution and subsequent radiative or non-radiative 
deexcitation, with the same methodology as is common for photochemical studies.
Since the systems have several deep open shells, a multiconfigurational treatment is mandatory. The higher energy, 
together with a high demand on the accuracy, requires new basis sets to be developed.
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Preliminary calculation for C, N, O, and F 1s cores, only, shows that standard
contracted bases cannot represent the 1s and 1s2 states with acceptable accuracy, 
but a small optimized basis (8s,5p) is accurate. Oxygen results: Energies (au) and errors

Calculations using the preliminary contracted basis for CO and CH
4
 show that 

improvements to the contraction coefficients are needed.

A selection of results for the O atom, including states with 7--9 electrons.
using a provisional ANO-like basis set. An active orbital set with 9s and 6p 
functions was used in the CASSCF.

Orbitals used for H2O calculations. Starred orbitals are unoccupied in the ground state. 

Starred are Valence/Rydberg  orbitals. Orbitals, and orbital energies, for the ground state, and for 

the excited states (average, approximate).

States, excitation energies (eV), dipole and velocity transition strengths 
(1/ps), and polarization (Cs).

This diagram shows, in the left, accurate energies of a number of states of the O 
atom and ions. The levels are clustered around energies of -75 Eh and -54 Eh. 
The expanded parts on the right is annotating some of the states. Those at -54 Eh 
have one electron excited out from the core, and the difference of 20 Eh corresponds 
to about 540 eV. All the states cannot easily be treated with a common set of orbitals, 
but that is not a problem when using the RASSI facility of Molcas. However, the basis 
set must be specially design to handle the core excited/ionized states.

Checking a specially designed basis set against a conventional basis, and against 
accurate data for the 1s1 and 1s2 states of C, N, O, and F show that it is fairly easy to 
get accurate results with only a small basis, if optimized for the purpose

In order to compute the wave functions for the core excited states, we modified
 CASSCF to use a projector of doubly-occupied core states,  and shifting the Hamiltonian.

The project is a collaboration between the universities of Lund and of Aarhus, and was 
sponsored by grant AU-007 from MAX4ESSFUN
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