Electrons in motion, or: Can we make a Hartree-Fock state?
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Recent progress in generating intense laser fields, hagg@ukk timescale for probing dy-
namical processes in atomic and molecular systems dowretattbsecond domain (1 as=10
s). In parallel with experiments, theoretical methods ai@dp developed to treat explicitly time-
dependent electronic motion after photoexcitation. Thlk tlescribes our efforts to exterath
initio wavefunction based methods of stationary electronic siradheory, to the explicitly time-
dependent domain. In particular, time-dependent configuranteraction (TD-CI) and time-
dependent complete active space SCF method (TD-CASSCHilllje introduced as system-
atically improvable, correlated methods for propagatilegteonic wavefunctions in real time.

Armed with these methods, we seek to control electron matiovill, using shaped, ultrashort
laser pulses. For instance, we may ask as to whether it ishih@$s createa Hartree-Fock state
— a hitherto purely theoretical concept — starting from t@related) ground state of an atom or
molecule [3]. In particular alkaline earth atoms seem $lgtéor an actual experiment to realize
controlled, correlated electron motiasi, Fig.1. A Hartree-Fock state is an electron wavepacket, a
non-stationary state whose fate is also of interest: We fiatidlectron correlation reappears on an
attosecond timescale, when starting from a Hartree-Fdekenece. Finally, we also demonstrate
how explicitly time-dependent methods can be used to catieuesponse properties of molecular
systems after non-resonant or resonant, excitation withskort laser pulses [2]

g L S S — Fig.1: A series of laser pulses obtained
s | from optimal control theory (upper), controls
és.o S the amount of “correlation” in a Mg atom (be-

o5 M — low) [3].
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