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We investigate few-photon ionization of lithium atoms prepared in the polarized 2p (m` = +1)
state when subjected to femtosecond light pulses with left- or right-handed circular polarization at
wavelengths between 665 nm and 920 nm. We consider whether ionization proceeds more favorably
for the electric field co- or counter-rotating with the initial electronic current density. Strong asym-
metries are found and quantitatively analyzed in terms of “circular dichroism” (CD). While the
intensity dependence of the measured CD values is rather weak throughout the investigated regime,
a very strong sensitivity on the center wavelength of the incoming radiation is observed. While
the co-rotating situation overall prevails, the counter-rotating geometry is strongly favored around
800 nm due to the 2p-3s resonant transition, which can only be driven by counter-rotating fields.
The observed features provide insights into the helicity dependence of light-atom interactions, and
on the possible control of electron emission in atomic few-photon ionization by polarization-selective
resonance enhancement.

I. INTRODUCTION

The response of matter to circularly polarized light can
depend on the helicity of the light’s polarization. This
phenomenon is referred to as circular dichroism (CD)
and is widely exploited, e.g., in the analysis of chiral
molecules (see Ref. [1] for an overview). Biomolecules,
such as sugar or amino acids, are prominent examples
of chiral targets for which single- [2–4] and multi-photon
ionization [5–7], as well as tunnel ionization in intense
laser fields [8], exhibit a dependence on the light’s helic-
ity even for randomly oriented molecules. These dichroic
differences have even been suggested to be the symmetry-
breaking cause of life’s homochirality [9, 10]. Neverthe-
less, these effects are typically weak and vanish com-
pletely in the electric dipole approximation after inte-
gration over all possible target orientations.
For spatially aligned systems, in contrast, a CD signal

occurs already for electric dipole transitions, resulting in
much stronger asymmetries [11]. The most fundamental
realizations of such oriented targets are polarized atoms
with a magnetic quantum number m 6= 0. In this situ-
ation, the helicity dependence is a result of either equal
or opposite rotations of the electric field with respect to
the initial current density of the active electron. Due to
their fundamental importance, these benchmark systems
have recently attracted considerable interest [12–18] in
the study of the interaction between handed light and
handed matter.
Atomic circular dichroism is quantitatively defined as

CD =
P+ − P

−

P+ + P
−

, (1)

where P+ and P
−

are the cross sections for the co- and
counter-rotating light polarizations respectively. In pre-
vious studies, it was found that there is no unambiguous
answer to the fundamental question whether ionization

proceeds more likely for the co- or the counter-rotating
case. In the simplest case of one-photon ionization by a
weak field, this question was already answered by Bethe
and Salpeter, whose theoretical framework [19] delivers
a CD value of close to 1, meaning that the co-rotating
geometry is strongly favored [12, 20]. To the contrary, in
the nonadiabatic tunneling regime, i.e., for intense fields,
the ionization cross section was found to be larger for a
counter-rotating field, thus leading to negative CD val-
ues.

In multi-photon ionization, the sign of the CD value
features a dependence on the intensity of the ionizing field
[16, 21]. This intensity dependence can be rather strong
[17] due to “Freeman” resonances [22], where transient
resonance enhancement occurs due to AC Stark shifts of
intermediate levels.

In a recent Letter [18], two-photon ionization of po-
larized atoms was investigated in the case where reso-
nance enhancement did not significantly affect the ion-
ization rates. Lithium atoms were prepared in the
2p (|m| = 1) state and then ionized by a field (671 nm)
tuned to the 2s − 2p resonance transition. A positive
and weakly intensity-dependent value of the CD was
found throughout the investigated intensity regime, while
strong helicity-selective Autler-Townes shifts were ob-
served for the co-rotating geometry due to the coupling
of the excited initial target state with its ground state.
This peculiar feature allowed us to control not only the
ionization probability, but also the photoelectron energy
via the field polarization and intensity.

In the present study, we report an extension of our ear-
lier work [18], now altering not only the intensity, but also
the wavelength of the ionizing field. Specifically, we scan
a wavelength range around the 2p-3s transition (at about
812 nm). Close to this resonance, the 2p state is ionized
by the absorption of three photons, and resonance en-
hancement through the 3s state, as well as Autler-Townes
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tween the 2p and excited np and nf states, which lie
around 826-829 nm for n = 5, 780 nm for n = 6, and
744 nm for n = 8. Although we did not perform a detailed
investigation of the population distributions for these
wavelengths, we expect that two-photon Rabi oscillations
with periods close to the pulse duration are also strongly
affecting the efficiency of resonance enhancement.

V. SUMMARY AND CONCLUSIONS

In this work, we addressed the question how atomic
resonances affect the helicity dependence of the multi-
photon ionization of polarized atomic targets in circu-
larly polarized femtosecond laser fields. Specifically, we
studied circular dichroism in two- and three-photon ion-
ization of excited and polarized lithium atoms initially
in the 2p (m` = +1) state for wavelengths ranging from
665 nm to 920 nm. Experimentally, we find that the ion-
ization probability is larger for most wavelengths if the
electric field vector and the initial electronic current den-
sity are co-rotating. However, there is a distinct mini-
mum in the CD value at a wavelength near 800 nm, where
the counter-rotating geometry is favored. This feature is
qualitatively explained by the 2p–3s resonance, which is
only driven for the counter-rotating case, thus resulting
in a helicity-selective resonance enhancement.

The comparison of the experimental data to our the-
oretical model, which is based on the numerical solution
of the time-dependent Schrödinger equation, yields good
qualitative agreement, although the calculation shows a
larger scattering of the CD values and even a second
minimum around 880 nm. The theoretical approach al-
lows to extract time-dependent population distributions
of the atomic states during and after the femtosecond
laser pulse, which helps to shed light on the underlying

dynamics and the involved intermediate states. This
analysis shows Rabi oscillations between states coupled
by one- and two-photon transitions. The final ionization
probability correlates not only with the maximum popu-
lation fraction that is transferred to the higher-lying ex-
cited states, but also with the temporal overlap between
the pulse and the excited atomic population before it
is transferred back to the initial state. This observation
suggests that the total ionization probabilities and, there-
fore, the CD values depend sensitively on the details of
the pulse, such as its intensity, duration, and detuning
off a resonance, because these parameters influence the
Rabi frequencies and the total population transfer. In
our experiment, the peak intensity of the laser pulse is
difficult to control due to the spatial intensity profile of
the laser focus in the reaction region. As a result, the ex-
perimental CD values represent a weighted average for
different intensities.
The present work does not only show the importance

of the atomic structure on the ionization probability and
the circular dichroism, but it also exposes the significance
of details of the pulse parameters on the ionization dy-
namics.
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