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It is shown that rapid adiabatic passage [1, 2],
an almost perfect coherent population trans-
fer by means of chirped pulses, can be ex-
tended to transitions into the continuum. In
contrast to the traditional scheme, hereby,
the chirp serves as a control parameter that
allows to switch between excitation and ion-
ization with very high contrast. The underly-
ing mechanism of this new control scheme for
strong laser pulses is discussed in detail for an
1d helium model.
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Figure: Electron-energy spectra for the 1d helium
model, with the level scheme sketched at the top
right, for various chirp parameters β. The driv-
ing laser pulse had a central frequency of ω0 =E1–
E0 =15.6 eV, an intensity of I=3×1015W/cm2, and
a (Fourier-limited) duration of T=2 fs. Without any
Stark shift one would expect a peak at E=7eV.

The figure shows various photo-electron
spectra of this model system, exposed to
a chirped laser pulse with a sweeping fre-
quency of ωβ(t) =ω0t+ 4ln2

β+1/β
t
T2 , indicated by

the dashed lines in the level scheme that
shows the initially occupied ground state (E0),
the first excited state (E1) and the continuum.
Note the spectral shift towards lower/higher
energies for positive/negative chirps β due to
an Autler-Townes splitting [3] and, most im-
portantly, the strong ionization suppression
with decreasing β, which is also seen at the
integrated probability shown as gray-shaded
area on the left side.

Extensive calculations for a realistic sys-
tem, namely the helium atom in the single-
active-electron approximation, show that this
control scheme is efficient and robust. Due
to the locking to either of the two adiabatic
states and the rather different coupling to the
continuum, contrasts as large as 80% can be
reached by simply reversing the chirp.
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