Recallision-Induced Double lonization of Ar and NeAtoms. Wavelength Dependence
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Recent studies on the double-ionization of Ar
and Ne gasss usng 800 nm femtosecond laser
pulsss have shown that doubly-charged ions are
produced by indadic scattering of the dectron
removed by the laser fidd with its parent charged
ion. This was reveded by measuring the
momentum distribution of the doubly charged ion
in the direction pardld to the laser polarization and
observing a dip structure around zero momentum in
this digribution [1, 2]. Additiondly, those studies
have dso shown a difference in the dip structure
between the Ar and Ne targets. The N&™* ions
showed a pronounced dip a zero momentum while
Ar** showed a shalow one. The difference in the
dip gructure in the ions' recoil momentum was
atributed to the difference in the atomic tructure
and the variation of the eéectron impact ionization
and excitation cross sections for the two targets [1,

2.

In the present study we used the powerful OPA
avalable at the Canadian Advanced Laser Light
Source (ALLS) and tuned the laser wavelength at
various vaues tha range between the vishle and
near-infrared regimes to study the double-ionization
of Ne and Ar. Doude-ionization of atoms and
molecules usualy proceeds through rescattering
(recollison) process when infrared, low-intensity
laser is used, whereas with vighle light thereis a
substantia probakility for the dectron to reach the
continuum directly by absorbing a number of
photons with enough energy that enables the
dectron to overcome the binding bariers.
Multiphoton-excitation  (ionization) processes ae
expected to exhibit a strong dependence on the laser
wavedength.

We measured the momentum distributions for
Ar* and Ne&** ions at various wavelengths as
indicated in Fig.1. We noticed that at 483 nm the
dip amost disappears in the Ar* whereas it
becomes very digtinct when infrared is used.
Similar behavior was also observed for N&* ions
(not shown inthe figure) such that both ions exhibit
very similar structure in the far-infrared region.

This new observation can be understood when
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Fig.l. Longitudina momentum distributions of
Ar®" recoil ions a different wavelengths.

the maximum eergy that the rescattering electron
acquires in the laser fidd compared to the
ionization potentid of the dngly-charged ion, is
consdered . At 483 nm, the maximum eectron
rescettering energy (14 eV) a saturdion intengty
(0.2 PW/cn) is less than the ionization potential of
Ar’ (27.6 eV). Therefore, the rescattering dectron
is not able to knock out the other eectron, which
causes the disappearance of the dip in the Ar®
momentum  didribution a this wavelength.
Similarly, this decrease in te dectron's energy will
lower the ionization probability of the Ne" ion and
lead to shdlower dip than that observed a 800 nm.
On the other hand, for the longer wavelengths the
manifestation of the dip dructure in both ions
indicates that the rescatering dectron acquired
enough energy in the lasr fidd tha endbles the
removal of the second eectron through direct e2e
ionizetion
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