Photoionization of Bose-Einstein condensates
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The recent development of laser cooling and magnetic trapping techniques has allowed the
realization of always denser and colder atomic samples at the point that the achievement of
Bose-Einstein condensation has eventually been reached with several alkali species.
This, in turn, has furnished new powerful means for investigations in the low and ultra-low
temperature regimes, not accessible with conventional techniques.
The study of ultra-cold plasmas [1] and of photoionization processes of cold atoms, providing
the opportunity to perform accurate measurements of the photoionization cross section [2] have
also lately attracted a great interest.
As a matter of fact photoionization of Bose-Einstein condensates with laser light is a process
which allows at the same time the investigation of many fascinating properties of cold systems,
thanks to the quantum degeneracy of the initial neutral bosonic sample and to the fermionic
nature of the produced cold charged particles (electrons and ions) [3]. Due to the coherent
nature of the initial ensemble and the narrow spectral width of the light source, the occupation numbers of the final states can become close to unity, especially for excitation close to
threshold. The Fermi-Dirac statistics governing the photoionization products then could even
slow down the process decreasing the rate of ionization to the value of the rate at which the
products escape from the system. In that case a reduction of the photoionization cross section
would be observed with the increase of the initial sample’s phase space density, that is, when
one passes from ionizing a thermal cloud to a BEC.
Moreover the ionization of atoms within a BEC allows the study of interactions between charged
and neutral particles of the condensate, and between the charged particles themselves, in conditions very far from thermodynamical equilibrium and with significant overlap of the wavefunctions of the fermions. This means that the standard techniques for the treatment of plasma
deviating slightly from the equilibrium state or the standard binary-collision approach cannot
be used to describe properly the system, but more refined models have to be used.
In our lab an apparatus for laser cooling and Bose-Einstein condensation of rubidium atoms is
in operation, allowing to produces neutral samples with temperatures ranging from a few hundreds of mK down to tens of nK. The typical densities of the clouds (1010 −1012 atoms/cm3 ) are
large enough to perform reliable investigations by absorption or emission techniques. Thus we
can study photoionization on atomic samples with different phase space densities, which reach
the maximum values for the condensates. Actually BECs are produced with numbers of atoms
(∼ 104 ) which allow their thermodynamical analysis (temperature, density distribution).
The photoionization of the atomic sample has been achieved by driving a two photon nonresonant transition from the ground state. The radiation was provided by an excimer-pumped
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dye laser used at a wavelength close to 594 nm, the two photon ionization threshold, with
intensities in the tens of MW/cm2 range and a pulse duration of 16 ns. To extract the photoionization cross-section we experimentally measured the losses produced by the laser pulses
on the trapped cloud, since a charge detector was not present in the vacuum cell. In a first
series of experiments we irradiated the cold atoms within the Magneto Optical Trap (MOT)
with the ionizing laser, studying the induced additional losses. During the decay time of the
MOT, of the order of 60 s, the atoms were subjected to ionizing pulses applied with rates of
up to 11 Hz. The effect on the decay rate was of the order of 20% (fig.1).
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Figure 1: Fluorescence signal emitted by the atoms during the MOT decay with and without
ionizing pulses. Ionization increases the decay rate allowing a measure of two photon photoionization cross section
In a second experiment we studied the effect of a single ionizing pulse on the BEC sample,
measuring the loss of atoms from the magnetic trap and the density profile modifications of
the condensed clouds. The interpretation of these preliminary results suggests the occurrence
of different processes involving not only multi-photon ionization, but also dipole forces, Raman
scattering (fig. 2), and possibly interaction between neutral and charged particles.
At the present stage, in order to overcome the limited energy resolution of the pulsed radiation,
we are setting up experiments with narrowband cw sources. A two-color system involving a
frequency doubled diode laser at 421 nm - nearly resonant with the 6P1/2 level of Rb - and
a second infrared laser diode operating around 1010 nm has been tested, even if preliminary
investigations using the 421nm source have been limited by the shortened condensate lifetime
due to spontaneous emission.
The use of stimulated rapid adiabatic passage excitation (STIRAP) techniques [4] to the continuum are expected to overcome such problems and to allow precise measurements of photoionization cross sections.
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Figure 2: Shadow image of a condensate exposed to a single dye laser pulse. The BEC is
evidently deformed and a secondary cloud is present, probably due to the occurrence of magnetic
sublevel changing Raman transitions.
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