Collisions involving cold Rydberg atoms
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In the last decades collisions involving Rydberg atoms from an atomic beam have been
studied in depth both theoretically and experimentally. The energy transfer collision is a well-
known process involving two Rydberg atoms, and it has a unique characteristic, i.e., its cross
section can be tuned by a static electric field via the Stark effect. This collisional process has
been studied with several alkalis, using thermal atomic beams. This source, however, has some
disadvantages as a broad velocity distribution and a short interaction time.

Cold samples of atoms can now be produced very easily with the use of a magneto-optical
trap. Several groups have recently observed collisions involving cold Rydberg atoms in a MOT.
This achievement has opened up an entirely new field, in which several different experiments
can be carried out. This paper reports on a time evolution experiment of energy transfer
collisions using cold Rydberg atoms in a MOT. The following collisional process was studied in
our experiment:

This process presents two resonances between 860 and 940 V/cm (for an electric field of
890 and 903 V/cm). In our experiment we only observed a broad resonance. To simplify the
analysis we have restricted the time evolution experiment to an electric field of 897 V/cm where
the energy difference (AE) between the incoming and the outgoing atoms is 0.02 cm™'. For an
electric field of 897 V/cm (AE=0.02 cm™"), the 315;, state population as a function of time,
is shown in fig.1. The same experiment was carried out for different values of AE > 0 and they
each presented the same time evolution. The ion signal is proportional to n* (atomic density)
indicating a two-body process; but its time behavior is constant (the Rydberg atomic density
varied from 107 to 109 atoms/cm?).

To explain this result, a semi-classical model was developed based on a two-body interaction.
In the model, two attractive potential curves are considered, one that connects adiabatically
to the Rb29P,/;+Rb29P3/, state and another that connects to the Rb29S; ;,4+Rb315, , state.
The latter presents lower energy than the former. We consider that these curves cross each
other at a very short range. We also assume that at t=0 the laser pulse excites the atoms to the
Rb29P,/,4+Rb29P3/, Rydberg potential for all possible internuclear separations (from R = 0
to R — oo ). Once they are at this potential, the colliding atoms will accelerate against each



other until they reach short internuclear separation. In this region, the atomic pair may change
potential, ending the collision in the Rb29S5/, + Rb315,/; state, when the 315, population is
detected. Spontaneous decay is also considered. To calculate the time evolution of the 315 s,
state population, we assume the 1/R? potential. The full line in fig.1 is the prediction from the
model. In the inset of fig.1 the resonance curve and the theoretical prediction is shown.
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Figure 1: The full line is the prediction from the model. In the inset the resonance curve and

the theoretical prediction is shown.
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