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Rydberg  atoms, atoms
which have their outer elec-
tron promoted to a high
energy state, exhibit strong
interactions that are not
present in ground state neu-
tral atoms. These interac-
tions are the basis of many
interesting effects, such as
excitation blockades, which
have applications in several
fields including cryptogra-
phy, atomic clocks, and
quantum computation.

Here, we trap Rubidium
atoms in an optical dipole
trap, as shown in part a) of
the figure. After narrow-
band laser excitation
(bandwidth about 1 MHz) to
Rydberg states, state selec-
tive field ionization allows

us to determine the quantum states of the Rydberg atoms. Atoms remaining in the in-
itially excited state produce the central peak in the field ionization data [D-peak in
part b) of the figure, located at about 2.1us]. In high density samples (4x1011cm-3),
we find an unexpectedly large amount of state mixing from the originally excited state
into initially unpopulated states [P- and F-peaks]. The mixing becomes much more
obvious as the density of the sample increases.

The standard way of describing state mixing in Rydberg atoms is via a single or sever-
al sequential collisions on atomic two-body potentials. This theory is not sufficient to
explain our observations. Based on experimental and theoretical work, we provide
first proof that many-body interactions are essential for an accurate description of
state-mixing in dense Rydberg-atom samples.
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