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The Air Force Office of Scientific Research (AFOSR) grant “Structure and Dynamics of
Excited Atoms,” grant FA9550-14-1-0288, covered the period 3 May 2014-31 July 2019. The
papers resulting from this grant are listed in the appendix, and a brief summary of the research
undertaken follows.

The effort during the grant period was focused on the interactions between cold Rydberg
atoms, a topic which is currently being explored in many laboratories. Investigations with cold
Rydberg atoms began with Forster resonant energy transfer experiments at Laboratoire Aime
Cotton in France and at the University of Virginia with the support of AFOSR.!? At the
University of Virginia we observed the resonant dipole-dipole energy transfer

Rb 33s + Rb 25s —Rb 34p + Rb 24p,
which is tuned into resonance with a small, 3 V/cm, field.

During the grant period we focused on the use of microwaves to manipulate and probe
interacting atoms. Cold Rydberg atoms in a magneto optical trap (MOT) are randomly spaced,
leading to a large variation in the dipole-dipole interaction strength, and, in general, cusp shaped
energy transfer resonances. We demonstrated that driving one microwave transition, for example
ns-(n-1)p, we could remove ns atoms with selected spacings, allowing the ns-n’p to be observed
without the deselected atoms. Removing widely spaced ns atoms results in a Lorentzian
lineshape. 3

Most of our effort in this grant period went into the study of microwave transitions of
pairs of atoms. *”? An example is the transition

Rb ndnd +hv — Rb (n+1)d(n-2)f

Here the two interacting atoms are described as a molecular state. Although both atoms change
state, only one microwave photon is absorbed. This process occurs because the dipole-dipole
interaction admixes a small amount of the Rb (n+2)p(n-2)f state into the ndnd state. We have
observed transitions in which up to three microwave photons are absorbed, and we have
developed a description of these processes as Forster resonances of Floquet states. While the
tuning in the initial Forster resonance experiments was done using a static field, in these
measurements it is accomplished by tuning the microwave frequency.

A particularly interesting microwave transition is the case’®
Rb nsi2 nsy2 + 2hv — Rb np1z 2npare

It was not obvious that it would be observable since many of the transition amplitudes cancel.
For example, if no change in the azimuthal angular momentum quantum number m; is allowed,
the transition is theoretically impossible. However, in our cold Rydberg atom sample the
internuclear axes and the microwave field are not aligned but at random angles, so changes in mj
occur, and the transition is observed. This process has an extremely high principal quantum
number n dependence, n'4, which we have verified experimentally.
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By accident we realized that we could do two photon excitation from the Rb 5p state to

the nf state, using one optical photon and one microwave photon. ® With small, up to 2 GHz,
detuning of the laser from the Rb 5p-nd transition only milliwatts of microwave power are
required. This approach allows efficient population of a higher angular momentum Rydberg state
without any population in a low angular momentum Rydberg state.
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