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Density Dependence and Dynamics of Dipole-Dipole
Interactions Among Rydberg Atoms

Hannah S. Conley', Nicolaus A. Chlanda?, Aidan T. Kirk', Naman Khandelwal®, Eleri N. Ochis-Firestone®,
Annick C. S. van Blerkom? Sage M. Thomas?, Sarah E. Spielman?, Thomas J. Carroll*, and Michael W. Noel?

YUrsinus College, Collegeville, PA, USA, “Bryn Mawr College, Bryn Mawr, PA, USA

After trapping atoms, exciting them to an initial high-energy Rydberg state, and allowing them a brief time to exchange energy with each other through dipole-dipole interactions, we observe how their energies are
redistributed among various energy levels. The measurements we make in this physical experiment do not give insight into how individual atoms interact or metrics like fidelity and entanglement entropy, which impact
our results. For this reason, it is useful to compare our results from the physical experiment to those of our simulation on a supercomputer, in which we can track the final and initial energy of individual atoms and add
parameters, to better explain what we observe in the physical experiment. We have refined our simulation by taking into account three body interactions, or dipole-dipole energy exchanges between three atoms at a
time, in addition to the two-body interactions included in our previous model. In both our physical experiment and virtual model, we have varied the density, or number of atoms per volume within the trap, to observe
1ts effect on the energy redistribution.

Model

Experiment

body interactions replace many two-body interactions in our previous model because they
decrease the overall detuning of the interaction.
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Initial and Final State in Three-Body Interaction
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Three-body interactions, like this, occur instead of
two-body interactions if they decrease the overall
detuning of the interaction.
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One Possible Path to Final State
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There are many possible “paths” for the atoms to take
to their final energy levels. It is convenient to think of
the interaction as occurring in two “steps” or two sets
of two-body interactions, for which energy is

conserved at the cluster level (if one atom goes down
a cluster, another goes up a cluster).
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L Although it is convenient to think of a path as
- having two steps, the third “helper” atom never
v actually populates the energy level that it “goes
\ /| to” at the end of the first step.
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“Step 2” Detuning

An Unlikely Path
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The detuning in the intermediate steps should be
large. Otherwise, it may be more likely for two
two-body interactions to occur, during the first of which

the third atom actually populates the energy level at

the end of the “first step” in the three-body path.
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If the detuning of the steps is smaller than the dipole
moment of the two-body interaction between the two
non-helper atoms, the path will not be taken, and the
path will not be considered in our calculation of the

matrix element.
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