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life. These interactions only exist inside "nonlinear” optical materials and require a huge
number of photons to be meaningful. In our lab, we realize a medium that pushes
nonlinear optics to its extreme (quantum) limit, where the photon-photon interaction is
strong on the level of individual photons.

Photon-Photon Interactions

Use two atoms that strongly interact

Electron in a “Rydberg” state:
I =" . Orbital radius of ~1 micrometer
o g
Effectively two antennas that interact
1

072 times stronger than non-excited atoms

Gee, Prof. Brain,
what do you want
to do tonight?”

The same thing we do every night,

How are we
going to do that,
Brain?

We’'ll make two photons INTERACT!!

In a dense medium,

INTERACTION: -
SCATTERING? ATTRACTION? - a photon would always excite an atom

Photons propagate slowly while exciting
Rydberg states

They become “Rydberg polaritons” [4] —
hybrids of light and Rydberg excitations,
affected by the Rydberg-Rydberg interaction

LASER PHOTON #1 PHOTON #2

do not interact

Brain, photons usually
o excite a single atom is super-ultra smal

i But the probability for a single photon> P h Oton-P h Oton Scatteri n g
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@ Nonlinearity: the transmission Probability that two photons
(1) We use narrowband lasers and through the medium changes in the exit the medium together
They do interact strong atomic resonances presence of another photon reduced to 10% (“anti-bunching”) [5]
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@9 Seems like the excitation probability We could confine the "TRAPPED" _
Photon-photon attraction
Attraction results in bunching Conservative forces modify the phase
WRONG [1], Brain. OTHERS already tried that [2] ) |
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Others did that too [3
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