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Recently, the combination of slow light polaritons with the strong interactions between Rydberg

atoms has emerged as a promising system for inducing a strong interaction between photons.

Potential applications range from the implementation of phase gate for photons, to single photon

sources, as well as the generation of strongly correlated states of photons. From theoretical point

of view, the many-body setup of propagating Rydberg polaritons is hard to describe, especially

when polaritons are strongly interacting.

We present a new approach to analyzing this challenging many-body problem with dissipa-

tive interactions in the limit of large optical depth per blockade radius [1]. In our approach,

we separate the single-polariton EIT physics from Rydberg-Rydberg interactions in a serialized

manner while using a hard-sphere model for the latter, thus capturing the dualistic particle-wave

nature of light as it manifests itself in dissipative Rydberg-EIT media. Using this approach, we

analyze the saturation behavior of the transmission through one-dimensional Rydberg-EIT me-

dia in the regime of non-perturbative dissipative interactions relevant to current experiments.

Our serialized model agrees well with matrix product state (MPS) numerics. Moreover, our

model is in good agreement with experimental data for low and intermediate input rates. For

higher input rates the intensity of outgoing light is lower than from theoretical predictions which

can be explained using simple pollutant-model.
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