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L Motivation

Few-body physics with photons

tunable single photon sources

easy manipulation with (non)linear optics
problem: lack of interactions

induce strong nonlinearity with the medium
Rydberg EIT as a possible way

vV VvV vy VvYyy

Figure: Harvard experiment, Nature Photonics 8, 685 (2014)
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L Electromagnetically induced transparency

EIT

» interaction of light with three-level atoms
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Figure: Wikipedia (left) and Bienias et al, PRA 2014 (right)
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» interaction of light with three-level atoms

» dark state is immune to radiative losses

> high admixture of atomic state - slow propagation with
effective mass
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EIT

interaction of light with three-level atoms

dark state is immune to radiative losses

high admixture of atomic state - slow propagation with
effective mass

slowing and storing light
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Figure: Wikipedia (left) and Bienias et al, PRA 2014 (right)
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Rydberg EIT

» dark polaritons inherit interaction from Ry states
» nonlinear optics at single photon level

> input-output problem with nonlinear and “nonlocal* phase
shift
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Rydberg blockade
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Figure: Gaetan et al, Nat. Phys. 5, 115 (2009); Bienias et al, PRA 90,
053804 (2014)

» Rydberg blockade leads to saturation of interactions at short
range
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Figure: Gaetan et al, Nat. Phys. 5, 115 (2009); Bienias et al, PRA 90,
053804 (2014)

» Rydberg blockade leads to saturation of interactions at short

range
» diagrammatic derivation of the interaction: Bienias et al, PRA

90, 053804 (2014)
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Figure: Gaetan et al, Nat. Phys. 5, 115 (2009); Bienias et al, PRA 90,
053804 (2014)

» Rydberg blockade leads to saturation of interactions at short

range
» diagrammatic derivation of the interaction: Bienias et al, PRA

90, 053804 (2014)
2
g’ ) V(x)

» general form of the interaction: Veg(x) = (g2+92 V()
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Three-body interaction!

» wide photonic mode L > rg, large detuning A
> no interaction in most of the space

> inside the blockade radius ¢ss = 0, only single excitation
allowed

> resulting energy shift

ng2Q2(n=1)

ow = P(l,n — 1)(5En_1 = W

(—(n—1)g%/A)

» for g > Q gives —2Q2/A, for three —6Q%/(Ag?)) — 0

» strong three-body interaction!
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Prospects for cavity setups

» cavity photons, driven-dissipative system

> tuning the properties by altering the mode structure
(Sommer et al, arXiv:1506.00341)

» two-dimensional nonequilibrium system with multi-body
interactions?

Figure: Ningyuan et al PRA 041802(R) (2016) (Jonathan Simon group)
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Conclusions & outlook

> strong effective many-body interactions between dark
polaritons

» readily detectable impact of three-body repulsion
» prospects for few-body physics with photons

» simulations of three-body-interacting models

» creation of entangled multiphoton states

> details on three-body interactions:
Phys. Rev. Lett. 117, 053601 (2016)
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