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Rydberg polaritons
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Finite group velocity & low loss
via strong interaction between Rydberg atoms
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Photon bound state (dimer)
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Experimental setup
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Experimental setup
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The quantum dynamics of
interacting photons (g) & ¢))

Considering the state containing up to the three photon
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Three-photon correlation function

* The decay length is closely related to

the force acting between the photons
Approx. twofold smaller decay length of the g(3)

Three-photon bunching
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Three-photon phase (®(3))
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The interaction between a photon and a dimer is stronger
than that between two photons



Summary

€ They have shown that three-photon bounded state, or quantum photonic soliton, in a
way of measuring g and ¢,

€ Comparing to two-photon case(photonic dimer), three-photon case(photonic trimer)
much more likely to attract the other photon to be bounded together.

@ Increasing interacting medium length with larger 7, it would retain only the solitonic
bound-state component by means of quantum destructive interference.

€ With improved detection efficiency and data-acquisition rate, larger photonic
molecules could be observed.

€ With the probe beam engineering, the system con be extended to 2,3D.
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Effective field theory (EFT)

1D slow-light Hamiltonian density
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Effective field theory (EFT)

The photon correlation function
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The phase ratio (¢ /@) is expected to be 4, independent of the atom-light detuning(A)



EFT and experimental result

Interaction potential between two photons
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FIG. S3: Comparison between EFT and simulations
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FIG. S4: Rate dependent corrections within the EFT



Model @3(0, O)/(ﬁg (0)

Simulations 2.90
EFT: No 3-body force 3.13
EFT: 3-body force 2.85+ .11

TABLE S1: Comparison of phase ratio between EFT and simulations.

(¢)=(ODp)I'/4A 0.16 0.21 0.28 0.36 0.47
Measured ¢3(0,0)/¢2(0) 2.17 + .18 2.45 4+ .15 2.55 £ .13 2.33 £ .27 2.31 + .21
EFT: 3-body force 2.64 + .18 242+ .17 2.48 &+ .11 2.60 = .11 2.52 £+ .13
Simulations 2.77 2.66 2.72 2.63 2.60
EFT: No 3-body force 3.06 3.05 3.07 3.08 3.06
Fitted 6 (2m-MHz) 0.6 0.6 0 -0.2 -0.4

TABLE S2: Comparison of phase ratio between EFT, simulations and
experimental data.



