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- Level scheme as in [4,5,6]
- The excitation scheme works in way similar 
to [2,3,4,5]:
First store light in the metastable state, then 
make it interact through the Rydberg state.

To avoid non-wanted interactions 
and maximize the required ones, 
the geometry has to fulfill

Λ Storage/retrieval 2-step Excitation

It is important to avoid dephasing 
due to the resonant interactions

Electromagnetically Induced Transparency
Via this phenomenon, light is coherently mapped into a spin wave (polariton). 

light atomic excitation
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Group index

Design a phase gate for the polarization 
degree of freedom using cold Rydberg 

atoms

Aim

Two possible implementationsPhysical principles

Map light into polariton -
storage and retrieval

EIT

Control state of the polariton 
to switch interactions on/off

Microwave control

Long range dipole-dipole 
interactions between polaritons

Rydberg interactions

Π-type system

N-type system

Pulse sequence

- Controllable interactions between one pair of states
- Prevent interactions between the rest

Pulse sequence

Rydberg interactions
Excitation of multi-polariton states is 
shifted out of resonance within a certain 
region characterized by the Blockade radius.

C6 van der Waals
C3 resonant dipole-dipole

Some implementation details 
Change encoding to take advantage of the spatial-dependence of the 
interactions: Polarization encoding to dual-rail.

Strongly focused beams individually address different parts of a cloud 
of cold atoms

Microwaves turn on 
resonant dipole-dipole 
interactions

Two different scales:

Coherence length 
of vdW interaction

Microwaves

PBS

Towards a Photonic Phase Gate 
using Rydberg Polaritons

D. Paredes Barato, D. Maxwell, H. Busche, D. J. Szwer, K.J. Weatherill, 
M. P. A. Jones, C. S. Adams


