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Quantum Atom-Light Interfaces with Nanophotonics
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Strong Atom-Photon Coupling in Photonics
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Cooperativity: 

Cavity-QED



Strong Atom-Photon Coupling in Photonics
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Cooperativity: 

Cavity-QED

Nanophoronic waveguides 
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Faraday Effect Polarization Spectroscopy

Light-atom interaction Hamiltonian

are the Stokes vector operators.
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Squeezing via QND Measurement

Entanglement
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Squeezing via QND Measurement
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Wineland Squeezing Parameter

Wineland squeezing parameter



Modeling Spin Squeezing Dynamics

• Spin squeezing parameter

• One-body and two-body operators that matter
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Dynamics of QND Measurement with Decoherence

• Stochastic master equation
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Coherent coupling and optical pumping
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Coherent coupling and optical pumping
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Coherent coupling and optical pumping
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• Equations of spin dynamics (Gaussian approximation)

where 

Modeling Spin Squeezing Dynamics
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Physical Essence of Spin Squeezing with 
Faraday interaction
• Measurement strength

Characteristic photo scattering rate
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Optimal Geometry

• Figure of merit--Optical Depth per atom:
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Geometry of the Faraday protocol



Spin Squeezing Using Faraday Interaction
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Spin Squeezing with Nanophotonic Waveguides

• Geometry
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Current focus: square waveguides
a  300nm

Jongmin Lee
Yuan-Yu Jau



Spin Squeezing on a Square Nano-waveguide 
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Fundamental TE and TM modes D and anti-D modes



• Protocol geometry:

Spin Squeezing on a SWG Platform Using 
Faraday Interactions
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H

V

d=300nm, atoms are 150nm to the surface.

Spin squeezing dynamics (preliminary result)



• Birefringence and Faraday spin squeezing protocols

• Typical peak squeezing (NA=2500)

• Toward non-Gaussian states

Summary
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Birefringence Induced Spin Squeezing

X  H Y  V



OD per atom (theory and comparison)

25a=225nm

Enhancement of the Faraday protocol over the birefringence protocol:



• Square waveguides and their group index of refraction

Spin squeezing on a square nano waveguide 
platform using Faraday interaction
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TE mode components for d=400nm and 200nm �� of fundamental TE and TM modes

Weakly
confined

Strongly
confined


