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“Quantum Interface”
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Collective Spin Operators
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QND Interaction



““Faraday Rotation as Spin QNDFaraday Rotation as Spin QND””
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“Spin Squeezing via QND”

Projection of the Result of QNDMeasurement
Sz(0) Sz(t)= Sz(0)

Jy(0) Jy(t) :Measurement
Hint= α SzJz
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“Polarization Entanglement”
Initial state:   Spin =Σ Sz=mcm
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“Use of Ytterbium Spin”
171Yb atom (I=1/2) & 173Yb atom (I=5/2)

–1S0 state: no electron spin

–No collision at low temperature (Fermion)

–Spin 1/2 (171Yb) :no tensor effect
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Cooling to Quantum Degeneracy
[T. Fukuhara et al., Phys. Rev. Lett. 98, 0304012 (2007);JLTP, 148
441(2007)]
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[M. Takeuchi et al., Appl. Phys. B 83, 33(2006)]
Pulsed Polarization Detection System

Pulse width 100 ns ~ 400 ns

–Pulse separation > 5 µs

–Narrow bandwidth < 1 MHz

–Tunable to Yb 1S0-1P1 resonance (399 nm)
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Realization of Spin QND
[T. Takano et al., in preparation] 

171Yb Atoms

mirror

Pulsed light (399 nm)

Photo detector

Detection

Optical Density    : nσ0x ~4.9
Temperature :< 1mK
Number of Atoms:~4×105100 ns

100 ns PBS

Photon number 1×105 ~2×106
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Realization of Spin QND
[T. Takano et al., in preparation] 
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Realization of Spin QND
[T. Takano et al., in preparation] 
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Future ProspectsFuture Prospects
Spin Squeezing via One-Axis Twisting by Coherent Light

[M. Takeuchi, et al., Phys. Rev. Lett. 94, 023003(2005)]

Quantum Swapping Between Light and Atomic Spin
[T. Takano, et al., Phys. Rev. A. Rapid Communication, (2008)]
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Future ProspectsFuture Prospects

1. 75m

Input hole output hole

Polarization Measurement with Delay Line
175 ns Delay Time 31 reflections

Shot-noise limited

observation of Faraday 
rotation

Cavity-enhancement of Spin QND 

Faraday rotation angle:θC=θ×2F/π
110 mrad Faraday rotation observed 
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SummarySummary

Cooling to Quantum Degeneracy:T/TF<1

Realization of Spin QND Measurement of 171Yb

Nuclear spin I=1/2

Proposals

Spin squeezing with coherent light

Quantum swapping between light and spin

Cavity-enhancement of spin QND interaction 
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