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Squeezed states
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Photon number squeezing
Polarization squeezing (spin squeezing)
OAM squeezing



Impacting physics

* Quantum sensing
* Fundamental tests
* Quantum information processing



One talk two topics

* |[nvestigating squeezed states in its
polarization manifolds

* Squeezed vacuum for ab-initio phase
estimation



Stokes parameters
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Polarization Squeezing:
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Two different regimes of
polarization squezing



Regime |

e Squeezing of states with a definite number of photons.

Example: three-photon state
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Regime II:

Squeezing of states with an indefinite number of photons.
Example: displaced squeezed vacuum state

Birefringence compensator
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How are these regimes connected?



Photons are like spins

. . 5
‘nH : nV> —> ], m> (common eigenstate of J* and J,)

j=(nH+nV)/2, m=(nH—nV)/2

Example: two-photonstate  j=1, m=-1,0,1

12,0),|1.1),]0,2)}
y,)=a|2,0)+b|1,1)+c|0,2)

Atomic coherent and squeezed states in the 2-photon manifold




Another example: 3-photon state

j=3/2, m=-3/2,-1/2,1/2,3/2
{13:0),[2.1).[1.2).]0.3)}
y,)=a]0.3)+ b[1,2)+ c[2.1)+[3.,0)

Atomic coherent and squeezed states in the 3-photon manifold



and so on for j=2,5/2,3...
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Density matrix
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Squeezing
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Ab initio phase estimation



Quantum estimation theory
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Example — the MZ interferometer
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Using squeezed states
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Demonstrated at GEO600 and LIGO
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The Cramer-Rao bounds

S.L. Braunstein and C.M. Caves, Phys. Rev. Lett. 72, 3439-3443 (1994)
f

Quantum

Cramér-Rao ,
Cramér-Rao
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Optimized for pure squeezed vacuum states
-> All energy should be put into squeezing



Basic setup




Fisher Information [nat]

Only optimal for a specific phase
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Baysian homodyne to estimate phase
P(x,p)— P(qo,{x})

Strategy 1) Initial short quadrature measurement.
2) Rough estimate of the phase.
3) Adjust the local oscillator phase.

4) Final accurate estimate.

State Preparation Rough Homodynin Final Homodyning

Ap Ap

Monras Phys. Rev. A (2006); Olivares, Paris, J. Phys. B (2009)
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Oscilloscope Output [V]

Data acquisition and processing

0.0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Time [sec]
Y
| State preparation l
l Rough estimation l I Feedback to WGM l




Results
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Squeezing: —5.69 + 0.07 [dB]
Antisqueezing: +11.83 + 0.09 [dB]

Squeezing strength: 1.008 + 0.005 [nat]

Thermalization: (.51 + 0.01 [nat]
Probe energy: 3.30 4+ 0.07 [nat]
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Squeezing: —-5.69 + 0.07 [dB]
Antisqueezing: +11.83 4+ 0.09 [dB]

Thermalization: (.51 + 0.01 [nat]

Squeezing strength: 1.008 + 0.005 [nat]

Probe energy: 3.30 4+ 0.07 [nat]




Results M. = $705
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Squeezing: —5.69 =+ 0.07 [dB] Thermalization: (.51 + 0.01 [nat]
Antisqueezing: +11.83 4+ 0.09 [dB] Probe energy: 3.30 4+ 0.07 [nat]
Squeezing strength: 1.008 + 0.005 [nat]
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A. Berni, T. Gehring, B. Madsen, V. Handchen, M. , Arxiv 1503.01365 (2015)
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Results

Data
Simulations
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Pure coherent QCR
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A. Berni, T. Gehring, B. Madsen, V. Handchen, M. Paris and ULA, Arxiv 1503.01365 (2015)



Conclusion

Polarization squeezing of the photon number
manifolds of quadrature squeezed light

Real time, deterministic and ab-initio phase
estimation beyond the standard quantum limit
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