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Positions available!

« Superoscillations

« Radar/Lidar

* Entangled Photons

« Radiative Cooling

o Al

* Precision Measurements
« Compressive Sensing



Phase estimation standard
quantum limit. Preview: we
beat it by orders of magnitude

Frequency vs phase estimation

Gyroscope fundamentals
(Doppler?)

Experiment
Results



Multiple ways to arrive at SQL (coherent states)
Fisher information for independent measurements
Central limit theorem
Phase space quadratures

Simple ad hoc description

Standard Quantum Limit;
Phase Estimation

Field uncertainty: 72

Distance from origin: ||
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Quantum Metrology
Beyond SQL: NOON States
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Unconditional violation of the shot-noise limit in
photonic quantum metrology
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Quantum Metrology
Beyond SQL: Squeezed States
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Enhanced sensitivity of the LIGO gravitational

wave detector by using squeezed states of light
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Breakthrough in RLGs

Sub-shot-noise sensitivity in a ring laser gyroscope
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Maccioni® 4, Paolo Marsili#, Antonello Ortolan®, Alberto Porzio?%,* and David Vitali”8
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Precision Doppler measurements with steep dispersion
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Frequency Estimation
Liquid Crystal Light Valve

Gain Curve

Shot noise limit
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Frequency vs Phase
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Shift theorem in Fourier transforms:
Relating phase gradients and frequency offsets
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Active vs Passive Gyroscopes
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Sagnac Effect
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Verifying the Ashworth-Davies

Doppler Shift
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Verifying the Ashworth-Davies
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Arguments against Doppler
shift in Sagnac effect
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The Sagnac effect: correct and incorrect explanations

G B Malvkin

Detector

1. Emitter and receiver the
same for closed loop 50/50

(beamsplitter) w L \
R )

2. In material medium of
2n2-fold larger signal R L

index n, Doppler predicts




Electrodes
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Our Actual
Setup: Phys. Rev. Lett. 129, 113901
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LCLV - Frequency Measurement
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Way Below SQL Phase Estimation
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Amplitude (arb)
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Generalized Theory




Frequency Difference Af [mHz]
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Theory vs Experiment for large radius rotations
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of magnitude. Theoretically up to orders
of magnitude, experimentally by .

rong evidence Doppler shifts do exis
within Sagnac effect.

Takeaways

Sensitivity linear in length, not area.

Sensitivity linear dependent on position of
interferometer relative to axis of rotation.




