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Measurement and SNR

Introduction
Precision deflections measurements of an optical beam are useful in
many fields of research. Using weak values [1], we have shown that
these deflections can be amplified, which in turn improves the
measurement sensitivity [2,3].
Due to photon shot noise, the signal to noise ratio (SNR) of a deflection
measurement using a coherent light source scales as
, where N is
the number of photons used in the process. Thus, it is typically desirable
to increase the input power (or N) in order to improve the measurement
sensitivity. One is often limited, however, by detector saturation.
Using this weak value method, we have found that (1) the SNR for such
measurements approaches the standard quantum limit and (2) these
measurements can be made using a detector with a low saturation
intensity, regardless of the input beam power.
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Results

A linearly polarized coherent light source enters a Sagnac interferometer via a
50/50 beamsplitter (BS). The halfwave plate (HWP) and SoleilBabinet
compensator (SBC) adjust the interference between the two paths. The piezo
driven mirror creates an opposite deflection for each path in the interferometer
which is measured by the quadrant detector at the dark port. The mode
quality of this port is monitored using a chargecoupled device (CCD) camera.

Theory (quantum treatment)

Using weak value formalism we have predicted and have experimentally
shown that the precision of a beam deflection measurement can be
increased up to the standard quantum limit. We have demonstrated this
improvement using a large beam radius and low light intensity on the
quadrant detector.
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