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	 I	will	describe	two	recent	experiments	that	have	pushed	the	bounds	of	precision	
measurement.		The	first	experiment	(as	described	below)	is	motivated	by	interferometric	
“Inverse	Weak	Values”	to	achieve	the	most	sensitive	tilt	measurement	observed	(200	
fRad/Hz1/2	down	to	1	Hz).		I	will	explain	the	basics	behind	weak	values	and	then	describe	the	
experiment	and	potential	applications.		In	the	second	experiment,	we	use	the	ultra-steep	
dispersion	properties	of	a	liquid	crystal	light	valve	to	measure	microHertz	Doppler	shifts.		I	will	
show	that	this	Doppler	measurement	can	be	used	to	measure	optomechanical	oscillators	with	
fm	displacement	resolution,	which	is	sensitive	enough	to	measure	the	groundstate	fluctuations	
of	many	quantum	mechanical	harmonic	oscillators.						

	

If ϕ ! 0, a balanced distribution is obtained such that hzi ! 0,
and a small phase ϕ breaks the symmetry. See Fig. 2 for a sim-
ulation of such output distribution. The novelty of the technique
relies on tracking the mean of such a distribution using a split
detector. Note that conventional weak-value techniques consist
of measuring a shift of shape-preserved distributions [9,11–13,
15,16], and standard interferometric techniques consist of meas-
uring power changes at the optical outputs (measurements of the
number of fringes in a dark port, homodyne detection, etc.).

The mean of the distribution takes the form
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meaning that the smaller the misalignment k, the larger the
shift of the mean, facilitating the estimate of ϕ. This result
is a common amplification response of weak-value techniques.

In addition, the larger the amplification of the shift hzi, the lesser
the detected laser power, which is approximately "kσ∕2#2 times
the total input power to the interferometer.

If N photons are sent to the interferometer, the shot noise,
using a split detector [33], when estimating the tilt is given by
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This lower bound for sensitivity in estimates of the tilt θ is
smaller by a factor of
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p
σ∕L with respect to the equivalent

WVA technique in a collinear Sagnac configuration [10,14].
The fact that the separation of the beams, L∕
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p
, can be much

larger than the beam radius, 2σ, is the principal advantage of
using the modified Sagnac configuration.

We built the optical setup, as shown in Fig. 1, in an area of
approximate 8 0 0 × 17 0 0 on top of a 18 0 0 × 24 0 0 optical bread-
board (Thorlabs B1824F), as shown in Fig. 3. A plastic cover
and 2 0 0-thick insulation foam were used to avoid air currents
and drastic thermal fluctuations. We note that no active control
(cooling or heating) of the temperature was present in the room
where the experiment was performed. A 780 nm laser (New
Focus Tunable Diode Laser 7000) was fiber-coupled far outside
the setup to avoid constant heating. 1.2 mW of continuous-
wave power was fed to the interferometer through a single-
mode optical fiber. The system was put on top of an active
vibration cancellation platform (TMC Everstill K-400) to im-
prove stability in the 1–10 Hz range. In addition, the whole
system was on top of a large concrete pillar resting on sand
and isolated from the building. The output differential electri-
cal signal of the split detector (upper minus lower quadrants of
the QPD in Fig. 1, Newport 2901) was sent to two, connected-
in-series, low-noise voltage preamplifiers (Standard Research
Systems SR560) for low-pass frequency filtering and amplifica-
tion. The output signal was recorded using an oscilloscope con-
nected to a computer. The beam’s diameter (4σ) was about
1 mm. The total detected power was about 8.8 times smaller
than the power detected when the output was set at the bright
port, i.e., "kσ∕2#2 ∼ 0.1. This means that the misalignment
angle was about k∕k0 ∼ 0.3 mrad.

Fig. 1. Experimental setup to measure a mirror’s tilt. A laser beam
enters a modified Sagnac interferometer through a beam splitter (BS)
such that the two counter-propagating paths are spatially separated.
A sinusoidal small tilt on the x − y plane is induced using a piezo-
driven mirror (PZ-D M), and a larger and constant misalignment tilt
in the perpendicular direction is applied using a picomotor piezo-
driven mirror (PPZ-D M). The mean of the beam’s transverse power
distribution at the dark port is measured using a quadrant position
detector (QPD). The bi-modal transverse distribution of the beam
in the z-direction is tracked using a camera beam profiler (CBP)
and a laser power sensor (LPS). M, mirror; D-S M, D-Shaped mirror.

Fig. 2. Simulations of beam profiles (upper) and power distribu-
tions in the z-direction (bottom). (a) shows the input TEM00 mode,
(b) shows the balanced bimodal distribution at the output when
ϕ ! 0, and (c) shows the nonsymmetric distribution for ϕ ! 0.05.
kσ ! 0.2 in (b) and (c), so the profiles (upper) are increased 100 times
in intensity with respect to (a) for visualization purposes.

Fig. 3. Three-dimensional schematic of the experimental design.
The optical configuration is enclosed using a plastic cover and insu-
lation foam, which are cut away in the drawing to show the interior of
the design. Not all optical elements are shown.
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