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OPTICAL LEVER WORKING PRINCIPLE

PROTOTYPE DESIGN

An optical lever is a convenient device to measure a small displacement and to measure
angles accurately. 

The light source is, generally, a laser or an SLD (Super Luminescent Diode) to avoid
interference due to reflections.
The sensor used is a QPD (Quadrant Photodiode) measuring any small displacement of
the spotlight.
When the mirror is tilted, a spot displacement is recorded and the angle can be
computed.

Optical levers for GW interferometers are mainly used for

- a local angular control for each mirror;
- monitoring the mirror displacement.

They can also be used for the seismic isolation system,
to measure the small tilt due to ground motion,
affecting the seismometers that measure
(and actively control) the seismic motion. L

ϑ

2ϑ

Laser source

x

QPD

Mirror

Experiment status

The prototype of the Optical Lever is going to be built and tested in the laboratories of the
University of Birmingham.
The actuation system for the correction of angular motion of the bench will be designed and
simulated.

Future perspectives for LIGO

The Optical Lever sensing and actuation system could be a good chance to improve the
sensitivity of the interferometer at frequencies below 10 Hz.
This will allow the detection of Gravitational Waves in a range of frequency in which LIGO
is currently blind. 
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Optical simulation
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The chosen source is a 1064 nm wavelength fiber-coupled Nd:YAG
solid-state laser.

The beam size on the QPD is 1 mm, so a fiber collimator is used
at the fiber output, and a 150 mm focal length lens is used
to focus the beam. 
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LIGO is noisy. Several stages of noise related to optics and
benches, affecting measurements in the low frequency range
(< 10 Hz). In particular, the suspension point motion of the
HAM5 chamber is dominated by tilt above 1 Hz [1].
Getting a good estimate of ground motion is tricky because no
rotational sensors able to measure the ground motion in rotation
has been installed yet on LIGO [2].

However, there is a clever way
to measure angular displacements
of the benches very precisely
(                    ) and to actively
control them. This is done by Optical Levers.
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To test the sensitivity of the QPD, a prototype of the
Optical Lever has been designed. The whole setup could be
placed in vacuum, so the system is very compact.

The aluminium basement is
[75 cm    36 cm].
The photodiode has a
[4   12] mm active area.
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The most important problem is the sensitivity
of the horizontal accelerometers
to rotation.
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Optical levers can directly measure extremely small tilt angles ϑ and apply corrections to the sensor.
This study-in-progress system involves sensing and actuation for the seismic motion.

The QPD can not be set on the same bench 1 where geophones are, because it would be affected by the
same ground motion. So it has to be placed on a bench 2, at some distance L, and actuation is associated
to adjust the tilt of the bench 1.

The longer L is, the better the sensitivity to small angles is.

Besides, also the bench 2 needs to be kept stable: another
optical lever is placed on it, with the associated actuation.
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