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Application of optical squeezing to gravitational-wave detectors

Kentaro Somiya

California Institute of Technology, MC 130-33, 1200 E California Blvd., Pasadena CA 91125, USA

Reduction of quantum noise is one of the main subjects to improve the sensitivity of next-generation gravitational-wave
detectors. The use of squeezing techniques is expected to contribute to the improvement, and more than a few ideas have been
proposed and also experimentally demonstrated. This review article introduces (i) the utility of squeezed vacuum generated
by a non-linear optical device, (ii) the squeezing effect in a gravitational-wave detector due to the opto-mechanical coupling,
and (iil) frequency-dependent squeezing with a filter cavity proposed for third-generation detectors.
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0 1: Quantum noise consists of fluctuation of the num-

Amplitude

Time

ber of photons and fluctuation of the phase. Filling the
area where the probability density is higher than a cer-
tain value, we obtain a circle as shown above for a co-
herent field.
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0 2: Vacuum fields around the carrier light beat with
the pump light at 2wy and this interference generates a

correlation between the two vacuums.
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O 3: Top: Demonstration of 10 dB squeezing at the Uni-
versity of Hannover [7]. The squeezing is realized down
to 1 Hz due to their effort in reducing classical light. Bot-
tom: Squeezing experiment at Caltech [6]. The squeezed
vacuum was injected to a prototype of a gravitational-
wave detector and the sensitivity was improved at high

frequencies.
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O 4: While the input vacuum field is coherent (dashed
circle), the output field from the interferometer is
squeezed by the radiation-pressure effect (solid ellipse).
By tuning the readout qudrature, the signal-to-noise ra-
tio to gravitational waves becomes better than that in

the by quadrature.
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O 5: Sketch of a next-generation gravitational-wave de-
tector with squeezing techniques. (i) A squeezed vacuum
generated by a non-linear crystal is injected to the in-
terferometer through a Faraday rotator, (ii) the output
field is squeezed differently at each frequency so that it
is converted to white noise by a filter cavity, and (iii) the
signal and noise are compared with the reference light

from the laser in the optimal quadrature.
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0 6: Quantum noise spectra with the readout quadra-
ture ¢ being tuned (top), and with the squeezing angle
being tuned (bottom). The sensitivity can be improved
in broadband if these values are optimally chosen at each
frequency using the filter cavity. Here the parameters are
those for Advanced LIGO, a second-generation detector
in USA.
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