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High-gain power recycling of a Fabry-Perot Michelson
interferometer for a gravitational-wave antenna

Shuichi Sato, Masatake Ohashi, Masa-Katsu Fujimoto, Mitsuhiro Fukushima,
Koichi Waseda, Shinji Miyoki, Nergis Mavalvala, and Hiroaki Yamamoto

Power recycling was implemented on a fully suspended prototype interferometer with arm lengths of
20 m. A wave-front-sensing technique for alignment control of the suspended mirrors was also imple-
mented, which allowed for several hours of stable operation. A power-recycling gain of greater than 12
was achieved, a significant increase over the highest gain in a suspended mirror Fabry—Perot Michelson

interferometer reported to date.
OCIS codes:

1. Introduction

One of the most exciting topics in both physies and
astronomy in the coming century may be direct de-
tection of gravitational waves. In addition to the
interest in the nature of gravity as a proof of general
relativity, gravitational-wave detectors have the po-
tential to open a new window into the universe. Be-
cause of the overwhelming transmissivity of
gravitational waves—the universe is more transpar-
ent to them than even to neutrinos—the gravita-
tional wave is expected to carry much more
information about distant astrophysical phenomena.
For the same reason, namely, that gravitational
waves interact weakly with matter, the gravitational-
wave-induced strain from some of the most promising

When this research was performed, S. Sato (sato@icrr.u-tokyo.
ac.jp), M. Ohashi, M.-K. Fujimoto, M. Fukushima, and K. Waseda
were with the National Astronomical Observatory, 2-21-1, Osawa,
Mitaka, Tokyo 181-8588, Japan. S. Miyoki was with the Institute
for Cosmic Ray Research, University of Tokyo, 5-1-5, Kashiwa-
noha, Kashiwa, Chiba 277-8582, Japan. N. Mavalvala and H.
Yamamoto were with the Laser Interferometer Gravitational-
Wave Observatory Laboratory, California Institute of Technology,
MS 18-34, Pasadena, California 91125. S. Sato is now with the
Kamioka Observatory, Institute for Cosmic Ray Research, Univer-
sity of Tokyo, Higashi-Mozumi, Kamioka, Yoshiki, Gifu 506-1205,
Japan. M. Ohashi is with the Institute for Cosmic Ray Research,
The University of Tokyo, 5-1-5, Kashiwanoha, Kashiwa, Chiba
277-8582, Japan.

Received 8 February 2000; revised manuscript received 23 May
2000.

0003-6935/00/254616-05$15.00/0

© 2000 Optical Society of America

4616 APPLIED OPTICS / Vol. 39, No. 25 / 1 September 2000

© 2000 Optical Society of America
120.3180, 000.2780, 120.2230, 350.1270.

zigtrgp?ysical sources is expected to be smaller than

To detect gravitational waves from astrophysical
sources, several ground-based large-scale [the Laser
Interferometer Gravitational-Wave Observatory
(LIGO)? and the Italian—French Laser Interferome-
ter Collaboration (VIRGO)?] and medium-scale
[GEO600 (Ref. 4) and TAMAS300 (Ref. 5)] laser inter-
ferometric detectors are now under construction.
(GEO, German-British Cooperation for Gravity-
Wave Experiment; TAMA, Japanese Interferometric
Gravitational-Wave Detector Project). All these de-
tectors employ variants of a Michelson interferome-
ter, with novel additions to the optical configuration
to increase their sensitivity to gravitational waves.5

Typically, the sensitivity of the interferometer is
expected to be limited by seismic noise at low fre-
quencies (below 10—40 Hz), by thermally driven fluc-
tuations of the suspended mirrors at intermediate
frequencies (below 100 Hz), and by shot noise at
higher frequencies. The shot noise, which is due to
photon-counting statistics, is proportional to the
square root of the light power, whereas the signal
strength scales with laser power. The signal-to-
noise ratio of the interferometer is then proportional
to the inverse of VP, and the shot-noise-limited sen-
sitivity can be improved by means of increasing the
light power incident to the interferometer. One
technique to increase the effective power in the
gravitational-wave detector is power recycling.” A
schematic representation of the optical configuration
for a power-recycled gravitational-wave interferome-
ter is shown in Fig. 1. Resonant Fabry—Perot cavi-
ties in each arm of the Michelson interferometer
enhance the phase sensitivity of the detector. Since
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