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Parametric Instability in Laser Interferometer Gravitational

Wave Detectors and the Research Progress

WU Bin!, LIU Jian?, ZHANG Jue®, CHEN Xu?

(1. Department of Astronomy, Beiing Normal University, Beijing 100875, China; 2. Albert Finstein In-
stitute, Hanover 30167, Germany; 3. Department of Physics, University of Western Australia, Crawley
6009, Australia)

Abstract: High power lasers are widely used in the arm cavities of laser interferometer
gravitational-wave detectors to reduce quantum shot noise and improve sensitivity. However,
the implementation of high power lasers can also result in parametric instability. Parametric

instability is caused by the interaction between the arm cavity optical modes and the acoustic
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modes of the test masses, which can drive the acoustic modes amplitude to grow exponen-
tially and lead the arm cavity control system to fail. Since parametric instability was put
forward, people has been proposing and verifying a series of methods to solve this problem.
This review revisits the theory of parametric instability and introduces the strategies for its
suppression. Ring heater, electrostatic drive and acoustic mode damper are introduced first,
which are the methods that have been applied to LIGO. Then 3 new methods are discussed:
matrix heater is shown to have advantages in suppressing multiple parametric instabilities
by changing the surface of the test masses; optical feedback injects anti-phase high-order
mode into the arm cavity to optically interfere and suppress the excited high-order mode;
and another new method shows that it is possible to design future detectors that are free of

parametric instability.

Key words: gravitational wave detection; parametric instability; opto-acoustic interaction
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