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Abstract

Next generation gravitational wave detectors, such as an advanced LIGO, will generally require improved sensitivity
at low frequency. One of the principal challenges for low-frequency sensitivity is isolation from seismic motion.

A mechanical seismic isolation filter specifically studied for the next generation of the LIGO detectors, based on a
geometric anti-spring concept, has been developed with the aim to provide thermal noise limited sensitivity to

frequencies of 10 Hz.

The design and the performance of the isolation filter, mainly for the vertical degree of freedom are discussed. © 2002

Elsevier Science B.V. All rights reserved.
PACS: 04.80.Nm; 95.55.Ym
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1. Introduction

Gravitational wave interferometers [1,2], built to
detect displacements below 107! m//Hz in the
acoustic frequency band, must reduce by a large
factor the perturbation induced on test masses
(i.e., mirrors) by seismic noise.' Below ~ 1 Hz, the
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! For seismic noise we assume the position noise coming from
the ground is produced mainly by the seismic activity of the
Earth, the meteorological events and the ‘“cultural noise”
created by human activity.

spectral density of the seismic noise, apart from
the so-called “‘micro-seismic peak™ region at
around 100-300 mHz, is mostly flat. Above 1 Hz,
it is reasonably well approximated by the spectral
density function 10-°-10~7(1 Hz/f)? m/v/Hz,
where [ is the frequency.

The required attenuation factor of about 10
orders of magnitude can be achieved by suspend-
ing the interferometer mirrors from chains of
mechanical oscillators, acting as passive mechan-
ical filters for the seismic noise.

Theoretically, well above its resonant frequency
fo, a one-dimensional mechanical harmonic oscil-
lator has an attenuation curve (transmissibility)
proportional to 1/f2. In a real case the attenuation
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