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Outline

e Seismic Noise: What it is.
e Seismic Sensors: What is their problem?

e Seismic Isolation: Passive (Peter) and Active

(via feedback and feedforward)
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Seismic Sensors
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Seismometers
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Seismometers

e For Low Frequencies: ST5-2, T-240, STS-1,etc.
(force feedback, triaxial, capacitive displacement
sensors, $20k) or Lacoste-Romberg Gravimeters
(“zero-length” springs, $100k)

e for 0.3-10 Hz, can use “geophones”: no force
feedback, velocity readout (magnet / coil), e.g.

GS-13 ($14k), L-4C ($1k), ...

e For f > 3 Hz, accelerometers: ~0.1-1 kg with piezo
strain sensor and charge amplifier ($100 -$1500)



Sensitivity Limits

Noise estimates for SEIl sensors
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Let’s Design a Sensor

e Vertical Seismo, m -1 kg, fo-1 Hz, Q - ?

e Shadow Sensor for displacement sensing (0.1
nm/rHz)

e Readout photocurrent (1o uA / mm) with
AD743 transimpedance stage (+/- 15 V supplies).

e Calculate noise traces and sketch total
displacement noise / compare with GS-13.



Advanced LIGO

Optical Layout, L1 or H1

with Seismic Isolation and Suspensions
G1200071-v3
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Adv LIGO Seismic Overview

Displacement Sensors
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https://dcc.ligo.org/LIGO-G1100431/public
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What’s Wrong with Pacifism?

(OR why will KAGRA,Virgo,AlS0 want pagsive and LIGO will uge active???)
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Identify the § biggest differences...

(Ground to
mirror

— initial LIGO

| = Virgo
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Tilt-Horizontal Problem

Tilt — Horizontal Coupling

* Fundamental property of a horizontal
inertial sensor @
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X e | X — _a)2 6 , ,
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* Effect dominant at low frequency

(< 0.5 Hz) @////WZ//////

e Ring Laser Gyro MIT: Ezekiel, New

Zealand: Stedman, Caltech: Korth) e Tiber Ring Gyro
e Pairs of Vertical Seismometers e TiltFree Seisometer (MIT: Evans/
(Stanford/Debra) Matichard, Virgo: Giazotto)
e Mercury Beam Balance / Bubble Level e Optical “Walk-Off” Lever (UWA: Blair)
e Beam-Balance / See-Saw (Desalvo, o

Giazotto, UW: Krisha, Gundlach)



Electro-Magnetic Suspension

1. EM suspensions eliminate suspension
fiber and thereby, the thermal noise

2. EM levitation can be soft, low resonant
frequency, so infinite isolation
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Electro-Magnetic Suspension
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. EM suspensions eliminate suspension

fiber, but there is still loss associated
with the spring. Yes, even
superconducting magnets.

. EM levitation can be soft, but softness

is limited by stability. Earnshaw’s
theorem...

. Earnshaw says 1 DOF will be unstable.

Need low noise position sensors for

damping.

. Residual EM dipoles, quadrupoles, ...

allow coupling of environmental fields.



