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ey Overview
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» Seismic & Thermal noise

» aLIGO 40kg monolithic suspensions
* Thin fibres for 100g suspensions

» Heavy suspensions for 3G detectors

* Fibre Characterisation
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UHICHRE aL1GO Noise Curve

aLIGO Noise Curve: Pin =125.0 W
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[Gsivo S/ aEl Seismic Noise
of Glasgow

Transfer Function of Single and Double Pendulum

10?

« Seismic noise limits sensitivity
at low frequencies - “seismic L.
wall”

| +Advantage of a
| double over single
| pendulum, same
| overall length

magnitude
=

« Typical seismic noise at quiet
site at 10 Hz is ~ few x 10-10
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« Two-stage internal isolation o
platform has target noise level
of 2 x 10-3 m/NHz at 10 Hz.

* require 4 more stages, i.e.
quadruple pendulum, to meet
target of 101 m/v Hz
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* Quad pendulum
transfer function:
predicted isolation ~
3x107at 10 Hz
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Thermally excited vibrations of
— suspension pendulum modes
— suspension violin modes
— mirror substrates + coatings

To minimise:

— use low loss (high quality
factor) materials for mirror
and final stage of suspension
(fused silica)

— use thin, long fibres to reduce
effect of losses from bending

— use low loss bonding
technique: hydroxide-catalysis
bonding

Thermal Noise
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* 4 layer passive scoarse &fine ., pqyraylic external - active isolation platform
isolation stack actuators pre-isolator (HEPI) (2 stages of isolation)
(one stage of
isolation) l

 quadruple pendulum (four stages of
isolation) with monolithic silica final
stage 6

* single pendulum on steel wire
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LIGO Advanced LIGO

Wire clamps

Steel
suspension
wires leading

to upper
metal

suspension

stages

= 310 um diameter steel

=

1 = piano wire
b‘"m

Penultimate silica
mass, 40 kg

Silica fibres
welded
between the
ears

Silica test
mass, 40 kg

Silica test mass
10.7kg
Catchér and
suspensions structure
(some components
omitted for clarity)
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* The input test masses (ITM) and end test
masses (ETM) of Advanced LIGO will be
suspended via a quadruple pendulum system

» Seismic isolation: use quadruple pendulum
with 3 stages of maraging steel blades for
horizontal/vertical isolation

* Thermal noise reduction: monolithic fused
silica suspension as final stage four stages

« Control noise minimisation: use quiet
reaction pendulum for global control of test
mass position

* Actuation: Coil/magnet actuation at top 3
stages, electrostatic drive at test mass

40kg silica parallel reaction
test mass chain for control
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aLIGO Monolithic Stage

Horn K Stock

Neck
Fibre

d' advancedligo
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Steel wires

Penultimate mass
(PUM)

Ear

Steel wire break-off prism

- Silica fibres

_— End/input test mass

Ear



Penultimate
mass,
constrained
for analysis

Test mass
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OOMPa for 10kg mass per fibre)




A University
o/ of Glasgow

* Monolithic suspensions & signal recycling pioneered in GEO-600 —
upscaled to aLIGO
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Fused Silica Fibre Pulling
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Steel suspension wires
leading to upper metal

*Low thermal noise requires ultra-low loss
materials => fused silica

GIasqo has supplied the machines
used in AdV VIRGO and aLIGO
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« Light suspensions (1g-100g) are being developed around the world for radiation
pressure/SQL experiments (ICRR, MIT, Glasgow, AEI Hannover, ltaly)

« Glasgow has developed triple suspensions for AEI

Ears- fibre weld

Lower stage
spring

advancedligo




Feed Mirror

Conical mirror

Stock

Axicon [H—Laser

Fibre profiles of selected fibres from batch 1
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Upgraded fibre profiler to profile 1-20um fibres

x6 x8 x10

x12
x20 x24 x28

15um fibre x16
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P iy Heavy Suspensions

We have already built up 2 single fibre 40kg tests
(using 1200MPa fibre stress)

4 fibre (160kg) hanging since Dec 2018




Breaking stress, GPa
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Fibre Strength
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\ ﬂ / = Location of PT1000 resistance thermometers. L - -
g4, Fibre Characterisation

with invar bolts

lovar legs wrapped in Insulatian Freq = 1008.451 Hz, RZ = 0.9994, Q = 1227606+5 x1e+03

Capper eap

-11.95™

Wooden blocks to stop heat
conduction

Copper tube wrapped In -12
heating wire

0.9m

440micron fibre
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Aluminium shelf with rubber
tipped clamp to hold tube In
pesition

Invar mass holder

121+ 8

Interchangeable masses to
/allow the static stress on the
fibre to be varied
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Time for fibres to fail at different stress values
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Have been hung for 336 days (Jan 05, 2019)
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