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Suspension Conceptual Design for Advanced LIGO
* LIGO: Laser Interferometer Gravitational Wave Observatory
¢ Advanced LIGO: proposed upgrade with ~ x10 better sensitivity
* Suspension design for Advanced LIGO
* reduce thermal noise:
40 kg silica* mirror suspended on silica ribbons
* enhance isolation:
four stage pendulum with 3 stages of cantilever blade
springs for vertical isolation
* minimise noise from control:
damping at top mass and use of reaction pendulum
* Target suspension noise level for main optics (test masses):
10® mA Hz at 10 Hz /

silica penultimate and test masses -~ g ]
silica ribbons

*silica now chosen as test mass material (lower support structure removed for clarity)

Quadruple Pendulum Prototype
* All-metal to test mechanical design, control aspects and installation and
alignment procedures
¢ Construction of suspension and associated support structure underway
 Design of installation fixtures underway
¢ Full testing from Autumn 2005

Pendulum construction

Support structure

Assembly in two
separate pieces
(upper and lower)

Bottom three masses FEA analysis of structural resonances

Sensor Development
* Development of compact, robust optical shadow sensor/electromagnetic
actuator units for local control (damping of pendulum modes)
¢ Sensor performance: 0.6mm (peak-peak) working range
sensitivity 1x102°m\Hz at 1 Hz
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LED and photodiode assembly

Mechanical assembly with positional adjustments

Installation Fixtures
¢ Articulated arm for transport of quad lower assembly into vacuum chamber
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* Adjustable table for translation and lift

Triple Pendulum Prototype
All-metal triple pendulum prototype for modecleaner mirror
constructed and assembled at Caltech for initial tests
Shipped to full scale testbed facility at MIT
* Testing and development of installation procedure
* Characterisation of behaviour and comparison to model

Longitudinal transfer function:

top mass drive to top mass position
Installation in tank green (damping off) red (damping on)
at MIT blue: MATLAB model

Bench testing

Ongoing and Further Work
¢ Development and testing of silica ribbon fabrication using CO, laser technology
and of assembly procedure for monolithic silica suspension (discussed
elsewhere)
* Construction of prototype incorporating silica ribbons and masses
* Test of overall alignment, isolation and suspension system at LASTI:

Two st actve.

external hydraulic pre-isolator
two-stage active isolation platform
quadruple pendulum
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