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Suspension Working Group:
Seismic Isolation

● Seismic Isolation
» requirements established

– interface to GEO suspension, LIGO vacuum system
– consistency with LIGO concept of flexibility
– performance requirements as per baseline LIGO II design

» meetings at Glasgow (December), LSC (March)
» two approaches under study (later this talk, and Riccardo Desalvo’s talk)

– both workable, can meet or exceed requirements
– both require some extrapolation from present experience

» committee (under Dennis Coyne) well advanced in forming evaluation
– documentation revised/refined
– visits to the prototypes
– several telecon and in-person meetings

» anticipate a recommendation by mid-May
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● GEO contribution
» intellectual heritage
» tests on GEO-600
» (financial contribution)

● Community engaged
» Willems/Caltech
» Gonzalez/PSU
» Saulson/Syracuse

● Thermal noise
» silica ribbon suspension
» silicate bonding to test masses

● Seismic filtering
» <10^-6 transmission at 10 Hz

● Requirements review this summer
● First prototypes end 2001

Fused silica
Suspensions
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Thermal Noise
● Suspension thermal noise

» materials tests support predicted performance
» fused silica ribbons a fabrication challenge
» cylindrical rods a good fall-back

● Sapphire Test mass thermal noise
» thermoelastic damping important
» requires trades on test mass and beam spot sizes ---

can almost recover White Paper performance curves
» much more difficult to prototype LIGO II displacement noise
» also: coating losses uncertain, photoelastic effect significant….

● Pursuing several options for performance testing and to gain confidence
» Thermal Noise Interferometer: demonstrates thermoelastic effect
» possible extension of prototype to longer arms:

smaller spot, better displacement limit
» continued sapphire material development and characterization
» fused silica as backup: not ideal, easy, or cheap, but an alternative
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Optimized Sapphire solution
● sapphire mass=44 kg diameter=32 cm thickness=13.7cm beam radii= 5 and 5 cm phi=5E-9

● pendulum length=60 cm  ribbons= 1.21 mm X 0.121 mm  phi=1.4E-7
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Suspension/Isolation testbed
● LASTI: LIGO Advanced System Test Interferometer

» Test LIGO components, systems at full mechanical scale

»  Practice installation & commissioning

»  Minimize delays & downtime for LIGO site upgrades
● LIGO II Specialization:

» Test LIGO II seismic isolation & suspension system and associated controls
at full scale

» Develop detailed SEI/SUS installation & commissioning handbook

» Look for unforeseen interactions & excess displacement noise

● Goal: complementarity to 40m,  other performance demonstrations
» technical advisory group, overlap with 40m, to help ensure this



LIGO II 7
G000109-00-R

 

LASTI Plan/Schedule
– 4Qq99: LASTI envelope commissioned DONE

● The vacuum envelope is installed and aligned; the vacuum
pumping system is commissioned, and the system is pumped
down for the first time.

– 2Q00: LASTI infrastructure design review IN PREPARATION
●  covers noise sources; models for the performance of the system;

complete costing and manpower estimates for the optical sensing
system, control and data, mechanical interfaces to LASTI;

and the experimental program.

– 4Q00: LASTI external structures installed
● The seismic piers are erected around the HAMs and BSC.

– 3Q01: LASTI infrastructure complete
● sensing system, control and data,

and a trial cavity test of the complete system function
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LASTI Plan/Schedule
– 1Q02: LASTI prototype installation complete

● high-quality prototypes of the HAM and BSC isolation systems,
and ’controls prototypes’ of the suspensions, installed and ready
for tests

– 3Q02: LASTI locked
● The optical sensing system for the Mode Cleaner and the Test

Mass Suspensions functioning and the cavities locked. No
performance requirement.

– 1Q03: LASTI controls test review
● An understanding of the controls performance of the seismic

isolation systems and of the suspensions

– 2Q03: LASTI noise prototype installed
● The ’controls prototypes’ for suspensions changed out and fused

silica fiber, sapphire test mass Test Mass suspensions installed.
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LASTI Plan/Schedule
– 1Q04: LASTI final test review

● This milestone should indicate the status of tests to meet the
noise performance verification.

●  is only 6 months after start of noise testing phase...

– 1Q04: LASTI first article installation starts
● using the planned installation jigs and procedures,

for seismic isolation and suspensions.

– 3Q04: LASTI first article tests complete
● may or may not include performance testing.
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LASTI Issues
● What should be the sensitivity goal of displacement noise tests at

LASTI?
» Thermoelastic thermal noise a predicted limit;

~30x LIGO II displacement sensitivity possible
» How close to the LIGO II sensitivity level do tests (in LASTI or elsewhere)

need to come to convince ourselves, others that we have a robust design?
» When do we need results from tests?

● The White Paper schedule is very aggressive
» manpower, means  to build up ‘familiar’ technologies (sensing system, etc.)
» all the contributions (isolation systems, suspension systems) must fall into

place as per the schedule
● Must recruit LSC members to help with the tests in LASTI
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Stiff Active Isolation approach
● Following presentation based on one by Joe Giaime, LLO LSC meeting


