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The Advanced LIGO Suspensions Team consists of more than sixty scientists, mechanical
engineers, electronic engineers, designers, technicians and students from eight institutions.

USA

. LIGO Caltech: Jay Copti, Philip Croxton, Todd Etzel, Kate Gushwa, Jay Heefner, Alastair Heptonstall, Kristen
Holtz, Tim McDonald, Gary Mcintyre, Margot Phelps, Norna Robertson, Calum Torrie

. LIGO Hanford Observatory: Jeff Bartlett, Mark Barton, Betsy Bland, Doug Cook, Jeff Garcia, Jesse Garner,
Gerardo Moreno, Gerardo Moreno Jnr., Jason Oberling, Andres Ramirez, Travis Sadecki, David Stone, Vern
Sandberg

. LIGO Livingston Observatory: Carl Adams, Anna Aitken, Joe Betzwiezer, Derek Bridges, Virginia Brocato
Anamaria Effler (LSU) , Robert Giglio, Matt Heintze, Ed Merilh, Mike Meyer, Ralph Moffatt, Bobby Moore, Terry
Pitre, Janeen Romie, Danny Sellers, Gary Traylor, Gene Winton

LIGO MIT: Sam Barnum, Michael Hillard, Jeff Kissel, Rich Mittleman, Brett Shapiro
UK

. University of Glasgow: Angus Bell, Nicola Beveridge, Alan Cumming, Liam Cunningham, Giles Hammond, Jim
Hough, Russell Jones, Rahul Kumar, Sheila Rowan, Ken Strain, Marielle Van Veggel

. Rutherford Appleton Laboratory (RAL): Justin Greenhalgh, Tim Hayler, Joe O'Dell, lan Wilmut
. University of Birmingham: Stuart Aston (now LLO), Ludovico Carbone, Ron Cutler, Alberto Vecchio

Strathclyde University: Nick Lockerbie, Kirill Tokmakov
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OfGlasgovg Overview

A aLlGO suspensions and requirements
A Suspension construction/testing

A Lessons learned

A Suspension upgrades to aLIGO

A Thoughts for LIGO India

Aéé.

A Extra slides for discussion
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T ISENGNANN Suspension System Functions
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A Support the optics to minimise the effects of
I thermal noise in the suspension
I seismic noise acting at the support point

A Provide damping of low frequency suspension resonances (local control),
and

A Provide means to maintain interferometer arm lengths (global control)

i while not compromising low thermal noise of mirror

I and not introducing noise through control loops
Provide interface with seismic isolation system and core optics system
Support optic so that it is constrained against damage from earthquakes

Accommodate a thermal compensation scheme and other systems as
required e.g. baffles

To Do o
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A Top-Level Requirements:

Requirement Value

Suspension Thermal Noise 101 m/OHz at 10 Hz (longitudinal)
106 m/OHz at 10 Hz (vertical)

Residual Seismic Noise 101 m/OHz at 10 Hz

(assumes seismic platform noise
2x1013 m/OHz)

Pitch and Yaw Noise 1017 rad/OHz at 10 Hz (assumes beam
centering to 1 mm)

Technical Noise Sources 1/10 of longitudinal thermal noise for each
(e.g. electronic noise, thermal source
noise from bonds)
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PNCSUAI Requirements: Other Masses
of Glasgow
LIGO-G1100434-v2

In general, requirements are relaxed by two or more orders of magnitude
compared to the test masses (End Test Mass/ETM, Input Test Mass/ITM)

A Beamsplitter/Folding Mirror triple suspension (BS/FM):
i 6.4x101¥ m/ a Ht210 Hz
A HAM large triple suspension (HLTS):
I 1x101Y m/ & HHtAA0 Hz
A HAM small triple suspension (HSTS):
I 1x10' m/ & HtZ10 Hz when used in recycling cavities
I 3x101m/aHzat 10 Hz when used in input modecleaner
A Output modecleaner double suspension (OMC SUS):
i 108 m/aHzat1l0 Hz

BS/FM seismic noise is product of suspension transfer function and residual noise on the two-stage BSC-
ISI seismic platform

HLTS, HSTS and OMC seismic noise is product of suspension transfer function and residual noise on the
one-stage HAM-ISI seismic platform

The HLTS and HSTS requirements assume equal contributions from the 3 mirrors in the recycling cavities.
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Advanced LIGO
Corner Station Optical Layout, L1 or H1
with Seismic Isolation and Suspensions
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g}%ﬁleslé%% aLIGO ISI/SUS

Ahydraulic external Aactive isolation platfor
pre-isolator (HEPI) (2 stages of isolation)
(one stage of l
isolation)
Steel
suspension

wires leading
—— _ to upper

metal
suspension
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mass, 40 kg
Silica fibres
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between the
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Silica test
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isolation) with monolithic silica final
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