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Overview 

ÅaLIGO suspensions and requirements 

ÅSuspension construction/testing 

ÅLessons learned 

ÅSuspension upgrades to aLIGO 

ÅThoughts for LIGO India 

Åéé. 

ÅExtra slides for discussion 
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Suspension System Functions 

Å Support the optics to minimise the effects of 

ï thermal noise in the suspension 

ï seismic noise acting at the support point 

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

and 

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

ï while not compromising low thermal noise of mirror 

ï and not introducing noise through control loops 

Å Provide interface with seismic isolation system and core optics system 

Å Support optic so that it is constrained against damage from earthquakes 

Å Accommodate a thermal compensation scheme and other systems as 

required e.g. baffles 
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Requirements:Test Masses 

Å Top-Level Requirements: 

Requirement Value  

Suspension Thermal Noise 10-19 m/Õ Hz at 10 Hz (longitudinal) 

10-16 m/Õ Hz at 10 Hz (vertical) 

Residual Seismic Noise 10-19 m/Õ Hz at 10 Hz 

(assumes seismic platform noise 

2x10-13 m/Õ Hz) 

Pitch and Yaw Noise 10-17 rad/Õ Hz at 10 Hz (assumes beam 

centering to 1 mm) 

Technical Noise Sources 

(e.g. electronic noise, thermal 

noise from bonds) 

1/10 of longitudinal thermal noise for each 

source 



Requirements: Other Masses 

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) 
 

Å Beamsplitter/Folding Mirror triple suspension (BS/FM):  

ï 6.4 x 10-18 m/ãHz at 10 Hz 

Å HAM large triple suspension (HLTS):  

ï 1 x 10-17 m/ãHz at 10 Hz 

Å HAM small triple suspension (HSTS):  

ï 1 x 10-17 m/ãHz at 10 Hz  when used in recycling cavities 

ï 3 x 10-15 m/ ã Hz at 10 Hz when used in input modecleaner 

Å Output modecleaner double suspension (OMC SUS):  

ï 10-13 m/ ã Hz at 10 Hz  

 

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

ISI seismic platform  

Å HLTS, HSTS and OMC seismic noise  is product of suspension transfer function and residual noise on the 

one-stage HAM-ISI seismic platform  

Å The HLTS and HSTS requirements assume equal contributions from the 3 mirrors in the recycling cavities. 

LIGO-G1100434-v2  
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Suspensions in aLIGO 

LIGO-G1100434-v2  
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Suspension Inventory 

Å Two Input Test Mass (ITM) suspensions 

Å Two End Test Mass (ETM) suspensions 

Å One Beamsplitter (BS) suspension 

Å Seven HAM Small Triple Suspensions (HSTS) 

Å Two HAM Large Triple Suspensions (HLTS) 

Å One, Output Mode Cleaner (OMC) Suspension 

Å SUS electronics racks 

Å Spare suspension components/parts 

Å Spare SUS electronics 



aLIGO ISI/SUS 
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Å active isolation platform  

(2 stages of isolation)  

Å quadruple pendulum (four stages of 

isolation) with monolithic silica final 

stage 

Å hydraulic external 

pre-isolator (HEPI)   

(one stage of 

isolation) 

Penultimate silica 

mass, 40 kg

Silica test 

mass, 40 kg

Catcher 

structure

Ear

Ear

Silica fibres 

welded 

between the 

ears

Steel 

suspension 

wires leading 

to upper 

metal 

suspension 

stages

Silica test mass 

10.7kg

310 mm diameter steel 

piano wire

Wire clamps

Catcher and 

suspensions structure 

(some components 
omitted for clarity)

LIGO Advanced LIGO


