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Advanced LIGO Seismic Isola;on 
In‐vacuum Seismic Isola;on (ISI) 

BSC ISI  

Small Op5c Isola5on  
  “HAM” Chambers 

Single Stage Ac;ve 
Isola;on System 

Factor of 50 at 1 Hz 

HAM ISI  

Large Op5c Isola5on 
   “BSC” Chambers 

Double Stage Ac;ve 
Isola;on System 

3000 at 1 Hz 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Enhanced LIGO 

30 W aLIGO Prototype  
Input Laser 

Improved, High Power Thermal 
Compensa;on System 

aLIGO Prototype  
In‐vacuum Seismic Isola;on Pla^orm 

aLIGO High‐Power  
Faraday Isolator 

aLIGO Prototype 
Double Pendulum Suspension 

In‐vacuum 
“DC” Readout Photo 

Diodes and 
Output Mode Cleaner 

“Minor” Upgrades to the two 4 km interferometers 
         All components installed as of Jan 2009! 

HAM ISI 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The HAM ISI 
Passive Isola;on Components  

•  Single stage pla^orm is suspended via 
three can;lever blade springs abached to 
wire flexures 

•  Suspension acts as a pendulum, which is 
low‐pass filter for seismic noise 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Support Stage 

Suspended Stage 

Blade Spring 

Wire Flexure 



Iner5al Sensors 
Displacement 

Sensors 

•  Displacement sensors provide alignment and low 
frequency (10 Hz to DC) informa;on 

•  Iner5al Sensors (Geophones) provide high frequency 
(500 Hz to 0.5 Hz) informa;on 

•  Electromagne5c actuators provide drive and control 
of the table at all frequencies 

•  Six sensor and actuator clusters mounted symmetrically 
on the table control ALL SIX degrees of freedom 

Y 

Z 

#1 #2 

#3 

RY 

RX 

RZ 
X 

Electromagne5c  
Actuators 

The HAM ISI 
Ac;ve Isola;on Components 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Enhanced LIGO Seismic Isola;on 
HAM ISI RESULTS!! 

Isola;on from ground is 

•  Factor of 10 at 0.15 Hz 

•  Factor of 100 at 1 Hz 

•  Factor of 50 at 10 Hz 

•  Factor of 1000 at 50 Hz 

Meets or beats 
Advanced LIGO 
Requirements! 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Advanced LIGO Seismic Isola;on 
Planned Design Improvements 

More feed‐forward! 

S5ffer support structure, add external pre‐isola5on! 
Add constrained layer and tuned 
mass damping! 

m 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Results from Prototype Advanced LIGO 
Seismic Isola;on 

•  Small op;cs for Advanced LIGO are mounted on a 
Passive + Ac;ve In‐Vacuum Seismic Isola;on 
Pla^orm 

•  Both H1 and L1 have prototypes for Enhanced LIGO 

•  Results meet or beat Advanced LIGO Requirements 
at almost all frequencies 

•  Designs are in place to improve isola;on even more! 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Bonus Material 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Iner;al Sensors 

Displacement Sensors 

Ground Sensor 

Isola;on Filters 

Hardware 

Solware 

Blend Filters 

Damping Filters 

HAM ISI “Plant” 

Sensor Correc;on 

Super  

Sensor 

Actuators 

The HAM ISI 
Ac;ve Control Loops 

On Board Sensors 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Enhanced LIGO Seismic Isola;on 
Prototype In‐vacuum Seismic Isola;on (ISI) 

L1 HAM ISI built and 
installed Feb/Mar ‘08 

H1 HAM ISI built and 
installed Apr/May 2008 

L1 HAM ISI  commissioning 
Sep/Oct ’08 and Jan/Apr ’09   

H1 HAM ISI  commissioning 
Jun ‘08 and Feb/Mar ‘09 

aLIGO Prototype  
In‐vacuum Seismic Isola;on Pla^orm 

HAM ISI 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Thanks to R. Mibleman,  
C. Gray, and B. Lantz who did 
all the work!! 

Enhanced LIGO Seismic Isola;on 
HAM ISI RESULTS!! 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Thanks to R. Mibleman,  
C. Gray, and B. Lantz who did 
all the work!! 

Enhanced LIGO Seismic Isola;on 
HAM ISI RESULTS!! 



The HAM ISI 
Old vs. New Isola;on Comparison 

iLIGO Passive Isola;on 

eLIGO Passive & Ac;ve Isola;on 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The aLIGO HAM ISI 
Improving the Performance in Advanced LIGO 

                    Gullwings                  Crossbeams 

•  Support structure has been redesigned for aLIGO, have 
already been purchased!  

•  Hydraulic External Pre‐Isola;on will be installed, redesigned 
to use the new crossbeams 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Increase f by ~2 
Reduce Q by ~10 

S5ffer support structure, add external pre‐isola5on! 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The aLIGO HAM ISI 
Improving the Performance in Advanced LIGO 

      
•  Certain chambers need performance be#er 
than the requirements between 5 and 20 Hz 

•  We’ll try 6 addi;onal iner;al sensors that feed‐
forward from support stage to suspended stage 
(Three Horizontal, Three Ver;cal) 

•  Prototyping fall/winter of 2009 

More Feed‐forward! 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Iner;al Sensor 

The aLIGO HAM ISI 
Improving the Performance in Advanced LIGO 

105 Hz 

•  Damping ring on ver;cal iner;al sensor restoring springs 

Add constrained layer and tuned mass damping! 

153 Hz 

m 


