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How to Detect a 
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Brian Lantz, May 2019 
for the LSC, Virgo, &  
 ~2500 astronomers! 

How Vibration 
Control for LIGO 
Allows us to Measure 
Ripples in the Fabric 
of Space.

Listening to the Songs of the Universe
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What is LIGO?
Laser Interferometer Gravitational-wave Observatory,  
a new kind of astronomy! 

Why is there a LIGO guy at an ASA meeting?
We also care a lot about vibrations

Are there 2 LIGO talks?
I’m going to tell you why we care about vibrations,  
and Arnaud is going to tell you what we do about them
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LIGO Scientific 
Collaboration

National Science Foundation + International partners
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What is a Gravitational Wave?
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By Sir Godfrey Kneller  

- http://www.newton.cam.ac.uk/art/portrait.html

Sir Isaac Newton
Earth - By NASA/Apollo 17 crew; taken by either Harrison Schmitt or Ron Evans 

- http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg
- apple by Abhijit Tembhekar from Mumbai, India

Implies immediate 
action at a distance

Some Equations

B. Lantz

1 Summary

F =
Gm1m2

r2
(1)

http://www.newton.cam.ac.uk/art/portrait.html
http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg
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Photograph by Orren Jack Turner,  
Library of Congress digital ID cph.3b46036.

Albert Einstein

 Predicted by Einstein in 1916 as part of GR.
 “Spacetime tells matter how to move,  
     matter tells spacetime how to curve”

 - J. A. Wheeler
 There are traveling wave solutions, the 
waves propagate at the speed of light.



http://mediaassets.caltech.edu/gwave

Simulation of the event
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Gravitational waves are hard to 
measure because space doesn’t like to 
stretch.

Our signal strain (h) = 10-21,  
   dL = 4*10-18 meters

(that’s why it’s taken so long,  
   Einstein 1916, Weiss 1973)
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3 Things we do:

1) Really long arms. 

Gravitational waves are hard to 
measure because space doesn’t like to 
stretch.

Our signal strain (h) = 10-21,  
   dL = 4*10-18 meters

(that’s why it’s taken so long,  
   Einstein 1916, Weiss 1973)
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Layout of the interferometer
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Figure 1: Advanced LIGO interferometer configuration. ETM, end test mass; ITM, input

test mass; BS, 50/50 beamsplitter; CP, compensation plate; ERM, end reaction mass; PRM,

power recycling mirror; SRM, signal recycling mirror; PR2/3, power recycling cavity mirror

2/3; SR2/3, signal recycling cavity mirror 2/3; FI, Faraday isolator; ⌅m, phase modula-

tion; PD, photodetector. The power levels shown correspond to full-power operation; the

interferometers can also be operated at much lower powers with good strain sensitivity.

page 3

5.2 kW 750 kW

Goal 2: Measure distance 
change of arms very accurately
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Fabry-Perot arms
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Figure 1: Advanced LIGO interferometer configuration. ETM, end test mass; ITM, input

test mass; BS, 50/50 beamsplitter; CP, compensation plate; ERM, end reaction mass; PRM,

power recycling mirror; SRM, signal recycling mirror; PR2/3, power recycling cavity mirror

2/3; SR2/3, signal recycling cavity mirror 2/3; FI, Faraday isolator; ⌅m, phase modula-

tion; PD, photodetector. The power levels shown correspond to full-power operation; the

interferometers can also be operated at much lower powers with good strain sensitivity.
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5.2 kW 750 kW

Goal 2: Measure distance 
change of arms very accurately

about 300 bounces
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Figure 1: Advanced LIGO interferometer configuration. ETM, end test mass; ITM, input

test mass; BS, 50/50 beamsplitter; CP, compensation plate; ERM, end reaction mass; PRM,

power recycling mirror; SRM, signal recycling mirror; PR2/3, power recycling cavity mirror

2/3; SR2/3, signal recycling cavity mirror 2/3; FI, Faraday isolator; ⌅m, phase modula-

tion; PD, photodetector. The power levels shown correspond to full-power operation; the

interferometers can also be operated at much lower powers with good strain sensitivity.

page 3
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Goal 3:  Keep the 
mirrors from moving
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The LIGO vacuum equipment 
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Isolation of the Mirrors
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HEPI

BSC-ISI

Large Optic  
(business end of SUS)

1x10-19 m/√Hz near 10 Hz

3x10-12 m/√Hz at 10 Hz

~4x10-10 m/√Hz at 10 Hz
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SUS: Quadruple Suspension for ETM/ITM

• Parameters for suspension

• Test and penultimate masses : 
each 40 kg, 34 cm (diam) x 20 
cm, silica

• Other masses: 22 kg, 22 kg

• Final stage: 60 cm silica ribbons,      
1.1 mm x 0.11 mm,                     
Vertical bounce mode: 8.8 Hz          
first violin mode: ~490 Hz

• Overall length (suspension point 
to optic centre) 1.63 m

• MATLAB model used to compute 
transfer functions (update from M 
Barton not yet implemented -
longitudinal TF will be unaffected, 
vertical TF will be slightly (<10%) 
larger than shown overleaf)

• SUS requirements taken from 
SUS DRD document T010007-02

Picture in here

CTorrie and M P-Lloyd

LIGO Mirrors:
Synthetic fused silica, 
40 kg mass
34 cm diameter  
20 cm thick

Suspended as a 
4 stage pendulum 
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Pendulum Suspension
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LIGO Mirrors:
Synthetic fused silica, 
40 kg mass
34 cm diameter  
20 cm thick

Suspended as a 
4 stage pendulum 

Best coatings available

Motion at 10 Hz set by 
thermal driven vibration

SUS: Quadruple Suspension for ETM/ITM

• Parameters for suspension

• Test and penultimate masses : 
each 40 kg, 34 cm (diam) x 20 
cm, silica

• Other masses: 22 kg, 22 kg

• Final stage: 60 cm silica ribbons,      
1.1 mm x 0.11 mm,                     
Vertical bounce mode: 8.8 Hz          
first violin mode: ~490 Hz

• Overall length (suspension point 
to optic centre) 1.63 m

• MATLAB model used to compute 
transfer functions (update from M 
Barton not yet implemented -
longitudinal TF will be unaffected, 
vertical TF will be slightly (<10%) 
larger than shown overleaf)

• SUS requirements taken from 
SUS DRD document T010007-02

Picture in here

CTorrie and M P-Lloyd
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silicate bonding creates a monolithic final stage

Pendulum Suspension
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Pendulum Suspension
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SUS: Quadruple Suspension for ETM/ITM

• Parameters for suspension

• Test and penultimate masses : 
each 40 kg, 34 cm (diam) x 20 
cm, silica

• Other masses: 22 kg, 22 kg

• Final stage: 60 cm silica ribbons,      
1.1 mm x 0.11 mm,                     
Vertical bounce mode: 8.8 Hz          
first violin mode: ~490 Hz

• Overall length (suspension point 
to optic centre) 1.63 m

• MATLAB model used to compute 
transfer functions (update from M 
Barton not yet implemented -
longitudinal TF will be unaffected, 
vertical TF will be slightly (<10%) 
larger than shown overleaf)

• SUS requirements taken from 
SUS DRD document T010007-02

Picture in here

CTorrie and M P-Lloyd
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Mirror picts



stage 1
support - stage 0

optics table - stage 2 



stage 1
support - stage 0

optics table - stage 2 
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Figure 1: Advanced LIGO interferometer configuration. ETM, end test mass; ITM, input

test mass; BS, 50/50 beamsplitter; CP, compensation plate; ERM, end reaction mass; PRM,

power recycling mirror; SRM, signal recycling mirror; PR2/3, power recycling cavity mirror

2/3; SR2/3, signal recycling cavity mirror 2/3; FI, Faraday isolator; ⌅m, phase modula-

tion; PD, photodetector. The power levels shown correspond to full-power operation; the

interferometers can also be operated at much lower powers with good strain sensitivity.

page 3

5.2 kW 750 kW

1) Long Arms
2) Precise length measurement
3) Quiet Mirrors
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The sound of black holes colliding

27http://mediaassets.caltech.edu/gwave







The sound of black holes colliding
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review event

show time series

http://dx.doi.org/10.1103/PhysRevLett.116.061102

First signal - Sept 14, 2015
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Initial Masses:  
   29 (+4/-4) & 36 (+5/-4) Msun

Final Mass:
   62 (+4/-4) Msun

Energy radiated
   3 (+0.5/-0.5) Msun c2

Distance
   420 (+160/-180) MPc
   (1.3 Billion light years) 

http://dx.doi.org/10.1103/PhysRevLett.116.061102

Best fit with  
 Numerical Relativity
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https://media.ligo.northwestern.edu/gallery/mass-plot
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and in the last six weeks, we’ve seen:  
  5 more binary black-hole mergers, 
  1 more binary Neutron star merger, and
  1 more faint signal which might be a BNS, or may be a BH + NS

https://media.ligo.northwestern.edu/gallery/mass-plot
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Neutron star slide
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summary & conclusions
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