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Gravitational Waves
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J. M. Weisberg, J. H. Taylor, 
http://arxiv.org/abs/astro-ph/0407149

GR

Binary neutron star - 
Msun @ 300 M light years

Binary pulsar
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How to detect?
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Long arms & Low noise
∆L ≈ 10-19 m

David Reitze  Nature Photonics 2, 582 - 585 (2008)

L ± ΔL

L ∓ ΔL
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Interferometer
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Michelson Improve factor 
1012 
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Interferometer++
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Advanced 
Virgo
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Noise
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Thermal noise 
(coating + suspension)

Radiation pressure fluctuation

Seismic vibration
Newtonian noise

Residual gas 
(phase noise)

Stray-light

Shot noise

Residual 
laser noise

Noise sources: 
• Effect mirror 

position 
• Limit ΔL 

measurement

Ground motion at 10 Hz
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What we achieved! 
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Advanced Virgo
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PR, 25W. BNS range: 107 Mpc
Dual rec., 125W, tuned SR. Range: 126 Mpc   
Dual rec., 125W, detuned SR. Range: 142 Mpc  
Virgo+ (Sept 13, 2011): BNS range: 13 Mpc • High-freq (>300 Hz):

✓Laser shot noise 
➡ Increase laser power 

• Mid-freq (40-300 Hz):  
✓Thermal noise  
➡ Improve mirrors 

• Low-freq (<40 Hz):
✓Seismic noise 
➡ Vibration isolation
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Shot noise
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PR, 25W. BNS range: 107 Mpc
Dual rec., 125W, tuned SR. Range: 126 Mpc   
Dual rec., 125W, detuned SR. Range: 142 Mpc  
Virgo+ (Sept 13, 2011): BNS range: 13 Mpc

Requires:
• Powerful laser
• High quality optics
• Thermal compensation systems

Arm length = 850 km

Increase Power

Radius of curvature 1500 m:
measured 0.17 nm RMS on 

∅150 mm
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Thermal noise
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Mirror coatings 
& fibers

Requires:
• Heavier test mass
• Larger beam
• Low loss coatings
• Different suspension material

PRL vol.85, 2442-2445,G. Cagnoli et al. (2000)
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PR, 25W. BNS range: 107 Mpc
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Virgo+ (Sept 13, 2011): BNS range: 13 Mpc

Suspended mass -
fused silica wires
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Seismic noise
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PR, 25W. BNS range: 107 Mpc
Dual rec., 125W, tuned SR. Range: 126 Mpc   
Dual rec., 125W, detuned SR. Range: 142 Mpc  
Virgo+ (Sept 13, 2011): BNS range: 13 Mpc

Suspension 
systems

Requires:
• Extreme vibration isolation
• Suspended PD detection benches
• Shot noise limited sensors
• State-of-the-art actuators & controls

Astroparticle Physics 33 (2010),
182-189, F.Acernese et al.
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Construction
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Suspended injection 
bench 1 (SIB1)

End mirror IMC
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Construction
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North input mirror

Beam splitter
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Commissioning
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Early 2016
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Ligo/Virgo results

15

Gamma Ray Burst

http://arxiv.org/abs/0711.1163

No GW - No merger in M31

Crab Pulsar

GW radiation ≤1% 
in ring down  

Cosmic Strings

Parameter space
http://arxiv.org/abs/1310.2384

http://arxiv.org/abs/1309.4027

http://arxiv.org/abs/0711.1163
http://arxiv.org/abs/1310.2384
http://arxiv.org/abs/1309.4027
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Science runs
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• Join Advanced LIGO second observation run in 2016 

• Direct detection of gravitational waves 

• Test General Relativity in strong-field, dynamical regime

2016/18
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To conclude

• What are the challenges?  

• Advanced Virgo! 

• Gravitational waves? 

• New physics tool(s)…..
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