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Strain Sensitivity of the LIGO Interferometers

S5 Performance - May 2007  LIGO-G070366-00-E
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French Itallan Collaboratlon —
3km Recycled Fabry-Perot I\/Iuchelson mterferometer
Located near Pisa, ItaIy
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British-German Collaboration

600m Folded Michelson Interferometer
with a Signal Recycling Mirror

Located near Hannover, Germany

Universitat de les
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(Large- scale Cry enic Gravita ._q'ave Telescope)

. Japanese next- generanon mterferometer project
 Cryogenic mirrors for thermal nouse ‘reduction

e 3km arm length

« Underground location (smaller seismic activity)
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Seismic noise
Suspension thermal noise
Mirror thermal noise

Shot noise (mass lock)
Shot noise (freq stab.)
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RF intensity noise (2008/06/26)
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High mechanical quality mirror substrate / coating materials
Low mechanical loss suspension'ﬁbers- AR R e
Fused silica fibers with silica bonding

Fused silica mirror
Other challenges for mirrors
Large mirror (40kg):

*large beam size (average out thermal fluctuations)
= Small radiation pressure noise

Precision manufacturing/ metrology:
~Large radius of curvature

= Smooth polishing (<0.1Tnm RMS micro roughness)

Optical Absorption:
*Optical loss < 0.5 ppm/cm
*Thermal lensing compensation system
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Passive Vibration Isolation Chain

» ~10" attenuation @10 Hz

» Controls applied to upper ™
layers; noise filtered from —~»

® Seismic isolation and S Vg
suspension together: | \ “ s Fused silica fiber
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Seismic Isolation
platform

Hydraulic External
Pre-Isaolator

Internal Active Isolation Platform

Inner stage

Ouler stage
sensors (1 of 3)

Quadruple pendulum
test mass suspension

Outside frame




Photon number ﬂ‘uctua_ti‘on R
Larger laser power n ——» Less significant

= High power 180W
- Intensity stability: ~2%107°

- Frequency stability: ~10"'Hz/+ Hz
> Good mode shape (TEMOO Gaussian beam)

Advanced LIGO Laser System
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Loop coupling noise, with feed forward 258, BI‘w’Ipc
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