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French-Italian-(Dutch) ground based Gravitational wave detector
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Sensitivity curves

Observing run: O3b
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Outline

Optical detection principle : interferometry

Sensitivity enhancement : The Fabry Perot cavity

Stable recycling cavities

Towards low frequency : Atom interferometry
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GW, plane wave
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Space time metric in the TT gauge

Guv = Ny T+ huv

Light follows the geodesic
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Michelson interferometer
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Michelson interferometer : Dark fringe
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Signal « — increase the arm length of the interferometer

LXh
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Dark fringe AL =~ 0, P, (T) : need an offset Ag
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Outline

Optical detection principle : interferometry

Sensitivity enhancement : The Fabry Perot cavity

Stable recycling cavities

Towards low frequency : Atom interferometry
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Enhancement of the interferometer sensitivity: Optical Cavities

2 mirrors cavity

Perfect mirrors : energy conservation
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Intracavity wave
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Arm Cavity reflectivity

E
o(¢py) = ET Specific configuration: 7, =1; t, =0 - T = ﬁ; lo(d)]? =1
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Outline

Optical detection principle : interferometry

Sensitivity enhancement : The Fabry Perot cavity

Stable recycling cavities

Towards low frequency : Atom interferometry
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Gaussian beams : solution of the paraxial equation

Fundamental mode Propagation phase Gouy phase
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High order modes

Gaussian mode : fundamental mode of a set of high order modes ; example : Hermite-Gauss modes
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Optical cavity

Spherical wavefront » Spherical mirrors

2 mirrors cavity

We set two mirrors » Which Gaussian beam can fit inside the cavity (mode of the
cavity)? Is there a solution? Unicity?
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Stability diagram
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Marginally stable recycling cavities
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stable recycling cavities : LIGO
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Outline

Optical detection principle : interferometry

Sensitivity enhancement : The Fabry Perot cavity

Stable recycling cavities

Towards low frequency : Atom interferometry
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A lot of noise
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..and a lot of other aspects

Thermal compensation system
Controls

High power laser

Electronics

Vacuum

Parametric instabilities
Newtonian noise

Squeezing, dependent and independent
Calibration

Coatings

Simulations

....and R&D
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VIRGO sensitivity

Last Sensitivity (Tue Jul 2 05:52:12 2024 UTC)

@ I | — Virgo sensitivity (at GPS=1403934750) 53 Mpc
T A — T S — O4b Reference Sensitivity (GPS=1398953058) BNS range=55 Mpc
o ‘ | 04 Observing Scenario (88-115 Mpc)
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LIGO Hanford sensitivity
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LIGO Livingston sensitivity

[1403913618-1404000018, state: Locked]

L1 gravitational-wave strain NOLINES [h(t), GDS]
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Third generation detectors
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» Towards low frequency : technological issues
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Third generation detectors : The Einstein Telescope
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Low frequency detectors : Torsion bars

< Tidal forces by
gravitational waves

y - Torsion pendulum : very low frequency
- Technically limited by the size of the
bars
abry-Perot
interferometer
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Low frequency detectors : Atom interferometers

B Free falling atoms

A /2 - pulse 7 - pulse /2 - pulse
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Low frequency detectors : Atom interferometers
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Fill in the gap 0.1Hz-10Hz
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Multi diffraction, squeezing, but need more atoms...
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