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Different Experiments : Free and « Rigid » Detectors

Virgo LISA

LNE Syrte - ParisAURIGA

• Einstein coordinates (TT)

•

• Direction of propagation x3, 

• Geodesics :

« Rigid » Detectors

Free Detectors

• The proper (or Fermi) reference frame

•

• Quasi newtonian interpretation : equation of 
elasticity with GWs interpreted as an extra force

• Small experiments can be cooled to very low
temperatures
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s

dt

(Ashby & Dreitlein 1975)

ρ
2 ḧ
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The Michelson Morley Interferometer
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Free configuration « Rigid » configuration

f∆φ ∼ 4π|h+| · L
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(
h11 (z − ct) = −h22 (z − ct) = h+ · sin (Ωt)
h12 (z − ct) = h21 (z − ct) = h× · sin (Ωt+ ϕ×)

Periodic gravitational wave (long wavelenght approximation) :

Same method for light wave and matter wave (Linet & 
Tourrenc 76)

V=v for matter wave

V=c for light wave

Two regimes for the rigid configuration for the matter wave interferometer (Roura et al. 2006)
The second regime is not sensitive… (              )v ¿ ΩL

∆φ ' 0
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The Ramsey-Bordé Interferometer (rigid configuration)
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¸
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The Ramsey-Bordé interferometer is sensitive in the first regime to the cross polarization
The sensitivity is of the same order than the free Michelson configuration
The second regime is sensitive to the two polarizations

ψ =
ΩL

2v0
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The Matter Wave Interferometer Characteristics (if limited by shot noise)

(Gustavson et al.)

Relativistic velocities needed to reach 
VIRGO sensitivities

Kilometric interferometer to reach the 
sensitivity of LISA with thermal atoms

Matter wave cavity ?

(Delva et al. 2006)
1 m
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Open Problems : Cavities and Deviations

Matter wave cavities
– 1 m. cavities with 1000 bounces for a 1 meter interferometer to reach LISA sensitivity
– Atomic cavity (Balykin & Letokhov 88, Balykin et al. 00)
– Gravitational cavity with light induced mirrors (Wallis et al. 91)
– Gravitational cavity with raman pulses (Impens et al. 06)
– BEC cavity at the Institut d’Optique with atom guides

High flux : collisions ?
The high deviation of atoms

– Many photon transfer (Peters et al 97, Cladé 05, Battesti et al 04)
– Atom guides (Houde et al. 00)
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The thermal noise in the experiment bench

– A small interferometer could be cooled to very low temperatures (L = 1 m)

The thermal noise and the seismic noise in the suspension
– The problem is different from the free interferometer : all the elements moves together at 

low frequency

The newtonian noise ?

Open Problems : Noise Sources

M ∼ 500 kg
ω0 ∼ 104 s−1
Q ∼ 107
T ∼ 10−2 K
Ω ∼ 10−2 s−1

⇒hTN ∼ 1
L

³
4kBT
MQω20Ω

´1/2
hTN ∼ 10−20(/

√
Hz)

Matter Wave 
Interferometer

Suspension
Experiment in 

Space
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Bibliography : Sensitivity of a MWI to Gravitational Waves

THANK YOU FOR YOUR ATTENTION !
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Appendice : Sensibility of an atomic interferometer to metric effects

∆ϕ ∼ kaT 2 ∆ϕ ∼ kΩvT 2 ∆ϕ ∼ khTTvT

• Métrique :

∆φ ∼ c2

~
R
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dt

E

• Différence de phase dans 
un interféromètre :
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(Formule de Linet-Tourrenc)
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