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Gravitational Wave Detectors
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Laser Interferometer Space Antenna

A proposal in response to the ESA call for L3 mission concepts




Collapse models

Collapse models modify the Standard Quantum Mechanics to
solve the Measurement problem

 Adding stochastic and non-linear terms to Schodinger eq.

* Negligible microscopic action

Systems still behave guantum-mechanicall
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* Strong macroscopic action

Rapid collapse and systems behave classically



Continuous Spontaneous Localization (CSL) model

P. Pearle, Phys. Rev. A 39, 2277 (1989). G.C. Ghirardi, P. Pearle and A. Rimini, Phys. Rev. A 42, 78 (1990)
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Stochastic, Non-linear equation. Collapse occurs in space
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Two parameters:



Continuous Spontaneous Localization (CSL) model

P. Pearle, Phys. Rev. A 39, 2277 (1989). G.C. Ghirardi, P. Pearle and A. Rimini, Phys. Rev. A 42, 78 (1990)
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Stochastic, Non-linear equation. Collapse occurs in space
Does not only destroy superpositions in space!

It acts as a Brownian noise.

Interferometric Experiments Non-Interferometric Experiments

* Spontaneous X-ray emission
* Ultracold cantilever
e @Gravitational wave detectors

* Matter-wave interferometry
* Entanglement with diamonds



Continuous Spontaneous Localization (CSL) model

P. Pearle, Phys. Rev. A 39, 2277 (1989). G.C. Ghirardi, P. Pearle and A. Rimini, Phys. Rev. A 42, 78 (1990)
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Stochastic, Non-linear equation. Collapse occurs in space

It can be mimicked by adding a stochastic potential
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Theoretical model

VA

3/2
3/ 47'0/ mo

VesL(t) = — dzN(z)w(z,1)
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Theoretical model
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Density Noise Spectrum




Experimental model

AURIGA
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CSL experimental bounds

Bounds on CSL parameters

------------

——————————————————

________________

e — e — e ——————————— -

107 1072 10° 102

rc (m)

1071 g8 1078



Conclusions and Future Perspectives

Gravitational Wave Detectors set important bounds on Collapse Models

LISA Pathfinder

Can Space missions do more?

Relatively large systems
High precision
Small decoherence effects
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