High precision interferometry with Laguerre-Gauss modes for future underground interferometric detectors

proposal for ILIAS-NEXT JRA3

Aim: To develop a prototype light source for LG33 modes and to provide the theoretical and experimental information required to select or disregard LG-based interferometers in the design process of third generation detectors.

Proposers: 

· Dr. A. Freise, University of Birmingham, UK

· Prof. K. A. Strain, University of Glasgow, UK

· Dr. M. Barsuglia, AstroParticule et Cosmologie, CNRS UMR7164, Paris

Further participants 

Birmingham: Dr. S. Chelkowski, Dr. K. Kokeyama, P. Fulda

Glasgow: Dr. S. Hild, Dr. J. Nelson

APC: M.Granata, Dr. E.Chassande-Mottin, C. Chapron, Optical engineer (to be hired nov 2009)

Overview and Context

One of the limiting noise sources of future underground interferometric gravitational wave detectors will be thermal noise of the mirror test masses. Cooling of the test masses reduces the thermal noise provided it is possible to extract the heat from the test masses deposited by the laser beam and an appropriate material is. A different way to lower the thermal noise is to change the mode shape of the laser beam inside the interferometer.

The Gaussian beams currently used in the interferometric detectors and in almost all experiments using coherent sources of electromagnetic radiation, concentrate nearly all the power in a small region around the center (the beam radius), but with long tails, which makes it necessary to use mirrors much larger than the beam radius. For instance, in order to limit the diffraction losses to 1 ppm (the upper limit typically used in the gravitational wave research projects), the mirror diameter should be at least five times the beam radius. Recently, the use of higher-order Laguerre-Gauss (LG) modes has been proposed. LG modes have a more uniform power distribution and can be used to evenly illuminate a larger area of the mirror reducing the effects of  Brownian thermal noise as well as the thermal deformations of optical components significantly.

We have shown theoretically that a helical LG33 mode is compatible with interferometers using spherical mirrors and that it performs similarly if not better than the TEM00 for many aspects of interferometric sensing. Known methods for creating LG33 modes have achieved conversion efficiency of >80% but little work has been done to investigate the temporal and spatial stability of such light sources at the level required for interferometric GW detectors.

The aim of the project proposed here is to verify the suitability of  LG33 modes for upgrades of advanced GW detectors and third generation interferometric GW observatories. We propose to perform a sequence of coherent tests and development steps, starting with numerical simulations to develop table-top test setups and finally of testing a LG33 light source with the suspended Glasgow 10 m prototype interferometer.

Science goals and deliverables 

1) feasibility study of creating LG light source with high temporal and spatial stability 

deliverables: 

· report on numerical modelling and development of a simple table-top prototype of a LG33 light source

· report on the performance of two prototypes of a LG source

· down-selection and optimisation of one LG source prototype

2) experimental verification of suitability of LG modes for high precision kilometer scale underground interferometers

deliverables: 

· report on the results obtained with table-top prototype and suspended prototypes running with LG modes

· specifications required for a conceptual design for implementing an LG33 light source in third kilometric generation GW detector

Project organisation and complementarity of the partners

phase 1 : Selection of the LG33 mode generator (years 1 and 2)

· Glasgow:  numerical simulations to find a optimal design for LG33 generation
· APC:  construction of table-top prototype using diffractive elements 

· Birmingham: construction of table-top prototype using computer-controlled phase plate

              

phase 2 : Verification of LG mode performance (years 3 and 4)

· APC : experimental optimisation of the selected LG33 source (efficiency, purity)

· Birmingham : construction of table top experiments with alignment control, to verify numerical models of phase noise coupling

· Glasgow:  upon successful conclusion of table-top experiments: implementation of a LG33 source in the Glasgow 10 prototype interferometer to verify performance of LG modes in suspended interferometers

APC/Birmingham/Glasgow: conceptual design for LG modes in third generation detector. Continuous, joint activity between all three groups
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