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A generalgeneral method for finding all all combinations of data

cancelling the laser noise and the bench position noise

A complement to the work of Armstrong, Estabrook & Tinto

OptimizationOptimization of the combinations 
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Apparent Doppler data
 at each node :
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Delay operators :
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Any combination of data with delays can be expressed as :
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Where the   are arbitrary formal polynomialsii qp ,



Data Data streams streams in in matrix form matrix form ::
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The U,V can be expressed as
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So that any combination is of the form :
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Cancelling the laser frequency noise means :
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This is an algebraic condition on the combinations defined by qp
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It is not possible to arbitrarily take q
r

 and then

qp T rr
)..( 1 µµ −=

Because for expressing a time delay combination, 

 must be a vector of polynomials in (x,y,z)p
r
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The equations are in detail :

Gaussian elimination of  21, pp

31222311 , xqzpqpzqypqp −+=−+=

Master equation
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Solutions of 0
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The set of all polynomials of the form 

 are arbitrary polynomials where the iα
Define an idealideal on the ringring of polynomials

The ideal admits a GrGrööbner basisbner basis

 from which generators of   SS  can be found
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One finds (standard softs), 
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From what a set of generators can be derived :
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These generators determine allall laser-noise-cancelling 
time-delay data combinations

2 key points :

The method can be extended to any numberany number
of spacecrafts (LISA++  !) 



Bench Bench noise noise cancellationcancellation
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Bench Bench noise noise cancellationcancellation
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One can define :

Inside spacecraft #1
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Bench Bench noise noise cancellationcancellation

Combination suppressing the bench noises :
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No suppression of the noise caused by the test-masses 
residual motion



One One way gravitational responseway gravitational response
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One-way transfer functions, Fourier domain 
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Gravitational transfer function for the (i)th combination :

Noise for the same combination :
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Structure of U and V



Signal to noise ratio
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Maximization of the SNR :
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The 
ic being optimal polynomials : we first look for

real numbers…



Example Example of of optimizationoptimization
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Optimization Optimization in in the the LISA planeLISA plane

Optimal comb.
At each frequency

Michelson X


