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LISA Pathfinder: 
TT-gauge and geodesy 



“entia non multiplicanda sunt praeter 
necessitatem” 

  GW: simplest thread connecting the pieces! 
  Curvature/pure-Tensor gravity (GR) 
  Gauge invariance/Symmetries 
  Causality/Finite speed of signal propagation 
  Necessity of wave viewpoint 
  Quantum remnants (spin 2 field) 

  But! Only indirect proofs until now (quite 
stringent thought!) 

  PSR1913+16 (ωGW~70µHz, hGW~7×10-23) 
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GW distort space-time 
  Ring of objects 

  Free test particles 
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Geodetic motion is the key! 
  As detectable gravity is the tide... 

  Einstein’s view of tides  (nearly) free falling 
observers (1) as frame markers (TT-gauge) 

  Difference of acceleration (a/m~Φ’’~R) is a 
true detectable effect  gauge-invariant 
marker of proper distance (2) 

  Minimize disturbances   high sensitivity (3) 
and “assisted flight” for observers (drag-free) 
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1. Particles in free-fall as frame 
markers 
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“TT-gauge” → unique marking of 
coordinates, stretching of “distances” 



2. Phase of laser light as ruler! 
  Light wave vector is directly affected by Riemann 
  Interferometer, 2 non-parallel arms (quadrupole) 
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3. Detection and noise 
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Parasitic force fluctuations change distances and 
mimic gravitational waves! 



Commercial time! 
  Google (type “michele armano”)

http://www.science.unitn.it/~armano/
michele_armano_phd_thesis.pdf 

  Spires-HEP website (type “find a armano and t 
pathfinder”) 
http://arXiv.org/pdf/gr-qc/0504062 

  Minor references... ;-) 
  Misner, Thorne, Wheeler, “Gravitation”, 

Freeman 1973 
  Maggiore, “Gravitational Waves”, Oxford 
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Geodesy: suppression of disturbances 

  Stray electromagnetic fields 
  Thermal radiation pressure 
  Impact of molecules 
  Coupling to wrong 

reference frame 
  Other surface phenomena 
  Fluctuating gravitation 
  ... 
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Experimental runs 
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Experiment main goals 
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1.  Demonstrate that total acceleration noise in realistic conditions 
is not larger than goals 

2.  Pave the way for LISA: 
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1.  Demonstrate that total acceleration noise in realistic conditions 
is not larger than goals 

2.  Pave the way for LISA: 

•  The binary systems? We can see them (with correct L)! 



1. Cross-talk (TT: how slant?) 
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Monkeys riding on an elephant 
Bharhut, c. 100 BC 
Indian Museum, Calcutta 

Stiffness 5E-3 
Signal 1E-4..1E-3 

Actuation 5E-3 
DC effects 1E-8 (m/rad s2) 

Coordinate perturbation 

Readout noise 
~1E-10 (IFO) 
~1E-9 (GRS) 
(m/Hz1/2) 

Residual g 
~1E-14 (TM1,2) 
~1E-8 (SC) 
(m/s2Hz1/2) 
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  System identification 
  Fisher matrix analysis 
  Decoupling of coefficients 



2. Measure of G (maybe) 
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LTP Workshop 

10-12th Oct 2005

LTP Workshop

10th-12th October 2005

Gravitational Physics Gravitational Physics 

with LTPwith LTP

Paul McNamara, ESTECPaul McNamara, ESTEC

Tim Sumner, ICLTim Sumner, ICL



G (2) 
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Conclusions 
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  LISA Pathfinder is worth flying INDEPENDENTLY of 
LISA as it will be the first mission in the gravity-
quiet L1 environment with the specific goal of 
demonstrating geodesic motion of a free-particle! 

  The main output of LPF is the physics model of the 
free falling test mass and its environment (the real 
TT-gauge!) 
  Model of the orthogonality of reference system 
  Role of static gravity, stiffness, magnetics... 

  The first measurement of G @ L1 might be 
performed 

  Test of modified gravity (MOND/TeVeS) after official 
mission time? 
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THANKS! 


