How to detect GWs

Measure proper (i.e. physical) distance between two free-falling
test masses

» Each test mass follows geodesics
Consider flat spacetime + GW (TT perturbation)
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» Coordinate positions of test massive unaffected, but how about
proper distance?




How to detect GWs

GW in z direction, test masses at x=0, y=0 and x=L , y=0
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A better derivation

Locally flat coordinates
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Geodesics at x'=0 and x'=L'(¢)

Proper distance is v L'L, up to errors ~# L'Vl
(NB L is Fabry-Perot cavity length for terrestrial detectors)

Separation vector L" between two geodesics obeys geodesic
deviation equation D2y
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A better derivation
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> Only TT piece (=GW) contributes
far from the source!

More formally, let's show this from field equations on the board
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A back-of-the-envelope derivation of the
quadrupole formula

Moments of mass and current distributions:
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( Geometrical meaning of h_and h_

Figures from Rezzolla's notes
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Beyond GR: more polarizations?

Similar decomposition of Riemann tensor in vacuum via Newman-
Penrose scalars
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A real detector:
frequencies and not distances

Detectors are laser interferometers

Photons acculumulate phase change 6¢p=2nd6L/A when
proper distance between "mirrors” change

Analysis valid for L<< A

More in general, we can integrate photon geodesics between
mirrors; photon frequency will change due to GW and produce
phase change
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The detector transfer function

» Exercise: from the shift in the laser frequency, show
that a monochromatic GW with frequency f
propagating orthogonally to the detector causes an
effective change in each detector arm, given by
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» This transfer function T(f) explains why the sensitivity

of GW interferometers worsens linearly with f at high
frequencies




The detector response

At least when L<< A (i.e. T(f) ~ 1) an interferometer
measures
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Pattern functions

Exercise: derive pattern functions for detectors at 90 and 60
degrees, and plot them
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