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GWs throughn the perturped Universe

Probe of large scale structures and compact objects

Propagation effects carry cosmological and astrophysical information
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Optical regimes

Geometric vs Wave optics

High Frequency: wR¢ > 1 Low Frequency wR: S 1

3 4 Wave effect S LISA CosGW: 220405434

GWs can be emitted at low frequencies (w < 1), allowing the observation of wave diffractive phenomena. For typlca,l
LISA sources, wave optics as in Eq. (15) needs to be considered for lenses with masses Mz, ~ 10°—10° My, cf. Eq. (13)
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Analogy between wave and quantum effects:
interference between all paths.
Geometric optics = classical limit

$ 2= 0 = 0
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1. Lens = Kerr BH

2. Use BH perturbation theory long-standing
results

3. Perturbations of spins =0, 1/2, 1,2 on Kerr BH
satisfy Teukolsky Eq.:

OIM, a,w, s|y'(r,0, ) =

Differential Newman-Penrose scalar, e.g.:
operator Wi=s D {h +ih <}
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Polarization effects on a Kerr background

Helmholtz Eqg. for radial part

1. Decompose NP scalar: v, = e~ S(0) R(r)
2. Radial part satisfies 1D Klein-Gordon equation:

d’R e 1 2
T Fw? |1 —4U; (w,r)| R

|
-

3. Same starting point, solve again with PPTI

4. In Newtonian limit: ,
M ¢+ 1)+s(s+1 218

4U ;m w,r) ~ —4 - | 22 - Spin dependent terms:
Negligibleinw > 1
Same as it

Angular momentum
(decomposition)
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