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Gravitational Wave horizons

Binary black holes
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Components of the Universe

Gravitational Wave horizons
2035+
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Gravitational Wave horizons

Binary black holes
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GWs are standard sirens

[well understood selection effects]
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SPECTRAL SIRENS

Love sirens

Luminosity distance




1. Hy (also) with dark sirens
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https://iopscience.iop.org/article/10.1088/1361-6382/ad424f

2. Expansion rate at high redshift H(z)

Combining sirens sub-percent precision across cosmic history!

68.3 &+ 1.5
Spectral sirens
Spectral sirens are competitive Spectral 4 dark sirens
with cosmic surveys
S p— 1 month 3G GWs
DESI
0.3097 0018
0.361
0.331
S
0.30t
0.271
. . . . . 64 67 70 T3 030 0.35
0.0 0.5 1.0 1.5 2.0 2.9 3.0
. Hylkm /s/Mpc] Qo



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.061102
https://iopscience.iop.org/article/10.1088/1361-6382/ad424f

3. Probing inhomogeneous Universe
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https://iopscience.iop.org/article/10.3847/1538-4357/ac58f8

4. Testing gravity at large scales

Modified propagation has rich phenomenology of waveform distortions

A gravity test unique to GWs|
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.023510
https://iopscience.iop.org/article/10.1088/1475-7516/2021/11/048
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| standard sirens
1. Hp (also) with dark sirens

1o: Expansion rate at high redshift H(z) with
spectral sirens

Probing inhomogeneous Universe via lensing

Testing gravity at large scales
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1. Extreme environments are a unique source
of feebly interacting DM and new particles |

2. Sensitive to even (sub-)gravitational '
Interactions

| 3. Searches ongoing with current detectors

4. Next generation detectors can extend the

reach to particle parameter space
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