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Gravitational Waves Sources

The cool ones
(Compact binary coalescences)

Too short
(Bursts)

Too chaotic
(stochastic 

background)
Too long
(continuous source)
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Gravitational Waves

Ripples of  the structure of  space-time
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Gravitational Waves

Ripples of  the structure of  space-time Detectable deformation on Earth.
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As of  today

Aaron Geller - Northwestern
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Properties of  the source

From these detected signals, you can learn

<latexit sha1_base64="qj1S5cTzf4uWswDmIeqA9r5PLp8="></latexit>m1

<latexit sha1_base64="v8/XEg2n7umxpjeN/dOkxiM5heY="></latexit>m2
<latexit sha1_base64="yT1R0JlZMH0O/N7yr/rPmQfnjqE="></latexit>

dL

How massive ? How far ?
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Cosmology

Baryonic matter

What about the Universe’s content ? 

DOI: 10.15488/12103
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Cosmology

Baryonic matter

What about the Universe’s content ? 

Observations tell us: “You barely understand 5% of  the Universe.”

DOI: 10.15488/12103
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Cosmology

It’s dynamics maybe ? 

arXiv:2403.18902
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Cosmology

Early measurement
Late measurement

It’s dynamics maybe ? 

𝐻!	: The Hubble constant – How fast 
the Universe is expanding today.

arXiv:2403.18902
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Cosmology

Early measurement
Late measurement

𝐻!	: The Hubble constant – How fast 
the Universe is expanding today.

Observations tell us: “You can’t even agree on that.”
arXiv:2403.18902

It’s dynamics maybe ? 
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Cosmology

Actually, it’s even worse...

Haridasu et al. (2018), SnIa+BAO+CC: 68.5±0.94
Abbott et al. (2018), BAO+BBN+WL-CC: 67.2±1.2

Dutta et al. (2019), SnIa+BAO+TD lensing+cosmic chronometers+ LSS: 70.3-1.35
+1.36

Wong et al. (2020), SnIa-Cepheid and TD lensing: 73.8±1.1
Baxter, Sherwin (2021), (rs-independent)+lensing+Pantheon: 73.5±5.3

Cao and Ratra (2022), H(z)+BAO+SN-Pantheon+SN-DES+QSO+HIIG+GRB: 69.7±1.2

Dominguez et al. (2019): 67.4-6.2
+6.0

Zeng, Yan (2019): 64.9-4.3
+4.6

Yu, Ratra, Wang (2018), without systematics: 67.0 ± 4
Gomez-Valent, Amendola (2018), without systematics: 67.06 ± 1.68

Haridasu et al. (2018), without systematics: 68.52 ± 0.94
Moresco et al. (2022), open wCDM with systematics: 67.8-7.2

+8.7
Moresco et al. (2022), flat ΛCDM with systematics: 66.5 ± 5.4

Hotokezaka et al. (2019): 70.3-5.0
+5.3

Mukherjee et al. (2019), GW170817+VLBI: 68.3-4.5
+4.6

Mukherjee et al. (2020), GW170817+ZTF: 67.6-4.2
+4.3

Gayathri et al. (2020), GW190521+GW170817: 73.4-10.7
+6.9

Palmese et al. (2021), GW170817: 72.77-7.55
+11

Abbott et al. (2021), GWTC–3: 68-8.0
+12.0

Mukherjee et al. (2022), GW170817+GWTC–3: 67-3.8
+6.3

Wong et al. (2019), H0LiCOW 2019: 73.3-1.8
+1.7

Shajib et al. (2019), STRIDES: 74.2-3.0
+2.7

Liao et al. (2019): 72.2 ± 2.1
Liao et al. (2020): 72.8-1.7

+1.6
Qi et al. (2020): 73.6-1.6

+1.8
Millon et al. (2020), TDCOSMO: 74.2 ± 1.6

Yang, Birrer, Hu (2020): 73.65-2.26
+1.95

Birrer et al. (2020), TDCOSMO+SLACS: 67.4-3.2
+4.1

Birrer et al. (2020), TDCOSMO: 74.5-6.1
+5.6

Denzel et al. (2021): 71.8-3.3
+3.9

Wang, Meng (2017): 76.12-3.44
+3.47

Fernandez Arenas et al. (2018): 71.0 ± 3.5

Schombert, McGaugh, Lelli (2020): 75.1 ± 2.8
Kourkchi et al. (2020): 76.0 ± 2.6

Reid et al. (2019): 73.5 ± 1.4
Pesce et al. (2020): 73.9 ± 3.0

de Jaeger et al. (2020): 75.8-4.9
+5.2

de Jaeger et al. (2022): 75.4-3.7
+3.8

Cantiello et al. (2018): 71.9 ± 7.1
Khetan et al. (2020) w/ LMC DEB: 71.1 ± 4.1

Blakeslee et al. (2021) IR-SBF w/ HST: 73.3 ± 2.5

Huang et al. (2019): 73.3 ± 4.0

Yuan et al. (2019), SH0ES: 72.4 ± 2.0
Reid, Pesce, Riess (2019), SH0ES: 71.1 ± 1.99

Freedman et al. (2020): 69.6 ± 1.9
Soltis, Casertano, Riess (2020): 72.1 ± 2.0
Kim, Kang, Lee, Jang (2020): 65.8 ± 4.2

Freedman (2021): 69.8 ± 1.7
Anand, Tully, Rizzi, Riess, Yuan (2021): 71.5 ± 1.8

Jones et al. (2022): 72.4 ± 3.3
Dhawan et al. (2022): 76.94 ± 6.4

Camarena, Marra (2019): 75.4 ± 1.7
Riess et al. (2019), R19: 74.03 ± 1.42

Breuval et al. (2020): 72.8 ± 2.7
Riess et al. (2021), R21: 73.2 ± 1.3

Camarena, Marra (2021): 74.30 ± 1.45
Riess et al. (2022), R22: 73.04 ± 1.04

Farren et al. (2021): 69.5-3.5
+3.0

Philcox et al. (2020), Pl (k)+CMB lensing: 70.6-5.0
+3.7

Alam et al. (2020), BOSS+eBOSS+BBN: 67.35 ± 0.97
Ivanov et al. (2020), BOSS+BBN: 67.9 ± 1.1

Colas et al. (2020), BOSS DR12+BBN: 68.7 ± 1.5
D' Amico et al. (2020), BOSS DR12+BBN: 68.5 ± 2.2

Philcox, Ivanov (2022), P+Bispectrum+BAO+BBN: 68.31-0.86
+0.83

Chen et al. (2022), P+BAO+BBN: 69.23±0.77
Zhang et al. (2022), BOSS correlation function+BAO+BBN: 68.19±0.99

Hinshaw et al. (2013), WMAP9: 70.0 ± 2.2
Henning et al. (2018), SPT: 71.3 ± 2.1

Zhang, Huang (2019), WMAP9+BAO: 68.36-0.52
+0.53

Aiola et al. (2020), WMAP9+ACT: 67.6 ± 1.1
Aiola et al. (2020), ACT: 67.9 ± 1.5
Dutcher et al. (2021), SPT: 68.8 ± 1.5

Ade et al. (2016), Planck 2015: 67.27 ± 0.66
Aghanim et al. (2020), Planck 2018+CMB lensing: 67.36 ± 0.54

Aghanim et al. (2020), Planck 2018: 67.27 ± 0.60
Pogosian et al. (2020), eBOSS+Planck mH2: 69.6 ± 1.8

Balkenhol et al. (2021), Planck 2018+SPT+ACT : 67.49 ± 0.5

Combinations

γ ray attenuation
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GW relatedGW related

TD lensing related, mass model dependent
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The Hubble tension
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Can we learn something new from GWs ? 
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𝐵𝐻!

𝐵𝐻"
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𝐵𝐻!

𝐵𝐻" Earth

GWs
GWs

Expanding 
Universe

What we detect is not exactly what was emitted, it’s been redshifted by the Universe’s expansion.

<latexit sha1_base64="f3DhT6FsrFKNNJfbnEM5PSYZr+I="></latexit>

mdet = (1 + z)msource
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𝐵𝐻!

𝐵𝐻! Earth

GWs
GWs

Expanding 
Universe

<latexit sha1_base64="f3DhT6FsrFKNNJfbnEM5PSYZr+I="></latexit>

mdet = (1 + z)msource

GW cosmology
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𝐵𝐻!

𝐵𝐻! Earth

GWs
GWs

Expanding 
Universe

<latexit sha1_base64="f3DhT6FsrFKNNJfbnEM5PSYZr+I="></latexit>

mdet = (1 + z)msource

From the standard model of  cosmology

GW cosmology

<latexit sha1_base64="zBBDw4iosnQJ7MCUZo4qzsTLA64="></latexit>

dL ' c

H0
zMeasured from 

the GW signal
Obtained from the 
mass-redshift relation

Speed of  the 
Universe expansion
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𝐵𝐻!
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GWs

Expanding 
Universe

<latexit sha1_base64="f3DhT6FsrFKNNJfbnEM5PSYZr+I="></latexit>

mdet = (1 + z)msource

From the standard model of  cosmology

GW cosmology

’’Spectral Siren’’ approach

<latexit sha1_base64="zBBDw4iosnQJ7MCUZo4qzsTLA64="></latexit>
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the GW signal
Obtained from the 
mass-redshift relation

Speed of  the 
Universe expansion



23

With 142 detected GW signals, from black-hole coalescences

Results
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Results

arXiv.2509.04348
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<latexit sha1_base64="7CbYhP3ewtnN006QZFykDlt3M4M="></latexit>

H0 = 76.6+13.0
→9.5 km s→1 Mpc→1

(68% symmetric 
credible interval)

With 142 detected GW signals, from black-hole coalescences

https://arxiv.org/abs/2509.04348
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Results
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• Spectral sirens are at the center of GW cosmology.

• Best 𝐻!	 constraint to date

• Not competitive for the “Hubble Tension”

 
• 60% improvement w.r.t to previous values

Coolest plot imo

<latexit sha1_base64="7CbYhP3ewtnN006QZFykDlt3M4M="></latexit>

H0 = 76.6+13.0
→9.5 km s→1 Mpc→1

arXiv.2509.04348

https://arxiv.org/abs/2509.04348
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Any sign of  modified gravity ? 
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Modification of the GW propagation             modification of the estimated distance of the GW source 
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Super cool papers to learn more

1. ’’Gravitational-wave cosmology: an introduction’’, Pierra+ (2025)

2. ’’Constraints on the cosmic expansion and modified gravity’’, LVK+ (2025)

3. ’’Gravitational-waves as standard sirens’’, Mastrogiovanni+ (2023)

I’ve changed the titles they 
were too long sorry.
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