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GWs are standard sirens

[GR predicts waveform] 

[well understood selection effects] 

<latexit sha1_base64="ww1EJy5y/nRL5KS+5fU147rgpAM=">AAAB7XicdVDLSsNAFL2pr1pfVZduBotQNyGR+toV3LhwUcE+oA1lMpm0o5NJmJkINfQf3LhQxK3/486/cdIW8XngwuGce7n3Hj/hTGnHebcKc/MLi0vF5dLK6tr6Rnlzq6XiVBLaJDGPZcfHinImaFMzzWknkRRHPqdt/+Ys99u3VCoWiys9SqgX4YFgISNYG6kV9C+qd/v9csWxT3McItd2JvhNKnWYotEvv/WCmKQRFZpwrFTXdRLtZVhqRjgdl3qpogkmN3hAu4YKHFHlZZNrx2jPKAEKY2lKaDRRv05kOFJqFPmmM8J6qH56ufiX1011eOJlTCSppoJMF4UpRzpG+esoYJISzUeGYCKZuRWRIZaYaBNQyYTw/++fpHVgu0d27bJWqddmcRRhB3ahCi4cQx3OoQFNIHAN9/AIT1ZsPVjP1su0tWDNZrbhG6zXD19pjv8=</latexit>

dL(z)

[GW Hubble diagram] 

<latexit sha1_base64="TwtYQskidY96rjvOCxh4vOtayas=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBItQEcqM1NdCKLhxWcE+oB2GTCbThiaZIckIdSj4K25cKOLW73Dn35hpi/g8EDiccy/35AQJo0o7zrs1Mzs3v7BYWCour6yurdsbm00VpxKTBo5ZLNsBUoRRQRqaakbaiSSIB4y0gsFF7rduiFQ0Ftd6mBCPo56gEcVIG8m3t7nf5Uj3Jc9CokfnZffgdp/7dsmpnOU4gm7FGeM3KdXABHXffuuGMU45ERozpFTHdRLtZUhqihkZFbupIgnCA9QjHUMF4kR52Tj+CO4ZJYRRLM0TGo7VrxsZ4koNeWAm86jqp5eLf3mdVEenXkZFkmoi8ORQlDKoY5h3AUMqCdZsaAjCkpqsEPeRRFibxoqmhP///kmahxX3uFK9qpZq1WkdBbADdkEZuOAE1MAlqIMGwCAD9+ARPFl31oP1bL1MRmes6c4W+Abr9QM0P5Wj</latexit>

mdet = (1 + z)m

[Interplay with astrophysics] 

[cosmo propagation] 
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SPECTRAL SIRENS

DARK SIRENS

[LVC, DES]

[Credit: D. Berry]

BRIGHT SIRENS
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Love sirens



6

HLA ET CE4020 CE40ET CE4020ET

Networks

10°4

10°3

10°2

10°1

100

¢
H

0
/H

0

1
+

3
°

1
ev

en
ts

0
+

3
°

0
ev

en
ts

0
+

1
°

0
ev

en
ts

19
6

ev
en

ts

0
+

1
°

0
ev

en
ts

0
+

1
°

0
ev

en
ts

0
+

1
°

0
ev

en
ts

20
ev

en
ts

1
+

2
°

1
ev

en
ts

0
+

3
°

0
ev

en
ts

0
+

1
°

0
ev

en
ts

13
1

ev
en

ts

5
+

3
°

3
ev

en
ts

2
+

4
°

2
ev

en
ts

3
+

5
°

3
ev

en
ts

34
6

ev
en

ts

7
+

2
°

3
ev

en
ts

5
+

5
°

4
ev

en
ts

11
+

8
°

7
ev

en
ts

34
7

ev
en

ts

H0 prior

2%

Gravitational ° wave Standard Sirens

BBH (Dark) NSBH (Dark) BNS (Dark) BNS (Bright)

[2025+] [2035+]

H: Hanford (US) 
L: Livingston (US) 
A: Aundha (India) 
ET: Einstein Telescope (EU) 
CE: Cosmic Explorer (US)

1. H0  (also) with dark sirens

Detector network is 
important! Golden dark sirens

[Chen, Ezquiaga & Gupta (CQG’24)]

2%

https://iopscience.iop.org/article/10.1088/1361-6382/ad424f
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2. Expansion rate at high redshift H(z)
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[Ezquiaga & Holz (PRL’22)]

64 67 70 73

H0[km/s/Mpc]

0.27

0.30

0.33

0.36

≠
m

68.3 ± 1.5

0.30 0.35

≠m

0.309+0.016
°0.018

Spectral sirens

Spectral + dark sirens

Combining sirens sub-percent precision across cosmic history!

[Chen, Ezquiaga & Gupta (CQG’24)]

Spectral sirens are competitive 
with cosmic surveys

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

[lensed detection 1/103 events, probe source & lens population; Xu, Ezquiaga, Holz (ApJ’22) ] ∼

[needs many events!] 

[needs high SNR!] 

https://iopscience.iop.org/article/10.3847/1538-4357/ac58f8
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4. Testing gravity at large scales

[Belgacem et al. (PRD’18)]

Modified propagation has rich phenomenology of waveform distortions

[Ezquiaga et al. (JCAP’21)]
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Modified GW Hubble friction
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A gravity test unique to GWs!

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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Cosmic Explorer will exploit gravitational waves as 
standard sirens 
1. H0 (also) with dark sirens 
2. Expansion rate at high redshift H(z) with 

spectral sirens  
3. Probing inhomogeneous Universe via lensing 
4. Testing gravity at large scales

jose.ezquiaga@nbi.ku.dk

… as dark matter probes 
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

Conclusions

mailto:jose.ezquiaga@nbi.ku.dk


Join us!
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ezquiaga.github.io/joinus

http://ezquiaga.github.io/joinus

