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Two important numbers
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Hubble tension
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67 or 74 ?



Gravitational wave standard siren
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GW standard siren cosmology

Bright sirens Dark sirens

⚫ Redshift from  electromagnetic counterparts

⚫ Need binary neutron star mergers

⚫ Statistically infer z from galaxies from 

localization volume

⚫ Need good localization and complete galaxy 

catalog 

Credit: Dana Berry Credit: DES



Bailes, Nature Rev.Phys. 3 (2021) 5, 344-366



Open the era of GW astronomy

GW150914: the first observed GW
Bailes, Nature Rev.Phys. 3 (2021) 5, 344-366

GW150914: observation of GW from a binary black hole merger



GW170817: Multi-messenger observation

✓Gravitational wave

✓ γ-ray

✓Optical, UV, IR, Radio

B. P. Abbott, et al. Astrophys.J.Lett. 848 (2017) 2, L12

GW170817: observation of GW from a binary neutron star merger



z=0.0098

From LIGO-Virgo:

B.P. Abbott et al. Nature 551, 85 (2017)

M. Soares-Santos et al. Astrophys.J.Lett. 848 (2017) 2, L16

GW bright sirens

➢ Only one data point, constraint precision of 𝐻0 is about 14% 

➢ 𝐻0: 2% precision (50 similar data points, 15%/ 𝑁)



GW dark sirens

Combined with GW170817: 

𝐻0 = 68−6
+8 km s−1Mpc−1

⚫ 47 events with SNR>11

⚫ GW events combined with GLADE+ catalog

R. Abbott et al. arXiv: 2111.03604

Dark siren alone: 𝐻0= 67−12
+13 km s−1Mpc−1



The third-generation ground-based GW detectors

Cosmic Explorer Einstein Telescope

Matthew Evans et al. arXiv:2109.09882



Vicky Kalogera et al.arXiv:2111.06990

The third-generation ground-based GW detectors



➢ ~100 joint GW-EM events per year

➢ Only 0.1% of BNS merger events could detect the EM 

counterparts

➢ We simulate 1000 GW standard sirens based on 10-

year observation

Hsin-Yu Chen et al. Astrophys.J.Lett. 908 (2021) 1, L4 

Jiming Yu et al. Astrophys.J. 916 (2021) 1, 54

Multi-messenger observation rates of the 3G GW detectors



Simulation of GW bright sirens from CE and ET

Reshift distribution:

GW waveform:

Fisher matrix:

Error of luminosity distance:



GW standard sirens from CE and ET

Jin, Zhu, Wang, Li, Zhang, & XZ, Commun. Theor. Phys. 74 (2022) 105404 



Forecast for cosmological parameter estimation from CE

Jin, He, Xu, Zhang, & XZ, JCAP 03(2020) 051

◼ GW could break the parameter degeneracies generated by EM observations 

◼ The ability of CE to constrain cosmological parameters is better than that of ET



Impacts on weighing neutrinos

Jin, Zhu, Wang, Li, Zhang, & XZ, Commun. Theor. Phys. 74 (2022) 105404 

◼ GW could slightly improve the upper limit of neutrino mass



Synergy between GW and 21 cm intensity mapping

Jin, Wang, Wu, Zhang, & XZ, Phys.Rev.D 104 (2021) 10, 103507

◼ GW and 21 cm IM could break the cosmological parameter degeneracies



Summary

◼ GW could break the parameter degeneracies generated by the EM observations

◼ The ability of CE to constrain cosmological parameters is better than that of ET

◼ Synergy between GW and 21 cm intensity mapping could provide a precise late-

universe cosmological probe

◼ It is worth expecting to explore the nature of dark energy and precisely measure the 

Hubble constant in the era of the third-generation ground-based GW detectors

Thank you!

jinshangjie@stumail.neu.edu.cn



Dark sirens: tidal deformations of binary neutron star mergers

◼ Giving a fiducial EoS of neutron star, the measurements of the 

additional tidal deformation phase could break the degeneracy 

between mass and redshift

◼ Using only GW observations could obtain the relation between 

distance and redshift

◼ Hubble constant and dark energy could be precisely measured using 

only GW dark sirens

Jin, Li, Zhang, & XZ, arXiv: 2202.11882
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