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Gravitational Waves as Standard Sirens
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GW observables
• With GWs detectors we can measure the amplitude and phase 

evolution of the signal
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• Observation of the phase gives:
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• Binary inspiral allows for a determination of the distance to the source 
without any reference to the cosmic distance ladder. 
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• Binary inspiral allows for a determination of the distance to the source 
without any reference to the cosmic distance ladder. 

• GWs suffer of mass-redshift degeneracy.
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𝐻! tension
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𝐻! tension
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𝐻! tension
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Third generation detectors: Einstein Telescope

08/06/22 812th Iberian Gravitational Waves Meeting, University of Minho

7th-8th June, Budapest



Third generation detectors: Einstein Telescope

Credits: et-gw.eu/
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Construction of mock sources catalog
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• We assume a fiducial cosmological model Λ-CDM 
𝐻! = 67.66 𝑘𝑚 𝑠"# 𝑀𝑝𝑐"# Ω$,! = 0.00 Ω&,! = 0.6889

• Given a cosmology the theoretical luminosity distance will be
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• We extract the redshift from a normalized probability distribution
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• To generate the synthetic signals of GWs, we assume the NS mass 
distribution  be uniform in the interval 1, 2.5 𝑀⊙. 
• We select sky angles 𝜃 and 𝜙 from an isotropic distribution, and 

orientation angle 𝑖 and the polarization 𝜓 from uniform distribution.
• We estimate the SNR 𝜌 for the ET.

𝜌 = ;
)

𝜌 ) #

𝜌)# =
5
6
𝐺 𝑀!,+,-

&
%𝐹)#(𝜃, 𝜙, 𝜓, 𝑖)

𝑐%𝜋
.
%𝑑"# 𝑧

A
/!"#$%

/&'( 𝑓
0
%

𝑆1,)(𝑓)
𝑑𝑓

• We retain an event if 𝜌 > 𝜌2134-1+56.
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• We extracted 𝑑" from a Gaussian distribution N 𝑑"
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GW events distribution
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Selection of Electromagnetic Counterpart
• We estimate the flux for the coincident short GRB
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• We record the combined event if 𝐹 𝜃= > 𝐹2134-1+56 = 0.2 81
!D,-

for THESEUS satellite.
• We estimate a rate of combined detection of 5 ÷ 31 events /year.
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GW events with detected short GRB
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Analysis
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• The analysis relies on Bayes’ theorem

𝑝 𝐻:, Ω>,: , ΩE,: 𝒅 ∝ 𝜋 𝐻:, Ω>,: , ΩE,: 𝑝 𝒅 𝐻:, Ω>,: , ΩE,:

• We choose an uninformative prior on the cosmological parameters

𝜋 𝐻: = 𝒰 50, 90

𝜋 Ω>,: = 𝒰 −1,1

𝜋 ΩE,: = 𝒰 0,1

Posterior LikelihoodPrior
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Case I: Bright Sirens
• We include in the single-event likelihood the selection effects 𝜌 > 𝜌',
𝐹 𝜃( > 𝐹'
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Mandel et al., MNRAS (2019)
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Case II: Dark Sirens
• When we cannot extract the redshift information from 

electromagnetic signal, we have to marginalize the posterior over the 
redshift.

𝑝 𝑑) 𝐻:, Ω>,: , ΩE,:) = A
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B&'(

𝑝 𝑑)|𝑑"21 𝑧, 𝐻:, Ω>,: , ΩE,: 𝑝+,- 𝑧 𝑑𝑧

𝑝(𝑧|𝜌 > 𝜌')

Ding et al., JCAP (2019)
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Results
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Case I / MCMC sampling
SNR= 9, years = 10, Realistic Case SNR= 9, years = 10, Optimistic Case
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Case II / MCMC sampling
SNR= 9, years = 10
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Results
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Results
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Comparison with the other sources
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Comparison with the other sources
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Conclusions
• With the Einstein Telescope, we could achieve an accuracy on the 

Hubble constant less than 1%.

• The accuracy  on  Ω>,: is 
𝜎H>,: = 0.09 with Bright Sirens
𝜎H>,: = 0.01 with Dark Sirens

• The accuracy  on  ΩE,: is 
𝜎HE,: = 0.07 with Bright Sirens
𝜎HE,: = 0.01 with Dark Sirens
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Conclusions
• With the Einstein Telescope, we could achieve an accuracy on the 

Hubble constant less than 1%.

• The accuracy  on  Ω>,: is 
𝜎H>,: = 0.09 with Bright Sirens
𝜎H>,: = 0.01 with Dark Sirens

• The accuracy  on  ΩE,: is 
𝜎HE,: = 0.07 with Bright Sirens
𝜎HE,: = 0.01 with Dark Sirens Thank you!

Question?
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Extra: Impact of different assumptions
• Star Formation Rate:

Ø Vangioni Model  𝑅/ 𝑧 = IJ KLM(, B'B& )
J',A , KLM J B'B&

Ø Madau-Dickinson model 𝑅/ 𝑧 = $AB /

$A (+12)
4

5

• 𝑡6 probability distribution:
Ø Power law  𝑃 𝑡6 = 𝑡6'$

Ø Exponential 𝑃 𝑡6 = 𝜏'$ exp − 26
N
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Vangioni et al.,MNRAS, 2015

Madau and Dickison, ARAA,2014
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Open Issue: Redshift Information

§ Host galaxy identification         
§ Cross-Correlation

vCoincendent short GRB   

• Prior information on redshift

ØTidal deformation

§ Source sky localizzation error,
§ 𝜎!! error
§ overlapping sky area between GW 

sources and galaxy surveys
§ the accurate redshift estimation of 

galaxies

v Only 0.1% of GW events could have 
a detected countepart

→

• We need to assume astrophysical 
model for the 𝑅"(𝑧)

Ø We need high precision in the signal analysis

Ø It depends on neutron star equation of state

→

→

→
Messenger and Read, PRL, 2012


