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Gravitational Waves
as
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From the GW signal analysis, we can estimate:

PHASE evolution → 𝑀! = 𝑀(1 + 𝑧)

AMPLITUDE → "!

#"
× 𝑓($𝑎𝑛𝑔𝑙𝑒𝑠$) → 𝑑%



Gravitational Waves
as
Standard Sirens

From the GW signal analysis, we can 
estimate:

evolution → 𝑀! = 𝑀(1 + 𝑧)

AMPLITUDE → "!

#"
× 𝑓($𝑎𝑛𝑔𝑙𝑒𝑠$) → 𝑑%

GWs from compact binaries allow for a 
detemination of distance!

Self-calibrated

Independent of distance ladder



Gravitational Waves
as
Standard Sirens

From the Distance-redshift relation we can 
extract the cosmological parameters:

𝑑% = 𝑐 1 + 𝑧 3
! 𝑑𝑧$

𝐻(𝑧$)

Where can z come from?

GWs from compact binaries allow 
for a detemination of distance!

calibrated

ndependent of distance ladder



Gravitational Waves
as
Standard Sirens

Distance-redshift 
we can extract the 

cosmological parameters:

+ 𝑧 3
! 𝑑𝑧$

𝐻(𝑧$)

Where can z come from?

In our papers we consider two techniques:

EM counterpart

PROS: accurate redshift estimation
CONS: Infrequent and rare events

Source-frame mass & Rate Evolution

PROS: No need of EM counterpart, can fit cosmology and 
astrophysics together.
CONS: Needs to be driven by some astrophysical 
expectation.

GWs from compact binaries allow 
for a detemination of distance!

calibrated

ndependent of distance ladder
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Generation of 
mock data

We assume a fiducial cosmological model 
Λ𝐶𝐷𝑀.

Given a cosmology the theoretical luminosity 
distance will be

𝑑% =
𝑐 1 + 𝑧
𝐻&

3
! 𝑑𝑧$

𝐸(Ω', 𝑧$, 𝜆)



Generation of 
mock data

We extract the redshift from a normalized 
probability distribution, related to the Star 
Formation Rate 𝑅(

𝑝 𝑧 =
𝑅!(𝑧)
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Selection of EM counterpart

We estimate the flux for the coincident short GRB

𝐹(𝜃5) =
𝐿 𝜃5 1 + 𝑧
4𝜋𝑑!(𝑘 𝑧 𝑏
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for 
THESEUS satellite.
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Rate of events

Imposing a SNR threshold equal 9, we estimate a rate of  GW signals of 
∼ 10! events /year.

We estimate a rate of combined detection with the THESEUS satellite 
of ∼ 11 events /year.

Years = 10



Analysis & Results

Bright Sirens
We include in the single-event likelihood the selection effects 𝜌 > 𝜌',
𝐹 𝜃5 > 𝐹'
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Dark Sirens
When we cannot extract the redshift information from 
electromagnetic signal, we have to marginalize the posterior over 
the redshift.
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Interacting Dark Energy
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Emergent Dark Energy
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Conclusions

In the analysis, we distinguish the catalogs depending on whether the 
redshift  information comes from the GRB (Bright Sirens) or the BNS 
merger rate (Dark Sirens). We assume the rate is a priori known to 
follow the SFR. 

We show the huge capability of ET to solve the Hubble tension 
independently by the theoretical framework chosen. 

The ET standard sirens will represent an alternative approach to 
constrain the cosmological parameters and the DE models. 


