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From the GW signal analysis, we can estimate:

Gravitational Waves PHASE evolution > M* = M(1 + z)
as

Standard Sirens AMPLITUDE — Idw—zx f(‘angles") - d;,
L
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GWSs from compact binaries allow for a

detemination of distance!
Gravitational Waves

as Self-calibrated

Standard Sirens
Independent of distance ladder
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Gravitational Waves
as
Standard Sirens
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L—c(1+z)j

Where can z come from?
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H(z")
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From the Distance-redshift relation we can
extract the cosmological parameters:
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mur papers we consider two techniques: \

EM counterpart

G raVitatiOnaI Waves PROS: accurate redshift estimation
as CONS: Infrequent and rare events
Standard Sirens 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

Qectation. /
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We assume a fiducial cosmological model

ACDM.
Generation of Given a cosmology the theoretical luminosity
mock data distance will be

L —

C(1+Z)
j E(Ql,z A)
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Generation of
mock data

me extract the redshift from a normalized
probability distribution, related to the Star
Formation Rate Ry

_ R (z) dV ()

\

R,
p(z) = —5 (2)

) R,
(R, (2) dz )

tmax

Rn(z) =Ry - Re[t(z) — tq] P(tq) dtg,

\ tmin

142z dz
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Generation of
mock data
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We simulate the SNR of ET for the synthetic data

Z(p("))2

\
2 7
2 — E [G MC,ObS]BFiZ (H; ¢; l,b; l) fmax f3 df
4
C3T[§d% (Z) flower Sh'i(f)
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Generation of
mock data

ﬁextracted d; from a Gaussian distribution /N

(df', 0a,) \
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1—(1+2)%2
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/ Selection of EM counterpart \

We estimate the flux for the coincident short GRB

L(6y)(1+ 2)

. F(6y) =
Generation of 4 v Atd%k(z)b i
mock data b_fl,‘jﬁeVEN(E)dE o - [2 N(E)dE
[o? N(E)dE [o e N(E)dE

We record the combined event if F(6,,) > Ftireshold ( 0.2 e S) for
THESEUS satellite.




Generation of
mock data

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.
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Analysis & Results

/ Bright Sirens \

We include in the single-event likelihood the selection effects p > p¢,
F(6,) > Ft

[ p(di|Dy,, Ho, Qo Q,0)Ppop (Pr [Hos Qo Qp0)dD;
f Pdet (DL» Ho, Qp 0, 'QA,O)ppop (DL |Ho» Qk,0, QA,o)dDL

p(d;|Ho, Q0,0 0) =

Ppop (DL |H0: Q0. QA,o) = S(DLth(Ho» Q05 QA,o) - DL)

1 (d - DL)Z
p(di|DL ;H0; 'Qk,O ) 'Q'A,O) X exp _E l 0_2
d;

pdet(DLr Ho, Qk0, QA,o) = ¢ P(di |DL y Ho, Qi 0 QA,o) dd;

p>p
\ F>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.

Zmax

P(di|Ho;Qk,0»QA,0) = j p (di|d£h(z» Hoyﬂk,o»QA,o)) Dops(2)dz
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Analysis & Results




Analysis & Results

Best-fit accurancy (10 years)
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KwCDM \
Bright sirens

Dark sirens
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Analysis & Results

Best-fit accurancy (10 years)

Bright Sirens | Dark Sirens
op, =  1.03 0.05
0q,, = 0.14 0.01
O = 0.88 0.06

Qm, 0

Y
0 s % ‘s %

3

Interacting Dark Energy

Bright sirens

% % % % Y

4
|}
|}
|}
|}
|}
|}
|}
1
T T T T
1
1 I
1
)
4 |§§
1
1
1
T T
1

") Q ") Q

!
"\f b. h 'b ) Q ‘1 Q

Dark sirens

1 year
—— 5 years
— 10 years

& & & Y o7 97 7 N Y N7 o
Ho Qm,o0 g
¢ €
E2(2) = Qmo(1 + 2)3 + Qu g (1+z)3(“‘”DE+3> J (1—(1+z)3( 3




Analysis & Results

Best-fit accurancy (10 years)
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Analysis & Results

Best-fit accurancy (10 years)
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@e analysis, we distinguish the catalogs depending on whethah
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.

Conclusions

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