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Bright Standard Sirens
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Bright Standard Sirens

First Measurement of H0 with GW170817

Source Properties:
Total Mass 2.74+0.04

−0.01 M�;

Luminosity Distance: dL = 40+8
−14 Mpc;

Inclination: ι ≤ 55o ;

From EM-Counterpart

Host Galaxy: NGC 4993;
Redshift: z = 0.00973 (host galaxy);

H0 Measurement: H0 = 70+12
−8 km/s/Mpc .

Abbott, B. P., et al., PhysRevLett.119.161101
Uncertainty of 12% with respect to the

measurement.

Credit: [https://chandra.harvard.edu/photo/2018/gw170817/]
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Gravitational Waves Detectors (Second Generation)

Interferometers

Credit: Author.

LLIGO = 4km, LVirgo = 3km, LKAGRA = 3km

Credit: [https://www.virgo-gw.eu/], [https://www.ligo.caltech.edu/],
[https://gwcenter.icrr.u-tokyo.ac.jp/en/].
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Gravitational Waves Detectors (Second Generation)

Detector Output:

O(t) = h
↑

Signal

(t) + n
↑

Noise

(t)

Signal to Noise Ratio [Matched Filtering]:
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Gravitational Waves Detectors (Second Generation)

For which redshift/distance range can we de-
tect binaries of neutron stars and black holes?

Aside we show the sensibility region of detectors in
mass/redshift space of detections with SNR bigger
than 8.
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Gravitational Waves Detectors (Ground 3G and Space 1G)
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Curves of ET and CE retrived from [https://dcc.ligo.org/LIGO-
T1500293/public]

LET = 10km, LCE = 40km, LLISA = 2.500.000km

Credits: [https://gwic.ligo.org/3Gsubcomm/], [http://www.et-
gw.eu/] e Author (figura do LISA).
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Gravitational Waves Detectors (Third Generation)

Range Power of Detectors (SNR > 8): SNR(z , Mtot)
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GW+shGRBs with Einstein Telescope
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Belgacem, E., et al. JCAP, 2019(08), 015.
Zhao, W., et al. Physical Review D, 83(2), 023005.
Tamanini, N., et al. JCAP 2016.04 (2016): 002.

Credit: [https://chandra.harvard.edu/photo/2018/gw170817/]
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GW+shGRBs with Einstein Telescope
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GW+shGRBs with Einstein Telescope
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Bright Standard Sirens

Bayesian Model Selection [ET]

Bayes Theorem:

Posterior︷ ︸︸ ︷
P({θi}|data, M) =

Likelihood︷ ︸︸ ︷
P(data|{θi},M)

Prior︷ ︸︸ ︷
P({θi},M)

P(data)︸ ︷︷ ︸
Evidence

Bayesian Evidence:

Z = P(data) ≡
∫

P(data|{θi},M)P({θi},M)dθ1...dθN

Bayes Factor:

B0,1 ≡
Z0

Z1

← Evidence for the model M0

← Evidence for the model M1

Jeffrey’s Scale

log B0,1 Conclusion
< 1 Inconclusive

> 1, < 2.5 Weak Evidence
> 2.5, < 5.0 Moderate Evidence

> 5.0 Strong Evidence

Trotta, R. Contemporary Physics, 49(2), 71-104.

Dark Energy Equation of State Parametrizations

PDE = ωDEρDE

ΛCDM Model ωDE = −1;

ω0CDM Model ωDE = ω0;

ω0ωaCDM Model ωDE = ω0 + ωaz/(1 + z);

ΩDE (z) = ΩDE0
exp

[
−3

∫ z

0

1 + ωDE (z′)

1 + z′
dz′
]
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Bayesian Model Selection [ET]

The simulations where performed 50 times. The plots show the averages over 50 realizations of the Bayes factor computations.

[ Souza, J. M. S., & Sturani, R. Physics of the Dark Universe, 32, 100830. ]
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Improving DL(z) Measurements With Multiple 3G Ground Detectors

Estimations from Fisher Matrix Approach.
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Cosmography with Standard Sirens [ET]

Cosmographic Expansion:

dL(z) =
1

H0

[
z +

1

2
(1− q0)z2 +

1

6
(q0 + 3q2

0 − j0 − 1)z3 + O(z4)

]
onde,

H0 =
1

a

da

dt

∣∣∣∣
t=t0

, q0 = −
1

(aH0)2

d2a

dt2
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t=t0

, j0 =
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dt3
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The simulations where performed up to z = 0.71 with 125, 250,
500, 1000 e 2000 bright standerd sirens detections.
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Journal of Cosmology and Astroparticle Physics 2022.03 (2022):
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