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Bright Standard Sirens

Spacetime interval
dS® = —dt*+2hy dxdt+(1+h; )dx*+(1—hy )dy® +dz°
Polarizations

h o(i LCOSZL h O(iCOSL
Gk D S

h(t) = F1h (t) + Fxhx(t) : Signal

1
hocd—L AL = hLy
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Bright Standard Sirens

First Measurement of Hy with GW170817

Source Properties:

Total Mass 2.74%%} Mg;

Luminosity Distance: d; = 4073, Mpc;
Inclination: ¢ < 55%;

From EM-Counterpart

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

GW170817 GW170817

Ho Measurement: | Ho = 707§ km/s/Mpc |

Abbott, B. P., et al., PhysRevLett.119.161101 . .

Uncertainty of 12% with respect to the
measurement.

AugustSeptember 2017 Decerber 2017
Credit: [https://chandra.harvard.edu/photo/2018/gw170817/]
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Bright Standard Sirens

Interferometers

" Credit: Author.

Gravitational Waves Detectors (Second Generation
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Credit: [https://www.virgo-gw.eu/], [https://www.ligo.caltech.edu/], }
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Bright Standard Sirens

Gravitational Waves Detectors (Second Generation)

Detector Output:
O(t) = h(t) + n(2)

Signal Noise

Signal to Noise Ratio [Matched Filtering]:
S AGLOI
SNR =2 |Re ————=df
o
Noise Power Spectrum Density
() (7)) = 5 8a(F)O(F — )
Adimentional Quantities

he = 2f|A(f)|
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Bright Standard Sirens

Gravitational Waves Detectors (Second Generation)

Detector Output:
O(t) = h(t) + n(2)

Signal Noise

n
=
o
|

3

Signal to Noise Ratio [Matched Filtering]:

= &(F)h(r) |

ST

SNR =2 Re/
0

Noise Power Spectrum Density

characteristic strain v f- S

H
2

DA 14 ]
<n(f)n (f,)> & §Sn(f)6(f P f/) —— adVirgo
—— KAGRA
Adimentional Quantities — aliGo
10° 102

hc = 2f|i7( f)| 5 . frequency [Hz]
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Bright Standard Sirens

Gravitational Waves Detectors (Second Generation)

Detector Output:
O(t) = h(t) + n(2)

Signal Noise
Signal to Noise Ratio [Matched Filtering]:

= &(F)h(r) |

ST

SNR =2 Re/
0
Noise PoweiSpfctrum Density
(A(F)A™(F")) = 55a(F)O(F — ')
Adimentional Quantities

h. = 2f|h(f)] , S. f-S,(f)

characteristic strain v f- S
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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.

1/2

redshift z

<o |l~7(fa Mtotaz)|2 df

SNR(Myot,z) =2 /0 5.(F)

Stellar BBH
Mass Gap 2
Intermediate BBH

() (7)) = 5 Sa(F)3(F — F)
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Bright Standard Sirens

Gravitational Waves Detectors (Ground 3G and Space 1G)

TR
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10°
frequency [Hz]

Curves of ET and CE retrived from [https://dcc.ligo.org/LIGO-  Credits: [https://gwic.ligo.org/3Gsubcomm/],
T1500293/public] gw.eu/] e Author (figura do LISA).

<
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Bright Standard Sirens

Gravitational Waves Detectors (Third Generation)

Range Power of Detectors (SNR > 8): SNR(z, M)

Binaries with my; =m;
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GW+shGRBs with Einstein Telescope

—
‘t

Sources Distributions and D, Uncertainties

I
o

Normalized Detections Distribution
Relative Uncertainty of D, with ET

o
0

ILLUSTRATION

15 2.0

redshit, 2 Credit: [https://chandra.harvard.edu/photo/2018/gw170817/]

== = lensing [Error] == = instrumental [Error] == = lens.+inst.

w— EMobs GW detections SNe Catalogue

Distributions and Uncertainties in d;:

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.
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GW+shGRBs with Einstein Telescope

Sources Distributions and D, Uncertainties 10-years of BNS detections (ET+THESEUS)
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cumulative number of joint GW-GRB events

15 2.0
redshift, z

0
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= EMobs ®mm GW detections SNe Catalogue | redshift, z

== = |ensing [Error] == = instrumental [Error] == = lens.+inst. ]

Distributions and Uncertainties in d;: Belgacem, E., et al. JCAP, 2019(08), 015.
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.
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GW+shGRBs with Einstein Telescope

I

Sources Distributions and D, Uncertainties

Fiducial Model
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== = lensing [Error] == = instrumental [Error] == = lens.-+inst

— EMobs GW detections SNe Catalogue

Distributions and Uncertainties in d;:

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.
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Bright Standard Sirens

Bayesian Model Selection [ET]

Bayes Theorem:

Likelihood Prior
L P(datal (6:}, M) P({6:}, M)
—— . p
P({0r}|data, M) = L\0atal (6, <
P(data)
N——r

Evidence

Bayesian Evidence:
Z = P(data) = /P(dai:al{@,-}7 M)P({6;}, M)db;...dOy

Bayes Factor:

e = Zy + Evidence for the model My
T Z1 + Evidence for the model M;

Jeffrey’s Scale

log By.1 Conclusion
= Inconclusive
Sl K2 Weak Evidence
> 25, <5.0 Moderate Evidence
> 5.0 Strong Evidence

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

Josiel Mendonga (UFRN) ’ '22 (August, 2022) ) ) josiel.mendonca.()ﬁli@lllfm.eﬂu.bv
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Bright Standard Sirens

Bayesian Model Selection [ET]

Bayes Theorem:

Likelihood Prior
Posterior ~

2 P(datal {6,), M) P({0}, M)
P({0:}|data, M) = ——= Ipédata) <
N —

-
Evidence

Bayesian Evidence:
Z = P(data) = /P(datal{Q,-}, M)P({6;}, M)db;...dOy

Bayes Factor:
e = Zy + Evidence for the model My
T Z1 + Evidence for the model M;

Jeffrey’s Scale

log By.1 Conclusion
= Inconclusive
Sl K2 Weak Evidence
> 25 <5.0 Moderate Evidence
>5.0 Strong Evidence

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

Josiel Mendonga (UFRN)

Dark Energy Equation of State Parametrizations

Ppe = wpepDE

ACDM Model
woCDM Model
wow, CDM Model

wpe = —1;
WpE = wo;
wpe = wo + waz/(1 + z);

z 14+ UJDE(Z/)
2pe(z) = Qpeyexp [73/0 ﬁdz

josiel.mendonca.Oﬁli@lllfm.eﬂu.br 9/13



Bright Standard Sirens

Bayesian Model Selection [ET]

Bayes Theorem:

Likelihood Prior
Posterior ~

2 P(datal {6,), M) P({0}, M)
P({0:}|data, M) = ——= Ipédata) =
S

Evidence

Bayesian Evidence:
Z = P(data) = /P(datal{@,-}, M)P({6;}, M)db;...dOy

Bayes Factor:

e = Zy + Evidence for the model My
T Z1 + Evidence for the model M;

Jeffrey’s Scale

log By.1 Conclusion
= Inconclusive
Sl K2 Weak Evidence
> 25, <5.0 Moderate Evidence
> 5.0 Strong Evidence

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

Josiel Mendonga (UFRN)

Dark Energy Equation of State Parametrizations

S22 R SO o X
R S5

NS Z O x>

Ppe = wpepDE

ACDM Model wpe = —1;
woCDM Model WpE = wo;
wowa CDM Model wpe = wo + waz/(1 + z);

z 14+ UJDE(Z/) dz

Npe(z) = Qpg,exp |:*3/0 B

Contents liss available at ScienceDirec
Physics of the Dark Universe

journal homepage: www.elsevier. comviocate/dark

Cosmological model selection from standard siren detections by
third-generation gravitational wave observatories

Josiel Mendonga Soares de Souza, Riccardo Sturani

josiel.mendonca.()ﬁli@lllfm.eﬂu.bv



Bayesian Model Selection [ET]

Error Budget: 100% Error Budget: 100%
ACDM vs wCDM ACDM vs wowaCOM

Moderate Evidence Moderate Evidence

‘Weak Evidence Weak Evidence

A o gy oy ey o] gl L L

Favoring ACDM T Inconclusive Favoring ACDM 1 Inconclusive

Favoring ALternative Model 1 Favoring ALternative Model 1

100 200 300 400 500 600 700 80O 900 1000 100 200 300 400 500 600 700 8OO 900 1000
Number of Detections Number of Detections

[ Souza, J. M. S., & Sturani, R. Physics of the Dark Universe, 32, 100830. ]
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Bright Standard Sirens

Bayesian Model Selection [ET]
R

Aot

of the Bayes factor computations.

Error Budget: 20%

Error Budget: 20%
NCDM vs wowCOM

NCDM vs wCDM

Moderate Evidence Moderate Evidence

Weak Evidence Weak Evidence

Favoring ACDM T Inconclusive Favoring ACDM T Inconclusive

Favoring Alternative Model 1 Favoring ALternative Model 1

200 300 400 500 600 700 BOO 900 1000
Number of Detections

100 200 300 400 500 600 700 800 900 1000 100
Number of Detections

[ Souza, J. M. S., & Sturani, R. Physics of the Dark Universe, 32, 100830. ]

Cosmo'22 (August, 2022)
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Bright Standard Sirens

Improving D, (z) Measurements With Multiple 3G Ground Detectors

Max Improvement of 63.4 %

= HL - [z = 1.00] 300 simulations per (lon,lat) tuple.
== CE = At
= ET+ET
== ET+CE
mmm= ET+CE+2ndET
lensing barrier

,’.

Bd/d [%]
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Cosmography with Standard Sirens [ET]

NXO

Cosmographic Expansion: [EMobs] Ny:={2000, 1000, 500, 250, 125} [darker - lighter]

Instrumental Error: 100% (solid lines) , 20% (dashed lines)

1 1 =
[+ 50— )2+ S+ 365 o — 12" + O]

S 1 d’a ST
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Convergence of the Series:

o
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53
=}
=]
°
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Expansion in z

e
o

Cum.Dist.

The simulations where performed L;p to z = 0.71 with 125, 250,
500, 1000 e 2000 bright standerd sirens detections.
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Bright Standard Sirens

Cosmography with Standard Sirens [ET]

Cosmographic Expansion:

1 1
[z SRS q0)z° + 5@+ 3¢ —jo— 1) + 0(24)}
0

1 d%a < 1 d°a

s qo = o ot
oS (aHo)? dt? (aHo)? dt? | ,_,,

Convergence of the Series:

Expansion in z

The simulations where performed qu to z = 0.71 with 125, 250,
500, 1000 e 2000 bright standerd sirens detections.

Josiel Mendonga (UFRN)

[km/s/Mpc) = 75231343

\ 90 = -0.704418

\

Jo=176*378

r

Ho lka/s/Mpe]

Journal of Cosmology and Astroparticle



Bright Standard Sirens

Cosmography with Standard Sirens [ET]
' ' SRR 2 H

Cosmographic Expansion:
Error Budget: 100% (Solid), 20% (Dashed)

1 1
[z F -2+ a0+ 3% —jo— 1+ 0(z“)]
0

1 d%a 4 1 d°a

, Go= g
t=tg (aHo)? dt? t=tg

(aHo)? dt*

)
t=tg

Convergence of the Series:

Expansion in z
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4

500 750 1000 1250 1500 1750 2000
Number of detections

The simulations where performed ljp to z = 0.71 with 125, 250,

500, 1000 e 2000 bright standerd sirens detections. Journal of Cosmology and Astroparticle Physics 2022.03 (2022):
025
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