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Background
GW events of GWTC-3



Background

• Inspiral: post-Newtonian (PN) theory 
• Merger: numerical relativity (NR) simulation 
• Ringdown: quasinormal modes (QNMs)

The GW signal of GW150914

B. P. Abbott et al. PRL. 2016



Background
The EdGB gravity

The coupling constant: αEdGB

The scalar field

Effects on the GW waveform: 
 
  1. NR simulation; 
  2. The Parameterized Post-Einsteinian (ppE) framework



Background
The Parameterized Post-Einsteinian (ppE) framework

Sharaban Tahura and Kent Yagi. PRD. 2019



Background
The effects of the (scalar) charge

si = 2 ( 1 − χ2
i − 1 + χ2

i )/χ2
i



Background
Previous constraints on EdGB

Remya Nair et al. PRL. 2019



Method
The reweighting method

Prior(θ1) Prior(θ′ 1)

Posterior(θ1) Posterior(θ′ 1)

ReweightingBayesian Bayesian

θ′ 1(θ1)

θ1:= (δϕ−2, mi, χi)
θ′ 1:= ( αEdGB, mi, χi)



Method
The reweighting method

θ1:= (δϕ−2, mi, χi)
θ′ 1:= ( αEdGB, mi, χi)



Method
The Bayesian inference

• The Bayes theorem:                        

• For N detectors:                               

• The inner product:              

P(θ |d, S) =
P(d |θ, S)P(θ |S)

P(d |S)

P(d |θ, S) = exp [−
1
2

N

∑
i=1

⟨di − hi |di − hi⟩]
⟨h1( f ) |h2( f )⟩ = 4ℜ∫

fISCO

ffilter

h1( f )h*2 ( f )
Sn( f )

The posterior
The likelihood The prior

The evidence



Method
The estimation on the noise

The raw data around GW150914 GW data after a high-pass filter at 20 Hz PSDs of GW150914

Sn( f ) = lim
T→∞

2
T (∫

T/2

−T/2
ρ(t)e−2πiftdt)

2



Results
Constraints on EdGB (the reweighting method)

H.T. Wang et al. PRD. 2021

ζEdGB = 16πα2
EdGB/m4

s < 1

αEdGB < 0.74
ms

M⊙



Results
Constraints on EdGB (the Bayes method)

H.T. Wang et al. PRD. 2021



Summary
Constraints on EdGB

GW170608 Remya Nair et al. PRL. 2019

X-ray Kent yagi. PRD. 2012

GW190814 H.T. Wang et al. PRD. 2021

GW190814 B.X. Wang et al. arxiv. 2023

αEdGB ≤ 0.40 km

αEdGB ≤ 0.27 km

αEdGB ≤ 5.6 km

αEdGB ≤ 2 km



Summary

• We compare the reweighting method and the Bayesian inference; 

• We update the constraint on EdGB gravity to be αEdGB ≤ 0.40 km



Thanks



Background
The EdGB gravity

Llibert Aresté Saló et al. PRL. 2022 Gabriel S. Bonilla et al. PRD. 2023


