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Introduction and Motivation
1. The observation of GW170817 binary neutron star (BNS) merger event has imposed strong 

bounds on the speed of gravitational waves (GWs) locally, inferring that the speed of GWs 
propagation is equal to the speed of light   , where   and   are the 
propagation speed of the GWs and electromagnético radiation, respectively. 

2. Current GW detectors in operation will not be able to observe BNS merger to long cosmological 
distance, where possible cosmological corrections on the cosmic expansion history are expected 
to play an important role, specially for investigating possible deviations from general relativity 

3. Future GW detectors designer projects will be able to detect many coalescences of BNS at high 
z, such as the third generation of the ground GW detector called Einstein Telescope (ET) and the 
space-based detector deci-hertz interferometer gravitational wave observatory (DECIGO). 

4. In this work, we relax the condition   to investigate modified GW propagation where the 
speed of GWs propagation is not necessarily equal to the speed of light.

cT /c = 1 ( ∣ cT /c − 1 ∣ ≤ 10−16) cT c

cT /c = 1
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1. COSMIC COINCIDENCE PROBLEM: ¿Why the density of matter and 
dark energy today are of the same order of magnitude?. 

2. Fine-Tuning PROBLEM: ¿Why is the cosmological constant so small? 

3. QUANTUM VACUUM ENERGY DENSITY: ¿Why the calculated value 
of the cosmological constant from quantum field theory is 120 orders 
of magnitude larger than the observed?

Some theoretical problems with the standard 
model of cosmology…!
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1. Alternative models of dark Energy: wCDM ( ! ), Chevalier-Polarski-
Linder (CPL), Interacting Dark Energy (IDE), Generalized Chapliygin Gas 
(GCG)..etc. 

2. Modified Gravity: f(R), f(T), Massive Gravity, Tensor, Vector, Scalar 
(Horndeski). 

3. Holographic Dark Energy: Tsallis' entropy, Kaniadakis statistics, Fluid/
Gravity Duality .

w ≠ − 1
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https://inspirehep.net/literature/1668881
https://inspirehep.net/literature/1636964
https://inspirehep.net/literature/1591137
https://inspirehep.net/literature/1591137


Cosmological variation of the fine structure constant and the 
universal constant of gravitation 
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Important equations of Universe evolution 

Hubble tensión 
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Mass fluctuación R= 8 Mpc

Power spectrum of matter
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Effective Planck mass
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Introduction and Motivation

Running of the Planck mass Gravitational Wave  Speed 

M∗ is the effective Planck mass
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Methodology and results
Waveform emitted by the binary systemGW strain signal 

Fourier transform GW inspiral amplitude 

ι is the inclination angle of the binary orbital angular 
momentum with respect to the line of sight 

F+2 , F×2 are the two antenna pattern functions 

inspiral phase of the binary system 



Methodology and results
Simulation: 1000 data pointsGW strain signal 

Fourier transform GW inspiral amplitude 

ι is the inclination angle of the binary orbital angular 
momentum with respect to the line of sight 

F+2 , F×2 are the two antenna pattern functions 

inspiral phase of the binary system 
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IMPLICATIONS ON MODIFIED GRAVITY PHENOMENOLOGY 

At intermediate � , it is reasonable to assume � , so that 
we  estimate  �  
at the 95% C.L. from ET (DECIGO), in the case � . 

z ·ϕ/M* ≃ 1
−0.005 < ξ < 0.005 (−0.0018 < ξ < 0.0018)

αM0 < 0

Within the Horndeski theories of gravity 

we consider the “derivative coupling theory” in which 
thescalar field couples to the Einstein tensor

The  parameter  �  represents  the  coupling  constant  of  the 
theory and quantifies possible anomalies on the GWs speed 
propagation ( �  in GR), so 

ξ

ξ = 0
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Summary and conclusions
1. Due to extra degrees of freedom of gravitational origin, modified gravity models predict 

physical properties beyond the standard features of general relativity.  

2. Motivated by this aspect, we thus performed a forecast analysis using 1000 standard 
siren events from BNS mergers, within the sensitivity predicted for ET and DECIGO up 
to   ( ).  

3. We found  from ET (DECIGO), which leaves room for small 
possible corrections predicted by alternative theories, compared to the only information 
from GW170817 event at very low z.  

4. Nevertheless, the main findings of this work represent the first observational constraints 
obtained by using information from SS mock data from future detector design.  

5. In this respect, our results open a new window for possible tests on   in the future. 

z = 2 ≃ 15539Mpc

∣ cT /c − 1 ∣ ≤ 10−2 (10−3)

cT (z)
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Machine Learning (Gaussian Processes) 

q = Q(t)/H3
0 E(z) = H(z)/H0



Big announcement between Dec 2022  
and Jun 2023. Stay tuned.
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