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Introduction and Motivation

1. Astronomical information from gravitational wave (GW) observations will open a new and 
wide spectrum of possibilities to investigate fundamental physics, which might shed light to 
clarify open questions in modern cosmology, especially regarding the dark sector of the 
Universe. 

2. At present, one Binary Neutron Star (BNS) merger event has been detected, the GW170817 
event, accompanied by its electromagnetic counterpart, the GRB 170817A event, located at 
40 Mpc (z ≈ 0.01).  

3. This event was also the first standard siren (SS) observation, the GWs analog of astronomical 
standard candles, and opened the window for the multi-messenger GW astronomy. 

4. Although the GW170817 event is located at very low z, preliminary cosmological information 
and consequences of this observation are important to the understanding of our Universe 
locally.  

5.  A very important consequence of this BNS signals was the strong bound placed on the GW 
speed, |cT /c − 1| ≤ 10^-16, where cT and c are the propagation speed of the GWs and light, 
respectively.



Outline 

1. Introduction and Motivation 
2. Theoretical framework 

2.1.Gravitational waves in modified gravity 
2.2.Methodology and results 

3. Summary and conclusions



GravWaves in modified gravity



GravWaves in modified gravity



GravWaves in modified gravity

Effective Planck mass



GravWaves in modified gravity



GravWaves in modified gravity



GravWaves in modified gravity



Outline 

1. Introduction and Motivation 
2. Theoretical framework 

2.1.Gravitational waves in modified gravity 
2.2.Methodology and results 

3. Summary and conclusions



Introduction and Motivation

Running of the Planck mass Gravitational Wave  Speed 

M∗ is the effective Planck mass



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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Methodology and results
IMPLICATIONS ON MODIFIED GRAVITY PHENOMENOLOGY 

At intermediate z, it is reasonable to assume φ ̇/M∗ ≃ 1, so 
that we estimate −0.005 < ξ < 0.006 (−0.002 < ξ < 0.002) at 
the 95% C.L. from ET (DECIGO), in the case αM0 < 0. 

Within the Horndeski theories of gravity 

scalar field couples to the Einstein tensor

The  parameter  ξ  represents  the  coupling  constant  of  the 
theory and quantifies possible anomalies on the GWs speed 
propagation. 
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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 z = 2 (∼ 15539 Mpc).  

3. We found |cT/c − 1| ≤ 10^-2 (10^-3) 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 cT (z) in the 
future. 
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Running of the Planck mass 

The Effective Planck Mass and the Scale of Inflation 

• N  central  charge  (Nφ  scalars,  Nψ  Dirac 
fermions and NV vector bosons).

• Mpl = 2.435×1018 GeV reduced Planck mass. 
• M∗ is the effective Planck mass. 
• H∗ being the Hubble factor during inflation.
• r∗ tensor to scalar ratio.
• A ∼  22.15 relates to the amplitude of the late 

time CMB anisotropies. 
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Any collaboration will be welcome…! 


