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Since the firsrt gravitational wave (GW) detection in 2015 by the LIGO-Virgo 

collaboration, GW astronomy has now entered an era of high precision.  The LIGO 

and Virgo detectors in their third run are now detecting binary black hole mergers 

at a rate of one per week and have already detected several binary neutron star 

and black hole - neutron star mergers. The next generation of detectors, such as the 

Einstein Telescope in Europe and the space-based interferometer LISA, will detect 

even more events, from different sources, and with a higher signal to noise ratio. 

These detections, coupled with black hole observations from the Gravity experiment 

and the event horizon telescope will allow one to test our theory of gravity and 

fundamental physics with an unprecedented precision. With these new 

observational windows, we could test the adequacy of general relativity (GR) to 

describe the strong-field regime of gravity; new fundamental fields beyond the 

standard model, or new kinds of compact objects, could challenge our 

understanding of dark matter (DM) and dark energy, or matter in extreme density 

regime. 

However, such detections strongly rely on our capability to have a bank of precise 

waveform templates to be matched-filtered against the data. Currently, we only 

have full waveform templates for general relativity, and tests of gravity are done by 

parametrising phenomenological deviations from these GR waveforms. In order to 

be able to perform complete and precise tests of gravity, we should model all 

possible new effects that could arise in modified theories of gravity. This can only be 

done by having full waveform models for particular alternative theories of gravity.  

This thesis proposal consists in deriving specific waveform models in alternative 

theories of gravity using perturbative techniques such as the post-Newtonian 

formalism. Such perturbative methods are the only one that allow to describe the 

tens of thousands of cycles during the inspiral phase of the coalescence. The full 

waveform is then obtained by incorporating numerical results describing the 

merger. Our goal is to have an alternative bank of templates to be used by the GW 

detectors in order to test gravity in the strong-field regime with high precision. Such a 

proposal falls particularly well in the initiative "Physique des deux Infinis" as GWs are 

perfect laboratories to tests strong-field effects and fundamental physics in 

alternative theories of gravity. Such theories are motivated either in cosmology to 

challenge the cosmological constant problem (e.g. scalar-tensor theories), or at 

high energy as candidates for a quantum theory of gravity (e.g. Lorentz-violating 

theories).  

The use of the post-Newtonian formalism is particularly well-suited to describe the 

inspiral part of the coalescence as it applies to slow motion and weak gravitational 

fields. It has been very successful in GR to obtain the waveform templates currently 

used to analyse the GW data from the signal. Our goal is to adapt it to the 

specificities of some alternative theories of gravity such as scalar-tensor theories.  

During the first part of the thesis, we will focus on scalar-tensor theories and we will 

compute the gravitational flux and the scalar and gravitational waveforms at the 

third post-Newtonian order beyond the leading dipolar emission. In the second part 

of the thesis, we shall extend the previous results to other modified theories of 

gravity, trying to build an effective way to construct waveform models in alternative 

theories of gravity. 

The thesis will be directed by Luc Blanchet and Laura Bernard, who have 

complementary skills for this project. Luc Blanchet has been developping the post-

Newtonian formalism for almost fourty years and is a world-leading expert in the field 
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[1]. Laura Bernard has a very good knowledge of alternative theories, and 

especially of scalar-tensor theories, to which she has recently applied the post-

Newtonian formalism to obtain the dynamics of compact binaries at the third post-

Newtonian order [2,3]. 

The PhD student will have to have a master degree in theoretical physics or 

astrophysics, with a very good knowledge in mathematics and theoretical physics.     
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