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Abstract: 

It has now been two decades since Bayesian parameter estimation routines were first 
introduced for studies in gravitational waves and cosmology. Bayesian statistical approaches 
have become extremely important for these disciplines; their use is ubiquitous and helped to 
significantly advance our knowledge of the universe and its history.  
 
On 14 September 2015, Advanced LIGO made the breakthrough of the first detection of 
gravitational waves — ripples in the fabric of space-time caused by accelerating massive 
objects. Predicted by Einstein in 1918 as a consequence of general relativity theory, in this 
case they were produced by a binary black hole system. Rainer Weiss, Kip Thorne, and Barry 
Barish were jointly awarded the 2017 Nobel Prize in Physics for their discovery.  Since then, 
Advanced LIGO/Advanced Virgo have announced the detection of further black hole binaries 
and the spectacular neutron star merger (the first cosmic event observed in both gravitational 
waves and light, on 17 August 2017).  
 
In my talk, I shall review the Bayesian computational methods that enabled the estimation of 
the waveform parameters, such as the masses of the black holes and their distance to earth. 
 
A major focus of current research has been on a more robust nonparametric noise 
characterization aimed at simultaneous estimation of the noise spectral density and the 
gravitational wave parameters. To this end, I shall propose and demonstrate a novel 
semiparametric Bayesian approach based on a generalisation of Whittle’s likelihood to 
estimate the spectral density as the main nonparametric characteristic of stationary time 
series. The problem of estimating the characteristics of noise in unison with a signal is critical 
now for LIGO/Virgo, and it might be even more important for the Laser Interferometric 
Space Antenna (LISA) mission to be launched in 2034. The low-frequency window (below 
one Hertz) where the heaviest and most diverse objects are expected, will be accessible to the 
space-based LISA interferometers. However, LISA will also be swamped by galactic 
confusion noise, mainly stemming from short-period galactic white dwarf binaries.  If robust 
Bayesian methods can be developed to handle this confusion noise, LISA will take us further 
towards the detection of a primordial gravitational wave background, the remnant of the Big 
Bang. 


