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Gravitational waves are produced by the accelerated motion of massive
objects, changing the curvature of space and time. In binary systems,
where neutron stars or black holes orbit each other, their interaction
modifies the curvature of space-time and emits energy in the form of
gravitational waves. Detecting gravitational waves is extremely chal-
lenging because of their weak interaction with matter. Measuring the
minuscule strain caused by gravitational waves using gravitational wave
detectors poses significant challenges, as various sources of noise mask
the signal, requiring advanced mitigation techniques for effective sup-
pression.

In the first part of the dissertation I look at a specific source of noise
known as seismic Newtonian noise. This type of noise arises from local
density variations due to seismic wave propagation and introduces ad-
ditional gravitational pull on the test masses, causing them to move.
Newtonian noise can potentially limit the sensitivity of advanced de-
tectors in the low frequency range up to 15Hz. In particular, it is a
significant source of noise for third-generation detectors, which aim to
achieve improved low-frequency sensitivity. Low-frequency sensitivity is
essential for better observations of our target astronomical sources, such
as pulsars and massive black hole mergers, etc. Therefore, it is imperat-
ive to explore methods to mitigate the Newtonian noise. I have shown
that this noise can be reduced for surface detectors by creating cavities
around the test masses. This technique has significant implications for
the design of future surface detectors so that Newtonian noise can be
minimized.

For site-specific noise mitigation, it is important to understand the
primary sources of seismic noise. I have therefore carried out detailed
seismic analyses to characterize the spatial and temporal characterist-
ics of the seismic field. This technique provides valuable insights into
seismology and geoscience. Understanding the sources, velocities and
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propagation directions of seismic waves has applications in earthquake
studies and environmental monitoring. The propagation of seismic waves
is influenced by the subsurface geology. By studying these waves, re-
searchers can obtain information about the composition and structure
of the Earth’s subsurface. I have used comprehensive seismic field in-
formation, including details of the subsurface structure, to calculate the
reduction in Newtonian noise for the Virgo gravitational wave detector.

As mentioned above, third generation detectors such as the Einstein
Telescope and Cosmic Explorer are expected to have improved sensitiv-
ity compared to detectors currently in operation. For the Einstein tele-
scope, two topology options are being considered by the collaboration:
the L-shape and the triangular topology. Understanding which topology
of the Einstein telescope will lead to better scientific results is crucial
for determining the final configuration. Therefore, the decision on the
topology has to be made soon. In the second part of my dissertation,
I analyze how the two different topologies of the Einstein telescope (L
versus triangle) affect the accuracy of sky localisation within networks of
third-generation gravitational wave detectors. The L-shaped topology of
the Einstein telescope considered here consists of two co-located detect-
ors with an aperture angle of 90◦, one of which is oriented at an angle of
45◦relative to the other. The proposed triangular setup consists of three
detectors arranged in an equilateral triangle with a 60◦aperture angle.
In particular, improved gravitational wave detectors have the potential
to have a more significant scientific impact.

The triangular configuration has an additional advantage in that
it contains a redundant number of detectors that can produce a null
stream. In the general case, the null stream can be constructed by
combining data from the network of detectors while canceling out the
underlying gravitational wave signal. Canceling out the signal requires
prior knowledge of the source location. However, the null stream for the
Einstein telescope, with its triangularly arranged detectors, does not de-
pend on the source location. This feature distinguishes the triangular
configuration from others and makes it unique in its ability to generate
a source location independent null stream. In the dissertation, I have
demonstrated the usefulness of this null stream using rigorous analysis
and specialized techniques for source localisation and detector calibra-
tion. To measure the gravitational wave signal accurately, we need to
understand the response of the gravitational wave detector as precisely
as possible. This requires knowing the parameters of the gravitational
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wave detector with high precision. The process of determining these
parameters is known as calibration. The technique I have developed
using the null stream has the potential to have a significant impact on
improving the calibration of all three detectors of the Einstein telescope.
The null-stream methods can be applied to any instrument that has a
redundant number of outputs compared to the number of parameters
being evaluated.
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