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Topic

Sensitivity of the Advanced Virgo gravitational wave detector: quantum noise lim-
its

Context

Virgo is a gravitational wave detector located close to Pisa in Italy. It is an interfer-
ometer with arms of length 3 km. Since 2007, a tight collaboration has started with
the LIGO scientific collaboration, who maintain two interferometers located in the
United States. Both data analysis and the parameter estimation of the detected
sources of gravitational waves are improved by the synchronisation and sharing of
the data between the two experiments.

A new astronomical window has been opened with the announcements by the
LIGO-Virgo collaborations of gravitational wave events from binary black hole and
binary neutron star coalescences observed by the network of three detectors. The
latter has lead to a multi-wavelength electromagnetic observation campaign to un-
derstand the nature of the resulting gamma-ray burst and relativistic outflow from
the merger. This is the start of gravitational wave astronomy, and a demonstration
of the power multi-messenger observations.

Over the next few months the Virgo detector undergo improvements. The mir-
ror suspensions will be exchanged from steel wires to glass fibers in order to reduce
thermal noise, and a higher power laser and vacuum state quantum squeezer will
be installed in order to reduce quantum noise. In April 2018 the commissioning
of the detector will resume in order to achieve a better sensitivity and science data
taking jointly with LIGO is planned for one year starting at the end of 2018.

An important goal during this commissioning will be to reduce the quantum
shot noise, both by increasing the laser power and by reducing the quantum fluctu-
ation in the light phase degree of freedom by squeezing the light quantum state.

Description

The internship will take place during the commissioning of Advanced Virgo, the
purpose will be to characterize, understand and guide the improvement of the Virgo
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noise at high frequency in the shot noise dominated region. This will require under-
standing how quantum noise limit the sensitivity, and what operational parameters
influence it. But also understanding technical noise sources that are present at high
frequency, such as laser frequency noise and photo-diode electronic noise.

This training experience on the interface between detector and analysis can nat-
urally lead to a PhD thesis on the advanced Virgo noise budget. The noise budget
is a central part of the Advanced Virgo commissioning. It requires understanding
the physics of each subsystem of Advanced Virgo and coordinating with the team
responsible for that subsystem to measure and model its noise sources and track the
evolution over time. The noises can change rapidly during detector commission-
ing as the different systems are tuned, but can also deteriorate suddenly because
of hardware malfunction. The noise budget is also a critical tool for planning the
future of Advanced Virgo development in the next few years, aiding in choosing
which upgrades are most critical for improving the scientific performance and what
are the ultimate sensitivity possibilities in the available infrastructure.

The goal would be to continue the development of a Matlab simulink model
of different noise propagation in the full interferometer. In particular to develop
a self consistent model of the optical response and quantum noise in the presence
of squeezed light in the frequency independent and frequency dependent case, and
include the impact of the signal recycling mirror that is planned to be installed in
2020.

In addition, several unexpected technical noise source may be discovered in
the Advanced Virgo sensitivity, this noises will need to be first understood and
then implemented into the noise budget either into the fully self-consistent picture
or as an additonal noise that is external to the model.

PhD grants

• A dedicated grant from the European Gravitational Observatory
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