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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
naturally lead to a PhD thesis. Two possible direction are:

Instrument - expand to other noise sources the study of coupling to the inter-
ferometer, progressively building a global view of the instrument and what
are the noise sources that limit the sensitivity. These noises may be station-
ary, e.g. quantum, thermal, electronic, ... with couplings that depend on
the instrument fine tuning. But some noises are transient, like lightnings,
scattered light, electronic saturations, etc. Understanding these noises will
improve the detector and the data analysis methods used for gravitational
wave searches.

Data analysis - the LAPP team is leading the development of a low latency search
of binary coalescences with black holes and/or neutron stars. This search
can be extend to include online the information from gamma-ray satellites,
and create fast alerts for deep multi-wavelength followup observations of
gamma-ray bursts, such as demonstrated by GW170817 / GRB 170817A.
The results from the 2018-2019 observations will be combined to understand
the binary neutron star mergers in terms of astrophysical population, such the
merger rate and the collimation of the relativistic outflow.

Possible grants

• Grant from “École Doctorale”.

• Depending on the candidate University course, it may be possible to ask for
a grant called “BDI” at CNRS.
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