Australia-France PhD Projects
 Gravitational Waves & Gamma Ray Astronomy

Nice Observatory and The University of Western Australia

This document describes a set of collaborative PhD Projects between Nice Observatory (a joint institution of CNRS and University of Nice) and The University of Western Australia, School of Physics (Australian International Gravitational Research Centre and Zadko Telescope Project)
The University of Western Australia (UWA) and Nice Observatory have common research interests in the following areas: 

· Gamma Ray Bursts (Observation and Theory) and Multimessenger Astronomy.

· Gravitational Wave Detection: data analysis and signal extraction.

· Experimental Techniques for Gravitational Wave Detection
· Applications to new Instrumentation and Devices.

We jointly offer PhD projects in which students will be enrolled in one institution but will participate in research at both institutions. A student enrolled at one institution will have an external supervisor at the other institution. 
Nice Observatory is a member of the Virgo Collaboration, which is building the Virgo gravitational wave detector at Cascina, Italy, one of the three detectors expected to make the first direct detection of audio frequency gravitational waves. UWA is a member of the LIGO Scientific Collaboration, and operates the remote Gingin gravitational wave research facility located in beautiful bushland 80km from Perth.

Nice Observatory is a historic observatory set in spectacular location overlooking the French Riviera. The University of Western Australia is among the world’s top 100 universities and has one of the world’s most beautiful university campuses. CNRS is one of the world’s leading research institutions.

We are jointly offering 11 PhD projects in the areas of astronomy, physics, and engineering, which are described below. If you join the program you will do an important and exciting PhD in an international context. Each PhD project will be adjusted to match the skills and experience that you bring to the project, with time at each institution determined in discussions between you and your potential supervisors.
Contacts

If you are interested in any of the projects listed below, and you are qualified to enrol for a PhD at either The University of Western Australia or The University of Nice, you should contact one of the following people to express interest and determine how to win a funded position either in Australia or France.
ARTEMIS, Nice Observatory: 

Prof Catherine-Nary Man: Nary.Man@oca.eu
Prof  Jean-Yves Vinet: Jean-Yves.Vinet@oca.eu
Prof Michel Boer: Michel.Boer@unice.fr
Prof Gilles Bogaert: bogaertgb@gmail.com
The University of Western Australia:

Prof David Blair: david.blair@uwa.edu.au
Prof David Coward: David.Coward@uwa.edu.au
Prof Linqing Wen: linqing.wen@uwa.edu.au
Collaborative PhD Projects
1. Gamma-ray bursts (GRBs)
The nature of gamma ray bursts is still uncertain. They are the most powerful electromagnetic bursts in the Universe, and are thought to involve the birth of black holes. They are detected in space and followed up by ground based optical telescopes. CNRS operates the TAROT robotic telescope network that responds automatically to triggers from space x-ray and gamma ray telescopes. One of the TAROT network telescopes is the Zadko telescope at Gingin, Western Australia.
These projects will give students a broad background in relativistic astrophysics, robotic astronomy and observational astronomy.
Specific projects include:  

· Observational studies of selected GRBs.

· Key questions: what is the beaming angle of GRBs? What is the nature of the progenitors?  How are GRBs connected to supernovae?
· Population studies of GRBs.

· Key questions: what is the rate GRBs in the universe? What fraction of GRBs can be detected by gravitational wave detectors? Are afterglows detectable in the absence of a GRB trigger?

· Discovery and detailed spectroscopy of nearby supernovae.

· Key questions: how are GRBs connected to supernovae. Are GRB connected with supernovae from a different class? Early detection of the supernova shock breakout and supernovae-GW connection?

2. Gravitational wave data analysis
The new generation of gravitational wave detector, Advanced Virgo and Advanced LIGO are the first detectors designed to detect a known population of gravitational wave sources at a reasonable rate. New data from these detectors will be available from 2015-16. Many types of signal can be extracted from the detector noise. Different projects focus on extracting different types of predicted signal. 
These projects will give students skills in supercomputing and the manipulation of large data sets, plus a broad knowledge of gravitational wave astronomy. 
Specific projects include:

· Stochastic background signals: Search for the background signals from all the gravitational wave events in the universe:

· Key questions: what is the upper limit on this background signal? Can we determine the star formation history of the universe? What is the upper limit of black hole binary systems in the universe.

· Coalescing Neutron Star Binaries: search for signals from the coalescence of two neutron stars.

· Key question: Are gravitational wave signals correlated with gamma ray bursts? 

3. Experimental techniques for gravitational wave detection
To achieve high sensitivity gravitational wave detectors need to use high optical power. This introduces new physical processes never previously observed. One in particular is the possibility of three-mode interactions in which laser light scatters with acoustic vibrations to create a new optical mode in the cavity. This phenomenon has been shown to give rise to possible instabilities in the detectors, but also a means of monitoring and controlling the optical state of the gravitational wave detector to very high precision. 
These projects will give students state of the art skills in opto-mechanics, lasers, precision measurement and gravitational wave detection. 
Specific projects include:
· Observation of three mode interactions to predict parametric instability.

· This project will include measurement of three mode interactions at Gingin and at the Virgo detector combined with modelling to help to identify acoustic modes.

· Key questions: how do mirror imperfections affect three mode interactions? 
· Extraction of control signals from three-mode interactions.

· This project will use modelling and observations to develop algorithms to enable three mode interactions to be used to control laser interferometers

· Key question: can unique control data be obtained from observed acoustic modes?  

· Experiments to control parametric instability using optical or magnetic feedback.
· This project involves testing feedback schemes at Gingin and then applying them at the Virgo interferometer.

· Key question: can instabilities always be suppressed by feedback?
4. Applications to new Instrumentation and Devices.

Fundamental research always requires the development of new techniques and frequently leads to new technologies that have important benefits in other areas. Gravitational wave technology involves frontier studies of the interactions of photons with mechanical systems. Here we offer three projects that use state-of-the-art gravitational wave technology to create opto-mechanical devices of relevance to communications, quantum computing and quantum measurement.
These projects will give students state of the art experience in cavity opto-mechanics, macroscopic quantum mechanics in the ambience of the quest to detect gravitational waves.
· Opto-acoustic parametric amplifiers

· Three mode interactions discovered in the context of gravitational wave detectors can be used to create a new type of amplifier that uses laser light to amplify acoustic vibrations. Such devices have many applications in quantum memory, the creation of quantum entanglement, and the cooling of macroscopic resonators to the quantum ground state.

· Key question: can practical opto-acoustic amplifiers be engineered to be useful devices for other fields?

· White light cavities and ultra-narrow line-width cavities

· Opto-acoustic interactions can be used to create new types of optical cavity with unique properties. One application can create a white light cavity: a low loss optical cavity that is resonant over a broad band of frequencies. This apparently contradictory phenomenon is possible because of the special properties of opto-mechanical interactions. In a slightly different form the same technology can create optical cavities with resonant line-width 1000 times smaller than can be created using optics alone.
· Key question: can opto-mechanical devices attain the stability and functionality to be used in practical situations?
· Optical dilution.

· Another application of opto-mechanics is the creation of mechanical resonators where almost all of the restoring force is provided by light. Such resonators can in principle be nearly lossless and hence have negligible thermal noise, therefore allowing measurements limited only by quantum processes.
· Key question: can a 100kHz mechanical resonator be attained using light as the restoring force?

