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AS34 Modeling the near-IR emission of star-forming regions and active black holes 

The two main processes that regulate the evolution of galaxies are the formation of stars and the growth of the central 

supermassive black hole. Therefore, to better understand how galaxies evolve across cosmic times, we need methods 

to observationally distinguish between galaxies dominated by star-formation and those dominated by an active black-

hole. 

Several diagnostic diagrams exists, but most of them use optical emission lines which are unreliable in dusty obscured 

environments. It is now thought that a major part of the star-formation and black-hole accretion in the Universe take 

place in these dusty environments, so diagnostics using different wavelengths less affected by extinction, like the 

near-IR, are particularly useful. 

The near-IR spectral range (1 to 2.5 micron) is rich in atomic emission lines from various species as well as molecular 

H2 transitions. In this project, we will model the intensities of these near-IR transitions as a function of the energy 

source (young stars or black hole accretion) to compare with observations and commonly used near-IR diagnostic 

diagrams. To do so, we will use the photo-ionization code CLOUDY, which includes a detailed treatment of the 

atomic physics and radiative transfer in the interestelar medium. Experience using Python, IDL, or any programming 

language able to produce plots and handle large datasets will be helpful. 

Supervisor: Dr M Pereira Santaella  

Email: miguel.pereira@physics.ox.ac.uk 

 

AS33  Space Warps: Crowd sourcing the discovery of gravitational lenses  

The phenomenon of gravitational lensing, predicted by general relativity, produces some of the most spectacular 

astronomical images seen. A single galaxy, group or cluster of galaxies can act as “cosmic telescopes” amplifying and 

magnifying the light of distant galaxies lying behind them into multiple images, rings or arcs. The separation or 

deflection of the lensed images is determined by the total mass (dark and light) of the foreground lensing galaxy. This 

project involves analysing strong gravitational lenses discovered by members of the public as part of the Galaxy Zoo 

and Space Warps (spacewarps.org) Zooniverse projects. Strong gravitational lenses have a variety of astrophysical 

and cosmological applications, in this MPhys project we focus on understanding the distribution of mass in the lenses, 

and the nature of the distant lensed galaxies. The project will be centred on analysing spectroscopic data already in 

hand to determine the nature of the lens and place constraints on the lens model, mass and distribution of dark matter. 

The student will be guided through existing data reduction and analysis software packages. Therefore candidates 

should be comfortable with basic programming, and some experience with IRAF would be advantageous, but not 

essential.  There will also be opportunity to liaise with citizen lensing enthusiasts participating in Space Warps. 

More information 

Aprajita Verma (aprajitaverma1@gmail.com, https://www2.physics.ox.ac.uk/contacts/people/verma) 

Supervisor: Dr A Verma  

Email: aprajita.verma@physics.ox.ac.uk 

 

AO26 Retrieval of H2SO4 from IASI measurements 

Sulphuric acid (H2SO4) aerosols are important modifiers of climate because they reflect solar radiation.  The principal 

source of H2SO4 aerosols is volcano-emitted sulphur dioxide that is oxidised to H2SO4 (gas) before condensation into 

particles. 

Satellite infrared spectrometers (such as IASI) are used to detect and retrieve different atmospheric constituents, e.g. 

aerosol and gases. Measurements of SO2 and H2SO4 can be particularly important to quantify climatic effects of 

volcanic plumes that reach the stratosphere - such as Nabro (2011), Kelut (2014) and Calbuco (2014) - where the 

volcanic aerosols affect the atmosphere for months after the eruption. 



In this project the student will: 

(i) add the H2SO4 droplet optical properties to the present IASI aerosol retrieval scheme; 

(ii) apply the retrieval to obtain H2SO4 optical depth and effective radius and the mass of erupted  H2SO4; 

(iii) study the information content and perform an error analysis of the retrieved H2SO4. 

The focus of this work will be on the Calbuco eruption (April 2015) where preliminary work shows an H2SO4 signal 

that persists for more the 10 days together with an SO2 plume. If time permits, the existing SO2 amounts and the 

H2SO4 retrievals will be used to quantify the rate of conversion of SO2 into H2SO4. 

Supervisors: Dr E Carboni and Dr R G Grainger                 

Email: elisa.carboni@physics.ox.ac.uk ; Don.Grainger@physics.ox.ac.uk 

 

AO25 Hunting Martian devils 

 Europe’s first Mars lander has launched successfully and is due to land on Mars on 19 October 2016. 

It carries a wind sensor built in Oxford, and will also measure pressure, temperature, light levels and atmospheric 

electric field. 

The student will plot Mars weather variables, analyse turbulence, and look for correlations between turbulent gusts 

and electric field activity. 

In particular, the student will search for the tell-tale signs of “dust devils”: convective vortices which pick up dust 

from the surface, and which may generate lightning. 

This project will be entirely computer-based, using IDL or Matlab programming languages. 

Supervisors: Dr C Wilson and Dr K Aplin                 

Email: Colin.Wilson@physics.ox.ac.uk; karen.aplin@physics.ox.ac.uk 

AO24 Correction for atmospheric  delays in  the  Interferometric Synthetic Aperture Radar (InSAR) data 

processing 

Correcting for atmospheric delays is one of the largest challenges facing the interferometric  synthetic  aperture  radar  

(InSAR)  community  (Hooper  et al., 2013).  In fact,  tropospheric  and  ionospheric  signals  in InSAR  data  tend  to  

mask smaller surface displacements due to geological phenomena (e.g., fault activity, landslide and subsidence; Rosen 

et al., 2000). 

Tropospheric signals consist of a short-scale (few km) component,  introduced by turbulent as well as coherent 

dynamics in the troposphere,  a longer-scale (10s   of   km)   component,   introduced   by   lateral   variation   of   

pressure, temperature  and  humidity,  and  a topography  correlated  component  due  to changes of pressure, 

temperature, and relative humidity with height. 

Until now the tropospheric correction in InSAR results have considered the use of one of the following methods: 

integration of weather models, GPS measurements, multi-spectral observations (e.g. from the Medium Resolution 

Imaging Spectrometer (MERIS) onboard the Envisat satellite; or the Moderate Resolution Imaging Spectroradiometer 

(MODIS) onboard the Terra and Aqua satellites), or GPS in combinations with spectrometer data. 

However, the different tropospheric correction techniques all have their own limitations, and are not always sensitive 

to the same component of the tropospheric delay and, therefore, none of them can be considered the best in reducing 

the tropospheric delays consistently over different regions and times (Bekaert et al., 2015). 

In this project, the student will focus on the reduction of tropospheric (and eventually ionospheric) noise in InSAR 

data through the integration of different tropospheric correction methods. 

The project will involve the use and development of Matlab computer code, previous Matlab knowledge will thus be 

desirable though not a pre-requisite. 

Suggested reading: 

Bekaert, D.P.S., Walters, R.J., Wright, T., Hooper, A.J., Parker, D.J., 2015. Statistical comparison of InSAR 

tropospheric correction techniques. Remote Sensing of Environment, 170 40–47. 

http://dx.doi.org/10.1016/j.rse.2015.08.035 



Hooper, A., Pietrzak, J., Simons, W., Cui, H., Riva, R., Naeije, M. Socquet, A. (2013). Importance of horizontal 

seafloor motion on tsunami height for the 2011 Mw = 9.0 Tohoku-Oki earthquake. Earth and Planetary Science 

Letters, 361, 469–479. http://dx. doi.org/10.1016/j.epsl.2012.11.013 

Rosen P.A., Hensley S., Joughin I.R., Li F.K., Madsen S.N., Rodríguez E., Goldstein R.M., 2000. Synthetic Aperture 

Radar Interferometry. Proceedings of the IEEE, 88, 333-382. 

Supervisors: Dr A Novellino and Dr C Wilson 

Email: alessandro.novellino@geomaticventures.com; 

Colin.Wilson@physics.ox.ac.uk 

A&L22 Revealing ground state symmetries through analysis of occupation numbers 

A recent breakthrough in quantum information theory has shown that fermionic occupation numbers do not only obey 

Pauli’s exclusion principle but are even further restricted by so-called generalized Pauli constraints (GPC) [1]. 

Various recent studies of concrete systems have confirmed the physical relevance of the GPC for ground states (see 

e.g. [2,3]): The corresponding occupation numbers were found to (approximately) saturate some GPC. This so-called 

pinning effect leads to a variety of remarkable implications. One of them is that it implies a 1-particle symmetry of the 

corresponding N-fermion quantum state which particularly implies significant structural simplifications [4]. In this 

project these 1-particle symmetries should be explored and described for various known systems exhibiting the 

pinning effect. Can we obtain a closed form for the generators of those symmetries as function of the position and 

momentum operator? What is the physical meaning of those operators/symmetries? The most promising approach 

might be to exploit a phase space notation, i.e. to first determine the Wigner functions of those generators (initially 

given only in a second quantization notation) and then `quantize’ them be reintroducing position and momentum 

operators (while facing the ordering problem).   

[1] M.Altunbulak, A.Klyachko, Commun. Math. Phys. 282, 287 (2008) 

[2] C.Schilling, D.Gross, M.Christandl, Phys. Rev. Lett. 110, 040404 (2013) 

[3] F.Tennie, D.Ebler, V.Vedral, C.Schilling, arXiv:1602.05198 (2016) 

[4] C.Schilling, Phys. Rev. B 92, 155149 (2015) 

Requirements: Strong analytical background, basic knowledge of harmonic oscillator states and phase space 

concepts 

Supervisors: Dr C Schilling and Prof V Vedral     

Email: Christian.Schilling@physics.ox.ac.uk, vlatko.vedral@qubit.org 

 

CMP23 Preparation and physical properties of a new candidate Weyl semi-metal  

In recent years there has been great interest in materials whose electronic structure has topologically non-trivial 

features. Weyl semi-metals have two linearly dispersing electron bands which cross at points called Weyl nodes 

which lie at the Fermi energy. The electronic quasiparticles are massless chiral fermions, similar to those in graphene, 

but in Weyl semi-metals the nodes are robust against small perturbations in the structure.  Only a small handful of real 

materials are known to behave as Weyl semi-metals. In this project you will investigate a new phase, TaIrTe4, which 

has been predicted to be a new type of Weyl semi-metal. You will perform measurements on single crystals of 

TaIrTe4 to establish its physical properties. You will also synthesize a series of related compounds RIrTe4, where R = 

a rare-earth ion. The R ions have a magnetic moment, and you will explore whether the moments order at low 

temperature. Magnetic order would perturb the Weyl fermions and could influence the electrical properties. The 

measurements as a function of temperature will be performed with a SQUID magnetometer and an electrical transport 

probe.  

Supervisors: Dr D Prabhakaran and Prof A Boothroyd      

Email: dharmalingam.prabhakaran@physics.ox.ac.uk, Andrew.Boothroyd@physics.ox.ac.uk 

 

CMP24  Investigation of the phase diagrams of doped spin ice  

mailto:vlatko.vedral@qubit.org


A spin ice is compound with many possible ground states having almost the same energy, which owing to its crystal 

structure is analogous to the arrangement of hydrogen atoms in water ice. The best known examples are Dy2Ti2O7 

and Ho2Ti2O7. Spin ices have very interesting statistical mechanics. In particular, there are low energy excited states 

that behave like magnetic monopoles. The statistical properties are changed when different ions are substituted 

randomly for Dy or Ti, and this has been the subject on recent interest. In this project you will investigate what 

happens when some of the Ti4+ is replaced by Sc3+. The different charge states of these ions results in changes in the 

local structure and magnetism and, eventually, a change in the global crystal structure. This is an experimental project 

in which you will synthesize samples of Sc-doped Dy2Ti2O7 and Ho2Ti2O7 and make a systematic study of their 

crystal structure and magnetization as a function of Sc concentration by X-ray diffraction and SQUID magnetometry. 

There will also be an opportunity to perform electrostatic calculations of the crystal field in order to model the 

magnetic data.  

Supervisors: Dr D Prabhakaran and Prof A Boothroyd      

Email: dharmalingam.prabhakaran@physics.ox.ac.uk, Andrew.Boothroyd@physics.ox.ac.uk 

 

TP16 Designing synthetic molecular motors 

A most fascinating aspect of the busy life in a living cell is active transport. In the nanoscale world where thermal 

agitations are wild, miniature machines called molecular motors convert chemical energy – by breaking down 

energetic molecules - directly into useful mechanical work, in the form of carrying cargo or sliding muscle fibres 

against one another. These molecular machines are remarkable and incredibly complicated. While it will be difficult 

to imagine fabricating such sophisticated machines in the lab, one would naturally wonder if it is possible to design 

more simplified machines with similar functionalities. 

We aim to construct a simple model that is equipped with a catalytic mechanism to extract free energy from the 

breakdown of certain fuel molecules and actuate the required shape changes using electrostatic interactions. The 

motor will have enzymes on board, which catalyze chemical reactions that involve ionic products. This allows the 

system to convert a biochemical cycle to a mechanochemical cycle, and develop a chemically powered molecular-

scale actuation mechanism. When the ions are still attached to the enzymes, electrostatic interaction between them and 

other charged elements of the motor can lead to conformational changes. We aim to study how such a motor could 

stochastically walk along a solid substrate, which would have the right complementary charge pattern to allow for a 

processive movement of the motor. The stasticial physics will be built into the study using master equations, and the 

Langevin dynamics formalsim. The model will be studied analytically and numerically. 

Supervisor: Prof R Golestanian   

Email: Ramin.Golestanian@physics.ox.ac.uk 

 

TP17 Twitching motility of bacteria near surfaces 

Bacteria move around using all kinds of ingenius mechanisms, and have an astonishing ability to adapt their motility 

strategy to the physical conditions of the environment. A number of bacteria (such as Pseudomonas aeruginosa) utilise 

a strategy that is termed as twitching motility, when they are settled on solid surfaces. This essentially amounts to 

catapulting many microscopic muscle fibres along random orientations until they hit a suitably stirdy anchor point, 

“measuring up” how things are along each of these, and deciding which way is best to proceed by pulling a bit more 

on the relevant muscle fibre and perhaps breaking off one or two fibres at the back (that will be retracted and prepared 

for the next catapult shot).  

We aim to study this process by constructing a simple mechanical model that has the right ingredients in terms of the 

dynamics (elasticity, friction, noise), and examining analytical and numerical solutions of the simple dynamical 

equations (Langevin dynamics). 

Supervisor: Prof R Golestanian   

Email: Ramin.Golestanian@physics.ox.ac.uk 

AO22      Exploring interactions between climate change and economic growth 



Integrated assessment models (IAMs) are widely-used tools for climate change policy analysis, addressing questions 

such as determining the level of carbon tax required to stabilise temperatures at 2 degrees above pre-industrial (or, 

following the Paris Agreement, “well below 2 degrees”). Current IAMs include a rather limited representation of 

potentially non-linear feedbacks between climate change and the rate of economic growth. While there is a literature 

dating back decades on non-linear climate change and an entirely separate literature on non-linearity in macro-

economics, much less has been written on possible non-linear interactions between the two. This project will begin 

from a simple linear climate model coupled to idealised representations of global damage and the global economy to 

explore how interactions between climate change and economic growth might result in interesting behaviour in IAMs, 

such as bifurcations (sometimes called “tipping points”) between different climate policy regimes. 

The student will have to be familiar with the chaos components of the B1 course. Having attended the S-25 option 

would be helpful, but not essential (notes are on weblearn). Familiarity with some form of mathematical programming 

language such as matlab or IDL would be helpful, and an interest in economics and interdisciplinary problems 

essential. 

Background reading: The Climate Casino: Risk, Uncertainty, and Economics for a Warming World by William 

Nordhaus, and for a our starting point see Allen (2016), “Drivers of peak warming in a consumption-maximising 

world”, Nature Climate Change, http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2977.html  

Supervisors: Prof M Allen           

Email: myles.allen@ouce.ox.ac.uk 

 


