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Foreword

The MPhys project, as a major part of the MPhys course has often been considered the most enjoyable part of 
the course. From the comments made by students over several years, many students get a real buzz from a good 
project.	Read	this	booklet	carefully	to	find	out	which	projects	are	available	and	what	you	have	to	do.

You will start your Major Option Classes and your MPhys project Michaelmas Term 2018. You may be given 
some reading or work to do over the long vacation, and you will therefore be a little better informed and prepared. 
The	project	may	be	your	first	insight	into	life	in	a	physics	research	group	and	be	a	chance	to	see	developments	
at	the	cutting	edge	of	the	subject.	It	is	also	a	first	look	at	problems	whose	solution	may	well	be	unknown,	to	
both you and your supervisor.

To get the most out of your project you must choose carefully and prepare well. Contact potential project su-
pervisor early and please complete the project choice form  (available online) by the end of 6th week.  

Please do contact me or the Assistant Head of Teaching (Academic) if you have any questions.

 Prof. Hans Kraus, Head of Teaching

The information in this handbook is accurate as at 23 April 2018, however  there may be changes,  in particular 
to the projects listed.

MPhys Industrial Projects

Introduction to MPhys Industrial Projects

Industrial MPhys projects are being offered from 
October 2018, following the success of the BA 
industrial project scheme. These projects are pro-
posed and led by an external company, driven by 
physics-related problems. These problems will 
improve your employability and transferable skills 
in an increasingly competitive jobs market. Some 
of the companies are also actively looking to hire 
graduates. We are working with the new Oxford 
Foundry to provide more general support and train-
ing in entrepreneurship, and events are planned 
throughout the academic year for those students who 
are registered on an industrial project. 

You will be supervised mainly by the industrial 
supervisor, with additional support from an Oxford 
co-supervisor. You are expected to have regular 
(typically weekly) interactions with the industrial 
supervisor, just as if they were based in the Physics 
Department. Modest funding is available for visits to 
the company – there will clearly be some variation 

across projects, for example regular visits to a local 
company by bus are feasible, but if the company 
is further away less frequent visits are anticipated, 
or your supervisor may prefer to visit you. The 
Oxford co-supervisor will normally have more of 
an oversight role – they will, for example, prepare 
a risk assessment for experimental work, and you 
should talk to them if you have problems with your 
industrial supervisor. 

In every other respect (allocation, reports, assess-
ment) the industrial MPhys projects are identical 
to the MPhys projects offered from within Phys-
ics. Projects are allocated in the same way as, and 
alongside, the MPhys projects, so you can apply 
for a mixture of project types. If you would like 
to discuss a project before applying for it, please 
contact	the	Oxford	supervisor	in	the	first	instance,	
who can make an introduction to the company. For 
projects where we have not yet allocated an Oxford 
supervisor, please contact Dr Karen Aplin, karen.
aplin@physics.ox.ac.uk.
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How to go about choosing a project

Around two thirds of the 4th year students may expect 
to be allocated one of  their choices of project. For 
the remaining third we try to allocate a project in a 
similar area of interest and also taking the students 
choice of Major Options into account.  Some projects 
are more popular than others, for instance projects 
relating to Biophysics, therefore you are advised to 
select carefully your lower choices. Perhaps there is a 
project that you would like to do, but this is not listed 
in this handbook, in which case you may approach 
potential supervisors with your ideas. 

Please inform the Assistant Head of Teaching (Aca-
demic) of the topic, the title and the supervisor, if 
you have made your own arrangements. You are also 
encouraged to write a short statement if you have 
any particular strengths or experience relating to 
your choices, or if you are choosing a project with 
your future career in mind.

Although every effort is made to include all pos-
sible information about and on the MPhys projects 
offered, new projects may become available after the 
publication of the MPhys Projects Trinity Term and 
infrequently a project may have to be withdrawn. All 
changes will be published at http://www2.physics.
ox.ac.uk/students/undergraduates.

Project allocation

Projects are allocated by the Assistant Head of 
Teaching (Academic) using the student’s choices 
on their MPhys Project Choices form which is cir-
culated via WebLearn. 

For the allocation exercise, the student name and col-
lege are hidden to prevent any bias.  All the project 
choice forms are entered into an access database.  
All ten choices are listed in order of preference and 
additional comments are recorded. 

For very popular choices we use the following 
procedure: 

(i) Supervisors are consulted as they may be con-
tacted by prospective students about the projects 
they are offering, although this is not essential for 
the allocation of the project. Supervisors’ input is 
essential in trying to match projects to students; 

(ii) The outcome of the third year, Part B, ranking 
will also be used  to assign students to projects;

(iii) The PJCC (Physics Undergraduate Consultative 
Committee) is also consulted on an annual basis 
about the process. If you are not happy with the 

Choosing your MPhys project

MPhys project you have been allocated, you are 
encouraged to discuss other possibilities with the 
Assistant Head of Teaching (Academic).

(iv)	Should	it	still	prove	difficult	to	assign	the	pro-
ject, each student who wishes to be allocated the 
specific	project	is	assigned	a	number	and	then	the	
winner is drawn from a hat; 

Project risk assessment

Assessing risks is an essential element of training 
for project work. It is good practice for students 
and supervisors to complete the risk assessment as-
sociated with the project before starting. Please see  
http://www2.physics.ox.ac.uk/study-here/mphys-
and-ba-project-information.

Project assessment

Project Assessors are appointed every year to assess 
all the MPhys projects.  The assessors are appointed 
by the relevant physics sub-Departments, the Phys-
ics Department or less frequently from another 
department of the University.  The assessors on this 
committee are usually not Physics Finals examiners, 
but they may serve in this capacity.  

The expert (junior) assessor will generally come 
from the sub-department to which the project is as-
signed and they will have more specialist knowledge 
in	the	field	of	the	project,	or	one	closely	related.	The	
non-expert (senior) assessor will generally work in 
a different area of physics from the subject of the re-
port and will mark reports chosen from other physics 
sub-Departments. Each written MPhys report will 
be assessed by an expert (junior) and a non expert 
(senior) assessor. 

Each MPhys candidate will be expected to attend 
a meeting (‘viva’) with the two assessors of their 
project to discuss the written report. The purpose of 
this meeting is to help the assessors with assessing 
the candidates written report. Crucially the meeting 
helps clarify any issues that the assessors have after 
having read the written report. The assessors will 
read the supervisor’s report on the project to learn 
what	special	difficulties	were	encountered,	the	extent	
of the initiative shown by the candidates, and so on.

The meeting will last about 20 minutes and will be 
rather informal. It will not require the preparation 
of a special presentation; indeed no visual aids other 
than your report (and your log book, if appropriate) 
will be allowed. The candidate will be expected to 
start the meeting by giving a short summary of the 

http://www2.physics.ox.ac.uk/study-here/mphys
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Project prizes

A number of prizes may be awarded for excellence 
in various aspects of the MPhys projects including 
but not limited to the list below:
(a) The Winton Capital Prize for Best MPhys Re-
search Project.
(b)The Gibbs Prize for the best use of experimental 
apparatus in an MPhys project. 
(c) A Physics Prize for an MPhys project in Atomic 
and Lasers Physics. 
(d)The BP Prize for an MPhys project in Theoretical 
Physics Project.
(e) The Johnson Memorial Prize for an MPhys in 
Astrophysics.
(f) The Johnson Memorial Prize for an MPhys in 
Atmospheric, Oceanic and Planetary Physics.
(g)	The	Met	Office	Prize	 for	 a	Project	 in	Atmos-
pheric, Oceanic and Planetary Physics.
(h) A Physics Prize for an MPhys Project in Con-
densed Matter Physics.
(i) The John Thresher Prize for an MPhys Project in 
Particle and Nuclear Physics.
(j) The Metaswitch Prize for the best use of software 
in an MPhys Project.
(k) The Rolls-Royce Prize for Innovation in an 
MPhys Project.
(l) The Tessella Prize for Programming in Software 
in an MPhys Project.

project, lasting no more than 5 minutes. The rest of 
the meeting will consist of a question and answer 
period, which has the primary purpose of clarifying 
any issues that the Assessors have with the written 
report.  

The meetings with the candidates are scheduled for 
5th week in Trinity Term. The precise criteria for the 
overall	assessment	of	the	project	will	finalised	by	the	
examiners.		How	the	final	project	mark	is	calculated	
will be published in the Examination conventions 
produced by the examiners.  The overall assessment 
embraces	the	quality	both	of	the	underlying	scientific	
work and the presentation in the report.  

The MPhys Project Assessment form will be pub-
lished on the Examination Matters webpage http://
www.physics.ox.ac.uk/teach/exammatters before 
the end of Hilary Term.

Examination Conventions
The Examiners are responsible for the detailed 
weightings of papers and projects. The precise 
details	of	how	the	final	mark	is	calculated	is	pub-
lished on the Examination matters webpage at www.
physics.ox.ac.uk/teach/exammatters.htm. Students 
are	notified	by	e-mail	when	they	become	available.	

Weightings for the MPhys and Papers

The	precise	details	of	how	the	final	mark	is	calcu-
lated is published in the Examination Conventions 
on the Examination matters webpage at www.phys-
ics.ox.ac.uk/teach/exammatters.htm.

Project Outcomes

The	outcomes	of	projects	are	very	flexible	and	the	
results may not be precisely as described by the 
project description in this handbook. Remember that 
they are intended as an introduction to research and 
the unexpected often happens! 

According to the QAA benchmark statements for 
physics ‘Open-ended project work should be used 
to facilitate the development of students’ skills in 
research and planning (by use of data bases and 
published literature) and their ability to assess 
critically the link between theoretical results and 
experimental observation’ ref.: Quality Assurance 
Agency for Higher Education, subject benchmark: 
Physics, astronomy and astrophysics 2008.

http://www.physics.ox.ac.uk/teach/exammatters
http://www.physics.ox.ac.uk/teach/exammatters
www.physics.ox.ac.uk/teach/exammatters.htm
www.physics.ox.ac.uk/teach/exammatters.htm
www.physics.ox.ac.uk/teach/exammatters.htm
www.physics.ox.ac.uk/teach/exammatters.htm


10

Timetable for students
Trinity Term 2018
Week 1 Publication of the MPhys Projects Trinity Term      http://www2.physics.ox.ac.uk/students/undergraduates
Before deciding on a project students are encouraged to discuss any projects, in which they are interested, with supervi-
sors, but there is no obligation to do so and allocation of projects does not depend on doing this.

Week 6 Complete the Project Choice Form            
 (Fri 3 pm) [On-line or by e-mail] 
 
July -August Provisional Allocation of Projects
  Third year results published and provisional allocations made      
  Majority of MPhys Project allocations made                                       

September           Publication of the Project Allocation List          http://www2.physics.ox.ac.uk/students/undergraduates                             
Students read the introductory papers on their project
                 
Michaelmas Term 2018

Week 0   Publication of the MPhys Projects Guidance       http://www2.physics.ox.ac.uk/students/undergraduates
(Mon)	 [e-mail	notification]					Talk	to	your	college	tutor	about	the	project	you	have	been	allocated.																		
  
 Weeks 1 & 2 Compulsory Safety Lecture and Risk Assessments           Consult lecture list
  Completion and submission of your Risk Assessment Acknowledgement form. Compulsory   
  attendance of the Project Safety Lecture. You will NOT be allowed to start your project if 
  you have not completed and submitted your Risk Assessment Acknowledgement form to the   
  Physics Teaching Office.   Students meet supervisors to get instructions including alternate 
  arrangements if the supervisor has to leave Oxford during the project period. 

Week 3 Project period starts. Please note: the total effort devoted to the project should be equivalent to 20  
  working days full time activity, plus about six weeks for analysis, write up and literature review  
  during Michaelmas and Hilary terms. Students should discuss with the supervisor(s) a project  
  plan to accommodate both their project and Major Option Classes
Students need to understand that outcomes of projects are uncertain and the project may change from the 
description originally provided. Projects are an introduction to research and are not necessarily predictable. 
  
Weeks 7       Discuss plan of project report with supervisor(s). Students must prepare a short progress report  
  (one side of an A4 sheet of paper) outlining plan for the project and/or literature review. This must  
  be handed into the Physics Teaching Office. This progress report is for your College tutors.

Hilary Term 2019
    
Weeks 1 - 8 MPhys project period continues
  
Week 6*  ‘How to write an MPhys Project Report’ lecture            Please consult the lecture list for details

Week 3 or 4 Talk to your college tutor about the progress of  your project.

Week 9 Hand in a draft ( as complete as possible) of MPhys report to your supervisor. You and your
  supervisor must complete and sign the MPhys Draft Form. 
  (See http://www2.physics.ox.ac.uk/students/undergraduates)  
  
Week 10  Deadline for receiving comments from supervisor.
The schedule for handing in the draft report and receiving comments can be changed by mutual agreement. 
Please let Carrie Leonard-McIntyre know of changes of more than one week.
  
Trinity Term 2019
Week 1 MPhys project reports handed in.                      Examination Schools
(Mon 12 noon) Three copies of project or essay & the Declaration of Authorship & a copy of the report in pdf 
  format on a CD or a memory stick (which is not returned). 
*subject to change, see lecture list

http://www2.physics.ox.ac.uk/students/undergraduates
http://www2.physics.ox.ac.uk/students/undergraduates
http://www2.physics.ox.ac.uk/students/undergraduates
http://www2.physics.ox.ac.uk/students/undergraduates
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Timetable for supervisors
     
Hilary Term 2018

Week 1-8 Call for MPhys Projects starting in Michaelmas Term starts.           E-mail                                  

Trinity Term 2018

Week 1 Publication of the MPhys Projects Trinity Term 
                                                                                                       http://www2.physics.ox.ac.uk/students/undergraduates
Students may contact you to learn more about your projects.  They are not obliged to do this and the allocation of 
projects is not in any way dependent on them doing so.

July -September  Provisional Allocation of Projects
  Third year results published and provisional allocations made.                                       

September           Publication of the Project Allocation List            http://www2.physics.ox.ac.uk/students/undergraduates
                             Students read the introductory papers on their project
Michaelmas Term 2018

 Weeks 1 & 2 Compulsory Safety Lecture and Risk Assessments           Consult lecture list
  Completion and submission of your Risk Assessment  Acknowledgement form. Compulsory   
  attendance of the safety lecture.
  Students will NOT be allowed to start their projects if they have not completed and submitted their
  Risk Assessment Acknowledgement form to the Physics Teaching Office.   Students meet   
  supervisors to get instructions including alternate arrangements if the supervisor has to leave   
  Oxford during the project period. 

Week 3 Project period starts. Please note: the total effort devoted to the project should be equivalent to  
  20 working days full time activity during Michaelmas and Hilary terms. [Guidance: the total effort  
  devoted to the project should be equivalent to 20 working days full time activity, plus about six weeks  
  for analysis, write up and literature review during Michaelmas and Hilary terms.] You must discuss  
  with the student(s) the project plan to accommodate both their project and Major Option Classes.
                                                       
Weeks 7               Discuss plan of project report with your supervisor(s). Student to have prepared a short progress
                              report (one side of an A4 sheet of paper outlining plan for the project and/or literature review 

Students need to understand that outcomes of projects are flexible and the project may change from the descrip-
tion originally provided. Projects are not necessarily predictable and can be an introduction to research.

Hilary Term 2019    

Weeks 1 - 8 MPhys project period: during this period all of the experimental and theoretical work necessary for  
  the project should be completed.  You should meet the student regularly and leave your contact  
  details for the student to contact you should the need arise. You should encourage the student to begin  
  the project write-up as early as possible.  
Week 9 Full as possible draft of the MPhys report handed in by student to you and MPhys Draft Form.  
  (See http://www2.physics.ox.ac.uk/students/undergraduates) 
  The completion of the MPhys Draft Form	confirms	that	the	draft	report	has	been	seen	and	the	form		
  must be sent to Physics Teaching Office, signed by both student and supervisor.    
  Please notify the Physics Teaching Faculty of any delay in returning the completed form. 
Week 10 Comments by supervisor on draft report is given to the student. 
The schedule for handing in the draft report and receiving comments can be changed by mutual agreement. 
Please let Carrie Leonard-McIntyre know of changes of more than one week.

Trinity Term 2019
Week 1 MPhys	Student	hands	in	copies	of	the	final	report	to	Examination	Schools.
  Deadline for return of Supervisor’s Report Form.

http://www2.physics.ox.ac.uk/students/undergraduates
http://www2.physics.ox.ac.uk/students/undergraduates
http://www2.physics.ox.ac.uk/students/undergraduates


12

MPhys project descriptions
Atomic and Laser projects

A&L01 Entanglement analysis in an analytically solv-
able model

The study of ground states in many-body physics has tre-
mendously	benefited	from	new	concepts	inspired	by	quantum	
information theory. One prime example is the area law for 
entanglement. It states that for ground states of translation-
ally invariant lattice models with local interaction, the 
entanglement of a subsystem merely grows proportionally 
to the boundary area of the subregion [1]. In the proposed 
project we will study an analytically solvable model of 
particles in a harmonic trap with harmonic pair interactions 
[2] to explore entanglement in continuous systems, and 
without translational symmetry. The hope is to establish an 
analogue of the area law for systems which are more relevant 
in quantum chemistry. While an analytic approach is prefer-
able one may also resort to numerical tools to determine the 
mode-reduced density matrices for different spatial regions. 
Part of the project will also be to clarify how to “integrate 
out modes” (see also [3]).

[1] J.Eisert, M.Cramer, M.B.Plenio, Rev. Mod. Phys. 82, 
277 (2010)

[2] C.Schilling, Phys. Rev. A 88, 042105 (2013)

[3] G.G.Amosov, S.N.Filippov, Quantum. Inf. Process. 16, 
2 (2017)

Requirements: strong analytical background, excellent 
knowledge of harmonic oscillator states and of the second 
quantization

Mandatory: potential students should meet the supervisors 
for an informal project discussion before applying for the 
project
Supervisors: Dr C Schilling and Prof V Vedral    
Email: Christian.Schilling@physics.ox.ac.uk;
vlatko.vedral@qubit.org

A&L02 Solving the “Hubbard-wheel”: Interpolation 
between one and infinite dimensions

The	spatial	dimension	has	a	strong	influence	on	the	proper-
ties and the behavior of quantum many-body systems. Just 
to provide two examples, in one-dimensional systems the 
significance	of	the	exchange	symmetry	is	suppressed	(mas-
sive	particles	 can	 even	not	be	 interchanged)	 and	 infinite-
dimensional systems exhibit mean-field character. The 
present project shall interpolate between those two cases in 
the form of the Hubbard wheel [1]. This model contains a 
ring of lattice sites with nearest-neighbor hopping (strength 
t). In addition, a central site is added which allows the 
particles to hop from the ring sites to the central site (and 
backwards) with hopping strength s.  The ground state phys-
ics of the Hubbard wheel shall be studied analytically and 
also numerically by using the density matrix renormalization 
group (DMRG) ansatz. Particular focus shall lie on the two 
extremal	regimes,	i.e.	t>>s	and	t<<s.	The	first	one	describes	
the one-dimensional regime with hopping merely on the ring 
while	 the	 second	one	simulates	an	 infinite-range	hopping	
model (the particles can hop via the central site with same 

probabilities from every ring site to any other ring site). 
Furthermore, by comparing the Hubbard wheel system for 
fermions,	bosons	and	hard-core	bosons,	the	influence	of	the	
exchange symmetry shall be explored.    

[1] E.J.G.G.Vidal, R.P.A. Lima, and M.L.Lyra, Phys. Rev. 
E 83, 061137 (2011)

Requirements: analytical background, good knowledge of 
the second quantization (fermions and bosons)

Mandatory: potential students should meet the supervisors 
for an informal project discussion before applying for the 
project
Supervisors: Dr C Schilling and Dr O Legeza (Wigner 
Research Center for Physics in Budapest)  
Email: Christian.Schilling@physics.ox.ac.uk

A&L03 1-body N-representability problem for hard-
core bosons

One of the important questions in many-body physics is to 
understand	the	influence	of	the	particle	exchange	symmetry	
in the reduced one- and two particle picture. It has recently 
been shown for fermions that the exchange symmetry im-
plies --- in contrast to the case of boson --- constraints on 
the one-particle picture. These are the so-called generalized 
Pauli constraints (see e.g. [1]). In the present project, we will 
study the “intermediate” case of hard-core bosons: Their 
wave function is symmetric under particle exchange, yet they 
are not allowed to sit at the same place, similar to spinless 
fermions. The main goal is to work out consequences of this 
mixed exchange behavior for the one-particle picture. This 
would	then	allow	scientists	to	efficiently	determine	ground	
states of systems of hard-core bosons and may provide new 
insights into Bose-Einstein condensation of ultracold atoms. 
A promising approach is to work out the analogous hierar-
chy of N-representability constraints as it has been done by 
D.A.Mazziotti for fermions (on the two-particle level) [2].

[1] F.Tennie, D.Ebler, V.Vedral, C.Schilling, Phys. Rev. A 
93, 042126 (2016)

[2] D.A.Mazziotti, Phys. Rev. Lett. 108, 263002 (2012)

Requirements: strong analytical background, excellent 
knowledge of the formalism of second quantization and the 
concept of reduced density matrices

Mandatory: potential students should meet the supervisors 
for an informal project discussion before applying for the 
project
Supervisor: Dr C Schilling 
Email: Christian.Schilling@physics.ox.ac.uk

mailto:Christian.Schilling@physics.ox.ac.uk
mailto:vlatko.vedral@qubit.org
mailto:Christian.Schilling@physics.ox.ac.uk
mailto:Christian.Schilling@physics.ox.ac.uk
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A&L04 An electronics project
Diffraction is most often encountered when a coherent light 
source scatters from a periodic array of atoms, for example 
a grating. However, the complementary effect, where atoms 
can scatter off a periodic array of light, has also shown to 
occur. The method of Bragg diffraction is a valuable tool 
to study the momentum distribution of a trapped quantum 
gas. Bragg diffraction is facilitated when an atom absorbs 
a photon from one incident laser beam whilst emitting co-
herently into another laser of a slightly different frequency, 
thus acquiring a kick in the process. This method has been 
recently demonstrated to investigate the momentum distribu-
tion of a interacting Bose-Einstein condensate [1]. We aim 
to extend this method in investigating a BEC trapped in a 
quasi-two-dimensional geometry. The student will design 
and assemble the optical and electronic hardware required 
for the apparatus. They will then align the two Bragg beams 
on to the Bose-Einstein condensate and perform measure-
ments of the momentum distribution and the dependence on 
trap geometry and atomic density. [1] I. Gotlibovych, Phys. 
Rev. A 89, 061604 (2014)
Supervisor: Prof C Foot       
Email: Christopher.Foot@physics.ox.ac.uk

A&L05 The Zero Vector Potential Mechanism.

Understanding laser-plasma interactions is important for 
a diverse range of physics applications, from particle ac-
celeration, warm dense matter studies, plasma laboratory 
astrophysics,	through	to	Inertial	Confinement	Fusion.	While	
there are many well-known mechanisms that successfully 
describe energy absorption over a wide range of regimes, 
the Zero Vector Potential mechanism – which dominates in 
the limit of very high intensity and density and was, until 
recently, restricted to one dimension (T. Baeva et al.  2011 
Phys. Plasmas 18, 056702) – has now been extended to 
three dimensions (A. Savin et al. 2017 Phys. Plasmas 24, 
113103).  The mechanism is associated with that point in 
time of the oscillating laser pulse when the vector potential 
passes through zero. At that precise instant, the ponderomo-
tive pressure vanishes and the system is so severely dis-
rupted that the suppressed relativistic skin layer is violently 
reconstructed. This allows the generation of fast electrons 
that co-propagate with the zeroes in the vector potential 
and results in attosecond-duration bursts of fast electrons, 
as well as similar duration coherent X-rays.  The resulting 
accelerations experienced by the fast electrons are so large 
–1026 ms-2 – that it may be possible to explore the physics 
of black hole analogues in the laboratory.

In A&L0501, the student will extend the understanding of 
absorption physics at intensities expected with new lasers 
soon to be available with the Extreme Light Infrastructure 
and will investigate new avenues that exploit these extraor-
dinary accelerations for fundamental physics. 

In A&L0502, the ZVP mechanism will be explored using 
a	Vlasov	 code.	Using	PIC	 is	 difficult	 because	 numerical	
noise	drowns	out	the	fields	of	the	higher	order	harmonics.	
Numerical heating also increases the scale-length of the 
plasma before the laser arrives and affects the interaction. 
The student could either use an existing code (e.g. VALIS), 
or write their own 1D electromagnetic Vlasov-Maxwell code.  
Supervisor: Prof P Norreys          
Email: Peter.Norreys@physics.ox.ac.uk

A&L06 Gamma-ray and electron-positron production 
by electrons in intense laser fields

A free electron oscillates relativistically (Lorentz factor ~ 
100)	in	the	electromagnetic	fields	of	the	most	intense	laser	
beam presently available.  Due to strong acceleration during 
oscillation the electrons radiate gamma-rays.  Very intense 
lasers are under construction and are being planned in which 
an electron may radiate away a large part of its energy during 
one laser period in a single gamma-ray photon which in turn 
has	enough	energy	to	interact	with	the	laser	fields	to	produce	
an electron-positron pair.  The aim of the project is to write a 
computer program to calculate the stability/instability/chaos 
of electron trajectories and the generation of gamma-rays and 
electron-positron pairs.  Programming skills are essential.

The student will need access to a desktop or laptop computer 
to write a computer program and display graphs.
Supervisor: Prof T Bell       
Email: Tony.Bell@physics.ox.ac.uk

A&L07 Role of Generalized Pauli Constraints in time 
evolutions

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]. Vari-
ous	recent	studies	of	concrete	systems	have	confirmed	the	
physical relevance of the GPC for ground states (see, e.g., 
Refs. [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 quantum systems with pinned occupa-
tion numbers may have a restricted time evolution [4]. This 
generalizes the well-known consequence of the exclusion 
principle, namely that electrons in atoms or solid materials 
cannot fall down to lower lying occupied energy shells. In 
this project, time evolutions for two systems (a harmonic 
model and the few site Hubbard model) should be analyti-
cally discussed and the role of the GPC therein should be 
explored. For instance, can a transition from pinning to 
non-pinning be induced in the Hubbard model by an external 
magnetic	field?	In	the	ideal	case,	also	an	experimental	setup	
shall be proposed allowing one to measure the pinning effect 
and thus experimentally verify the GPC.

[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, Phys. Rev. A 
93, 042126 (2016)

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

Requirements: strong analytical background, good 
knowledge of harmonic oscillator states and of the second 
quantization 

Mandatory: potential students should meet the supervisors 
for an informal project discussion before applying for the 
project
Supervisors: Dr C Schilling and Prof V Vedral    
Email: Christian.Schilling@physics.ox.ac.uk;
vlatko.vedral@qubit.org

mailto:Christopher.Foot@physics.ox.ac.uk
mailto:Peter.Norreys@physics.ox.ac.uk
mailto:Tony.Bell@physics.ox.ac.uk
mailto:Christian.Schilling@physics.ox.ac.uk
mailto:vlatko.vedral@qubit.org
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A&L08 Developing a functional theory based on oc-
cupation numbers

One of the most promising numerical approaches to many-
body physics is “Reduced Density Matrix Functional Theo-
ry” (RDMFT) (see, e.g., the introductory talk [1]). There one 
seeks an exact functional of the one-particle reduced density 
matrix whose minimization yields the ground state. Besides 
the	problem	of	finding	the	correct	functional,	the	success	of	
RDMFT	is	still	significantly	hampered	due	to	computational	
problems: During the minimization process of the functional 
one needs to ensure that the eigenstates of the density matrix 
remain orthogonal. In this project, we will take advantage of 
the fact that those eigenstates (“natural orbitals”) are actu-
ally known from the very beginning for all translationally-
invariant lattice systems. They are namely given by the 
Bloch states and thus do not need to be optimized anymore. 
We will then propose new functionals which depend on the 
occupation numbers, only. These functionals will be tested 
numerically for the most prominent lattice model systems. 

[1] N.N.Lathiotakis, talk at `Pauli2016’: https://podcasts.
ox.ac.uk/people/nektarios-n-lathiotakis

Requirements: analytical background, basic programming 
skills, knowledge of the concept of reduced density matrices

Mandatory: potential students should meet the supervisor 
for an informal project discussion before applying for the 
project
Supervisor: Dr C Schilling 
Email: Christian.Schilling@physics.ox.ac.uk

A&L09 Applying the principles of machine learning to 
optimise quantum-matter experiments

The applicant will apply optimal control and machine learn-
ing routines to an experimental apparatus that produces a 
quantum gas at temperatures below 1 microkelvin. This will 
automate the optimisation procedures that we regularly carry 
out	‘by	hand’	(and	brain)	to	improve	the	efficiency	of	the	
experiment. Techniques such as the Bayesian ‘search and 
find’	routine	or	gradient	descent	can	locate	fine	features	or	
establish global optima in high-dimensional parameter spac-
es. This has been demonstrated to work elsewhere [1]. The 
applicant should be able to program effectively in Matlab, 
which will speed up integration with current experimental 
control software.

[1] Fast machine-learning online optimization of ultra-cold-
atom	experiments.	P.	Wigley	et	al.	Scientific	Reports	volume	
6, Article number: 25890 (2016)
Supervisor: Prof C Foot       
Email: Christopher.Foot@physics.ox.ac.uk

A&L10 Designing bang-bang quantum control pulses 
with genetic algorithms

Quantum computers work by applying sequences of quan-
tum logic gates to quantum bits.  These quantum logic gates 
can be viewed mathematically as unitary transformations 
whose actions can be interpreted as logical operations, but 
it is also important to consider how these unitary opera-
tions can be implemented physically, given the constraints 
imposed by the actual physical system used to implement 
the quantum bit.

Typical implementations involve modulating the amplitude 
and phase of control Hamiltonians in the presence of a 
background Hamiltonian, but a particularly simple approach, 
known as bang-bang control, involves interspersing brief 
periods	of	intense	control	fields	with	longer	periods	of	free	
evolution under the background Hamiltonian.  Designing 
such control pulses can be challenging, but recent work 
suggests that genetic algorithms can be surprisingly effec-
tive	in	finding	good	approaches.		This	project	will	involve	
investigating the use of genetic algorithms to design control 
pulses for an NMR quantum computer.

This project requires some programming skills in Matlab.

Steering quantum dynamics via bang-bang control: Imple-
menting optimal fixed-point quantum search algorithm, G. 
Bhole, V. S. Anjusha, and T. S. Mahesh, Phys. Rev. A 93, 
042339 (2016)
Supervisor: Prof J A Jones             
Email: Jonathan.Jones@physics.ox.ac.uk

A&L11 Exchange-correlation functional based on 
generalized Pauli constraints

One of the most promising numerical approaches to many-
body physics is “Reduced Density Matrix Functional 
Theory” (RDMFT) (see, e.g., the introductory talk [1]). 
There one seeks an exact functional of the one-particle re-
duced density matrix whose minimization yields the ground 
state.	Besides	the	problem	of	finding	the	correct	functional,	
one may also wonder over which set S of density operators 
such functionals need to be minimized. It has been proven 
[2] that RDMFT can be constructed in such a way that S is 
only restricted by Pauli’s famous exclusion principle. In the 
present project, we will observe, however, that discarding 
the more stringent generalized Pauli constraints (GPCs) (see, 
e.g., Refs. [3,4]) manifests itself in highly involved function-
als, implicitly containing the information about the GPCs. 
In particular, it shall be shown that each GPC contributes to 
the exact functional in the form of a repulsive force ensuring 
that none of the GPCs can ever be violated by ground states.    

[1] N.N.Lathiotakis, talk at `Pauli2016’: https://podcasts.
ox.ac.uk/people/nektarios-n-lathiotakis

[2] S.M.Valone, J. Chem. Phys. 73, 1344 (1980)

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

[4] F.Tennie, D.Ebler, V.Vedral, C.Schilling, Phys. Rev. A 
93, 042126 (2016)

Requirements: analytical background, basic programming 
skills, knowledge of the concept of reduced density matrices

Mandatory: potential students should meet the supervisor 
for an informal project discussion before applying for the 
project
Supervisor: Dr C Schilling 
Email: Christian.Schilling@physics.ox.ac.uk

mailto:Christian.Schilling@physics.ox.ac.uk
mailto:Christopher.Foot@physics.ox.ac.uk
mailto:Christian.Schilling@physics.ox.ac.uk
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A&L12 Work in a quantum nanomachine

The development of nanoscopic machines, including single-
atom quantum machines, is raising questions about their 
efficiency	 and	 how	 to	well-established	 ideas	 of	 classical	
thermodynamics translate to the quantum world [1]. In 
this project, the student will analyse the amount of work 
invested in modifying the trapping of a quantum particle 
in harmonic and anharmonic potentials, modelling current 
experimental setups.

The goal of the project is to understand the capabilities and 
limitations of so-called “shortcut to adiabaticity” protocols 
[2] in realistic conditions, and to determine the accuracy 
with which non-equilibrium processes can be used to de-
termine features of trapping potentials with microscopic 
spatial resolution.

Recommended reading:

[1] C. Jarzynski, H. Quan, and S. Rahav, Phys. Rev. X 5, 
031038 (2015)

[2] X. Chen, A. Ruschhaupt, S. Schmidt, A. Del Campo, 
D. Guery-Odelin, and J. G. Muga, Phys. Rev. Lett. 104, 
063002 (2010).

Requirements:

This project will require a combination of analytical and 
numerical techniques. The student should have an excellent 
grounding in quantum mechanics and a keen interest in 
theoretical aspects of physics.
Supervisor: Dr J Mur-Petit            
Email: jordi.murpetit@physics.ox.ac.uk

A&L13 Functional analysis of X-ray spectroscopy data 
using machine learning

X-ray spectroscopy is an extremely information-rich diag-
nostic in plasma physics, and is one of the most important 
techniques used to study extreme states of matter found in 
astrophysical objects and fusion plasmas. But interpreting 
the complex and noisy experimental data, often measured 
as integrated over the time and space of emission, remains 
a	significant	challenge.

In this project, the student will investigate how machine 
learning techniques can be applied to the interpretation of 
X-ray emission data. This will involve applying a range of 
data reduction techniques to raw experimental and synthetic 
datasets, and building supervised machine learning algo-
rithms to extract information on key parameters of the plasma 
systems such as their temperature, density, time evolution 
and spatial gradients. The project demands good analytical 
and programming skills (C/C++, Python, or similar).
Supervisor: Dr S M Vinko              
Email: Sam.Vinko@physics.ox.ac.uk

A&L14 tbc

More details from the supervisor.
Supervisor: Dr S M Vinko              
Email: Sam.Vinko@physics.ox.ac.uk

A&L15 Experimental Quantum Computing in Ion 
Traps 

This will be a lab-based project contributing to apparatus 
development for experiments in trapped-ion quauntum 
computing.	The	specific	work	will	depend	on	the	status	of	
our research at the time. Please contact Dr D.Lucas d.lucas@
physics.ox.ac.uk for more info about details of the project, 
and see www.physics.ox.ac.uk/users/iontrap for background 
information about the research group.
Supervisor: Dr D Lucas              
Email: david.lucas@physics.ox.ac.uk

A&L16 Ptychographic imaging with a visible laser 
X-ray microscopy provides offers the potential for near 
atomic scale resolution and the ability to perform element-
specific	imaging.	However,	the	poor	quality	of	X-ray	optics	
mean that conventional microscopy techniques are not pos-
sible in this region. Instead, a new class of “lensless” imaging 
techniques has been developed [1].

Ptychography [2] is one such technique. In this method 
a series of diffraction patterns produced by illuminating 
localized, overlapping regions of the object are recorded. 
From these data it is possible to deduce the amplitude and 
phase	of	the	optical	field	transmitted	by	the	object,	i.e.	the	
image of the object can be retrieved without the use of an 
imaging system.

In this project this technique will be demonstrated by imag-
ing microscopic objects with a visible laser. The student 
will be required to develop control software for automating 
the ptochographic scans and to analyze data with the e-PIE 
software code. 

If time permits enhancements to the basic approach will 
be explored, such as compensating for instabilities in the 
illuminating beam. It may also be possible to compare 
ptychography with coherent diffraction imaging, in which a 
single diffraction pattern from the entire object is recorded; 
in this case the object is reconstructed iteratively using a 
phase-retrieval algorithm. 

The project would ideally be suited to a student with an 
interest in both experimental and computational physics. 

Further reading

[1] H. N. Chapman & K. A. Nugent, “Coherent lensless X-
ray imaging,” Nature Photonics, 4, 833–839. (2010). DOI: 
http://dx.doi.org/ 10.1038/nphoton.2010.240

[2] J. M. Rodenburg, “Ptychography and Related Diffractive 
Imaging Methods,” Advances in Electron and Imaging Phys-
ics 150. 87 – 184 (2008). DOI: http://dx.doi.org/10.1016/
S1076-5670(07)00003-1
Supervisor: Prof S Hooker      
Email : Simon.Hooker@physics.ox.ac.uk

A&L17 tbc
More details from the supervisor.
Supervisor : Prof A Steane           
Email : a.steane@physics.ox.ac.uk

mailto:jordi.murpetit@physics.ox.ac.uk
mailto:Sam.Vinko@physics.ox.ac.uk
mailto:Sam.Vinko@physics.ox.ac.uk
D.Lucas
mailto:d.lucas@physics.ox.ac.uk
mailto:d.lucas@physics.ox.ac.uk
www.physics.ox.ac.uk/users/iontrap
mailto:david.lucas@physics.ox.ac.uk
http://dx.doi.org
10.1038/nphoton
http://dx.doi.org/10.1016/S1076
http://dx.doi.org/10.1016/S1076
mailto:Simon.Hooker@physics.ox.ac.uk
mailto:a.steane@physics.ox.ac.uk
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Atmospheric, Oceanic and Planetary Physics projects

AO01 Decadal-scale variability in East African rain-
fall and its representation in dynamical seasonal forecasts

Seasonal	droughts	have	significant	impacts	on	food	security	
in East Africa. However, interventions based on seasonal 
climate forecasts can potentially mitigate the worst conse-
quences. Two main methods exist to make seasonal climate 
forecasts: statistical models (e.g., a linear regression model 
between past conditions and a future target) and dynamical 
models (initialized simulators of the full 3D atmosphere 
and ocean).

In practice, statistical models can outperform dynamical 
models. However they are unable to represent non-station-
arity, as they are valid only for the period on which they are 
trained. Thus they may become unreliable in a changing 
climate. On the other hand, dynamical models can potentially 
represent non-stationarity, as they are based on unchanging 
physics.	Over	East	Africa,	there	is	evidence	of	significant	
non-stationarity in the relationship between large-scale forc-
ing and seasonal rainfall  (Nicholson, 2015). However the 
extent to which dynamical models reproduce this decadal-
scale variability is unclear.

The aim of this project is to answer this question, through 
the analysis of dynamics, teleconnections and prediction skill 
of a set of new 110-year historical seasonal reforecasts. The 
work will therefore involve working with large datasets and 
will all be computer-based. Knowledge of (or a strong mo-
tivation to learn) a programming language for data analysis 
(e.g. Matlab, Python, NCL) is essential.
Supervisors: Dr D Macleod and Dr A Weisheimer
Email: David.Macleod@physics.ox.ac.uk; 
Antje.Weisheimer@physics.ox.ac.uk

AO02 Measuring atmospheric temperature, relative 
humidity and wind profiles with weather balloons.

In this project, newly acquired weather balloon equipment 
will be tested to determine its ability to measure the vertical 
dependence of temperature, relative humidity and wind in 
Earth’s lower atmosphere. The project would entail conduct-
ing several balloon launch tests, analyzing the results, and 
assessing the quality of the observations with regards to 
local area forecasts and other determinations. The project 
would also explore how easily the system could be used as 
a teaching tool to better understand local meteorological 
processes and potentially explore how easy it would be to 
add a cloud-sensing detector to the payload.

The experiment would be ideally suited to students with 
excellent practical and analytical skills. Familiarity with 
computers and interfacing computers to the real world would 
also be an advantage.
Supervisor: Prof P Irwin    
Email: Pat.Irwin@physics.ox.ac.uk

AO03 Evolution and dynamics of Jupiter’s cloudy 
atmosphere

Since the spectacular observations of Jupiter by the two 
Voyager spacecraft in 1979, the atmosphere, and especially 
the clouds of Jupiter have fascinated planetary scientists and 
public alike. Further space missions, such as Galileo (1995 
– 2003) and Cassini (2000) have made follow-up observa-
tions, but these have been for limited periods only or with 
limited data downlink. In the meantime, the capability of 
ground-based observations has grown exponentially. Starting 
in 1995 a continuous programme of observations has been 
conducted by collaborators at the Jet Propulsion Laboratory 
using NASAs Infrared Telescope Facility (IRTF) in Hawaii. 
In this programme Jupiter has been observed numerous times 
with	a	set	of	near-infrared	filters	that	either	detect	sunlight	
reflected	off	clouds	at	different	levels	in	Jupiter’s	atmosphere	
or detect thermal emission from below the clouds. The data 
from this ongoing programme cover a 20-year period during 
which Jupiter’s atmosphere has changed hugely: the Great 
Red Spot has changed from oval to become nearly circular; 
several ‘White Spots’ have merged and/or changed colour; 
and the South Equatorial Belt has faded and then revived. The 
data thus constitute a unique record of changes in Jupiter’s 
atmosphere during this period of upheaval, but surprisingly 
have never been systematically sorted, calibrated and ana-
lysed. In this project, these observations will be assessed, 
processed and interpreted with our world-leading radiative 
transfer and retrieval tool, Nemesis, to determine the com-
position and cloud structure of key Jovian cloud features and 
determine how they have evolved during the last 20 years.  
This analysis will shed light on the underlying dynamics of 
Jupiter’s atmosphere and will also provide an invaluable 
reference benchmark against which to test the observations 
of Cassini and Galileo, and the forthcoming observations of 
NASA’s Juno spacecraft, due to go into orbit about Jupiter 
in July 2016.

A familiarity with Unix systems would be highly desirable 
and some knowledge of programming languages such as 
Fortran, C, or IDL etc. is essential.
Supervisor: Prof P Irwin    
Email: Pat.Irwin@physics.ox.ac.uk

AO04 Poleward heat transport during atmospheric 
blocking

Atmospheric blocking events are anomalous weather patterns 
in which the normal mid-latitude storms and westerly winds 
are obstructed by a large, persistent anticyclone. These events 
bring typically settled weather and can lead to heatwaves in 
summer and coldwaves in winter. However, mid-latitude 
storms are vital components of the planetary energy balance, 
transporting energy from the tropics towards the poles. So 
when these are suppressed by a blocking event, it is not 
obvious how the energy budget adjusts to this. 

This project will use observational data of the atmosphere 
to investigate how the poleward heat transport changes 
during blocking events. This will involve data analysis and 
calculation using a simple programming language such as 
matlab. Some experience of this will be an advantage, but 
is not essential.
Supervisor: Prof T Woollings            
Email: Tim.Woollings@physics.ox.ac.uk

mailto:Antje.Weisheimer@physics.ox.ac.uk
mailto:Pat.Irwin@physics.ox.ac.uk
mailto:Pat.Irwin@physics.ox.ac.uk
mailto:Tim.Woollings@physics.ox.ac.uk
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AO05 What is required for our climate models to 
simulate European weather regimes?

The	Pacific	North	American	(PNA)	pattern	and	the	North	
Computer simulations of our atmosphere, based on the laws 
of physics, are very important for understanding and predict-
ing climate change. They are being increasingly used to esti-
mate climate change’s effect on extreme weather. However, 
whether they are reliable for this depends on how well they 
can simulate weather “regimes” - patterns that commonly 
recur and that can be associated with severe events like 
heatwaves	and	floods.	

This project will examine what is required for our climate 
models to simulate these regimes. In particular, how much 
of	the	fine	scale	structure	of	the	atmospheric	flow	do	they	
need to resolve? It’s also been argued that adding randomness 
(stochasticity) in the models to represent the unpredictable 
behaviour	of	the	flow	at	small	scales	would	help	to	simulate	
the regimes, and this project would test this idea.

The project will be done by analysing existing data from 
simulations performed using state-of-the-art climate models. 
This project would best suit a student who is happy to analyse 
data using a computer language such as python or Matlab, 
though no prior knowledge of these is necessary.
Supervisors:  Dr P Watson,  Dr K Strommen, 
Prof T Woollings and Prof M Allen      
Email: peter.watson@physics.ox.ac.uk 

AO06 Modeling the atmospheric Quasi-Biennial Os-
cillation in the laboratory

The Quasi-Biennial Oscillation (QBO) is a cyclic reversal of 
the zonal winds in the middle and lower tropical stratosphere 
on a timescale of roughly two years. It dominates the cli-
mate	of	the	tropical	stratosphere,	influencing	the	long	range	
transport of momentum, heat and chemical constituents. It 
is	also	thought	to	play	an	important	role	in	influencing	the	
predictability of various features at higher latitudes and in 
the troposphere. Although the basic mechanisms that drive 
the QBO are reasonably well understood, arising from the 
nonlinear interaction of upward-propagating internal gravity 
and planetary waves (generated in the troposphere) with the 
zonal	flow,	its	detailed	variability	is	complex,	chaotic	and	
much less well understood. The atmosphere often surprises 
modelers with events such as the recently observed “stalling” 
of the QBO that their models failed to predict. The likely 
impact of future global climate change on the QBO is also 
quite controversial and uncertain.

In this project, we propose to study a number of mechanisms 
that	might	influence	the	behavior	of	the	QBO	using	a	labora-
tory analogue of the QBO, in which factors such as the wave 
forcing and other parameters can be closely controlled and 
varied.	Internal	waves	are	launched	into	a	salt-stratified	fluid	
in	an	annular	channel	by	oscillating	flexible	membranes	in	
the bottom of the tank. Each segment of the membrane can be 
separately controlled by computer to enable varying spectra 
of internal waves to be excited and for the amplitude of the 
waves to be varied in time (thereby emulating the seasonal 
cycle	and	other	modulations).	The	response	of	the	fluid	to	
this	forcing	in	the	form	of	time	varying	velocity	fields	will	
then be measured by optical particle imaging techniques.

This project would involve setting up and running the experi-
ment	over	a	range	of	wave	forcing	profiles	and	frequencies,	
acquiring images of tracer particles and analyzing them to 
determine	flow	velocities	as	a	function	of	time	and	space.

Skills required: Laboratory and some programming experi-
ence is desirable (e.g MATLAB, Python etc) though not 
essential.

Project may be carried out in laboratories in Engineering 
Science or AOPP (TBD).
Supervisors: Prof P Read and Prof A Castrejon-Pita 
(Engineering Science)
Email:  peter.read@physics.ox.ac.uk

AO07 Altimetric Imaging Velocimetry

In	a	rapidly	rotating	fluid,	the	pressure	field	is	closely	con-
nected to the horizontal velocity via the geostrophic balance 
relation.	 In	 a	 shallow	 layer	 of	 fluid	with	 a	 free	 surface,	
dynamical	variations	in	pressure	are	reflected	in	variations	
in the height of the surface. Such variations in the surface 
elevation of the Earth’s oceans may be on the order of cm - 
metres, and are now routinely measured by radar altimetry 
from orbiting satellites. On a laboratory scale, however, these 
perturbations to the free surface may be extremely small (<< 
1mm)	and	difficult	to	measure.

In this project, we will set up an optical system to measure 
and	map	such	small	perturbations	to	the	interface	in	a	flow	
pattern obtained under laboratory conditions. Rhines, Lin-
dahl & Mendez (2007) have recently demonstrated a novel 
method of measuring the free surface elevation of a rotating 
fluid,	by	using	it	as	a	parabolic,	Newtonian	telescope	mirror	
to form an image of a carefully designed light source in a 
CCTV camera. Small perturbations from dynamical mo-
tions	in	the	fluid	result	in	distortions	of	an	image	reflected	
from the free surface that can be used to determine the local 
elevation to a precision of 1 micron or better. This project 
will use the method of Rhines et al. (2007) to study and 
measure	simple,	barotropically	unstable	flow	patterns	set	up	
in a cylindrical tank on a rotating table. Colour images from 
this experiment will be calibrated and analysed using a set of 
MatLab software provided by researchers at the University 
of Washington.

Suggested Reading:

Andrews, D.G., “An introduction to atmospheric physics”, 
Cambridge University Press, 2000

Rhines, P. B., Lindahl, E. G. & Mendez, A. J. 2007 “Optical 
altimetry:	a	new	method	for	observing	rotating	fluids	with	
applications to Rossby- and inertial waves on a polar beta-
plane”, J. Fluid Mech., 572, 389-412, 2007 

Afanasyev, I., P.B.Rhines and E.G.Lindahl, 2009: Velocity 
and	potential	vorticity	fields	measured	by	altimetric	imaging	
velocimetry	in	the	rotating	fluid.,	Experiments	in	Fluids,	May	
2009, doi: 10.1007/s00348-009-0689-3.
Supervisor: Prof P Read 
Email:  peter.read@physics.ox.ac.uk

mailto:peter.read@physics.ox.ac.uk
mailto:peter.read@physics.ox.ac.uk
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AO08 A laboratory model of the oceanic meridional 
overturning circulation

The deep circulation of the oceans is dominated by a large-
scale overturning in depth and latitude which is at least partly 
driven by deep convection at high latitudes. A combination 
of	surface	cooling	and	a	salinity	flux	from	freezing	seawater	
creates a source of dense, salty water that rapidly sinks to the 
the	ocean	bottom.	This	drives	a	return	flow	that	draws	water	
polewards from warmer, fresher regions at low latitudes. 
This meridional overturning circulation is not a simple, ax-
isymmetric circulation, however, but is partly concentrated 
into intense western boundary currents along continental 
coastlines with a complex 3D structure and the generation 
of turbulent eddies and dynamical instabilities. The heat 
transferred by this circulation forms a critical component of 
the Earth’s climate system and may be affected by changes 
in the global climate produced by human activity.

In this project, we will explore some of these dynamical 
processes	 in	 a	modified	version	of	 an	 existing	 laboratory	
experiment, in which water in a cylindrical tank is cooled 
near the surface close to the “polar” axis and heated at the 
bottom near the outer boundary. Continental boundaries 
are	simulated	by	the	use	of	a	radial	barrier	and	the	flow	is	
expected to develop a western boundary current, analogous 
to the Gulf Stream, in the presence of a sloping bottom to 
the tank. The time-varying circulation will be measured by 
tracking neutrally buoyant particles, illuminated from the 
side in digital images and using thermal imaging of the top 
surface, as well as in situ temperature probes. The overall 
aim is to quantify the instabilities and determine how the 
“poleward” heat transport effected by the circulation varies 
with parameters such as the background rotation rate. Some 
prior experience of MatLab or Python would be helpful 
but	is	not	essential.	Some	prior	familiarity	with	basic	fluid	
dynamics would be desirable.

Further reading:
https://editors.eol.org/eoearth/wiki/Atlantic_meridional_
overturning_circulation
Vallis, G. K. (2006) Atmospheric and Oceanic Fluid Dy-
namics, CUP.
Scolan, H. & Read, P. L. (2017) A rotating annulus driven 
by localized convective forcing: a new atmosphere-like 
experiment, Exp. in Fluids, 58:75. DOI 10.1007/s00348-
017-2347-5 
Supervisor: Prof P Read 
Email:  peter.read@physics.ox.ac.uk

AO09 What generates the roughness of the sea-ice–
ocean interface?

Arctic sea ice one of the most sensitive components of the 
Earth’s climate system [1]. The albedo of ice results in a large 
portion	of	the	incoming	solar	radiation	being	reflected	back	
to	space,	whilst	ice	growth	and	melt	modifies	surface	forcing	
of the ocean, with impacts on ocean mixing, circulation, and 
transport of nutrients and dissolved gases. Recent satellite 
observations show that the volume of sea ice has been on the 
decline; the possible causes are subjects of intense research 
[1, 2]. Idealized theoretical models indicate that oceanic 
heat	flux	to	the	rough	ice-ocean	interface	may	have	played	
an important role in this decline.

The goal of this project is to understand the effects of the 
ocean on the evolution of sea ice using tools from statistical 
physics. The Stefan problem [3] is a mathematical model for 
the growth of ice subject to imposed thermal forcing, and 
provides an ideal setting for the problem. It is known from 
observations that the roughness of the ice-ocean interface 
enhances	the	heat	flux	and	should	be	taken	into	account	in	
any description of the problem. Sea ice roughness varies in 
space and time across a broad distribution of scales, which 
motivates a stochastic treatment to describe the evolution of a 
probability distribution of sea ice thickness [2]. The study of 
stochastic processes has its origin in the study of Brownian 
motion [4], and it provides a rich source of ideas and tools 
to study this problem, which is important for Earth’s climate.

In this project, we propose to study a stochastically-forced 
Stefan	problem	in	which	the	effects	of	the	oceanic	heat	flux	
are modelled as noise. The observed patterns of the ice-ocean 
interface are a result of the spatial and temporal structure of 
the	oceanic	heat	flux,	and	this	could	be	explored	by	introduc-
ing noise with similar properties.

This project provides an opportunity to combine theoretical 
techniques from statistical physics with computational meth-
ods, to tackle a problem involving the nonlinear dynamics 
of the climate system. Whilst computational methods and 
programming will be used during the project, no prior famili-
arity is required beyond the level of the usual undergraduate 
computing laboratory practicals.

Suggested background reading: 

[1]  R. Kwok and N. Untersteiner, The thinning of Arctic sea 
ice, Phys. Today 64, 36 (2011).

[2] S. Toppaladoddi and J.S. Wettlaufer, Theory of the sea ice 
thickness distribution, Phys. Rev. Lett. 15, 148501 (2015).

[3] J.S. Wettlaufer, The Stefan Problem: Polar Exploration 
and the mathematics of moving boundaries, Die Zentralan-
stalt fur Meteorologie und Geodynamik, 1851-2001, 150 
Jahre Meteorologie und Geophysik in Osterreich, Eds. Ch. 
Hammerl, W. Lenhardt, R. Steinacker, P. Steinhauser, Univ. 
Wien (Styria Verlag, Graz, 2001), pp. 420-35. 

http://users.math.yale.edu/users/wettlaufer/articles/Stefan-
Final.pdf

[4]  G.E. Uhlenbeck and L.S. Ornstein, On the theory of 
Brownian motion, Phys. Rev. 30, 823 (1930).
Supervisor: Dr S Toppaladoddi and Dr A Wells              
Email: srikanth.toppaladoddi@all-souls.ox.ac.uk; 
Andrew.Wells@physics.ox.ac.uk

mailto:peter.read@physics.ox.ac.uk
mailto:Andrew.Wells@physics.ox.ac.uk
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AO10 Heat-engine based representation of convection 
with phase change in exoplanet atmospheres

A wide variety of exoplanet atmospheres are expected to be 
strongly	influenced	by	vertical	mixing	associated	with	buoy-
ancy-driven turbulence (convection). This is especially true 
for terrestrial-type atmospheres, which are heated primarily 
by absorption of stellar radiation at the planet’s surface.  
Condensible substances (e.g. water vapor on Earth or meth-
ane on Titan) are ubiquitous in planetary atmospheres, and 
for smaller planets whose atmospheres are not necessarily 
hydrogen-dominated the latent heat released by condensation 
can have a profound effect on atmospheric circulations. Con-
vection involves scales of motion which cannot be explicitly 
represented in global circulation models, and therefore must 
be calculated by a phenomenologically based closure model 
(a “parameterization.”  In this project, the possibility of 
extending a heat-engine based representation of convection 
to the full range of exoplanet convection situations will be 
explored.  The heat-engine based representation has been 
successfully employed for convection on Jupiter, but needs 
to be extended to a wider range of condensibles, to handle 
the “nondilute” limit in which the condensible makes up 
a	 significant	 fraction	of	 the	mass	 of	 the	 atmosphere,	 and	
to handle buoyancy due to molecular weight variations in 
the atmosphere. There is also the possibility to explore the 
behavior of convection in cases where the condensible/
noncondensible mixture exhibits non-ideal gas behavior.

References:

https://experts.umich.edu/en/publications/a-heat-engine-
based-moist-convection-parametrization-for-jupiter 

https://arxiv.org/abs/1608.03216

Some familiarity with partial differential equations in one 
dimension,	 and	 ideally	 also	 basic	 fluid	 dynamics,	 is	 re-
quired.  Fluency in some computer programming language 
is required.  The project will be carried out in Python, so 
prior experience with Python would be helpful, but any stu-
dent familiar with some other programming language (e.g. 
Matlab, Java, c++ or Fortran 90) is likely to be able to learn 
Python quickly enough to do the project.
Supervisor: Prof R T Pierrehumbert                  
Email: raymond.pierrehumbert@physics.ox.ac.uk

AO11 Infra-red absorption of atmospheric ions in the 
laboratory

Natural radioactivity and cosmic rays constantly ionise 
the air to produce nanometre-sized cluster-ions, which are 
hydrogen bonded to a central ion. The hydrogen bond rota-
tions and vibrations absorb infra-red radiation (this is the 
same	technique	by	which	many	gases	are	identified,	and	that	
satellites use to detect water vapour in the atmosphere). This 
infra-red absorption from the hydrogen bonds in cluster-ions 
has been detected both in the atmosphere and in laboratory 
experiments, but the sensitivity of the effect to the cluster-ion 
concentration is not yet well known. Previous projects have 
suggested that each sign of ion produces different effects. 
This project will involve running laboratory experiments to 
create ions with radioactive sources (to produce both positive 
and negative ions) and with corona sources (to produce just 
one sign of ion), measuring the associated infra-red absorp-
tion with a radiometer and establishing how it varies with 
the	ion	concentration.	Electric	fields	can	also	be	applied	to	

the	set-up	as	a	“clearing	field”	to	remove	one	sign	of	ion.	
The theory behind this project is most closely linked to the 
atmospheric physics major option, with a small particle 
physics overlap, though neither option is essential. 
Supervisor: Dr K Aplin                  
Email: karen.aplin@physics.ox.ac.uk

AO12 Miniaturised radioactivity detector

A miniature radioactivity detector has been developed in 
the Physics Department and is currently being exploited for 
applications in atmospheric physics, for example, measur-
ing the variation of atmospheric ionization with altitude and 
solar activity to investigate ionization effects on weather and 
climate. The production of energetic particles in the lower 
atmosphere by thunderstorms and solar storms is also a “hot 
topic” which is poorly understood. This project will involve 
an experimental investigation of how the detector responds 
to cosmic ray muons, which are an important aspect of its 
background signal. There is also scope for other or additional 
work based on the interests of the student, for example, 
investigating whether energetic particles are enhanced dur-
ing thunderstorms. The detector is now being sold to other 
researchers around the world, so there are opportunities for a 
student interested in entrepreneurship and/or engineering to 
investigate commercial aspects such as production engineer-
ing and optimization of the sensors, circuit, and software. 
Some interest in instrumentation and electronics is essential, 
and the ideal (but not essential) major option combination to 
accompany this project is atmospheric and particle physics.

Background reading: K.L. Aplin et al, Measuring ionizing 
radiation in the atmosphere with a new balloon-borne detec-
tor, Space Weather (2017)

h t t p s : / / a g u p u b s . o n l i n e l i b r a r y. w i l e y. c o m / d o i /
full/10.1002/2017SW001610 
Supervisor: Dr K Aplin                  
Email: karen.aplin@physics.ox.ac.uk

AO13 Infrared Emissivity of the Earth’s Surface

The Infrared Atmospheric Sounding Interferometer (IASI) 
is a nadir-viewing instrument on the polar-orbiting MetOp 
satellites, measuring the infrared emission spectra from the 
earth’s surface. These spectra show absorption lines from 
various atmospheric molecules with characteristic signa-
tures  and from these it is possible to retrieve the absorber 
concentrations.

The	calculation	is	simpified	if	it	is	assumed	that	the	earth’s	
surface behaves as a black body, and over the oceans this 
seems to be a good approximation. However, over land, 
emissivity is much more variable.

The aim of this project is to assess the impact of different 
surface emissivity models on the retrieval of atmospheric 
parameters on a global scale. This will involve running both 
simulated and real retrievals using the existing Oxford code.  
The project requires some knowledge of infrared radiative 
transfer and linear matrix algebra.  The project is entirely 
computer-based	so	some	knowledge	of	scientific	computing	
and/or linux would be useful.
Supervisor: Dr A Dudhia             
Email: dudhia@atm.ox.ac.uk

mailto:raymond.pierrehumbert@physics.ox.ac.uk
mailto:karen.aplin@physics.ox.ac.uk
mailto:karen.aplin@physics.ox.ac.uk
mailto:dudhia@atm.ox.ac.uk
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AO14 Global Distribution of Carbonyl Sulphide

Carbonyl Sulphide (OCS, or COS) is the most abundant 
sulphur compound in the atmosphere. It originates from bio-
logical processes in the oceans, from volcanic emissions, and 
from various human activities, and it is thought to be the main 
source of sulphate aerosol in the stratosphere which plays 
an important role in global temperature regulation. Although 
atmospheric concentrations of OCS are low, about 0.5 parts 
per billion, it has a distinct infrared absorption spectrum in 
the 5 micron atmospheric window region, which makes it 
detectable from space.

The Infrared Atmospheric Sounding Interferometer (IASI) 
is a nadir-viewing instrument on the polar-orbiting MetOp 
satellites, measuring the infrared emission spectra from the 
earth’s surface in the range 3.6-15.5 microns.

The Oxford group have developed a number of algorithms to 
retrieve the concentrations of various molecules from IASI 
spectra, ranging from fast ‘linear’ methods - effectively just 
taking	the	dot	product	of	IASI	spectra	with	a	fixed	vector	
of	coefficients	-	to	more	accurate,	but	slower,	iterative	tech-
niques requiring full radiative transfer calculations.

The aims of this project are to analyse the results for the 
global/seasonal distribution of OCS generated by the Ox-
ford linear retrieval, to validate these by comparison with a 
few selected cases for the iterative retrieval and with other 
published work.

The project requires some knowledge of infrared radiative 
transfer and so would be most suited to students taking the 
C5 option. The project is entirely computer-based so some 
knowledge	of	scientific	computing	and/or	linux	would	also	
be useful.
Supervisor: Dr A Dudhia             
Email: dudhia@atm.ox.ac.uk

AO15 Signatures of Southern Hemisphere Natural 
Climate Variability

Several studies have looked at the impact of solar variabil-
ity and volcanic eruptions at the Earth’s surface, including 
work here at Oxford led by Professor Gray.  One approach 
has been to use multiple linear regression, including indices 
to represent, for example, the 11-year solar cycle, volcanic 
eruptions and long-term trends associated with greenhouse 
gases. A recent study highlighted that, for example, the im-
pact of 11-year solar variability on mean sea level pressure 
(mslp) and sea surface temperatures (SST) in the European / 
N. Atlantic sector was lagged by a quarter cycle i.e. 3-4 year. 
This	has	particular	potential	benefits	for	long-term	(seasonal,	
decadal) forecasting since the 11-year solar cycle can be 
reasonably well forecast and may therefore give valuable 
additional capability for seasonal forecasting over Europe. A 
mechanism for this lag has been proposed, in collaboration 
with	Met	Office	colleagues,	involving	an	influence	on	the	
mixed layer of the ocean in winter that can be perpetuated 
through to the following summer and thus provides a posi-
tive feedback. 

In recognition of the importance of seasonal forecasting over 
Europe, previous effort has been focused on the Northern 
Hemisphere winter response over Europe. However, there 
are some interesting signals apparent in the Southern Hemi-
sphere that deserve attention, and also in summer time in both 

hemispheres. In this project we plan to expand the sphere 
of interest, to examine to examine the Southern Hemisphere 
response.  This will be carried out using existing tools, pri-
marily the multiple linear regression employed in previous 
studies. The study will examine the Hadley Centre mslp and 
SST datasets. There is also the potential to collaborate further 
with	Met	Office	colleagues,	who	have	a	set	of	climate	model	
ensembles for the period 1960-2010 with and without a solar 
cycle in the imposed irradiances, so that mechanisms may 
be further explored. 

Skills required 

This project is entirely computer-based, examining both 
observational and climate modelling data requiring experi-
ence of UNIX and IDL/Python. 
Supervisor: Prof  L Gray    
Email:  Gray@atm.ox.ac.uk

AO16 Nonlinear aerosol effects on clouds

Clouds act as air conditioners of the climate system by 
reflecting	a	vast	amount	of	 the	sun’s	energy	 to	space.	An	
increase in anthropogenic aerosols, tiny particles commonly 
produced by combustion, are hypothesized to enhance cloud 
reflectivity	through	nucleation	of	more	cloud	droplets.	As	a	
result, anthropogenic aerosols may offset part of the global 
warming response due to the buildup of greenhouse gases. 
Although, the amount of cooling by aerosols is highly un-
certain due in part to an assumed linear relationship between 
the	cloud	reflectivity	and	cloud	droplet	number	concentra-
tion. The goal of this project is to quantify the linearity of 
the aerosol-cloud relationship over a wide range of spatial 
scales and meteorological conditions. The project will make 
use of multiple state-of-the-art satellite data sets and output 
from global climate models.  The retrieved quantities will 
be obtained from active (e.g. radar and lidar) and passive 
imaging satellite products in a comprehensive analysis, also 
including corroborating measurements from surface-based 
instruments. These products will utilize the collocation 
tools within the Community Intercomparison Suite (CIS). 
Statistical methodologies will need to be developed based 
on theoretical models describing aerosol-cloud interactions 
in order to the quantify climate impacts.

The student will have the opportunity to deepen their 
computer programming skills, learn about and develop the 
theory behind aerosol cloud interactions, and apply numerous 
integrated datasets together to test a wide range of theoreti-
cal relationships on aerosol-cloud interactions. The project 
demands basic analytical and programming skills (preferably 
in IDL, Matlab, or Python).
Supervisors: Dr M Christensen and Prof P Stier
Email: matthew.christensen@physics.ox.ac.uk;  
philip.stier@physics.ox.ac.uk

AO17 tbc

More information from the supervisor.
Supervisor: Dr C Wilson
Email: Colin.Wilson@physics.ox.ac.uk

mailto:dudhia@atm.ox.ac.uk
mailto:Gray@atm.ox.ac.uk
mailto:philip.stier@physics.ox.ac.uk
mailto:Colin.Wilson@physics.ox.ac.uk
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AO18 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, follow-
ing 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 inter-
esting 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 com-
ponents 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 in-
terest in economics and interdisciplinary problems essential.

Background reading: The Climate Casino: Risk, Uncer-
tainty, 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

AO19 Understanding the Building Blocks of Primitive 
Asteroids

In September 2016 NASA’s Origins, Spectral Interpreta-
tion,	Resource	 Identification,	 Security,	Regolith	Explorer	
(OSIRIS-REx) mission was successfully launched to asteroid 
Bennu (1999 RQ36) with the aim of returning a sample to 
Earth in the early 2020s.  Here in Oxford Physics we are 
helping to map the composition of the asteroid to help with 
sample site selection and this project will allow you to be 
involved in the mission as we get ready for the key survey 
phase in 2018.  This project will focus on characterising the 
thermal infrared (TIR) signature of meteorite analogues in 
anticipation of remote TIR emissivity observations of primi-
tive asteroid Bennu.  Bennu is thought to be a parent body 
to carbonaceous chondrite meteorites, some of the most 
primitive material left over from the formation of the Solar 
System.  Being able to interpret these remote observations of 
its surface will be key in identifying sampling site locations, 
putting the collected samples into geologic context (e.g. Are 
the collected samples representative of materials distributed 
across most of the surface or are the samples collected from 
unique deposits?), and putting the collected sample into 
context with other carbonaceous chondrite meteorite classes.

In this project, we will be inverting laboratory thermal 
infrared emissivity spectra of meteorites and meteorite 
analogues provided by the OSIRIS-REx Carbonaceous 

Meteorite Working Group to determine their modal mineral 
abundances.  Additional studies of terrestrial samples known 
to be good analogues for meteorites will be investigated to 
understand the effects of varying particle size distributions 
and the abundance of low albedo materials.  This analysis 
is vital for understanding the methods that will be used 
to make spectrally derived mineral maps of Bennu once 
OSIRIS-REx	is	in	orbit	about	the	asteroid.		Specifically	the	
project will entail:

(1) Characterise thermal infrared emissivity signatures of 
meteorites and meteorite analogues using facilities in our 
Planetary Spectroscopy Facility under Earth-like and aster-
oid-like conditions. (2) Develop a linear unmixing algorithm 
for estimating mineral abundances in meteorite samples, 
in particular placing weights across different wavelength 
ranges based on spectral features (3) Compare laboratory 
TIR emissivity measurements of primitive asteroid analogues 
to (a) previously measured laboratory TIR emissivity meas-
urements of carbonaceous chondrite meteorites and (b) TIR 
telescopic observations of asteroids.

Given the project description, the master’s student will obtain 
a unique set of skills 

(1) mineral sample handling and preparation, 

(2) the use of analytical facilities like scanning electron 
microscope (SEM), electron microprobe (EMP), and X-ray 
diffraction (XRD), 

(3) the use of Fourier Transform Infrared (FTIR) spectrom-
eters, 

(4)	 the	 analysis	 of	 reflectance	 and	 emissivity	 laboratory	
data sets, and 

(5) comparing laboratory data sets with remote sensing 
observations.

Preferred skills: Software programming experience (MAT-
LAB, Python, IDL, etc.) and laboratory experience

Suggested reading material:  (1) Lauretta, D. S. et al. 
(2015), Meteoritics & Planetary Science, 50, 834-850. (2) 
Ramsey and Christensen (1998), Journal of Geophysical 
Research, 103, 577-596. (3) Donaldson Hanna et al. (2017), 
Icarus, 283, 326-342. (4) OSIRIS-REx website (http://www.
asteroidmission.org/).
Supervisors: Dr K Donaldson Hanna and Prof N Bowles
Email: Kerri.DonaldsonHanna@physics.ox.ac.uk; 
Neil.Bowles@physics.ox.ac.uk

http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2977.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2977.html
mailto:myles.allen@ouce.ox.ac.uk
mailto:Kerri.DonaldsonHanna@physics.ox.ac.uk
mailto:Neil.Bowles@physics.ox.ac.uk
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AO20  Understanding Heat flow around the Lunar 
surface

Thermal infrared measurements of airless bodies such as the 
Moon or asteroids can tell us a huge amount of information 
about their surfaces including their surface temperature, 
composition and texture. To obtain this information the 
measured thermal emission from the Moon or asteroid must 
be compared to a computer 3D thermal model of the surface. 
Typically, these models combine topography and composi-
tional data using a combination of ray tracing techniques and 
solutions to the 1D thermal diffusion equation.  This allows 
the model to calculate the expected radiance at the spacecraft.

These models generally do a good job at matching the meas-
ured radiance from the e.g. the lunar surface; however, in 
regions where the incidence angle of the incoming solar light 
is low and the dominate source of heat transfer is thermal 
re-radiation	they	have	significant	errors.	Most	3D	thermal	
models assume that light is scattered equally in all direc-
tions - a Lambertian surface, however it is believed that this 
assumption is incorrect particularly at high incidence angles.

We are in the early stages of development of our own 3D 
thermal model here at Oxford. Currently our model (written 
in MATLAB) is similar to previous 3D thermal models and 
we have obtained similar surface temperatures. However, we 
would like to extended our model to induce non-Lambertian 
scattering. This project will involve taking our existing 
model and adding a new module to include non-Lambertian 
scattering.

Skills: Coursework covering the fundamentals of radiative 
transfer e.g. from Atmos or Astro major options. For the 
computer-based elements programming experience be useful.

Reading:  Paige et al. 2010 http://science.sciencemag.org/
content/330/6003/479 , LRO Diviner instrument website-
http://www.diviner.ucla.edu
Supervisors: Dr T Warren and Prof N Bowles
Email: Tristram.Warren@physics.ox.ac.uk;
Neil.Bowles@physics.ox.ac.uk

AO21 Simulating the YORP effect in the Laboratory

The YORP and Yarkovsky effects change the rotation and 
orbit of an asteroid over time by thermal infrared emissions 
from the surface. It is only relatively recently that the YORP 
and Yarkovsky effects have been directly measured on a near 
earth asteroid. The problem is to fully model these effects 
we need accurate (~100 m spatially resolved) topographic 
information about the surface of asteroids as well as accurate 
spatial surface maps of albedo and emissivity. These datasets 
are only available for very few asteroids limiting our ability 
to test our models and understanding. 

We want to re-create this effect in the laboratory to allow 
us to test to the YORP effect under controlled laboratory 
conditions. Some preliminary design work has been done 
and we can 3D print a custom asteroid shape, paint it in 
well characterised high emissivity paint and then place it 
into a vacuum chamber. Inside the vacuum chamber we can 
illuminate the asteroid shape in such a way as to induce the 
asteroid to rotate from stationary via the YORP effect. We 
can then compare these results to models of the YORP effect 
to test our understanding.

Skills: Coursework covering the fundamentals of radiative 

transfer e.g. from Atmos or Astro major options. For the 
computer-based elements programming experience be use-
ful. This project will involve 3D printing – but this can be 
learnt in an afternoon.
Supervisors: Dr T Warren and Prof N Bowles
Email: Tristram.Warren@physics.ox.ac.uk;
Neil.Bowles@physics.ox.ac.uk

AO22 Representing small scale wind variability for 
improved weather and climate prediction

Weather and climate prediction is mathematically challeng-
ing. The atmosphere, oceans, land-surface, and their interac-
tions, must be represented in a computer simulator. Due to 
limited computer resources, we can only afford to explicitly 
calculate the largest scales – those of the order 5-10km in 
a weather forecast, or 50-100km in a climate prediction. 
Smaller-scale processes, such as turbulence or clouds, are 
included	using	simplified	representations	called	‘parametri-
sation schemes’. One pathway towards improved weather 
and climate prediction is to improve these parametrisation 
schemes. A new approach to parametrisation, called stochas-
tic parametrisation, recognises that, given knowledge of the 
large-scale	atmospheric	flow,	it	is	not	possible	to	predict	the	
evolution of the smaller scale processes with certainty. A 
stochastic parametrisation uses random numbers to represent 
our lack of knowledge about processes happening on these 
smaller scales.

This project involves developing a stochastic parametrisa-
tion scheme for turbulent transfer of momentum, heat and 
moisture between the ocean and atmosphere. This process 
is traditionally parametrised as a function of the large-
scale wind speed; however, this does not account for the 
effects of unresolved sub-grid scale variability. As part of 
an international collaboration, we have collected statistics 
for the sub-grid scale variability in wind speed over ocean. 
The student would use these measurements to construct a 
stochastic parametrisation and explore the potential impacts 
of	 the	stochasticity.	How	are	 the	average	 turbulent	fluxes	
impacted by the stochastic approach? How does the scheme 
impact the prediction of other atmospheric processes, such 
as convective thunderstorms? Can we improve probabilistic 
weather forecasts using the scheme?

In this project, the student will have the opportunity to 
cultivate his or her programming skills, work with an 
operational weather forecasting system, and learn about 
stochastic processes as a tool for representing uncertainty 
in dynamical systems.

Skills: Programming experience is very useful, though not 
essential: a drive to learn programming is more important. 
The	project	will	make	use	 of	 ideas	 about	fluid	dynamics	
and	turbulent	flows	from	the	third	year	course.	Ideally	the	
student should be taking the fourth-year option ‘Physics of 
the Atmosphere and Ocean’.
Supervisor: Dr H Christensen
Email: Hannah.christensen@physics.ox.ac.uk

mailto:Tristram.Warren@physics.ox.ac.uk
mailto:Neil.Bowles@physics.ox.ac.uk
mailto:Tristram.Warren@physics.ox.ac.uk
mailto:Neil.Bowles@physics.ox.ac.uk
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AO23 Detecting desert dust events using IASI

Desert dust is one of the most abundant and important aero-
sols	in	the	atmosphere	due	to	the	significant	direct	radiative	
forcing airborne dust can have on climate. Dust can also 
cause indirect radiative effects, acting as cloud condensation 
nuclei (CCN) and modifying precipitation, as well as affect-
ing phytoplankton by transporting and depositing iron  into 
the sea. Further, changes in land use can result in an anthro-
pogenic	influence	on	the	atmospheric	burden	of	desert	dust.

Satellites can provide global measurements of desert dust 
and have particular importance in remote areas where there 
is a lack of measurements. Given desert dust sources are 
found predominantly in such poorly instrumented remote 
areas, satellite data is key for their detection and monitoring.

The grain size and composition of desert dust make it radia-
tively active over a wide spectral range (from the ultraviolet 
to the thermal infrared). Thermal infrared spectrometers, 
such as IASI (Infrared Atmospheric Sounder Interferometer), 
can offer some unique opportunities such as day and night 
global aerosol observations,  sensitivity to the aerosol  layer  
altitude, and  aerosol  characterization  over  deserts.

Available to be analysed are 10 years of IASI measurements 
of desert dust generated by a linear retrieval.

In this project the student will use the IASI dataset to identify 
desert dust events, study trends and change in behaviour of 
dust dust  during the period 2007-2017. Also available is an 
optimal estimation (OE) aerosol retrieval scheme of aerosol 
optical depth, effective radius and altitude, originally devel-
oped for volcanic ash. If time allows the  student can run 
the OE retrieval scheme to analyse dust events, including an 
error analysis and sensitivity study, to understand strengths 
and weakness of the retrieval.

The project is computer-based, using the Interactive Data 
Language (IDL) on machines which run the Linux operating 
system. Prior experience of  either of these would be useful 
but is not essential.
Supervisors: Dr L Ventress, Dr E Carboni and Prof R G 
Grainger                
Email: ventress@atm.ox.ac.uk; elisa.carboni@physics.
ox.ac.uk; Don.Grainger@physics.ox.ac.uk

AO24 Retrieval of SO2 (and ash) from HIMAWARI 
measurements

Desert dust is one of the most abundant and important 
aeroSulphur  dioxide  (SO2)  is  an  important  atmospheric  
constituent, involved in many atmospheric processes. In the 
troposphere	these	include	acidification	of	rainfall,	modifica-
tion of cloud formation and impacts on  air  quality  and  
vegetation.  In  the  stratosphere,  SO2 oxidises to  form  a  
stratospheric  H2SO4 aerosol  that  can  affect  climate for  
several years. Volcanoes contribute about one-third of  the 
tropospheric  sulphur  burden  and data on the emission 
fluxes	and	total	amount	emitted	are	valuable	to	study	vol-
canic process. There is a lot of uncertainties on the amount 
of SO2 emitted from the volcano, and on the sulphur budget 
in atmosphere. Satellite measurements are used to detect and 
retrieve volcanic ash and SO2.

Himawari-8 is a new geostationary satellite, operated by the 
Japanese Meteorological Agency, has exceptional space and 
time resolution (measurements every 10 minutes).

In this project the student will use Himawari-8 data to study 
the evolution of a volcanic plume.  This will involve:

(i) Adapting existing radiative transfer to work for Himawari.

(ii) Studying the information content and performing an error 
analysis of a join ash & SO2 retrieval

(iii) Adapting the ash/cloud retrieval code (ORAC) to esti-
mate SO2 amount.

(iv) Applying the code to measurements during of Aoba 
eruption (April 2018).

The project is computer-based, using the Interactive Data 
Language (IDL), and Fortran90, on machines which run the 
Linux operating system. Prior experience of either of these 
would be useful but is not essential.
Supervisors: Dr E Carboni, Dr S Proud and Prof R G 
Grainger                
Email: elisa.carboni@physics.ox.ac.uk; simon.proud@
physics.ox.ac.uk ; Don.Grainger@physics.ox.ac.uk

AO25 Deep learning using high-resolution satellite 
data

The planetary energy balance between incoming and outgo-
ing radiation, and hence global temperature, is very sensitive 
to the properties and distribution of clouds in the atmosphere. 
Large continuous decks of stratocumulus clouds occur in 
the cold upwelling regions of the major oceans and play a 
crucial role in this balance. 

An important and poorly understood phenomena occurs 
where a large region of the cloud deck dissipates and leaves 
open regions, so called Pockets of Open Cells (POCs). It 
has been hypothesized that these occurrences are affected 
by	anthropogenic	activity,	specifically	through	aerosol	per-
turbations. Hence, POCs could have important implications 
for climate change.

No database of POC occurrence exists. Using deep neural 
networks deployed on large cloud-hosted GPU clusters this 
project will detect and classify these important phenomena. 
This unique database of observations will allow detailed stud-
ies of the probability of their occurrence in different regions 
and physical conditions, and their temporal evolution. These 
implications will feed back into regional and global assess-
ments of their effect on global cloud forcing.

An interest in state-of-the-art machine learning techniques 
and some basic Python experience is essential, but training 
will be provided.
Supervisors: Dr D Watson-Parris and Prof P Stier
Email: duncan.watson-parris@physics.ox.ac.uk;  
philip.stier@physics.ox.ac.uk

mailto:elisa.carboni@physics.ox.ac.uk
mailto:elisa.carboni@physics.ox.ac.uk
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AO26 Next-generation techniques for monitoring 
hazardous weather from space

Severe convective storms, commonly known as thunder-
storms, are a particularly hazardous type of weather: Such 
storms can produce hail, lightning, tornadoes, localised 
flooding	events	and	extreme	turbulence	for	aircraft	nearby.	
Strong updrafts in the core of a convective storm can reach 
the tropopause, 12-18 km above sea level. For most storms, 
the tropopause acts as a barrier that prevents further vertical 
growth, with air in the updraft instead spreading horizontally 
along the tropopause, forming the distinctive anvil shaped 
cumulonimbus clouds that are often associated with stormy 
weather. The most severe storms, however, contain enough 
energy to break through the tropopause into the lower strato-
sphere, forming a dome-shaped cloud that extends above 
the main body of the anvil cloud. These dome features are 
known as overshooting tops, and are an excellent indicator 
that a storm poses a hazard to life and property. To enable 
adequate warning to be given to people in the path of such 
a storm, the rapid detection and analysis of overshooting 
tops is therefore a high priority issue for weather forecasters.

In this project, the student will implement a technique that 
enables the detection of overshooting tops in images from 
next-generation weather satellites, such as the Japanese 
Himawari-8/9 and American GOES-R/S satellites. This 
technique will form part of the Optimal Retrieval of Aerosol 
and Cloud (ORAC) algorithm being developed at Oxford and 
RAL-Space, enabling a step-change in our ability to detect, 
monitor and understand overshooting tops.

This project is computer based and will involve programming 
using Python and/or Fortran 90. Prior knowledge of these 
would be useful, but is not essential. This project will suit a 
student with an interest in severe weather and will involve 
working with world-leading convection and satellite data 
specialists in the UK, Europe and USA.
Supervisors: Dr S Proud and Prof R G Grainger                
Email: simon.proud@physics.ox.ac.uk; 
Don.Grainger@physics.ox.ac.uk

mailto:Don.Grainger@physics.ox.ac.uk
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Astrophysics projects

AS01 Measuring magnification by Large Scale Struc-
ture in the VIDEO dataset

Gravitational lensing denotes the process by which the 
path of light is bent by the presence of matter, leading to 
measurable distortions in observed galaxy properties such 
as shape, size and brightness. The measurement of large 
statistical samples of weakly lensed galaxies can therefore 
be used to investigate the matter distribution and geometry 
of	the	universe.	“Magnification	bias”	describes	the	change	
in number density of distant background sources due to the 
change	in	observed	flux	and	position	of	lensed	galaxies.	The	
measurement of this affect relies mainly on accurate photom-
etry, and can therefore be used on faint or distant galaxies 
which cannot be used for a traditional shape measurement 
analysis, but requires tight control of the properties of the 
galaxy population used for such studies.

In	this	project,	you	will	attempt	to	measure	the	magnifica-
tion signal in the VIDEO dataset (http://www-astro.physics.
ox.ac.uk/~video/public/Home.html). You will select a sam-
ple of source galaxies and lenses, investigate and remove 
confounding factors in the dataset, and apply statistical 
measures to measure properties of the large scale structure 
in	the	VIDEO	field.

This project will require some coding, and will give you 
experience in research, manipulating astronomical data-sets, 
understanding the processes by which we measure galaxy 
properties from astronomical images, and applying statistical 
measures to extract a cosmological signal.
Supervisors: Dr C Duncan and Prof M Jarvis  
Email: christopher.duncan@physics.ox.ac.uk;
Matt.Jarvis@physics.ox.ac.uk 

AS02 Orbital evolution of planets in mean motion 
resonances

Planetary systems comprising planets with a mass compa-
rable to that of the Earth and that orbit very close to their 
parent star have been detected.  In some cases, these planets 
are in mean motion resonances, meaning that the ratio of their 
orbital periods is the ratio of two integers.  Being close to the 
star, these planets are subject to tides that dissipate energy.  
The aim of this project is to study the orbital evolution of 
such a system, focusing on two planets.  It will involve 
writing the equations that govern the system, and calculat-
ing how the separation between the two planets evolve as 
energy is dissipated.  

The project requires good mathematical skills and some 
computational knowledge, as the equations will have to be 
solved numerically as well as being studied analytically.
Supervisor: Prof C Terquem       
Email: Caroline.Terquem@astro.ox.ac.uk

AS03 Modelling the connection between galaxies and 
dark matter halos

While correlations among galaxy properties are known 
empirically from surveys, and those among halo properties 
are known from dark matter-only simulations, the relations 
between galaxy and halo properties remain unclear. It is 
these that we expect to hold the key to galaxy formation in 
a universe dominated by cold dark matter.

A popular technique for inferring the relation between galaxy 
and halo mass is ‘abundance matching’: essentially one as-
signs the nth most massive galaxy observed in a given region 
to the nth most massive halo produced in a simulation box of 
the same volume. Traditionally the measure of galaxy mass 
has been stellar mass, which is relatively easy to measure. 
However, a sizeable fraction of galaxies’ baryonic mass 
budgets -- particularly at low mass -- is comprised of cold 
gas, and the requisite data now exists to upgrade abundance 
matching to use total baryonic mass (stars + gas). Not only 
will this provide insight into the physical processes govern-
ing the co-evolution of baryons and dark matter, but may 
also shed light on several apparent failings of LCDM at the 
dwarf galaxy scale.

To perform this project the student will combine data on 
galaxies’ gas masses from the ALFALFA HI survey with 
stellar masses from optical surveys, connect this with the 
halo population from an N-body simulation by abundance 
matching, and test the result by examining statistics of the 
galaxy population such as clustering and internal dynam-
ics. Knowledge of Python will be required, and C/C++ may 
come in handy.
Supervisor: Dr H Desmond          
Email: harry.desmond@physics.ox.ac.uk

AS04 Modified gravity explored through hydrody-
namical simulation

Tests of General Relativity and its alternatives abound on 
laboratory, Solar System and cosmological scales, but are 
very rare on the intermediate scale of galaxies. This is despite 
a number of interesting theories exhibiting their strongest if 
not their only signals in galaxy structure and dynamics; these 
include offsets between the kinematics and centres of mass 
of stars and gas, warping of stellar disks and irregularities in 
rotation curves, all correlated with gravitational environment.

The factor limiting the use of these signals to probe gravity 
is the degeneracy between gravitational and baryonic degrees 
of freedom. The latter describe gas dissipation and stellar 
feedback,	and	may	mimic	 the	effects	of	modified	gravity	
by means of processes such as hydrodynamical drag, ram 
pressure and energy exchange between galactic mass com-
ponents. The best way to explore these effects is through 
‘cosmological hydrodynamical simulations’, which track 
the effects of baryonic physics on galaxy evolution under 
standard gravity.

In this project the student will analyse the output of Oxford’s 
flagship	 hydrodynamical	 simulation	 --	 the	Horizon-AGN	
simulation and its successor New Horizon -- to quantify the 
magnitude and environment-dependence of potential modi-
fied	gravity	signals	produced	by	galaxy	formation	physics	
alone.	This	is	crucial	groundwork	for	assessing	the	signifi-
cance of any putative deviation from General Relativity in 
observational data.

Strong programming skills will be required, preferably 
Python and/or C.
Supervisor: Dr H Desmond          
Email: harry.desmond@physics.ox.ac.uk

mailto:Matt.Jarvis@physics.ox.ac.uk
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AS05 Detection of transiting exoplanets with the 
TESS space mission

The Transiting Exoplanet Survey Satellite, TESS, will com-
mence operations in 2018, scanning almost the entire sky for 
planets transiting across bright stars. It will spend between 
one month and one year observing any given portion of the 
sky, with one observation every minute for the brightest 
200000 stars. Simulations of TESS’s planet yield suggest it 
will discover thousands of new exoplanets, including sev-
eral dozens of terrestrial planets. Here at Oxford we have 
developed tools to detect and model planetary transits in 
the context of previous space missions CoRoT and Kepler, 
which we are planning to use for TESS data. The project will 
consist in analysing the live stream of TESS data to detect 
new planet candidates, and liaising with our collaborators 
to arrange spectroscopic follow-up observations. Depending 
on progress, the project may lead to publications in refereed 
journals, which the student will be an author on. We are also 
planning to set up an online interface to enable the wider 
public to participate in the planet discovery effort, via the 
Zooniverse platform (see www.planethunters.org for an 
example of such a project on Kepler data), and there will be 
an opportunity to interact with the public through this if the 
student is interested. 

The project will suit a student interested in exoplanets, with a 
good statistical background and programming skills (ideally 
some experience of Python). The student will work both with 
existing code (to detect and model transits) and write their 
own (to model individual planet candidates).
Supervisor: Prof S Aigrain          
Email: Suzanne.Aigrain@physics.ox.ac.uk

AS06 Machine Learning for Citizen Science

As	astronomical	 datasets	 become	 larger,	 the	 need	 to	find	
new ways of identifying objects of interest is becoming ever 
more important. This project will make use of data from 
the Oxford-led Zooniverse project, which invites hundreds 
of thousands of volunteers to help analyse astronomical 
data, alongside modern `deep learning’ machine learning 
techniques. Our work so far has shown that this combina-
tion	of	human	and	machine	classification	has	great	potential,	
and this project will explore either novel applications of 
machine learning or novel ways of combining with citizen 
science projects. The initial project will likely use data from 
the long-running Galaxy Zoo project, which records galaxy 
morphologies, key to tracing a galaxy’s dynamical history, 
but there is a possible extension to other projects, including 
a search for exoplanets in TESS data which should be avail-
able from Hilary 2019. 

The project will involve working with TensorFlow or similar 
machine learning implementations, and with code written 
in Python. Though prior experience with these tools is not 
necessary, it would suit a student who wants to acquire skills 
appropriate for data-driven science and who is happy writing 
their own code. Links to the Zooniverse’s outreach program 
are also possible. 
Supervisor: Prof C Lintott and Dr B Smethurst
Email: chris.lintott@physics.ox.ac.uk

AS07 The Merger Fraction in the Galaxy Group 
environment

The merger of two galaxies is thought to be one of the main 
processes driving galaxy evolution. Mergers of galaxies 
become more likely in dense environments of galaxy groups 
and clusters. However, theory tells us that the more massive a 
group of galaxies, the more energy is available in the system 
and so the relative velocity between galaxies will increase. 
This predicts that mergers should therefore become less 
common in more massive galaxy groups.

In this project, the student will investigate how the fraction 
of merging galaxies changes with increasing group size 
observationally. This will require the student to become 
familiar with both the Galaxy Zoo morphological classi-
fication	database	and	the	methods	used	to	identify	groups	
and clusters of galaxies in large surveys. The student will 
become acquainted with large astronomical data sets and the 
physics behind galaxy interactions in dense environments.  
The project will require good analytical and programming 
skills (Python).
Supervisors: Dr B Smethurst and Prof C Lintott
Email: chris.lintott@physics.ox.ac.uk

AS08 Shape twisting of galaxies and halos in the 
NewHorizon simulation 

The shapes and orientation of galaxies are aligned throughout 
the large-scale structure. These alignments are typically well 
measured in observations and simulations, and are thought 
to	arise	due	to	the	interaction	of	galaxies	with	the	tidal	field	
of the universe. This interaction can stretch a galaxy, and 
it can also rotate its axis in a preferential direction. These 
alignments can also be a function of the region of the galaxy 
being probed. Inner regions might display less alignment 
than outer regions, since stars are less gravitationally bound 
in	the	outskirts	and	can	be	influenced	more	strongly	by	the	
tidal	field.	A	similar	effect	can	be	expected	for	dark	matter	
halos, in which galaxies are typically embedded. In this 
project, the student will develop a series of measurements of 
intrinsic galaxy alignments in the NewHorizon simulation, 
a higher resolution zoom-in of Horizon-AGN cosmological 
hydrodynamical simulation. The results of this project will 
aid us in the improvement of our physical understanding of 
the origin of these intrinsic alignments and their modelling 
as a contaminant to weak gravitational lensing cosmology.

Skills required: A basic knowledge of cosmology & large- 
scale structure, Linux and a programming language (Python 
or C are preferred). 
Supervisors: Dr E Chisari; Prof A Slyz; Dr J Devriendt and 
Horizon simulation collaborators  
Email: elisa.chisari@physics.ox.ac.uk

AS09 Gravitational lensing magnification and its ef-
fect on cosmological measurements.

Weak gravitational lensing has become one of the corner-
stones of our understanding of cosmology, and the Euclid 
space mission will launch in 2021 to measure weak lensing 
to unprecedented precision.  In this project we investigate 
the	biasing	effect	of	lensing	magnification	on	the	measure-
ments and how this might affect our conclusions about the 
cosmological model.
Supervisor: Prof L Miller     
Email: Lance.Miller@physics.ox.ac.uk
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AS10 Vorticity orientation in the cosmic web: spin 
flip along filaments

The cosmic web is the distribution of matter at large scales: 
a vast network of walls surrounding voids, intersecting at 
filaments,	which	connect	at	nodes.

The angular momentum acquisition of haloes in walls and 
filaments	is	induced	by	the	large-scale	coherence	of	the	flow	
vorticity, whose geometry and orientation  is expected to be 
a function of the multiplicity of the shell-crossing.

As a matter of fact, the geometry of the vorticity has already 
been	measured	 in	filaments,	while	 focusing	on	 transverse	
cross-sections (Laigle et al. 2015). This study success-
fully explained the alignment of low-mass haloes with 
their	filaments	and	 the	 transition	mass	 from	alignment	 to	
mis-alignment.  It nonetheless fell short explaining why the 
angular	momentum	of	haloes	and	galaxies	would	flip	in	the	
azimuthal direction at high mass, a signal which has been 
reported in the previous years. Indeed, this study focused only 
on second shell crossing corresponding to the formation of 
filaments,	and	ignored	subsequent	shell	crossings.	

In this project, the student will rely on a state-of-the-art cos-
mological dark matter simulation to extend this study while 
focusing on measuring the longitudinal evolution (i.e along 
the	filament	as	a	function	of	the	distance	towards	nodes)	of	
the vorticity alignment and geometry, therefore also analys-
ing regions which have shell-crossed more than twice. With 
this analysis, the student will be able to present a complete 
picture of halo alignment in the cosmic web, which is crucial 
both to understand galaxy formation and quantify intrinsic 
alignments, a potential source of systematics for  lensing 
studies. Some programming skills are required. 
Supervisor: Dr C Laigle     
Email: clotilde.laigle@physics.ox.ac.uk

AS011 & AS12 Astrophysical shocks and the nature 
of the first LIGO electromagnetic afterglow

The most extreme phenomena in the Universe are ubiqui-
tously associated with strong and variable radio emission, be 
it feedback from accreting black holes or massive exploding 
stars. The origin of these transient astrophysical events lies in 
fast-moving, often relativistic, ejecta which result in strong 
shocks in the surrounding medium. These shocks result in 
acceleration of electrons to very high energies, as well as 
amplification	of	magnetic	fields,	the	combination	of	which	
leads to strong synchrotron radiation which can be observed 
using radio telescopes on Earth.

In August 2017, LIGO+VIRGO detected and localised the 
merger of two neutron stars which produced a strong gravi-
tational wave burst and was subsequently associated with 
bright emission at all electromagnetic wavelengths. This is 
the	first	time	electromagnetic	radiation	has	been	associated	
with a gravitational wave event. The synchrotron afterglow 
from this event rose steadily for half a year before peaking 
and beginning to decay. The precise nature of the afterglow 
-- geometry, speed -- are still uncertain, and affect how ac-
curately we may use the radio observations to constrain the 
kinetic energy liberated in the merger event. A suggestion 
has recently been made that precise measurements of the 
synchrotron spectrum can be used to constrain the bulk 
Lorentz factor of the shock, and hence in turn constrain the 
total liberated kinetic energy. In this project we will consider 

in detail the physics behind the shock acceleration and the 
constraints which can be placed upon them by the existing 
observations. In particular we will explore how existing data 
sets	on	other	relativistic	outflows	can	test	the	relationship	be-
tween the synchrotron spectrum and the shock Lorentz factor.

The project would suit students with an interest in astrophys-
ics. Some computing skill is desirable.
Supervisors: Prof R Fender and Dr J Matthews  
Email: Rob.Fender@physics.ox.ac.uk

AS13 Modelling the variable X-ray spectrum of an 
accreting black hole binary system

The accreting black hole binary system V404Cyg had an 
extraordinary period of highly variable outbursts of X-ray 
emission in 2015.  We still struggle to fully understand the 
physics of what happened. In this project we will use a 
Monte Carlo approach to modelling the propagation of X-
rays through the gas around the black hole system, and test 
whether a simple model of that gas can reproduce some of 
the key features of the observations.
Supervisor: Prof L Miller     
Email: Lance.Miller@physics.ox.ac.uk

AS14 Characterising Asteroids with Spectroscopy on 
the PWT

Asteroids	are	taxonomically	classified	into	different	types	
based on the shape of their spectra. Most asteroids fall into 
three groups: C, S, and X; but there are about 20 other rarer 
groups.	Around	1500	asteroids	currently	have	classifications	
(primarily from the SMASS survey in 2002). This is enough 
to understand the general population, but many asteroids 
remain	 unclassified.	This	 project	will	 extend	 a	 previous	
successful	MPhys	project	to	make	the	classification	a	semi-
automatic long term programme from Oxford. 

The Philip Wetton Telescope (PWT) is a 40-cm telescope 
on the roof of the Denys Wilkinson building. It has a fairly 
advanced control system and set of instruments, meaning 
that even though it is relatively small, it can make interesting 
observations. A previous MPhys project (2015) demonstrated 
the potential for using the PWT to spectroscopically classify 
asteroids, but only managed a handful of objects (though in 
enough detail to warrant a potential publication currently 
in progress). 

This project aims to extend that basic work and develop an 
automatic process to fully exploit the telescope’s robotic 
control system. 

The project will involve developing some (existing) software 
to select appropriate asteroids for observation; setting up 
the observations on the PWT; taking/monitoring the obser-
vations; automating the software technique to extract the 
spectra from the data and classifying the asteroid spectra.

Special Requirements

The project will require some night-time work with the tel-
escope. Some familiarity with *nix computing, IRAF, and 
Python would be helpful, but not necessary.
Supervisor: Dr F Clarke   
Email: fraser.clarke@physics.ox.ac.uk
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AS15 Modeling the near-IR emission of star-forming 
regions and active black holes

The two main processes that control the evolution of galax-
ies are the formation of stars and the growth of the central 
super-massive black hole (BH). Therefore, to understand 
how galaxies evolve across cosmic times, we need methods 
to distinguish between galaxies dominated by star-formation 
(SF) and those dominated by an accreting BH.

Several diagnostic diagrams exist. However, most of them 
use the optical spectral range which is unreliable in the 
dusty obscured environments where most of the SF and BH 
accretion in the Universe take place. For this reason, alter-
native diagnostic diagrams using wavelengths less affected 
by dust extinction, like the near-infrared (1 to 2.5 micron), 
are necessary.

In this project, we will model the intensities of the near-IR 
atomic transitions as a function of the energy source (young 
stars vs. BH accretion) and compare these predictions with 
observations of nearby galaxies. To do so, we will use the 
spectral synthesis code Cloudy (www.nublado.org). Basic 
knowledge of Python or IDL is required.
Supervisor: Dr M Pereira Santaella 
Email: miguel.pereira@physics.ox.ac.uk

AS16 Instrumentation on the Philip Wetton Telescope

The Philip Wetton telescope here in Oxford is used for a 
range of undergraduate projects, some research, and of 
course public outreach. The telescope is fully automated 
(robotic), and takes data for a range of projects every clear 
night. Currently, the only instrument available is a standard 
CCD	camera	with	a	range	of	colour	filters.	This	project	aims	
to expand the instrumentation capabilites of the observatory 
by developing some new instruments for spectroscopy or 
adaptive-optics. A range of possible options is listed below, 
but interested students are strongly recommended to discuss 
options with the supervisors before the application deadline 
-- there is scope to tailor the project to the student’s aims. 
These projects would suit a student with an interest in the 
more practical side of astronomy. 

Potential instrumentation projects include;

+ Automating the existing slit spectrograph to allow robotic 
operation

The observatory has an existing spectrograph, but it is lit-
tle used as it is not compatible with robotic operation. This 
project will involve adding components (e.g. servo motors 
+ controllers) to the spectrograph, and developing control 
software to allow it to be used remotely. Depending on how 
the project develops, we will also look at integrating the 
spectrograph into the existing observatory control software 
to	allow	fully	robotic	spectroscopy	for	the	first	time.	This	
project should suit a student with an instrumentation and 
coding; exploiting the spectrograph to its full will require 
some	significant	code	development.	

+	Designing	a	new	spectrograph	for	an	integral	field	unit

We	have	an	fibre	integral	field	unit	(to	allow	spectroscopy	
of extended objects such as planets or galaxies), which was 
built as an MPhys project several years ago. Unforuntately 
the	existing	spectrograph	is	not	good	enough	work	efficiently	
with the IFU, so we need to design a new more suitable 

spectrograph. This project will involve investigating differ-
ent optical design options, and then developing a mechanical 
design around them. Depending on how the project develops, 
we	will	attempt	to	build	a	first	version	of	the	spectrograph	
in the lab. This project would suit a student with an interest 
in optical/mechanical design. 

+ Characterising a new cheap fast camera for wavefront 
sensing

We have recently bought a small fast camera based on new 
CMOS technology, which seems to offer good potential as 
a	wavefront	sensing	camera	--	the	first	step	in	building	a	po-
tential adaptive optics system for the PWT. This project will 
involve characterising the true performance of the camera in 
the lab and then on the telescope. Developing an AO system 
is beyond the scope of this project, but we will attempt to 
use the camera to characterise the atmosphere above Oxford 
as input to any future designs. This will involve developing 
some simple instrumentation and taking large runs of data 
with the camera. This project would suit a student with an 
interest in software and data processing/analysis. 

Special Requirements

As the instrumentation projects are quite specialised, students 
must speak to the supervisors before applying for the pro-
jects. Code for the projects will be mainly based in Python, 
so experience in this is useful but not necessary. Some of 
the projects, particularly the wavefront sensing project, will 
require night-time working to take data. 
Supervisors: Dr F Clarke and Dr R Barnsley  
Email: fraser.clarke@physics.ox.ac.uk

AS17 High-redshift disk formation

Although unobserved as yet, galaxies in their infancy about 
500 million years after the Big Bang are already being simu-
lated by computational cosmologists. These early galaxies 
are predicted to form at the intersections of the cosmic web 
that grows out of the seed perturbations imprinted after 
the Big Bang. This project will study how gas streaming 
along	filaments	in	the	cosmic	web	can	form	rapidly	rotat-
ing, dense, gaseous disks at their intersections in the high 
redshift Universe. In the simulations, these gaseous disks 
appear to be rotating as fast as the Milky Way but they are 
about a tenth of its size. Under such extreme conditions, a 
disk can become gravitationally unstable and fragment into 
massive gas “clumps” which could collapse into star clusters. 
Therefore understanding how these high redshift galaxies 
acquire their rapid rotation is crucial to making sense of 
high-redshift star formation.

The goal of this project, is to explain these rapidly rotat-
ing, small disks. This will involve converting outputs from 
ultra-high resolution hydrodynamical cosmological simula-
tions into a format that is readable by a sophisticated three-
dimensional visualization software, and then measuring the 
orientation	of	the	filaments	relative	to	the	disk.	From	the	geo-
metrical information, and measurements of the gas velocities 
in	the	filaments,	an	explanation	for	the	disk	orientation	and	
extreme rotational disk velocities will be constructed.

Good programming skills required.
Supervisors: Prof A Slyz and Dr J Devriendt  
Email: Adrianne.Slyz@physics.ox.ac.uk; 
julien.devriendt@physics.ox.ac.uk
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AS18 Dissecting galaxies using cosmic telescopes - 
strong gravitational lenses 

Gravitational lenses are remarkable phenomena – a strik-
ing visual demonstration of Einstein’s theory of General 
Relativity – where the light from a distant galaxy is bent 
by	the	gravity	field	of	an	intervening	massive	foreground	
galaxy or group of galaxies lying along the line of sight. 
This	results	in	an	amplified,	magnified	and	distorted	image	
of the distant background galaxy often resulting in multiple 
images or complete and partial rings. The separation and 
distortion of lensed images is entirely determined by the total 
matter distribution in the intervening ‘lens’, this includes 
both luminous (i.e. stars) and elusive dark matter. Therefore 
lensing is one of the only means to “weigh” galaxies, and to 
constrain dark matter providing one of the most direct pieces 
of	evidence	for	its	existence.	However,	finding	gravitational	
lenses	remains	a	difficult	task	with	large	numbers	of	false	
positives	(configurations	that	mimic	lenses)	requiring	sig-
nificant	effort	in	visually	inspecting	the	candidates.	Strong	
gravitational lenses have a variety of astrophysical and 
cosmological applications, including mapping dark matter 
and constraining cosmological parameters.  In this MPhys 
project we focus on understanding the distribution of mass in 
the lenses, and the nature of the distant (high-redshift) lensed 
galaxies. The lenses studied in this project were discovered 
by citizen scientists taking part of the Galaxy Zoo and Space 
Warps (spacewarps.org) Zooniverse projects. The work 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 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

AS19 Measuring Galactic rotation with HI 

Atomic hydrogen in our Galaxy (and elsewhere in the uni-
verse) emits a characteristic narrow radio emission line at a 
frequency of 1420 MHz.  

The narrowness and precise rest frequency of this HI line 
means that it can be used to trace motion via the Doppler 
effect. HI measurements are widely used in astrophysics to 
measure rotation velocities, as well as a tracer of the overall 
expansion of the universe. In this project the student will use 
a small radio telescope on the roof of the DWB to map out 
the HI emission in the plane of our own Galaxy. The signal 
received from any given direction is the sum of multiple 
components along the line of sight with different projected 
velocities. By modelling the line shapes the student will 
determine the shape of the Galactic rotation curve and hence 
verify the existence of Dark Matter in the Galaxy.
Supervisors: Prof M Jones, Prof A Taylor and Dr J Leech
Email: mike.jones@physics.ox.ac.uk

AS20  tbc

More details from the supervisor. 
Supervisor: Prof S Balbus 
Email: Steven.Balbus@astro.ox.ac.uk

AS21 & AS22 Very-high-energy gamma-ray astro-
physics with the Cherenkov Telescope Array 

Very	high-energy	gamma-ray	astrophysics	is	an	exciting	field	
spanning fundamental physics and extreme astrophysical 
processes. It will soon be revolutionized by the construc-
tion of the international Cherenkov Telescope Array (CTA; 
http://www.cta-observatory.org/).	This	will	be	the	first	open	
observatory for very-high energy gamma-ray astronomy, 
and will be sensitive to photon energies up to 10^15 eV. Its 
science goals are:

(1) Understanding the origin of cosmic rays and their role 
in the Universe.

(2) Understanding the natures and variety of particle accel-
eration around black holes.

(3) Searching for the ultimate nature of matter and physics 
beyond the Standard Model.

CTA will consist of up to one hundred imaging air Cheren-
kov telescopes using state-of-the-art Silicon Photomultiplier 
detectors and high-speed digital signal processing to detect 
and characterize the electromagnetic air shower caused when 
an astrophysical gamma-ray enters the Earth’s atmosphere.

I expect to be able to take up to two M.Phys. students this 
year working on either experimental or theoretical aspects of 
the CTA programme. These would suit students taking either 
the Astrophysics or Particle Physics options. 

In the lab, we work on the design and construction of the 
cameras for CTA’s small-sized unit telescopes. These will 
have	~2k	 pixel	 SiPM	detectors	 and	 front-end	 amplifiers	
which feed into custom electronics using ASICs and FPGAs. 
This gives a system that can image at a rate of a billion 
frames per second.

On the theoretical/observational side of the programme, 
recently we have developed new theoretical models for 
the broad-spectrum emission from steady-state jets (Potter 
& Cotter 2012, 2013a,b,c) that let us use the gamma-ray 
observations and those at other wavelengths to investigate 
the physical properties of the jet and the black hole at its 
base. We now propose to extend these models to look in 
particular	at	(i)	rapid	variability	and	flaring	in	jets	and	(ii)	
entrainment of heavy particles as the jets propagate through 
their host galaxy, and the resulting possibility of hadronic 
particle processes within the jets. We will investigate how 
CTA may be used to determine the physical conditions that 
lead	to	flaring	and	the	presence,	and	extent,	of	emission	from	
hadronic processes.

References
Actis et al. 2010, http://arxiv.org/abs/1008.3703
Potter & Cotter 2012, http://arxiv.org/abs/1203.3881
Potter & Cotter 2013a, http://arxiv.org/abs/1212.2632
Potter & Cotter 2013b, http://arxiv.org/abs/1303.1182
Potter & Cotter 2013c, http://arxiv.org/abs/1310.0462
Supervisor: Prof G Cotter                 
Email: Garret.Cotter@physics.ox.ac.uk
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AS23 Breaking the dark matter degeneracy using 
stellar proper motions

Dark matter is a pillar of our paradigm of how galaxies form. 
However the shape and content of dark matter in galaxies, 
and especially in gas-poor ones, is still poorly understood. 
This is because of strong degeneracies in the dark matter 
recovery from kinematics of external galaxies. These are 
due to an intrinsic non-uniqueness of the problem, when 
only line-of-sight kinematics are available.

A solution to this fundamental problem will soon be pro-
vided by the availability of stellar proper motions, which 
will	finally	remove	the	degeneracy	of	the	problem.	In	this	
project the student will use high-resolution N-body simula-
tions, in combination with dynamical models and a Bayesian 
approach, to study how well one can expect to be able to 
measure dark matter in external galaxies using the upcoming 
proper motion information.

Special skills: Knowledge of the Python programming 
language.
Supervisor: Dr M Cappellari       
Email: michele.cappellari@physics.ox.ac.uk

AS24 Quantifying and classifying the cosmic web

Large structures in the Universe, formed via gravitational 
collapse, are distributed in  lower-dimensional systems, such 
as	cosmic	filaments	and	sheets.	This	“cosmic	web”	can	be	
clearly observed in simulations of structure formation as 
well as in galaxy surveys, and has received a fair amount 
of attention as an alternative cosmological observable. Dif-
ferent methods have been proposed to classify and quantify 
the elements of the cosmic web, and the aim of this project 
is to compare their predictions as well as their performance 
on simulated and observed datasets. This project will require 
a reasonable level of computing skills (ideally some basic 
experience coding in C/C++/Fortran and/or python) as well 
as basic knowledge of Fourier methods.
Supervisor: Dr D Alonso           
Email: David.Alonso@physics.ox.ac.uk

AS25 Measuring the accelerating expansion of the 
Universe with distant Supernovae: Predicting the con-
straints the HARMONI instrument on the E-ELT will 
provide

The European Extremely Large Telescope, or E-ELT, is a 
revolutionary new ground-based telescope concept with a 
39-metre main mirror and will be the largest optical/near-
infrared telescope in the world: “the world’s biggest eye on 
the sky”.

The	HARMONI	 integral	field	 spectrograph	 is	 one	of	 the	
first-light	instruments	for	the	E-ELT.	The	project	is	led	by	
Prof	Niranjan	Thatte	of	Oxford,	and	will	see	first	light	on	
sky in about 8-9 years. It will be sensitive to wavelength 
between 0.5 and 2.5 µm

This project aims to simulate observations of Supernovae at 
redshift z=3-5 with HARMONI to measure the accelerated 
expansion of the universe over a wider redshift range.  The 
student will create different input data cubes (different red-
shifts, SN type, instrument settings) to feed into the ‘hsim’ 
pipeline, and analyse the output cubes produced by ‘hsim’, 
in order to establish how well HARMONI will be able to 
detect and characterise distant Supernova.

Special skills

As this project is computational, the student is expected to 
have	sufficient	computer	and	programming	knowledge,	and	
a basic knowledge of python.  Further knowledge in data 
analysis, in any language, would be advantageous.
Supervisor: Dr M Tecza
Email: matthias.tecza@physics.ox.ac.uk

AS26 Automated Parameterisation of the Adaptive 
Optics Point Spread Function (AO-PSF) of the European 
Extremely Large Telescope (E-ELT)

Abstract:	HARMONI	 is	 the	first	 light	 integral	field	 spec-
trograph for the European Extremely Large Telescope 
(E-ELT). Over the last few years, we have developed an 
advanced simulator (HSIM) that can quantitatively predict 
HARMONI’s performance for a wide range of observing 
programmes.  HSIM’s innovative addition to typically used 
Exposure Time Calculators (ETCs) is the introduction of a 
wavelength dependent Adaptive Optics Point Spread Func-
tion	(AO-PSF)	that	quantifies	the	response	of	the	E-ELT	to	an	
unresolved source (a single star) in the sky.  However, gen-
erating these AO PSFs relies on a manual, labour intensive, 
parameterisation of the computed response function from 
adaptive optics simulations.  We are looking for a motivated 
M.Phys student, with good knowledge of programming 
(particularly in Python) to develop programs to automate the 
process of generating accurate parametric representations of 
a set of AO PSFs. 
Supervisors: Dr S Zieleniewski and Prof N Thatte                 
Email: Simon.Zieleniewski@physics.ox.ac.uk, Niranjan.
Thatte@physics.ox.ac.uk

AS27 Giant radio pulses from radio emitting neutron 
stars

Over the course of the last 2 years, we have been accumulat-
ing data using the Low Frequency Array (LOFAR) to search 
for new pulsars and fast radio bursts. In the process, we 
have accumulated data from a handful of known, extremely 
bright pulsars. These pulsars are seen to occasionally emit 
extremely bright individual pulses, a phenomenon referred 
to typically as giant pulse emission. The low radio frequency 
data of LOFAR are particularly prone to propagation effects, 
as the radio signals travel through the magneto-ionised inter-
stellar space. In this project, we will investigate individual 
pulses from this population of pulsars, with the aim of char-
acterising the interstellar medium and the intrinsic properties 
of giant pulse emission. These investigations will shed light 
on the radio emission process of pulsars at low radio fre-
quencies (150 MHz) and help understand potential extreme 
propagation events in the Galaxy.  Work will be supported 
by pulsar group members from Astrophysics and the OeRC.
Supervisor: Dr A Karastergiou            
Email: aris.karastergiou@gmail.com
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AS28 Combining photometric redshift surveys and 
HI intensity mapping

In the next decade, a large portion of the southern sky will be 
observed using two potentially complementary techniques: 
photometric redshift surveys and intensity mapping of the 
21cm line. This project would focus on producing realistic 
forecasts regarding the potential of cross-correlating both 
probes in terms of constraints on cosmological parameters 
and possibly mitigation of systematic uncertainties.
Supervisor: Dr D Alonso           
Email: David.Alonso@physics.ox.ac.uk 

AS29 C-Band All Sky Survey project s(C-BASS) 

Oxford is currently leading the C-Band All Sky Survey 
project (C-BASS) which is an experiment to measure the 
intensity and polarisation of the whole sky at 5 GHz. The 
primary aim of the experiment is to provide maps of and to 
understand the low frequency Galactic foreground emission 
that must be subtracted from current and future measure-
ments of the CMB such that e.g the faint CMB B-mode 
signature may be detected. The experiment consists of two 
telescopes - one observing from California to map the north-
ern sky and another in South Africa mapping the Southern 
sky.  The northern survey is now complete and the Southern 
survey well underway.  We are looking for MPhys students 
to work with us on a range of projects:

- Calibration and cross-calibration of the C-BASS surveys

- Detailed analysis of the Southern survey data to understand 
the systematics in the data

- Combined analysis of C-BASS data with WMAP and 
Planck

- Measurement of the variation of spectral index of Galactic 
Synchrotron across the whole sky in intensity and polariza-
tion

- Forecasting of requirements for a future low-frequency 
foreground experiment in support of up-coming ground-
based and satellite CMB B-mode experiments.

All these projects will involve a large element of computing. 
Experience with either Matlab or python would be desirable.

More general information about the C-BASS project can be 
found at: http://www.astro.caltech.edu/cbass/
Supervisors: Prof M Jones, Prof A Taylor and  Dr J Leech
Email: mike.jones@physics.ox.ac.uk

AS30 Radio telescope receiver systems 

The physics department is setting up a radio astronomy lab 
for teaching and outreach, consisting of two small telescopes 
on the roof of the DWB. 

This project is to develop a new control and receiver sys-
tem for these telescopes, and to demonstrate the ability to 
make astronomical observations with it. The student will 
use a high-speed data acquisition system based on a Field-
Programmable Gate Array to develop a digital backend that 
can be used to make broad-band spectral and continuum 
observations, and integrate this with the telescope control 
system so that the telescope can simultaneously track and 
take	data.	The	performance	of	the	system	will	be	verified	by	
observing astronomical sources. This project will require a 

reasonable level of computing skills as well as an inclination 
towards practical experimentation
Supervisors: Prof M Jones, Prof A Taylor, Dr J Leech,    
Dr K  Zarb Adami
Email: mike.jones@physics.ox.ac.uk

AS31 Black holes in gravity with a Higgs mechanism

Abstract: It has been suggested that gravity can support 
a Higgs mechanism for Newton’s constant (or the Planck 
mass). In this scenario, gravity “switches off” at high curva-
tures. There are a few proposals of how to modify General 
Relativity to make this work. In this project we will explore 
the  consequences for black holes: their existence, stabil-
ity and formation. The student will have to have a good 
knowledge of GR (and know, for example, how to derive 
the Schwarzschild solution) and the ability to write code, 
preferably in Python, fortran or C (although these skill can 
be aquired during the project).
Supervisor: Prof P G Ferreira           
Email: pedro.ferreira@physics.ox.ac.uk 

AS32 tbc

More details from the supervisor.
Supervisor: Prof D Rigopoulou            
Email: Dimitra.Rigopoulou@physics.ox.ac.uk

AS33 Strategies for finding high-redshift radio 
galaxies 

Many high-redshift radio galaxies have been found by 
selecting radio galaxies with ultra-steep spectral energy 
distributions (SED) at radio wavelengths, and following up 
with optical observations to determine the redshift. High-
redshift radio galaxies are indicative of dense environments 
in the distant Universe, and are thought to evolve into the 
most massive galaxies we see today. They are therefore an 
interesting link in studying the evolution of massive galaxies. 
Recent work has shown that simply selecting based on radio 
SEDs will bias high-redshift samples towards only extreme 
galaxies. In order to select a more representative sample of 
candidate high-redshift radio galaxies, it is necessary to con-
sider other indicators like compact size. New low-frequency 
radio surveys with unprecedented sensitivity and resolution 
offer the possibility to select samples of more “normal” 
high-redshift radio galaxies. This project will involve (1) 
determining a strategy based on the available data to select 
a complete sample of high-redshift galaxy candidates and 
(2) applying the strategy to low-frequency radio surveys.

Requirements: This project is computational and will in-
volve manipulating large catalogues, making plots, etc.  Any 
experience in this would be helpful, but should not put off 
anyone interested in the project.
Supervisors: Prof M Jarvis; Dr L Morabito and Dr R Bowler    
Email: Matt.Jarvis@physics.ox.ac.uk; 
leah.morabito@physics.ox.ac.uk;
rebecca.bowler@physics.ox.ac.uk

mailto:David.Alonso@physics.ox.ac.uk
http://www.astro.caltech.edu/cbass
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Biological Physics projects

BIO01 Back-scattering dark-field microscopy with 
mobile phones, for malaria detection

The aim of the project is to develop a microscope built around 
a	mobile	phone	camera	for	field	detection	of	malaria.	

Point-of-care diagnostics for malaria is currently best done 
by biochemical kits that cost on the order of $1 per test.  
This is limiting in many parts of the world where malaria 
is prevalent.  The gold standard for malaria diagnostics is 
microscopic examination of blood samples, requiring rela-
tively expensive microscopes and highly trained observers 
who can recognize infected blood cells.  

Malarial parasites sequester heme from blood cells in the 
form of crystals of hemozoin.  These are small and scatter 
light strongly in all directions, making them ideal for detec-
tion by the newly-developed method of back-scattering laser 
dark-field	(BSDF)	microscopy.		Basically,	laser	light	is	scat-
tered back in the direction from which it came much more 
by small (Rayleigh) scatterers than by larger objects. When 
back-scattered light is used to form an image of an infected 
blood sample the hemozoin crystals shine out brightly against 
the background of cells.

This project will involve building and testing prototype 
BSDF microscopes that can be scaled down to enable mo-
bile phone camera lenses to replace expensive microscope 
objectives, mobile phone cameras to replace expensive 
microscope optics and cameras, and mobile phone apps to 
replace PC-based image processing algorithms for automatic 
recognition of malarial infection.  Alternatively, the project 
could involve developing and testing algorithms for assess-
ment of the presence and severity of infection.

There is potential for Vodaphone to become involved in 
this project.

Requirement: Some familiarity with optics and computer 
programming	would	be	useful,	but	no	specific	prior	experi-
ence is necessary. Please contact the supervisor if you are 
interested in the project.
Supervisor: Dr R Berry                
Email:Richard.Berry@physics.ox.ac.uk

BIO02 3D tracking of single fluorescent molecules for 
application in live bacteria

The aim of the project is to develop a microscope for tracking 
single biomolecules in live cells in 3 dimensions. 

Living cells are intricate collections of biological molecular 
machines.  These range in size from thousands to millions of 
atomic mass units (Daltons, D), and are mobile to different 
degrees.  The smaller ones are simpler, and have functions 
that include carrying information between the larger ones 
– usually by diffusing, binding and possessing at least two 
distinct states that can be recognized by the larger machines.  
For example, the protein CheY is a small (14 kD) molecule 
found in swimming bacteria with two functional states:  with 
or without a phosphate group added to a particular site on 
its surface.  CheY is converted to CheY-P depending on the 
output of large sensory complexes (100s of MD) at the cell 
surface, and carries that message to a rotary motor (~10 MD) 
that controls how bacteria swim:  CheY-P binds to the mo-
tor and changes its rotation direction, CheY (no-P) doesn’t.  

Recent developments have allowed proteins like CheY to 
be	purified	from	cells,	labelled	with	small	bright	fluorescent	
dye molecules, and put back into cells by “electro-poration”.  
The	label	then	allows	them	to	be	tracked	by	fluorescence	mi-
croscopy.  However most existing methods track molecules 
only in 2 dimensions, while the tracks are 3-dimensional

This project will involve building and testing a microscope 
that can track single molecules in 3 dimensions.  Initial tests 
of the optics and tracking algorithms will be performed on 
objects much slower-moving and brighter than single mol-
ecules.  From this reference point the performance and limits 
of the system will be explored.

Requirement: Some familiarity with optics and computer 
programming	would	be	useful,	but	no	specific	prior	experi-
ence is necessary. Please contact the supervisor if you are 
interested in the project.
Supervisor: Dr R Berry                
Email:Richard.Berry@physics.ox.ac.uk

BIO03 Structural, functional and computational stud-
ies of ion channels

The projects involve determining the relationship between 
the structure and function of ion channels found in the mem-
branes of living cells.  Ion channels regulate the ‘bioelectric-
ity’ that control all forms of cellular electrical excitability. As 
a	result	they	control	or	influence	almost	every	process	in	the	
human body from the way our nerves and brain work, to the 
way our heart and kidneys function.  We principally study K+ 
ion channels using a combination of techniques that includes 
electrophysiological recording of channel activity (including 
kinetic analysis of single channel behaviour), computational 
studies of channel structure and ion permeation (molecular 
dynamics simulations), plus various molecular biology and 
protein biochemistry approaches.  There are options to suit al-
most every taste (https://biophysics.physics.ox.ac.uk/tucker/)

Requirement: Although no previous experience is required, 
some interest in biological systems is essential as there will 
be some background reading required.
Supervisor: Prof S Tucker             
Email: stephen.tucker@physics.ox.ac.uk

BIO04 & BIO05   DNA Nanostructures

DNA is a wonderful material for nanometre-scale fabri-
cation. Short lengths of DNA can be designed such that 
Watson-Crick hybridization between complementary sec-
tions leads to the self-assembly of complex nanostructures. 
Nanostructures can be used to deliver a payload into a cell, 
as a scaffold for protein crystallography or as both track 
and motor components of a molecular assembly line. The 
project will involve design, fabrication and characterization 
of a DNA nanostructure.
Supervisor: Prof A Turberfield    
Email: andrew.turberfield@physics.ox.ac.uk

mailto:Richard.Berry@physics.ox.ac.uk
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BIO06 Biosensors for rapid detection of viruses 

Many	viruses	(from	the	influenza	virus	to	the	Zika	virus)	can	
cause debilitating and deadly diseases, and their sensitive, 
specific	 and	 rapid	detection	 is	 a	major	 challenge	 in	 their	
identification	and	control.	We	have	been	developing	novel	
detection methods (in part due to previous successful MPhys 
projects)	based	on	single-molecule	fluorescence	imaging	and	
single-particle	 tracking,	 to	detect	 the	 influenza	virus	on	a	
compact microscope that can be used in clinical settings; the 
detection can be completed in just a few minutes, as opposed 
to existing assays that require many hours. 

This	project	will	extend	the	previous	flu	biosensing	work	in	
many possible ways: optimizing detection by improving the 
particle illumination scheme, the current diffusion analysis, 
and by using simultaneous particle detection in two spectral 
regions; use of different DNA sensors to adapting the as-
say	to	clinical	settings	and	testing	variants	of	the	flu	virus;	
adapting the assay to a different virus (using safe simulants); 
and	increasing	the	throughput	and	specificity	of	the	existing	
assay (an exercise in “big-data” treatment, reduction, and 
representation).

No prior knowledge or experience of biophysics is neces-
sary; experience in optics and programming (particularly 
MATLAB) would be an advantage. Introductory literature 
will be provided. 
Supervisor: Dr N Robb and Prof A Kapanidis  
Website:groups.physics.ox.ac.uk/genemachines/group/
index.html
Email: Nicole.Robb@physics.ox.ac.uk

BIO07 Single-molecule studies of influenza virus rep-
lication 

Influenza,	which	is	caused	by	the	influenza	virus,	is	one	of	
the world’s major uncontrolled diseases. However, in spite 
of	its	importance,	many	aspects	of	influenza	virus	replication	
are poorly understood. We use a range of single-molecule 
fluorescence	biophysics	techniques	to	investigate	how	the	
virus replicates itself.  For example, we have developed an 
in-vitro	 single-molecule	 FRET	 system	 that	 uses	 purified	
viral proteins and synthetic fragments of the viral genome 
to mimic replication, and we are able to visualise viruses 
infecting host cells at a resolution of less than 20nm using 
super-resolution microscopy.    

The project will build upon the previous experience of the lab 
in this area, for example, by extending our existing in-vitro 
assays to test different modes of viral replication, to test the 
temperature-dependence of virus replication, to investigate 
potential	interactions	of	influenza	viruses	with	host	cells,	and	
optimisation of the current imaging analysis software. The 
project will be both laboratory-based (involving slide prepa-
ration and use of an advanced, custom-built total-internal 
reflection	fluorescence	(TIRF)	microscope)	and	analytical	
(for example, data analysis using custom-written analysis 
software for super-resolved reconstruction of images).   

No prior knowledge or experience of biophysics is neces-
sary; experience in optics and programming (particularly 
MATLAB) would be an advantage. Introductory literature 
will be provided. 
Supervisor: Dr N Robb and Prof A Kapanidis  
Website:groups.physics.ox.ac.uk/genemachines/group/
index.html
Email: Nicole.Robb@physics.ox.ac.uk

BIO08 Physics of  cryopreservation of cell membranes 
During cryopreservation cells (e.g. stem cells, sperm), tissues 
(ovarian tissues, umbilical cord), and even living organisms 
(bacteria, animal embryos) are preserved by cooling to sub-
zero	temperatures.	A	significant	challenge	of	cryopreserva-
tion is to avoid damage caused by the formation of ice during 
freezing.  It is known that when cells are frozen they undergo 
a ‘‘cold shock’’ which leads to  mechanical damage to the 
plasma membrane and leakage of solutes across membranes. 
There is very little research about the physical aspects of 
the cell membrane freezing and thawing processes and in 
particular in the role of the membrane in the water structure 
during the freezing and thawing processes. This project aims 
at investigating the effect of freezing and thawing in lipid 
membrane models systems. It focuses in studying the role 
of the lipid phase/ordering on the water structure during 
freezing by atomic force microscopy.

Special skills: This is an experimental project but requires 
good data analysis skills (Matlab, python or equivalent) and 
willingness to pursue a multidisciplinary project.
Supervisor: Dr S Antoranz Contera              
Email:  Sonia.AntoranzContera@physics.ox.ac.uk

BIO09 Mechanical and transport properties of bioma-
terials for tissue engineering and 3D cell cultures
Hydrogels have applications in drug delivery, mechanical 
actuation and regenerative medicine. Applications in these 
fields	 require	 a	 robust	 characterisation	 of	 the	mechanical	
and transport properties in their hydrated state. The most 
promising method for assessing mechanical properties is 
by nanoindentation, however there are unique challenges 
associated with testing hydrated materials, since they are at 
the same time poroelastic and viscoelastic, which requires 
that	the	fluid	flow	through	the	porous	material	is	explicitly	
included in the interpretation of data. This project aims at 
implementing a new indentation scheme that can complete 
quantitative characterisation of hydrated hydrogels and 
analysing data using it.

Special skills: This is an experimental project but requires 
good data analysis skills (Matlab, python or equivalent) and 
willingness to pursue a multidisciplinary project.
Supervisor: Dr S Antoranz Contera              
Email:  Sonia.AntoranzContera@physics.ox.ac.uk
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Condensed Matter Physics projects

CMP01 PL and EL imaging of perovskites solar cells 

Photoluminescence (PL) and electroluminescence (EL) are 
commonly used to characterise the quality of perovskite ma-
terials used in optoelectronics devices. However, the spatial 
homogeneity as well as transient responses to an applied 
voltage are currently little known. Therefore we intend to use 
PL and EL imaging to optimise our fabrication processes and 
our understanding of the operation of such devices.

The objective of the project is to build an imaging set-up 
and use this tool to characterise perovskites solar cells and 
light-emitting diodes. It involves a little bit of programming 
to build a user interface (e.g. LabVIEW) and the student will 
learn the complete fabrication process of the perovskites 
devices to be investigated.
Supervisors:  Dr B Wenger and Prof H Snaith         
Email: bernard.wenger@physics.ox.ac.uk;
henry.snaith@physics.ox.ac.uk

CMP02 Microphotoluminescence measurements of 
carrier diffusion in semiconductors

The project involves using cryogenic microphotolumines-
cence techniques to investigate the diffusion of carrier in 
semiconductors by mapping the emission using a laser-based 
microscope capable of sub-micron spatial resolution and sen-
sitive enough to detect single photons. Both time-integrated 
and time-resolved measurements will be undertaken.
Supervisor: Prof R Taylor 
Email: Robert.Taylor@physics.ox.ac.uk

CMP03   Decoding the science of ultimate performance 
in perovskite solar cells: the beauty of interfacial engi-
neering

Following	an	unprecedented	rise	in	power	conversion	effi-
ciencies within the past few years, metal halide perovskites 
(MHPs) have surged as a new class of photovoltaic materials 
and hold great promise to revolutionise the solar industry 
in the next decade. However, many studies have suggested 
severe non-radiative recombination that exists at the imper-
fect interfaces between perovskite light absorbers and charge 
collection layers could hinder photo-carrier collection, hence 
limiting the ultimate photovoltaic performance using MHPs 
in solar energy harvesting applications. Taking these basic 
understanding forward, it seems natural to ask whether the 
photo-carriers dissociated within MHPs could be effectively 
collected through engineering preferential interface proper-
ties. This question provides the springboard for this project.

The	specific	approach	that	will	be	used	here	is	to	integrate	
various types of polymer electrets (i.e. dielectric polymers) 
in-between charge-collection layers and perovskite light 
absorbers. This work demands good experimental (solar cell 
fabrication) and electrical-characterisation (J-V measure-
ment) skills. The main activities include that 1) understanding 
how	the	dipole-induced	built-in	electric-fields	in	polymeric	
materials could reduce non-radiative recombination losses; 
and 2) implementing selected polymer electrets into MHP 
cell structures, hence decoding what limits the ultimate cell 
performance both theoretically and experimentally.
Supervisors:  Dr Y Lin and Prof H Snaith         
Email: yen-hung.lin@physics.ox.ac.uk;
henry.snaith@physics.ox.ac.uk

CMP04 “There’s Plenty of Room at the Bottom” – 
Nanostructure-assembly towards high-performance 
perovskite solar cells 

Commenting on the possibility of directly manipulating in-
dividual atoms, more than half a century ago Nobel laureate 
Richard Feynman gave a lecture in Caltech, called “There’s 
Plenty of Room at the Bottom”. The idea conveyed in this 
lecture	is	believed	to	be	the	very	first	conceptual	origin	in	the	
field	of	nanotechnology.	In	fact,	the	ability	to	control	each	
individual photo-induced carrier in nanoscale/molecular-
scale is particularly important for the applications of metal-
halide perovskites (MHPs) in photovoltaics. This is because 
the non-radiative recombination loss that takes place at the 
interfaces between MHP and charge-collection layers plays 
a major role that limits perovskite solar cells (PSCs) from 
reaching	their	theoretical	efficiency.	

In this project, we will carry out our research in a nano-world. 
The	specific	approach	will	be	used	is	 to	 integrate	various	
types of organic molecules into charge-collection layers 
through the means of nano-assembly. This project demands 
good experimental (solar cell fabrication) and electrical-
characterisation (J-V measurement) skills. The main activi-
ties are to identify potential organic nanostructures that can 
facilitate charge transport as well as to design the processing 
routes to nano-assembling feasible organic molecules into 
PSCs, hence unlocking PSC’s theoretical performance.
Supervisors:  Dr Y Lin and Prof H Snaith         
Email: yen-hung.lin@physics.ox.ac.uk;
henry.snaith@physics.ox.ac.uk

CMP05 Investigation of Microstructural Evolution in 
Organic Semiconductors

Organic semiconductors have the potential to enable inex-
pensive and ubiquitous electronic devices with highly tai-
lored functionality, from solar modules to wearable sensing 
devices. However, many organic semiconductors remain 
susceptible to degradation when subjected to elevated tem-
perature or ambient gases. The goal of the project is to better 
understand the role of microstructural re-organization during 
thin	film	exposure	to	these	various	stimuli.	The	results	of	this	
investigation will be of high relevance for the next genera-
tion of electronic devices based on organic semiconductors.

The MPhys student will use in-situ x-ray diffraction to assess 
the impact of temperature and trace gas concentration on 
small-molecule	thin	films	relevant	to	organic	photovoltaics	
and gas sensor devices. The student should have a strong 
interest in solid state physics. The project will also provide 
an opportunity to learn thermal deposition techniques for 
organic electronics and device physics, based on the student’s 
own interests. If you would like to discuss project details, 
feel free to contact us:
Supervisor : Dr M Riede              
Email : moritz.riede@physics.ox.ac.uk

mailto:henry.snaith@physics.ox.ac.uk
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CMP06 Fermi surface topography of iron-based super-
conductors

In order to develop new models for superconductivity as 
well as to predict superconductivity at high temperatures 
one needs to be able to understand all the essential in-
gredients of the electronic structure and the details of the 
pairing interaction that lead to the creation of Copper pairs. 
This project is a computational and analytic study of the 
electronic structure of FeSe in order to determine the exact 
topography of its Fermi surface. The student will use existing 
software in Matlab and further develop functions to predict 
the angular dependence of the Fermi surface and compare to 
available quantum oscillations data. Once the Fermi surface 
is fully determined the project can be extended to include 
predictions about the magnetotransport behaviour. This is a 
computational project and a suitable candidate for this project 
should have good knowledge of condensed matter courses 
and strong computation skills (Matlab, Phyton). For further 
questions please email amalia.coldea@physics.ox.ac.uk.

For further details, please read:

The Key Ingredients of the Electronic Structure of FeSe

https://arxiv.org/abs/1706.00338, Annual Review of Con-
densed Matter Physics, Vol 9 (2018)

Emergence of the nematic electronic state in FeSe,

Phys. Rev. B 91, 155106 (2015), https://arxiv.org/
abs/1502.02917

Detailed Topography of the Fermi Surface of Sr2RuO4,

Phys. Rev. Lett. 84, 2662 (2000), https://doi.org/10.1103/
PhysRevLett.84.2662
Supervisor: Dr A Coldea              
Email: Amalia.Coldea@physics.ox.ac.uk

CMP07 Electronic band structure of quantum materials 
as determined from ARPES experiments

Angle resolved photoemission spectroscopy (ARPES) is 
a powerful tool to extract information about the electronic 
structure of novel quantum materials. The ARPES measures 
the band dispersions and in order to extract their positions 
requires detailed analysis of the position of the bands in 
momentum space.

This project will use exiting software and further develop a 
GUI interface in Matlab in order to improve the visualization 
of the ARPES. The aim of the project is to use the second 
derivative method in tracking the position of extrema from 
experimental curves and to improve the localization of the 
band extrema for a better visualization of intensity image 
plots. The student will analyse real ARPES data collected at 
Diamond Light Source and extract useful information about 
the	electronic	structure.	The	student	will	also	perform	first-
principle band structure calculations using Wien2K on the 
ARC supercomputer to compare the band structure predic-
tions with experiments.

A suitable candidate for this computational project should 
have good knowledge of condensed matter courses and 
strong computation skills would be valuable to the project.

For further questions please email amalia.coldea@physics.
ox.ac.uk

For further information, please see:

A precise method for visualizing dispersive features in im-
age plots

Rev. Sci. Instrum. 82, 043712 (2011)

Angle-resolved photoemission studies of the cuprate su-
perconductors

Rev. Mod. Phys. 75, 473 (2003)

Other useful links:

Wien2k allows electronic structure calculations of solids 
using density functional theory (DFT)
Supervisor: Dr A Coldea              
Email: Amalia.Coldea@physics.ox.ac.uk

CMP08 The effect of applied strain on the electronic 
behaviour of superconducting and topological Dirac 
materials

The iron-based superconductors containing represent new 
materials showing realistic potential towards their practical 
implementation. Among the different materials, FeSe, seems 
to be one of the simplest superconductor with intriguing 
electronic behaviour. Its superconducting properties can be 
enhanced either by applying hydrostatic pressure, by inter-
calating different alkali ions between its conducting layers 
or by the induced strain in its single-layer form.

This project is an experimental project which will consist in 
applying strain to superconducting FeSe and related materials 
to understand how it affects its normal and superconducting 
properties. Measurements will be performed also in high 
magnetic	fields	and	at	low	temperatures.	A	suitable	candidate	
for this experimental project should have good knowledge 
of condensed matter courses, attention to details and good 
experimental skills. Strong computational skills would also 
be valuable to the project.

For further questions please email amalia.coldea@physics.
ox.ac.uk

Emergence of the nematic electronic state in FeSe

Phys. Rev. B 91 (2015), https://arxiv.org/abs/1502.02917

Strong Peak in Tc of Sr2RuO4 Under Uniaxial Pressure

Science vol. 355, eaaf9398 (2017), https://arxiv.org/
abs/1604.06669

Divergent Nematic Susceptibility in an Iron Arsenide Su-
perconductor

Science, Vol. 337, no. 6095 pp. 710 (2012), https://arxiv.
org/abs/1203.3239

Measurement of the B1g and B2g components of the elas-
toresistivity tensor for

tetragonal	materials	via	transverse	resistivity	configurations,

Rev. Sci. Instrum. 87, 063902 (2016), https://arxiv.org/
abs/1603.03537
Supervisor: Dr A Coldea              
Email: Amalia.Coldea@physics.ox.ac.uk
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CMP09 Tunnel diode oscillator technique to explore 
electronic properties of the topological Dirac materials 

Topological insulators are electronic materials with strong 
spin-orbit interaction that have insulating bulk properties and 
topologically protected metallic surfaces on their surfaces or 
edges. In ordinary materials, backscattering, in which elec-
trons take a turn back owing to collisions with crystal defects, 
effectively	degrades	the	current	flow	and	increases	the	resist-
ance. On the surface of topological insulators, backscattering 
processes are completely suppressed (forbidden), so charge 
transport is in a low-dissipation state with exceptional trans-
port mobility and reduced energy consumption, which due 
to their long life and low maintenance costs are extremely 
attractive for semiconductor devices. The superconductivity 
found in certain candidate topological insulators is predicted 
to	have	a	significant	effect	on	understand	fundamental	phys-
ics in particular in the search for Majorana fermions as well 
as from the applications point of view to pave the way to-
wards designing novel dissipationless devices. Topological 
Dirac semi-metals have Dirac dispersion of bulk electronic 
states giving rise to extremely small Fermi surfaces and high 
mobility carriers.

This project aims to optimize an existing tunnel diode oscil-
lator experiment, which is a contactless transport measure-
ment. This technique will be used to probe experimentally 
to electronic properties of novel topological Dirac materials 
in	high	magnetic	fields	and	at	low	temperatures.	A	suitable	
candidate for this experimental project should have good 
knowledge of condensed matter courses. Strong experimental 
and computational skills would be valuable to the project.

For further questions please email amalia.coldea@physics.
ox.ac.uk.

For further reading please consult:

Tunnel diode oscillator for 0.001 ppm measurements at low 
temperatures

Review	of	Scientific	Instruments	46,	599	(1975);	https://doi.
org/10.1063/1.1134272

Radio-frequency impedance measurements using a tunnel-
diode oscillator (TDO) technique

Review	of	Scientific	Instruments	70,	3097	(1999);	https://
arxiv.org/abs/cond-mat/9904026

Linear	magnetoresistance	caused	by	mobility	fluctuations	
in the n-doped Cd3As2

Phys. Rev. Lett. 114, 117201 (2015); https://arxiv.org/
abs/1412.4105

Topological insulators and superconductors,

Rev. Mod. Phys. 83, 1057-1110 (2011) or http://arxiv.org/
abs/1008.2026
Supervisor: Dr A Coldea              
Email: Amalia.Coldea@physics.ox.ac.uk

CMP10 Computational study of critical current densi-
ties in novel superconductors

Superconductivity has a very large number of practical ap-
plications from superconducting magnets used in MRI scan-
ners to levitating trains and its ultimate use is for reduction 
of the energy consumption as superconductors have zero 
resistance. To test realistic materials for potential applications 
one needs to know their phase diagrams, in particular of the 
critical current and the critical magnetic field. This project 
is a computational study to explore the critical current as 
determined from magnetization measurements as well as 
from direct transport studies in high magnetic fields and at 
very low temperatures. The project aims to be able to predict 
superconducting phase diagrams of new superconductors 
based on the input parameters of different materials. A suit-
able candidate for this project should have good knowledge 
of condensed matter courses and strong computation skills 
would be valuable to the project. This project will use 
COMSOL and it will take place in the Oxford Centre for 
Applied Superconductivity (www.cfas.ox.ac.uk). For further 
questions please email amalia.coldea@physics.ox.ac.uk.

For further information, please read:

Critical-state magnetization of type-II superconductors in 
rectangular slab and cylinder geometries Journal of Applied 
Physics 77, 3945 (1995), http://dx.doi.org/10.1063/1.358576

Magnetization of Hard Superconductors,

Phys. Rev. Lett. 8, 250 (1962) https://doi.org/10.1103/
PhysRevLett.8.250

Critical current and critical magnetic field in hard super-
conductors,

http://jetp.ac.ru/cgi-bin/dn/e_018_05_1368.pdf
Supervisor: Dr A Coldea              
Email: Amalia.Coldea@physics.ox.ac.uk

CMP11 Developing a pulsed electron spin resonance 
spectrometer with arbitrary pulse shaping capability
Pulsed electron spin resonance (pESR) is a technique for 
manipulating quantum spins coherently with microwave 
pulses and has versatile applications in physics, chemistry, 
biology and quantum information. Conventional pESR 
experiments are conducted by simply switching the micro-
wave signal between on and off to form square excitation 
pulses. In recent years, the development of high-frequency 
arbitrary waveform generators (AWG) has introduced the 
possibility of engineering pulse shapes (including amplitude 
and frequency) to gain much greater control over the spins.

In this project, the student will design and build a pESR 
spectrometer with AWG pulse shaping options that will 
match (and potentially exceed) the performance of the state-
of-the-art commercial pESR spectrometers. This involves 
programming the AWG to generate required waveforms and 
use them to modulate high frequency (~ 10 GHz) microwave 
signals. The student will also perform pESR experiments 
with molecular nanomagnets to test the performance the 
spectrometer. The project demands good programming 
skills (in Python) and basic microwave electrical engineer-
ing knowledge.
Supervisors: Dr J Liu and Prof A Ardavan          
Email: junjie.liu@physics.ox.ac.uk
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CMP12 Hexaferrite crystals: Candidate materials for 
future oxide electronics

In many key areas of information technology, such as mag-
netic data storage, the physical processes exploited in the 
functional component of a device rely on the flow of electri-
cal currents. If this requirement for electrical currents could 
be circumvented, and electric fields used instead, huge gains 
in device efficiency would be achieved. A promising route 
is found in the use of insulating multifunctional oxides. For 
example, in a multiferroic magneto-electric material, the 
magnetic state may be manipulated by an applied electric 
field, which could be exploited in a memory device. Materi-
als with these characteristics have been realised, yet none 
have been directly applicable to device construction. Y-type 
hexaferrites, of nominal composition Ba2Mg2Fe12O22, 
have been shown to exhibit the greatest level of room tem-
perature magneto-electric functionality observed to date. 
They exhibit a plethora of exotic magnetic phases, many 
of which allow the control of magnetic order by electric 
fields. Several new hexaferrites with different elemental 
composition have been grown at the Clarendon Laboratory, 
and initial characterisation has shown promising evidence of 
high temperature magneto-electric phases with technological 
potential. This experimental project will use measurements 
of the dielectric constant and magnetisation to investigate 
the magneto-electric properties of a new Y-type hexaferrite 
composition, with the aim of determining the suitably of 
these materials for future devices.
Supervisor: Dr R Johnson 
Email: Roger.Johnson@physics.ox.ac.uk

CMP13 Study of the effects of strain on skyrmion lat-
tices

Magnetic skyrmions– swirls of magnetic moments – have 
unique topological properties that make them promising can-
didates for the next generation of computer storage devices. 
This experimental project is dedicated to the exploration 
and study of novel, low-dimensional skyrmion-carrying 
materials. It is part of the UK-wide, EPSRC-funded national 
research program into Skyrmionics, designed to achieve a 
step-change in our understanding of skyrmions in magnetic 
materials and engineer them towards application. A detailed 
description of the research topics and institutions involved 
can be found at http://www.skyrmions.ac.uk. The goal of 
the project is to measure and understand the effects of strain 
on the skyrmion lattice phase. Thin films will be grown by 
magnetron sputtering, structurally characterised by x-ray 
diffraction, and magnetically by SQUID magnetometry. 
Topological Hall effect studies will be carried out in a 
PPMS system.

Recent group publications: https://www2.physics.ox.ac.uk/
research/thin-film-quantum-materials/publications

Required skills: practical skills, interest in crystallography 
and thin films (synthesis and characterisation), strong work 
ethics.
Supervisors: Prof T Hesjedal and Dr S Zhang         
Email: Thorsten.Hesjedal@physics.ox.ac.uk

CMP14 Micromagnetic Simulations of Magnetic Skyr-
mion Devices

Non-uniform magnetic domains with non-trivial topology, 
such as vortices and skyrmions, are proposed as superior 
state variables for nonvolatile information storage. So far, 
the possibility of logic operations using topological objects 
had not been considered much.

This simulation project is dedicated to the exploration of 
skyrmion devices. It is part of the UK-wide, EPSRC-funded 
national research program into Skyrmionics, designed to 
achieve a step-change in our understanding of skyrmions in 
magnetic materials and engineer them towards application. 
A detailed description of the research topics and institutions 
involved can be found at http://www.skyrmions.ac.uk. 

Computer simulations of the detailed position- and time-
dependent magnetisation (“micromagnetism”) describe 
these phenomena well. This project will involve modelling 
of micromagnetic systems using, among others, NIST’s 
Object Oriented Micromagnetic Framework (OOMMF).

Further Reading: Zhang, Shilei; Baker, Alexander A.; 
Komineas, Stavros; et al., Topological computation based 
on direct magnetic logic communication, Sci. Rep. 5, 15773 
(2015)

Special skills required: 

As a simulation project a strong interest in computing and 
programming is a must.
Supervisors: Prof T Hesjedal and Dr S Zhang         
Email: Thorsten.Hesjedal@physics.ox.ac.uk

CMP15 High power response in circuit quantum elec-
trodynamics

In circuit QED (a circuit equivalent of cavity QED), an 
electrical resonator is strongly coupled to a superconducting 
qubit. At low energy, this system is very well understood and 
is the foundation of much of the rapid progress in recent years 
in superconducting quantum computing. However, when 
the system is subjected to strong coherent driving, it can 
display extremely rich and less well understood behaviour, 
in particular often involving bifurcation of the states of the 
resonator and qubit. This project will involve investigation 
of this high power regime of circuit QED, and its potential 
use	in	high	fidelity	readout	of	qubits.	The	project	may	in-
volve any of: CAD design & electromagnetic simulation of 
new devices to probe the above physics, software and/or 
hardware programming, measurements and data analysis. 
Note that this and other projects in the group are subject 
to change due to the rapid rate of progress in research. We 
will	always	endeavour	to	find	a	project	that	is	interesting,	
new and a good match for your particular interests & skills.
Supervisors: Dr G Tancredi and Dr P J Leek       
Email: giovanna.tancredi@physics.ox.ac.uk, peter.leek@
physics.ox.ac.uk
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CMP16 Flux-tuneable qubits and couplers in supercon-
ducting quantum circuits

In superconducting circuits a powerful resource is the poten-
tial to build circuit elements that are tuneable by magnetic 
field	using	a	component	called	a	SQUID.	This	can	enable	
components such as qubits with tuneable properties or qubit-
qubit couplers that can be turned on and off at will. In this 
project you will explore the introduction of such tuneable 
elements into our quantum computing architecture, includ-
ing the design and testing of the circuits themselves and the 
engineering	of	their	control	with	magnetic	fields.	Depending	
on progress you may be able to measure and analyse quantum 
coherence properties of novel qubit designs, or implement 
quantum logic gates based on the tuneable elements. The 
project will involve any of: circuit design, electromagnetic 
simulation, hands-on soldering and component assembly, 
analytic and numerical quantum mechanics simulations, 
measurements and data analysis. Note that this and other 
projects in the group are subject to change due to the rapid 
rate of progress in research. We will always endeavour to 
find	a	project	that	is	interesting,	new	and	a	good	match	for	
your particular interests & skills.
Supervisors: Dr B Vlastakis and Dr P J Leek      
Email: brian.vlastakis@physics.ox.ac.uk, 
peter.leek@physics.ox.ac.uk

CMP17 Stability of qubit properties in superconducting 
quantum circuits

Superconducting electric circuits are proving to be a strong 
candidate	for	building	the	world’s	first	useful	universal	quan-
tum computer within the next decade. We have developed 
a new architecture based on coaxial circuit elements and 
3D wiring with promising quantum coherence and scal-
ing	potential.	An	important	current	topic	in	the	field	is	to	
understand the long-term stability of qubit properties such 
as their transition energies, energy relaxation and coher-
ence	times,	which	are	found	to	fluctuate	in	time,	leading	to	
difficulty	in	using	them	for	the	exquisitely	fragile	process	
of quantum computation. In this project you will explore 
this topic by measuring the statistical correlations of these 
qubit properties with environmental parameters such as the 
temperatures of key components in the measurement setup, 
and work on improving qubit stability by stabilising the 
correlated parameters. Success in this project could lead to 
crucial improvements in performance of quantum circuits. 
The project will involve any of: computer programming, 
measurements and data analysis, hands-on soldering and 
component assembly, electric circuit design. Note that this 
and other projects in the group are subject to change due to 
the rapid rate of progress in research. We will always en-
deavour	to	find	a	project	that	is	interesting,	new	and	a	good	
match for your particular interests & skills.
Supervisors: Dr S Jebari and Dr P J Leek      
Email: salha.jebari@physics.ox.ac.uk, 
peter.leek@physics.ox.ac.uk

CMP18 Josephson parametric amplifiers (JPAs) for 
superconducting qubit readout

Superconducting electric circuits are proving to be a strong 
candidate	 for	 building	 the	world’s	 first	 useful	 universal	
quantum computer within the next decade. These circuits 
exploit the existence of an exotic non-linear circuit element 
called a Josephson junction. These junctions can also be used 
to	build	a	new	kind	of	quantum-limited	amplifier	called	a	
Josephson	parametric	amplifier	(JPA),	which	can	in	turn	be	
used	in	high	fidelity	readout	of	superconducting	qubits,	cru-
cial for quantum computing. We are developing a new type 
of JPA which has good characteristics for measuring many 
qubits with different transition energies. In this project you 
will perform experiments on a range of these JPA devices 
built in the group to characterize key parameters like their 
gain, bandwidth and noise, and investigate ways to improve 
them. Depending on progress, you may move on to use the 
JPAs in quantum-limited qubit readout and generation of 
non-classical microwave signals. The project will involve 
any of: measurements and data analysis, hands-on solder-
ing and component assembly, circuit design and simulation, 
computer programming. Note that this and other projects 
in the group are subject to change due to the rapid rate of 
progress	 in	 research.	We	will	always	endeavour	 to	find	a	
project that is interesting, new and a good match for your 
particular interests & skills.
Supervisors: Dr M Esposito  and Dr P J Leek      
Email: martina.esposito@physics.ox.ac.uk, 
peter.leek@physics.ox.ac.uk

CMP19 Simulations of Solid State Matter Compressed 
to Planetary Interior Conditions

The highest pressure solids that can be produced on Earth 
have conventionally been created by squeezing matter 
between two diamond anvils -  a method that works well 
until the anvils break.  Unfortunately, this happens at a few 
Mbar - about the pressure at the centre of the Earth.  To get 
to much higher pressures, we must use dynamic techniques 
-  such as evaporating the surface of a solid sample with a 
high power laser, and allowing the plasma to expand into 
the vacuum.  The rest of the target feels a force (via New-
ton’s third law), and is slowly compressed to tens of Mbar, 
and it is believed that pressures close to that at the centre 
of Jupiter (70 Mbar) can be obtained by this method.  The 
trick is to keep the material close to an isentrope, and to 
stop the compression wave forming a shock (which will 
melt the sample).  In this project the student will undertake 
hydrodynamic and multi-million atom molecular dynamics 
simulations of both shock and ramped-compressed targets 
to identify the isentropic and heating regions.  Interestingly, 
the ‘slow’ compression associated with an isentrope can be 
as rapid as a few hundred picoseconds.

Reading

Higginbotham et al, Phys. Rev. B 85, 024112 (2012)
Supervisors: Prof J Wark and Dr D McGonegle            
Email: Justin.Wark@physics.ox.ac.uk and   
David.McGonegle@physics.ox.ac.uk 
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CMP20 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 estab-
lish 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

CMP21 Investigation of the phase diagrams of doped 
spin ice 

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 me-
chanics. 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
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Industrial projects

IND001  Detecting wildfire emissions from remote re-
gions

In September 2015, six Indonesian provinces declared a state 
of emergency when a dangerously thick haze, caused by 
burning peat and forests, drove the atmospheric particulate 
burden	well	beyond	the	level	classified	as	Hazardous	by	the	
World Health Organization. Particularly in El Nino years 
(such as then), thousands of excess deaths are ascribed to air 
pollution. This presents a challenge for air quality forecasting 
and mitigation to identify changing emissions on a regional 
basis. Satellite observations can monitor atmospheric emis-
sions from even the most remote regions. However, to the 
automated systems that process satellite data, a thick haze 
looks like a cloud and is often removed from the data, 
leaving	us	 insensitive	 to	 the	most	significant	events.	This	
project aims to integrate additional information, such as 
fire	detections,	with	the	existing	neural	network	for	cloud	
detection to recapture these vital observations. RAL Space, 
based at Harwell, will provide the satellite measurements and 
expertise	in	interpreting	them.	Familiarity	with	a	scientific	
computing language is necessary. A willingness to learn 
Fortran would allow the student to implement their work 
within an internationally respected data generation system.
Industrial Supervisor: Dr C Poulsen (RAL Space)
Oxford Supervisor: Dr A Povey
Email: adam.povey@physics.ox.ac.uk

IND002  Characterisation of a modular insert for trans-
port measurement of novel materials at high magnetic 
fields and cryogenic temperatures

Oxford Instruments NanoScience has recently developed 
a new range of inserts for performing low-noise transport 
measurements in superconducting magnets and at tempera-
tures as low as 50 mK. The new insert is compatible with a 
wide range of sample holders and incorporates a plug-and-
play “universal interface” that allows the insert bottom to 
be easily changed. The system allows in-situ rotation via 
either a mechanical or piezoelectric rotator, and includes a 
specially designed low-noise signal chain with associated 
electronics. The primary aim of this project would be to 
characterise the suitability of the new insert and sample 
holders for performing low-noise measurements on the novel 
materials of interest in condensed matter physics. Ideally, 
this project would involve measurement of a sample that 
is known to show interesting physical phenomena (such as 
Shubnikov-de	Haas	oscillations)	as	a	function	of	angle,	field	
and temperature using the new insert. This would then be 
compared with similar measurements on the same material 
in either a home-designed probe or alternative commercial 
solution (e.g. PPMS). Properties to be assessed are tempera-
ture stability, eddy current heating, the signal-to-noise ratio, 
the resolution of the rotation, and the effect of rotation on the 
sample temperature and on the noise level. The experimental 
project will be performed in the Oxford Centre for Applied 
Superconductivity, in the Physics Department, and at Oxford 
Instruments in Tubney Woods (near Abingdon). A suitable 
student for this project would require good knowledge of 
condensed matter physics and keen interest in experiments, 
electronics and noise analysis.
Industrial Supervisor: Dr Z Melhem (Oxford Instruments)             
Oxford Supervisor: Dr A Coldea
Email: Amalia.Coldea@physics.ox.ac.uk

IND003  Space mission design and payload development

Organisations and individuals aiming to develop experiments 
and missions to be launched into space face three major 
barriers: complex technology, consuming paperwork and 
extreme costs. The use of nanosatellites has lowered some of 
these barriers, but payload developers still need to overcome 
technical and organisational challenges distracting them from 
what adds value, the development of experiments, missions 
and retrieval of the data from orbit. 

Those	challenges	are	simplified	with	two	web-based	plat-
forms (hardware and software) developed by OpenCosmos, 
based	at	Harwell.	qbkit	is	a	flexible	payload	development	
platform and qbapp is an innovative cloud-based mission and 
system simulator. qbkit replicates the mechanical and electri-
cal constraints of a satellite platform, and qbapp enables full 
online mission and systems development and space simula-
tion capabilities when the payload is assembled in qbkit.

In this project, the student will be able to design and de-
velop a physically-based experiment to be sent to space 
using both innovative tools: qbkit and qbapp. These will 
allow fast development of mission analysis and experiment 
design	and	testing	with	a	real	space	qualified	platform.	The	
virtual environment expedites the design phase, allowing 
students to experience a full design cycle on typical MPhys 
project timescales. The experiment can be proposed by the 
student and is only constrained by a maximum spacecraft 
size of 20x20x30cm. Some ideas for space experiments to 
be developed, through discussion with OpenCosmos, are:

•  Data transmission systems and antenna design.

•  Spacecraft trajectories and orbits, including for groups 
(constellations) of satellites.

•  Attitude Determination and Control System design – this is 
controlling a spacecraft’s position with respect to a reference 
frame, using measurements and sub-systems.

•  Data analysis and applications with space datasets.

The tools provided are web-based so work can mainly be 
carried out on the student’s own computer or in the Physics 
Department. 

Given the project description, the student will obtain a unique 
set of skills:

•   Space mission design and analysis.

•  Simulation of space mission scenarios.

•  Spacecraft system design.

•  Assembly, Integration and Test of space payloads.

Preferred skills: Interest in electronics (digital logic, using 
GPIOs/DACs/ADCs,	 feedback	 loops,	 amplifiers,	motor	
control). Experience of, or willingness to learn, one or more 
of: R, Python, Java, C#, C, C++, Bash

More information and an introductory video here: https://
open-cosmos.com/
Industrial Supervisor: D Sors Raurell (OpenCosmos)                 
Oxford Supervisor: tbc

mailto:Amalia.Coldea@physics.ox.ac.uk
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IND004 & IND005  VeriVin projects 

VeriVin is an innovative startup developing a unique non-
invasive spectrometer to analyse wine and spirits through the 
glass of an unopened bottle. Our aim is the characterisation, 
fault testing, monitoring and authentication of these bever-
ages. To this end, we explore the use of quantum-enhanced 
sensing techniques in conjunction with the University of 
Oxford. If successful, this capability could have a truly dis-
ruptive impact on the wine and spirits industry and eventually 
be	applicable	 in	other	fields	 like	defence	or	 the	chemical	
industry.

In simplest terms, VeriVin’s device works by shining light 
through a probe and then detecting and analyze the outgoing 
Raman scattered light, and use quantum effects to enhance 
the scattering rate. The scattered light contains faint “optical 
fingerprints”	of	the	different	molecules	present	in	the	wine.	
By processing and analysing this spectroscopic data, it is 
possible	to	look	for	the	fingerprint	of	a	given	molecule	and	
spot its presence in the probe. An appropriate choice of light 
source and sophisticated adaptive optics allows the incident 
light to pass through the glass practically unobstructed.

We are looking for two highly engaged and talented master 
students to join us for their MPhys project. We seek proactive 
independent thinkers and natural tinkerers. No need to know 
about wine, or even like it. Desired skills include optics, 
optomechanics, electronics, spectroscopy and programming.

We have two projects available. IND004 (Project A) will 
focus on Raman spectroscopy, whereas IND005 (Project B) 
will focus on visible and near infra-red absorption spectros-
copy. These projects would involve tasks such as:

•  setting up optics and spectrometers

•  preparation of chemical samples

•  using a commercial spectrometer

•  taking of data, data processing

•  programming and data-acqisition electronics 

•  3D design and printing of prototypes

This is a unique opportunity to do hands-on science in a 
start-up environment (located at Long Hanborough, a short 
train ride north of Oxford) and get a sneak peek into the wine 
and spirits industry and the Oxford start-up ecosystem. Find 
out more at www.verivin.com. 
Industrial Supervisor: Dr C Muldoon (VeriVin) 
Oxford Supervisor: Prof A Kuhn
Email: axel.kuhn@physics.ox.ac.uk

IND006 UV LEDs Epitaxy Designs & Simulations

In recent years LEDs have taken over the world in the visible 
and infrared part of the electromagnetic spectrum. Now the 
new cutting edge technological frontier for LEDs is the UV 
part of the spectrum, especially UV-A (315-400 nm) and 
UV-C (100-280 nm)

Due to the changes in environment legislations, international 
agreements and the scheduled abandon of mercury based 
lamp technologies, there is a huge demand from all sectors 
in industry to have LEDs developed and manufactured to 
replace ALL the old mercury UV sources. Right now the 
market is incapable to keep up with the demand due the 
technological novelty of these products, especially for UV-C 
LEDs, where mankind is still struggling to have reliable 
products with a long lifespan and high power output.

As a student taking part in this exciting project, you will 
investigate the current state of the art of technologies for UV 
LEDs design and manufacture techniques. You will develop 
a deep and solid understanding of the solid state physics and 
quantum mechanics laws that make these LEDs real and you 
will build strong foundations upon which, using the latest 
technologies available on the market, you are going to design 
and simulate your own UV LEDs!!. More precisely you are 
going to design (and simulate) the epitaxy (crystal-growing) 
structures that make UV LEDs, investigating and simulating 
all the possible different materials, structures, substrates, 
molar concertation etc. to come up with a design that you 
will	see	as	the	best	in	the	world	for	a	specific	wavelength	
and power output.

This will give you an unmatched advantage and expertise 
for your job search after your degree, especially in this UV 
LED	booming	sector	where	professional	figures	are	in	very	
high demand from companies and institutes of research. 

PRP Optoelectronics has been in the monolithic LEDs chip 
market for almost 30 years, and today we provide products 
based on our technology to several end customers, from the 
defence industry, to aerospace, industrial solution for print-
ing etc. Names like Kodak, BAE, General Electrics, Martin 
Lockheed, August Westland, General dynamics, First EIE 
are all listed among our current customers. 
Industrial Supervisor: Dr Guiseppe Buscemi (PRP Opto-
electronics)      
Oxford Supervisor: tbc
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IND007 Next generation radiation detectors

Tracerco is a world leading industrial technology company 
providing unique and specialised detection, diagnostic and 
measurement solutions. Our goal is to drive technical in-
novation	 to	bring	 significant	benefits	 to	our	 customers	 in	
the petroleum industry and in the security tagging niches 
we serve. 

Tracerco detectors measure radiation events for the purposes 
of industrial process monitoring, pipeline asset integrity, 
personal dose rate, and so on.  One of the features for the 
next generation of devices is directional information from a 
mounted detector.  An example scenario would be for mount-
ing on a remote-controlled vehicle for surveying the site of 
a radiation incident.  The detector should provide direction 
and energy information of a radioactive source.

The detector would consist of scintillators and optically-
coupled photomultipliers, together with the associated pro-
cessing	electronics	and	data	processing.		The	configuration,	
size, type, and quantity of scintillators and photomultipliers 
would be expected to affect the quality of the directional 
information and should be investigated.

This project would involve analysis and modelling of 
the optimum design for a directional radiation monitor, 
identifying	the	relative	benefit	of	each	design	feature	(e.g.	
size, type, quantity of scintillators).  The relative impact of 
design compromises should be considered, such as fewer 
or smaller scintillators and photomultipliers in the array.  
The data processing of the signals should be simulated to 
calculate the dose rate, direction and energy information of 
a radiation source.

There is scope to further expand upon this project should the 
opportunity arise, such as building and testing a prototype 
and	further	data	analysis	for	specific	industrial	processes.
Industrial Supervisor: Dr K Singh (Tracerco)
Oxford Supervisor: tbc

IND008 Optical effects arising from Printed Liquid 
Crystals

Tracerco is a world leading industrial technology company 
providing unique and specialised detection, diagnostic and 
measurement solutions.  Our goal is to drive technical in-
novation	 to	bring	 significant	benefits	 to	our	 customers	 in	
the petroleum industry and in the security tagging niches 
which we serve.

Tracerco has created, iluminkTM, an on-surface authenti-
cation technology, which deposits liquid crystal ink onto 
a surface using an ink jet printer.  Certain liquid crystals, 
particularly in the chiral nematic phase, exhibit the phenom-
enon of structural colour associated with photonic crystals.  
The iluminkTM technology combines the optical properties 
such	as	the	shift	in	the	reflection	spectra	with	viewing	angle	
and circular polarization with inkjet, enabling a photonic 
crystal to be printed.  

However, there are some unexplained optical effects that 
arise from the printing process: a shift in wavelength with 
the number of drops per inch (Figure 1), a brightness de-
pendence on the number of passes of the print head and 
a	strong	variation	 in	 reflectance	arising	 from	 the	viewing	
direction relative to the print direction (Figure 2).    Two 
patent	applications	have	recently	been	filed	for	this	work.		

A fundamental understanding of the underlying physics is 
needed to fully exploit this technology, which resides at the 
interface	 of	fluid-mechanics	 (related	 to	 link-jet	 printing),	
photonics and liquid crystals.

Fig. 1a                         Fig. 1b

A series of lines printed at 2540, 1693, 1270, 1016, 847, 1016, 
1270, 1693, 2540 dots per inch and viewed at 90° (Fig. 1a) 
and at 45° (Fig. 1b)

Fig. 2

Four arrow patterns printed sequentially onto a printed circuit 
board (PCB) and viewed under two light sources, with the 
PCB rotated by 90° after printing each arrow

The main emphasis of the project is to generate a model 
that explains and simulates the effects shown in Figures 1 
& 2, and described above. Tracerco will provide the liquid 
crystal formulation and advice on how to generate the printed 
images. Tracerco also has a Dimatix DMP printer, although 
local access to a similar ink jet printer would be highly ad-
vantageous. The experimental work is likely to be limited 
to	image	generation	and	acquisition	of	reflectance	spectra	
in order to verify the model’s predictions.  

Photonic crystals have attracted recent attention as security 
devices as they are readily visible but cannot be reproduced 
by photocopying. A desirable consequence of any model-
ling would to improve the current printing quality using 
liquid crystal ink.  Another interesting outcome would be 
the application of the model to non-liquid crystal materials 
to generate alternative printed structures.

Further reading

Printed photonic arrays from self-organized chiral nematic 
liquid crystals D.J. Gardiner, W.K. Hsiao, S.M. Morris, P.J.W. 
Hands, T.D. Wilkinson, I.M. Hutchings, H.J. Coles Soft Mat-
ter, 2012, 8, 9977, DOI:10.1039/c2sm26479j
Industrial Supervisor: Dr K Singh (Tracerco)
Oxford Supervisor: tbc
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IND009, INT0010& INT0011 SerraLux projects

SerraLux offers daylighting technologies and solutions, to 
increase the amount of natural daylight available to building 
occupants, improving wellbeing and productivity, and saving 
energy and money, while reducing fossil carbon emissions. 
SerraLux is a green-tech SME, with teams in the UK (includ-
ing Harwell, Oxfordshire) and across the US. Our principal 
products	are	a	range	of	window	films,	manufactured	in	the	
UK, which re-direct daylight up on the ceiling and deep into 
the room. Preliminary studies by scientists at renowned US 
laboratory with this product have shown 25% reduction in 
lighting energy requirement, saving money and CO2 emis-
sions, and, critically for hot climates, reducing daytime 
electricity demand.

IND009 Useful Daylight Hours

Objective: Develop a program that would plot sun elevation 
and azimuth angles relative to a given window direction, 
earth location (latitude/longitude) day of the year, and hour 
of the day.

This program needs to take the data and summarize the 
number of useful daylight hours on that particular window 
by producing and summarizing a table of useful elevation 
and azimuth angles.  For example, if the window is north 
facing and never “sees” the sun, the program would actually 
say there are “0” hours of daylight on that window at such 
and such day/time of year.

This would involve working with SerraLux to determine 
the	definition	of	useful	daylight	hours	on	a	glazing.	It	would	
ultimately be used to help determine energy savings for 
daylighting installations.

IND010 Measure the lighting energy saving from day-
lighting

Objective: Establish a lighting controls and metering set-up, 
to enable control of lighting level in a room, and measure-
ment of the lighting energy used.

You will need to identify and assemble the necessary sensors, 
controls and metering, to be able to have electrical lighting in 
a room vary, according to the amount of daylight available. 
The light must be controlled to maintain a certain Lux level, 
depending on the tasks being carried out the room. Energy 
saving data needs to be captured remotely, and then analysed 
to establish energy use according to time periods. We will 
also expect you to set up a side-by-side lighting controls & 
measurement set-up, in twin rooms (scale-model, or prefer-
ably, real-world), to measure the lighting energy saved in 
the room with daylight re-direction, compared to the control 
room (no daylight re-direction).

IND011 The metrology of solar energy and the effective 
methods of using or rejecting solar energy

Objective: Improved understanding of the measurement and 
control of solar energy in glazing design.

This project would need to investigate and describe the 
use	of	low-emissivity	films,	infra-red	reflecting	films,	and	
other technologies used in control of solar energy in com-
mercial and residential buildings. Much of this knowledge 
is already in the literature, but it needs researching, making 
sense of, and summarizing. This study would review cur-
rent metrology techniques for determining the transmission 
and	reflection	of	solar	energy	and	undertake	to	measure	and	
compare	the	current	window	films	for	solar	energy	control.	
This would give an improved understanding of the control 
of solar energy in glazing design.
Industrial Supervisor: N Mernagh (SerraLux)
Oxford Supervisor: tbc

IND012 Optimisation of grids design of a Gridded Ion 
Engine for small satellite platforms

AVS is a technology development company that produces 
bespoke solution to Space, Science and Technology markets. 
AVS is developing a novel and unique line of products for 
the Space market that will enhance new applications through 
increasing the capabilities and possibilities of current Space 
satellite platforms. 

One of the most crucial components of a gridded ion engine 
(GIE) is the extraction and acceleration grid assembly. The 
grids suffer from continual degradation over time by the bom-
bardment of ions, which sputter atoms from the grid surfaces. 

A GEI is under development at AVS as part of our portfolio 
of electric propulsion products for use on small satellite 
platforms. The grids will most likely be made of Titanium 
(Ti-6Al-4V) or Stainless steel (AISI 316-L). A prototype will 
provide	the	flexibility	to	test	different	grids	and	to	modify	the	
distance between them, allowing theoretical and experimen-
tal results to be compared (expected by mid-2019). 

The student will explore the geometry and operational pa-
rameters (emission current, grid voltages, etc.). Grid erosion 
over the mission lifetime is an extremely important constraint 
for GEIs, therefore simulation of sputtering yields will be a 
crucial part of the project. The overall goal will be to optimise 
the design of the grid apertures, the grid assembly geometry 
and alignment tolerances to avoid tangential particle losses 
and	maximise	the	predicted	performance	(thrust	and	specific	
impulse) at an acceptable rate of grid erosion.

A combination of analytical calculations and software 
packages such as Transport of Ions in Matter (TRIM) and 
Ion Beam Simulator (IBSimu) will be used for ion optics 
modelling and to constrain beam-loss onto the grids, ion-
grid interaction, sputtering and therefore erosion rate and 
lifetime of the grids. Other software packages may be used 
for this purpose.
Industrial Supervisor: A Garbayo (AVS)
Oxford Supervisors: Prof P Norreys and Prof G Gregori
Email: Gianluca.Gregori@physics.ox.ac.uk

mailto:Gianluca.Gregori@physics.ox.ac.uk
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Interdisciplinary projects

INT01 Construction and test of Pulsed NMR Spec-
trometer for hydrocarbon analysis

More information from the supervisor. 
Supervisor: Prof J Gregg         
Email: john.gregg@physics.ox.ac.uk

INT02 & INT03  An Electronics Project

Design, build and test a piece of electronic equipment of your 
choice.  The project will take place on the Practical Course 
electronics laboratory.

Suggested Reading: 

Horowitz and Hill

Any book on electronics.
Supervisor: Dr R Nickerson        
Email: richard.nickerson@physics.ox.ac.uk

INT04  Particle acceleration by astrophysical shocks

Cosmic rays are particles (mostly protons) arriving at the 
Earth with energies up to 1020eV.  The origin of the highest 
energy cosmic rays is unknown, but the most likely scenario 
is that they are accelerated by shocks generated by relativistic 
jets emerging from massive black holes at the centre of ac-
tive galaxies.  Particle acceleration by shocks is generally 
a stochastic process, but a single-shot interaction with the 
shock	may	be	needed	to	provide	the	final	energy	boost	be-
yond 1020eV.  The aim of the project is to write a computer 
program	to	model	proton	trajectories	in	magnetic	fields	to	
see whether single-shot energy gains by a factor of 5-10 are 
possible.  Programming skills are essential.

The student will need access to a desktop or laptop computer 
to write a computer program and display graphs.
Supervisor: Prof T Bell       
Email: Tony.Bell@physics.ox.ac.uk

INT05 Towards radiofrequency intelligent tomogra-
phy of conductive surfaces

This is a practical project involving the design of part of a 
prototype instrument which combines (1) high-resolution 
textural mapping and (2) compositional analysis of electri-
cally conducting materials. Such an instrument has important 
applications	in	the	study	and	identification	of	—	among	other	
things	—	ancient	coins	and	other	metal	objects.	

Two projects are offered in connection with this work. One 
involves the construction of the electronic and mechanical 
part of the instrument (using an existing circuit design and 
pre-manufactured mechanical components), the other focuses 
on the construction of a software-based tool for data capture 
and analysis. 
Supervisor: Dr A Karenowska         
Email: Alexy.Karenowska@physics.ox.ac.uk

INT06 Low-temperature measurements of the inverse 
spin Hall effect. Investigating the spin pumping and 
inverse spin Hall effects at low temperatures

The	field	of	magnonics	is	the	area	of	magnetics	dedicated	
to the science of quasi-particles known as magnons. In cer-
tain magnetic systems, magnons are able to play the role of 
microscopic	tokens	which	can	carry	‘spin’	—	the	quantum	
mechanical	currency	of	magnetism	—	over	relatively	long	
distances (up to centimetres), and at high speed (many tens of 
kilometres per second). Our group develops low-temperature 
microwave magnetic circuits to probe the physics of mag-
nonic systems at the quantum level.

This project will involve designing and carrying out a low-
temperature experiment to make an inverse spin Hall effect 
based measurement of a magnon-driven spin current pumped 
through a magnetic insulator/non-magnetic metal interface. 
Measurements will be made in a dilution refrigerator. The 
work will contribute to our group’s investigations into how 
magnons	—	the	quasi-particles	associated	with	excitations	
of the electronic spin-lattices of ferro- and ferrimagnetically 
ordered	materials	—	might	be	used	in	new	types	of	quantum	
measurement and information processing device. This is a 
project suitable for anyone who enjoys challenging practical 
work and has a strong interest in magnetic dynamics and 
low-temperature experimental techniques.
Supervisor: Dr A Karenowska         
Email: Alexy.Karenowska@physics.ox.ac.uk

INT07 Investigating the physics of coupled magnonic 
resonators at millikelvin temperatures

The	field	of	magnonics	is	the	area	of	magnetics	dedicated	
to the science of quasi-particles known as magnons. In cer-
tain magnetic systems, magnons are able to play the role of 
microscopic	tokens	which	can	carry	‘spin’	—	the	quantum	
mechanical	currency	of	magnetism	—	over	relatively	long	
distances (up to centimetres), and at high speed (many tens of 
kilometres per second). Our group develops low-temperature 
microwave magnetic circuits to probe the physics of mag-
nonic systems at the quantum level.

This project will involve designing and carrying out an 
experiment in which microwave-frequency magnon modes 
in two lumped magnetic samples are controllably coupled. 
Measurements will be made in a dilution refrigerator. The 
work will contribute to our group’s investigations into how 
magnons	—	the	quasi-particles	associated	with	excitations	
of the electronic spin-lattices of ferro- and ferrimagnetically 
ordered	materials	—	might	be	used	in	new	types	of	quantum	
measurement and information processing device. This is a 
project suitable for anyone who enjoys challenging practical 
work and has a strong interest in magnetic dynamics and 
low-temperature experimental techniques.
Supervisor: Dr A Karenowska         
Email: Alexy.Karenowska@physics.ox.ac.uk

mailto:richard.nickerson@physics.ox.ac.uk
mailto:Tony.Bell@physics.ox.ac.uk
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INT08 X-ray based tools for reading ancient texts 

Over the last decade, tremendous progress has been made in 
“reading	the	unreadable”	—	deciphering	ancient	texts	which	
are inaccessible to the human eye. A key step here has been 
the development of methodologies for the digital unwrapping 
of ancient paper, papyrus, and parchment documents which 
are too fragile to be manually unwrapped or unrolled. In col-
laboration	with	the	leading	group	in	this	area	—	that	of	Prof.	
Brent	Seales	at	the	University	of	Kentucky	—and	colleagues	
at the Diamond Light Source, this project will contribute to 
the development of new X-ray based tools which, through 
their ability to detect ancient inks which are invisible to 
existing	techniques,	will	significantly	broaden	the	range	of	
ancient texts which can be accessed using these methods.
Supervisor: Dr A Karenowska         
Email: Alexy.Karenowska@physics.ox.ac.uk

INT09 Portable Reflectance Transformation Imaging 
(RTI) apparatus for mapping the surface textures of 
ancient objects and inscriptions

Reflectance	Transformation	Imaging	is	a	well-established	
tool for investigation of ancient materials. RTI is used to 
uncover	 eroded	 inscriptions	 or	 fine	 surface	 textures	 that	
cannot be easily seen with the human eye. Though easy to 
optimize in a laboratory setting, traditional RTI hardware 
does	 not	 lend	 itself	 to	 use	 in	 the	field	—	particularly	 in	
environments where space is limited or lighting conditions 
are	difficult	to	control.	

This project, which is extremely practical in nature, will 
involve completing an existing design of a fully portable RTI 
apparatus, constructing it, and evaluating its performance. 
Supervisor: Dr A Karenowska         
Email: Alexy.Karenowska@physics.ox.ac.uk

INT10 & INT11 Very-high-energy gamma-ray astro-
physics with the Cherenkov Telescope Array 

Very	high-energy	gamma-ray	astrophysics	is	an	exciting	field	
spanning fundamental physics and extreme astrophysical 
processes. It will soon be revolutionized by the construc-
tion of the international Cherenkov Telescope Array (CTA; 
http://www.cta-observatory.org/).	This	will	be	the	first	open	
observatory for very-high energy gamma-ray astronomy, 
and will be sensitive to photon energies up to 10^15 eV. Its 
science goals are:

(1) Understanding the origin of cosmic rays and their role 
in the Universe.

(2) Understanding the natures and variety of particle ac-
celeration around black holes.

(3) Searching for the ultimate nature of matter and physics 
beyond the Standard Model.

CTA will consist of up to one hundred imaging air Cheren-
kov telescopes using state-of-the-art Silicon Photomultiplier 
detectors and high-speed digital signal processing to detect 
and characterize the electromagnetic air shower caused when 
an astrophysical gamma-ray enters the Earth’s atmosphere.

I expect to be able to take up to two M.Phys. students this 
year working on either experimental or theoretical aspects 
of the CTA programme. These would suit students taking 
either the Astrophysics or Particle Physics options. 

In the lab, we work on the design and construction of the 
cameras for CTA’s small-sized unit telescopes. These will 
have	~2k	 pixel	 SiPM	detectors	 and	 front-end	 amplifiers	
which feed into custom electronics using ASICs and FPGAs. 
This gives a system that can image at a rate of a billion 
frames per second.

On the theoretical/observational side of the programme, 
recently we have developed new theoretical models for 
the broad-spectrum emission from steady-state jets (Potter 
& Cotter 2012, 2013a,b,c) that let us use the gamma-ray 
observations and those at other wavelengths to investigate 
the physical properties of the jet and the black hole at its 
base. We now propose to extend these models to look in 
particular	at	(i)	rapid	variability	and	flaring	in	jets	and	(ii)	
entrainment of heavy particles as the jets propagate through 
their host galaxy, and the resulting possibility of hadronic 
particle processes within the jets. We will investigate how 
CTA may be used to determine the physical conditions that 
lead	to	flaring	and	the	presence,	and	extent,	of	emission	from	
hadronic processes.

References

Actis et al. 2010, http://arxiv.org/abs/1008.3703

Potter & Cotter 2012, http://arxiv.org/abs/1203.3881

Potter & Cotter 2013a, http://arxiv.org/abs/1212.2632

Potter & Cotter 2013b, http://arxiv.org/abs/1303.1182

Potter & Cotter 2013c, http://arxiv.org/abs/1310.0462
Supervisor: Prof G Cotter                 
Email: Garret.Cotter@physics.ox.ac.uk

INT12 tbc

More details from the supervisor.
Supervisors: Prof D Wark and Prof K Blundell                  
Email: david.wark@stfc.ac.uk

INT13 tbc

More details from the supervisor.
Supervisors: Prof D Wark and Prof K Blundell                
Email: Katherine.Blundell@physics.ox.ac.uk

http://www.cta-observatory.org
M.Phys
http://arxiv.org/abs/1008.3703
http://arxiv.org/abs/1203.3881
http://arxiv.org/abs/1212.2632
http://arxiv.org/abs/1303.1182
http://arxiv.org/abs/1310.0462
mailto:Garret.Cotter@physics.ox.ac.uk
mailto:david.wark@stfc.ac.uk
mailto:Katherine.Blundell@physics.ox.ac.uk
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INT14 Ultra Sensitive Noise Temperature Measure-
ment of a Superconducting Quantum Mixer

Superconductor-Insulator-Superconductor (SIS) mixers 
are the most sensitive quantum detectors for astronomical 
observations below 1 THz.  They are now  routinely  used in 
various millimetre and sub-millimetre telescopes that require 
quantum-limited sensitivity for detection of weak spectral 
lines emitted by astronomical sources. The sensitivity of an 
SIS mixer is experimentally determined, in the laboratory, by 
measuring its equivalent noise temperature. This is done by 
comparing the difference   in output power, when the mixer 
is illuminated by either a hot (room temperature) or a cold 
(liquid nitrogen) load.

The aim of this project is to design, build and test a setup 
that can measure the sensitivity of an SIS device rapidly and 
accurately. This involves replacing the  manually operating 
hot/cold system used in our laboratory by an  automatic 
system comprising a chopping wheel, and an electronic/
software interface that syncs the timing of load changes 
with the readout system to measure the noise temperature 
instantaneously. The student will start by learning how to 
use a cryogenic system to test a 230 GHz SIS mixer using 
an existing system before working on the design of the au-
tomatic system. The new setup can then be used to test the 
same mixer for comparison. 

The project is suitable for students who are interested in 
experimental works, and also requires some programming 
skills e.g., LabView code to sync the chopping wheel and 
the readout system. The student will be working in a team 
including the supervisors,  an experienced technician and 
a D.Phil student who is investigating the performance of a 
230 GHz SIS mixer..
Supervisors: Prof G Yassin and Dr B Tan         
Email :ghassan.yassin@physics.ox.ac.uk

INT15 A Horn-Reflector Feed for Superconducting 
Detectors.

Superconductor-Insulator-Superconductor (SIS) mixers are 
the most sensitive quantum coherent detectors for astronomi-
cal observations below 1 THz. 

The principle of detection is based on down-converting the 
high frequency of the incoming signal (RF) into a much 
lower intermediate	frequency	(IF)	which	can	be	amplified	
and detected by standard electronics. Frequency down-con-
version is obtained  when the mixer is fed by  both  the astro-
nomical signal of frequency  nS and  another high frequency 
signal that is generated by a Local Oscillator in the receiver 
(LO) of frequency nLO. An output signal is then generated at 
an intermediate frequency nIF = nLO-nS which can be handled 
by standard electronics. The non-linear device responsible 
for the frequency conversion is the superconducting tunnel 
junction which has an area of approximately 1mm2 fabricated 
in a planar circuit chip mounted in a block which is cooled 
below the transition temperature of the tunnel junction 
material (4 Kin our case). The electromagnetic signals (RF 
signal and LO signals) are received by an electromagnetic 
horn, mounted on the detector block and then coupled to the 
planar chip via a waveguide. 

For	efficient	power	coupling	we	aim	to	match	the	curvature	
of the wave-front of the local oscillator to the wave-front  
curvature of the signal that can potentially be emitted or 

received by the detector block horn. This is usually done 
by designing an optical system consisting of several curved 
mirrors between the local oscillator source and the detector. 
A much more compact system is obtained however if the 
detector	block	horn	is	replaced	by	a	horn-reflector	combina-
tion (H-R antenna) which is fabricated as a single optical unit 
that is optimized to receive (of emit) plane waves. In that 
case only a single curved mirror would be needed between 
the detector horn and the local oscillator horn. The aim of 
this	project	therefore	is	to	design	and	test	a	Horn-Reflector	
antenna	that	is	optimized	to	receive	plane	waves	efficiently	
at 700 GHz. The horn is a conical section that emits spherical 
waves originating at the “phase centre” located at the axis of 
the cone. If the cone is mounted in such a way that the phase 
centre coincides with the focal pint of an offset parabolic 
reflector,	the	emerging	wave	will	have	a	plane	wave-front.

To	calculate	the	fields	at	the	aperture	of	the	horn	the	student	
will use commercial electromagnetic software that simulates 
guided waves propagation. To calculate the radiated waves 
in	the	near	and	far	field,	the	student	will	use	a	commercial		
“Physical Optics” software package called “GRASP” which 
is used in most modern optical designs in astronomy. The 
design can then be fabricated at Oxford Physics workshop 
and tested in one of our cryogenic systems.

The project will suit a student who likes to be involved in 
both experimental and computational work. There is also 
a scope for theoretical work as the student may choose to 
calculate	the	field	at	the	aperture	of	the	antenna	analytically.		
The Oxford “THz Detectors” group has many years experi-
ence in the development of quantum limited detectors and 
optical components for astronomical receives at millimetre  
and submillimetre wavelengths. The student will have access 
to a state of the art detector laboratory, commercial and local 
software and powerful computing cluster. 
Supervisors: Prof G Yassin and Dr B Tan         
Email :ghassan.yassin@physics.ox.ac.uk

mailto:ghassan.yassin@physics.ox.ac.uk
mailto:ghassan.yassin@physics.ox.ac.uk
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Particle and Nuclear Physics projects

PP01 & PP02 Higgs Self-Coupling and Search for 
New Physics with di-Higgs to final states with the ATLAS 
detector

Searches	for	new	physics	in	di-Higgs	final	states	are	an	active	
and	important	field	of	research	at	the	Large	Hadron	Collider	
(LHC).This project will allow the student to search for new 
heavy	states	of	matter	in	the	ATLAS	data	in	final	states	with	
two Higgs bosons, where at least one of them decays into two 
b-quarks. Important areas of research are the improvements 
to	the	b-quark	identification,	jet*	energy	and	mass	calibration	
and the utilization of novel jet algorithms, which adjust their 
features to the momentum of the Higgs bosons and neural 
network analysis techniques.

Depending on the interest of the student it could also involve 
phenomenological studies on the Higgs self-coupling meas-
urement which the di-Higgs process is sensitive to. 

Required skills are Programming in C++, basic understand-
ing of ROOT ( https://root.cern.ch/root/htmldoc/guides/
primer/ROOTPrimer.pdf ) and Linux/Unix.

*jets are collimated sprays of particles, which are initiated 
by quarks.
Supervisor:  Prof C Issever 
Email: Cigdem.Issever@physics.ox.ac.uk

PP03 Search for neutrinoless double beta decay at SNO+

SNO+ is an experiment designed to look for neutrinoless 
double beta decay, which would indicate that neutrinos are 
their own anti-particles, could help explain why neutrino 
masses are so small, and shed light on possible dark matter 
candidates and other non-Standard Model physics.  The 
experiment will use about a tonne of Tellurium dispersed 
in 1000 tonnes of liquid scintillator in order to pick up faint 
traces	of	light	which	result	from	this	decay.		Possible	specific	
projects	include	the	refinement	of	algorithms	to	recognize	
these faint traces, and to investigate the effect of low energy 
radioactive backgrounds on the experiment’s sensitivity.  
Some familiarity with C++ and Linux would be an advantage.
Supervisors:  Prof S Biller and Prof J Tseng
Email: Steven.Biller@physics.ox.ac.uk, 
Jeff.Tseng@physics.ox.ac.uk

PP04 Photon recognition algorithms for dark matter 
searches 

Dark Matter Searches based on detection of WIMP scattering 
in	noble	liquids,	such	as	xenon	for	example,	rely	on	efficient	
algorithms for extracting single photons from PMT data. This 
project aims to develop such algorithms and test them against 
real	data	and	simulation.	The	project	requires	proficiency	in	
C++ and ROOT, both of which can be learnt as the project 
progresses	and	the	specific	knowledge	on	ROOT	is	not	very	
demanding. Some experience in digital signal processing 
would be useful but is not strictly required.
Supervisor: Prof H Kraus          
Email: hans.kraus@physics.ox.ac.uk 

PP05 Early high-voltage breakdown warning system 
for dark matter detectors

Dark matter detectors have progressed to unprecedented 
sensitivity in probing dark matter particle models. The chal-
lenge	is	the	identification	of	any	signal	that	is	not	associated	
with the interaction of dark matter but is caused by natural 
backgrounds or spurious electronics effects so that one can 
be sure that whatever is left after having removed (vetoed) 
all such possible contributions to the signal can be attributed 
to dark matter interaction. The detectors probing the smallest 
WIMP-nucleon interaction cross sections, and thus exhibit-
ing the highest sensitivity are based on large time projection 
chambers	filled	with	liquefied	noble	gases.	Their	operation	
involves the presence of high voltage in the detector and thus 
a detector system is necessary that is capable of identifying 
local or partial temporary discharges or breakdowns at a 
level that would not be detected by the existing safety sys-
tems but could still cause spurious signals in the detector’s 
data. This project involves the modelling of an existing loop 
antenna system and its electronic readout system with the 
aim of maximizing its sensitivity. A thorough understanding 
of electromagnetism and circuits will be required as well as 
programming skills in C/C++.
Supervisor: Prof H Kraus          
Email: hans.kraus@physics.ox.ac.uk

PP06 Discovering Dark Matter at the LHC

If Dark Matter is made of particles with masses of order 
GeV-TeV it could be produced at the LHC.  Many super-
symmetric models suggest that a neutral DM particle is ac-
companied by a charged partner of only slightly larger mass. 
This project investigates the possibility of searching for the 
production of DM through decays of the charged partner 
particle. The methodology involves Monte Carlo simulation, 
high-performance computing and statistical interpretation.  
Working knowledge of the c++ and/or python computing 
languages would be useful.
Supervisor: Prof A Barr         
Email: Alan.Barr@physics.ox.ac.uk

PP07 Evaluation of DMAPS sensors

The High Luminosity LHC (HL-LHC) project will require 
the replacement of the ATLAS tracker. New technologies that 
use high resistivity substrates with three or four well CMOS 
process options allow large depletion depths and full CMOS 
circuitry in a monolithic structure. These developments are 
generating large interest in particle physics since they could 
provide low-cost, thin, and radiation-tolerant detectors. The 
candidate will evaluate the performance of these sensors, 
denoted as DMAPS, before and after irradiation in the Ox-
ford Physics Microstructure Detector facility (OPMD) using 
lasers and radioactive sources. 
Supervisor: Prof D Bortoletto         
Email: Daniela.Bortoletto@physics.ox.ac.uk
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PP08 Absolute distance interferometry using a fre-
quency comb

Frequency scanning interferometry is a technique for ab-
solute distance measurements. The incarnation referred to 
as dynamic FSI, developed at Oxford physics, relies on the 
ability to measure the frequency of a scanning laser using 
absorption spectroscopy on molecular excitations of gases 
such as acetylene or hydrogen cyanide.

In 2015 FSI measurements were made at the German national 
institute of standards (PTB) in Braunschweig in which in 
addition to multiple gas absorption cells and a precision 
reference interferometer and a state of the art, high preci-
sion frequency comb was used to record beat patterns of the

scanning lasers with the comb laser. This data has only been 
peripherally analysed yet and could lead to new methods for 
improving the spectroscopic methods used in FSI and hence 
improve the distance measurement accuracy.

The projects purpose is to analyse the data using either ex-
tensions of existing JAVA or MATLAB codes in a variety 
of ways among which could be:

1. Fitting the beat signals of the scanning lasers with the 
comb to obtain a highly precise frequency axis.

2. Fitting the positions and widths of the peaks in the ab-
sorption spectra with Voigt functions instead of the simpler 
Gaussian functions used so far.

3. Potentially performing the fits from 2. using a total 
chi-squared method in which errors in both axes can be 
considered.

4.	Comparing	 the	results	of	 the	above	fits	 to	see	how	ac-
curately the Gaussian fraction of the width of the peaks can 
be	fit	and	hence	how	accurately	the	pressure	of	the	gas	cell	
can be determined.

5.	Comparing	 the	results	of	 the	above	fits	 to	measure	 the	
relative spacing of the gas cell peaks 

6. Using these results to improve the distance measurement 
results.

The project is open ended and only a small fraction of data 
has been analysed been analysed in a summer project last 
year. 

How many of the above points can be dealt with depends on 
the student and on the data.

The project is entirely analysis based and demands good 
analytical skills and good programming skills with some 
experience in Matlab or Java preferred.
Supervisor: Prof A Reichold          
Email: Armin.Reichold@physics.ox.ac.uk

PP09 Simulation of background sources on dark 
matter experiments  

This project will build a model (in GEANT) of a simple 
dark matter detector and explore the effects various types of 
radioactive	impurities	in	materials	have	on	the	final	result.	
Experience in GEANT4 would be useful, but can be acquired 
quickly	with	sufficient	background	in	C++	programming.	
Supervisor: Prof H Kraus          
Email: hans.kraus@physics.ox.ac.uk

PP10 Studies of H->bb and the Higgs self coupling

In 2012 the Higgs boson was discovered in collisions of the 
Large Hadron Collider at CERN.  The main decay mode for 
a 125 GeV Higgs boson is H->bb. The candidate for this pro-
ject will work with our team to study the impact of advanced 
statistical learning tools for improving the analysis of this 
decay mode that suffers from poor signal to background. 
The long-term goal will be to apply these techniques also to 
the	study	of	di-Higgs	production	in	final	states	that	include	
4 b-quarks and can be used to test the Higgs self-coupling. 
The project demands good analytical and some programming 
skills (preferably in C++ and PYTHON).
Supervisor: Prof D Bortoletto         
Email: Daniela.Bortoletto@physics.ox.ac.uk

PP11 Optimisation of algorithm for longitudinal 
profile image reconstruction of femtosecond electron 
bunches

Imaging	of	the	longitudinal	profile	of	femtosecond	electron	
bunches is key to successful implementation of the next 
generation of state-of-the-art accelerators and their applica-
tion for generation of coherent X-ray radiation. There are 
number of imaging techniques based on spectral analysis 
of coherent radiation generated by the electron bunches, 
but	difficulties	with	 the	 stability	of	 the	 solutions	 (i.e.	 the	
uniqueness	of	final	1D	image)	are	still	present,	especially	
for a bunches with complex shapes. 

The project will develop a method to optimise the number of 
observations and their target frequencies to enable measure-
ment	of	the	longitudinal	beam	profile	to	a	specific	accuracy.	
The studies will be conducted using analytical and numerical 
models as well as spectral data observed at FACET, SLAC 
(Stanford University, USA). The proof of algorithm validity 
will be important part of this research project, as will the 
optimisation of the relevant numerical models.

The knowledge of programming techniques (MATLAB, Py-
thon, C) and mathematical methods (Fourier analysis, Com-
plex function) is desirable for this project. The researcher 
will be working in team and it is expected to have a good 
communicational skills.  It is expected that if the project is 
successful it will potentially lead to publication in one of 
the physics journals. 
Supervisor: Dr I Konoplev   
Email: Ivan.Konoplev@physics.ox.ac.uk, 
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PP12 ATLAS Physics

The world’s highest energy particle accelerator, the Large 
Hadron Collider (LHC) at CERN, started operation at the 
high-energy frontier in 2009. Constructed in a 27 km long 
circular tunnel, 100 meters underground, it accelerates two 
counter-rotating proton beams and brings them into collision 
at center-of-mass energies of up to 14 TeV. By pushing the 
energy frontier by an order of magnitude above that previ-
ously accessible, it offers unprecedented opportunities to 
explore the fundamental constituents of the universe.

The ATLAS and CMS experiments have observed a new 
boson, and this opens up a new research area with the aim 
of understanding if this particle is a Higgs boson and, if so, 
whether it a Standard Model (SM) Higgs boson or a more 
exotic version. Studies can be carried out with the existing 
data to begin to address these issues, such as determining 
the spin of the boson.  Even if the new particle turns out to 
be compatible with a SM Higgs, there are many remaining 
problems in the SM, many of which point to the existence of 
exotic physics in the LHC energy range.  Hence a primary  
goal of ATLAS is to explore SM physics in new energy 
regimes and to discover new physics signatures beyond the 
SM.  Possibilities include Supersymmetry (SUSY) as well 
as models which posit the existence of additional spatial 
dimensions beyond our normal experience.

In addition, the LHC is a “factory” for W and Z bosons and 
top quarks, enabling not only systematic studies of their 
properties but also their use as precision tools to probe the 
deep structure of the proton and to guide searches for physics 
beyond the Standard Model. 

PP1201  Using LHC measurements of precision ratios to 
search for new physics

According to astronomical observations, ordinary baryonic 
matter only accounts for about 15% of the matter content 
of the Universe with the rest being due to “dark matter”.  
However laboratory experiments are essential to pin down 
the nature of this dark matter. In many models, the dark mat-
ter is in the form of Weakly Interacting Massive Particles 
(WIMPS) which can be produced at the LHC. Although 
WIMPS would not be directly detected in an LHC experi-
ment like ATLAS, their presence could be inferred from the 
apparent missing transverse momentum. This project will 
explore the phenomenology of the search for dark matter 
at the LHC. 

The project will focus on measurements of the ratios 
Rjets=s(W+jets)/s(Z+jets) and Rinv = s(Z+jets, Znn/
s(Z+jets, Zl + l-).	 Both	 these	 ratios	 benefit	 from	 the	
cancelations of many systematic errors such as luminosity 
and can therefore be measured precisely.  The values of these 
ratios would be affected by new physics processes such as 
the production of dark matter. This project will study the 
phenomenology in order to determine how to minimise the 
theoretical uncertainties and hence maximise the sensitivity 
to new physics. If time permits some of the ideas developed 
would be applied to real ATLAS data.
Supervisor: Dr T Weidberg          
Email: tony.weidberg@physics.ox.ac.uk

PP1202 Precise measurement of the W boson mass

Prior to the discovery of the Higgs boson, its mass was pre-
dicted by precision measurements of electroweak parameters, 
including the W boson mass.  The knowledge of this mass 
provides a key constraint in determining what might lie be-
yond the Higgs boson.  Future measurements of the W boson 
mass	with	ATLAS	and	CDF	data	will	significantly	reduce	the	
current uncertainty on this quantity and further constrain the 
properties of new particles (or suggest their existence).  This 
project will focus on reducing the important uncertainties in 
the measurements.
Supervisor: Dr C Hays                 
Email: chris.hays@physics.ox.ac.uk

PP1203 Measurement of Higgs boson production in 
decays to W bosons

The 2012 observation of a new resonance with properties 
consistent	with	that	of	a	Higgs	boson	provides	the	first	step	
in understanding the source of particle mass.  Further meas-
urements of the Higgs boson couplings to SM particles will 
determine if the Higgs is the sole source of this mass.  An 
important coupling is that of the Higgs boson to W-boson 
pairs, which is tightly constrained by measurements of the 
W boson mass.  Precisely measuring the Higgs-to-WW cou-
pling will provide a standard against which other coupling 
measurements can be compared.  This project will focus 
on the many theoretical uncertainties in this measurement.
Supervisor: Dr C Hays                 
Email: chris.hays@physics.ox.ac.uk

PP13 Beam delivery systems for linac-based proton 
therapy

Proton therapy is a precise form of radiotherapy using 
protons instead of X-rays. It holds great promise for hard 
to reach tumours and for childhood cancers, but requires a 
room-sized particle accelerator and a system of beamlines 
connecting to a gantry; a beam line that rotates 360 degrees 
around the patient. Not surprisingly, this system is large and 
quite expensive. New accelerators are being developed to try 
to improve this therapy, one such design as a linear accelera-
tor developed in collaboration with CERN, and now being 
implemented in industry by ADAM*. In the future, one way 
to make this therapy more accessible will be to improve the 
cost,	size	and	flexibility	of	the	gantry,	independent	of	the	ac-
celerator technology. In this project, the student will use an 
accelerator design code to model a new concept for a beam 
delivery	gantry	based	on	fixed	field	(permanent)	magnets.	
This project would suit a student who is interested in parti-
cle accelerators and medical applications of physics. Some 
programming	experience	would	be	beneficial.

*http://www.adam-geneva.com/Research-Activities/Proton-
Therapy
Supervisors: Dr S Sheehy and Dr A Degiovanni, ADAM          
Email: suzie.sheehy@physics.ox.ac.uk
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PP14 Designing a future vertex detector for the LHC

The LHCb detector at CERN is world-leading in its explora-
tion of heavy quark decays. Building on this current success, 
a detector upgrade is under consideration for the late 2020s.

If this upgrade proceeds, the silicon vertex detector that the 
heart of the experiment, will be rebuilt with advanced pixel-
lated sensors with high timing resolution.

This project offers a student the opportunity to author the 
key physics performance design studies that will guide the 
engineers in their conceptualisation. Using a fast simulation 
package,	a	simplified	model	of	the	LHCb	vertex	detector	will	
be written and particle tracking parameterised. These tools 
would be used to characterise the physics performance as a 
function of design parameters (e.g. pixel size, location, clock-
length and material). This work will be highly topical and 
visible in the collaboration. No prior experience is required 
but the 3rd yr lab “NP10: search for mesons containing b-
quarks” provides a general introduction. 
Supervisor: Dr M John          
Email: malcolm.john@physics.ox.ac.uk

PP15 Discovering new decays modes of the Bc meson

In 2017 the LHCb collaboration observed the Bc meson 
decaying to a D0 K+ state. This decay is permitted within 
the Standard Model, but it requires hitherto unobserved Bc 
transitions. Since this publication the LHCb experiment have 
quadrupled its dataset and the Oxford LHCb group is work-
ing	on	confirming	the	new	Bc	transitions	with	searches	for	
similar decays of the Bc meson: to DK* and DsPhi states.

Generically speaking, data analysis involves two parts: (1) 
making a selection to beat down backgrounds and make it 
possible to observe the small signatures; (2) signal extraction 
with maximum likelihood techniques to measure the number 
of signal events and hence measure physical properties. Part 
(1) is already underway by post-docs in the group. Part (2) is 
offered as an exciting project. No prior experience required 
but it would be advantageous if the 3rd yr lab “NP10: search 
for mesons containing b-quarks” were completed. 
Supervisor: Dr M John          
Email: malcolm.john@physics.ox.ac.uk

PP16 Theoretical and experimental studies of multi-
cell asymmetric cavity for Energy Recovery Linac

High-brightness, intense sources of coherent X-ray radiation 
are extremely useful tools in science and used to probe mat-
ter of different kinds and in different states. These radiation 
sources are usually driven by particle accelerators such as 
synchrotrons and free electron lasers, vital tools which exist 
at only a few national laboratories around the globe. The size 
and energy consumption of such particle accelerators are key 
reasons for the restricted number of facilities and there are 
number of projects undergoing to develop more compact and 
affordable electron beam drivers. 

This project is a part of a larger initiative to develop compact, 
superconducting, RF driven, high current energy recovery 
linear accelerator (LINAC). Such a LINAC can be used to 
generate high intensity X-Ray of properties comparable with 
radiation observed at large synchrotron or FEL facilities. The 
one of the main challenges of the project is to control and 
suppress high order modes inside accelerating/decelerating 

structures, which will be excited by the high current beam. 
These modes could interfere with the energy recovery and 
could potentially interrupt the beam transportation through 
the system. The main tasks will be development of a numeri-
cal model using CST microwave studio and experimental 
mapping	 of	 the	 field	 inside	 the	 cavity	 using	 equipment	
available in the RF laboratory.  

The outcome of the project will contribute to the current 
UH-FLUX research program on development of compact 
source of coherent radiation. It is expected that the student 
who will take on this project is familiar with computer cod-
ding (MATLAB, C, Python) and EM theory. The researcher 
will be working in team with senior colleagues and good 
communication skills are expected. If the project is suc-
cessful it may lead to a publication and good writing skills 
will	be	beneficial.
Supervisors: Dr I Konoplev and Prof A Seryi 
Email: Ivan.Konoplev@physics.ox.ac.uk; 
Andrei.Seryi@adams-institute.ac.uk

PP17 Measuring the W boson mass

Our current understanding of the fundamental constituents 
of matter, and the forces between them, is encapsulated in 
the Standard Model theory. It provides a remarkable resem-
blance of the behaviour that we observe in particle physics 
experiments. Yet it is known to be at best a low energy ap-
proximation of a more complete theory. The CERN LHC is 
intended to uncover the next layer of fundamental physics. 
A promising approach is to make ultra precise measurements 
that can be compared to the predictions of the Standard 
Model. For example the Standard Model asserts a relation-
ship between the masses of the W boson, Higgs boson, 
and top quark, which results from Quantum loop effects. 
A measured deviation from this prediction could indicate 
Quantum loops involving heavy new particles from beyond 
the Standard Model. The sensitivity of this fundamental test 
is mostly limited by the precision with which we have been 
able to directly measure the mass of the W boson. 

This project will develop a method with which to measure 
the W boson mass using data from the LHCb experiment. 
The students will devise methods which allow the W boson 
mass to be determined with the highest possible precision, 
by comparing real LHC collision data with theoretical simu-
lations. They will develop computer software to perform 
this analysis. Reduced datasets for this purpose have been 
prepared at CERN, and stored on a local computer cluster 
in Oxford.

This project requires programming skills (C++ required, 
python desirable).
Supervisors: Dr M Vesterinen and Dr M John          
Email: Mika.Vesterinen@physics.ox.ac.uk;
mika.vesterinen@cern.ch;
malcolm.john@physics.ox.ac.uk 

PP18 tbc

More details from the supervisor.
Supervisor: Dr C Gwenlan 
Email: Claire.Gwenlan@physics.ox.ac.uk
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PP19 B Meson Tagging 

The B0 meson is bound state of the bottom quark and the 
down quark. These mesons are produced at the Fermilab 
Tevatron in generous amounts. Our understanding of 
quantum mechanics indicates that the neutral B meson will 
spontaneously change into its anti-particle and then change 
back as it travels through space before it decays. This effect 
is called ‘mixing’ and has already been observed in the neu-
tral kaon system and in the neutral B0 mesons. It has only 
recently been observed in the BS meson.

BS mixing occurs quite rapidly. Current experimental 
measurements on BS mixing indicate that the BS changes 
into the anti-BS on average 17 times before decaying. This 
is astonishing when one realizes that the BS lifetime is just 
a little over one picosecond. B0 meson mixing, however, 
takes place at a more stately pace, requiring approximately 
5 lifetimes of the meson for one complete mixing oscillation.

Before one can measure mixing however we need to know 
whether the meson started out life as a particle or an antiparti-
cle. The meson needs to be ‘tagged’ as either one or the other. 

The goal of this project is to explore various tagging tech-
niques on neutral B mesons using the CDF data taken at 2.0 
TeV centre of mass energy. The student will attempt to meas-
ure	the	efficiency	and	dilution	of	tagging	methods	in	these	
two cases in CDF data and compare these to the measured 
rates for charged hadrons and also MC simulations. 

Specialized equipment needed: Computer Access

Knowledge of Computer programming required: Yes, C++ 
programming is be
Supervisor: Prof T Huffman           
E-mail: todd.huffman@physics.ox.ac.uk

PP20 Tracking in 4 dimensions

Silicon detectors allow to measure the position of elementary 
particles with exquisite precision of less than 10 mm. The 
addition of precision timing information will be especially 
beneficial	for	the	High	Luminosity	LHC	(HL-LHC)	where	
the number of events per bunch crossing will be of the order 
of 150–200, with an average distance between vertexes of 
500 mm and a timing rms spread of 150 ps. Ultra-Fast Silicon 
Detectors (UFSD) based on the Low-Gain Avalanche Detec-
tor (LGAD) design, employing n-on-p silicon sensors with 
internal charge multiplication due to the presence of a thin, 
low-resistivity diffusion layer below the junction can achieve 
a timing resolution of about 30 ps. The candidate will evalu-
ate the performance of UFSD before and after irradiation in 
the Oxford Physics Microstructure Detector facility (OPMD) 
using lasers and radioactive sources. 
Supervisor: Prof D Bortoletto         
Email: Daniela.Bortoletto@physics.ox.ac.uk
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Theoretical Physics projects

TP01  Dynamics of topological defects in active sys-
tems

Active materials such as bacteria, molecular motors and 
self-propelled colloids are Nature’s engines. They extract 
energy from their surroundings at a single particle level and 
use this to do work. Active matter is becoming an increas-
ingly popular area of research because it provides a testing 
ground for the ideas of non-equilibrium statistical physics, 
because of its relevance to the collective behaviour of living 
creatures, from cells to starlings, and because of its potential 
in designing nanomachines.

A	defining	feature	of	dense	active	matter	is	the	existence	of	
self-propelled topological defects. The aim of this project 
is to investigate how the defects move and the interactions 
between them. The project will involve analytic and numeri-
cal work based on the Stokes equations of zero Reynolds 
number hydrodynamics.

J. M. Yeomans Nature’s engines: active matter, Europhysics 
News 48, no 2 (2017) p21 
Supervisors: Prof J Yeomans and Dr A Doostmohammadi
E-mail: Julia.Yeomans@physics.ox.ac.uk

TP02 Topics in Geometry, Number Theory and 
Gauge/String Theory

We present the student with a manageable (appropriate for 
a mathematically and theoretically inclined fourth-year), 
self-contained	 	project	 in	a	 specific	problem	 in	 the	 realm	
of the interaction of geometry, number theory and gauge/
string theory.

Topics	 in	 the	 past	 have	 included	finite	 graphs	 and	field	
theory,	Calabi-Yau	manifolds	and	compactification,	as	well	
as modern geometrical aspects of the standard model from 
string theory.

The project will provide an opportunity for the student to 
some rudiments of, for example, differential/algebraic geom-
etry,	quantum	field	theory,	supersymmetry,	as	well	as	number	
theory and advanced algebra. More recently, there has been 
much	interaction	of	these	fields	also	with	machine-learning	
and data science, so those interested in computational aspects 
can also explore this direction.

Programming experience (with C  and mathematica/maple) 
most welcome.
Supervisor: Prof Y-H He                 
Email: hey@maths.ox.ac.uk

TP03 Modelling DNA 

In this project you will use oxDNA  to study either biophysi-
cal properties of DNA, or the physics of DNA nanostructures.

Look at dna.physics.ox.ac.uk for more information on the 
potential projects.
Supervisors: Prof A A Louis          
Email:  Ard.Louis@physics.ox.ac.uk 

TP04 Chemical Evolution of the Milky Way Satellite 
Galaxies

As kinematics, i.e. the motion of stars, change over their 
lifetime, the only information we have about the origin of a 
star, is its chemical composition together with some infor-
mation on its age. This chemical composition is inherited 
from the gas cloud that collapses into the star, with very 
minor alterations afterwards. Understanding this information 
is key to quantify the history and dynamics of any stellar 
system, e.g. the components of our Galaxy or the evolution 
of dwarf galaxies.

The project will make use of an existing model of detailed 
chemical evolution of several elements, which is also ca-
pable of predicting kinematic information and modelling 
observations we compare to.  Depending on the progress of 
the project and the interests of the student, we will then try 
to explore the enrichment of dwarf galaxies and the Galactic 
halo. This can be done in light of stochastic enrichment and/
or trying to quantify the halo metallicity distribution and its 
dependence on stellar kinematics and positions. The analy-
sis can be applied to data sets for stars in the Milky Way’s 
halo, or its satellite galaxies. The student can also choose to 
examine halo star kinematics with action based distribution 
functions, or simpler estimators.

The project demands good analytical and some program-
ming skills (preferably in C++, though this can be acquired 
during the project).
Supervisor: Dr R Schoenrich        
Email: Ralph.Schoenrich@physics.ox.ac.uk

TP05 Chemistry and Dynamics of the Milky Way 
Disk

With the advent of Gaia satellite data (kinematics and posi-
tions of stars throughout the disc) and their follow-up high-
resolution spectroscopic surveys (giving us precise stellar 
abundances	and	ages),	we	can	for	the	first	time	examine	in	
detail the history and dynamics of the Milky Way.

The history and dynamics of the Milky Way disk can ex-
plored by comparing stellar ages and abundances, which 
act like a chemical footprint tagging the origin of stellar 
populations, with their motions and positions today. This way 
one can learn how the system re-distributes its stars through 
phase space and what the detailed history of the disc was. We 
have several different surveys that map out these distributions 
and are still in the process of understanding these data. The 
student is invited to partake in this analysis and to concentrate 
on detailed questions, like tracking the impact of past spiral 
wave, or  a merging satellite on the observables. Depending 
on their interests, the student can choose from a range of 
project options: From orbit calculations in idealised potential 
to examine the behaviour around resonances, to working out 
better descriptions of angular momentum changes and disc 
heating	by	spiral	structure,	to	fitting	those	prescriptions	to	
the available data with analytical chemodynamical models.

Good analytic skills are essential for this project, familiarity 
with programming (best C++) and Hamiltonian mechanics 
would	be	beneficial,	but	can	be	taught	during	the	project.	
Supervisor: Dr R Schoenrich        
Email: Ralph.Schoenrich@physics.ox.ac.uk
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TP06 Probabilistic Parameter Determinations of 
Stars or Galaxies

Until now, spectral analysis is more of an artwork than a 
quantitative science. Typically a spetroscopist will try to 
fit	the	spectral	lines	of	a	star	by	hand,	in	order	to	obtain	its	
physical parameters like temperature, metallicity, surface 
gravity, etc. However, with the advent of larger spectroscopic 
surveys, we need to quantify the errors on stellar parameters 
(which are key to quantitative comparisons with Galaxy 
models) in a more objective way and need strategies for the 
automatic assessment of stellar parameters. Similarly we 
need the full probability distribution functions in parameter 
space to combine the spectroscopic information with other 
sources, like photometry or astroseismology. Our group has 
created a fully integrated C++-based pipeline that performs 
this analysis and have successfully applied it to data from 
several surveys. 

The student can choose to work on different aspects of this 
pipeline,  from implementing astroseismic information 
and improvements on the Bayesian framework to studying 
details of algorithms underlying the spectroscopic analysis, 
as well as analysing spectroscopic data from e.g. SEGUE, 
RAVE or Gaia-ESO.  

The project demands good analytical and good programming 
skills in C++, though this may be acquired during the project. 
The student might (depending on their choices) need to deal 
with	astronomical	.fits	files	and	large	datasets.
Supervisor: Dr R Schoenrich        
Email: Ralph.Schoenrich@physics.ox.ac.uk

TP07 Signature of spiral structure in Gaia data

Density waves must be running through the disc of our Gal-
axy. There have been tentative detections in pre-Gaia data 
of the shift in mean stellar velocity caused by such waves, 
but these detections are far from secure. On 25/4/2018 the 
quality of the relevant data will increase dramatically when 
ESA	releases	the	first	major	tranche	of	Gaia	data.	This	project	
involves	fitting	not	only	the	shifts	in	mean	velocity	but	also	
changes in velocity dispersion that arise as the gravitational 
field	 compresses	 the	 stellar	 plasma,	which	 has	 not	 been	
considered before. We would start by using test-particle 
simulations to check the correctness of a rather intricate 
analytic computation of the impact of a wave. Then the 
analytic formulae would be used to extract from Gaia data 
the amplitude and phase of the waves running through the 
solar neighbourhood. If time allowed, one would then con-
nect the extracted values to what we know about the secular 
evolution of the Galactic disc.

Ability to program, preferably in C++, would be advanta-
geous.
Supervisor: Prof J Binney        
Email: james.binney@physics.ox.ac.uk

TP08 Physics of machine learning

In this project you will use concepts from statistical mechan-
ics and algorithmic information theory (AIT) to understand 
why deep learning with neural networks works so well.   See 
K. Dingle, C. Q. Camargo and A. A. Louis 

Nature Comm. 9, 761 (2018) for background on AIT.
Supervisors: Prof A A Louis          
Email:  Ard.Louis@physics.ox.ac.uk

TP09 Anyons and Topological Quantum Computing

One typically learns in quantum mechanics books that identi-
cal particles must be either bosons or fermions. While this 
statement is true in our three dimensional world, if we lived 
in two dimensions, more general types of particles known 
as “anyons” could exist. While this sounds like just a math-
ematical	flight	of	fancy,	in	fact,	when	we	restrict	particles	
to move only within two dimensions, such exotic particles 
can (and sometimes do) emerge as low energy excitations 
of condensed matter systems, and various experiments have 
claimed to observe this behavior. It has been proposed that 
such anyons could be uniquely suited for building a so-called 
“quantum	computer”	—	a	computer	that	could	in	principle	
use the unique properties of quantum mechanics to perform 
certain types of calculations exponen- tially faster than any 
computer built to date.

The	first	objective	of	this	project	is	to	learn	about	the	prop-
erties of anyons, where these particles exist, and how these 
particles might be used to build a computing device. A few 
toy model calculations will start the student in the direction 
of modern research.

The project is suitable for a mathematically strong student 
taking the Theoretical Physics option. This work will involve 
analytical calculations, abstract mathematics, and probably 
some computing based on Matlab or Mathematica.

Some background  reading: Wikipedia Article on Anyons; 
Wikipedia Article on Topological Quantum Computing; 
Steven Simon (2010) “Physics World: Quantum Computing 
with a Twist” (see my home page for link); Ady Stern (2008), 
“Anyons and the quantum Hall effect

—	A	pedagogical	 review”.	Annals	 of	 Physics	 323:	 204;	
Chetan Nayak, Steven Simon, Ady Stern, Michael Freed-
man, Sankar Das Sarma (2008), ”Non-Abelian anyons and 
topological quantum computation,” Reviews of Modern 
Physics 80 (3): 1083.
Supervisor: Prof S Simon        
Email: steven.simon@physics.ox.ac.uk

TP10 The physics of crowds

Correlated motion is observed in dense crowds of people 
trying to get through a door, or animals trying to escape 
from a predator, see https://www.youtube.com/watch?v=0-
7F_fqTT-s. The patterns closely resemble those observed 
in models of active systems. The aim of the project is to 
investigate how far this comparison is valid, and the extent 
to which the active models can reproduce crowd behaviour. 
The project will involve numerical work and would suit a 
student with some experience of programming in eg C, C++.

M. Moussaid, D. Helbing and G. Theraulaz, How simple 
rules determine pedestrian behaviour and crowd disasters, 
PNAS 108 (2011) 6888
Supervisors: Prof J Yeomans and Dr A Doostmohammadi
E-mail: Julia.Yeomans@physics.ox.ac.uk
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TP11 Mapping orbits in almost Keplerian potentials 

The Kepler potential is the zeroth-order approximation for 
motion in planetary systems and in stellar systems dominated 
by a central black hole.  This project will investigate the 
phase-space structure of orbits in the Kepler Hamiltonian 
perturbed by, e.g., the potential due to a surrounding stellar 
cluster	or	an	externally	imposed	tidal	field.

A good understanding of the material in the “Classical 
mechanics”short option (S7) is essential.
Supervisor: Dr J Magorrian     
Email: John.Magorrian@physics.ox.ac.uk

TP12 Topological Insulators and Surface States

Over the last decade, a revolution has occurred in condensed 
matter physics. We now think of materials in terms of topo-
logical classes --- placing two materials in the same class if 
one Hamiltonian can be smoothly deformed into the other.   
This new was of classifying materials has led us to discover 
new materials and new, previously hidden, properties. The 
simplest example of the power of this type of thinking is giv-
en by what is known as a “topological insulator”. For many 
purposes these materials appears like any non-interacting 
electron	band	insulator	(a	filled	valence	band	and	an	empty	
conduction band), but on closer inspection they turn out to 
have fundamentally different properties --- such as protected 
surface	modes.	The	first	part	of	this	project	will	be	to	under-
stand	this	idea	topological	classification.	The	remainder	of	
the project will be to explore the physics of protected surface 
states, using the framework of Fermi liquid theory. This 
project is suitable for a student who is mathematically very 
strong and is taking the C6 theory option. Some amount of 
computation will be required (almost any computer language 
would be acceptable). 

Reference: M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 
82, 3045 (2010). 
Supervisor: Prof S Simon        
Email: steven.simon@physics.ox.ac.uk

TP13 The origin of streams in our solar neighbour-
hood

Several collections of stars exist in the vicinity of our Sun 
that cluster in position and velocity space. A key probe for 
distentangling between scenarios for the origin of these 
streams is their chemical composition. Unlike the motion 
and positions of stars, which change over their lifetime, their 
chemistry	is	primarily	fixed	by	the	properties	of	the	initial	
gas cloud that collapsed to form them.

This project will make use of exciting new data on positions 
and velocities of stars from the European Space Agency’s 
cornerstone Gaia mission, combined with information on 
their chemical composition from high-resolution spectra. 
The student can develop the project along several avenues, 
ranging from a phenomenological characterisation of the 
streams in terms of their positions, velocities and chemistry, 
to a dynamical prescription of their behaviour. Familiarity 
with	C++	and	Python	would	be	beneficial,	but	the	required	
skills can be developed throughout the project. 
Supervisor: Dr P Das     
Email: Payel.Das@physics.ox.ac.uk
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