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Level 4 Project Titles 2014/15 
 
 
This booklet gives brief details of the Level 4 Projects available for 2014/15.  The 
project titles are grouped by category, as follows: 
 

Advanced Instrumentation page 3 
Astronomy & Astrophysics page 12 
Atomic, Molecular & Optical Physics  page 44 
Biophysics page 59 
Condensed Matter Physics  page 65 
General  page 91 
Optics & Photonics  page 92 
Particle Theory  page 95 

 
In some cases the supervisors have provided more extended descriptions of the 
projects and these can be found within the online Project Selector at  
 
  https://teaching.physics.dur.ac.uk/level4projects.php 
 
and this facility also allows you to view projects by category (e.g. Astronomy) or by 
type (e.g. Data Analysis).  It also contains hyperlinks to electronic versions of many 
of the project references; in addition you may wish to use the library’s e-journals 
system at https://www.dur.ac.uk/library/resources/online/ejournals/. 
 
Please visit the Project Selector and submit five project choices before 1.00 p.m. 
on Thursday 12 June 2014 – this is a strict deadline.  You will need your CIS 
username and password.  Selecting fewer than five titles will not increase your 
chances of success, but instead will reduce the likelihood of your being allocated 
one of your choices.  You will rank your choices in order or preference; in order to 
maximise the number of students who are allocated projects these rankings will not 
be used initially but may be used to fine-tune the allocation before it is published.  
You should ensure that your choices are consistent with your degree and module 
options: it is inevitable that your preparation for certain projects may be 
compromised if you have not attended relevant lecture courses.  Before making 
your selections, if you are in any doubt as to the suitability of a particular project 
then you should discuss this with the project supervisor. 
 
Your five choices will be used in the first stage of the allocation process.  However, 
last year the most popular project was nominated by 19 students and therefore 
most of these students were inevitably disappointed.  (For similar reasons you are 
advised not to restrict your selections to a single supervisor.)  It is anticipated that 
the initial list of allocated projects will be published – online and via the notice 
board – by 9.00 a.m. on Friday 20 June.  At that stage further instructions will be 
given regarding the procedure for those students still without a project.  It is 



 2

essential that all students check the projects list as early as possible to ensure that 
they are aware of, and available (electronically) for, the final stage of the allocation 
process, if required. 
 
Please note that, although all projects in the booklet are in principle available, 
resource implications have an impact on the possible combinations of projects which 
can be run, particularly in the case of some groups of experimental projects.  This 
means that at the end of the allocation process there may still be projects which 
appear not to have been allocated but which have nevertheless become unavailable.  
Do not assume that a project is still available simply because it has not been 
allocated. 
 
After the projects have been allocated, you should contact your supervisor before the 
end of term in order to discuss the first stages of the project and to ensure that you 
have copies of the requisite reading material. 
 
 
A.M. Skelton, Teaching Administrator 
May 2014 



Level 4 Project Titles 2014/15

Project ID: 21

Title: Miniature Optical Coherence Tomography (OCT) System

Category: Advanced Instrumentation

Supervisor(s): vdxs54

Type: Data Analysis/Experiment

Capacity: 1
Summary:

This project will build an OCT Imaging system. OCT is based around a broadband Michelson 
interferometer and provides a method of building up 3D images with the optical sectioning provided 
by interference. Such instruments are used clinically in the eye but the focus of this project is to build 
a miniature system using Graded Index Optics with a diameter of less than 1mm. Initially a bulk 
optics system will be constructed but this will then be miniaturised with the target of imaging through 
skin to a depth of around 2mm. The project will involve work in practical optics, computer control of 
experiments, data analysis and knowledge of applications of the method on their preferred samples.

References:

Supervisor(s): vdxs54   

Supervisor(s): Prof J.M. Girkin      

Tomlins, P H, and R K Wang. “Theory, Developments and Applications of Optical Coherence 
Tomography."  Journal of Physics D: Applied Physics 38, no. 15 (August 07, 2005): 2519–2535. 
doi:10.1088/0022-3727/38/15/002.
Lorenser, D, X Yang, R W Kirk, B C Quirk, R a McLaughlin, and D D Sampson. "Ultrathin Side-
Viewing Needle Probe for Optical Coherence Tomography."  Optics Letters 36, no. 19 (October 
01, 2011): 3894–6.
General Background Article showing the breadth of the method

Project ID: 50

Title: Improving reading without glasses: Image pre-compensation for ocular aberrations

Category: Advanced Instrumentation

Supervisor(s): dph0gdl tsgp93

Type: Computation/Experiment

Capacity: 1
Summary:

The eye is a relatively poor optical system. Aberrations in the eye blur the image formed on the retina 
leading to impaired visual acuity and reading speed. The aim of this project is to investigate a new 
method for improving visual ability - creating a personalised display by pre-compensating images for 
an individual's aberrations, removing the need for glasses. This project would suit someone with an 
interest in optics as well as in both computational and experimental work.

References:

Supervisor(s): dph0gdl   tsgp93

Supervisor(s): Prof G.D. Love    Dr L.K. Young

Huang, Jian, Armando Barreto, and Malek Adjouadi. "Dynamic image pre-compensation for 
computer access by individuals with ocular aberrations." In Engineering in Medicine and Biology 
Society (EMBC), 2012 Annual International Conference of the IEEE, pp. 3320-3323. IEEE, 2012.
Wavefront Optics for Vision Correction. G.M. Dai. SPIE Press 2008
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Project ID: 144

Title: A new method of testing optics: wavefront sensing using acousto-optics

Category: Advanced Instrumentation

Supervisor(s): dph0gdl dph3tb

Type: Computation/Experiment/Theory

Capacity: 1
Summary:

The testing of optics is extremely important in a wide variety of fields, from astronomy to consumer 
devices. The Shack-Hartmann wavefront sensor is a well-established means of measuring aberrations 
in adaptive optics and ophthalmology. This project will look at a a reconfigurable Shack-Hartmann 
sensor, in which the sampling can be varied by using acoustic standing waves in a fluid medium. 
These waves induce refractive index variations that act as an array of lenses. The goal of this project is 
to develop a prototype acousto-optic wavefront sensor and investigate its capabilities and limitations. 
The project will likely involve a combination of theoretical/modelling and experimental work.

References:

Supervisor(s): dph0gdl   dph3tb

Supervisor(s): Prof G.D. Love    Dr T. Butterley

Stup et al, "Acousto-optic wavefront sensing and reconstruction", Applied Optics 48 (2009).

Project ID: 57

Title: Lasers, Stars and the Atmosphere: Improving performance of  Laser Guide Star 
adaptive optics

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1tjm

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

The technique of adaptive optics (AO) for astronomy corrects for the effects of atmospheric 
turbulence on stellar images. AO uses high-powered lasers to excite mesospheric sodium atoms to 
create an artificial guide star to determine the correction that must be applied. Variations in the 
vertical sodium distribution can impact the AO system performance. The solution to date uses 
additional natural stars to determine this error, but this limits instrumental sky coverage. The project 
involves generating wave-front sensor data and investigating the possibility of reconstructing the 
sodium profile from this data. Achieving this would impact the design of the next generation of AO 
instruments.

References:

Supervisor(s): dph0rmm   dph1tjm

Supervisor(s): Prof R.M. Myers    Dr T.J. Morris

 1.R. Foy and A. Labeyrie, 'Feasibility of adaptive telescope with laser probe', Astron. Astrophys. 152, 
L29-L31 (1985)

 2.T. Pfrommer and P. Hickson, "High-resolution lidar observations of mesospheric sodium and 
implications for adaptive optics," J. Opt. Soc. Am. A 27, A97-A105 (2010)

 3.Thomas, S. J., Adkins, S., Gavel, D., Fusco, T. and Michau, V. (2008), 'Study of optimal wavefront 
sensing with elongated laser guide stars'. Monthly Notices of the Royal Astronomical Society, 387: 
173-187.
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Project ID: 62

Title: High-contrast Imaging Using Aperture Masking and Adaptive Optics

Category: Advanced Instrumentation

Supervisor(s): dph0rmm ktms37

Type: Computation/Theory

Capacity: 1
Summary:

In optical astronomy images become blurred because of wavefront aberrations from the atmosphere. 
It becomes impossible to see faint objects or reach the diffraction-limit of a telescope. Adaptive optics 
can partially remove these aberrations although for many situations is also restricts the brightness of 
targets that can be observed. An alternative approach is reducing the imaging redundancy by placing a 
(mostly opaque) mask in front of the telescope, creating an interferometer whose data is robust to 
aberrations. These two techniques can be complementary: the subject of this project. An in-house 
simulation software will be used by incorporating masking and analysing the simulated data.

References:

Supervisor(s): dph0rmm   ktms37

Supervisor(s): Prof R.M. Myers    Dr N.A. Bharmal

(Adaptive Optics in astronomy) "Adaptive Optics for Astronomy", R. Davies and M. Kasper.  (2012) 
Annual Review of Astronomy and Astrophysics, vol. 50, p.305-351
(general Aperture Masking) W. Rhodes and J. Goodman, "Interferometric technique for recording 
and restoring images degraded by unknown aberrations," J. Opt. Soc. Am. 63, 647-657 (1973).
(AO & AM in astronomy) Peter Tuthill, James Lloyd, Michael Ireland, Frantz Martinache, John 
Monnier, Henry Woodruff, Theo ten Brummelaar, Nils Turner, Charles Townes "Sparse-aperture 
adaptive optics". Proc. SPIE 6272, Advances in Adaptive Optics II, (2006)

Project ID: 75

Title: Integral field spectroscopy using high-sky-coverage adaptive optics

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation

Capacity: 1
Summary:

The OASIS integral field spectrograph on the William Herschel Telescope on La Palma has been used 
by astronomers for many years, producing important scientific results. The instrument was designed 
to be operated with an adaptive optics system, which corrects the perturbations introduced by the 
Earth's atmosphere. Unfortunately, performance of its adaptive optics system is limited. This project 
will investigate the gains that are achievable if OASIS is combined with a new adaptive optics system, 
CANARY. Performance modelling (using in-house tools), optical design and mechanical design 
considerations will be carried out, paving the way for a new, highly competitive instrument 
combination.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Myers et al, SPIE 7015 (2008) doi: 10.1117/12.789544
OASIS IFS WWW page, CRAL, Lyon
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Project ID: 77

Title: The Learn and Apply algorithm for the European Extremely Large Telescope

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation/Theory

Capacity: 1
Summary:

Recent advances in adaptive optics (AO) for astronomical telescopes have led to the implementation 
of AO which mitigates the effect of atmospheric turbulence over a wide field of view. Key to the 
success of one category of these instruments is the Learn&Apply algorithm. In its current form, this 
algorithm is too computationally demanding to be used with the proposed 40m E-ELT. This project 
will investigate techniques to aid the implementation of this important algorithm, including theoretical 
work involving a priori knowledge of turbulence covariance, considerations of hardware acceleration 
technologies, and numerical simulation using an advanced code available at Durham.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Vidal et al, "Tomography approach for multi-object adaptive optics", JOSA A vol 27, p 253 (2010)
Davies and Kasper, "Adaptive Optics for Astronomy", ARA&A vol 50, 2012

Project ID: 78

Title: Air Curtains for optical system isolation

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation/Experiment

Capacity: 1
Summary:

Large ground based optical telescopes are significantly affected by the Earth's turbulent atmosphere. 
A large proportion of this turbulence often originates close to the ground, and can be produced by 
the telescope structure and dome itself. Isolating air inside the telescope dome from air outside may 
help to reduce this turbulence, increasing image quality. This project investigates the use of air 
curtains to separate two regions of air, and will study how the air curtain itself affects the turbulence. 
Computational fluid dynamics software will be used to investigate the effect on large telescopes. It is 
hoped that performance improvements can be quantified, following on from previous work.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Navaz et al, "The Application of Advanced Methods in Analyzing the Performance of the Air 
Curtain in a Refrigerated Display Case", J. Fluids Eng, 124, 759 (2002)
Davies and Kasper, "Adaptive Optics for Astronomy", Ann Rev Ast Ap 97, 1056 (2012)
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Project ID: 79

Title: Temporal filtering and vibration control for adaptive optics

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Vibrations present in the structures of large astronomical telescopes can significantly affect image 
quality. Adaptive optics (AO) systems, which mitigate the effect of the Earth's turbulent atmosphere 
are also affected by these vibrations. Recently, vibration control techniques have been demonstrated 
on-sky, leading to improved image quality. However, these techniques are computationally expensive 
and not suitable for the proposed 20-40m Extremely Large Telescopes. This project investigates 
computationally efficient vibration control techniques including the Ensemble Kalman filter which 
has not previously been investigated for astronomy, using simulation and analysis of existing data.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Guesalaga et al, "Comparison of vibration mitigation controllers for adaptive optics systems", Appl. 
Opt 51, 4520 (2012)
Davies and Kasper, "Adaptive Optics for Astronomy", Ann Rev Ast Ap 97, 1056 (2012)

Project ID: 81

Title: Numerical simulation of Shack-Hartmann wavefront sensors

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation

Capacity: 1
Summary:

Shack-Hartmann wavefront sensors have been by far the most widely used for astronomical adaptive 
optics (AO) systems, which seek to mitigate the image degrading effects of the Earth's atmosphere. 
To date, the numerical simulation of these sensors has been crude, with significant problems arising 
once wavefront phase becomes too large. This project will aim to improve techniques for the 
numerical simulation of these wavefront sensors, and compare performance of the algorithms 
developed. These new algorithms will then be implemented in an existing AO system modelling tool, 
and characterisation of existing AO simulation models will be improved.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Platt and Shack, "History and principles of Shack-Hartmann wavefront sensing", Journal of 
Refractive Surgery, Vol 17 p573 (2001)
Davies and Kasper, "Adaptive Optics for Astronomy", Ann Rev Ast Ap 97, 1056 (2012)
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Project ID: 82

Title: Lucky imaging with laser guide star adaptive optics

Category: Advanced Instrumentation

Supervisor(s): dph0rmm dph1agb

Type: Computation/Data Analysis

Capacity: 1
Summary:

Lucky imaging is a technique used on 1-2m class telescopes to overcome the perturbing effect that the 
Earth's turbulent atmosphere has on astronomical images. Short exposure snap-shot images are 
obtained and only a small fraction of these are used to build the final image, corresponding to 
exposures during which the atmosphere was well behaved. On larger telescopes, this technique 
performs badly. However, by using laser guide star adaptive optics, extensions to larger telescopes are 
possible. This project will investigate this using simulation and modelling tools. Frame selection 
techniques will also be investigated, and there may be the opportunity to use on-sky datasets.

References:

Supervisor(s): dph0rmm   dph1agb

Supervisor(s): Prof R.M. Myers    Dr A.G. Basden

Fried, D., "Probability of getting a lucky short-exposure image through turbulence", JOSA, vol 68, 
Dec 1978
Law, N., "Lucky Imaging: Diffraction limited astronomy from the ground in the visible", PhD 
Thesis, Cambridge Univ, 2006

Project ID: 158

Title: Faster Optical Ray Tracing through specialised code generation

Category: Advanced Instrumentation

Supervisor(s): dph3cds dph1nad

Type: Computation/Data Analysis/Theory

Capacity: 2
Summary:

Optical Ray Tracing packages simulate ray optics propagation via Snell's Law, the Fresnel equations 
etc.  Whilst ray tracing is a powerful tool for designing optical systems, often many millions of rays 
must be traced to characterise a system, forming a computationally slow and intensive process. In this 
project you will look at producing a "Specialising Optical JIT" - this is a just in time compiler that will 
take the description of a specific optical system and convert it to computer code specialised to that 
one system. By using the Python language to produce OpenCL code and execute it on both CPUs 
and GPUs you will explore how much this may speed up the ray tracing process.

References:

Supervisor(s): dph3cds   dph1nad

Supervisor(s): Dr C.D. Saunter    Dr N.A. Dipper

Wikipedia page on JIT compilation
PyOpen CL - a Python interface to the OpenCL GPU/CPU programming language
Online Ray Tracer - an example to see one in action
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Project ID: 159

Title: Building a Higher Resolution Single Plain Illumination Microscope

Category: Advanced Instrumentation

Supervisor(s): dph3cds tsgp93

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

This project will look at developing a new illumination system for the cutting edge Single Plain 
Illumination Microscope (SPIM) developed here at Durham. This instrument illuminates biological 
samples from side-on in a thin plane to allow volumes of depth-sectioned images to be taken rapidly, 
one plane at a time. You will explore advanced optical and analytical techniques that seek to increase 
the depth resolution of the instrument to a factor at least 2x smaller than any existing SPIM.

References:

Supervisor(s): dph3cds   tsgp93

Supervisor(s): Dr C.D. Saunter    Dr L.K. Young

A recent paper from our SPIM - AO modal optimisation in a live, beating zebrafish heart
Wiki page on SPIM etc.

Project ID: 153

Title: Spectro-Perfectionism: Optimized Sky Subtraction for the KMOS Infrared 
Spectrograph

Category: Advanced Instrumentation

Supervisor(s): dph0rms

Type: Computation/Data Analysis

Capacity: 1
Summary:

KMOS is a multi-object near-infrared spectrograph recently commissioned on the 8-metre ESO VLT 
in Chile. KMOS is designed to observe faint galaxies at the epoch of their formation and to study 
their chemical and dynamical properties. In order to make such observations, however, the observed 
spectra need to be corrected for the contaminating effect of the Earth's night sky spectrum which, at 
these wavelengths, is dominated by a large number of bright OH emission lines. This project will use 
a large body of spectra obtained with KMOS during the commissioning phase to develop improved 
methods of sky subtraction and, in particular, a detailed model of the 2D instrumental line profile.

References:

Supervisor(s): dph0rms   

Supervisor(s): Prof R.M. Sharples      

'First Light for the KMOS Multi-Object Integral-Field Spectrometer', Sharples et al (2013), ESO 
Messenger 151, 21
'A method to remove residual OH emission from near-infrared spectra, Davies (2007), MNRAS 375, 
1099
'Spectro-Perfectionism: An Algorithmic Framework for Photon Noise-Limited Extraction of Optical 
Fiber Spectroscopy', Bolton et al (2010), PASP 122, 248
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Project ID: 155

Title: Infrared Transit Spectroscopy of Extrasolar Planets

Category: Advanced Instrumentation

Supervisor(s): dph0rms

Type: Computation/Data Analysis

Capacity: 1
Summary:

Transit spectroscopy of extrasolar planets provides a unique way to probe of the composition of their 
extended atmospheres and to look for biomarkers such as water and oxygen. From the ground, the 
most effective method is to use a multi-object spectrograph to simultaneously measure the spectrum 
of the host star and a set of comparison stars, as the planet goes in and out of transit. This project will 
analyse transit observations taken in the last year with the KMOS spectrograph on the ESO VLT in 
Chile and use these to place limits on the atmospheric constituents of the planet.

References:

Supervisor(s): dph0rms   

Supervisor(s): Prof R.M. Sharples      

'Ground-based Transit Spectroscopy of the Hot-Jupiter WASP-19b in the Near-Infrared', Bean et al 
(2013), astro-ph/1303.1094v1
'First Light for the KMOS Multi-Object Integral-Field Spectrometer', Sharples et al (2013), ESO 
Messenger 151, 21.
'Exoplanet atmospheres: a brand-new and rapidly expanding research field', Lopez-Morales (2011), 
astro-ph/1012.2157

Project ID: 156

Title: Modelling Transit Spectroscopy of Extrasolar Planets

Category: Advanced Instrumentation

Supervisor(s): dph0rms

Type: Computation/Data Analysis

Capacity: 1
Summary:

Transit spectroscopy of extrasolar planets provides a unique way to probe of the composition of their 
extended atmospheres and to look for biomarkers such as water and oxygen. This project will develop 
high fidelity models for transit spectroscopy at optical and infrared wavelengths using a new model of 
exoplanet atmospheres. A key outcome of the modelling will be to determine which spectral features 
can be well constrained using a multi-object near-infrared spectrograph, such as KMOS at the ESO 
VLT.

References:

Supervisor(s): dph0rms   

Supervisor(s): Prof R.M. Sharples      

'Theoretical Transit Spectra of GJ 1214b and Other "Super-Earths', Howe & Burrows (2012), ApJ, 
756, 176.
'TAU: A 1D radiative transfer code for transmission spectroscopy of extrasolar planet atmospheres', 
Hollis et al (2013), Computer Physics Communications, 184, 2351–2361.
'Exoplanet atmospheres: a brand-new and rapidly expanding research field', Lopez-Morales (2011), 
astro-ph/1012.2157
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Project ID: 157

Title: Hadamard Transform Spectroscopy with the James Webb Space Telescope

Category: Advanced Instrumentation

Supervisor(s): dph0rms

Type: Computation

Capacity: 1
Summary:

JWST will be equipped with a digital micro-shutter array for obtaining non-overlapping spectra of up 
to ~200 objects (stars/galaxies) in a field of view of 3'x3'. In principle, this could be increased by 
many 1000's of objects if the requirement for non-overlapping spectra is relaxed. In this mode the 
micro-shutter is treated as a binary mask and several images are obtained with random configurations 
of the mask, which can then be fed into a computer algorithm to reconstruct the original 2D spectral 
field of view. A clever technique for solving this inverse problem is known as the Hadamard 
transform. This project will evaluate the potential of Hadamard transform spectroscopy on JWST.

References:

Supervisor(s): dph0rms   

Supervisor(s): Prof R.M. Sharples      

'Spectroscopy using the Hadamard Transform', Fixen et al (2009), Proc SPIE 7249, 72490X.
'More efficient astronomical spectroscopy', SPIE News Room, 10 June 2009
'Hadamard imaging spectrometer with microslit matrix', Riesenberg & Dillner (1999), Proc SPIE 
3753, 203.

Project ID: 130

Title: Durham optical transit telescope

Category: Advanced Instrumentation

Supervisor(s): dph1rww dph3tb

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

The project will develop a novel optical survey telescope for detecting time-varying phenomena such 
as near-Earth asteroids and variable stars. The instrument will consist of multiple low-cost cameras 
each equipped with a telephoto lens. Each camera/lens sub-system will scan a small area of the sky on 
the celestial meridian, so that a large fraction of the sky will be imaged each night. Time-varying 
objects will detected and studied by comparing images from night-to-night. Potential topics for the 
project include development of hardware, software for data acquisition and analysis, investigation of 
the scientific potential of the survey telescope, or some combination of these aspects.

References:

Supervisor(s): dph1rww   dph3tb

Supervisor(s): Dr R.W. Wilson    Dr T. Butterley

Science goals of the Pan-STARRS survey telescope
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Project ID: 132

Title: Detecting transiting exoplanets around the brightest stars

Category: Advanced Instrumentation

Supervisor(s): dph1rww

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Photometric survey telescopes, e.g. SuperWASP, discovered many of the known exoplanets by 
detecting a dip in brightness as the planet transits in front of the host star. However, the brightest 
stars in the sky were not included in these surveys, as they 'saturate' the detector used for the 
observations. These objects are of particular interest, as their brightness allows them to be studied 
using transit spectroscopy at very high resolution, e.g. revealing details of the planet's atmosphere. 
This project will involve the implementation, on-sky testing and scientific evaluation of a small, low-
cost, telescope optimised to survey the brightest stars for transiting exoplanets.

References:

Supervisor(s): dph1rww   

Supervisor(s): Dr R.W. Wilson      

The WASP Project and the SuperWASP Cameras
Ground-based search for the brightest transiting planets with the Multi-site All-Sky CAmeRA - 
MASCARA

Project ID: 127

Title: The host galaxies of the smallest growing black holes

Category: Astronomy & Astrophysics

Supervisor(s): dph0dma

Type: Data Analysis

Capacity: 1
Summary:

It is now well established that black holes grow through mass accretion, events during which a galaxy 
is identifiable as an Active Galactic Nucleus (AGN). Much of the current research on AGN has been 
focused around galaxies hosting massive black holes. However, models predict that the most actively 
growing systems in the local Universe host small black holes in small host galaxies. The aim of this 
project is to identify and characterise the smallest growing black holes in the local Universe and 
measure their host-galaxy properties using optical and infrared observations. This project will use 
infrared observations from the WISE survey and optical spectroscopy from the SDSS.

References:

Supervisor(s): dph0dma   

Supervisor(s): Prof D.M. Alexander      

Barth et al. (2008), AJ, 136, 1179 "Low-Mass Seyfert 2 Galaxies in the Sloan Digital Sky Survey"
Marconi et al. (2004), MNRAS, 351, 169 "Local supermassive black holes, relics of active galactic 
nuclei and the X-ray background"
Schawinski et al. (2010), ApJ, 711, 284 "Galaxy Zoo: The Fundamentally Different Co-Evolution of 
Supermassive Black Holes and Their Early-and Late-Type Host Galaxies"
Goulding et al. (2010), MNRAS, 406, 597 "Towards a complete census of active galactic nuclei in 
nearby galaxies: the incidence of growing black holes"
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Project ID: 128

Title: Searching for heavily obscured black holes in quasars

Category: Astronomy & Astrophysics

Supervisor(s): dph0dma

Type: Data Analysis

Capacity: 1
Summary:

Luminous unobscured quasars host the sites of the most rapidly growing black holes in the Universe. 
According to the popular unified model of quasars, there should be as many obscured quasars as 
unobscured quasars. However, due to the presence of large amount of gas and dust in the vicinity of 
obscured quasars, they are challenging to identify. The aim of this project is to provide new insight 
into the ubiquity of obscured quasars using infrared observations from the WISE survey in 
combination with X-ray observations from the XMM serendipity survey and optical spectroscopy 
from the SDSS survey.

References:

Supervisor(s): dph0dma   

Supervisor(s): Prof D.M. Alexander      

Della Ceca et al. (2008), A&A, 487, 119 "The cosmological properties of AGN in the XMM-Newton 
Hard Bright Survey"
Hasinger (2008), A&A, 490, 905 "Absorption properties and evolution of active galactic nuclei"
Stern et al. (2005), ApJ, 631, 163 "Mid-Infrared Selection of Active Galaxies"
Zakamska et al. (2003), AJ, 126, 2125 "Candidate Type II Quasars from the Sloan Digital Sky Survey. 
I. Selection and Optical Properties of a Sample at 0.3<Z<0.83"

Project ID: 129

Title: Do Active Galactic Nuclei shut down star formation in galaxies?

Category: Astronomy & Astrophysics

Supervisor(s): dph0dma

Type: Data Analysis

Capacity: 1
Summary:

It has been well established that all massive galaxies host a massive black hole, which grow through 
events termed Active Galactic Nuclei (AGN). The leading model for the formation of galaxies 
predicts that outflowing material from the AGN can shut down the formation of stars and suppress 
further growth of the galaxy but we have yet to see the clear evidence for the suppression of star 
formation from AGN activity. The aim of this project is to measure the host galaxy properties of 
nearby AGN to search for evidence that AGN have suppressed star formation. This project will use 
X-ray observations from the Swift-BAT survey and infrared observations from the WISE and 
Herschel observatories.

References:

Supervisor(s): dph0dma   

Supervisor(s): Prof D.M. Alexander      

Alexander & Hickox, 2012, NewAR, 56, 93 "What drives the growth of black holes?"
Harrison et al. 2012, ApJ, 760, L15 "No Clear Submillimeter Signature of Suppressed Star Formation 
among X-Ray Luminous Active Galactic Nuclei"
Page et al. 2012, Nature, 485, 213 "The suppression of star formation by powerful active galactic 
nuclei"
Baumgartner et al. 2013, ApJS, 207, 19 "The 70 Month Swift-BAT All-sky Hard X-Ray Survey"
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Project ID: 86

Title: Building synthetic universes for Euclid 

Category: Astronomy & Astrophysics

Supervisor(s): dph0cmb

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Euclid is the European Space Agency's mission to probe the nature of dark energy. Synthetic galaxy 
catalogs have an essential role to play in the preparation for the mission and in the analysis of the 
resulting galaxy survey. These catalogs are built using large volume N-body simulations, like the 
Millennium-XXL. However, the limited mass resolution of the MXXL make it impossible to directly 
resolve all of the galaxies of interest. This project will explore the best way to extract "sub-resolution" 
galaxies from higher resolution, intermediate volume simulations, such as the original Millennium 
Simulation, to transplant them into the Millennium-XXL.

References:

Supervisor(s): dph0cmb   

Supervisor(s): Prof C.M. Baugh      

Simha et al. 2011
de la Torre & Peacock 2012
Angulo et al. 2012

Project ID: 87

Title: Which galaxies go into which dark matter halo? 

Category: Astronomy & Astrophysics

Supervisor(s): dph0cmb

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Galaxy formation models tell us how many galaxies reside in dark matter haloes as a function of their 
mass. These predictions can be tested by comparing the predicted clustering of galaxies with 
observations. Future surveys allow the clustering of galaxies to be determined as a function of X -- 
where X is an intrinsic property, such as luminosity, colour or star formation rate. The aim of this 
project is to make predictions using the Durham group's galaxy formation model for the clustering 
measurements expected from a new survey, which will use narrow-band filters to provide low-
resolution spectra of galaxies, called the PAU survey, which is due to start in 2015.

References:

Supervisor(s): dph0cmb   

Supervisor(s): Prof C.M. Baugh      

Kim et al. 2009, MNRAS, 400, 1527
Baugh 2006
Benitez et al. 2009
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Project ID: 46

Title: Dark Matter indirect detection

Category: Astronomy & Astrophysics

Supervisor(s): rjkq97

Type: Computation/Experiment/Theory

Capacity: 3
Summary:

Invisible particles (referred to as Dark Matter) seem to represent about a fourth of the Universe 
energy density. The origin and nature of these particles are unknown but they appear to be essential 
elements in large-scale-structure formation and galaxy dynamics. The aim of this project is to predict 
the electromagnetic emission that arises from the presence of such particles in the galactic halo based 
on the assumption that the dark matter is made of a unique heavy (m> MeV) species which slowly 
decays or annihilates into Standard Model particles. This project will be computationally intensive and 
a very strong interest in Particle Physics and Astrophysics would be useful.

References:

Supervisor(s): rjkq97   

Supervisor(s): Dr C.M. Boehm      

FERMI experiment
AMS II and PAMELA experiments
MeV Dark Matter: has it been detected?
INTEGRAL/SPI experiment

Project ID: 196

Title: A physical model of the interstellar medium

Category: Astronomy & Astrophysics

Supervisor(s): dph0rgb

Type: Computation/Theory

Capacity: 1
Summary:

It is trivial to understand why galaxies are created in the Universe. What is puzzling is to understand 
why they are so rare. Thus one of the outstanding puzzles of galaxy formation is to understand how 
star formation and outflows from the galaxy are regulated. The aim in this project is to use simulations 
of the interstellar medium to understand galaxy formation on a cosmic scale. The principal method 
for doing this is to create "sub-grid" models for the interstellar medium, allowing simulations to 
capture star forming gas as a strange fluid that reacts to compression by forming stars and generating 
hot outflows. The project will explore ideas for making this connection.

References:

Supervisor(s): dph0rgb   

Supervisor(s): Prof R.G. Bower      

White & Frenk, 1991 - APJ, 379, 52
Springel 2005, MNRAS, 364, 1105
Schaye & Dalla Vecchia 2008 MNRAS, 383, 1210
Dalla Vecchia & Schaye 2008, MNRAS, 387, 1431

15



Project ID: 197

Title: The Physics of Galaxy Formation

Category: Astronomy & Astrophysics

Supervisor(s): dph0rgb

Type: Computation/Theory

Capacity: 1
Summary:

The EAGLE project is a state-of-the-art simulation of galaxy formation based on the latest 
descriptions for star formation, stellar feedback and the growth of black holes. It will simulate the 
formation of galaxies within a 100 Mpc volume, and at the same time resolve structures as small as 
500 pc. The L4 project will be to investigate galaxy formation physics by identifying examples of the 
important processes in the simulation, such as block hole feedback or collisions of galaxies. The aim 
will be to quantitatively compare the results to simple analytic prescriptions, such as those used in 
"semi-analytic" models such as Bower et al 2006.

References:

Supervisor(s): dph0rgb   

Supervisor(s): Prof R.G. Bower      

White & Frenk, 1991 - 1991, APJ, 379, 52
Bower et al. 2006 - MNRAS, 370, 645
Crain et al. 2009 - MNRAS, 399, 1773
McCarthy et al 2010 - MNRAS 406, 822

Project ID: 198

Title: Age and Metalicity Gradients in Galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph0rgb

Type: Computation/Theory

Capacity: 1
Summary:

The KMOS instrument ESO's VLT will measure evolution of the age and metalicity gradients of 
galaxies. It will thus determine whether galaxies form from the inside outwards, or from the outside 
in. In this project your task is to find out if the measurements are consistent with observations using 
EAGLE. The EAGLE project is a state-of-the-art simulation of galaxy formation based on the latest 
descriptions for star formation, stellar feedback and the growth of black holes. It simulates the 
formation of galaxies within a 100 Mpc volume, and at the same time resolves structures as small as 
500 pc, but are the simulation results consistent with the real universe?

References:

Supervisor(s): dph0rgb   

Supervisor(s): Prof R.G. Bower      

White & Frenk, 1991 - 1991, APJ, 379, 52
Bower et al. 2006 - MNRAS, 370, 645
Crain et al. 2009 - MNRAS, 399, 1773
Stott et al 2014
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Project ID: 143

Title: Gamma-rays from extra-galactic relativistic jets

Category: Astronomy & Astrophysics

Supervisor(s): hglh43

Type: Data Analysis

Capacity: 1
Summary:

Blazars are a subgroup of Active Galactic Nuclei (AGN) with a relativistic jet of material pointing 
towards Earth. This jet dominates the observational characteristics of blazars. As such, rapid, large 
scale flux variations and very energetic photons are hallmarks of this extreme AGN subclass. Utilising 
the Fermi gamma-ray space telescope, this projects aims to characterise the gamma-ray properties of 
blazars with a view of not only understanding the physics of their jets, but also predicting what the 
next generation of gamma-ray telescopes will see.

References:

Supervisor(s): hglh43   

Supervisor(s): Dr A.M. Brown      

The Large Area Telescope on the Fermi Gamma-ray Space Telescope Mission
The Second Catalog of Active Galactic Nuclei Detected by the Fermi Large Area Telescope
Fermi observations of TeV-selected AGN
The Cherenkov Telescope Array Design Study

Project ID: 145

Title: Gamma-rays from the inner regions of super-massive black holes? 

Category: Astronomy & Astrophysics

Supervisor(s): hglh43

Type: Data Analysis

Capacity: 1
Summary:

Launched in 2008, observations with the Fermi gamma-ray space telescope have found Active 
Galactic Nuclei (AGN) to be the dominant source of gamma-rays in the extra-galactic sky. The vast 
majority of these AGN are of the blazar variety, an AGN class with a relativistic jet dominating the 
observational characteristics. However, there is a growing number of `off-axis' AGN, such as radio 
galaxies, that have been found to be strong emitters of gamma-rays. Utilising the Fermi gamma-ray 
space telescope, this project aims to characterise the gamma-ray properties of radio galaxies with a 
view of not only understanding how and where the gamma-ray are produced.

References:

Supervisor(s): hglh43   

Supervisor(s): Dr A.M. Brown      

The Large Area Telescope on the Fermi Gamma-ray Space Telescope Mission
Fermi Large Area Telescope Gamma-Ray Detection of the Radio Galaxy M87
High energy gamma-ray properties of the FR I radio galaxy NGC 1275
Fermi Large Area Telescope Observations of Misaligned Active Galactic Nuclei
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Project ID: 146

Title: Gamma-ray observations of galactic binaries

Category: Astronomy & Astrophysics

Supervisor(s): hglh43

Type: Data Analysis

Capacity: 1
Summary:

Binary systems, consisting of either a black hole or neutron star, and a main sequence star, have long 
been of interesting to high energy astrophysics. The current generation of ground and space-based 
gamma-ray observatories have renewed this interest with some binary systems found to emit gamma-
rays well in excess of 100 GeV in energy. How they do this is still very much a mystery. This project 
aims to investigate this mystery. Utilising the Fermi gamma-ray space telescope to characterise the 
gamma-ray properties of gamma-ray emitting binary systems, with a view of understanding how and 
where the gamma-ray are produced.

References:

Supervisor(s): hglh43   

Supervisor(s): Dr A.M. Brown      

The Large Area Telescope on the Fermi Gamma-ray Space Telescope Mission
Discovery of High-energy Gamma-ray Emission from the Binary System PSR B1259-63/LS 2883 
around Periastron with Fermi
Binaries with the eyes of CTA

Project ID: 106

Title: Gamma-rays from Cataclysmic Variables

Category: Astronomy & Astrophysics

Supervisor(s): dph0pmc hglh43

Type: Data Analysis/Theory

Capacity: 1
Summary:

Cataclysmic variable stars, also known as novae, are binary systems consisting of a white dwarf and a 
main sequence star. Every so often, these systems produce an outburst of radiation - recently, and 
surprisingly, some of these objects have been shown to produce gamma rays as well. This project aims 
to look at data from the Fermi gamma-ray satellite and other telescopes to try an understand what the 
objects are doing, to try to identify other candidates for gamma-ray emission and look at whether the 
next-generation ground-based gamma-ray telescope, CTA, will have any chance of detecting a 
cataclysmic variable in outburst.

References:

Supervisor(s): dph0pmc   hglh43

Supervisor(s): Prof P.M. Chadwick    Dr A.M. Brown

Gamma rays from V407 Cygni
Fermi Discovers a New Category of Gamma-ray Novae
The Cherenkov Telescope Array Design Study
Fermi-LAT Observations of Nova Centauri 2013
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Project ID: 108

Title: Gamma Rays from Globular Clusters

Category: Astronomy & Astrophysics

Supervisor(s): dph0pmc hglh43

Type: Data Analysis/Theory

Capacity: 1
Summary:

Gamma-rays between 100 MeV and 10 GeV have been detected from ~12 globular clusters, using 
Fermi satellite observations. It is assumed this radiation comes from the large number of millisecond 
pulsars that are known to exist in these compact objects. However, if the millisecond pulsars are the 
source of the emission, it is not completely clear how they are doing it, and there are other 
possibilities such as white dwarfs or even dark matter. One thing which might help to resolve the 
issue is observations with the forthcoming Cherenkov Telescope Array (CTA). This project will 
involve analyzing the current globular cluster data from Fermi and looking at what we might be able 
to see with CTA.

References:

Supervisor(s): dph0pmc   hglh43

Supervisor(s): Prof P.M. Chadwick    Dr A.M. Brown

Gamma-ray emission from Globular Clusters
Multiwavelength Modelling of Globular Clusters
Search for Dark Matter Signals from Globular Clusters
CTA Design Study

Project ID: 165

Title: Planetarium Shows for Education and Outreach

Category: Astronomy & Astrophysics

Supervisor(s): dph0pmc

Type: Computation/Experiment

Capacity: 1
Summary:

The Physics Department owns a small portable Starlab planetarium which is used to explain 
astronomy to a variety of audiences. The projector is a simple one which is capable of projecting the 
constellations and some other things (such as images of the planets) onto the dome. However, a 
group in the USA has produced a simple projector system that could be capable of producing more 
ambitious shows using the WorldWide Telescope software. The aims of this project would be to 
design and build a suitable projector based on the American design, identify appropriate audience(s) 
and topics for planetarium shows, create some shows and pilot them with the chosen audiences.

References:

Supervisor(s): dph0pmc   

Supervisor(s): Prof P.M. Chadwick      

University of Washigton Mobile Planetarium
WorldWide Telescope
Starlab Planetarium

19



Project ID: 167

Title: Explaining the Cherenkov Telescope Array

Category: Astronomy & Astrophysics

Supervisor(s): dph0pmc

Type: Computation/Experiment/Theory

Capacity: 2
Summary:

The Cherenkov Telescope Array (CTA) is a new telescope designed to detect gamma rays from the 
ground. There are over 1000 scientists working on the telescopes, including people from Durham. 
Now that the design is becoming fixed, we need to look at how we present CTA to school pupils and 
the general public. This project will involve understanding the physics behind CTA and the 
astronomical questions it will answer, and then devising methods of using CTA to excite, inspire and 
teach. This could include using worksheets, podcasts, new media such as Twitter, physical 
demonstrations suitable for exhibitions etc. It will be up to the student to decide what approach (s)he 
wishes to take.

References:

Supervisor(s): dph0pmc   

Supervisor(s): Prof P.M. Chadwick      

The current CTA website
Hermann et al., Proc. 30th International Cosmic Ray Conference (2009)
Design Concepts for the Cherenkov Telescope Array
Teraelectronvolt Astronomy, Hinton & Hofmann

Project ID: 37

Title: The dependence of galaxy clustering on galaxy properties

Category: Astronomy & Astrophysics

Supervisor(s): dph0smc

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Galaxy clustering plays a key role in constraining galaxy formation models. The strength of the 
clustering can be linked to the mass of the Dark Matter haloes the galaxies inhabit and hence can be 
used to relate the galaxies to the evolving Dark Matter distribution. We will estimate the galaxy 
correlation function of different galaxy samples by comparing galaxy pair counts in the multi-
wavelength GAMA galaxy redshift survey with those in a random unclustered catalogue. We will 
achieve this by developing and testing a new technique for generating the random galaxy catalogue 
which retains the multi-wavelength (colour, radio loudness, star formation rate) information of the 
original galaxies.

References:

Supervisor(s): dph0smc   

Supervisor(s): Prof S.M. Cole      

Landy, S.D. & Szalay, A.S. (1993) ApJ 412,64
Berlind, A & Weinberg, D. (2002) ApJ 575,587
Cole, S (2011) MNRAS, 416,739
Driver, S. et al (2011) MNRAS 413,971
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Project ID: 38

Title: The fate of satellite galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph0smc

Type: Computation/Theory

Capacity: 1
Summary:

In the standard LCDM model satellite galaxies, such as the LMC which orbits around the Milky Way, 
form as a result of the merger of the dark matter halos which host them. This project will follow the 
fate of such satellites. We will write a code to integrate the orbit of satellites within the dark matter 
halo of a main central galaxy, taking account of a dynamical drag force (dynamical friction) and of 
tidal stripping of the satellites and their surrounding dark matter (sub)halos. We will determine 
whether satellite galaxies ultimately merge with the central galaxy or are shredded by tidal forces and 
determine how the timescales of these processes depend on the initial satellite orbits.

References:

Supervisor(s): dph0smc   

Supervisor(s): Prof S.M. Cole      

Benson, A.J. (2005) MNRAS, 358,551 erratum
Benson, A.J. (2005) MNRAS, 358,551
Penarrubia, J. and Benson, A.J (2005) MNRAS, 364, 977
Zentner, A.R. et al (2005) ApJ 624,505

Project ID: 39

Title: Dark matter halo merger trees

Category: Astronomy & Astrophysics

Supervisor(s): dph0smc

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

In the now standard Lambda Cold Dark Matter model of structure formation dark matter halos, in 
which galaxies and clusters of galaxies are embedded, form hierarchically from successive mergers of 
smaller halos. This formation process can be described by a, so called, halo merger tree. These merger 
trees are of key importance in understanding galaxy formation as they determine the formation history 
of the galaxies they contain. We will compare merger trees extracted from the largest cosmological N-
body simulations with the predictions of a simple Monte-Carlo algorithm with the aim of quantifying 
any differences and improving the the Monte-Carlo algorithm to minimise such differences.

References:

Supervisor(s): dph0smc   

Supervisor(s): Prof S.M. Cole      

Jiang, L, Helly J.C., Cole S. & Frenk, C.S. (2014) MNRAS 440, 2115
Parkinson, H, Cole, S., & Helly, J., (2008) MNRAS, 383, 557
Jiang, F, & van den Bosch F.C. (2014) MNRAS 440, 193
Angulo, R et al (2012) MNRAS 426,2046
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Project ID: 161

Title: Observing variability in the accretion flow onto supermassive black holes 

Category: Astronomy & Astrophysics

Supervisor(s): dph0cd

Type: Computation/Data Analysis

Capacity: 1
Summary:

Accretion onto supermassive black holes powers the activity we see from Quasars. The infalling 
accreting material can convert some of its immense gravitational potential energy into radiation, with 
the disc emitting in the optical/UV band and an X-ray corona producing high energy X-ray emission. 
The SWIFT and XMM-Newton X-ray satellite databases have multiple observations of some of these 
objects, giving a measure of the optical, UV and X-ray emission simultaneously, This project will use 
the archival data to compare the optical, UV and X-ray variability and model the resulting spectral 
changes.

References:

Supervisor(s): dph0cd   

Supervisor(s): Prof C. Done      

Breedt, E. et al 2010, MNRAS, 403, 605
Done C., 2010, Proceedings of the XXI Canary Island Winter School, arXiv:1008.2287
Alston, W. N.; Vaughan, S.; Uttley, P 2013, MNRAS, 429, 75
Done, C et al 2012, MNRAS, 420, 1848

Project ID: 162

Title: Observing the accretion flow around black holes 

Category: Astronomy & Astrophysics

Supervisor(s): dph0cd

Type: Computation/Data Analysis

Capacity: 1
Summary:

Accretion onto stellar remnant black holes powers the activity we see in the Galactic X-ray binary 
systems. The infalling accreting material can convert some of its immense gravitational potential 
energy into radiation, with the disc emitting X-ray radiation, and with a corona producing even higher 
energy X-ray emission. The SWIFT and RXTE X-ray satellite databases have multiple observations of 
some of these objects, giving a measure of the disc and tail simultaneously. This project will use the 
archival data to build broad bandpass spectra to track the changes in the disc and high energy tail as 
the accretion rate changes.

References:

Supervisor(s): dph0cd   

Supervisor(s): Prof C. Done      

Done C., Gierlinski M., Kubota A., 2007, A&ARv, 15, 1
Done C., 2010, Proceedings of the XXI Canary Island Winter School, arXiv:1008.2287
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Project ID: 163

Title: Modelling variability in an accretion disc around a black hole

Category: Astronomy & Astrophysics

Supervisor(s): dph0cd

Type: Computation/Theory

Capacity: 2
Summary:

Accretion onto black holes transforms them from the darkest objects in the Universe to the brightest! 
The infalling accreting material can convert some of its immense gravitational potential energy into 
high energy X-ray emission which is most easily studied in the black hole binary systems in our 
Galaxy. Here there are clearly two components, a disc seen together with a tail to high energies. The 
tail is much more variable than the disc, but the disc should also vary. This project will develop a 
computer code to model the spectrum and variability and compare it to that observed.

References:

Supervisor(s): dph0cd   

Supervisor(s): Prof C. Done      

Done C., 2010, Proceedings of the XXI Canary Island Winter School, arXiv:1008.2287
King et al 2004, MNRAS. 348, 111
Wilkinson & Uttley, 2009, MNRAS, 397, 666
Ingram & Done 2012, MNRAS 419 2369

Project ID: 102

Title: Dust in Brightest Cluster Galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph0ace kgwl99

Type: Computation/Data Analysis

Capacity: 1
Summary:

The cores of a cluster of galaxies frequently contain one, massive galaxy that outshines all the other 
member galaxies by at least a factor of 5. These "brightest cluster galaxies" are the most luminous 
stellar systems known (outshone only by QSOs). Despite their apparent simplicity, their origin and 
evolution are relatively poorly constrained. Notably they frequently contain dust that should be 
destroyed very quickly in the hostile environment of a cluster. This project will involve the analysis of 
HST and infrared data for a sample of these galaxies to map the distribution and properties of the 
dust through its absorption of starlight and the re-radiation of that energy in the infrared.

References:

Supervisor(s): dph0ace   kgwl99

Supervisor(s): Dr A.C. Edge    Dr J.P. Stott

Pinkney, J, et al. "WFPC2 Observations of the Cooling Flow Elliptical in Abell 1795" 1996 ApJ 468, 
L13
McNamara, B.R. et al. "Optical Structure in the Abell 1795 Cluster Central Galaxy: Evidence for 
Stripping and Deflection of Radio Jets" 1996 ApJ 466 L9
Laine, S. et al. "Hubble Space Telescope Imaging of Brightest Cluster Galaxies" 2003 AJ 125, 478
O'Dea, C.P. et al. "An Infrared Survey of Brightest Cluster Galaxies. II. Why are Some Brightest 
Cluster Galaxies Forming Stars?" 2008 ApJ 681, 1035
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Project ID: 104

Title: The Durham Radio Telescope

Category: Astronomy & Astrophysics

Supervisor(s): dph0ace

Type: Data Analysis/Experiment

Capacity: 2
Summary:

This project involves the design, construction and testing of a radio telescope on the roof of the 
Physics Department. This is a continuing project, with each subsequent student adding something 
new. For safety reasons a pair of students will work on this project. Next year we envisage them 
working closely together in the first term and then diverging in the second term - one student looking 
into the feasibility of detecting pulsars and the other into looking at data from the FUNcube satellite.

References:

Supervisor(s): dph0ace   

Supervisor(s): Dr A.C. Edge      

http://www.cassicorp.com/
L.M. Celnikier. 'The design of a radiotelescope: A multidisciplinary game.' Am. J. Phys. 47(10): 863 
(1979)
R. Parthasarathy et al. 'A rooftop radio observatory: An undergraduate telescope system at the 
University of California at Berkeley.' Am. J. Phys. 66(9): 768 (1998)

Project ID: 105

Title: Searching for dusty galaxies in clusters using the NASA WISE satellite

Category: Astronomy & Astrophysics

Supervisor(s): dph0ace dph0irs

Type: Computation/Data Analysis

Capacity: 1
Summary:

Most of the galaxies in clusters today are "red and dead", in contrast to the star-forming and active 
galaxies in less dense regions of the Universe. Thus a physical process in clusters likely terminates the 
star formation and AGN activity in galaxies. However, clusters do contain rare, apparently short-lived, 
starburst galaxies and AGN and the properties of these galaxies may provide a critical clue to 
understanding how star formation is "turned off" in these regions. Using the new mid-infrared survey 
from NASA's WISE satellite and clusters of galaxies from the SDSS, we will investigate the properties 
and distribution of dusty galaxies in local clusters.

References:

Supervisor(s): dph0ace   dph0irs

Supervisor(s): Dr A.C. Edge    Prof I.R. Smail

Smail et al., 1999, ApJ, 525, 609 (astro-ph/9905354)
Geach et al., 2006, ApJ, 649, 661 (astro-ph/0606110)
Kodama, et al., 2001, ApJ, 562, L9
Fadda, et al., 2008, ApJ, 672, L9 (astro-ph/0711.2561)
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Project ID: 1

Title: Bouncing on the Moon

Category: Astronomy & Astrophysics

Supervisor(s): dph1vre

Type: Computation/Theory

Capacity: 1
Summary:

The aim of this project is to study the transport of molecules across the Moon. Surficial water 
molecules and exospheric sodium ions have recently been observed to have abundances that vary 
with the time of lunar day. NASA's Lunar Atmosphere and Dust Environment Explorer (LADEE) 
has recently measured the exospheric components, including noble gases, so there is a need to have 
good models in order to help understand these new observations. The project will involve a mixture 
of mathematics and Monte Carlo computational modelling of the lunar exosphere.

References:

Supervisor(s): dph1vre   

Supervisor(s): Dr V.R. Eke      

Butler, 1997, JGR, 102, 19283
Sunshine et al, 2009, Science, 326, 565
Killen et al, 2012, JGR, 117, E00K02
Kagitani et al, 2010, PSS, 58, 1660

Project ID: 2

Title: How well can MESSENGER measure the neutron lifetime?

Category: Astronomy & Astrophysics

Supervisor(s): dph1vre

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Cosmic rays striking the surface of Mercury liberate neutrons, some of which escape into orbit. 
NASA's MESSENGER mission carries a neutron spectrometer and, being in a highly elliptical orbit 
measures the abundance of neutrons as a function of distance from the surface. This abundance 
depends upon the rate at which free neutrons decay. The aim of this project is to consider how well 
MESSENGER data can constrain the neutron lifetime, what systematic uncertainties limit the 
measurement precision and whether or not it is competitive with other methods.

References:

Supervisor(s): dph1vre   

Supervisor(s): Dr V.R. Eke      

Paul, 2009, Nuclear Instruments and Methods in Physics Research Section A, Volume 611, Issue 2-3, 
p. 157-166
Feldman et al, 1989, JGR, 94, 513
Nieto et al, 2008, Modern Physics Letters A, 23, 21, 1735
Lawrence et al, 2013, Science, 339, 292
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Project ID: 16

Title: Filling up the Moon

Category: Astronomy & Astrophysics

Supervisor(s): dph1vre

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

The flux of warm, or epithermal, neutrons from the Moon contains information about the 
composition of the top metre of the surface. In particular a decrease in epithermal neutrons is 
expected with an increase in hydrogen abundance. This project aims to infer the rate at which the 
solar wind is implanting protons into the lunar highlands surface by comparing maps of the lunar 
epithermal neutron flux with estimates of the age of the surface derived from the abundance of crater 
counts. Such a measurement will help the interpretation of recent results from NASA's LADEE 
mission.

References:

Supervisor(s): dph1vre   

Supervisor(s): Dr V.R. Eke      

Feldman et al, 2000, JGR, 105, 20347
Lawrence et al, 2014, LPI, 45, 1565
Salamuniccar et al, 2012, P&SS, 60, 236
Crider & Vondrak, 2003, JGR, 108, 5079

Project ID: 194

Title: Probing the echos of galaxy assembly

Category: Astronomy & Astrophysics

Supervisor(s): pncg48

Type: Computation/Theory

Capacity: 1
Summary:

The assembly of galaxies in the early universe is shaped by accretion of gas from the diffuse matter 
that pervades the cosmos onto the denser sites where new galaxies are born. According to theory, this 
process of "cold accretion" occurs along filamentary structures that could, in principle, give rise to 
extended rotating gas structures that extend beyond the forming galaxy disk. The goal of this project 
is to analyze a set of hydrodynamic simulations to characterize the velocity field of this co-rotating gas 
and how its properties can be traced by current observations.

References:

Supervisor(s): pncg48   

Supervisor(s): Dr M. Fumagalli      

Fumagalli, M., Prochaska, J.X., Kasen, D., et al. 2011, MNRAS, 418, 1796
Stewart, K.R., Kaufmann, T., Bullock, J.S., et al. 2011, ApJ, 738, 39
Bouche, N., Murphy, M.T., Kacprzak, G.G., et al. 2013, Science, 341, 50
Agertz, O., Moore, B., Stadel, J., et al. 2007, MNRAS, 380, 963
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Project ID: 34

Title: Mapping decay radiation from warm dark matter

Category: Astronomy & Astrophysics

Supervisor(s): dph0arj

Type: Computation/Theory

Capacity: 1
Summary:

Despite the success of the cold dark matter model of structure formation in describing the cosmic 
microwave background radiation, and the large-scale structure of the Universe, the nature of the dark 
matter is still unknown. It may not even be cold. Warm dark matter is a viable alternative to cold dark 
matter. If it exists, the warm dark matter could be made of sterile neutrinos. These are predicted to 
decay with a very long half-life and produce X-ray emission. The goal of the project is to take some 
existing warm dark matter N-body simulations of dark matter haloes and make maps of the X-ray 
emission. These maps would then be used to examine ways of detecting this emission in practice.

References:

Supervisor(s): dph0arj   

Supervisor(s): Dr A.R. Jenkins      

Springel et al 2008, The Aquarius Project: the subhaloes of galactic haloes.
Boyarsky et al 2009, Realistic Sterile Neutrino Dark Matter with KeV Mass ...
Springel et al 2008, Prospects for detecting supersymmetric dark matter in the Galactic halo.
Balbul et al 2014, Detection of An Unidentified Emission Line in the Stacked X-ray spectrum of 
Galaxy Clusters, arXiv:1402.2301

Project ID: 66

Title: Simulated X-ray atmospheres around Milky-way like galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph0arj

Type: Computation/Theory

Capacity: 1
Summary:

In the well established LCDM model of cosmological structure formation galaxies are predicted to 
form in a hierarchical way with small structures collapsing first, which then merger repeatedly to build 
the large structures we see today such as galaxies. Such hierarchical models, e.g. White & Frenk 1991, 
predict that Milky-Way like galaxies should have atmospheres of hot gas around them that emit X-
rays. The predictions of X-ray emission from the simplest models however exceeds the observational 
limits for galaxies like our own. This project will take some of the latest, and most advanced, 
simulations of galaxy formation and make predictions for the X-ray properties of these galaxies.

References:

Supervisor(s): dph0arj   

Supervisor(s): Dr A.R. Jenkins      

White, S.D.M. & Frenk, C. S., 1991, ApJ, 379, 52, Galaxy formation through hierarchical clustering
Crain, R.A., McCarthy, I.G., Frenk, C.S., Theuns. T and Shaye, J., 2010,MNRAS, 407, 1403
Marinacci, F., Pakmor, R., Springel, V., 2014, MNRAS, 437, 1750
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Project ID: 181

Title: Probing the star formation rate in the universe using UV light

Category: Astronomy & Astrophysics

Supervisor(s): dph1cgl dph6vg

Type: Computation/Theory

Capacity: 1
Summary:

Young stars are very bright in the ultraviolet (UV) region of the electromagnetic spectrum. Therefore 
the star formation rate in a galaxy can be inferred from UV measurements. At Durham we have 
developed a theoretical model of galaxy formation and evolution that reproduces the mean observed 
star formation rate density of local galaxies. However, this same model predicts too many UV bright 
galaxies compared with observations. We propose to explore the origin of this discrepancy, and so 
achieve a better understanding of the UV light as a tracer of the star formation history of the universe.

References:

Supervisor(s): dph1cgl   dph6vg

Supervisor(s): Dr C.G. Lacey    Dr V. Gonzalez-Perez

R. Kennicutt, 1998, Annual Reviews of Astronomy & Astrophysics, 36, 189
O. Cucciati et al., 2012, Astronomy & Astrophysics, 539, 23
V. Gonzalez-Perez et al., 2014, Monthly Notices of the Royal Astronomical Society, 439, 264.
C. Baugh, 2006, Reports on Progress in Physics, 69, 3101

Project ID: 182

Title: Building galaxies by gas cooling in dark matter halos

Category: Astronomy & Astrophysics

Supervisor(s): dph1cgl

Type: Computation/Theory

Capacity: 1
Summary:

Galaxies form by cooling of gas in dark matter halos. Cooling allows the gas to collapse to the centre 
of the gravitational potential well, where it forms stars. However, stars then explode as supernovae, 
ejecting mass and energy back into the surrounding halo. There is therefore a complex interplay 
between gas cooling in halos and this feedback from star formation, which plays a central role in 
determining the masses of galaxies. The aim of this project is to better understand this interplay, by 
constructing models for gas cooling in halos which go beyond previous work by including the effects 
of supernova explosions on the halo gas properties.

References:

Supervisor(s): dph1cgl   

Supervisor(s): Dr C.G. Lacey      

Baugh 2006, Reports on Progress in Physics, vol 69, p3101
Lu et al 2011, Monthly Notices of the Royal Astronomical Society, vol 416, p360
Bower et al 2001, Monthly Notices of the Royal Astronomical Society, vol 325, p497
Crain et al 2010, Monthly Notices of the Royal Astronomical Society, vol 407, p1403
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Project ID: 187

Title: Testing the effects of radio galaxies on galaxy formation

Category: Astronomy & Astrophysics

Supervisor(s): dph1cgl

Type: Computation/Theory

Capacity: 1
Summary:

Galaxies form by cooling of gas in dark matter halos. However, current galaxy formation models 
imply that too much gas would cool in massive halos, unless there is energy injection to counteract 
the gas cooling. One proposed mechanism for this is energy injection by radio galaxies, which are 
powered by relativistic jets emitted by supermassive black holes. This mechanism is observed to be 
operating in clusters of galaxies, but direct evidence of this mechanism in individual galaxies is so far 
lacking. This project aims to estimate the radio emission that should be present in normal galaxies if 
this mechanism is operating, to allow such galaxy formation models to be tested observationally.

References:

Supervisor(s): dph1cgl   

Supervisor(s): Dr C.G. Lacey      

Croton et al 2006, Monthly Notices of the Royal Astronomical Society, vol 365, p11
Fabian 2012, Annual Review of Astronomy and Astrophysics, vol. 50, p.455
Best 2007, New Astronomy Reviews, vol 51, p168
Kaiser 2009, Astronomische Nachrichten, vol.330, p.270

Project ID: 137

Title: Can a viable f(R) gravity model explain the accelerated expansion of the Universe?

Category: Astronomy & Astrophysics

Supervisor(s): shpd91

Type: Computation/Theory

Capacity: 1
Summary:

f(R) gravity is a popular model to explain recent cosmological observations. It predicts deviations 
from general relativity (GR) on cosmic scales, which accelerate the expansion of the Universe. On 
small scales, it employs the so-called chameleon screening mechanism to suppress deviations from 
GR so as to pass solar system tests of gravity. The screening mechanism is a highly nonlinear 
phenomenon, and has been studied in detail for f(R) models which predict the same cosmic 
expansion history as LCDM. However, it is still not clear how it works in f(R) models with different 
cosmic expansion histories. Answering this question will be a crucial step in cosmological tests of 
gravity theories.

References:

Supervisor(s): shpd91   

Supervisor(s): Dr B.L. Li      

Cosmology of f(R) gravity in the metric variational approach; Phys. Rev. D75, 084010 (2007)
Models of f(R) cosmic acceleration that evade solar system tests; Phys. Rev. D76, 064004 (2007)
A unified description of screened modified gravity; Phys. Rev. D86, 044015 (2012)
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Project ID: 141

Title: Can alternative theories of gravity to explain cosmological observations pass local 
tests of gravity?

Category: Astronomy & Astrophysics

Supervisor(s): shpd91

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

f(R) gravity is currently a leading model to explain the observed accelerated expansion of our 
Universe, and it does this by modifying the law of gravity on cosmic scales. On small scales, it 
employs the so-called chameleon screening mechanism to suppress the deviation from general 
relativity in order to pass various stringent solar system and terrestrial tests of gravity. Whether the 
chameleon mechanism is efficient enough to make the theory pass those tests, however, is a 
complicated question, because of the strong inherent nonlinearity associated with it. With the highest-
resolution simulation for f(R) gravity ever, we aim to be the first to tackle this challenging but 
important question.

References:

Supervisor(s): shpd91   

Supervisor(s): Dr B.L. Li      

A unified description of screened modified gravity; Phys. Rev. D86, 044015 (2012)
ECOSMOG: An Efficient Code for Simulating Modified Gravity; JCAP 01 (2012) 051

Project ID: 142

Title: Following light rays through cosmological simulations

Category: Astronomy & Astrophysics

Supervisor(s): shpd91

Type: Computation/Theory

Capacity: 1
Summary:

Photons are the primary means used in observations, and they tell us not only about the properties of 
their sources (e.g., distant galaxies), but also about what they experience (e.g. gravitational pulls from 
dark matter) on their way to us. Thus, it is important to be able to follow their paths during 
cosmological simulations, in order to make accurate predictions about the abundant information they 
encode. This project will implement a new and efficient algorithm to trace light rays in simulations, 
and will involve both theoretical derivations and code implementations. Its success will make it 
possible to accurately predict a range of cosmological observables simultaneously in a simulation.

References:

Supervisor(s): shpd91   

Supervisor(s): Dr B.L. Li      

An analytic ray-tracing algorithm for weak lensing; MNRAS, Volume 415, Issue 1, pp. 881-892
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Project ID: 112

Title: Constraining the formation processes of early-type galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph0jrl

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

The Fundamental Plane (FP) is the correlation relating the effective radius (R_e), surface brightness 
(SB_e) and velocity dispersion of early-type galaxies and describes how the dynamical M/L ratio 
depends on galaxy mass. A key issue is the relative contributions made to the observed FP "tilt" from: 
(i) structural non-homology, (ii) dark matter trends, (iii) stellar population variations. Early-type 
galaxies in the Coma cluster will be studied using a multi-waveband approach to provide new insights 
into the FP. The project will involve: (a) galaxy sample selection, (b) compilation of ugrizJHK R_e 
and SB_e measurements, (c) multi-waveband FP fitting, (d) comparison with theoretical models.

References:

Supervisor(s): dph0jrl   

Supervisor(s): Dr J.R. Lucey      

Djorgovski & Davis, "Fundamental properties of elliptical galaxies", 1987, ApJ, 313, 59
Trujillo,Burkert & Bell, "The Tilt of the Fundamental Plane", 2004, ApJ, 600, 39
La Barbera et al, "The Fundamental Plane of early-type galaxies in grizYJHK", 2010, MNRAS, 408, 
1335
Graves & Faber, "Mass-to-Light Variations in Three-dimensional Fundamental Plane Space", 2010, 
ApJ, 717, 803

Project ID: 113

Title: Characterizing the Local Peculiar Field from SNIa Samples

Category: Astronomy & Astrophysics

Supervisor(s): dph0jrl

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Type Ia supernovae (SNIa) are excellent standard candles that can be used to measure distances to 
nearby (z<0.05) galaxies which in turn maps distortions in the local Hubble expansion, i.e. the 
peculiar velocity field. This constrains the local large-scale (light+dark) mass distribution. The project 
will use a newly available sample of SNIa to construct a new parametric model of the local peculiar 
velocity field. The aim is to characterize, with improved precision, the key components of the local 
peculiar velocity field, e.g, the Virgo-centric flow, the Local Void, Great Attractor, the Shapley flow 
and the Bulk Flow. Comparison to the PSCz and 2MRS-based non-parametric models will be made.

References:

Supervisor(s): dph0jrl   

Supervisor(s): Dr J.R. Lucey      

Hicken et al., 2009, "Improved Dark Energy Constraints from ~100 New CfA Supernova Type Ia 
Light Curves", ApJ, 700, 1097
Tonry et al. 2000, "The SBF survey of Galaxy Distances. II. Local and Large-Scale Flows", ApJ, 530, 
625
Masters, 2005, Thesis, Cornell, "Galaxy Flows in and Around the Local Supercluster", Chapter 1 
(background)
Mould et al 2000, "Combining the Constraints on the Hubble Constant", ApJ, 529, 786
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Project ID: 114

Title: The Outer Profiles of S0 Galaxies in Dense Environments

Category: Astronomy & Astrophysics

Supervisor(s): dph0jrl

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Whereas in general the disks of S0 galaxies have an exponential luminosity profile, recent deep image 
studies have found that the outer profiles of S0s fall into three broad classes, i.e. classic exponential, 
truncated, anti-truncated. While this initial work found that S0s were evenly distributed between the 
three classes, in the Virgo cluster there are no S0s with truncated disks. This implies that the cluster 
environment plays a crucial role in shaping the outer profiles. The project will exploit deep image data 
from CFHT Megacam and Subaru Suprime-cam to study the outer profiles of a large sample of S0s in 
the Coma cluster to investigate intra-cluster environmental trends.

References:

Supervisor(s): dph0jrl   

Supervisor(s): Dr J.R. Lucey      

Erwin, Gutierrez & Beckman, "A Strong Dichotomy in S0 Disk Profiles ...", 2012, ApJL, 744, L11
Head, Lucey, Hudson & Smith, "Dissecting the red sequence ..."
Weinzirl et al, "Structure and Assembly of Massive Galaxies in … Coma Cluster", 2014, 
arXiv:1310:3755
Graham & Driver, "A Concise Reference to ...", 2005, PASA, 22, 118

Project ID: 148

Title: Is there an excess of cool dwarf stars in giant elliptical galaxies?

Category: Astronomy & Astrophysics

Supervisor(s): dph0jrl dph1rjs

Type: Data Analysis

Capacity: 1
Summary:

The spectrum of a galaxy contains a wealth of information on the population of stars present. Infra-
red spectroscopy provides a new and little-explored window on the stellar populations of galaxies, in 
particular on the content of cool low-mass stars. Recent studies found evidence for many more such 
stars in giant ellipticals (relative to the number of sun-mass stars), compared to the Milky Way. If 
confirmed, this result shows that we significantly underestimate the total mass in ellipticals. In this 
project, you will analyse new spectroscopic data from the ESO Very Large Telescope to measure the 
contribution of cool dwarfs, and compare to dynamical and lensing constraints on galaxy masses.

References:

Supervisor(s): dph0jrl   dph1rjs

Supervisor(s): Dr J.R. Lucey    Dr R.J. Smith

van Dokkum & Conroy (2010) Evidence for excess of low-mass stars in ellipticals - the paper which 
sparked much of the current interest in this question. 
http://adsabs.harvard.edu/abs/2010Natur.468..940V
Conroy & van Dokkum (2012) Paper describing the method used, and presenting the spectral 
synthesis models you will use to analyse the VLT spectra. 
http://adsabs.harvard.edu/abs/2012ApJ...747...69C
Smith, Lucey & Carter (2012) A first step at applying this method in the infra-red. The approach of 
"stacking"  galaxies in the rest-frame to produce a clean composite spectrum is especially relevant to 
your project. http://adsabs.harvard.edu/abs/2012MNRAS.426.2994S
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Project ID: 150

Title: Stellar dynamics in an unusual gravitational lens galaxy

Category: Astronomy & Astrophysics

Supervisor(s): dph0jrl dph1rjs

Type: Data Analysis

Capacity: 1
Summary:

Stellar dynamics and gravitational lensing are the best methods to determine the total masses of 
elliptical galaxies. The unusual nearby lens ESO325-G004 is a unique case in which dynamics and 
lensing methods can be applied to identical regions of the same galaxy. In the first part of this project 
you will use integral-field spectroscopic observations from the ESO Very Large Telescope to map the 
stellar kinematics (mean velocity and velocity dispersion) in ESO325-G004. Later, you will fit 
dynamical models to these maps to derive the stellar mass. Finally, you will compare and combine 
your results with the lensing constraints to test the viability of the models, and discriminate between 
them.

References:

Supervisor(s): dph0jrl   dph1rjs

Supervisor(s): Dr J.R. Lucey    Dr R.J. Smith

Smith et al. (2005): Discovery of the ESO325-G005 lens system. 
http://adsabs.harvard.edu/abs/2005ApJ...625L.103S
Smith & Lucey (2013): Measurement of the redshift of the lensed source behind ESO325-G004, and 
constraints on the stellar initial mass function in the lens. 
http://adsabs.harvard.edu/abs/2013MNRAS.434.1964S
Cappellari et al. (2013): Details of the JAM dynamical modelling approach, as applied to a large 
sample of elliptical galaxies (ATLAS3D). Note that your dynamical analysis will make use of publicly-
available software from the ATLAS3D project. 
http://adsabs.harvard.edu/abs/2013MNRAS.432.1709C

Project ID: 171

Title: Galaxy Clusters in the Pan-STARRS 3pi Surveys 

Category: Astronomy & Astrophysics

Supervisor(s): dph1nm

Type: Computation/Data Analysis

Capacity: 1
Summary:

Pan-STARRS is 1.8m telescope with a 3-degree field-of-view, on Haleakala in Hawaii. Durham is part 
of a consortium which has just completed a survey three quarters of the entire sky in five passbands 
(g,r,i,z,y) with this instrument. Using a variety of techniques it should be possible to detect clusters of 
galaxies across the sky and over a range of redshifts. Their properties can be then be compared with 
the Abell cluster catalogue.

References:

Supervisor(s): dph1nm   

Supervisor(s): Dr N. Metcalfe      

The Pan-STARRS survey
A MaxBCG Catalog of 13,823 Galaxy Clusters from the Sloan Digital Sky Survey
The Pan-STARRS1 Small Area Survey 2
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Project ID: 217

Title: Global properties of the  Pan-STARRS Surveys 

Category: Astronomy & Astrophysics

Supervisor(s): dph1nm

Type: Computation/Data Analysis

Capacity: 1
Summary:

Pan-STARRS is 1.8m telescope with a 3-degree field-of-view, on Haleakala in Hawaii. Durham is part 
of a consortium which has surveyed three quarters of the entire sky with this instrument, in five filters 
(g,r,i,z,y). The project will use the counts and colours of galaxies check the extinction map of the 
galaxy.

References:

Supervisor(s): dph1nm   

Supervisor(s): Dr N. Metcalfe      

The Pan-STARRS survey
Galaxy counts from SDSS
Galactic Dust Reddening and Extinction

Project ID: 76

Title: Chasing galaxies that just finished forming new stars

Category: Astronomy & Astrophysics

Supervisor(s): xwnq62 dph6vg

Type: Data Analysis

Capacity: 1
Summary:

Galaxies that just finished forming new stars are extremely interesting laboratories for studying under 
what circumstances the star formation is stopped at different cosmic times. However, selecting these 
post-burst galaxies is not trivial. With the aid of the model of galaxy formation and evolution 
developed in Durham we propose to explore how the parameters usually used for selecting post-burst 
galaxies are related to their star formation histories. With this information in hand we will then select 
post-burst galaxies from the multiwavelength survey GAMA, in order to explore their properties.

References:

Supervisor(s): xwnq62   dph6vg

Supervisor(s): Dr I.P.R.N. Norberg    Dr V. Gonzalez-Perez

G. Kauffmann et al., 2003, 341, 54.
S. Driver et al. 2009, A&G, 50, 12.
V. Gonzalez-Perez et al., 2014, MNRAS, 439, 264.
V. Wild et al., 2008, MNRAS, 395, 144.
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Project ID: 166

Title: Concentration of star formation in galaxies in the field and in clusters

Category: Astronomy & Astrophysics

Supervisor(s): xwnq62 bwgn34

Type: Data Analysis

Capacity: 1
Summary:

The nature (e.g. structure, star formation activity) of star forming galaxies in the `field' is often 
different to those residing in galaxy clusters. The distribution of light, rotational distribution of that 
light and the patchiness, for example, can be used to explore ongoing and past star formation modes 
of galaxies residing in the two environments. Most studies use limited photometric information to 
quantify the distribution of star formation within galaxies. We propose to use spatially resolved 
spectroscopic data drawn from the SAMI survey along with other photometric data already available 
for SAMI galaxies from other surveys to study different modes of star formation in galaxies.

References:

Supervisor(s): xwnq62   bwgn34

Supervisor(s): Dr I.P.R.N. Norberg    Ms M.L.P. Gunawardhana

Conselice et al. (2003), ApJS, 147, 1
Bretherton et al. (2013), A&A, 553, 67
Kauffmann et al. (2004), MNRAS, 353, 713
Croom et al. (2012), MNRAS, 421, 872

Project ID: 172

Title: Calibration of star formation tracers

Category: Astronomy & Astrophysics

Supervisor(s): xwnq62 rrsd49

Type: Data Analysis

Capacity: 2
Summary:

Accurate determination of the star-formation history of the Universe, directly related to the cosmic 
structure formation and evolution, is a key goal in observational cosmology. Many star-formation 
tracers have been utilised in the literature to chart the cosmic star-formation history. Rigorous 
comparison and calibration of different tracers are needed as only certain techniques are practical for 
different types of galaxies or at different cosmic times. Using large multi-wavelength catalogues of 
galaxies compiled from several major galaxy surveys, one can compare different star-formation tracers 
and quantify their correlation as a function of key physical parameters.

References:

Supervisor(s): xwnq62   rrsd49

Supervisor(s): Dr I.P.R.N. Norberg    Dr L.W.W. Wang

The Complete Star Formation History of the Universe
The Imperial IRAS-FSC Redshift Catalogue (IIFSCz)
Star Formation in Galaxies Along the Hubble Sequence
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Project ID: 51

Title: Sleeping giants?

Category: Astronomy & Astrophysics

Supervisor(s): dph0tpr

Type: Data Analysis

Capacity: 2
Summary:

It is now thought that the nucleus of most galaxies harbours a super-massive black hole, the remnant 
of a long-since faded quasar. In some 10 percent of nearby galaxies these are still accreting material at 
rates sufficient to power a bright active galactic nucleus (AGN). However the rate of accretion of 
material onto the nuclear black hole is far from clear in most galaxies. One way of measuring this is by 
looking for the characteristic X-ray emission of material falling into the black hole. Here, we will 
examine data from the XMM-Newton X-ray observatory to investigate how many of these giant black 
holes are active, at what accretion rates, and how the accretion works.

References:

Supervisor(s): dph0tpr   

Supervisor(s): Dr T.P. Roberts      

Ho L.C., 2008, ARA&A, 46, 475, "Nuclear Activity in Nearby Galaxies"
Roberts T.P., Warwick R.S., 2000, MNRAS, 315, 98, "A ROSAT HRI survey of bright nearby 
galaxies"
Zhang W.M., et al., 2009, ApJ, 699, 281, "A census of X-ray nuclear activity in nearby galaxies"
The XMM-Newton observatory: ESA public website

Project ID: 52

Title: The most extreme black holes

Category: Astronomy & Astrophysics

Supervisor(s): dph0tpr

Type: Data Analysis

Capacity: 2
Summary:

Two classes of astrophysical black holes are now well-established by observations: the giants 
inhabiting galactic nuclei, and their smaller stellar remnant cousins that are distributed throughout 
galaxies. However, a small number of the latter class stand out as extraordinary objects due to their 
extreme luminosity at X-ray wavelengths. It is far too intense to be powered by a normal stellar 
remnant black hole accreting matter in a well-understood fashion. In this project you will study a large 
sample of these so-called ultraluminous X-ray sources (ULXs), using data from the XMM-Newton 
observatory to constrain their X-ray emission properties and so better understand their nature.

References:

Supervisor(s): dph0tpr   

Supervisor(s): Dr T.P. Roberts      

Feng & Soria, 2011, NewAR, 55, 166 "Ultraluminous X-ray sources in the Chandra and XMM-
Newton era"
Gladstone J.C., Roberts T. P., Done C., 2009, MNRAS, 397, 1836 "The ultraluminous state"
Walton D.J., et al., 2011, MNRAS, 416, 1844 "2XMM Ultraluminous X-Ray Source Candidates in 
Nearby Galaxies"
Remillard & McClintock, 2006, ARA&A, 44, 49 "X-ray properties of black-hole binaries"
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Project ID: 70

Title: A galaxy cluster lensing  survey via ATLAS imaging 

Category: Astronomy & Astrophysics

Supervisor(s): dph0ts

Type: Computation/Data Analysis

Capacity: 1
Summary:

The VLT Survey Telescope ATLAS is a new imaging survey covering 4500 sq deg in the Southern 
Hemisphere in the ugriz bands. The combination of ATLAS with its near-infrared sister survey, the 
VISTA Hemisphere Survey, comprises the most powerful multi-wavelength wide-field survey so far 
and is ideal for searching for rich galaxy clusters. We shall therefore use multi-colour techniques to 
find clusters and estimate their redshifts. We shall then exploit the high spatial resolution in many 
ATLAS bands to look for arcs caused by gravitational lensing of background galaxies. These arcs can 
then be used to estimate cluster masses and investigate the evolution of the lensed galaxies.

References:

Supervisor(s): dph0ts   

Supervisor(s): Prof T. Shanks      

The VST ATLAS Proposal
The VISTA Hemisphere Survey Proposal
The VST Centre web page
H Hoekstra et al "Masses of galaxy clusters from gravitational lensing" arxiv:1303.3274 (review)

Project ID: 71

Title: WISE-ATLAS and the  "Local Hole"

Category: Astronomy & Astrophysics

Supervisor(s): dph0ts

Type: Computation/Data Analysis

Capacity: 1
Summary:

The WISE satellite has scanned the sky at NIR wavelengths. The VST ATLAS is a new optical 
Southern Sky survey containing upwards of 30 million stars and galaxies. Here we shall combine 
WISE and ATLAS data in the Southern Hemisphere to count galaxies to map the Local Hole and the 
structure of the Universe more generally on scales of 300 Mpc. Previous studies have found that local 
under-densities of galaxies are most common in the Southern Hemisphere which also contains the 
famously enigmatic CMB "Cold Spot". If the Local Hole proves very extensive, it could reduce the 
requirement for dark energy to explain the supernova Hubble diagram and have other important 
consequences for cosmology.

References:

Supervisor(s): dph0ts   

Supervisor(s): Prof T. Shanks      

The Wide-field Infrared Survey Explorer Preliminary Data Release, April 14, 2011
VST ATLAS home page
Frith W.J., Outram P.J., Shanks T., 2005, MNRAS, 361 701
Frith W.J., Metcalfe N., Shanks T., 2006, MNRAS, 371, 1601

37



Project ID: 72

Title: A new search for high redshift quasars 

Category: Astronomy & Astrophysics

Supervisor(s): dph0ts dph1nm

Type: Computation/Data Analysis

Capacity: 1
Summary:

We aim to combine the VST ATLAS and PanSTARRS optical surveys with VISTA Hemisphere and 
WISE satellite near-infra-red surveys to beat the record for the highest redshift quasar. We shall use 
the Lyman-break technique which has successfully detected quasars out to z=7.1 (Mortlock et al 
2011). We shall search for candidates that are bright in the VHS and WISE infra-red bands but 
vanishingly faint in ATLAS and Pan-STARRS i and z optical bands. Through their spectra such 
quasars will tell us about how the gas in the Universe was evolving at the time when galaxies were just 
being born. Their existence and space density will also probe the feasibility of the standard 
cosmological model.

References:

Supervisor(s): dph0ts   dph1nm

Supervisor(s): Prof T. Shanks    Dr N. Metcalfe

Daniel J. Mortlock, Stephen J. Warren, Bram P. Venemans, et al. (2011). "A luminous quasar at a 
redshift of z = 7.085". Nature 474: 616–619.
VST ATLAS web page
WISE satellite web page
Pan-STARRS web page

Project ID: 73

Title: Photometric redshifts for galaxies and quasars

Category: Astronomy & Astrophysics

Supervisor(s): dph0ts

Type: Computation/Data Analysis

Capacity: 1
Summary:

VST ATLAS is a new ugriz imaging survey of the Southern Hemisphere similar in depth to SDSS in 
the North. We aim to use ATLAS with the WISE satellite near-infra-red survey to determine a 
method of estimating photometric redshifts for galaxies and quasars over the whole 4500 square 
degrees of the ATLAS survey. ATLAS covers areas of the sky where there already exists 150 000 
galaxy redshifts from the 2dF Galaxy Redshift Survey and the GAMA surveys. There are also 12500 
redshifts available from the 2dF Quasar Survey. We will use these known spectroscopic redshifts as 
training sets for neural networks to estimate photo-z that can then be used to study galaxy and quasar 
clustering.

References:

Supervisor(s): dph0ts   

Supervisor(s): Prof T. Shanks      

"ANNz: estimating photometric redshifts using artificial neural networks" Collister and Lahav 2003
VST ATLAS web page
WISE satellite web page
GAMA web page
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Project ID: 88

Title: How do galaxies get their mass?

Category: Astronomy & Astrophysics

Supervisor(s): dph1ams kgwl99

Type: Computation/Data Analysis

Capacity: 1
Summary:

The comoving star formation rate of the Universe has dropped by an order of magnitude in the 7Gyr 
since z=1. Three competing theories may explain this decline: i) the rate of mergers may be higher at 
z=1, driving disks into bursts of star formation; ii) gas accretion from the cosmic web may be more 
efficient at z=1, enhancing the star formation where the flow intersects the disk; iii) the higher halo 
rate, together with lower angular momentum results in gas disks that are intrinsically unstable. To test 
which process dominates, we will measure the dynamics and chemistry of 250 star-forming galaxies at 
z=1, recently obtained with the state-of-the-art KMOS IFU on the ESO Very Large Telescope.

References:

Supervisor(s): dph1ams   kgwl99

Supervisor(s): Dr A.M. Swinbank    Dr J.P. Stott

The global dynamics of star-forming galaxies at z>1
The dynamics of galaxies at z=1-2 on kilo-parsec scales
The properties of star-formig regions within high-redshift galaxies
First resolved dynamics of distant galaxies with the KMOS IFU

Project ID: 93

Title: "inside-out" or "outside-in": what drives metallicity gradients in distant galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph1ams kgwl99

Type: Computation/Data Analysis

Capacity: 1
Summary:

The metallicity of gas in a galaxy reflects the interplay between star-formation activity, gas accretion 
and supernovae driven outflows. In this project we will use observations taken with the new, state of 
the art KMOS IFU on the 8-m ESO Very Large Telescope to measure the chemical abundances 
within the ISM of 250 star forming galaxies at z=1 (i.e. seen 7Gyr ago). We will trace the variation of 
metallicity within the galaxies to test how the ISM is enriched by supernovae, and by comparison to 
both local galaxies and simulations, test whether galaxies form "inside-out" or "outside-in".

References:

Supervisor(s): dph1ams   kgwl99

Supervisor(s): Dr A.M. Swinbank    Dr J.P. Stott

The dynamics of star-forming galaxies at z>1
The dynamics and metallicites of galaxies at z=1-2 on kilo-parsec scales
The properties of star-formig regions within high-redshift galaxies
First resolved dynamics of distant galaxies with the KMOS IFU
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Project ID: 202

Title: In between the galaxies

Category: Astronomy & Astrophysics

Supervisor(s): dph1tt

Type: Computation/Data Analysis

Capacity: 2
Summary:

In the Hubble Deep Field our human eyes are naturally drawn to the galaxies because we can see 
them. However we know that most of the baryons in the Universe are not actually in galaxies, even 
today. What are the properties of the gas in this "Intergalactic Medium" (IGM)? We can study the 
IGM and its connection to galaxies by observing it in absorption in the spectrum of a bright 
background source, such as a quasar. This project will contrast the IGM in cosmological simulations 
with such data. This computational project involves writing simple analysis tools, run them on existing 
simulations, and compare to observations.

References:

Supervisor(s): dph1tt   

Supervisor(s): Dr T. Theuns      

Ned Wright has a very good pedagogical overview of the nature of the intergalactic medium (IGM).
You can watch online my recent talk on the cosmological simulation you'll use.
See this link to a recent paper discussing the use of IGM measurements to study reionization
See this link to a recent paper constraining the nature of the dark matter using IGM observations

Project ID: 203

Title: How baryons shape dark matter haloes

Category: Astronomy & Astrophysics

Supervisor(s): dph1tt

Type: Computation/Data Analysis

Capacity: 2
Summary:

In the standard LCDM cosmological model, structure forms due to the gravitational amplification of 
initially small perturbations. Dark matter is the dominant driver of structure formation since it 
outweighs the baryons. However when gas falls into dark matter haloes and cools, it becomes self-
gravitating, and this will affect the density structure of the halo, something that can be observed with 
gravitational lensing. You will compare haloes that form in a simulation with baryons against the same 
simulation without baryons, to quantify this effect. This computational project involves writing simple 
analysis tools, run them on existing simulations, and compare to observations.

References:

Supervisor(s): dph1tt   

Supervisor(s): Dr T. Theuns      

You can watch online a recent talk I gave about the Eagle simulations that will be used.
See this link to find an excellent basic introduction to the formation of galaxies
A recent paper discussing the effect of baryons on the structure of haloes is by Alan Duffy,
Baryons may affect the masses of haloes that contain galaxies,
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Project ID: 164

Title: Understanding the Workings of Active Galaxies by Means of Variability Studies

Category: Astronomy & Astrophysics

Supervisor(s): dph0mjw lmmm67

Type: Data Analysis

Capacity: 1
Summary:

Some active galactic nuclei (AGN) display emission lines that require high energies (>100 eV) to be 
ionized (ref 1). These so-called â€œcoronal linesâ€  (they were first discovered in the spectrum of the 
Sun) are thought to be produced at the inner face of the obscuring dusty torus (ref 2,3), which 
surrounds the black hole. This project will test this hypothesis by investigating how the optical 
coronal lines have varied over a long time period (~10 years). The project will focus on two types of 
AGN. One is a â€œclassicâ€  AGN with broad emission lines, and the other an AGN believed to 
harbor a low mass black hole. The results may reveal important differences in the inner regions of 
AGN.

References:

Supervisor(s): dph0mjw   lmmm67

Supervisor(s): Prof M.J. Ward    Dr H. Landt

Ferguson, Korista & Ferland 1997, ApJS, 110, 287 - 
url:http://adsabs.harvard.edu/abs/1997ApJS..110..287F
Kollatschny et al. 2001, A&A, 379, 125 - url: 
http://adsabs.harvard.edu/abs/2001A%26A...379..125K
Rose et al. 2011, MNRAS, 414, 3360 - url: http://adsabs.harvard.edu/abs/2011MNRAS.414.3360R
Just for basic intruduction

Project ID: 27

Title: The theory of cold feedback in cluster cores

Category: Astronomy & Astrophysics

Supervisor(s): wvpg74

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

This is a theoretical project to model the velocity fields of cool gas in the cores of galaxy clusters. This 
cool material, traced by atomic and molecular hydrogen emission lines, may have cooled from the hot 
intracluster X-ray gas and subsequently fuel the active galactic nucleus (AGN). AGN outbursts re-
heat the gas in a feedback cycle. The student will solve the cold feedback eqns (ref 1) to generate 
velocity fields for each phase of the cycle, starting with gravitational free-fall. With angular 
momentum (ref 2), the flow may form a kpc-scale disk. The student will investigate how the velocity 
field's evolution (e.g. refs 3 & 4) depends on the initial distribution of clumps in the hot gas.

References:

Supervisor(s): wvpg74   

Supervisor(s): Dr R.J. Wilman      

Pizzolato & Soker, 2005, Astrophysical Journal, 632, 82
Pizzolato & Soker, 2010, MNRAS, 408, 961
Wilman et al., 2011, MNRAS, 416, 2060
Wilman et al., 2009, MNRAS, 395, 1355

41



Project ID: 28

Title: The velocity fields of cool gas in cluster cores

Category: Astronomy & Astrophysics

Supervisor(s): wvpg74 dph0ace

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

The is an observational project on the interpretation of the velocity fields of cool gas in the cores of 
galaxy clusters. This cool material, traced by atomic and molecular hydrogen emission lines, may have 
cooled from the hot intracluster X-ray gas and subsequently fuel the active galactic nucleus (AGN). 
AGN outbursts re-heat the gas in a feedback cycle. Based on the theory of cold feedback (ref 1), the 
student will fit and interpret the observed 2-D velocity fields for a sample of clusters (e.g. refs 2, 3 & 
4), using a combination of gas in gravitational free-fall, drag-limited gas at terminal velocity, and 
kiloparsec-scale nuclear disks and AGN outflows.

References:

Supervisor(s): wvpg74   dph0ace

Supervisor(s): Dr R.J. Wilman    Dr A.C. Edge

Pizzolato & Soker, 2005, Astrophysical Journal, 632, 82
Wilman et al., 2011, MNRAS, 416, 2060
Wilman et al., 2009, MNRAS, 395, 1355
Hamer etl., 2014, MNRAS, 437, 862

Project ID: 29

Title: Modelling dust echoes in active galactic nuclei: the impact of dust destruction

Category: Astronomy & Astrophysics

Supervisor(s): wvpg74 lmmm67

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Active galactic nuclei are surrounded by a dusty torus within a few pc of the black hole which 
obscures the accretion disc for some observers. The nature of the torus can be constrained by dust 
reverberation measurements of the time lag between the disc's ionizing flux variations and the 
infrared re-emission by the torus (ref. 1,2). These show that the dust sublimates at the inner torus 
radius but in some cases (e.g. NGC 4151) the lag varies as dust is destroyed and re-formed on a 1 yr 
timescale. For NGC 4151, the student will model dust formation/destruction with photoionization 
models and assess the response of the torus to various ionizing light curves.

References:

Supervisor(s): wvpg74   lmmm67

Supervisor(s): Dr R.J. Wilman    Dr H. Landt

Minezaki et al. 2004, ApJ, 600, L35
Suganuma et al. 2006, ApJ, 639, 46
Koshida et al. 2009, ApJ, 700, L109
Goad et al. 2012, MNRAS, 426, 3086
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Project ID: 43

Title: Modelling dust echoes in active galactic nuclei: the impact of geometry

Category: Astronomy & Astrophysics

Supervisor(s): wvpg74 lmmm67

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Active galactic nuclei are surrounded by a dusty torus within a few pc of the black hole which 
obscures the accretion disc for some observers. The nature of the torus can be constrained by dust 
reverberation measurements of the time lag between the disc's ionizing flux variations and the 
infrared re-emission by the torus (ref. 1,2). The inner torus radius is set by dust sublimation but in 
most cases the time lag is a factor of 2-3 less than the light travel time to the dust sublimation radius 
(ref 4); this can be explained with a bowl-like torus geometry (ref 4). The student will assess the 
impact of geometry and viewing angle on the observed response of the dust to ionizing light curves.

References:

Supervisor(s): wvpg74   lmmm67

Supervisor(s): Dr R.J. Wilman    Dr H. Landt

Minezaki et al. 2004, ApJ, 600, L35
Suganuma et al. 2006, ApJ, 639, 46
Koshida et al. 2009, ApJ, 700, L109
Goad et al. 2012, MNRAS, 426, 3086

Project ID: 204

Title: Modelling Galactic colonization 

Category: Astronomy & Astrophysics

Supervisor(s): wvpg74

Type: Computation/Theory

Capacity: 1
Summary:

The Fermi paradox is the apparent absence of a pervasive Galactic civilization: if only a small fraction 
of stars develop intelligent life, their spacecraft or their signals should naively fill the Galaxy within a 
few million years. The aim of the project is to simulate interstellar colonization within a patch of the 
Galactic habitable zone (e.g. ref 1), taking account of statistics on the distribution of habitable planets 
from the Kepler mission (ref 2); the risks posed by intermittent astrophysical hazards (e.g. Gamma-ray 
bursts, ref 3); the impact of unknowns, e.g. stochastic colonization (ref 4) and non-linear interactions 
(possibly destructive) between distinct colonization frontiers.

References:

Supervisor(s): wvpg74   

Supervisor(s): Dr R.J. Wilman      

Exploring the Galaxy using space probes; Rasmus Bjoerk 2013; 6 pages, 4 figures; International 
Journal of Astrobiology (Published online by Cambridge University Press 20 Apr 2007)
Prevalence of Earth-size planets orbiting Sun-like stars; Petigura et al. 2013, Proceedings of the 
National Academy of Sciences, vol. 110, issue 48, 19273
An Astrophysical Explanation for the Great Silence; James Annis; Appeared in JBIS Jan 1999
The Fermi Paradox: An Approach Based on Percolation Theory; Geoffrey A. Landis; Published in 
Journal of the British Interplanetary Society, 1998, London, Volume 51, pg. 163
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Project ID: 131

Title: Observing Transiting Exoplanets 

Category: Astronomy & Astrophysics

Supervisor(s): dph1rww dph0ace

Type: Data Analysis

Capacity: 1
Summary:

Exoplanets can be detected and studied by observing the dip in brightness of the parent star if the 
planet transits in front of the star as seen from Earth. Transits can be used to detect the presence of 
exoplanets and to determine their size, mass and other characteristics. The aim of this project will be 
to make a photometric study of one or more transiting exoplanet systems and to determine the 
astrophysical parameters of the systems via model fitting. The project will involve making (remote) 
telescope observations with a robotic telescope situated at the astronomical observatory in La Palma.

References:

Supervisor(s): dph1rww   dph0ace

Supervisor(s): Dr R.W. Wilson    Dr A.C. Edge

Charbonneau et al. (2006) 'When extrasolar planets transit their parent stars'
Herrero et al. (2011), 'WASP-33: the first delta Scuti exoplanet host star', Astronomy and 
Astrophysics 526, p10

Project ID: 53

Title: Breakdown of the scalar approximation in optics

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0csa

Type: Computation/Experiment/Theory

Capacity: 1
Summary:

The scalar approximation where we neglect the vector nature of the electromagnetic field is 
commonly assumed in optics except in the limit of extreme focusing. However, the limits of this 
approximation are encountered more frequently than often realised. For example, the extinction of 
light by crossed polarisers [1] or diffraction of light by a single slit [2] both give different results when 
we include the vector nature of the field. In this project we will investigate these topics both 
experimental and theoretically and clarify to what extent we can characterise the vectorial correction 
in a simple form.

References:

Supervisor(s): dph0csa   

Supervisor(s): Prof C.S. Adams      

W. Singer, M.Totzeck, and H. Gross, Handbook of Optical Systems, vol. 2 chapter 27 (Wiley 2005)
G. A. Brooker, J. Mod. Opt. 55, 423 (2008)
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Project ID: 54

Title: Discrete dipole model of electromagnetism: from Fresnel to Dicke

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0csa

Type: Computation/Theory

Capacity: 2
Summary:

Electromagnetism is so successful that we often overlook some fundamental questions about the 
microscopic basis of the theory. For example, we know that a dielectric is made up of discrete dipoles 
but some of the bulk macroscopic properties of the dielectric are difficult to obtain from a discrete 
dipole model. In this project we will apply Maxwell's equations and the discrete dipole model to 
particular cases such as reflection from an interface [1], for example as occurs during total internal 
reflection in an optical fibre, and consider the case of strongly interacting dipoles [2].

References:

Supervisor(s): dph0csa   

Supervisor(s): Prof C.S. Adams      

W. T. Doyle, Am. J. Phys. 53, 463 (1985).
A. A. Svidzinsky et al.. Phys. Rev. A 81, 053821 (2010).

Project ID: 55

Title: Entanglement measures of coherent states and single photon states

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0csa

Type: Computation/Theory

Capacity: 1
Summary:

Following on from excitement about the potential to exploit quantum entanglement for computing, 
an obvious question is whether nature already does something similar in order to optimise certain 
processes such as photosynthesis [1]. To address this question requires a thorough theoretical 
understanding of the distinction between classical and quantum states of light. In this project we will 
consider single photon states and try to reproduce the results of Ref. [1] and extend their analysis to 
produce a visualisation [2] of the distinction between entangled and classical energy transport using 
Wigner functions. If time allows the extension to three atoms will be considered.

References:

Supervisor(s): dph0csa   

Supervisor(s): Prof C.S. Adams      

M. Tiersch et al., Phil. Trans. R. Soc. A 370, 3771 (2012)
The quantum toolbox in python
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Project ID: 215

Title: Public demonstration of science: A Paul trap for macroscopic charged particles

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dch0dc1

Type: Experiment

Capacity: 1
Summary:

Public demonstrations of science and festivals, such as our own "Celebrate Science" festival, are 
essential for engaging and enthusing the general public about the way the world works and the 
exciting work that we scientists do. It is especially important to engage and enthuse children as they 
are the scientists of the future. In this project, you will build simplified Paul traps that will dynamically 
trap macroscopic charged particles (such as spores of club moss) to demonstrate to the general public 
the importance (and beauty!) in the manipulation of charged particles by electric fields, whether it be 
in the field of atomic clocks, particle accelerators or ultra-low temperature chemistry.

References:

Supervisor(s): dch0dc1   

Supervisor(s): Dr D. Carty      

Pauls Traps, Theodore Haensch, YouTube video

Project ID: 216

Title: Decelerating molecules to a standstill at milliKelvin temperatures

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dch0dc1

Type: Computation/Theory

Capacity: 1
Summary:

Major goals in the field of cold (< 1 K) and ultra-cold (< 1 mK) molecules include studying molecular 
collisions at extremely low energies and simulating the many-body physics of condensed phases. The 
moving trap Stark decelerator is a new type of machine that, in principle, can produce high densities 
of trapped molecules at milliKelvin temperatures. This project will involve modelling the electric 
fields in the MCD and performing Monte Carlo trajectory simulations of the trapping process.

References:

Supervisor(s): dch0dc1   

Supervisor(s): Dr D. Carty      

L. D. Carr, D. deMille, R. V. Krems and J. Ye, Cold and ultracold molecules: Science, technology 
and applications, New. J. Phys., 11, 055049 (2009)
A. Osterwalder, S. A. Meek, G. Hammer, H. Haak and G. Meijer, Deceleration of neutral molecules 
in macroscopic traveling traps, Phys. Rev. A, 81,051401(R) (2010)
J.E. van den Berg, S.H. Turkesteen, E.B. Prinsen, and S. Hoekstra, Deceleration and trapping of 
heavy diatomic molecules using a ring-decelerator, Eur. Phys. J. D, 66, 235 (2012)
Traveling-wave deceleration of heavy polar molecules in low-field-seeking states
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Project ID: 90

Title: Efficient electromagnets for cold atom experiments

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0slc

Type: Experiment

Capacity: 1
Summary:

Generating moderately high, stable magnetic fields has become an essential requirement in cold atom 
experiments. In Durham, such fields are employed to both control the atomic interactions [1] and 
create molecules [2] via Feshbach resonances in Bose-Einstein condensation experiments. Most 
electromagnets are constructed by simply winding copper wire or tubing into cylindrical coils. Whilst 
simple to produce, such coils suffer from limited cooling efficiency and a dependence on epoxy to set 
the windings in place. This project will investigate the design, construction and characterisation of 
'Bitter-type' electromagnets [3,4] for use in cold atom experiments.

References:

Supervisor(s): dph0slc   

Supervisor(s): Prof S.L. Cornish      

[1] "Controlled formation and reflection of a bright solitary matter-wave" , Nat. Commun. 4, 1865 
(2013).
[2] "Production of optically trapped RbCs Feshbach molecules" , Phys. Rev. A 89, 033604 (2014).
[3] "The Design of Powerful Electromagnets Part II. The Magnetizing Coil" , Rev. Sci. Instrum. 7, 
482 (1936).
[4] "Efficient continuous-duty Bitter-type electromagnets for cold atom experiments" , Rev. Sci. 
Instrum. 84, 104706 (2013).

Project ID: 92

Title: Photoassociation spectroscopy of ultracold CsYb

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0slc

Type: Experiment

Capacity: 1
Summary:

The properties of a quantum degenerate gas depend critically on the s-wave scattering length 
describing collisions between the constituent atoms. This parameter is intimately linked to the 
position of the last molecular bound state in the interatomic potential which must be measured 
experimentally. A new experiment in Durham has recently produced atomic mixtures of ultracold Yb 
and Cs where the interspecies scattering length is unknown. The goal of this project is to develop a 
diode laser system operating stabilised to an optical cavity and suitable for two-photon 
photoassociation spectroscopy of ultracold CsYb.

References:

Supervisor(s): dph0slc   

Supervisor(s): Prof S.L. Cornish      

[1] "Theory of Bose-Einstein condensation in trapped gases" , Rev. Mod. Phys. 71, 463 (1999).
[2] "Scattering lengths in isotopologues of the RbYb system" , Phys. Rev. A 88, 052708 (2013).
[3] "An introduction to Pound–Drever–Hall laser frequency stabilization" , Am. J. Phys. 69, 79 
(2001).
[4] "Two-photon photoassociation spectroscopy of heteronuclear YbRb" , Phys. Chem. Chem. 
Phys., 13, 18734 (2011).
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Project ID: 95

Title: Painting arbitrary trapping potentials for ultracold atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0slc

Type: Experiment

Capacity: 1
Summary:

Ultracold atomic gases are commonly confined in optical dipole traps resulting from the spatial 
variation of the intensity of a Gaussian laser beam around the focus [1]. Recently, however, there has 
been a move towards the study of quantum gases in more elaborate confining potentials, such as 
toroidal rings and uniform boxes [2]. This project will explore the use of an acousto-optic deflector to 
manipulate the position of a focused laser beam thereby 'painting' arbitrary intensity patterns for 
trapping ultracold atoms [3,4].

References:

Supervisor(s): dph0slc   

Supervisor(s): Prof S.L. Cornish      

[1] "Optical dipole traps for neutral atoms", Adv. At. Mol. Opt. Phys. 42, 95 (2000).
[2] "Bose-Einstein Condensation of Atoms in a Uniform Potential" , Phys. Rev. Lett. 110, 200406 
(2013).
[3] "Experimental demonstration of painting arbitrary and dynamic potentials for Bose-Einstein 
condensates" , New J. Phys.11, 043030 (2009).
[4] "Precise shaping of laser light by an acousto-optic deflector" , Optics Express Vol. 21, 24837 
(2013).

Project ID: 96

Title: Absolute absorption on the potassium D lines: theory and experiment

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0slc dph0igh

Type: Experiment/Theory

Capacity: 2
Summary:

Controlling the propagation of light through atomic vapours is a flourishing topic of research with 
applications ranging from all-optical delay lines [1] to quantum memories [2]. Recent work in Rb [3] 
and Cs [4] has demonstrated that an excellent understanding of light propagation is possible. The aim 
of this project is to develop a detailed model for the electric susceptibility describing the potassium 4S 
to 4P transition in a thermal vapour. The accuracy of the model will be tested by comparing 
predictions of the spectral dependence of the absorption of a weak monochromatic probe beam with 
experimental measurements. The role of ground state crossovers will be investigated.

References:

Supervisor(s): dph0slc   dph0igh

Supervisor(s): Prof S.L. Cornish    Prof I.G. Hughes

[1] "Wide-Bandwidth, Tunable, Multiple-Pulse-Width Optical Delays Using Slow Light in Cesium 
Vapor" , Phys. Rev. Lett. 98, 153601 (2007).
[2] "In situ determination of Zeeman content of collective atomic memories" , J. Phys. B: At. Mol. 
Opt. Phys. 45 124006 (2012).
[3] "Absolute absorption on rubidium D lines: comparison between theory and experiment" , J. 
Phys. B: At. Mol. Opt. Phys. 41, 155004 (2008).
[4] "An analytical model of off-resonant Faraday rotation in hot alkali metal vapours" , J. Phys. B: 
At. Mol. Opt. Phys. 44 235004 (2011).
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Project ID: 89

Title: Force Measurements using Bloch Oscillations of Ultracold Atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0sag dph0slc

Type: Computation/Theory

Capacity: 2
Summary:

The confinement of ultracold atomic gases can lead to the improved atom interferometers[1]. In 
particular, atoms confined in a 1D optical lattice and subjected to an external force, such as gravity, 
undergo Bloch oscillations[2]. Such a system could be used to measure forces at the micron scale in 
the vicinity of a surface[3], and may set new limits on short range corrections to gravity due to exotic 
forces beyond the Standard model[4]. In this project you will determine the Bloch oscillation 
frequency in a realistic configuration, using analytical and numerical techniques. The project can then 
be extended to considering Bose-Einstein condensates and the role of interactions.

References:

Supervisor(s): dph0sag   dph0slc

Supervisor(s): Dr S.A. Gardiner    Prof S.L. Cornish

S. Dimopoulos et al., Phys Rev D 68, 124021 (2003)
I. Carusotto et al., Phys. Rev. Lett. 95, 093202 (2005)
G. Roati et al., Phys. Rev. Lett. 92, 230402 (2004)
B. P. Anderson and M. A. Kasevich, Science 27 November 1998 282: 1686-1689

Project ID: 97

Title: Atom interferometry using quantum-chaotic dynamics

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0sag

Type: Computation/Theory

Capacity: 2
Summary:

Interferometry with cold atoms, analogous to optical interferometry, is attractive for precision 
measurements, e.g. of gravity, due to the smaller wavelengths and hence higher precision obtainable. 
It is desirable to implement a high momentum transfer beam-splitter. You will explore using quantum 
resonances in an atom-optical delta-kicked rotor configuration (a paradigm system to study chaotic 
and quantum chaotic dynamics, involving periodic impulsive driving of laser-cooled atoms with an off-
resonant laser beam). Of particular importance is the significance of realistic finite duration ("nearly 
impulsive") kicks, and extensions to Bose-Einstein condensates are also a possibility.

References:

Supervisor(s): dph0sag   

Supervisor(s): Dr S.A. Gardiner      

Manifestation of quantum resonances and antiresonances in a finite-temperature dilute atomic gas 
[M. Saunders, P.L. Halkyard, K.J. Challis, S.A. Gardiner, Phys. Rev. A 76, 043415 (2007)]
Quantum-mechanical cumulant dynamics near stable periodic orbits in phase space: Application to 
the classical-like dynamics of quantum accelerator modes [R. Bach, M.B. d'Arcy, K. Burnett, S.A. 
Gardiner, Phys. Rev. A 71, 033417 (2005)]
Fractional resonances in the atom-optical delta-kicked accelerator [M. Saunders, P.L. Halkyard, S.A. 
Gardiner, K.J. Challis, Phys. Rev. A 79, 023423 (2009)]
Atom interferometry using delta-kicked and finite-duration pulse sequences [B. Daszuta, M.F. 
Andersen, Phys. Rev. A 86, 043604 (2012)]
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Project ID: 100

Title: Synchronisation with lattices of driven Rydberg atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0sag

Type: Computation/Theory

Capacity: 1
Summary:

Rydberg atoms with principal quantum number n>>1 have exaggerated atomic properties including 
dipole-dipole interactions that scale as n to the power 4 and radiative lifetimes that scale as n cubed. 
This means widely separated atoms can couple, raising the possibility of a synchronisation phase 
transition, reminiscent that shown by the very simple Kuramoto phase oscillator model. The project 
will to be to investigate how a Kuramoto-like model may be used to describe a simplified model of 
driven Rydberg atoms in (e.g. random) lattice configurations, and whether such a phase transition 
takes place, which may have relevance for recent Durham experiments.

References:

Supervisor(s): dph0sag   

Supervisor(s): Dr S.A. Gardiner      

From Kuramoto to Crawford: exploring the onset of synchronization in populations of coupled 
oscillators [S.H. Strogatz, Physica D 143 (2000)]
The Kuramoto model: A simple paradigm for synchronisation phenomena [J.A. Acebron, L.L. 
Bonilla, C.J.P. Vicente, F. Ritort, R. Spigler, Rev. Mod. Phys. 77, 137 (2005)]
Quantum information with Rydberg atoms [M. Saffman, T.G. Walker, K. Molmer, Rev. Mod. Phys. 
82, 2313 (2010)]
Nonequilibrium phase transition in a dilute Rydberg ensemble [C. Carr, R. Ritter, C. G. Wade, C. S. 
Adams, and K. J. Weatherill, Phys. Rev. Lett. 111, 113901 (2013)]

Project ID: 67

Title: Probing magnetic surfaces with tightly focused laser beams

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0igh

Type: Computation/Theory

Capacity: 1
Summary:

The analysis of light reflected from a surface can be used as a magnetic diagnostic. When a laser beam 
is tightly focused the approximation that the wave is transverse breaks down. The goal of this project 
is to study whether it is possible to use the longitudinal field component formed with a tightly focused 
laser beam to perform microscopy on a magnetic sample. The project will tie-in with research being 
carried out in Durham and in collaboration with colleagues at Sheffield University.

References:

Supervisor(s): dph0igh   

Supervisor(s): Prof I.G. Hughes      

Surface magneto-optic Kerr effect
Focus shaping using cylindrical vector beams
The focus of light - theoretical calculation and experimental tomographic reconstruction
Polarization of tightly focused laser beams
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Project ID: 68

Title: Knotted and tangled beams of light

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0igh

Type: Computation/Theory

Capacity: 1
Summary:

At Durham an exciting new project studying the Scientific Properties Of Complex Knots (SPOCK) 
has just been funded. The aim of SPOCK is to create new computational tools and mathematical 
techniques for the analysis, synthesis and exploitation of knotted structures in a wide range of 
complex physical phenomena. In this project the goal will be to look at knotted and tangled beams of 
light, and to consider how to generate such beams, and how they propagate. This will be done by 
simulation/numerical modelling on a computer.

References:

Supervisor(s): dph0igh   

Supervisor(s): Prof I.G. Hughes      

SPOCK Web page
Miles J. Padgett , Kevin O'Holleran , Robert P. King & Mark R. Dennis (2011) Knotted and tangled 
threads of darkness in light beams, Contemporary Physics, 52:4, 265-279,

Project ID: 69

Title: 3D Angular Spectrum techniques in Optics

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0igh

Type: Computation/Theory

Capacity: 1
Summary:

The Angular Spectrum technique is well known and used extensively in optics for computing the 
propagation of a light field form one plane to another. Many applications of focussed laser beams in 
optics require the knowledge of the 3D diffracted electromagnetic field. The goal of this project will 
be to build on recent work and extend the angular spectrum technique to three dimensions. This will 
be done by simulation/numerical modelling on a computer.

References:

Supervisor(s): dph0igh   

Supervisor(s): Prof I.G. Hughes      

J. W. Goodman, Introduction to Fourier Optics, 2nd ed. (McGraw-Hill, 1996).
Calculation of the volumetric diffracted field with a three-dimensional convolution: the three-
dimensional angular spectrum method Optics Letters, Vol. 38, Issue 24, pp. 5296-5298 (2013)
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Project ID: 80

Title: Cavity optomechanics: cooling a spring with light 

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1mpj

Type: Experiment

Capacity: 1
Summary:

Nano-fabrication techniques can be used to make tiny mechanical resonators. They can be used for 
measuring extremely weak forces [1], and possibly even for making quantum superpositions of 
mechanical systems [2]. The aim of this project is to couple micron-sized cantilevers to the light-field 
in an optical fibre based microcavity, and to use this coupling to demonstrate optical cooling of the 
cantilever [3].

References:

Supervisor(s): dph1mpj   

Supervisor(s): Dr M.P.A. Jones      

C. Hohberger Metzger and K. Karrai, Cavity cooling of a microlever, Nature 432, 1002 (2004)
T. J. Kippenberg and K. J. Vahala, Cavity Optomechanics: Back-Action at the mesoscale (2008), 
Science 32, 1172 (2010)
D. Rugar et al., Single spin detection by magnetic resonance force microscopy, Nature 430, 329 
(2004)

Project ID: 83

Title: Can you beat the hydrogen maser? Performance limits of optical atomic clocks

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1mpj jcpn22

Type: Computation/Theory

Capacity: 1
Summary:

Atomic clocks underpin almost all of our modern technology, including power grids, GPS and 
telecoms. Commercial atomic clocks are based on microwave transitions in hot atomic beams, such as 
the hydrogen maser. In contrast, research grade atomic clocks have now moved to optical transitions 
in laser-cooled, trapped atoms. The aim of this project is to explore the middle ground, and look at an 
optical frequency standard that uses an atomic beam source. The goals are to quantify, using detailed 
modelling, the potential gains in performance and the key factors that must be optimised.

References:

Supervisor(s): dph1mpj   jcpn22

Supervisor(s): Dr M.P.A. Jones    Dr E.M. Bridge

Some slides on commercial microwave atomic clocks
arXiv/1401.2378 a recent review of optical atomic clocks
G. Ferrari et al., Phys. Rev. Lett, 91, 243002 (2003)
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Project ID: 84

Title: Detecting a Rydberg supersolid

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1mpj

Type: Computation/Theory

Capacity: 1
Summary:

The idea of a supersolid – a state of matter which flows without resistance like a superfluid, but has 
order like a crystal, has remained controversial since its prediction 40 years ago [1]. Recently it has 
been proposed that a supersolid state could be observed using cold atoms coupled to highly excited 
Rydberg states [2]. The aim of this theory/numerical project is to determine how such a state could be 
prepared and observed in the Durham strontium Rydberg experiment [3].

References:

Supervisor(s): dph1mpj   

Supervisor(s): Dr M.P.A. Jones      

"Moses Chan backtracks on search for supersolids", Physics World October 2012
N. Henkel et al., Phys. Rev. Lett. 104, 195302 (2010)
http://massey.dur.ac.uk/research/strontium/strontium.html

Project ID: 85

Title: Evaporative cooling using Rydberg dressed interactions

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1mpj

Type: Computation/Theory

Capacity: 1
Summary:

Laser-cooling experiment can prepare quantum states of matter such as Bose-Einstein condensates 
and periodic arrays of atoms trapped in optical lattices. However, since they are not charged, the 
atoms often interact very weakly with each other. Recently it has been proposed to tailor the long-
range interactions between the atoms using an off-resonant coupling to a highly-excited Rydberg state 
[1,2,3]. Experiments in Durham [4] seek to be the first worldwide to observe this effect. The aim of 
this project is to model these experiments and to investigate whether this new interaction can be used 
to cool atoms directly into new quantum phases of matter.

References:

Supervisor(s): dph1mpj   

Supervisor(s): Dr M.P.A. Jones      

N. Henkel et al., Phys. Rev. Lett. 104, 195302 (2010)
J. E. Johnson and S. L. Rolston, Phys. Rev. A 033412 (2010)
J. Honer et al., Phys. Rev. Lett. 105, 160404 (2010)
http://massey.dur.ac.uk/research/strontium/strontium.html
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Project ID: 118

Title: What happens when nuclear physics goes pear shaped?

Category: Atomic, Molecular & Optical Physics

Supervisor(s): qmjd73

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

It has long been known that nuclei occur in different shapes beyond the usual simple spheres. The 
more common of these "deformed" shapes are well studied and understood. However, the more 
exotic octupole or "pear-shaped" deformation remains something of an enigma. This project will 
investigate the little studied area of intrinsic reflection asymmetry in nuclei. Using historical data, the 
NpNn scheme will be extended to investigate correlations in the low lying 3- states in nuclei. Existing 
programs will also be used to perform shell model calculations to make predictions for nuclei for 
which no data currently exists. No particular expertise in programming is required.

References:

Supervisor(s): qmjd73   

Supervisor(s): Dr P.L. Petts      

P.A. Butler, W. Nazarewicz, Rev. Mod. Phys. 68, 349-421 (1996)
L.P. Gaffney et al. Nature 497, 199 (2013)
R.F. Casten, Nucl. Phys. A 443 (1), 1-28

Project ID: 119

Title: Gamma-ray spectroscopy - Evidence for nuclear clustering in 24Mg

Category: Atomic, Molecular & Optical Physics

Supervisor(s): qmjd73

Type: Data Analysis

Capacity: 1
Summary:

A traditional description of the nucleus is one in which there is a roughly homogeneous distribution 
of protons and neutrons. However, nature shows a propensity for objects to cluster on all physical 
scales, from the galactic to the sub-atomic. This project will investigate the possibility of cluster 
structures occurring within the nucleus of 24Mg using gamma-ray spectroscopy techniques. An 
existing dataset obtained using the state-of-the-art GAMMASPHERE array in the United States will 
be analysed to determine the level scheme of 24Mg and search for decay pathways that favour cluster 
states. Prior experience of programming (especially in C++) would be helpful but is not essential.

References:

Supervisor(s): qmjd73   

Supervisor(s): Dr P.L. Petts      

B.R. Fulton, Z. Phys. A. 349, 227-232 (1994)
D.G. Jenkins et al., Phys. Rev. C 76, 044310 (2007)
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Project ID: 121

Title: Optimisation of shell model calculations in the light sd region

Category: Atomic, Molecular & Optical Physics

Supervisor(s): qmjd73

Type: Computation/Theory

Capacity: 1
Summary:

Shell model codes that recreate nuclear level schemes have been around for several decades. 
However, despite the advancement of computer processing power the accuracy of these programs is 
limited especially for larger mass nuclei. The success of a given calculation depends on a number of 
factors including the interactions, model spaces and truncations used. This project will use the 
NuShell program to investigate the optimisation of the parameters initially with a particular focus on 
self-conjugate nuclei (N=Z) in the light sd region. Although this is a computational project 
programming skills are not required. A good grasp of quantum mechanics would be an advantage.

References:

Supervisor(s): qmjd73   

Supervisor(s): Dr P.L. Petts      

NuShell shell model calculations (nucleartheory.net)
Ca48+Bk249 Fusion Reaction Leading to Element Z=117: Long-Lived Î±-Decaying Db270 and 
Discovery of Lr266

Project ID: 40

Title: Induced sidebands in electromagnetically induced transparency with rf-dressed atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0rmp

Type: Computation/Theory

Capacity: 1
Summary:

Illuminating a cloud of atoms with a laser beam can make it transparent to another laser beam it 
would normally absorb, provided the parameters of the two beams are suitably chosen - this is 
electromagnetically induced transparency, or EIT. It has recently been found, in calculations carried 
out in Durham, that the absorption profile of a cold atom cloud can develop additional EIT features, 
termed "induced sidebands", when a radio-frequency field acts on the atoms in the same time as the 
two laser fields. The project will ascertain whether such induced sidebands could also be found in 
thermal ensembles, which would help an experimental verification of this new effect.

References:

Supervisor(s): dph0rmp   

Supervisor(s): Dr R.M.A. Potvliege      

M Tanasittikosol and R M Potvliege, "Sidebands shifts and induced sidebands in rf-dressed Rydberg 
systems", arXiv:1206.5951 (2012)
M Tanasittikosol, "Rydberg dark states in external fields", PhD Thesis (University of Durham, 2011)
M Fleischhauer, M Imamoglu and J P Marangos, "Electromagnetically induced transparency: Optics 
in coherent media", Rev. Mod. Phys. 77 (2005), 633
M G Bason et al, "Enhanced electric field sensitivity of rf-dressed Rydberg dark states", New J. Phys. 
12 (2010) 065015
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Project ID: 41

Title: Recording femtoseconds transients using attosecond pulses

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0rmp

Type: Computation/Theory

Capacity: 1
Summary:

Atoms exposed to a strong, ultrashort laser pulse of a few femtoseconds in duration may emit a 
coherent pulse of extreme ultraviolet radiation of a duration of the order of 100 attoseconds or even 
less. (1 femtosecond is one thousandth of a picosecond and 1 attosecond is one thousandth of a 
femtosecond.) The project is to look into the feasibility of reconstructing the temporal variation of the 
electric field of a weak optical pulse using state-of-the-art techniques recently developed to 
characterize these attosecond pulses. A successful outcome could lead to a way of recording time-
dependent phenomena that are too fast to be followed with existing methods.

References:

Supervisor(s): dph0rmp   

Supervisor(s): Dr R.M.A. Potvliege      

F Krausz and M Ivanov, "Attosecond physics", Rev. Mod. Phys. 81 (2009) 163
K T Kim et al, "Manipulation of quantum paths for space-time characterization of attosecond 
pulses", Nature Physics 9 (2013) 159
R Kienberger et al, "Atomic transient recorder", Nature 427 (2004) 817
C J Joachain, N J Kylstra and R M Potvliege, "Atoms in Intense Laser Fields" (Cambridge University 
Press, Cambridge, 2012)

Project ID: 120

Title: Dipole interactions in laser-driven Rydberg gases

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph0rmp

Type: Computation/Theory

Capacity: 1
Summary:

Rydberg states are atomic states with a large principal quantum number, typically between 30 and 90 
in current experiments. When in such states, atoms normally interact with each other far more 
strongly than in the ground state. Their interaction has a multitude of remarkable consequences, from 
the possibility of generating geometrical, crystal-like structures to the creation of entangled states 
encompassing very large number of atoms. In experiments, such systems are prepared by exposing 
atomic samples to a well chosen combination of laser fields. The project is to study the interplay 
between these fields and the strong "dipole-dipole" interaction acting between atoms in Rydberg 
states.

References:

Supervisor(s): dph0rmp   

Supervisor(s): Dr R.M.A. Potvliege      

S Ji et al, "Inhomogeneities and impurities in a dense one-dimensional Rydberg lattice gas", 
arXiv:1304.5182v1 (2013)
C L Vaillant et al, "Long-range Rydberg-Rydberg interactions in calcium, strontium and ytterbium", 
J. Phys. B 45 (2012) 135004
M Saffman, T G Walker and K Molmer, "Quantum information with Rydberg atoms", Rev. Mod. 
Phys. 82 (2010) 2313
T Pohl, E Demler and M D Lukin, "Dynamical crystallization in the dipole blockade of ultracold 
atoms", Phys. Rev. Lett. 104 (2010) 043002
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Project ID: 23

Title: Using spatial light modulators for atomic physics experiments

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1kjw

Type: Computation/Experiment

Capacity: 1
Summary:

Spatial light modulators (SLMs) are devices which impose a spatial pattern onto a beam of light. 
Increasingly, SLMs are finding uses in atomic physics experiments. Examples include, creating optical 
trapping potentials for cold atoms [1], imprinting spatial patterns on cold electron beams [2] and 
driving atom transitions with orbital angular momentum beams [3]. In this experimental project we 
will setup and program a SLM to create some shaped laser beams for atomic physics applications. 
Some computation of iterative fast Fourier transforms algorithms is required.

References:

Supervisor(s): dph1kjw   

Supervisor(s): Dr K.J. Weatherill      

[1] F. Nogrette et al. 'Single-atom trapping in holographic 2D arrays of microtraps with arbitrary 
geometries' Arxiv 1402.5329
[2] A.J. McCulloch et al. 'Arbitrarily shaped high-coherence electron bunches from cold atoms' 
Nature. Physics 7, 785 (2011)
[3] G. Walker et al, 'Trans-Spectral Orbital Angular Momentum Transfer via Four-Wave Mixing in 
Rb Vapor' Phys. Rev. Lett. 108, 243601 (2012)

Project ID: 24

Title: Development of diode laser systems for a ultracold ion source

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1kjw

Type: Experiment

Capacity: 1
Summary:

Diode lasers are used in a wide variety of atomic physics experiments [1]. In Durham, experiments are 
underway to create an ultracold ion source [2] where will use diode lasers to promote atoms to the 
ionisation threshold using three-step excitation schemes [3]. In this project external cavity diode lasers 
will be built and characterised and then frequency stabilised using spectroscopy of caesium vapour [4].

References:

Supervisor(s): dph1kjw   

Supervisor(s): Dr K.J. Weatherill      

C.E. Wieman and L. Hollberg, Using diode lasers for atomic physics, Rev. Sci. Instrum. 62, 1 (1991)
B. Knuffman, A.V. Steele, J. Orloff and J.J. McClelland, Nanoscale focused ion beam from laser-
cooled lithium atoms, New J. Phys. 13, 103035 (2011)
C. Carr, C.S. Adams and K.J. Weatherill, Polarization spectroscopy of an excited state transition, 
Opt. Lett. 37, 118 (2012)
G. D. Rovera, G. Santarelli, and A. Clairon, A laser diode system stabilized on the Caesium D2 line, 
Rev. Sci. Instrum. 65, 1502 (1994)
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Project ID: 25

Title: Exciting atoms with twisted photons

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1kjw dph0rmp

Type: Computation/Theory

Capacity: 1
Summary:

There are special types of light beams which can carry multiple units of orbital angular momentum 
(OAM) associated with their helical wave fronts. They are known as Laguerre-Gaussian beams and are 
predicted as non-plane-wave solutions of Maxwell equations [1]. In this project we will theoretically 
investigate how these light beams interact with atoms. Recent developments have seen the study of 
transfer of OAM from light to atoms [2] resulting in an increase in transition probabilities [3]. 
Transfer of OAM between light of different frequencies has also been observed experimentally using 
non-linear optical effects in atoms [4].

References:

Supervisor(s): dph1kjw   dph0rmp

Supervisor(s): Dr K.J. Weatherill    Dr R.M.A. Potvliege

[1] L.Allen, M. W. Beijersbergen, R.J. C. Spreeuw, and J.P. Woerdman, Orbital angular momentum 
of light and the transformation of Laguerre-Gaussian laser modes, Phys. Rev. A. 45, 8185 (1992)
[2] A Picon, A Benseny, J Mompart, J R Vázquez de Aldana, L Plaja, G F Calvo and L Roso, 
Transferring orbital and spin angular momenta of light to atoms, New J. Phys. 12, 083053 (2010)
[3] A. Afanasev, C. E. Carlson, A. Mukherjee, Excitation of an Atom by Twisted Photons
[4] G. Walker, A. S. Arnold, and S. Franke-Arnold, Trans-Spectral Orbital Angular Momentum 
Transfer via Four-Wave Mixing in Rb Vapor, Phys. Rev. Lett. 108, 243601 (2012)

Project ID: 26

Title: Three-photon ionisation in alkali atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1kjw dph0rmp

Type: Computation/Theory

Capacity: 1
Summary:

Recent advances in the development of focused ion beams and novel ion sources, in Durham and 
elsewhere, have created a need for new calculations of multiphoton ionization cross sections of 
complex atoms [1]. Three-photon atomic excitation schemes involving inexpensive infrared diode 
lasers [2] are of particular interest to the commercial development of these ion sources. The project 
aims at calculating the corresponding cross sections for the ionization of atoms relevant to current 
research in Durham, such as caesium and rubidium. While the results will be original, the calculations 
will use well known theoretical tools [3,4].

References:

Supervisor(s): dph1kjw   dph0rmp

Supervisor(s): Dr K.J. Weatherill    Dr R.M.A. Potvliege

M. B. Gaarde and K. J. Schaffer, Calculations of resonant multiphoton population transfer in 
potassium atoms at long wavelengths, Phys. Rev. A 62, 053411 (2000)
C. Carr, C.S. Adams and K.J. Weatherill, Polarization spectroscopy of an excited state transition, 
Opt. Lett. 37, 118 (2012)
P. Lambropoulos, A Lyras and X. Tang, The many faces of resonances in multiphoton ionization, J. 
Opt. Soc. Am. B 7, 456 (1990)
B. Knuffman, A.V. Steele, J. Orloff and J.J. McClelland, Nanoscale focused ion beam from laser-
cooled lithium atoms, New J. Phys. 13, 103035 (2011)
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Project ID: 35

Title: Detection of microwave and terahertz radiation using Rydberg atoms

Category: Atomic, Molecular & Optical Physics

Supervisor(s): dph1kjw

Type: Computation/Theory

Capacity: 1
Summary:

Atomic systems are widely used as standards for physical quantities because they enable stable and 
uniform measurements. Highly excited 'Rydberg' atoms are very sensitive to pertubation by electric 
fields and therefore are prime candidates for measuring such fields to high precision. Recent advances 
in Durham [1] have enabled sensitive detection of AC fields [2-4]. The sensitive detection of AC 
fields could be applied to new technologies such as novel radar and security scanning applications. In 
this theory/computation project, the optical response of a Rydberg atom medium will be modeled 
and the effect of radiation on the atomic spectra investigated.

References:

Supervisor(s): dph1kjw   

Supervisor(s): Dr K.J. Weatherill      

Coherent optical detection of highly excited Rydberg states using electromagnetically induced 
transparency, A. K. Mohapatra et al., Phys. Rev. Lett., 98, 113003 (2007).
Microwave electrometry with Rydberg atoms in a vapour cell using bright atomic resonances J.A. 
Sedlacek et al, Nature Physics, 8, 819 (2012)
Atom-Based Vector Microwave Electrometry Using Rubidium Rydberg Atoms in a Vapor Cell J.A. 
Sedlacek et al, Phys. Rev. Lett. 111, 063001 (2013)
Sub-wavelength microwave electric fi eld imaging using Rydberg atoms inside atomic vapor cells 
H.Q. Fan et al, Optics Letters (to appear 2014)

Project ID: 123

Title: Biophysical screening for drug discovery

Category: Biophysics

Supervisor(s): hzpp77

Type: Experiment

Capacity: 2
Summary:

Anti-microbial peptides are an important future resource to protect against the currently developing 
problems of drug resistance. There are many tools available to predict the anti-bacterial properties of 
peptides that make key assumptions about the conditions the peptide will function in. The aim of this 
project is to explore how peptide efficacy changes when solution conditions change to those relevant 
to both microbial and human physiology. Aggregation propensity and self-assembly of a peptide 
library will be screened to enable predictions of anti-microbial activity. This project will take place 
partially in chemistry and the student will need to attend chemistry safety courses.

References:

Supervisor(s): hzpp77   

Supervisor(s): Dr E.H.C. Bromley      

Chadbourne FL, Raleigh C, Ali HZ, Denny PW, Cobb SL*. Studies on the antileishmanial properties 
of the antimicrobial peptides Temporin A, B and 1Sa. J. Pept. Sci. 2011, 17, 751-755
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Project ID: 124

Title: Physics of life: global vibrations in coiled coils 

Category: Biophysics

Supervisor(s): hzpp77

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

Coiled coils are protein structures that communicate information in many biological contexts. The 
aim of this project is to examine crystal structures of coiled coils for evidence that structural flexibility 
and global vibrational modes are protein sequence dependent. This information will be important in 
bio-nanotechnological applications in which control of information flow at the nano-scale will be 
critical as well as opening a new window on the biological function of coiled coils. This project will 
involve extracting and analysing data from protein data bank files as well as understanding how 
protein structure is related to sequence.

References:

Supervisor(s): hzpp77   

Supervisor(s): Dr E.H.C. Bromley      

Rhoda J Hawkins and Tom C.B McLeish J. R. Soc. Interface 2006 3, 125-138

Project ID: 125

Title: Physics of life: self-assembly of Intermediate filaments

Category: Biophysics

Supervisor(s): hzpp77 vdxs54

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Intermediate filaments are a key component of the cytoskeleton of cells and are made up of subunits 
whose structure has recently been solved. The way in which the subunits control self-assembly is 
currently unknown and of great importance both from the perspective of understanding the diseases 
caused by malformation and from the perspective of understanding the physics of self-assembly and 
how information is transmitted throughout the cell. This project will involve applying advanced 
optical techniques, spectroscopy and micro-rheology to self-assembled fibre systems, in order to 
determine the biologically relevant control mechanisms of hierarchical assembly.

References:

Supervisor(s): hzpp77   vdxs54

Supervisor(s): Dr E.H.C. Bromley    Prof J.M. Girkin

Monitoring intermediate filament assembly by small-angle x-ray scattering reveals the molecular 
architecture of assembly intermediates, Anna V. Sokolova, Laurent Kreplak, et al. PNAS 2006
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Project ID: 22

Title: Cytoplasmic Streaming: Studying the Physics of the Movements within Cells

Category: Biophysics

Supervisor(s): vdxs54

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

Within all cells chemicals have to be moved as required. In plants this is related to the movement of 
the green structure, chloroplasts, which are moved along the actin cytoskeleton within the cells. This 
project will analyse the motion of these vesicles at high speed under a range of conditions, in 
particular temperature, to study their different modes of motion and speed of response to external 
stimuli initially temperature. The project involves controlling a camera on a optical microscope and 
software development to analyse the images. The initial samples will be Elodea and based upon the 
data analysis a model will be constructed to explain the behavior using core physical principles.

References:

Supervisor(s): vdxs54   

Supervisor(s): Prof J.M. Girkin      

T Shimmen, E Yokota Cytoplasmic Streaming in Plants Current Opinion in Cell Biology 16, 68-72, 
2004
F G Woodhouce, R E Goldstein, Cytoplasmic streaming in in plant cells emerges naturally by 
microfilament self-organisation PNAS 110, 14132-14137, 2013
Video showing the movement, look at both the high speed and low speed movement

Project ID: 63

Title: Biophysics of area changes in cells – Theory

Category: Biophysics

Supervisor(s): wcgj24 pjqs47

Type: Computation/Theory

Capacity: 1
Summary:

Important to many cell functions is the ability of cell membranes to accommodate mechanical 
stresses. For example, during migration, division or nutritional uptake, cells are capable of altering 
their surface area by up to 60% through stark changes in their membrane morphology[1]. To gain 
insights into these complex processes, you will theoretically study the morphological transformations 
of model membrane systems upon a sudden excess of surface area[2,3], accounting for membrane 
elasticity and their interactions with the surrounding aqueous phases. The theoretical predictions will 
then be compared to experiments on synthetic vesicles[4], where the area changes can be varied 
systematically.

References:

Supervisor(s): wcgj24   pjqs47

Supervisor(s): Dr H. Kusumaatmaja    Dr M.S. Staykova

Gauthier et al., Trends in Cell Biology 22, 527–535 (2012)
Staykova et al., Phys. Rev. Lett. 110, 028101 (2013)
Lipowsky, Faraday Discuss. 161, 305-331 (2013)
Dimova et al., J. Phys.: Condens. Matter 18, S1151-S1176 (2006)
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Project ID: 122

Title: Modelling phase separation inside a synthetic cell

Category: Biophysics

Supervisor(s): wcgj24

Type: Computation

Capacity: 1
Summary:

Macromolecular crowding is known to cause phase separation in cytoplasm[1]. This in return has 
numerous implications for cellular functions. Here we will focus on modelling one particular physical 
aspect: how deformable boundary (provided by lipid membranes) affects phase separation. The 
dynamics of phase separation has been suggested to deform the membrane, including causing the 
formation of tubular structures[2]. We further postulate that such deformation will considerably 
change the phase separation kinetics. You will use lattice Boltzmann simulations[3] to test these 
hypotheses. Where possible, you will compare your results against recent experiments using synthetic 
lipid vesicles[2,4].

References:

Supervisor(s): wcgj24   

Supervisor(s): Dr H. Kusumaatmaja      

Walter and Brooks, FEBS Letters 361, 135-139 (1995).
Li et al., PNAS 108, 4731-4736 (2011).
Gonnella et al., Phys. Rev. Lett. 78, 1695 (1997).
Kusumaatmaja et al., Physical Review Letters 103, 238103 (2009)

Project ID: 160

Title: Modelling Mitochondrial Motility

Category: Biophysics

Supervisor(s): dph3cds

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

Mitochondria are a key element of cells. Molecular motors such as kinesin drag mitochondria along 
microtubules within cells. These motors act in both coordinated and opposing states. Complex forms 
of behaviour are observed to occur during the transport of Mitochondria, and defects in these cause 
many diseases. Given access to movies of mitochondrial motion you will construct a computer model 
of their transport processes, using both physical and statistical methods, such as: Strength and step 
size of molecular motors, distribution of energy sources, dynamically changing microtubule network, 
viscous drag and Brownian motion. You will use this model to study chemotaxis like behaviour.

References:

Supervisor(s): dph3cds   

Supervisor(s): Dr C.D. Saunter      

The Inner Life of a Cell
Müller, M. J. I., Klumpp, S., & Lipowsky, R. (2008). Tug-of-war as a cooperative mechanism for 
bidirectional cargo transport by molecular motors. Proceedings of the National Academy of Sciences 
of the United States of America, 105(12), 4609-14.
[2] Yi, M., Weaver, D., & Hajnoczky, G. (2004). Control of mitochondrial motility and distribution 
by the calcium signal: a homeostatic circuit. The Journal of cell biology, 167(4)
Saunter, C. D., Perng, M. D., Love, G. D., & Quinlan, R. A. Stochastically determined directed 
movement explains the dominant small-scale mitochondrial movements within non-neuronal tissue 
culture cells. FEBS Lett, 583(8), 1267-1273.
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Project ID: 115

Title: Biophysics of area changes in cells – Experiment

Category: Biophysics

Supervisor(s): pjqs47 wcgj24

Type: Experiment

Capacity: 1
Summary:

Important to many cell functions is the ability of cell membranes to accommodate mechanical 
stresses. For example, during migration, division or nutritional uptake, cells are capable of altering 
their surface area by up to 60% through stark changes in their membrane morphology. To gain 
insights into these complex processes, synthetic lipid vesicles can be used as a cell model. The student 
will employ fluorescent microscopy and image analysis to examine quantitatively the morphological 
transformations of vesicle membranes upon sudden excess of surface area. The experimental 
observations will then be compared to a mechanical model of the lipid membrane.

References:

Supervisor(s): pjqs47   wcgj24

Supervisor(s): Dr M.S. Staykova    Dr H. Kusumaatmaja

Gauthier et al., Trends in Cell Biology 22, 527–535 (2012)
Dimova et al., J. Phys.: Condens. Matter 18, S1151-S1176 (2006)
Staykova et al., PNAS 108, 9084-9088 (2011)
Lipowsky et al., Nature 349, 475 - 481 (1991)

Project ID: 126

Title: Mechanical architecture of the cell interface

Category: Biophysics

Supervisor(s): pjqs47

Type: Experiment

Capacity: 1
Summary:

Biological cells possess dynamic and highly functional interfaces, comprised of a thin lipid membrane 
sandwiched between two porous, elastic substrates- the actin cortex and the extracellular matrix. With 
the recent insights on the complex dynamics of thin elastic films, the question of whether the 
mechanical architecture of the cell interface plays a role in the biological phenomena becomes highly 
relevant. To study this we will develop lipo-gel systems as a mimic of the cell interface and will 
analyze their mechanical response by optical microscopy. Such responsive bio-mimetic interfaces are 
of direct interest to the medical industry.

References:

Supervisor(s): pjqs47   

Supervisor(s): Dr M.S. Staykova      

Mei et al., Appl. Phys. Lett. 90, 151902 (2007)
Sackmann et al., Trends in Biotechnology 18, 58-64 (2000)
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Project ID: 13

Title: Influence of curvature and composition on the apparent surface charge (zeta 
potential) of lipid vesicles

Category: Biophysics

Supervisor(s): wvnk16

Type: Data Analysis/Experiment

Capacity: 2
Summary:

Lipids are the main component of living cell's membranes. In solution, they can self-assemble in 
different structures and shapes such as bilayer and vesicles. In this project, the zeta potential of lipid 
vesicles will be measured in solution using dynamic light scattering. Vesicles of the desired size (20nm-
200nm) and composition can be created by extrusion. The goal is to study the influence of the 
vesicle's curvature and lipid composition on the resulting zeta values.

References:

Supervisor(s): wvnk16   

Supervisor(s): Dr K.V. Voitchovsky      

Dynamic light scattering: with applications to chemistry, biology, and physics
Techniques in the life sciences: biochemistry. Vol.B4/1, Techniques in lipid and membrane 
biochemistry

Project ID: 14

Title: The influence of adsorbed buffering agent on the apparent surface of mica

Category: Biophysics

Supervisor(s): wvnk16

Type: Data Analysis/Experiment

Capacity: 2
Summary:

Mica is a natural alumina-silicate crystal that is often used as a substrate for microscopy and 
diffraction experiments in solution. In typical biophysics experiments, the pH of the measuring 
solution is achieved with a buffer. Recent results suggest that the buffer molecules can adsorb to the 
surface of mica and modify its apparent properties. In this project, atomic force microscopy will be 
used to investigate the surface of mica in different buffer solutions with sub-nanometre resolution. 
The goal is to study the extent and stability of this surface modification.

References:

Supervisor(s): wvnk16   

Supervisor(s): Dr K.V. Voitchovsky      

Atomic force microscopy : understanding basic modes and advanced applications
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Project ID: 175

Title: Creating Anisotropic Nanomposite Dielectrics

Category: Condensed Matter Physics

Supervisor(s): dph0da

Type: Experiment

Capacity: 1
Summary:

Conductive composites materials composed of metal or other conductive filler particles, such as 
nickel or carbon black, dispersed within insulating elastomers have pressure sensitive electrical 
conducting behaviour that have been used in applications for pressure sensing [1-4]. Such 
nanocomposites also have outstanding dielectric properties arising from the combination of insulating 
matrix and conductive filler that give rise to a very large relative permittivity, which has been study in 
isotropic composites. Here, the aim is to create composites with anisotropic structure created by 
magnetic field alignment and then to measure and understand dielectric behaviour as a function of 
frequency.

References:

Supervisor(s): dph0da   

Supervisor(s): Dr D. Atkinson      

Example of materials applications by Peratech Ltd
A metal-polymer composite with unusual properties J. Phys D: App Phys. 2005
Metal-polymer composite with nanostructured filler particles and amplified physical properties Appl. 
Phys. Letts.
A multi-component nanocomposite screen-printed ink with non-linear touch sensitive electrical 
conductivity

Project ID: 176

Title: Thickness and Interfacial Electronic Effects in Nanoscale Ferromagnetic/Non-
Magnetic Thin Film Systems

Category: Condensed Matter Physics

Supervisor(s): dph0da

Type: Experiment

Capacity: 1
Summary:

The electronic behaviour of ferromagnetic materials in the form of nanoscale thickness films can be 
influenced and modified by the addition of non-magnetic under-layers and capping layers, including 
changes to the magnetic moment, spin-orbit coupling and magnetic anisotropy. In this project 
samples will be fabricated using a thin-film deposition system to investigate the effect of non-
magnetic layers on the anisotropic magnetic resistance and magnetization behaviour in order to 
understand the influence of the non-magnetic material and the thickness dependence of the both the 
ferromagnetic and non-magnetic layers. An In-situ magnetoresistance measurement system may also 
be utilised.

References:

Supervisor(s): dph0da   

Supervisor(s): Dr D. Atkinson      

New Possibilities for Tuning Ultrathin Cobalt Film Magnetic Properties by a Noble Metal Overlayer
Increased Gilbert damping in spin valves and magnetic tunnel junctions
Effect of 3d, 4d, and 5d transition metal doping on damping in permalloy thin films
Study of focused-ion-beam-induced structural and compositional modifications in nanoscale bilayer 
systems by combined grazing incidence x ray reflectivity and fluorescence
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Project ID: 177

Title: Searching for magnon-enhanced resistivity in ferromagnets

Category: Condensed Matter Physics

Supervisor(s): dph0da

Type: Experiment

Capacity: 1
Summary:

New results coming from the spintronics group in Durham [1] suggest that the resistivity of 
ferromagnetic metals increases very rapid as the film thickness falls below 10 nm and that in addition 
to interfacial scattering existing in all metals, some of this increase is attributable to increased 
electronic scattering due to magnons. This project will test this hypothesis by preparing thin-film 
samples of ferromagnetic and non-magnetic metals as a function of thickness down to 2 nm by 
vacuum deposition. The electrical resistivity will be measured as function of thickness and the data 
analysed using Fuchs-Sondhiemer analysis [2] to interpret the thickness dependence of the resistivity.

References:

Supervisor(s): dph0da   

Supervisor(s): Dr D. Atkinson      

Enhanced Electron-Magnon Scattering in Ferromagnetic Thin-Films and the Breakdown of the Mott 
Two Current Model
Some Transport properties of Transition Metal Films - M.A. Angadi

Project ID: 178

Title: Micromagnetic modelling of nanoscale magnetisation processes 

Category: Condensed Matter Physics

Supervisor(s): dph0da

Type: Computation

Capacity: 1
Summary:

Magnetization configurations (magnetic domain structures) and dynamic magnetisation behaviour can 
be determined from the minimisation of a collection of energy terms. the damped precessional 
behaviour of individual magnetic spin moments can be described by the Landau-Lifshitz-Gilbert 
equation and used to model the dynamics in ferromagnetic thin-films and nanostructures using 
micromagnetic models [1,2]. The micromagnetic simulation code called OOMMF [3] is widely used to 
understand the static and dynamic magnetisation behaviour of nanostructures. In this project 
OOMMF will be set-up by the student and used to model static and dynamic magnetisation behaviour 
in nanomagnetic structures.

References:

Supervisor(s): dph0da   

Supervisor(s): Dr D. Atkinson      

Example of micromagnetic modelling of arrays of magnetic nanodots
Example of dynamic simulations of magnetic domain wall behaviour in nanowire
OOMMF - Object Oriented MicroMagnetic Framework
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Project ID: 44

Title: Fabrication, characterisation and theoretical modelling of multilayer photonic 
structures

Category: Condensed Matter Physics

Supervisor(s): dph0sb lcfl72

Type: Computation/Experiment/Theory

Capacity: 1
Summary:

A multilayer Bragg stack consisting of alternate layers of high and low refractive index materials forms 
a photonic bandgap structure: such structures are commonly employed in the design of optical filters 
but have more diverse applications when employed as a component in other systems. The aim of this 
project is to design/model such structures, fabricate them using in-house sputtering equipment and 
then measure their optical transmission characteristics. It is intended to consider two different 
material system combinations composed of TiO2/SiO2 and Si/SiO2 respectively. The project may be 
appropriate for someone with an equal interest in both theory/modelling and experiment.

References:

Supervisor(s): dph0sb   lcfl72

Supervisor(s): Dr S. Brand    Dr A.T. Hindmarch

S. Brand et al, Optics Letters Vol 35 p2085 (2010)
P. Yeh et al, J. Opt. Soc. Am. Vol. 67 p423 (1976)
R. E. Treharne (Thesis), RF Magnetron sputtering......... (2011)

Project ID: 101

Title: Theoretical study of 1-D oxide and nitride structures for plasmonic applications

Category: Condensed Matter Physics

Supervisor(s): dph0sb

Type: Computation/Theory

Capacity: 1
Summary:

The conventional materials employed for plasmonic applications are usually the noble metals, gold 
and silver. However, there is increasing interest in the use of metallic oxides and nitrides such as ITO 
(indium tin oxide) and titanium nitride as cheaper and potentially more versatile alternatives. The 
purpose of this project is to employ suitable representations of the dielectric properties of these 
materials in the further theoretical/computational investigation of their potential uses, particularly in 
the context of multilayer 1-D structures.

References:

Supervisor(s): dph0sb   

Supervisor(s): Dr S. Brand      

Oxides and nitrides as alternative plasmonic materials in the optical range, G. V Naik et al, Optical 
Materials Express, 1 p1090 (2011)
Tailor-made surface plasmon polaritons above the bulk plasma frequency...... S. Brand et al, J. Phys. 
D. 43 145104 (2010)
A collection of nanoplasmonic and metamaterial papers can be found in the Optical Materials 
Express issue featuring ref. 1.
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Project ID: 33

Title: Experimental studies of photonic bandgaps

Category: Condensed Matter Physics

Supervisor(s): dph0ghc dph0sb

Type: Experiment

Capacity: 1
Summary:

Surface-enhanced amplitude optical fields are of interest for both optical sensing and photonic 
switching devices. A Bragg stack of dielectric layers of alternate high and low refractive index forms a 
photonic bandgap structure exhibiting this property. Our research has shown that allowed states in 
the gap can be observed when the layers are deposited onto a glass prism. Extensions to the work 
described in our recent paper are now required. We want to examine the allowed states on individual 
prisms rather than on a pair and we want to study the properties of the reflected light coming back 
from the stack when the states are excited using a tunable diode laser.

References:

Supervisor(s): dph0ghc   dph0sb

Supervisor(s): Dr G.H. Cross    Dr S. Brand

Cross and Brand, Appl. Phys. Lett., 99, 191106 (2011)
Barnes, Dereux and Ebbesen, Nature 424, 824 - 830 (2003)

Project ID: 36

Title: Physico-chemical interactions with ultra-thin polymer layers

Category: Condensed Matter Physics

Supervisor(s): dph0ghc

Type: Experiment

Capacity: 1
Summary:

The physico-chemical properties at the interface between the environment and hair, skin, tooth 
enamel, or other exposed biological surfaces drives R&D in the fast moving consumer goods 
(FMCG) industry. The interfacial region is a nanometre scale space within which electrostatic forces 
create the conditions necessary for the binding or removal of nanoscale contaminants, drugs, 
surfactants and so on. Examination of this sub-micron region requires surface sensitive techniques. 
DPI methods are suitable and this project will undertake waveguide polymer layer deposition and 
refractometric studies of potential interest to Durham's main commercial research partner developing 
and selling FMCGs.

References:

Supervisor(s): dph0ghc   

Supervisor(s): Dr G.H. Cross      

Farfield Group Web Page - log in for information or request from g.h.cross@durham.ac.uk
Dual Polarization Interferometry: A Real-Time Optical Technique for Measuring (Bio)molecular 
Orientation, Structure and Function at the Solid/Liquid Interface
Further information on Research Gate
P&G research pages

68



Project ID: 30

Title: Using Time-resolved Fluorescence Spectroscopic Studies to Investigate the 
Interaction between Protein kinase-endoribonuclease Ire1 and Adenine Nucleotides

Category: Condensed Matter Physics

Supervisor(s): dph0fmd

Type: Experiment

Capacity: 1
Summary:

This project is at the interface between physics and biology and involves using steady-state and time 
resolved optical spectroscopy techniques, including steady-state, and ps-fluorescence lifetime and 
anisotropy acquisitions, to characterise conformational changes induced in the protein Ire1, activated 
by accumulation of unfolded or misfolded proteins in the endoplasmic reticulum (ER) of eukaryotic 
cells. The objectives of this project aim to establish technologies to enable experiments to address the 
broader aim described above. The work will involve characterising changes in the protein 
fluorescence in response to different nucleotide ligands.

References:

Supervisor(s): dph0fmd   

Supervisor(s): Dr F.M.B. Dias      

J.R.Lakowicz, J. Biochemical and Biophysical Methods, 2, 91-119, 1980
J. R. Lakowicz, Photochemistry and Photobiology, 72, 421-437, 2000
M. Noronha et al., Biophysical Journal, 92, 4401–4414, 2007
Yves Engelborghs, Spectrochimica Acta Part A, 57, 2255-2270, 2001

Project ID: 31

Title: Synthesis and Characterisation of Water Soluble dye-doped Nanoparticles for 
Oxygen Sensing and Bio-imaging Applications

Category: Condensed Matter Physics

Supervisor(s): dph0fmd

Type: Experiment

Capacity: 1
Summary:

Considerable attention has been devoted over the years to develop reliable techniques for the 
detection of oxygen, due to its significance in a variety of applications ranging from life to 
environmental sciences, in particular continuous monitoring of oxygen concentration is of great 
importance in monitoring cell growth and food packaging. In this project, the photophysics of 
nanoparticles containing organic fluorescent dyes, with long emission lifetimes will be investigated in 
order to develop molecular sensors and fluorescent probes for bio-imaging applications. This work 
will allow evaluating the potential of triplet harvesting mechanisms, in sensing and Bio-imaging.

References:

Supervisor(s): dph0fmd   

Supervisor(s): Dr F.M.B. Dias      

Wang et al., Methods Appl. Fluoresc. 2013, 1, 035002
Papkovsky, D.B.; Dmitriev, R.I.; Chem. Soc. Rev. 2013, 42, 8700
Quaranta, M. et al., Bioanal Rev 2012, 4, 115–157.
Schaferling, M.; Angwandte Reviews 2012, 51, 3532–3554.
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Project ID: 32

Title: Photophysics of Organic Semiconductors for Light Emitting Applications

Category: Condensed Matter Physics

Supervisor(s): dph0fmd

Type: Experiment

Capacity: 1
Summary:

Harvesting triplet dark states in organic light emitting devices (OLEDs) is of extreme importance to 
improve device efficiencies. Thermal activated delayed fluorescence (TADF) is being actively 
characterized with great success in small molecules, but so far no TADF has been reported in 
polymers. This seriously hinders the fabrication TADF based devices, employing solution methods. In 
this work, low band gap polymers, polymer-small molecule, and polymer-polymer blends, able to 
form exciplex states, will be investigated to obtain TADF in solution processable materials. This work 
aims to elucidate the complex and rich photophysics of these possible TADF blends.

References:

Supervisor(s): dph0fmd   

Supervisor(s): Dr F.M.B. Dias      

S. R. Forrest, Nature 2004, 428, 911.
M. A. Baldo et. al, Nature 1998, 395, 151.
Fernando B. Dias et.al., Adv. Mater., 25, 3707-3714, 2013.
H. Uoyama et. al., Nature, 492, 234-238, 2012.

Project ID: 8

Title: Non-equilibrium statistical mechanics of complex and biological systems

Category: Condensed Matter Physics

Supervisor(s): wpcs59

Type: Computation/Theory

Capacity: 1
Summary:

Statistical mechanics tells us the probability that a system adopts a given configuration when in 
thermal equilibrium. Much less is known about non-equilibrium systems. Here we explore two 
different kinds of non-equilibrium situation in the context of complex and biological materials. The 
first concerns systems driven out of equilibrium by external forcing. (An example is stirring oil and 
water to give a non-equilibrium mixed state; the equilibrium state without stirring would be demixed.) 
The second concerns suspensions of particles that are "biologically active", with each particle using 
energy via ATP. Example include suspensions of swimming bacteria; and the cytoskeleton of our cells.

References:

Supervisor(s): wpcs59   

Supervisor(s): Prof S.M. Fielding      

Active gels: where polymer physics meets cytoskeletal dynamics, T.B. Liverpool, Philosophical 
Transactions of the Royal Society A, 364, 3335-3355 (2006)
Statistical mechanics of interacting run-and-tumble bacteria, J. Tailleur, M. E. Cates, Physical Review 
Letters, 100, 218103 (2008)
Nonequilibrium steady states in sheared binary fluids, P. Stansell, K. Stratford, J.C. Desplat, et al. 
Physical Review Letters, 96, 085701 (2006)
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Project ID: 191

Title: Corrections to the Born Oppenheimer approximation and geometric phase for a 
model system

Category: Condensed Matter Physics

Supervisor(s): gtlm13

Type: Computation/Theory

Capacity: 2
Summary:

In order to simplify the quantum mechanical study of molecules and solids we separate the electronic 
and nuclear motions (adiabatic approximation) based on the large difference between the electron and 
nuclear masses. When the electronic levels become degenerate the adiabatic description breaks down 
but it is still possible to generalise the notion of a potential surface although now the surface must be 
coupled to the nuclear wavefunction. This project involves the calculation of non-adiabatic 
corrections for simple molecules or solids. During the study we shall encounter and study effects such 
as geometric (Berry) phases which arise naturally when electronic degeneracies are present.

References:

Supervisor(s): gtlm13   

Supervisor(s): Dr N.G. Gidopoulos      

Adiabatic/Born Oppenheimer approximation: A. Messiah, "Quantum Mechanics", North Holland 
Publishing Company, Amsterdam, Vol II, pages 786-793.
N.I. Gidopoulos, E.K.U. Gross, Electronic non-adiabatic states: towards a density functional theory 
beyond the Born–Oppenheimer approximation, Phil. Trans. R. Soc. A, 372, 20130059 (2014)
The first sections up to 5A of the review: M.S. Child, "Early Perspectives on Geometric Phase" in 
"The Role of Degenerate States in Chemistry: A Special Volume of Advances in Chemical Physics, 
Volume 124, (2002), Edited by Michael Baer and Gert Due Billing, John Wiley & Sons, Inc
First section in: D.R. Yarkony "Nonadiabatic Quantum Chemistry - Past, Present, and Future", 
Chemical Reviews, Vol. 112, pp 481-498, (2012).

Project ID: 199

Title: Investigation of self-interaction errors in electronic structure calculations

Category: Condensed Matter Physics

Supervisor(s): gtlm13

Type: Computation/Theory

Capacity: 1
Summary:

In physics, chemistry and materials science, density functional theory (DFT) is a the most widely used 
method to study and predict the electronic structure of large systems. Approximations in DFT 
introduce several errors; prominent among these is the self-interaction (SI) of an electron with itself. 
The correction of such errors is important, as it would improve drastically the accuracy of 
calculations. After an introduction to the fundamentals of the theory of electronic structure (Hartree-
Fock and Kohn-Sham equations, possibly with an extension to excited states) the project will focus 
on the analysis and correction of the SI error in DFT, both analytically and computationally.

References:

Supervisor(s): gtlm13   

Supervisor(s): Dr N.G. Gidopoulos      

NI Gidopoulos "Progress at the interface of wave-function and density-functional theories" Phys. 
Rev. A 83, 040502(R) (2011)
TW Hollins, SJ Clark, K Refson, and NI Gidopoulos, "Optimized effective potential using the 
Hylleraas variational method", Phys. Rev. B 85, 235126 (2012)
NI Gidopoulos and NN Lathiotakis "Constraining density functional approximations to yield self-
interaction free potentials" J. Chem. Phys. 136 , 224109 (2012)
E Pastorczak, NI Gidopoulos, and K Pernal, "Calculation of electronic excited states of molecules 
using the Helmholtz free-energy minimum principle", Phys. Rev. A 87, 062501 (2013)
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Project ID: 109

Title: Sustainable materials for thin film solar cells

Category: Condensed Matter Physics

Supervisor(s): dph0dph

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Large scale use of solar photovoltaic devices requires low cost materials. Current thin film solar cells 
use materials that have relatively low abundance and are too expensive for large scale application. 
Recently new materials have been developed based on abundant low cost elements. One example is 
the kesterite system based on Cu, Zn Sn and S. This project will look at the development of thin films 
of this material and explore ways in which these materials can be developed to produce 
semiconductor layers appropriate for thin film solar cell devices. The project will involve some 
growth of thin films and measurement and analysis of films and devices.

References:

Supervisor(s): dph0dph   

Supervisor(s): Dr D.P. Halliday      

High-Efficiency Solar Cell with Earth-Abundant Liquid-Processed Absorber, T. K. Todorov et al. 
Advanced Materials 22 (2010) E156
Towards sustainable photovoltaics: the search for new materials. Philosophical Transactions of the 
Royal Society a-Mathematical Physical and Engineering Sciences, 2011. 369(1942): p. 1840-1856.
Platzer-Bjorkman, C., J. Scragg, H. Flammersberger, T. Kubart, and M. Edoff, Influence of 
precursor sulfur content on film formation and compositional changes in Cu2ZnSnS4 films and solar 
cells. Solar Energy Materials and Solar Cells, 2012. 98: p. 110-117

Project ID: 110

Title: Measurement and analysis of high resistivity CdZnTe crystals for radiation detectors

Category: Condensed Matter Physics

Supervisor(s): dph0dph

Type: Data Analysis/Experiment

Capacity: 1
Summary:

The development of high quality CdZnTe crystals for high energy radiation detector applications is of 
critical importance for a wide range of technologies. Crystals of CdZnTe are proven as suitable 
detectors of X-ray and gamma radiation with the potential to produce sensitive room-temperature 
detectors thereby having application for measuring low radiation intensity. Device quality CdZnTe 
detector material requires high crystal quality with minimal crystalline defects, high resistivity to 
ensure low device leakage current and good charge transport properties as measured by the electron 
mobility-lifetime product. The project will assess a range of CdZnTe crystals for radiation detectors.

References:

Supervisor(s): dph0dph   

Supervisor(s): Dr D.P. Halliday      

 1.Chapter 9 in Semiconductors for Room Temperature Nuclear Detector Applications, T.E 
Schlesinger and R.B. James, Semiconductors and Semimetals volume 43, Academic Press, 1995.

 3.Crystal growth of large-diameter bulk CdTe on GaAs wafer seed plates, J.T. Mullins et al, Journal 
of Crystal Growth, 310 (2008) 2058.
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Project ID: 189

Title: Nanoparticle ink methods for fabrication of thin film solar cells

Category: Condensed Matter Physics

Supervisor(s): dph0dph

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Solar cells are too expensive to permit widespread terrestrial use. Overcoming this requires structures 
which are low cost and robust. Thin film inorganic PV devices can be fabricated using a range of 
approaches designed to lower the cost. One method that shows potential for low cost fabrication is 
using an ink based approach. This project will involve fabrication of inorganic nanoparticles by 
solution based methods to produce a nanoparticle ink. These inks can be used to produce thins films 
which will then be assessed as possible options for thin film PV devices. The project will identify 
strategies for improving PV device performance.

References:

Supervisor(s): dph0dph   

Supervisor(s): Dr D.P. Halliday      

Synthesis of Cu2ZnSnS4 Nanocrystal Ink and Its Use for Solar Cells, J. Am. Chem. Soc., 2009, 131 
(33), pp 11672-11673
Low-Cost Inorganic Solar Cells: From Ink To Printed Device By:Habas, SE; Platt, HAS; van Hest, 
MFAM and Ginley, DS. CHEMICAL REVIEWS, Volume: 110, Issue: 11, Pages: 6571-6594
Size control and quantum confinement in Cu2ZnSnS4 nanocrystals by Khare, Ankur; Wills, Andrew 
W.; Ammerman, Lauren M.; et al. CHEMICAL COMMUNICATIONS Volume: 47  Issue: 42  
Pages: 11721-11723
CZTS nanocrystals: a promising approach for next generation thin film photovoltaics By: Zhou, 
Huanping; Hsu, Wan-Ching; Duan, Hsin-Sheng; et al.ENERGY & ENVIRONMENTAL 
SCIENCE Volume: 6  Issue: 10  Pages: 2822-2838  Published: OCT 2013

Project ID: 190

Title: Calculation of the phase diagram of the I-II-IV-VI semconductor system

Category: Condensed Matter Physics

Supervisor(s): dph0dph

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

The I_2-II-IV-VI_4 semiconductor Cu_2ZnSnS_4 shows considerable promise as a suitable absorber 
layer for thin film solar cells. As it is composed of elements with high relative abundance it can be 
fabricated on a large scale. Recent advances have produce devices with over 12% conversion 
efficiency. Despite this little is known about the phase diagram for this complex quaternary 
compound. During growth it is possible to produce binary and elemental phases which will have a 
deleterious effect on PV device performance. This project will develop a theoretical model to 
calculate the phase diagram to determine the compositional equilibrium of I_2-II-IV-VI_4

References:

Supervisor(s): dph0dph   

Supervisor(s): Dr D.P. Halliday      

The path towards a high performance solution processed kesterite solar cell. Solar Energy Materials 
and Solar Cells 95 (2011) 1421
Preparation of Cu2ZnSnS4 single crystals from Sn solutions JOURNAL OF CRYSTAL GROWTH 
341 (2012) 38-41
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Project ID: 58

Title: Current transfer and joints in high-field superconductors - Experimental Project

Category: Condensed Matter Physics

Supervisor(s): dph0dh

Type: Experiment

Capacity: 1
Summary:

YBCO and BiSCCO are high temperature superconductors with a critical temperature (Tc) of > 90 K. 
Measurements of the Voltage-Current (V-I) characteristics will be made as a function of temperature 
to characterise the way in which electrical current transfers from normal metals into superconducting 
materials. Multiple voltage taps will distinguish resistive from superconducting regions both in zero 
and non-zero B-fields at cryogenic temperatures. This project considers the practical use of 
superconductors in high magnetic field applications such as the ITER tokamak. Interest in concepts 
discussed in the Electromagnetism and Condensed Matter Physics courses are particularly relevant.

References:

Supervisor(s): dph0dh   

Supervisor(s): Prof D.P. Hampshire      

Experimental techniques for low temperature measurements, J W Ekin pg 291, 2006
The ITER Tokamak Homepage
Current transfer in multifilamentary superconductors I. theory. Ekin JW JAP 49 6 3406 1978.
Current transfer in multifilamentary superconductors II. experimental results. Ekin JW Clark AF and 
Ho JC JAP 49 6 3410 1978.

Project ID: 59

Title: Current transfer and joints in high-field superconductors - 
Computational/Theoretical 

Category: Condensed Matter Physics

Supervisor(s): dph0dh

Type: Computation/Theory

Capacity: 1
Summary:

Composite superconductors are the key component of high field superconducting magnets. In 
magnets, normal current must cross the resistive components of the composite and eventually flow 
entirely in the superconducting filaments. This process is understood within the framework of 
Poisson equation and Ohm's law but only solved for very simple geometries. Computational methods 
will be developed to calculate the spatial variation of the E-field in a composite superconductor with 
practical (complex) geometries. The results will be compared to experimental data in the literature as 
well as that already generated in Durham.

References:

Supervisor(s): dph0dh   

Supervisor(s): Prof D.P. Hampshire      

Experimental techniques for low temperature measurements, J W Ekin pg 291 2006
Current transfer in multifilamentary superconductors I. theory. Ekin JW JAP 49 6 3406 1978.
Current transfer in multifilamentary superconductors II. experimental results. Ekin JW Clark AF and 
Ho JC JAP 49 6 3410 1978.
The ITER Tokamak
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Project ID: 61

Title: Magnetic hysteresis of high and low temperature superconductors  in high magnetic 
fields using Bean's model and Maxwell's equations - Computational/Theoretical 

Category: Condensed Matter Physics

Supervisor(s): dph0dh

Type: Computation/Theory

Capacity: 1
Summary:

We will investigate the hysteretic magnetic properties of high temperature and low temperature 
superconductors in magnetic fields. The temperature and magnetic field dependence of the critical 
current and upper critical field can provide a vital insight into understanding the intrinsic and extrinsic 
properties of these materials. We intend to improve our understanding of how supercurrents can flow 
through anisotropic polycrystalline superconducting materials using Bean's model and time dependent 
solutions to Maxwell's equations. We want to increase the current density in superconductors for use 
in high field applications such as fusion energy tokamaks, particle accelerators and MRI scanners.

References:

Supervisor(s): dph0dh   

Supervisor(s): Prof D.P. Hampshire      

C P Bean, "Magnetization of high-field superconductors," Rev. Mod. Phys. 36, 31-39 (1964).
C P Bean, "Magnetization of hard superconductors," Phys. Rev. Lett. 8 (6), 250-253 (1962).
P. Sunwong, J. S. Higgins, Y. Tsui, M. J. Raine and D. P. Hampshire - The critical current density of 
grain boundary channels in polycrystalline HTS and LTS superconductors in magnetic fields - SUST 
26 095006 (2013)

Project ID: 195

Title: High Temperature Thermometry at 700 C - Experimental Project

Category: Condensed Matter Physics

Supervisor(s): dph0dh

Type: Experiment

Capacity: 1
Summary:

Durham University houses the European Fusion Energy Reference Laboratory which fabricates and 
measures superconducting materials at temperatures up to 700 C using hot plates, high purity Argon 
furnaces and scanning calorimetry. This research project has three broad components: a review of the 
development of high temperature thermometry and summary of current state-of-the-art practice; 
experimental measurements to assess the accuracy of high temperature thermometry currently used in 
Durham; the proposal and implementation of a practical means to significantly improve the accuracy 
of the thermometry used at 700 C in the high temperature (high purity) furnaces in Durham for 
fusion energy.

References:

Supervisor(s): dph0dh   

Supervisor(s): Prof D.P. Hampshire      

Childs P R N, Greenwood J R and Long CA. Review of temperature measurement. Rev Sci Instru. 
71 1 2959 2000
High Temperature Radiation Thermometry at NPL
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Project ID: 149

Title: X-ray reflectivity structural studies of CaCuO2/LaSrMnO3 superconducting 
superlattices

Category: Condensed Matter Physics

Supervisor(s): dph0pdh

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Novel superconducting superlattices based on two insulating oxides, CaCuO2 and La2/3Sr1/3MnO3 
have been grown by our collaborators at Tor Vergata University, Rome They show superconductivity 
with a maximum Tc of 40 K. Only one of the two constituents contains the CuO2 planes essential to 
develop the superconductivity. Both CCO and LSMO cannot individually become superconductors 
therefore superlattices based on these constituents allow us to clearly correlate the origin of the 
superconductivity to the layered structure, rather than to extrinsic effects. This project will involve x-
ray reflectivity, possibly involving synchrotron radiation, to characterise the structures and interfaces.

References:

Supervisor(s): dph0pdh   

Supervisor(s): Prof P.D. Hatton      

P. Zubko et al., Annu. Re. Condens. Matt. 2, 141 (2011)
J. Chakhalian et al., Nat. Phys., 2, 244 (2006)
N. Yang et al., J. Appl. Phys., 112 123901 (2012)
A. Gennady et al., Physica C 460, 536 (2007)

Project ID: 151

Title: Measuring low temperature P-E loops in the classic ferroelectric PZT

Category: Condensed Matter Physics

Supervisor(s): dph0pdh

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Ferroelectric crystals, which exhibit a reversible spontaneous electric polarisation are characterised by 
a hysteric polarisation-electric field loop analogous to M-H loops in ferromagnets. Lead zirconium 
titanate PbZrxTi1-xO3(PZT) is a proper ferroelectric with a spontaneous polarisation of the order of 
0.3 C m-2 and it represents one of the most characterised hysteresis loops. Surprisingly there is very 
little data of P-E loops recorded as a function of temperature. This project will use a liquid helium 
cryostat equipped with high voltage wires to measure P-E loops on a National Physical Laboratory 
standard PZT sample. These results should provide a stringent test of our equipment.

References:

Supervisor(s): dph0pdh   

Supervisor(s): Prof P.D. Hatton      

M. Stewart, M.G. Cain and D.A. Hall. Ferroelectric hysteresis measurement and analysis NPL 1999
Properties of PZT-based piezoelectric ceramics between -150 and 250 C NASA 1998
M.E. Lines and A.M. Glass Principles and applications of Ferroelectrics and related materials, 
Oxford University Press 1979
R. Blinc Advanced Ferroelectricity Oxford University Press 2011
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Project ID: 152

Title: High temperature magnetic-induced electric polarisation in CuO and YBaCuFeO5

Category: Condensed Matter Physics

Supervisor(s): dph0pdh

Type: Data Analysis/Experiment

Capacity: 1
Summary:

BiFeO3 shows very weak magnetoelectric coupling because its ferroelectricity and magnetism come 
from different ions. In other multiferroics such as TbMnO3 the ferroelectricity is induced by the 
complex spin configurations [1]. However the transition temperatures are always very low. CuO and 
YBaCuFeO5 are the two known exceptions to this rule and show magnetic-induced electric 
polarisation at temperatures higher than 200 K. CuO has been extensively studied and demonstrated 
to show multiferroic behaviour around 220 K, [2]. The low-temperature structure of YbCuFeO5 is 
still unknown. In this project you will investigate both the structure and the ferroelectricity as a 
function of temperature.

References:

Supervisor(s): dph0pdh   

Supervisor(s): Prof P.D. Hatton      

[1] Maxim Mostovoy, Ferroelectricity in Spiral Magnets, Phys. Rev. Lett. 96, 67601, (2006)
[2] T. Kimura, et al., Cupric oxide as an induced-multiferroic with high-Tc, Nature Material 7, 291 
(2008)
[3] A W Mombru, et al., Neutron powder diffraction study (T=4.2-300 K) and polarization analysis 
of YBaCuFeO5+ÃŽÂ´, J. Phys.: Condens. Matter 10, 1247 (1998)
[4] V. Caignaert, et al., Crystal and Magnetic structure of YBaCuFeO5, J. of Solid State Chem. 114, 
24 (1995)

Project ID: 154

Title: Understanding the crystallographic ground state of complex two dimensional 
manganites

Category: Condensed Matter Physics

Supervisor(s): dph0pdh

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Layered two dimensional oxides [1] are incredibly important in condensed matter physics, as they 
allow the formation of phenomena such as high temperature superconductivity [2], colossal 
magnetoresistance [3] and orbital reconstructions. The layered manganites [4] are a particularly 
interesting group of materials as they show a huge range of order parameters existing simultaneously. 
Using high intensity x-ray diffraction this project will investigate these order parameters and 
determine how these effect the crystallographic structure and properties of these materials as a 
function of temperature and composition.

References:

Supervisor(s): dph0pdh   

Supervisor(s): Prof P.D. Hatton      

[4] J. Mitchell, D.N. Argyriou et al. J. Phys. Chem B., 105, 10731 (2001)
[3] Y. Moritomo, A.Asamitsu et al. Nature, 380, 141 (1996)
[2] M.K. Wu, J.R. Ashburn et al. Phys. Rev. Lett, 58, 908 (1987)
[1] Y. Tokura Physics Today, 56, 50 (2003)
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Project ID: 45

Title: Nanosphere lithography: Magnetic nanostructures by self-assembly

Category: Condensed Matter Physics

Supervisor(s): lcfl72

Type: Experiment

Capacity: 1
Summary:

Nanosphere lithography is a bottom-up approach to fabricating arrays of magnetic nanostructures, 
such as required for ultra-high density bit-patterned media for magnetic data storage. The project will 
involve fabricating self-assembled arrays of latex nanospheres from solution onto a surface, then 
depositing magnetic material through the gaps in this colloidal crystal mask to form an array of 
magnetic dots or anti-dots. These arrays will be characterised using magneto-optical Kerr effect 
magnetometry and scanning electron microscopy, and the novel and interesting magneto-electrical 
behaviour exhibited by devices based on these dot and anti-dot array structures may be investigated.

References:

Supervisor(s): lcfl72   

Supervisor(s): Dr A.T. Hindmarch      

A.A. Zhukov et al., IEEE Trans. Mag. 41, 3598 (2005)
S.M. Weekes, F.Y. Ogrin, W.A. Murray, and P.S. Keatley, Langmuir 23, 1057 (2007)
C.L. Haynes and R.P. van Duyne, J. Phys. Chem B 105, 5599 (2001)
W.R. Branford, S. Ladak, D.E. Read, K. Zeissler, L.F. Cohen, Science 335, 1597 (2012)

Project ID: 98

Title: Interrogating the spin-Hall effect

Category: Condensed Matter Physics

Supervisor(s): lcfl72

Type: Experiment

Capacity: 1
Summary:

The conventional Hall effect describes conversion of a longitudinal charge current to a tranverse 
voltage by interaction with a magnetic field; in analogy, the spin-Hall effect (SHE) converts a 
longitudinal charge current into a transverse 'spin-current' (angular momentum flow) by interaction 
with an effective field due to spin-orbit coupling. By fabricating thin-film devices consisting of layers 
of magnetic insulator and strongly spin-orbit-coupled (heavy) metal, and making precision electrical 
measurements, a spin-Hall magnetoresistance effect can be observed; analysis of which will enable 
understanding to be gained into the spin-orbit scattering mechanisms which give rise to the SHE.

References:

Supervisor(s): lcfl72   

Supervisor(s): Dr A.T. Hindmarch      

J.E. Hirsch, Physical Review Letters 83, 1834 (1999)
H. Nakayama, Physical Review Letters 110, 206601 (2013)
Y.-T. Chen et al., Physical Review B 87, 144411 (2013)
A. Hoffmann, IEEE Transactions on Magnetics 49, 5172 (2013)
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Project ID: 99

Title: Interfacial electron scattering in magnetic crystals

Category: Condensed Matter Physics

Supervisor(s): lcfl72

Type: Experiment

Capacity: 1
Summary:

In single-crystalline materials, the lattice structure has a defining influence on the electrical and 
magnetic behaviour: The thin-film analog of a single-crystal is an epitaxial film, where the crystal 
lattice structure may be manipulated as it takes the same symmetry and spacing as the supporting 
wafer substrate. This project will investigate anisotropic magnetoresistance and magnetic anisotropy in 
a series of ultra-thin epitaxial ferromagnetic films; understanding will be gained into the influence of 
crystal lattice truncation at the surface, using precision electrical and magneto-optical measurements.

References:

Supervisor(s): lcfl72   

Supervisor(s): Dr A.T. Hindmarch      

A.T. Hindmarch et al., Phys. Rev. B 81, 100407(R) (2010)
F. Bianco, P. Bouchon, M. Sousa, G. Salis, & S.F. Alvarado, J. Appl. Phys. 104, 083901 (2008)
R.P. van Gorkom, J. Caro, T.M. Klapwijk, and S. Radelaar, Phys. Rev. B 63, 134432 (2001)
P. Granberg, et al., J. Magn. Magn. Mater. 195, 1 (1999)

Project ID: 206

Title: Re-claiming the third dimension for 2D materials: Developing simple approaches for 
the creation of heterostructures

Category: Condensed Matter Physics

Supervisor(s): dph0mrch dph0ms

Type: Experiment

Capacity: 1
Summary:

It has recently been demonstrated that it is possible to produce large quantities of high quality 
graphene with apparatus as simple as a kitchen blender and washing up liquid [1,2]. Such an approach 
should also be applicable to other layered materials, which also possess highly desirable physical 
properties [3]. This project aims to produce well-separated two-dimensional layers of a variety of 
materials using the simple scalable technology demonstrated in ref. 2. The resulting two-dimensional 
solids will then be combined using Langmuir-Blodgett methods [4] in order to create heterostructures 
which retain many of the intrinsic properties of the two-dimensional solid components.

References:

Supervisor(s): dph0mrch   dph0ms

Supervisor(s): Dr M.R.C. Hunt    Dr M. Szablewski

[1] 'Graphene 'wonder material' made with kitchen blender', BBC News, 22nd April 2014.
[2] 'Scalable production of large quantities of defect-free few-layer graphene by shear exfoliation in 
liquids' K.R. Paton et al. Nature Materials (advance online publication 20 April 2014)
[3] 'Progress, Challenges and Opportunities in Two-Dimensional Materials Beyond Graphene' S.Z. 
Butler et al. ACS Nano 7 (2013) 2898-2926
[4] Langmuir-Blodgett films : an introduction / Michael C. Petty. Cambridge ; New York : 
Cambridge University Press, 1996.

79



Project ID: 207

Title: Beyond Graphene?

Category: Condensed Matter Physics

Supervisor(s): dph0mrch

Type: Computation/Theory

Capacity: 2
Summary:

Graphene is the focus of much attention but was not the only 2D solid discovered by Geim, 
Novoselov et al [1]. These other materials are now under increased scrutiny as they address 
shortcomings of their better-known analogue [2]: E.g., graphene lacks the band gap required for many 
applications such as transistors and opto-electronics. It has recently been demonstrated that field 
effect transistors can be fabricated from single layer molybdenum disulphide which is a direct gap 
semiconductor[3] although the bulk is indirect. In this project ab-initio electronic structure 
calculations [4] will be used to study non-graphene 2D solids examining band structure, optical 
absorption, defects etc.

References:

Supervisor(s): dph0mrch   

Supervisor(s): Dr M.R.C. Hunt      

[1] K.S. Novoselov, D. Jiang, F, Schedin, T.J. Booth, V.V. Khotkevich, S.V. Morozov and A.K. 
Geim, PNAS 102 (2005) 10451
[2] S.Z. Butler et al. ACS Nano 7 (2013) 2898-2926.
[3] K. Mak, C. Lee, J. Hone, J. Shan, and T. Heinz, Physical Review Letters 105 (2010) 136805.
[4] S.J. Clark, M.D. Segall, C.J. Pickard, P.J. Hasnip, M.I.J. Probert, K. Refson, and M.C. Payne, Z. 
Kristallogr. 220 (2005) 567.

Project ID: 208

Title: Growth of graphene using a 'cold-wall' reactor

Category: Condensed Matter Physics

Supervisor(s): dph0mrch

Type: Experiment

Capacity: 1
Summary:

Since the initial isolation of graphene by Geim, Novoselev and co-workers in 2004 [1] using 
'micromechanical cleavage' (peeling with sticky tape!), there has been much effort devoted toward 
scalable production of large grains of defect-free graphene. Chemical vapour deposition (CVD) has 
emerged as one of the most attractive routes given cost and flexibility [2-4]. We have recently 
constructed a 'cold wall' system for CVD graphene growth, which has advantages in heating/cooling 
rates and gas composition over traditional furnace-based apparatus. The aim of this project is to 
explore the influence of growth conditions on graphene quality to optimise production of large-area 
defect-free layers.

References:

Supervisor(s): dph0mrch   

Supervisor(s): Dr M.R.C. Hunt      

[1] 'Electric field effect in atomically thin carbon films', K.S. Novoselov et al. Science 306 (2004) 
5696.
[2] 'A review of chemical vapour deposition of graphene on copper', C. Mattevi et al, J. Mater. Chem. 
21 (2011) 3324.
[3] 'Roll-to-roll production of 30-inch graphene films for transparent electrodes' S. Bae et al., Nature 
Nanotechnology, 4 (2010) 473
[4] 'Large Single Crystals of Graphene on Melted Copper Using Chemical Vapour Deposition', Y.A. 
Wu et al., ACS Nano 6 (2012) 5010.
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Project ID: 64

Title: Melting of Curved Two-Dimensional Colloidal Crystals

Category: Condensed Matter Physics

Supervisor(s): wcgj24

Type: Computation/Theory

Capacity: 1
Summary:

Melting transition of crystals usually starts with the creation of defects, followed by their dissociation 
and proliferation throughout the sample [1]. Curiously for curved two-dimensional crystals, defects 
are often already present even in the ground state configuration. This is evidenced by recent 
experiments [2] and simulations [3] on colloidal particles trapped at the interface between two fluids. 
The goal of this project is to understand the role of these ground state defects: How do they change 
the kinetics and pathway of the melting transition? You will provide theoretical insights into this key 
question using Monte Carlo simulations [4].

References:

Supervisor(s): wcgj24   

Supervisor(s): Dr H. Kusumaatmaja      

Gasser et al., ChemPhysChem 11, 963-970 (2010).
Irvine et al., Nature 468, 947 (2010).
Kusumaatmaja and Wales, Phys. Rev. Lett. 110, 165502 (2013).
Frenkel and Smit, Understanding Molecular Simulation, Academic Press (2002).

Project ID: 65

Title: Super Slippery Surfaces 

Category: Condensed Matter Physics

Supervisor(s): wcgj24 pjqs47

Type: Computation/Theory

Capacity: 1
Summary:

Inspired by pitcher plants [1], novel liquid repellent surfaces have recently been developed. By 
infusing nano-/micro-porous substrates with a lubricating fluid [2], liquids are found to move with 
very little resistance when in contact with these substrates. The goal of this project is to gain 
modelling insight into this slippery behaviour. In particular, you will use lattice Boltzmann simulations 
[3] to study the role of substrate geometry and the wetting properties of the lubricating fluid. In 
collaboration with our experimental colleagues, you will then help explore the application of these 
novel surfaces for microfluidic devices [4].

References:

Supervisor(s): wcgj24   pjqs47

Supervisor(s): Dr H. Kusumaatmaja    Dr M.S. Staykova

Bohn and Federle, PNAS 101, 14138 – 14143 (2004).
Wong et al., Nature 477, 443 – 447 (2011).
Kusumaatmaja and Yeomans, ch. 11 of Simulating Complex Systems by Celullar Automata, Springer 
(2010)
Whitesides, Nature 442, 368-373 (2006).
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Project ID: 17

Title: Simulating muon spectrometers for condensed matter physics

Category: Condensed Matter Physics

Supervisor(s): tdrk63

Type: Computation/Experiment

Capacity: 2
Summary:

Muons are used in condensed matter physics to study magnetism and superconductivity [1]. Muons 
are produced by particle accelerators and then implanted into a material, where they decay. This 
project involves using the GEANT4 libraries [2] to build and test a computer simulation of the 
experiment from the creation of the muons to the detection of the decay products. The project will be 
carried out in collaboration with the ISIS Pulsed Muon Facility who will use the simulations to aid the 
design of the next generation of spectrometers. The muon experiment is used in condensed matter 
physics and the project also involves applying simple ideas from particle physics and relativity.

References:

Supervisor(s): tdrk63   

Supervisor(s): Dr T. Lancaster      

S.J. Blundell, Contemp. Phys. 40, 175 (1999).
http://geant4.cern.ch/

Project ID: 18

Title: What do muons tell us about order, entanglement and dynamics in magnets?

Category: Condensed Matter Physics

Supervisor(s): tdrk63

Type: Computation/Data Analysis/Experiment

Capacity: 1
Summary:

Muons are used as magnetometers in condensed matter physics because their spins interact with 
magnetic fields [1]. In this project you will start by building a quantum mechanical simulation 
describing the interaction of the muon with a magnet, whose predictions may be compared with 
experiment. Particularly interesting experimental observations that we will address include the 
quantum entanglement of the muon with surrounding nuclei and the exotic dynamics seen in some 
magnetic systems at very low temperature. You should also have the opportunity to participate in a 
real muon experiment at an international facility and apply the results of your models to real data.

References:

Supervisor(s): tdrk63   

Supervisor(s): Dr T. Lancaster      

S.J. Blundell, Contemp. Phys. 40, 175 (1999).
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Project ID: 183

Title: The role of defects on thin-film photovoltaic device properties

Category: Condensed Matter Physics

Supervisor(s): vtpv47

Type: Computation/Theory

Capacity: 1
Summary:

Thin-film photovoltaic (PV) semiconductors (e.g. CdTe, and Cu2ZnSnS4 (CZTS)) contain many 
defects, such as grain boundaries, composition fluctuations and secondary phase precipitates, which 
lower the device efficiency. This project examines the role of such defects using computer 
simulations. Simulated defects include grain boundaries in CdTe as well as composition fluctuations 
and ZnS precipitates in CZTS. Emphasis will be placed on the defect geometry, number density, 
location within the absorber layer and defect "strength". The project involves writing computer 
programs of finite element-type simulations.

References:

Supervisor(s): vtpv47   

Supervisor(s): Dr B.G. Mendis      

M Gloeckler, JR Sites, WK Metzger, Journal of Applied Physics 98 (2005) 113704
J Wong, JL Huang, S Varlamov, MA Green, R Evans, M Keevers, RJ Egan, Progress in 
Photovoltaics 19 (2011) 695
BG Mendis, MD Shannon, MCJ Goodman, JD Major, R Claridge, DP Halliday, K Durose, Progress 
in Photovoltaics, DOI:10.1002/pip.2279
BG Mendis, MCJ Goodman, JD Major, AA Taylor, K Durose, DP Halliday, Journal of Applied 
Physics 112 (2012) 124508

Project ID: 184

Title: Optical property measurement of nanometre-thick layers in thin-film solar cells

Category: Condensed Matter Physics

Supervisor(s): vtpv47

Type: Computation/Theory

Capacity: 1
Summary:

In thin-film solar cells inter-diffusion at the nano-scale between individual layers in the device gives 
rise to different optical constants; this affects light absorption and hence device efficiency. Electron 
energy loss spectroscopy measures the energy loss of electrons that have propagated through a thin-
film at nanometre spatial resolution. The optical properties can be derived from the loss spectrum, 
but several artefacts (e.g. Cerenkov radiation) can complicate the result. The project will model the 
role of artefacts on the measurement and develop strategies to minimise them, as well as develop an 
algorithm that can extract the optical properties.

References:

Supervisor(s): vtpv47   

Supervisor(s): Dr B.G. Mendis      

Birkmire RW and Eser E, Annual Review of Materials Science 27 (1997) 625.
Williams DB and Carter CB, 'Transmission Electron Microscopy vol 4', Plenum Press, New York, 
1996.
Stöger-Pollach M, Franco H, Schattschneider P, Lazar S, Schaffer B, Grogger W, Zandbergen HW, 
Micron 37 (2006) 396.
Stöger-Pollach M, Micron 39 (2008) 1092.
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Project ID: 3

Title: Mixed exciplex emitters for white OLEDs

Category: Condensed Matter Physics

Supervisor(s): dph0apm

Type: Experiment

Capacity: 1
Summary:

A new type of molecular emitter system for OLEDs has been found that uses emission from an 
excited state formed between two molecules, a donor (D) and acceptor (A). After excitation of either 
D or A spontaneous electron transfer occurs between the two to form a new excited state species 
called an exciplex. OLEDs using these emitters have reached 100% efficiency. In this project you will 
study the effects of multiple exciplex emitters. Using a range of D and A, D-A-D or A-D-A pairs will 
be formed and the emission and interaction between the two exciplexes thus formed studied using 
optical spectroscopy and OLED devices. The aim is to make a white exciplex OLED having a simple 
device structure.

References:

Supervisor(s): dph0apm   

Supervisor(s): Prof A.P. Monkman      

V. Jankus, C.-J. Chiang, F. Dias, and A. P. Monkman, "Deep Blue Exciplex Organic Light-Emitting 
Diodes with Enhanced Efficiency; P-type or E-type Triplet Conversion to Singlet Excitons?," 
Advanced materials. 25, pp. 1455-9, 2013.
K. Goushi, K. Yoshida, K. Sato, and C. Adachi, "Organic light-emitting diodes employing efficient 
reverse intersystem crossing for triplet-to-singlet state conversion," Nature Photonics, vol. 6, pp. 253-
258, Apr 2012.
J. Kalinowski, "Mixing of excimer and exciplex emission: A new way to improve white light emitting 
organic electrophosphorescent diodes," Advance Materials 19, 2007, 4000
David Graves, Vygintas Jankus*, Fernando B. Dias andAndrew Monkman, " Photophysical 
Investigation of the Thermally Activated Delayed Emission from Films of m-MTDATA:PBD 
Exciplex', Advanced Functional Materials, 2014
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Project ID: 4

Title: Host material control of TADF OLEDs

Category: Condensed Matter Physics

Supervisor(s): dph0apm

Type: Experiment

Capacity: 1
Summary:

We can now make OLEDs with nearly 100% light generation efficiency. For emitter molecules that 
have an intramolecular charge transfer excited state this depends on the surrounding molecular 
environment of the emitter, which needs to be polar in order to stabalise the excited state. In an 
OLED, the environment of the emitter will be another "host" molecule which transports charges to 
the emitter. In this project you will explore how different pairs of hosts affect different emitters in 
order to build highly efficiency OLEDs. New devices will be fabricated and tested and you will use 
commercial modelling software, "SETFOS" to optimise the structure of the OLED to achieve 
maximum efficiency.

References:

Supervisor(s): dph0apm   

Supervisor(s): Prof A.P. Monkman      

V. Jankus, C.-J. Chiang, F. Dias, and A. P. Monkman, "Deep Blue Exciplex Organic Light-Emitting 
Diodes with Enhanced Efficiency; P-type or E-type Triplet Conversion to Singlet Excitons?," 
Advanced materials. 25, pp. 1455-9, 2013.
H Uoyama et al Highly efficient organic light-emitting diodes from delayed fluorescence, Nature 492, 
p 234, 2012
Bo Seong Kim and Jun Yeob Lee.' Engineering of Mixed Host for High External Quantum 
Efficiency above 25% in Green Thermally Activated Delayed Fluorescence Device', Advanced 
Functional Materials, 2014
David Graves, Vygintas Jankus*, Fernando B. Dias andAndrew Monkman, " Photophysical 
Investigation of the Thermally Activated Delayed Emission from Films of m-MTDATA:PBD 
Exciplex', Advanced Functional Materials, 2014
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Project ID: 5

Title: What is the radiative transition in an exciplex, used in highly efficient OLEDs

Category: Condensed Matter Physics

Supervisor(s): dph0apm

Type: Experiment

Capacity: 1
Summary:

A new type of molecular emitter system for OLEDs has been identified that uses emission from an 
excited state formed between two molecules, a donor (D) and acceptor (A). After excitation of either 
D or A molecule, spontaneous electron transfer occurs between the two to form a new excited state 
species called an exciplex which has a wave function delocalised across the two molecules. In this 
project you will study how the exciplex radiatively decays. Using a range of D and A, the initial and 
final molecular orbitals of the radiative transition will be studied. You will also look at factors which 
effect the radiative quantum yield. We aim to identify what controls exciplex emission.

References:

Supervisor(s): dph0apm   

Supervisor(s): Prof A.P. Monkman      
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Advanced materials. 25, pp. 1455-9, 2013.
K. Goushi, K. Yoshida, K. Sato, and C. Adachi, "Organic light-emitting diodes employing efficient 
reverse intersystem crossing for triplet-to-singlet state conversion," Nature Photonics, vol. 6, pp. 253-
258, Apr 2012.
J. Kalinowski, "Excimers and exciplexes in organic electroluminescence," Materials Science-Poland, 
vol. 27, pp. 735-756, 2009 2009.
David Graves, Vygintas Jankus*, Fernando B. Dias andAndrew Monkman, " Photophysical 
Investigation of the Thermally Activated Delayed Emission from Films of m-MTDATA:PBD 
Exciplex', Advanced Functional Materials, 2014
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Project ID: 6

Title: Measuring the anisotropy of light emission from OLED devices

Category: Condensed Matter Physics

Supervisor(s): dph0apm

Type: Experiment

Capacity: 1
Summary:

The light that escapes from any LED is far less than that internally generated. This is because of total 
internal reflection (TIR) and wave guiding. OLEDs have a major advantage over LEDs because the 
refractive index of the organic materials is much less than GaAs, so 20 times more light can coupled 
out of an OLED compared to an LED. Still in an OLED only 22% of the light escapes. However, if 
the emitting molecules are aligned parallel to the device substrate, more light can escape by avoiding 
TIR. Recently, it has been found that as much as 35% of light may escape because of this. In this 
project you will measure the emission anisotropy from OLEDs and determine the out coupling 
efficiency.

References:

Supervisor(s): dph0apm   

Supervisor(s): Prof A.P. Monkman      

V. Jankus, C.-J. Chiang, F. Dias, and A. P. Monkman, "Deep Blue Exciplex Organic Light-Emitting 
Diodes with Enhanced Efficiency; P-type or E-type Triplet Conversion to Singlet Excitons?," 
Advanced materials. 25, pp. 1455-9, 2013.
H Uoyama et al Highly efficient organic light-emitting diodes from delayed fluorescence, Nature 492, 
p 234, 2012
Young-Seo Park et al, Exciplex-Forming Co-host for Organic Light-Emitting Diodes with Ultimate 
Efficiency Advanced Functional Materials 23, 2013, 4914,
J Frischeisen et al, Determination of molecular dipole orientation in doped fluorescent organic thin 
films by photoluminescence measurements, APL, 96, 2010, 073302

Project ID: 7

Title: Modelling anisotropic emission and out coupling from an OLED

Category: Condensed Matter Physics

Supervisor(s): dph0apm

Type: Theory

Capacity: 1
Summary:

The light that escapes from any LED is far less than that internally generated. This is because of total 
internal reflection (TIR) and wave guiding. OLEDs have a major advantage over LEDs because the 
refractive index of the organic materials is much less than GaAs, so 20 times more light can escape 
from an OLED compared to an LED. Still in an OLED only 22% of the light escapes. However, if 
the emitting molecules are aligned parallel to the device substrate, more light can escape by avoiding 
TIR, as much as 35% may escape because of this. In this project you will build a program to model 
emission anisotropy and determine the out coupling efficiency as a function of emitter alignment.

References:

Supervisor(s): dph0apm   

Supervisor(s): Prof A.P. Monkman      

V. Jankus, C.-J. Chiang, F. Dias, and A. P. Monkman, "Deep Blue Exciplex Organic Light-Emitting 
Diodes with Enhanced Efficiency; P-type or E-type Triplet Conversion to Singlet Excitons?," 
Advanced materials. 25, pp. 1455-9, 2013
Young-Seo Park et al, Exciplex-Forming Co-host for Organic Light-Emitting Diodes with Ultimate 
Efficiency Advanced Functional Materials 23, 2013, 4914
J Frischeisen et al, Determination of molecular dipole orientation in doped fluorescent organic thin 
films by photoluminescence measurements, APL, 96, 2010, 073302
Doctoral Thesis, Optical Characterization of OLED Emitter Properties by Radiation Pattern 
Analyses, Michael Flammich
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Project ID: 107

Title: Environmentally sensitive optical properties of Langmuir-Blodgett films

Category: Condensed Matter Physics

Supervisor(s): dph0ms

Type: Experiment

Capacity: 1
Summary:

Environmentally sensitive fluorescence has been observed in dipolar organic dyes derived from 
TCNQ. The dyes fluoresce strongly in the solid state but weakly in solution. Fluorescence is also 
observed in solid media and in viscous solvents. Monomolecular films of amphiphilic dye variants are 
produced by use of the Langmuir-Blodgett technique, such molecules orient themselves on a water 
surface, as a monomolecular layer, which can be transferred onto a substrate. Absorption and 
fluorescence spectroscopy will be used to characterize the films produced and to study the orientation 
of the molecules and the influence of structure on their optical properties.

References:

Supervisor(s): dph0ms   

Supervisor(s): Dr M. Szablewski      

http://www.nima.co.uk/basics/basindex.htm
Bloor, D et al. Mater. Chem. 2001, 11, 3053-3062.
Szablewski, M. et al. J. Phys.Org. Chem., 2006, 19, 206-213

Project ID: 111

Title: Aggegation and colour,  a spectroscopic investigation of the effects of dilution

Category: Condensed Matter Physics

Supervisor(s): dph0ms

Type: Experiment

Capacity: 1
Summary:

Highly dipolar organic dyes synthesised from the strong electron acceptor 7,7,8,8-
tetracyanoquinodimethane TCNQ) and primary amines have large extinction coefficients, and in 
solution are purple (Lambda max in acetone 567nm). However on dilution there is a distinctive 
change to afford a yellow solution with a very different absorption spectrum (Lambda max 435nm). 
The project will investigate this phenomenon by means of absorption and fluorescence spectroscopy 
and capacitance measurements. The role of the nature of the solvent, its polarity and interactions with 
the solute will also be assesed. Polymeric thin films will be fabricated containing the chromophore to 
enable further investigation.

References:

Supervisor(s): dph0ms   

Supervisor(s): Dr M. Szablewski      

Hertler, W.R., Hartzler, H.D., Acker, D.S. and Benson, R.E. Substituted Quinodimethans. III. 
Displacement Reactions of 7,7,8,8-Tetracyanoquinodimethan. J. Am. Chem. Soc. 84, 3387, 1962.
CHARACTERISATION OF ORGANIC DONOR-PI-ACCEPTOR MATERIALS FOR 
NONLINEAR OPTICS  Emma J. C. Desis. Cranfield University (1992) awnay PhD Th
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Project ID: 185

Title: Growth and Characterization of metal-organic semconductors

Category: Condensed Matter Physics

Supervisor(s): dph0it

Type: Experiment

Capacity: 1
Summary:

The purpose of the project is to grow layers of metal-organic materials and to characterise these layers 
with a variety of methods such as scanning electron microscopy. The materials under investigation 
will consist of nickel or copper and organic acceptor molecules. The student will produce and 
investigate thin films of both materials. The nickel materials are semiconducting and may show 
magnetic order at low temperatures, while the copper based compounds demonstrate resistive state 
switching and may find application in future flash-drives.

References:

Supervisor(s): dph0it   

Supervisor(s): Dr I. Terry      

"The electrical characterization of semiconductors : majority carriers and electron states" P. Blood 
and J.W. Orton. (Academic Press, London,1992).
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Chem_Mat_15_1840.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Chem_Mat_17_1667.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/ApplPhysLett_83_1252.pdf

Project ID: 188

Title: Irradiation studies of electronic components for retrospective dosimetry

Category: Condensed Matter Physics

Supervisor(s): dph0it

Type: Experiment

Capacity: 1
Summary:

A problem encountered following a radiological accident is to determine the amount of radiation an 
individual might have received. There is a need to find a 'retrospective dosimeter', an item which has 
the capability of being altered by irradiation and this change can be monitored at a later stage. This 
project is to continue to develop ameasurement system to investigate changes in optical/electrical 
properties of devices such as surface mount resistors following radiation, a technique known as 
'Thermally Stimulated Luminescence and Currents'. The devices will be assessed for their response to 
various forms of ionizing radiation.

References:

Supervisor(s): dph0it   

Supervisor(s): Dr I. Terry      

http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/13368.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Stem_Cells_15_S1.pdf
'Thermally Stimulated Relaxation in Solids', Ed. P. Braunlich
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Rad_Meas_32_609.pdf
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Project ID: 192

Title: Synthesis and characterization of novel metal-organic nanostructures

Category: Condensed Matter Physics

Supervisor(s): dph0it dph0ms

Type: Experiment

Capacity: 1
Summary:

Molecular materials of metal–organic charge-transfer complexes based on 7,7,8,8-
tetracyanoquinodimethane (TCNQ), have optical, electrical and magnetic properties which may have 
important technological applications. For example, Ni[TCNQ]2 is a ferromagnet at low temperatures 
and it also exhibts semiconducting properties. In a recent paper it was shown that the hydrated form 
of Ni[TCNQ]2 can be produced in a variety of nanostructural forms following a simple synthetic 
route using a water-based nanoreaction. In this project the student will use this new synthetic method 
to create Ni[TCNQ]2(H2O)2 nanorods, which will be characterized using a variety of spectroscopic 
and microscopy techniques.

References:

Supervisor(s): dph0it   dph0ms

Supervisor(s): Dr I. Terry    Dr M. Szablewski

http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Nanoscale_6_2573.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Small_7_1412.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Chem_Mat_17_1667.pdf

Project ID: 205

Title: The dynamics of magneto-rheological fluids in alternating fields

Category: Condensed Matter Physics

Supervisor(s): dph0it

Type: Computation/Experiment

Capacity: 1
Summary:

The project involves the investigation of the dynamical magneto-elastic properties of a magneto-
rheological fluid (MRF) based upon a commercial material. MRFs usually consist of a suspension of 
very small magnetic particles in a carrier liquid such as water or mineral oil. They dramatically change 
their viscosity when they are subject to a magnetic field and this phenomenon has found widespread 
use in vibration damping in, for example, the automotive industry. Here the project involves an 
investigation of the dynamical properties MRFs in the presence of an alternating magnetic field. The 
project involves both an experimental measurement and computer simulation of the behaviour of 
MRFs.

References:

Supervisor(s): dph0it   

Supervisor(s): Dr I. Terry      

http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Smart_Mater_Struc_5_607.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Proc_Inst_Mech_Eng_L215_165.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/Rev_Sci_Inst_76_064302.pdf
http://www.dur.ac.uk/ian.terry/teaching/Level4Projects/j3m201_218.pdf
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Project ID: 91

Title: Berry phase in a one-dimensional Bose gas

Category: General

Supervisor(s): dph0sag

Type: Computation/Theory

Capacity: 1
Summary:

One can envisage an arrangement of electric and magnetic fields yielding a conical intersection (CI) 
between two (atomic/molecular) energy levels as a function of external spatial coordinates; due to 
Berry phase [1] effects, the particle wavefunction changes sign subsequent to following a path around 
the CI (twisted boundary conditions). Experimentally, this path may be made effectively 1D, opening 
the possibility of adapting analytical results for interacting 1D bosons to twisted boundary conditions 
with half integer angular momentum eigenstates [2,3]. In this project you will calculate ground and 
excited state solutions of single or interacting particles in this configuration.

References:

Supervisor(s): dph0sag   

Supervisor(s): Dr S.A. Gardiner      

Conical Intersections in Laboratory Coordinates with Ultracold Molecules [A.O.G. Wallis, S.A. 
Gardiner, J.M. Hutson, Phys. Rev. Lett. 103, 083201 (2009)]
Exact Analysis of an Interacting Bose Gas. II. The Excitation Spectrum [E.H. Lieb, Phys. Rev. 130, 
1616 (1963)]
Exact Analysis of an Interacting Bose Gas. I. The General Solution and the Ground State [E.H. 
Lieb, W. Liniger,Phys. Rev. 130, 1605 - 1616 (1963)]
Quantal Phase Factors Accompanying Adiabatic Changes [M.V. Berry, Proc. R. Soc. Lond. A 392, 
45 (1984)]

Project ID: 170

Title: PHASE A Feasibility Study of a Space Mission 

Category: General

Supervisor(s): dph0mjw lmmm67

Type: Data Analysis/Experiment

Capacity: 1
Summary:

The aim is for the student to decide on a future space mission of interest to them (assistance in 
selection will be provided). The student will undertake a PHASE-A study of the mission. This will 
involve: writing a scientific justification for the mission, deciding on the instruments needed onboard 
the spacecraft and estimating their performance, calculating the mass, volume and power 
requirements of the instruments and simulating some likely results from the mission. They will also 
investigate what descopes (reduction in capability) might be required to fit the launch opportunities, 
and look at the potential for public outreach in relation to the mission's objectives.

References:

Supervisor(s): dph0mjw   lmmm67

Supervisor(s): Prof M.J. Ward    Dr H. Landt

http://www.esa.int/esaSC/ look under "our missions" just below latest news
http://www.nasa.gov/missions/highlights/   check out current and future missions
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Project ID: 186

Title: The Tzitzéica model in the bulk and with boundaries

Category: General

Supervisor(s): dma1cz

Type: Theory

Capacity: 1
Summary:

The Tzitzéica model – also known as Bullough-Dodd equation – is the a_2^(2) member of the affine 
Toda collection of field theories. This model can be solved analytically and is integrable. Its equation 
of motion is non-linear and its potential resembles that for the sine-Gordon model. This project aims 
to investigate, classically, the conserved charges for the Tzitzéica model in the bulk and in the 
presence of integrable boundary. For some facts concerning the a_2^(2) affine Toda model see [1]. 
Calculations on conserved charges for the sine-Gordon model can be found in [2] and [3]. This 
project is suitable for students with an interest in mathematics and analytic problems.

References:

Supervisor(s): dma1cz   

Supervisor(s): Dr C.Z. Zambon      

[1] P. Bowcock, E. Corrigan, P. E. Dorey and R. H. Rietdijk, Classical integrable boundary 
conditions for affine Toda field theories, Nucl. Phys. B 445 (1995) 469; arXiv:hep-th/9501098.
[2] A MacIntyre, Integrable boundary conditions for classical sine-Gordon theory, J. Phys A. Math. 
Gen 28 (1995) 1089; arXiv:hep-th/9410026v1.
[3] P. Baseilhac and G. Delius, Coupling integrable field thoeries to mechanical systems at the 
boundary, J. Phys. A 34 (2001) 8259; arXiv:hep-th/0106275.

Project ID: 42

Title: Faraday rotation in 1-D magnetophotonic crystals

Category: Optics & Photonics

Supervisor(s): dph0sb

Type: Computation/Theory

Capacity: 1
Summary:

The amount of Faraday rotation (rotation of plane of polarisation) experienced when an 
electromagnetic wave passes through a conventional magneto-optical device is small and therefore the 
thickness usually needs to be relatively large in order to obtain a useful effect. Calculations indicate 
that a much enhanced effect can be achieved in some types of multilayer structures. The aim of this 
project is to employ computational simulations of multilayer structures, characterised by wavelength-
dependent refractive index, in order to investigate the enhancement of such Faraday rotation effects.

References:

Supervisor(s): dph0sb   

Supervisor(s): Dr S. Brand      

Theoretical analyss of optical and magneto-optical properties of 1-D magnetophotonic crystals, H. 
Kato et al, J. Appl. Phys. 93 p3906 (2003)
A theoretical analysis of magneto-optical Faraday effect of YIG films with random multilayer 
structures, M. Inoue et al, J. Appl. Phys. 82 p5659 (1997)
Enhanced transmission and giant Faraday effect in magnetic metal-dielectric photonic structures, K. 
Smith et al, J. Phys. D 46 165002 (2013)
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Project ID: 74

Title: Simulation of multilayer structure for potential sensor applications

Category: Optics & Photonics

Supervisor(s): dph0sb

Type: Computation/Theory

Capacity: 1
Summary:

The dual polarisation interferometer is a piece of Durham-developed instrumention involving a 
multilayer waveguide structure which has been employed to characterise thin material layers based on 
the different response of the structure to orthogonally polarised light. In this project the possibility of 
employing an alternative, reflection-based approach, to achieve such characterisation will be 
investigated using theoretical simulations. The simulations will make use of a so-called transfer matrix 
approach which has been extensively employed at Durham and elsewhere to model the effects of 
multilayer structures on the propagation of light.

References:

Supervisor(s): dph0sb   

Supervisor(s): Dr S. Brand      

A new quantitative optical biosensor for protein characterisation, G. H. Cross, A.A. Reeves, S. Brand 
et al, Biosensors & Biolectronics, Vol. 19, p383 (2003)
The metrics of surface adsorbed small molecules on the Young's fringe dual-slab waveguide 
interferometer , G. H. Cross, A.A. Reeves, S. Brand et al, J. Phys. D, Vol. 37, 74 (2004)
Electromagnetic propagation in periodic stratified media, P. Yeh, A. Yariv and CS Hong, J. Opt. Soc. 
Am. Vol 67, p423 (1977)
Bragg reflector enhanced attenuated total reflectance, S. Brand, R. A. Abram and M. A. Kaliteevski, 
J. Appl. Phys. Vol. 106, 113109 (2009)

Project ID: 19

Title: Structured Illumination for Oocyte Imaging

Category: Optics & Photonics

Supervisor(s): vdxs54

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Imaging the first two cell divisions after an egg is fertilized is crucially important within the world of 
IVF. This project will explore the use of structured illumination and speckle imaging to monitor this 
critical stage of development. A pattern of light (structured illumination) will be projected onto the 
sample and the resulting images used to reconstruct the image bringing in sub-diffraction features. 
Normally such systems work in fluorescence but this is not possible if human embryos were to be 
imaged and thus other contrast methods, such as polarization, will be developed to image the dividing 
chromosomes. Speckle from a laser source being an alternative method to be explored.

References:

Supervisor(s): vdxs54   

Supervisor(s): Prof J.M. Girkin      

M.A.A. Neil, et al "Method of obtaining optical sectioning by using structured light in a conventional 
microscope," Opt. Lett. 22, 1905-1907 (1997)
Poher et al "Optical sectioning microscopes with no moving parts using a micro-stripe array light 
emitting diode" Optics Express 15, 11196 (2007)
Choi, et al. 'Full-field and Single-shot Quantitative Phase Microscopy Using Dynamic Speckle 
Illumination.' Optics Letters 36, no. 13 (2011): 2465-2467

93



Project ID: 20

Title: Air Curtains To Remove Atmospheric Optical Aberrations

Category: Optics & Photonics

Supervisor(s): vdxs54 ktms37

Type: Data Analysis/Experiment

Capacity: 1
Summary:

Air curtains are commonly used to surpress the mixing between different environments e.g. 
supermarket freezers stopping warm air entering open ice compartments or in open-top sports cars. 
In this project a Dyson bladeless fan will be used to surround optical components in a cylinder of air 
and the effect this cylinder has on the enclosed environment will be studied. The aim of such a 
curtain being to prevent air mixing that can be a source of time-varying wavefront aberrations. The 
project will aim image the complex air flow to quantify the effect of the air-curtain and attempt to 
parameterize its functionality based on the control we have of the fan.

References:

Supervisor(s): vdxs54   ktms37

Supervisor(s): Prof J.M. Girkin    Dr N.A. Bharmal

R. F. HUANG, Y. D. WU, H. D. CHEN, C.-C. CHEN, C.-W. CHEN, C.-P. CHANG, and T.-S. 
SHIH, Development and Evaluation of an Air-Curtain Fume Cabinet with Considerations of its 
Aerodynamics, Ann Occup Hyg (2007) 51 (2): 189-206
L. Guyonnaud, C. Solliec, M. Dufresne de Virel, and C. Rey. Design of air curtains used for area 
confinement in tunnels. Experiments in Fluids, 28(4):377–384, 2000.
Yun-Guang Chen, Xiu-Ling Yuan, Simulation of a cavity insulated by a vertical single band cold air 
curtain, Energy Conversion and Management, Volume 46, Issues 11–12, July 2005, Pages 1745-1756

Project ID: 213

Title: Developing a THz and biocompatible FRET microscope

Category: Optics & Photonics

Supervisor(s): dph3gps1

Type: Experiment

Capacity: 1
Summary:

Many interesting biological effects, for example the bend-ability of DNA, are thought to be 
observable in the THz region of the electromagnetic spectrum. By the addition of suitable markers 
and then the use of fluorescence using the technique of FRET, it should be possible to observe such 
phenomena.

References:

Supervisor(s): dph3gps1   

Supervisor(s): Dr G.P. Swift      

Where optics meets electronics: Recent Progress in closing the THz gap: J.M. Chamberlain, Phil. 
Trans. R. Soc. Lond. A. 362, 199 (2004).
Extreme Bendability of DNA Less than 100 Base Pairs Long Revealed by Single-Molecule 
Cyclization: R Vafabakhsh & T Ha; Science 337 (6098) pp. 1097-1101 (2012)
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Project ID: 214

Title: Novel wave plates for terahertz radiation

Category: Optics & Photonics

Supervisor(s): dph3gps1

Type: Computation/Experiment

Capacity: 1
Summary:

Sources, detectors and applications of terahertz (THz) radiation, defined as covering frequencies from 
~100 GHz to 10 THz, have seen large advances in recent years, but the development of novel devices 
for the manipulation of this light hasn't kept apace. Paper stacks have recently been shown to act as 
simple THz wave plates. This project will investigate the behaviour of such wave plates by 
determining how the spacing between the wave plate layers affects overall transmission and looking at 
the behaviour of wave plates made from other household materials. The project will involve 
modelling the behaviour, and then the experimental testing of devices.

References:

Supervisor(s): dph3gps1   

Supervisor(s): Dr G.P. Swift      

Paper terahertz wave plates: B. Scherger, M. Scheller, N. Vieweg, S.T. Cundiff & M. Koch, Opt. 
Exp. 19 (25), 24884 (2011)
Where optics meets electronics: Recent Progress in closing the THz gap : J.M. Chamberlain, Phil. 
Trans. R. Soc. Lond. A. 362, 199 (2004).

Project ID: 173

Title: Jet Vetoes for Higgs Boson Measurements 

Category: Particle Theory

Supervisor(s): kghw23

Type: Computation/Theory

Capacity: 1
Summary:

The CERN LHC will start data-taking in 2015 at higher energies not previously explored. It is 
important to improve the theoretical calculations for this new energy regime. This project will 
investigate the perturbative corrections to LHC processes, and their associated uncertainties. 
Rejecting events with many jets can help distinguishing between the Higgs boson production channels 
of weak boson fusion and gluon fusion. Such a distinction is necessary for an accurate determination 
of the coupling of the Higgs boson to the other fundamental particles.

References:

Supervisor(s): kghw23   

Supervisor(s): Dr J.R. Andersen      

Higgs and Z-boson production with a jet veto
Higgs Boson Production in Association with Multiple Hard Jets
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Project ID: 174

Title: Jet Multiplicity Measurements at the LHC

Category: Particle Theory

Supervisor(s): kghw23

Type: Computation/Theory

Capacity: 1
Summary:

An accurate theoretical description of perturbative corrections to processes at the LHC is necessary 
for a reliable interpretation of the data in terms of the fundamental parameters of the Standard Model. 
This project will obtain predictions from High Energy Jets and compare these with data from the 
LHC (CERN) and the Tevatron (Fermilab) for Dijet production, and for Dijet production in 
association with a W-boson. The similarities in the theoretical description of these processes and that 
of Higgs boson production in association with dijets will then be assessed within several theoretical 
frameworks.

References:

Supervisor(s): kghw23   

Supervisor(s): Dr J.R. Andersen      

Multiple Jets at the LHC with High Energy Jets
W Plus Multiple Jets at the LHC with High Energy Jets
Studies of W boson plus jets production in p\bar{p} collisions at sqrt(s)=1.96 TeV

Project ID: 201

Title: Finite-difference time-domain method for solving Relativistic Electrodynamics

Category: Particle Theory

Supervisor(s): kghw23

Type: Computation/Theory

Capacity: 2
Summary:

This project evolves around developing a numerical framework for solving the Maxwell Equations 
using the discretised finite-difference time-domain method. Numerical results should be obtained for 
the well-known analytic solutions to Jefrimemko's equations for e.g. a moving point particle (i.e. the 
Lienard-Wiechert fields). The grand challenge is to apply the FDTD method to finding the solution to 
the equations of motion for a relativistic particle moving in an arbitrary electro-magnetic field, 
including the effects of radiation back-reaction.

References:

Supervisor(s): kghw23   

Supervisor(s): Dr J.R. Andersen      

Introduction to Electrodynamics, D. J. Griffiths
Modern Electrodynamics, Andrew Zangwill
Finite Difference Time Domain Method
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Project ID: 116

Title: Extreme loop integrals

Category: Particle Theory

Supervisor(s): dph0ewng

Type: Computation/Theory

Capacity: 3
Summary:

Loop integrals are key to understanding perturbative quantum field theory. The goal of this project is 
to utilise recent developments in the field to study loop integrals using mathematical, algebraic and 
numerical methods.  The complexity of the integral is roughly given by adding the number of loops 
and the number of external particles. The project will start by studying known results in the literature 
at complexity level 6 using the ideas of uniform transcendental weight and then make a first attempt 
to study integrals at complexity level 7 - from five-loop integrals with two external particles to two-
loop integrals with five external particles.

References:

Supervisor(s): dph0ewng   

Supervisor(s): Prof E.W.N. Glover      

Introduction to Loop Calculations, Gudrun Heinrich, Lecture notes
Numerical evaluation of multi-loop integrals for arbitrary kinematics with SecDec 2.0, 
Comput.Phys.Commun. 184 (2013) 396-408
Calculation of the quark and gluon form factors to three loops in QCD, JHEP 1006 (2010) 094

Project ID: 117

Title: Automated computation of loop processes

Category: Particle Theory

Supervisor(s): dph0ewng

Type: Computation/Theory

Capacity: 2
Summary:

Because of the large size of the strong coupling constant, higher order corrections to strong processes 
are very important. The aim here is to develop a package for the automated computation of higher 
order corrections in quantum field theory, focussing on the loop corrections to the coupling of the 
Higgs to two gluons. This will involve learning about Feynman diagrams and colour algebra, loop 
integrals, master integrals, projectors and then learning how to use computer algebra techniques to 
produce analytic results using a computer.

References:

Supervisor(s): dph0ewng   

Supervisor(s): Prof E.W.N. Glover      

Calculation of the quark and gluon form factors to three loops in QCD, JHEP 1006 (2010) 094
Automatic Feynman graph generation, P. Nogueira, Journal of Computational Physics 105 (1993) 
279-289
Introduction to Loop Calculations, Gudrun Heinrich, Lecture notes
FORM version 4.0, J. Kuijpers, T. Ueda, J. Vermaseren, J. Vollinga, Comput.Phys.Commun. 184 
(2013) 1453-1467
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Project ID: 138

Title: Measurement of Higgs boson properties at the LHC

Category: Particle Theory

Supervisor(s): dph0fk

Type: Computation/Theory

Capacity: 2
Summary:

The Higgs boson is the central missing particle, linking our understanding of electroweak symmetry 
breaking with the experiment. In this project, characteristics such as cross sections describing the 
production and decay of the Higgs boson will be calculated analytically, before modern simulation 
tools will be employed to describe such processes in even more detail. Differences in kinematic 
distributions of the final state particles will be investigated and their capacity to gain information on 
the Higgs bosons spin and, eventually, its parity will be discussed. Finally, realistic background 
simulations will be added to yield a reliable and relevant result.

References:

Supervisor(s): dph0fk   

Supervisor(s): Prof F.M. Krauss      

The Anatomy of electro-weak symmetry breaking. I: The Higgs boson in the standard model.
The Anatomy of electro-weak symmetry breaking. II. The Higgs bosons in the minimal 
supersymmetric model.
Measuring slepton spin at the LHC
Anomalous Higgs boson couplings in vector boson fusion at the CERN LHC

Project ID: 139

Title: Jet structures in QCD

Category: Particle Theory

Supervisor(s): dph0fk

Type: Computation/Data Analysis/Theory

Capacity: 1
Summary:

At the LHC, protons are brought to collision at yet unprecedented energies, to search for signals for 
new particles or other phenomena. When the protons interact, usually sprays of quarks or gluons are 
produced, which cannot be observed directly, but only in bound states, the hadrons. They often form 
so-called "jets", depositing energy in the detector. In this project, the student will learn the physics 
underlying this phenomenon and its application to real data and, possibly, to future search strategies. 
Results from an already existing simulation tool will be compared with available and emerging data 
from the LHC, and further developments will be discussed.

References:

Supervisor(s): dph0fk   

Supervisor(s): Prof F.M. Krauss      

QCD and collider physics
Applications Of Perturbative Qcd
QCD and jets
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Project ID: 140

Title: SUSY signals at the LHC

Category: Particle Theory

Supervisor(s): dph0fk

Type: Computation/Theory

Capacity: 2
Summary:

In fall 2009, the LHC became fully operational reaching unprecedented energies. Apart from searches 
for the Higgs boson, there are high-flying hopes connected with the physics program of this new 
facility. One of them includes searches for supersymmetric particles. In this project, the students will 
learn and understand the basic ideas underlying supersymmetry. Then they will turn to its minimal 
possible realization, the MSSM, and analyse the particle spectrum and the interactions of these 
particles. Finally, some signal in interesting channels will be contrasted with backgrounds - both being 
obtained from an advanced simulation program, called Sherpa.

References:

Supervisor(s): dph0fk   

Supervisor(s): Prof F.M. Krauss      

The Search for Supersymmetry: Probing Physics Beyond the Standard Model
SUSY and such
SHERPA 1. alpha: A Proof of concept version

Project ID: 179

Title: The CKM Matrix and the Unitarity Triangle

Category: Particle Theory

Supervisor(s): llnc65

Type: Computation/Theory

Capacity: 1
Summary:

Weak interactions (WI) render all but the lightest quarks (u and d) unstable and make them decay. WI 
also allow one to distinguish between matter and antimatter (via CP violation) and may hold the clue 
to understanding the matter-antimatter asymmetry in the Universe. All these properties are described 
by the so-called Cabibbo-Kobayashi-Maskawa (CKM) matrix which is under tremendous 
experimental scrutiny. The purpose of the project is to understand what physics is described by the 
CKM matrix, how its entries can be measured, and what these measurements can tell us about "new" 
physics beyond what we know today.

References:

Supervisor(s): llnc65   

Supervisor(s): Dr A.J. Lenz      

D.H.Perkins, Introduction to High Energy Physics, Cambridge University Press, Ch. 3.9, 3.10, 7
G.C. Branco et al., CP Violation, Oxford Science Publications
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Project ID: 180

Title: Higgs Physics

Category: Particle Theory

Supervisor(s): llnc65

Type: Computation/Theory

Capacity: 1
Summary:

The Higgs boson was the last missing ingredient in the standard model. Although already predicted in 
1964 it was not observed until 2012, when this particle was detected at the Large Hadron Collider 
(LHC). The purpose of the project is to understand why a Higgs boson is needed in the Standard 
Model of Particle Physics, how its presence influences precision observables in the electro-weak 
sector, and how it is produced and detected at the LHC.

References:

Supervisor(s): llnc65   

Supervisor(s): Dr A.J. Lenz      

D.H.Perkins, Introduction to High Energy Physics, Cambridge University Press, Ch. 8
C.M.Becchi/G.Ridolfi, An Introduction to Relativistic Processes..., Springer Press, Ch.8
L.Reina, TASI 2004 lecture notes on Higgs boson physics, hep-ph/0512377

Project ID: 133

Title: Hypergeometric functions in multiloop amplitudes

Category: Particle Theory

Supervisor(s): fqnq45

Type: Theory

Capacity: 1
Summary:

Precise theoretical predictions for particle physics are obtained using quantum field theory. In some 
of these calculations some very general functions called "hypergeometric functions" arise. To obtain a 
physical quantity these functions have to be expanded around a physical limit. This project will 
involve a multi-loop calculation in quantum field theory and the subsequent expansion around the 
physical limit will be performed.

References:

Supervisor(s): fqnq45   

Supervisor(s): Dr D. Maitre      

Feynman Integral Calculus, Vladimir A. Smirnov
HypExp 2, Expanding Hypergeometric Functions about Half-Integer Parameters
HypExp: A Mathematica package for expanding hypergeometric functions around integer-valued 
parameters
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Project ID: 134

Title: Strong coupling determination

Category: Particle Theory

Supervisor(s): fqnq45

Type: Theory

Capacity: 1
Summary:

QCD is the theory describing strong interactions. The most important parameter in this theory is the 
strong coupling constant is not predicted by QCD and needs to be extracted from experimental 
measurements. This is normally done using low jet multiplicity processes because much data is 
available for that type of processes. The sensitivity to the strong coupling is increasing with the 
number of jets produced and the recent data from the LHC contains many high multiplicity jet 
events. In this project theory predictions for this type of processes involving many jets will be used to 
extract a value of the strong coupling constant.  The project will involve some programming and 
statistics.

References:

Supervisor(s): fqnq45   

Supervisor(s): Dr D. Maitre      

Statistical data analysis, Glen Cowan, Oxford University Press

Project ID: 135

Title: Twistors and spinors

Category: Particle Theory

Supervisor(s): fqnq45 dph0ewng

Type: Theory

Capacity: 1
Summary:

Theoretical calculation for high energy processes use spinors to represents fermions. The amplitude 
for a process involving fermions will be expressed in terms of product of these spinors. In many cases 
the expressions involving spinors obtained in a calculation can be simplified to expose their structure 
in a more explicit way. A new technique to perform this sort of simplifications involves so-called 
twistors: the Fourier transform of the spinor variable. In this project the potential of this technique to 
reveal new structure in fermionic amplitudes will be investigated.

References:

Supervisor(s): fqnq45   dph0ewng

Supervisor(s): Dr D. Maitre    Prof E.W.N. Glover

Calculating scattering amplitudes efficiently; Lance Dixon
Eliminating spurious poles from gauge-theoretic amplitudes; Andrew Hodges
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Project ID: 136

Title: Vector boson and jets studies at the LHC

Category: Particle Theory

Supervisor(s): fqnq45

Type: Computation/Theory

Capacity: 1
Summary:

In this project events with a W or a Z boson and jets will be compared at the LHC and the potential 
for the improvement of parton distribution will be investigated. This project will require some 
programming in c++ or python.

References:

Supervisor(s): fqnq45   

Supervisor(s): Dr D. Maitre      

Precise Predictions for Z + 4 Jets at Hadron Colliders
Precise Predictions for W + 4 Jet Production at the Large Hadron Collider
A first unbiased global NLO determination of parton distributions and their uncertainties

Project ID: 47

Title: Analytic results for Anharmonic Oscillators

Category: Particle Theory

Supervisor(s): dph0cjm

Type: Theory

Capacity: 2
Summary:

One is usually restricted to the use of Rayleigh-Schroedinger perturbation theory to study anharmonic 
potentials such as V(x)=x^4 or V(x)=x^6. It turns out that for these cases the solutions of the 
Schroedinger equation can be expressed in terms of tri-confluent HeunT and bi-confluent HeunB 
functions, respectively. The Heun differential equation is a generalization of the Hypergeometric 
equation which has been rather neglected, but new applications in Physics have recently appeared. 
The HeunT and HeunB functions are fully implemented in MAPLE, and so exact analytic results for 
wavefunctions and eigenvalues can be compared with perturbative results to assess their accuracy.

References:

Supervisor(s): dph0cjm   

Supervisor(s): Dr C.J. Maxwell      

Anharmonic Oscillator Potentials- Exact and Perturbation Results , Floyd et al, Journal of 
Undergraduate Research in Physics, January 2012.
C.M. Bender and T.T. Wu, Phys Rev 184 1231-1260, (1969)
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Project ID: 48

Title: Large order behaviour of perturbative field theory

Category: Particle Theory

Supervisor(s): dph0cjm

Type: Theory

Capacity: 1
Summary:

Higher order corrections in perturbation theory grow like n! in nth order and so the series in the 
coupling is only an asymptotic one. This growth comes from two sources, the growth in the number 
of Feynman diagrams leads to instantons, and insertion of chains of fermion bubbles in diagrams 
leads to renormalons. The project would focus on renormalons in perturbative QCD, and 
approximate resummations of perturbation theory to all orders, the Adler D-function of vacuum 
polarization, and sum rules in Deep Inelastic Scattering being used as specific examples. The deep 
interplay between perturbative and non-perturbative effects would also be explored.

References:

Supervisor(s): dph0cjm   

Supervisor(s): Dr C.J. Maxwell      

C.J. Maxwell and D.M. Howe, Phys. Rev. D70, 014002 (2004) [hep-ph/0303163]
C.N. Lovett-Turner and C.J. Maxwell, Nucl. Phys. B452, 188 (1995) [hep-ph/9505224]
P.M. Brooks and C.J. Maxwell Phys. Rev D74 (2006) 065012

Project ID: 49

Title: SUSY QM and shape invariance

Category: Particle Theory

Supervisor(s): dph0cjm

Type: Theory

Capacity: 1
Summary:

Supersymmetric (SUSY) Quantum Mechanics was introduced as a toy model for the dynamical 
breaking of SUSY by Witten. It was swiftly realised that there exist pairs of potentials in ordinary 
quantum mechanics which are equivalent to a superpotential in the Witten SUSY QM. SUSY 
techniques can be used to solve ordinary problems in QM. The project would focus on translationally 
shape-invariant potentials (TSIPs) where a potential and its superpartner potential are related by a 
simple shift in a parameter of the potential. These potentials have some unexpected properties such as 
exact lowest order WKB quantization conditions which would be investigated.

References:

Supervisor(s): dph0cjm   

Supervisor(s): Dr C.J. Maxwell      

For a nice review: F. Cooper, A. Khare and U. Sukhatme, Phys. Rept. 251 (1995) 267 [hep-
th/9405029]
R. Dutt, A. Khare and U. Sukhatme, Am.J. Phys. 56 (1988) 163
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Project ID: 168

Title: New physics effects in top-quark production at the LHC

Category: Particle Theory

Supervisor(s): jcfj25

Type: Theory

Capacity: 2
Summary:

The first three years of the LHC experiment have led to the discovery of a Standard Model-like Higgs 
boson, but not to the direct production of heavy particles associated with new physics models. 
However, such particles could be discovered indirectly by shifting the cross section for top-quark 
production from its expected value in the Standard Model. Therefore, studying top properties in great 
detail is one of the main physics goals of the LHC. In this project we will perform computations that 
quantify how new physics models can alter the Standard Model cross section for top-quark 
production, and compare the results with measurements from the LHC experiment.

References:

Supervisor(s): jcfj25   

Supervisor(s): Dr B.D. Pecjak      

W. Bernreuther, ``Top quark physics at the LHC,'' J. Phys. G 35, 083001 (2008) [arXiv:0805.1333 
[hep-ph]].
D. Wicke, ``Properties of the Top Quark,'' Eur. Phys. J. C 71 (2011) 1627 [arXiv:1005.2460 [hep-ex]].
J.F. Kamenik, J. Shu and J. Zupan, ``Review of New Physics Effects in t-tbar Production,'' Eur. 
Phys. J. C 72 (2012) 2102 [arXiv:1107.5257 [hep-ph]].

Project ID: 169

Title: Top-quark pair production in the Standard Model

Category: Particle Theory

Supervisor(s): jcfj25

Type: Theory

Capacity: 2
Summary:

With a mass roughly equal to that of a gold atom, the top quark is the heaviest known elementary 
particle. Along with the Higgs boson, it is also the least explored experimentally. This situation is 
rapidly changing due to the LHC experiment, which has already produced millions of top quarks and 
is studying top properties in detail. This project will explore Standard Model computations of 
differential cross sections for top-quark pair production, and compare numerical results with recent 
measurements from the LHC. The student will thus learn elements of perturbative quantum field 
theory, and about the interplay between theoretical calculations and experimental measurements.

References:

Supervisor(s): jcfj25   

Supervisor(s): Dr B.D. Pecjak      

W. Bernreuther, ``Top quark physics at the LHC,'' J. Phys. G 35, 083001 (2008) [arXiv:0805.1333 
[hep-ph]].
N.Kidonakis and B.D. Pecjak, ``Top-quark production and QCD,'' Eur. Phys. J. C 72, 2084 (2012) 
[arXiv:1108.6063 [hep-ph]].
R.K. Ellis, W.J. Stirling and B.R. Webber,``QCD and collider physics,'' Camb. Monogr. Part. Phys. 
Nucl. Phys. Cosmol. bf 8 (1996) 1.
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Project ID: 9

Title: Lepton Number violation at the LHC

Category: Particle Theory

Supervisor(s): dph0pr

Type: Computation/Theory

Capacity: 1
Summary:

In some supersymmetric extensions of the Standard Model the lightest supersymmetric particle is 
unstable and decays to Standard Model particles in a process in which lepton number is not 
conserved. This leads to interesting signatures for these models at the LHC. This project will start by 
looking at how the signals of these models can be detected at the LHC using computer simulations of 
the particle collisions and detectors. Depending on the student's interests the project can then 
continue by either studying more complex signals of the model and how its parameters can be 
measured or looking at the theoretical properties of the model. The particle theory module is relevant 
for this project.

References:

Supervisor(s): dph0pr   

Supervisor(s): Prof P. Richardson      

A Supersymmetry Primer, S.P. Martin, hep-ph/9709356.
An Introduction to Explicit R-parity violation, H. Dreiner, hep-ph/9707435.
The R-Parity Violating Minimal Supergravity Model, B.C. Allanach et.al, hep-ph/0309196.
Collider phenomenology: Basic knowledge and techniques, T. Han, hep-ph/0508097.

Project ID: 10

Title: Production of Quarkonium Resonances

Category: Particle Theory

Supervisor(s): dph0pr

Type: Computation/Theory

Capacity: 1
Summary:

The production of bound states of heavy quarks, such as the J/Psi or Upsilon, or particles like the 
B_c are poorly described in the simulations commonly used to compare theoretical predictions with 
experimental data. In this project we will look at improving the treatment of the production of these 
quarkonium states by including their production as part of the simulation of the QCD radiation. The 
project will start by calculating the theoretical results needed and then go on to include them by 
writing simulation code in C++ to adding them to the existing Herwig++ program. The results will 
be compared with experimental data. The particle theory module is relevant for this project.

References:

Supervisor(s): dph0pr   

Supervisor(s): Prof P. Richardson      

General-purpose event generators for LHC physics, arXiv:1101.2599
Gluon Fragmentation into Heavy Quarkonium, arXiv:hep-ph/9303205
Z^0 Decay into Charmonium via Charm Quark Fragmentation, arXiv:hep-ph/9302307
Perturbative QCD Fragmentation Functions for B_c and B_c* Production, arXiv:hep-ph/9305206
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Project ID: 11

Title: Exotic Coloured Particles

Category: Particle Theory

Supervisor(s): dph0pr

Type: Computation/Theory

Capacity: 1
Summary:

Although we have only seen particles in the fundamental, i.e. quarks, and adjoint, i.e. gluons, 
representations of the SU(3) group which describes the strong force it is possible that particles which 
carry other colour charges may exist. The aim of this project will be to investigate the properties of 
particles in these higher representations of the SU(3) colour group. The project will start by studying 
colour sextet particles which is the simplest representation which has not been observed, reproducing 
known results and studying the implications for the LHC using numerical simulations. We will then 
go on and study particles in higher representations of the colour group.

References:

Supervisor(s): dph0pr   

Supervisor(s): Prof P. Richardson      

Colored Resonant Signals at the LHC: Largest Rate and Simplest Topology, Tao Han, Ian Lewis, 
Zhen Liu, JHEP 1012:085, 2010
QCD Corrections to Scalar Diquark Production at Hadron Colliders, Tao Han, Ian Lewis, Thomas 
McElmurry, JHEP 1001:123,2010
Simulation of Sextet Diquark Production, Peter Richardson, David Winn, Eur.Phys.J. C72 (2012) 
1862
General-purpose event generators for LHC physics , A. Buckley et.al., Phys.Rept. 504 (2011) 145-233

Project ID: 12

Title: Baryon Number violation at the LHC

Category: Particle Theory

Supervisor(s): dph0pr

Type: Computation/Theory

Capacity: 1
Summary:

In some supersymmetric extensions of the Standard Model the lightest supersymmetric particle is 
unstable and decays to Standard Model particles in a process in which baryon number is not 
conserved. This leads to interesting signatures for these models at the LHC. This project will start by 
looking at how the signals of these models can be detected at the LHC using computer simulations of 
the particle collisions and detectors. Depending on the student's interests the project can then 
continue by either studying more complex signals of the model and how its parameters can be 
measured or looking at the theoretical properties of the model. The particle theory module is relevant 
for this project.

References:

Supervisor(s): dph0pr   

Supervisor(s): Prof P. Richardson      

A Supersymmetry Primer, S.P. Martin, hep-ph/9709356.
An Introduction to Explicit R-parity violation, H. Dreiner, hep-ph/9707435.
Measuring supersymmetric particle masses at the LHC in scenarios with baryon number R-parity 
violating couplings, B.C. Allanach et. al.JHEP 0103:048,2001, hep-ph/0102173.
Collider phenomenology: Basic knowledge and techniques, T. Han, hep-ph/0508097.
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