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WORLD-CLASS

The STAG (Southampton Theory, Astrophysics and Gravity) Research 
Centre is a interdisciplinary grouping of mathematical physicists from  
the departments of Mathematical Sciences and Physics and Astronomy 
studying the fundamental laws of nature.    
 
STAG researchers explore problems ranging from the ultimate building blocks 
of matter to dynamics on cosmological scales, and actively engage with high-
profile international experiments and observational facilities. 
 
The quantum quest 
Quantum gravity remains the outstanding problem in modern theoretical 
physics with implications for black hole singularities, the Big Bang and ultra 
high-energy particle collisions. STAG is actively involved in bridging the gap 
between quantum theory and gravity with expertise in string theory, 
holography and UV asymptotically safe gravity. 
 
Physics at the extremes 
The extreme environment generated by black holes and neutron stars powers 
some of the most spectacular phenomena in the Universe. Precision 
observations of these phenomena increasingly require a general relativistic 
description. STAG astronomers and theorists work together to improve our 
understanding of: relativistic outflows and jets; accretion flows; the formation 
and dynamics of black holes; and pulsar phenomenology. 
 
The dark side 
Mysterious dark elements of the Universe appear to determine its evolution. 
Astronomical observation, cosmological studies and particle physics 
experiments all concentrate on the search to explain the identity of dark 
matter and dark energy, which make up 95% of the Universe. STAG focuses on 
key elements of this search: exploring cosmological implications of physics 
beyond the standard model of particle physics; using different astrophysical 
techniques to measure the acceleration of the Universe; observing 
cosmological large-scale structure; and studying the origin and propagation of 
gravitational waves. 
 
Our new MMATH Mathematical Physics degree programme introduces 
students to the tool needed to explore these exciting problems.

RESEARCH
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WORLD-CLASS
PARTICLE PHYSICS

The Gravity group in Mathematics is one of the largest classical relativity 
groups anywhere in the world. Their research is focused on Einstein's theory 
and its applications to astrophysics. They are particularly interested in the 
modeling of gravitational-wave sources, and work actively on many aspects of 
the dynamics of black holes and neutron stars using both approximate 
methods and fully nonlinear numerical simulations. For much of this work they 
work directly with astronomers. 
 

WORLD-CLASS
GRAVITY

The Theoretical Particle Physics group studies the fundamental building blocks 
of nature and their interactions. Members of the group play key roles in the 
Large Hadron Collider experiment at CERN, Geneva, helping interpret results 
and motivate searches for undiscovered particles. These results feed into our 
model building of potential new physics activities from supersymmetric 
models to composite Higgs studies. Our lattice QCD group also uses 
supercomputers to study the strong nuclear force. 
 

Azaria Coupe 
MPhys Physics 
 
Azaria has always been interested in particle 
physics and would like to eventually work at 
CERN, where physicists have discovered the 
Higgs boson and continue to probe the 
fundamental structure of the Universe. 

She was fortunate enough to be accepted on 
a South East Physics Network (SEPnet) 
internship where she completed a 
CERN@School project, bringing the 
excitement of particle physics into the 
classroom through real research projects. 

"It was an amazing opportunity and I gained a 
great amount of experience. I got the chance 
to be involved in cutting-edge research and it 
felt like I had made a difference. The 
experiments I created are actually being used 
in classrooms, which has given me confidence 
in my ability," Azaria said. 

Azaria was one of two Southampton students 
who were recognised for their outstanding 
work at the annual SEPnet Students' Expo 
awards. "I felt incredibly shocked when I heard 
I had won. It is excellent recognition and is 
something that I hope will help me stand out 
to future employers," she added.

 
Some of the big questions include: "What is dark matter?", research done in 
collaboration with astronomers who have identified its existence; "What is dark 
energy and how did it drive super inflationary expansion in the early 
Universe?", work conducted with cosmologists and which need General 
Relativity expertise; And finally "What is the unified theory of everything that 
incorporates  quantum gravity?", theoretical work that directly ties into the 
string theory group in Mathematics.  

 
The Gravity group also contains researchers working on string theory and 
quantum gravity. Replacing fundamental point particles with extended strings 
allows a quantum understanding of gravity.  A key element has been 
holography – the discovery that gravitational theories can be described by 
lower dimension theories which has led to new understandings of field 
theories similar to the strong nuclear force, black holes and gravity itself. All 
these ideas tie into the search for a theory of everything, a key to particle 
physics.
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WORLD-CLASS
ASTRONOMY
Research at Southampton Astronomy covers a broad range of astrophysical 
phenomena. We are interested in accretion onto, and emission from, compact 
objects of all sizes, galactic and extragalactic, and to understand how these 
compact objects interact with their environments. We also have world leading 
groups in high energy γ-ray and X-ray astrophysics, supernovae and dark 
energy, and transients from the γ-ray through the optical to the radio. 
Southampton is a key player in the next-generation of radio telescopes. We are 
currently the UK lead for the INTEGRAL space mission. 

WORLD-CLASS
CONDENSED MATTER
The study of condensed matter and light, has its own frontier, that of "the ever 
more complex". Groups in Physics and Mathematics study the interfaces 
between mathematics, physics, chemistry, biology, and engineering. The 
groups explore ultra-cold atoms, photonics, graphene, high temperature 
superconductors and the interaction of light and matter at the quantum level.  
Experimental tests of quantum theory are keenly watched throughout the 
STAG centre. 
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WORLD-CLASS
DEGREE
The MMath Mathematical Physics degree is STAGs’s premier contribution to 
teaching. The programme carefully combines core courses from the Physics 
and Mathematics programmes to allow students to become experts in 
mathematical physics. Students may choose a mixed path or specialise in 
years 3 & 4 in astrophysics, particle physics, gravitational physics, condensed 
matter theory, or purer aspects of mathematical physics. 
 
Entry Requirements: A*AA including A Mathematics and Physics 
or AAA including grade A in Mathematics and Physics and Further Mathematics or 
AAB including grade A in Mathematics and Physics and grade 2 in STEP.  

Modules 
 
Year 1:  PHYS1011 Waves, Light and Quanta 
             PHYS1013 Energy and Matter 
             PHYS1015 Motion and Relativity 
             PHYS1017 Physics Skills 1 
             PHYS1019 Physics Skills 2 
             PHYS1022 Electricity and Magnetism 
             MATH1048 Linear Algebra I 
             MATH1049 Linear Algebra 2 
             MATH1056 Calculus I 
             MATH1056 Calculus 2 
 
Year 2:  PHYS2001 Electromagnetism 
              PHYS2003 Quantum Physics 
             PHYS2006 Classical Mechanics 
             PHYS2023  Wave Physics 
             PHYS2024 Quantum Physics of Matter 
             MATH1052 Differential Equations 
             MATH2038 Partial Differential Equations 
             MATH2045 Vector Calculus & Complex Variables 
 
Year 3:  PHYS3008 Atomic Physics 
             MATH3032 Communicating and Researching Mathematics 
             + 6 options 
 
Year 4:  PHYS6006 (double unit) - masters project  
             + 6 options 

Students are free to pick and choose options in the final two years, but we have organised 
specific themes as examples: 
 

During the final year of your degree you will complete a double unit project – we offer a 
range of topics across mathematical physics. Some recent examples include; 

Strings and Branes in Exotic Space-times 
Exploring the Higgs boson at the LHC and ILC 

Supersymmetric Quantum Mechanics 
Renormalization and Superconductivity 

How much of the cosmological constant is fake?   
 

Particle Physics 
Year 3:  MATH2003 Group Theory 
               PHYS3003 Light and Matter 
               PHYS3002 Nuclei & Particles 
              MATH3006 Relativity, Black holes & Cosmology 
               MATH2046 Algebra and Geometry 
               PHYS3007 Theories of Matter, Space and Time 
Year 4:  PHYS6003 Advanced Quantum 
               PHYS6005 Cosmology or MATH6109 Differential Geometry 
                MATH6108 Groups and Symmetries 
                MATH6107 Gravitational Waves 
                MATH6139 Advanced General Relativity or MATH6149 Modelling with  
                                            Differential Equations 
                 PHYS6011 Particle Physics 
 
Astrophysics/Gravitation 
Year 3:  MATH3018 Numerical Methods 
               MATH3071 Light and Waves 
               PHYS3002 Nuclei & Particles 
              MATH3006 Relativity, Black Holes & Cosmology 
               PHYS3007 Theories of Matter, Space and Time 
               PHYS3010 Stellar Evolution 
Year 4:  PHYS3011 Photons in Astrophysics 
                PHYS6005 Cosmology  
                MATH6109 Differential Geometry 
                PHYS6017 Computer Techniques in Physics 
                MATH6107 Gravitational Waves 
                MATH6139 Advanced General Relativity  
 
Condensed Matter  
Year 3:  MATH3071 Light and Waves 
                MATH3072 Biological Fluid Dynamics 
                PHYS3007 Theories of Matter, Space and Time 
                MATH3048 Mathematical Biology 
                MATH3083 Advanced PDEs 
                MATH3084 Integral Transforms 
Year 4:  PHYS6003 Advanced Quantum 
                PHYS6012 Coherent Light and Matter 
                PHYS3003 Light and Matter 
                MATH6140 Structure and Dynamics of Networks 
                MATH6149 Modelling with Diff Equations 
                OPTO6004 Metamaterials 
 
Physical Mathematics 
Year 3:  MATH2039 Analysis 
                MATH2046 Algebra and Geometry 
                MATH3076 Hilbert Spaces 
                MATH3077 Groups and Modules 
                MATH3079 Metric Spaces and Topology 
                MATH3080 Algebraic Topology  
Year 4:  MATH6079 Hyperbolic Geometry 
                MATH6094 Complex function theory 
                MATH6095 Introduction to Semigroup Theory 
                MATH6137 Homotopy and Homology 
                MATH6138 (Geometric Group Theory) 
                MATH6108 Groups and Symmetries8 9



WORLD-CLASS
ENVIRONMENT
Our people have a passion to change the world through their research and 
collaborations with global partners. Our lecturers push the boundaries of 
knowledge and use their research experience to inform your education. We 
offer a vibrant academic culture and provide more than just the traditional 
learning environment.  

TERMS & CONDITIONS 
 
Relevant web links are shown throughout the Mathematical Physics prospectus. Please also 
consult www.southampton.ac.uk/maths and www.southampton.ac.uk/phys for further 
details and/or any changes whcih have appeared since first publication of the Mathematical 
Physics prospectus or phone +44(0)238059 4746 or +44(0)238059 2969 for more 
information. 
 
Disclaimer 
 
The University of Southampton will use all reasonable efforts 
to deliver advertised programmes and other services and 
facilities in accordance with the descriptions set out in its 
prospectuses, student handbooks, welcome guides and 
website. It will provide students with the tuition, learning 
support, services and facilities as described with reasonable 
care and skill.

Force majeure 
 
The University will not be held liable for any loss, damage or 
expense resulting from any delay, variation or failure in the 
provision of services and facilities set out herein, arising from 
circumstances beyond the University's control, including (but 
not limited to) war or threat of war, riot, civil strife, terrorist 
activity, industrial dispute, natural or nuclear disaster, adverse 
weather conditions, interruption in power supplies or other 
services for any reason, fire, boycott, and telecommunications 
failure.  

In the event that such circumstances beyond the reasonable 
control of the University arise, it will use all reasonable 
endeavours to minimise distruption as far as it is practical to 
do so.

© University of Southampton 2015
This information can be made available, on request, in 
alternative formats such as electronic, large print, Braille or 
audio tape, and in some cases, other languages. Please call 
+44(0)2380 7726 to request an alternative format.

The University, therefore, reserves the right if it considers it 
to be necessary to alter the timetable, location, content or 
method of delivery of events provided such alterations are 
reasonable.

Financial or other losses 
 
The University of Southampton will not be held liable for any 
direct or indirect financial or other losses or damage arising 
from changes made to the event timetable, location, content 
or method of delivery of various services and facilities set out 
herein.

Our state-of-the-art Student Centre provides a unique place to study and socialise. The Student 
Centre has a cafe and study areas with interactive whiteboards and the latest audio-visual 
equipment. Glass 'pods' provide a quiet space for group work and you can get a snack and a 
coffee to refuel when you need a break.
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