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Jorge Casalderrey-Solana Royal Society Fellow jorge.casalderreysolana@physics.ox.ac.uk

๏ A new state of matter
Quark Gluon Plasma

๏ A strongly coupled fluid

๏ Extremely high temperatures
T > 2×1012 K = 170 MeV

Pb Pb

๏ LHC: Pb-Pb @ √s= 2.76 TeV 

๏Main tool that I use: Holography
• Strong coupling field theory 
solved by classical gravity

๏ Topics I will address this year
• Phase transitions and holography

• Inhomogeneous horizons in 5D
• Gravitational waves at strong coupling

Heavy Ion Collisions & Holography

• Onset of hydro behaviour
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FIG. 1. Energy density versus temperature for the gauge theory dual to (1). At high and low T there is
only one phase shown in dashed-dotted blue. The preferred phase in the multivalued region is shown in solid
purple. The dotted green curve is metastable. The dashed red curve is locally unstable. The black vertical
line indicates Tc = 0.247⇤. The top (bottom) dashed, grey horizontal line indicates the highest (lowest)
average energy density that we have considered. The top (bottom) dotted, grey horizontal line indicates the
maximum (minimum) value of the energy in the corresponding final states. The solid, black horizontal line
is the state for which we show specific results.

E/⇤4

t⇤

z⇤

FIG. 2. Energy density for the initial state indicated by the solid, black horizontal line in Fig. 1, perturbed
by the third Fourier mode. The color coding on the final-time slice is the same as in Fig. 1.
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JOSEPH'CONLON
String'theory'and'compactifications

String phenomenology
Also interest in'astroparticle physics,'cosmology'and'BSM

Students:'Nick'Jennings'(just'defended'PhD'viva)



Lucian Harland-Lang
STFC Rutherford Fellow

I am a QCD collider phenomenologist. Two main topics of research:

‣ Precise extraction of proton structure. Essential to all LHC 
physics- member of MMHT ‘global’ PDF fitting collaboration.
‣ Ongoing/recent work: towards ‘MMHT’17, understanding the 
photon PDF, dealing with theoretical uncertainties…

Figure 1: MMHT2014 NNLO PDFs at Q2 = 10 GeV2 and Q
2 = 104 GeV2, with associated 68%

confidence-level uncertainty bands. The corresponding plot of NLO PDFs is shown in Fig. 20.

distributions.

The outline of the paper is as follows. In Section 2 we describe the improvements that

we have in our theoretical procedures since the MSTW2008 analysis [1] was performed. In

particular, we discuss the parameterisation of the input PDFs, as well as the improved treat-

ments (i) of the deuteron and nuclear corrections, (ii) of the heavy flavour PDFs, (iii) of the

experimental errors of the data, and, (iv) in fitting the neutrino-produced dimuon data. In

Section 3 we discuss the non-LHC data which have been added since the MSTW2008 analysis,

while Section 4 describes the LHC data that are now included in the fit. The latter Section

concentrates on the description of W and Z production data, together with a discussion of the

inclusion of LHC jet production data.

The results of the global analysis can be found in Section 5. This section starts with a

discussion of the treatment of the QCD coupling, and of whether or not to include ↵S(M2

Z
)

as a free parameter. We then present the LO, NLO and NNLO PDFs and their uncertainties,

together with the values of the input parameters. These sets of PDFs are the end products of

the analysis – the grids and interpolation code for the PDFs can be found at [12] and will be

available at [13] and a new HepForge [14] project site is foreseen. An example is given in Fig.

1 which shows the NNLO PDFs at scales of Q2 = 10 GeV2 and Q
2 = 104 GeV2, including the

associated one-sigma (68%) confidence-level uncertainty bands.

Section 5 also contains a comparison of the NLO and NNLO PDFs with those of MSTW2008

[1]. The quality of the fit to the data at LO is far worse than that at NLO and NNLO, and

is included only for completeness. In Section 6 we make predictions for various benchmark

processes at the LHC, and in Section 7 we discuss other data sets that are becoming available
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• Central Exclusive Production:

• Parton Distribution Functions:

‣ Unique ‘elastic’ class of event. Different avenue for exploration 
compared to standard ‘inclusive’ LHC production.
‣ Ongoing/recent work: SuperChic Monte Carlo generator for 
CEP, heavy ion collisions (BSM possibilities?)…

pp ! p + X + p
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• Parton Distribution Functions:

‣ Unique ‘elastic’ class of event. Different avenue for exploration 
compared to standard ‘inclusive’ LHC production.
‣ Ongoing/recent work: SuperChic Monte Carlo generator for 
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� Ongoing/recent work: new ‘MMHT18’ release, 
including theoretical uncertainties, looking to the 
HL-LHC (w. Shaun Bailey).
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• Central Exclusive Production:
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compared to standard ‘inclusive’ LHC production.
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CEP, heavy ion collisions (BSM possibilities?)…

pp ! p + X + p

� Unique ‘elastic’ class of event. Different avenue 
of exploration vs. standard ‘inclusive’ channels.

� Ongoing/recent work: updating SuperChic 
MC to include heavy ions, glueballs at the LHC.
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Gavin P. Salam 
Just joined Dept. + All Souls 
funded by ERC & Royal Society Research 
Professorship 
[on leave from CERN & CNRS] 

Main interest: LHC physics
mostly from a QCD point of view 
• Jet-physics  

(anti-kt algorithm, FastJet) 
• Higgs studies  

(e.g. VBF @ NNLO, jet vetoes) 
• Parton Distribution Functions  

(e.g. hoppet, LUXqed photons) 
• BSM searches  

(jet substructure, ColliderReach) 
• heavy-ion collisions 
• future colliders

Current main project:
Attempting to reformulate the  
foundations of “parton showers”, 
which are used in almost every 
measurement at the LHC
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arXiv:1805.09327 
Dasgupta, Dreyer, Hamilton, Monni & GPS 



Early universe: Tikhonov reconstruction of a quadrupolar
modulation in the spectrum of primordial scalar fluctuations 
from Planck data ➛ spectral features may be evidence for 
multiple episodes of inflation (with associated non-Gaussianity)

High energy neutrinos: I participate in the IceCube expt. 
which discovered cosmic high energy neutrinos … predicted 
deep inelastic scattering cross-section using HERAPDF ➛ now 
confirmed upto ~1000 TeV (measured absorption in the Earth)

Dark matter: Particularly interested in asymmetric relic 
particles and their phenomenology – and attempts at 
detection by both terrestrial and cosmic experiments … 
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Late universe: Our local ‘bulk flow’ extends out much
further than is expected in a (statistically) homogeneous 

universe … biases determination of cosmological parameters 

using Type Ia Supernovae - evidence for acceleration only 2s 
and it has a comparable dipole along the bulk flow direction!
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Closed strings picture: dynamics of strings

& branes at low energy is described by

string theory in curved space in higher dim.

conjectured

exact  equivalence

Open strings picture: dynamics of strings 

& branes at low energy is desribed by 

a quantum field theory without gravity 

AdS-CFT correspondence               Gauge-gravity duality Gauge-string duality Holography

STRONG COUPLING WEAK COUPLING

Allows study of correlation functions, Wilson loops, thermodynamics, transport, 

non-equilibrium behavior, turbulence, quantum quenches etc in STRONGLY interacting

systems (of some class) by using their DUAL weak gravity description  

Oxford Holography Group: B.Meiring, C.Herzog (long-term visitor), A.Starinets (on sabbatical)



John Wheater 

Discretized models of 
Quantum Gravity & Quantum Geometry

Matrix Models Rigorous 
 Combinatorics  

Manifolds Graphs

Statistical  
Mechanics

Quantum Field 
Theory

[Numerical 
Simulation]

JW, Aravinth  Kulanthaivelu, Dennis Xavier, 
 collaborators in Copenhagen & Reykjavik



Emeriti & Visitors 



• Scale invariant theories (including gravity) 

Graham Ross - Physics Beyond the Standard Model?  

• B physics FCNC anomalies 
+Ben Grinstein,  
Stefan Pokorski 

Classical + quantum 	

+Pedro Ferreira, 
Chris Hill, 
Johannes Noller 

…the hierarchy problem    mh ≪ M Planck ?

• SUSY GUT: 

Gauge coupling unification 

Threshold effects:    
MSUSY ,i = F( M KK ,i ) +Kazuki Sakurai,,  

Stefan Pokorski 

…inflation 

 LR
  
R

K ,K*
✔	

  
gµ − 2 ✔	

DM	 ✔	

 RD
✗	

   mL ∼ 70GeV



Mike Teper – Lattice Field Theory

physics of strongly-coupled field theories e.g. gauge theories

recent and current:

• Spinorial flux tubes in SO(N) gauge theories in 2+1 dimensions

Michael Teper: arXiv:1712.01185

• SO(4), SO(3) and SU(2) gauge theories in 2+1 dimensions: comparing glueball

spectra and string tensions

Michael Teper: arXiv:1801.05693

• On the spectrum and string tension of U(1) lattice gauge theory in 2+1

dimensions

Andreas Athenodorou, Michael Teper: being written

• Pfaffian particles and strings in SO(2N) gauge theories

Michael Teper: being written
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Stephen West

Dark Matter and Hidden sectors
Beyond WIMP DM - freeze-in, Nuclear Dark matter…
Link to matter-antimatter asymmetry - asymmetric dark matter

Astro-Particle Physics

Black Holes
BSM physics at the Colliders

Early Universe Cosmology

Electroweak Symmetry breaking

Dark matter consequences for stars

Long lived states
Anything BSM including SUSY

Colliding particles in the fields of…

Extended Higgs sectors 

How do we probe more complicated hidden sectors?
Dark matter direct and indirect detection

Phase Transitions 

Topological Defects
Neutrino Physics
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