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Experiment:  
• Large Hadron Collider at CERN: ATLAS and LHCb 
• Quark flavour physics: LHCb and NA62 (CERN) 
• Neutrino physics: 
➡Neutrino Factories and MICE at RAL 
➡ Long-baseline: DUNE (USA) proto-DUNE (CERN), T2K (Japan) 
➡WATCHMAN in Boulby Mine (detecting neutrinos from nuclear reactors) 

• Dark Matter (LUX,LZ) in Homestake mine, South Dakota  
• Future colliders (ILC, CLICdp, FCCee) 

Theory: 
• Lattice field theory for LHC, g−2, flavour physics at DiRAC facility & elsewhere 
➡Working with HPQCD, QCDSF and RBC/UKQCD collaborations 

• Phenomenology for LHC, cosmology & beyond: nnPDF, HEJ, flavour anomalies, 
warm inflation, TopFitter 

• Scattering Amplitudes calculations 
• Formal theory: little Higgs, Supersymmetry, extra dimensions 
• Turbulence, links to condensed matter 

Computing & Data Analysis aka Data Science & AI

Particle Physics:  
Current Research Overview
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FIG. 6. The individual lattice components of the window
method with t0 = 0.4 fm as function of t1.
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FIG. 7. Our results (RBC/UKQCD 2018) compared to previ-
ously published results. The green data-points are pure lattice
computations, the orange data-point is our combined window
analysis, and the purple data-points are pure R-ratio results.
The references are ETMC 2013 [41], HPQCD 2016 [42], Mainz
2017 [43], BMW 2017 [39], HLMNT 2011 [4], DHMZ 2012 [44],
DHMZ 2017 [6], Jegerlehner 2017 [5], and No new physics [3].
The innermost error-bar corresponds to the statistical uncer-
tainty.

CONCLUSION

We have presented both a complete first-principles cal-
culation of the leading-order hadronic vacuum polariza-
tion contribution to the muon anomalous magnetic mo-
ment from lattice QCD+QED at physical pion mass as
well as a combination with R-ratio data. For the former
we find a

HVP LO
µ

= 715.4(16.3)(9.2) ⇥ 10�10, where the
first error is statistical and the second is systematic. For
the latter we find a

HVP LO
µ

= 692.5(1.4)(0.5)(0.7)(2.1) ⇥
10�10 with lattice statistical, lattice systematic, R-ratio
statistical, and R-ratio systematic errors given sepa-
rately. This is the currently most precise determination
of aHVP LO

µ

corresponding to a 3.7� tension

a

EXP
µ

� a

SM
µ

= 27.4(2.7)(2.6)(6.3) ⇥ 10�10
. (7)

The presented combination of lattice and R-ratio data
also serves to provide additional non-trivial cross-checks
between lattice and R-ratio data. The precision of this
computation will be improved in future work including
simulations at smaller lattice spacings and at larger vol-
umes.
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Calculations of hadronic vacuum polarisation contribution  to 
anomalous magnetic moment of the muon, aμ = (gμ−2)/2. Lattice QCD & 
experimental inputs - including separate masses for up & down quarks          

 arXiv:1801.07224, arXiv:1601.03071 arXiv:1710.11212 
Combining lattice & experimental results suggest new physics is 

needed to account for aμ!

Particle Physics Theory  
2017/18 Research Highlights 
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Figure 3.7. Comparison of the present NNLO determination of ↵s (mZ), Eq. (3.13), with the PDG
average and with the previous ABMP16, MMHT14, and NNPDF2.1 results. For the NNPDF values, the
inner (darker) error bar correspond to experimental uncertainties, while the outer (lighter) one indicates
the sum in quadrature of experimental and theoretical uncertainties.

between PDFs and ↵s, while the theory uncertainty should be compared to Eq. (3.11) which is
also based on the CH method. We conclude that, in comparison to Ref. [18], the current result
is more precise, though with more conservatively estimated uncertainties.

In Fig. 3.7 we compare the NNLO result of Eq. (3.13) to our previous result [18], to the current
PDG average [3], and to two recent determinations obtained from simultaneous fit of PDFs and
↵s (mZ), ABMP16 [41] and MMHT2014 [40]. We find good agreement with the PDG average as
well as with the MMHT14 and NNPDF2.1 determinations. It has been suggested [50, 51] that
the lower ABMP16 value can be partly explained by the use of a fixed-flavour number scheme
for the treatment of DIS data. In fact, it is interesting to observe that the current AMBP16
value is higher than previous values of ↵s (mZ) obtained by the same group [52], from which it
di↵ers because of inclusion in Ref. [41] of LHC data described in an Nf = 5 scheme.

Interestingly, the ↵s (mZ) determination from the NNPDF3.1 fit is higher than any other
recent determination from PDF fits. Inspection of Figs. 3.3 and 3.5 strongly suggests that
this increase is driven by the high-precision LHC data, especially for gauge boson production
(including the Z pT distribution) but also for top and jet production.

4 Summary and outlook

In this work we have presented a new determination of the strong coupling constant ↵s (mZ)
jointly with a global determination of PDFs which, by relying on NNPDF3.1, for the first time
includes a large amount of LHC data using exact NNLO theory in all cases. In comparison to
a previous determination based on NNPDF2.1, our results exploit the new correlated replica
method that is equivalent to the simultaneous fit of PDFs and ↵s. This new method thus fully
accounts for the correlations between PDFs and ↵s in the determination of the best-fit value of
↵s and of the associated uncertainty.

We find that the determination of ↵s (mZ) is considerably stabilized by the use of a wide set of
di↵erent processes and data, and we provide evidence that a global simultaneous determination of
↵s (mZ) and PDFs leads to a more stable and accurate result than the one obtained from subsets
of data. We thus obtain a value of ↵s (mZ) which is likely to be more precise and more accurate
than previous results based on similar techniques. We find that the LHC data consistently lead
to an increase in the central value of ↵s (mZ), and observe good overall consistency between the

19

Improved determination of strong force coupling, αS 
agrees with experiment!  arXiv:1802.03398
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The hadronic vacuum polarization contribution to aµ from full lattice QCD
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We determine the contribution to the anomalous magnetic moment of the muon from the ↵2
QED

hadronic vacuum polarization diagram using full lattice QCD and including u/d quarks with physical
masses for the first time. We use gluon field configurations that include u, d, s and c quarks in the
sea at multiple values of the lattice spacing, multiple u/d masses and multiple volumes that allow us
to include an analysis of finite-volume e↵ects. We obtain a result for aHVP,LO

µ of 667(6)(12)⇥ 10�10,
where the first error is from the lattice calculation and the second includes systematic errors from
missing QED and isospin-breaking e↵ects and from quark-line disconnected diagrams. Our result
implies a discrepancy between the experimental determination of aµ and the Standard Model of 3�.

I. INTRODUCTION

The muon’s gyromagnetic ratio gµ is known ex-
perimentally with extremely high accuracy: its mag-
netic anomaly, aµ ⌘ (gµ � 2)/2, has been measured
to 0.5 ppm [1] and a new experiment aims to reduce that
uncertainty to 0.14 ppm [2]. By comparing these results
with Standard Model predictions, we can use the muon’s
anomaly to search for indirect evidence of new physics
beyond the mass range directly accessible at the Large
Hadron Collider. There are tantalizing hints of a discrep-
ancy between theory and experiment — the di↵erence is
currently 2.2(7) ppm [3] — but more precision is needed.
In particular the Standard Model prediction, which cur-
rently is known to about 0.4 ppm [3], must be substan-
tially improved in order to match the expected improve-
ment from experiment.

The largest theoretical uncertainty in aµ comes from
the vacuum polarization of hadronic matter (quarks and
gluons) as illustrated in Figure 1. This contribution
has been estimated to a little better than 1% (which
is 0.6 ppm of aµ) from experimental data on e

+
e

� !
hadrons and ⌧ decay [4–8], but much recent work [9–
18] has focused on a completely di↵erent approach, us-
ing Monte Carlo simulations of lattice QCD [19], which
promises to deliver smaller errors in the future.

In an earlier paper [14], we introduced a new technique
for the lattice QCD analyses that allowed us to calculate
the s quark’s vacuum-polarization contribution from Fig-
ure 1 with a precision of 1% for the first time. Here we
extend that analysis to the much more important (and
di�cult to analyze) case of u and d quarks, allowing us to
obtain the complete contribution from hadronic vacuum

⇤
christine.davies@glasgow.ac.uk

†
URL: http://www.physics.gla.ac.uk/HPQCD

µ

q

q

FIG. 1: The ↵2
QED hadronic vacuum polarization contribu-

tion to the muon anomalous magnetic moment is represented
as a shaded blob inserted into the photon propagator (rep-
resented by a wavy line) that corrects the point-like photon-
muon coupling at the top of the diagram.

polarization at ↵

2
QED. We achieve a precision of 2%, for

the first time from lattice QCD. A large part of our un-
certainty is from QED, isospin breaking and quark-line
disconnected e↵ects that were not included in the simu-
lations, but will be in future simulations. The remaining
systematic errors add up to only 1%. A detailed analysis
of these systematic errors allows us to map out a strat-
egy for reducing lattice QCD errors well below 1% using
computing resources that are substantial but currently
available.

II. LATTICE QCD CALCULATION

Almost all of the hadronic vacuum polarization contri-
bution (HVP) comes from connected diagrams with the
structure shown in Figure 1: the photon creates a quark
and antiquark which propagate, while interacting with
each other, and eventually annihilate back into a pho-
ton. Here we analyze the case where the photon creates
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Precision determination of the strong coupling constant

within a global PDF analysis

The NNPDF Collaboration:
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Abstract

We present a determination of the strong coupling constant ↵s(mZ) based on the NNPDF3.1
determination of parton distributions, which for the first time includes constraints from jet
production, top-quark pair di↵erential distributions, and the Z pT distributions using exact
NNLO theory. Our result is based on a novel extension of the NNPDF methodology — the
correlated replica method — which allows for a simultaneous determination of ↵s and the
PDFs with all correlations between them fully taken into account. We study in detail all rel-
evant sources of experimental, methodological and theoretical uncertainty. At NNLO we find
↵s(mZ) = 0.1185 ± 0.0005(exp) ± 0.0001(meth), showing that methodological uncertainties are
negligible. We conservatively estimate the theoretical uncertainty due to missing higher order
QCD corrections (N3LO and beyond) from half the shift between the NLO and NNLO ↵s values,
finding �↵th

s = 0.0011.
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New Result

Determination of the strange quark mass 
with Lattice QCD arXiv:1805.06225

world lattice only 

good agreement 
with previous result

New Result

New determination of the axial coupling of the nucleon from 
lattice QCD: for decay of neutron to proton; a ~1% 

measurement that agrees with experiment   arXiv:1805.06225

2

weak axial current

u

d
u

d

d

u

d
u

u

d

neutron
t = 0

t = tins

proton
t = tsep

neutron
t = 0

proton
t = tsep

a b

Feynman-Hellmann propagator

d

u

Figure 1 � Feynman diagrams of gA. The decay of a neutron to a proton occurs when one of the down quarks (d) in the neutron is converted to an up (u) quark via
the vector and axial components of the weak current. Not depicted in these figures are the infinite set of diagrams describing the coupling of the gluons to the quarks,
gluons to gluons and the dynamical quark/anti-quark pairs popping in and out of the vacuum – it is this infinite set of graphs that requires the use of a computational
approach to QCD. The time, t, refers to calculational details discussed in the text. a, The standard method of computing gA relies upon three different times, the
creation time t = 0, the current insertion time tins and the separation time tsep. Controlling the excited state systematics requires varying both tins and tsep. b, Our
Feynman-Hellmann method11 sums over all possible interaction times (tins) of the external weak axial current, leading to an exponential enhancement of the signal.

fixed (and relatively small) neutron-proton separation times, requiring
multiple calculations with varying values of tsep to fully control the ex-
cited state contributions. However, the relative stochastic noise grows
exponentially with tsep while only vanishing with the square root of the
stochastic sample size. Therefore, overcoming the noise requires ex-
ponentially more computing resources, rendering the standard method
an expensive strategy.

In contrast, the method we use in this work11, inspired by the
Feynman-Hellmann Theorem, uses an explicit sum over all current
insertion times, tins (Fig. 1b), with the ability to vary t = tsep, at the
numerical cost of a single separation time of the standard method:
all excited state contributions depend only upon t and the computa-
tion must asymptote to gA in the large t limit (Fig. 2). By analysing
the spectrum and gA matrix element calculations simultaneously with
nonlinear regression, we demonstrate the ability to fully control excited
state contributions and determine precise values of gA, as suggested
by the agreement between the data (gray points with error bars) and
the fit Ansätze (gray bands). In Supplemental Material Sec. S.4, Ex-
tended Data Fig. 1 and Supplemental Figs. 9–15, we show this is true
for all ensembles (different choices of a, L, and m⇡) in our calcula-
tion. In summary, this Feynman-Hellman inspired method11 provides
access to more data (t = tsep in Fig. 2) with a reduced computational
cost, allowing us to remove the unwanted excited state contamination
and utilize data at early times, where the signal-to-noise ratio is ex-
ponentially more precise, thus resolving both of the aforementioned
major challenges to determining gA.

What remains is to extrapolate the values of gA obtained from our
lattice calculations to the physical parameters. Effective Field Theory
(EFT)16 is employed to provide a rigorous prescription for perform-
ing the continuum and infinite volume extrapolations along with the
interpolation to the physical pion mass. First, one identifies the rel-
evant degrees of freedom for low-energy nuclear physics, which are
the nucleons and pions. Second, one identifies a small expansion pa-
rameter, ✏, which often emerges through a ratio of length scales; for
pions, this is ✏⇡ = m⇡�(4⇡F⇡), where F⇡ is the quantity known as
the pion decay constant. F nature

⇡ is measured to be 92.1(1.2) MeV12,
and ✏nature

⇡ ∼ 0.12. The resulting EFT may be systematically im-
proved: when working to O(✏n⇡) (where n = 0 denotes leading order,
n = 1 next-to-leading order, and so on), the truncation errors enter at
O(✏n+1⇡ ).

Chiral Perturbation Theory (�PT) is the EFT of pions17 and their in-
teractions with nucleons18, and describes all possible interactions be-
tween them that are consistent with the symmetries of QCD, ordered
by increasing powers of ✏⇡ . Although the forms of the interactions
are known, the strengths of the interactions are emergent low-energy
couplings, and can be determined only from experiment or LQCD cal-
culations. However, once the couplings are known, �PT can be used
to make predictions of new quantities, and in particular, can be used to
describe the simulated universes where the quark masses differ from
those in nature. This allows for a model-independent interpolation of
LQCD results to mnature

⇡ .

Figure 2 � Demonstration of the improved method11 on the ensemble with
lattice spacing a ≈ 0.09 fm and m⇡ ≈ 220 MeV. The two sets of results for
g̊

eff
A (t�a) correspond to different choices of annihilation operators for the

nucleon, denoted as SS and PS. At long times, both values must approach the
ground state value of g̊A asymptotically, whereas at short times, they couple
differently to the excited state contributions. The raw numerical results are
shown in grey and the grey bands represent the full fit to the data (points inside
the vertical grey bands are not included in the fits). Error bars correspond to
one standard error of the mean (s.e.m.). The solid black and white data points
are reconstructed from the two datasets, with the excited states (determined by
the fit) subtracted from the raw results. The solid blue band is the ground state
value of g̊A determined by the full fit. We make efficient use of points at small
Euclidean times, before the stochastic noise overwhelms the signal. The
agreement between the subtracted data and the asymptotic large-time value of
g̊A, even at short times, demonstrates our control over excited state
contributions. The time axis is given in dimensionless lattice units, with
a ≈ 0.09 fm corresponding to 3 × 10−25 s, so that t�a = 2 corresponds to
6 × 10−25 s.

�PT is also extended to account for artefacts arising from the fi-
nite periodic volume19. For the large volumes used in our calculation,
the small parameter controlling the finite-volume corrections scales
approximately as ✏L = e−m⇡L. Extended Data Fig. 2 shows consis-
tency between the predicted finite-volume corrections and our results
at fixed pion mass.

Artefacts introduced by our calculation at non-zero lattice spacing
are also accounted for with EFT. Unlike dependence on ✏⇡ and ✏L,
which are governed purely by the long-distance dynamics of QCD,
the continuum extrapolation depends upon the specific discretization
of the QCD Lagrangian, or lattice action, employed in the calculation.
To parameterize these artefacts, one uses Symanzik’s EFT20 and ex-
pands the non-local discretized action around small lattice spacings,
giving a series of purely local interactions. The resulting effects in low-
energy dynamics can be systematically understood. The dependence
on the choice of discretization must vanish in the continuum limit since
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FIG. 2. 90% CL upper limits on WIMP-neutron (top) and
WIMP-proton (bottom) cross section. Results from this anal-
ysis are shown in thick black (“LUX WS2013+WS2014–16”),
with the range of expected sensitivity indicated by the green
(1-�) and yellow (2-�) bands. Solid gray curves show the
previously published LUX WS2013 limits [13]. Constraints
from other LXe TPC experiments are also shown, includ-
ing XENON100 [26] and PandaX-II [27]. In the top panel,
model-dependent (axial-vector mediator with indicated cou-
plings) LHC search results are represented by dashed lines,
with CMS [28] in light blue, and ATLAS [29] in dark blue. As
calculated by a new profile likelihood scan of the MSSM7 [30],
favored parameter space is shown as dark (1-�) and light (2-�)
peach regions; an earlier calculation using the MSSM-15 [31]
is shown in gray, with analogous shading of confidence lev-
els. In the bottom panel, the DAMA allowed region (as in-
terpreted in [32]) is shown in pink (the analogous neutron-
only region is above the bounds of the plot). Such an in-
terpretation is in severe tension with this result, as well as
the PICO-2L [33] and PICO-60 [34] constraints. Selected lim-
its from indirect searches at neutrino observatories (Super-
Kamiokande [35] and IceCube [36]) are plotted as dashed lines.

FIG. 3. 90% CL exclusions on coupling parameters an and
ap for 50 GeV c�2 and 1000 GeV c�2 WIMPs. Ellipse bound-
aries are colored as in Fig. 2 : this result (thick black), LUX
WS2013 (gray), PandaX-II (purple), and PICO-60 (blue).
Geometrically, Eq. 4 describes a rotated ellipse when the sum
is performed over multiple isotopes with distinct �A

p /�
A
n , as

is the case for LXe experiments. PICO-60 considers only
19F (for which hSni ⇠ 0), and thus sets limits only on ap.
The innermost region (bounded by LUX and PICO-60) repre-
sents parameter space not in tension with experimental data.
The model-dependency of the LHC results is apparent in this
plane, as the CMS excluded region (shown as a green band)
is restricted to the an = ap line (see main text for important
caveat). This line is absent from the lower panel since, in this
treatment, CMS is insensitive to WIMPs at the TeV mass
scale. MSSM7 favored regions from the GAMBIT scan are
also shown, with a red contour at the 2-� level for visibility.
The degeneracies assumed in the MSSM7 Lagrangian lead to
the tight correlation between an and ap. This scan includes a
range of possible WIMP masses (unlike the mass-specific ex-
perimental exclusions), and thus appears identically in each
panel, noting the change in axis scale. Additionally, the scans
include models with sub-dominant relic densities, for which
experimental limits are rescaled accordingly.
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Spin-dependent limits on dark matter 
 from LUX arXiv:1705.03380

Observation of doubly-charmed baryons 
PRL 119, 112001 (2017)

Observation of Higgs boson decaying 
to bottom quarks JHEP12(2017)024

Observation of Higgs production 
with top quarks arXiv:1806.00425

Hints of new particles in new 
topologies at the LHC??    

arXiv:1801.08769
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Setup 	

•  3“ PMT (9320KFLB) and Wavelength 
Shifter Plate (WLS – EJ286) 

•  UV LED @ 375 nm 
•  A pulser provides signal to the UV LED 

with rate: ~ 1 MHz 
•  A fibre is used to guide the LED signal to 

the PMT. 
•  Neutral Density(ND) filter @ 2.0 
•  Tube of ~ 8mm diameter at the end of ND 

filter to constrain te UV LED spot size 
 
•  We collected data in different points of 

the WLS plate to estimate the effeciency. 
 

Fibre guiding the 
UV LED signal	

WLS	PMT	

Testing photo multiplier 
tubes with wavelength 

shifting plate for Hyper-K
New silicon strip & pixel detectors & 

associated electronics for ATLAS upgrade,                     
developed in Glasgow & Edinburgh

Electronics 
produced by ZOT, 

Musselburgh



Particle Physics Experiments:  
Active Developments

Long baseline neutrino experiments: neutrinos beams through the ground for precision 
measurements of neutrino properties; data taking starting ~2026 

• DUNE (Fermilab to South Dakota): £65M investment from UKRI                                             
announced in September 2017 

• Hyper-K (Japan, maybe to Korea) 
Both experiments both in preconstruction phase with SUPA involvement 
STFC could fund construction grants starting ~2020

ATLAS & LHCb upgrades for 10x 
nominal luminosity starting 2027 

• ATLAS: funding approved by STFC council! 
• LHCb: phase 1a upgrade funded and in 

construction, future phases being 
discussed 

Jo Johnson signing 
the deal in 

Washington



Particle Physics Experiments:  
Potential Areas for Development 

Possible future colliders:  
• CLIC e+e− 380 GeV, 1.5 GeV & 3 TeV, at CERN 
• ILC   e+e− 250 GeV(++) in Japan 
• FCC  e+e− 90-350 GeV & pp ~100 TeV at CERN 
• High-Energy-LHC: pp ~ 27 TeV: replace current 

LHC magnets with 16 Tesla NbSn) 
• CERN council are now consulting for an update 

European Strategy for Particle Physics - to be 
published in 2020

Scottish 
spokesperson!



Particle Physics Theory:  
Potential Areas for Development 

 Theoretical exploitation of LHC and future experiments 
• Phenomenology beyond the SM 
• Parton Distribution Functions for the LHC 
• Precision lattice QCD results (g−2, flavour, fundamental parameters of the 

QCD Lagrangian) 
• Strong interacting Beyond the Standard Model (BSM) and lattice (composite 

Higgs models) 
• Theoretical tools for perturbative computations at higher orders (amplitudes, 

new methods in Quantum Field Theory) 
• Lattice QCD: adding QED effects, development of algorithms and super-

computing hardware   
Interdisciplinary applications: 

• Innovation in theoretical methods  
• Algorithms  
• Development of hardware architectures 
• Spin-offs in other fields: mathematics, informatics/data science and exascale 

programmes



Particle Physics:  
Potential Areas for Development 

Higgs Centre for Innovation: CERN spin-off space!
• STFC has been subsumed into UKRI … can we keep a distinctive voice? 
• European Strategy for Particle Physics Update process 
• New MSc in particle & nuclear physics in Edinburgh starting September 2018 

• Need to think about SUPA teaching in the context of this 
• SUPA Particle Physics courses: 

• Problems with students attendance at the core SUPA particle physics courses as they think the 
40 hours is the only requirement 

• Overlaps w/ CDT Data Science courses: challenging for students with placements at CERN 



Concluding Remarks
• LHC exploitation - experimental and theoretical - remains top priority 

• Phenomenology and Parton Distribution Functions 
• Detector operations and data analysis 
• Detector upgrades 
• Exploitation and interpretation of other experiments: NA62 & MICE, g−2 & PLANK satellite 

• Developments for the future 
• Installation of LZ for dark matter searches 
• Future long-baseline neutrino experiments are a major new priority for STFC: we are already 

engaged in T2K (currently running) and Hyper-K & DUNE (for the 2020s) 
• SUPA physicists are leading efforts in future collider physics - both in theory & experiment - 

we will be prepared if any of these facilities are approved 
• Developments in precision lattice QCD & formal theory 
• Detector technology  

• Particle physics does not happen without collaboration.  
• But we need to work more to bring our collaborative skills outside our research to further 

our impact e.g. in medical & industrial applications, data science, education …



Backup:  
Major Roles & Awards

• Personal Chairs in 2017 for                                                                                                     
Lars Eklund, Aidan Robson (Glasgow); Roman Zwicky, VJM (Edinburgh) 

• Major Collaboration & Community Roles: 
• Richard Ball: member, STFC Particle Physics Grants Panel 
• Craig Buttar: ATLAS UK PI, 2019-21 (Deputy, 2016-18) 
• Pete Clarke: member, STFC Science Board 
• Christine Davies: member, STFC Science Board 
• Lars Eklund: Deputy Chair, STFC Project Peer Review Panel 2018-19 (Chair, 2020-21) 
• Christos Leonidopoulos: member, STFC Particle Physics Grants Panel 
• Richard Kenway:  member, UKRI STFC Council 
• Victoria Martin: Chair, STFC Project Peer Review Panel 2016-17 
• Victoria Martin: Chair, CLICdp Institute Board 
• Alex Murphy: Chair, LUX Executive Committee 
• Alex Murphy: Experiment advisory committee for SNOlab 
• Alex Murphy: REF Panel member 
• Aidan Robson: Chair, CLICdp Spokesperson, 2018-2019 
• Paul Soler: MICE UK PI 
• Paul Soler: member, STFC Particle Physics Grants Panel 

•  Plus … many, many internal collaboration leadership roles for postdocs + students!
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Figure 3.3: Comparison between NNPDF3.1 and NNPDF3.0 NNLO PDFs at Q = 100 GeV. From top
to bottom up and antiup, down and antidown, strange and antistrange, charm and gluon are shown.
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Backup: Particle Physics Theory  
2017/18 More Research Highlights!

Updated proton PDF functions (content of the proton at 
high-energy) now including all LHC Run 1 data! 

Indications that low-x dynamics are not fully captured 
by naïve (DGLAP) partonic picture  

(this plot shows charm quarks in the proton)

 arXiv:1706.00428

NNPDF
CAVENDISH-HEP-18-02

CERN-TH-2018-024
Edinburgh 2017/19

Nikhef/2017-046
OUTP-17-14P

DAMTP-2018-3
TIF-UNIMI-2018-1

Precision determination of the strong coupling constant

within a global PDF analysis

The NNPDF Collaboration:

Richard D. Ball,1 Stefano Carrazza,2 Luigi Del Debbio,1 Stefano Forte,3

Zahari Kassabov,4 Juan Rojo,5 Emma Slade,6 and Maria Ubiali7

1 The Higgs Centre for Theoretical Physics, University of Edinburgh,
JCMB, KB, Mayfield Rd, Edinburgh EH9 3JZ, Scotland

2 Theoretical Physics Department, CERN, CH-1211 Geneva, Switzerland
3 Tif Lab, Dipartimento di Fisica, Università di Milano and

INFN, Sezione di Milano, Via Celoria 16, I-20133 Milano, Italy
4 Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, United Kingdom

5 Department of Physics and Astronomy, VU University, NL-1081 HV Amsterdam,
and Nikhef Theory Group, Science Park 105, 1098 XG Amsterdam, The Netherlands

6 Rudolf Peierls Centre for Theoretical Physics, 1 Keble Road,
University of Oxford, OX1 3NP Oxford, United Kingdom
7 DAMTP, University of Cambridge, Wilberforce Road,

Cambridge, CB3 0WA, United Kingdom

Abstract

We present a determination of the strong coupling constant ↵s(mZ) based on the NNPDF3.1
determination of parton distributions, which for the first time includes constraints from jet
production, top-quark pair di↵erential distributions, and the Z pT distributions using exact
NNLO theory. Our result is based on a novel extension of the NNPDF methodology — the
correlated replica method — which allows for a simultaneous determination of ↵s and the
PDFs with all correlations between them fully taken into account. We study in detail all rel-
evant sources of experimental, methodological and theoretical uncertainty. At NNLO we find
↵s(mZ) = 0.1185 ± 0.0005(exp) ± 0.0001(meth), showing that methodological uncertainties are
negligible. We conservatively estimate the theoretical uncertainty due to missing higher order
QCD corrections (N3LO and beyond) from half the shift between the NLO and NNLO ↵s values,
finding �↵th

s = 0.0011.
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Interpreting top-quark LHC measurements in 
the standard-model effective field theory 

 arXiv:1802.07237 
Parameterising where any new particles/

interactions can be found in LHC collisions 
(As mentioned by Andy Buckley yesterday.
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Light meson electromagnetic form factor from 
Lattice QCD: suggests perturbative QCD 

techniques always not always good enough                      
⇒ implications for many results from mesons!  


 PRD.96.054501

More complications in determining coupling 
between the charm and bottom quark Vub - as 
presented by C. Davies at Gathering 2017 


PRD.97.054502


