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Welcome
The University of Sussex, the Sussex School of Mathematical and Physical Sciences and the Sussex Experimental
Particle Physics Group welcome you to the 2016 Joint Meeting of the Institute of Physics High Energy Particle
Physics and Astroparticle Physics Groups, which will be held at the University of Sussex, Brighton, UK, 21-23 March
2016.
The conference will focus on key experimental and theoretical issues in Particle Physics and Astroparticle Physics.
We trust that you will find the programme engaging and that you will enjoy the wide range of topics covered in the
plenary and parallel sessions. As is the custom for this conference, early career researchers and, particularly,
postgraduate students will have plenty of opportunities to present their work to the community.
We wish you a stimulating and fruitful meeting and hope that you will enjoy your visit to the University of Sussex and
the Brighton area.
Antonella De Santo (on behalf of the Local Organising Committee)
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Monday 23 March
(invited) Precision perturbative QCD
K Ellis
IPPP, Durham University, UK
One of the cardinal elements in the success of the LHC (and the Tevatron before it), has been the program to make
precision predictions from the QCD Lagrangian. I will review the basis for these predictions and highlight the
successes and the areas where further work is still needed.
(invited) Standard model measurements at the LHC
C Hays
University of Oxford, UK
The Run 1 data set has produced unprecedented yields of heavy particles such as top quarks and W and Z bosons,
allowing precise measurements of their production and the characteristics of associated jets and photons. The
measurements determine fundamental inputs to the theory with high precision, probe new processes with gauge
boson self-couplings, and test MC implementations of higher order QCD predictions. I review the measurements of
Standard Model processes performed by the ATLAS and CMS experiments with Run 1 LHC data, as well as the first
measurements performed with Run 2 data.
(invited) Higgs results at the LHC
K Nikolopoulos
University of Birmingham, UK
The first period of operation of the Large Hadron Collider, Run I, at centre-of-mass energies of 7 and 8 TeV yielded
the observation of a Higgs boson and its preliminary characterisation. The on-going second period of operation, Run
II, at the unprecedented centre-of-mass energy of 13 TeV, opens new opportunities for the study of the observed
Higgs boson and for searches for New Physics in the scalar sector. The current experimental status of the Higgs
sector is reviewed, including results with the complete Run I dataset and early results from the on-going Run II.
(invited) Search for supersymmetric and exotic signatures at the Large Hadron Collider with ATLAS and CMS
I Vivarelli
University of Sussex, UK
The restart of the Large Hadron Collider at the world-record centre-of-mass energy of 13 TeV for proton-proton
collision has set a milestone for the searches of production of particles not foreseen by the Standard Model of
particle physics. Despite the lower amount of collisions recorded, the higher collision energy with respect to the LHC
run 1 has already yielded a significant increase of sensitivity to high-mass particle states. In this talk, I will make an
overview of the ATLAS and CMS searches for physics beyond the Standard Model. The review will cover traditional
and new signatures for new particle production, including searches for gluinos and squarks in supersymmetric
models, searches for production of dark matter, searches for heavy exotic particles.
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(invited) Future upgrades to the LHC
A Tapper
Imperial College London, UK
The motivation and plans for future upgrades to the Large Hadron Collider accelerator and experiments will be
presented. The physics case for upgrades will be reviewed discussing the potential reach in some key areas.
Proposed upgrades to the accelerator will be summarised and the upgrade programme for the detectors discussed,
with particular emphasis on UK plans and the ATLAS and CMS experiments. Finally a look towards further future
options will be presented.
(invited) A UK perspective on future high energy colliders
S Boogert
Royal Holloway, University of London, UK
There are numerous options for future high energy collider facilities. These options include the upgraded high
luminosity LHC (HL-LHC), International Linear Collider (ILC), Compact Linear Collider (CLIC), Future Circular Collider
(FCC) and Muon colliders. The presentation will review current research activities and plans across the UK towards
new collider facilities. A significant activity within the UK is beam and collimation simulation for HL-LHC and also
hardware subsystem development. Dependent on upcoming LHC physics results will be the possibility of building
either the ILC or CLIC and the significant UK involvement in these projects will be reviewed. There is emerging work
on novel and compact acceleration, for example beam and laser driven plasma accelerators, which have the
potential, in the long term, to surpass incumbent technologies.
The presentation will conclude with the wide range of advanced acceleration research conducted in the UK.
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Parallel Session 1A
Searching for dijet resonances with the ATLAS detector
L Beresford
University of Oxford, UK
The observation of resonances at particle colliders led to the discovery of several of the Standard Model particles.
The search for new resonances continues and is particularly interesting when a higher energy scale is achieved. In
2015, the Large Hadron Collider (LHC) reached the highest centre of mass energy ever achieved by a collider, 13
TeV. This talk will present the search for resonances in the two jet (dijet) final state using the full 2015 dataset
recorded by the ATLAS detector at the LHC. The motivation and methods for this analysis will be presented, as well
as the final results.
Pursuit of new physics in events with many jets at ATLAS
W Fawcett
University of Oxford, UK
A search for new physics has been performed using the latest dataset collected by the ATLAS experiment in 13 TeV
proton-proton collisions at the Large Hadron Collider. The search targets events with the highest jet multiplicities of
any collider search, giving unique sensitivity to new physics models. Results are interpreted in the context of a
variety of supersymmetric models.
Jet trigger performance and background studies for a dark matter search in ATLAS
V Christodoulou
University College London, UK
The ATLAS trigger system has been upgraded for Run II and a new jet reconstruction was introduced for the jet
trigger software. Performance plots using the full 2015 data are shown for a selection of R = 0.4 L1 and HLT jet
triggers, including single jet and multi-jet triggers. A new ATLAS analysis is searching for dark matter in events with
missing transverse momentum in association with 2 jets. The dominant backgrounds in this search arise from
W+jets events, in which the W boson decays into a lepton that is not identified. Data-driven methods are studied for
estimating these backgrounds.
Searches for diboson resonances at ATLAS using boson-tagged jets
A Martyniuk
University College London, UK
Many proposed new, heavy particles that could be produced at the LHC, such as a W’ or Graviton, would lead to
final states with a pair of high pT vector bosons. The hadronic decay products of these energetic bosons tend to be
highly collimated, leading to their decay products forming pairs of boosted hadronic jets. By using large radius jets
and exploiting jet substructure techniques to pick the bosonic signal out of the dominant QCD backgrounds, an
analysis can take advantage of the high branching fraction (~50%) of the fully hadronic decay channel. In this talk
I will describe the jet-substructure techniques explored by the ATLAS diboson resonance analyses, present the
results of the hadronic search with the 20fb-1 of 8TeV ATLAS data and show the preliminary Run-2 result with 3.2fb-1
of 13TeV ATLAS data.
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Parallel Session 1B
̅ hh' (h = pi,K) at LHCb
Charmless B meson decays B(s) to p 𝒑
G Dujany
University of Manchester, UK
I present an analysis of the charmless B meson decays B(s) to p 𝑝̅ hh' (h = pi,K) based on the 3 fb-1 of data
collected by LHCb during the run I of the LHC. Charmonium and open-charm resonances as well as charm baryons
are excluded.
Studies of charmless multi-body b-baryon decays at LHCb
D O'Hanlon
University of Warwick, UK
The physics potential for b-baryon decays has been relatively untapped until the advent of the LHC, and as such
important questions still exist of their fundamental properties, such as whether their decays exhibit CP violation.
Competing tree and penguin (loop) amplitudes in suppressed charmless b-hadron decays mean that these are
sensitive to both Standard Model as well as possible beyond the Standard Model contributions, and furthermore,
tree and penguin amplitudes of similar magnitude can give rise to large CP asymmetries.
Presented here are observations of the decays Λb -> Λ K+π- and Λb -> Λ K+K-, along with measurements of their
branching fractions. The phase-space integrated CP asymmetries of these decays are also measured and found to
be consistent with zero. Limits are set on the branching fractions of other Λb and Ξb decays to Λ h+ h- (where 'h' is
a kaon or pion) using a Bayesian prescription. These measurements are performed on the full LHCb Run 1 dataset
of 3 fb-1.
Testing lepton universality in rare decays of Lb baryons using LHCb data
S Kirwan on behalf of the LHCb collaboration
University of Southampton, UK
The parameter RpK, defined here as the ratio of the branching fractions of the decays Λb →𝑝𝐾𝜇+ 𝜇− and
Λb→𝑝𝐾𝑒+𝑒−, is expected to be unity in the standard model. However, recently a measurement of a similar ratio (Rk)
using 𝐵+→𝐾+𝑙+𝑙− decays at LHCb produced a result that is 2.6σ away from this prediction. This ratio can be
sensitive to extensions of the standard model that introduce new scalar or pseudoscalar interactions where the
couplings to electrons and muons are not equal. A new measurement of the ratio in a similar decay channel is,
therefore, of great interest. Using the 3fb-1 of data collected in 2011-12, analysis is being performed to measure
RpK. The analysis strategy for this measurement from LHCb will be presented along with a description of how events
are selected in the muon and electron channels. The sources of systematic errors in this measurement will also be
discussed.
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Measurement of the forward energy flow in pp collisions at centre-of-mass energy of 13 TeV with the LHCb
experiment
K Dreimanis
University of Liverpool, UK
Hadron-hadron interactions such as the pp collisions at LHC are a superposition of hard and soft scattering
processes. In contrast to hard scattering processes, the soft component cannot be described using perturbative
QCD methods. Instead it is described by models constrained by experimental inputs and thus high energy physics
measurements are needed to quantify it. Investigation of the forward energy flow produced in pp collisions at the
LHCb experiment is one such measurement. The ability to quantitatively describe the soft component is
fundamental for understanding the QCD processes at long distance scales. In addition, a more precise description
of this soft component can be used as an input for improving the existing models describing the structure of hadronhadron interactions.
In this talk the motivation, method and preliminary results of the measurement of the forward energy flow at the
centre-of-mass energy of 13 TeV with the LHCb experiment will be discussed.

Parallel Session 1C
Search for neutrinoless double beta decay of Ge-76 with the GERDA experiment
A Kirsch
Max-Planck-Intitute for Nuclear Physics, Germany
The GERmanium Detector Array (GERDA) experiment, located underground at the INFN Laboratori Nazionali del Gran
Sasso (LNGS) in Italy, deploys high-purity germanium detectors to search for neutrinoless double beta decay of Ge76. An observation of this lepton number violating process, which is expected by many extensions of the Standard
Model, would not only generate a fundamental shift in our understanding of particle physics, but also
unambiguously prove the neutrino to have a non-vanishing Majorana mass component.
Within the first phase of data taking that lasted from November 2011 to May 2013, a total exposure (defined as the
product of detector mass and measurement time) of 21.6 kg·yr has been collected while yielding an unprecedented
low background index BI of about 0.01 cts/(keV·kg·yr) close to the Q-value of the decay. Applying a blind analysis
no signal is observed and a new lower half-life limit of 2.1·1025 yr (at 90% C.L.) is established. The aim of the
presently launching Phase II is to double the target mass and extensively reduce the BI by another order of
magnitude providing a sensitivity on the half-live of about 1026 yr. Therefore thirty new Broad Energy Germanium
(BEGe) detectors, featuring an improved energy resolution and enhanced pulse shape discrimination of signal from
background events, have been produced. Further background reduction will be accomplished by an active veto to
read out argon scintillation light. The basic detection principle along with the detector setup of the GERDA
experiment are described. Moreover the current status/performance of the GERDA Phase II upgrade will be
presented.
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Neutrinoless double beta decay with SNO+
E Leming
University of Sussex, UK
SNO+ is a large liquid scintillator-based experiment located 2km underground at SNOLAB, Sudbury, Canada. It
reuses the Sudbury Neutrino Observatory detector, consisting of a 12 m diameter acrylic vessel which will be filled
with about 780 tonnes of ultra-pure liquid scintillator. This talk will overview the key physics goals of the SNO+
experiment, with focus on the search for the neutrinoless double-beta decay (0νββ) of 130Te. In Phase I, the SNO+
detector will be loaded with 0.3% natural tellurium, corresponding to nearly 800kg of 130Te, with an expected
effective Majorana neutrino mass sensitivity in the region of 55-133 meV, just above the inverted mass hierarchy.
Detecting Axion-Like Particles, originating from the Sun, with large neutrino detectors such as SNO+
C Jones
University of Oxford, UK
An ALP is a light particle defined as a neutral pseudo-scalar particle that exists as an extension to the QCD
Lagrangian. This talk will discuss the potential of several large neutrino experiments to detect solar ALPs via several
channels, which probe either the ALP-electron or ALP-photon coupling. These interactions typically deposit a total
energy of around 5.0-5.5 MeV in the detector medium. Borexino, a liquid scintillator detector, currently sets the best
limits on both ALP couplings. This talk will discuss how the limits could be improved either 1) utilizing directional
information from solar ALPs in water-based neutrino experiments; 2) using a liquid scintillator detector that is larger
and deeper than Borexino (such as SNO+); or 3) loading high-Z nuclei into the detector medium, which amplifies
one ALP cross section by a factor of Z5.
Search for Majorana neutrinos in LHCb
F L Redi
Imperial College London, UK
The Standard Model can be an effective field theory capable of successfully describing nature, nevertheless it is
unable to predict some experimental evidence such as the non vanishing mass of neutrinos. A theoretical expansion
of the Standard Model is described in which some newly introduced neutrinos have a Majorana nature. A new
approach for the search of these particles at the LHCb detector is described. The results obtained from the use of a
semi-inclusive approach are discussed. Finally the future prospects of this analysis are reported.
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Parallel Session 1D
Recent results from the Pierre Auger Observatory
A M van den Berg on behalf of the Pierre Auger Collaboration
University of Groningen / KVI-CART, The Netherlands
The Pierre Auger Observatory has been detecting ultra-high energy cosmic rays (UHECRs) for more than ten years.
The analysis of data taken by its various and complementary detector systems has provided a large number of
results on UHECRs that will be addressed in this contribution. Amongst these is the updated high-precision
measurement of the energy spectrum over more than three decades in energy is a good example of the power of
using the combination of different detectors. The combination of a large aperture and measurement time allowed us
to measure the flux in different regions of the sky. The depth of the shower maximum down to 1017 eV has been
determined and has been used to extend by one decade in energy the mass composition sensitivity based on LHCtuned shower models. The measured evolution of the flux and of the mass composition as a function of energy has
permitted a detailed comparison of our data with a set of simple astrophysical models. In addition more stringent
limits have been set on the flux of UHE photons and neutrinos. Above an energy of 40 EeV, we have investigated
small- to intermediate-scale anisotropies. This analysis included a search for the correlation with potential
astrophysical sources. The scientific results obtained in the first 10 years of operation of the Observatory has guided
us towards the design for an upgrade of which will take place in the next few years, allowing us to substantially
enhance the discovery potential of the Observatory for the next decade.
Interactions between ultra high-energy particles and protogalactic environments
E Owen, I Jacobsen, K Wu and P Surajbali
University College London, UK
We investigate the impact of ultra high-energy particles generated in interstellar medium shocks, supernova
remnants and accreting black holes in protogalaxy environments. These energetic particles interact with the photons
and baryons via pair-production, photo-pion and proto-pion processes. To model the spatial distribution of the
target photons in the protogalaxies we consider a radiation field derived from star formation rates in high-redshift
galaxies while, for the target baryons, we use a King density profile model. We determine the effective interaction
path lengths for the particles for each of the interaction channels, from which we calculate the rate of energy
deposition into the interstellar medium. Our calculations have shown that pair production and photo-pion processes
dominate at energies above 1011 eV and severely curtail the probability of the particles to escape from their host
galaxies. The propagation of the energetic particles is dependent on the ambient magnetic field, and the magnetic
fields in a protogalaxy can vary substantially over space and time due to activities such as stellar outflow, supernova
explosions and jet ejecta from newly formed stellar black-hole systems. We use a simple model to parameterise the
evolution of the galactic magnetic field to assess the ability of lower-energy particles to propagate through the
protogalaxies and escape as the magnetic fields in the protogalaxies evolve.
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Results of the CASCADE microwave hidden sector photon search
I Bailey1, N Woollett1, P Williams2, G Burt1, S Chattopadhyay3, J Dainton4, A Dexter1, P Goudket2, M Jenkins2, M
Kalliokoski5
1

Lancaster University, UK, 2STFC ASTEC, UK, 3Northern Illinois University, USA, 4University of Liverpool, UK, 5CERN,
Switzerland
There are a growing number of experiments searching for dark matter candidates in mass ranges below the MeV
energy scale. Such candidates include axions and hidden sector photons (HSP). "Light shining through a wall
experiments" can be used to make measurements of couplings between photons and hidden sector particles with
masses in the microwave to x-ray regimes. We present the first results from the CASCADE experiment constructed at
the Cockcroft Institute of Accelerator Science and Technology which used conventional microwave technologies to
make a modular, cryogenic HSP detector. In its preliminary geometry using a room-temperatute copper cavity
operating at 1.3GHz, the experiment excludes values of the photon to HSP mixing parameter above 1.1 × 10 -8 for
HSP's in the mass range 1.96µeV/c2 to 5.38µeV/c2.
Gauge-independence of tunneling rates
C Tamarit and A Plascencia
Durham University, UK
Despite the gauge dependence of the effective action at zero and finite temperature, it is shown that it leads to
tunneling and nucleation rates that remain independent of the choice of gauge-fixing. Taking as a starting point the
path integral that defines the transition amplitude from a false vacuum to itself, a careful treatment of the boundary
conditions and the gauge-fixing allows to show that decay rates are exactly determined by the effective action
evaluated at a generalized bounce configuration. The latter is a solution to the quantum equations of motion, with
boundary conditions fixed by the false vacuum. The resulting tunneling rate is gauge-independent, as the Nielsen
identities imply that the explicit gauge dependence in the effective action is exactly cancelled by the gauge
dependence of the solution. This holds for any election of gauge-fixing that leads to an invertible Faddeev-Popov
matrix. The result is nonperturbative and model-independent, and also clarifies how to incorporate radiative
corrections in tunneling calculations.
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Parallel Session 1E
Testing lepton flavour universality with the R K0 ratio
L Pescatore and S Bifani
University of Birmingham, UK
Lepton Favour Universality (LFU) is the equality of the weak coupling constants for all leptons. An ideal laboratory to
study LFU is provided by flavour-changing neutral current processes, which are forbidden in the SM at tree level and
happen only at loop level.
These processes are very sensitive to heavy particles contributing in the loops, which could break the flavour
symmetry. In particular, the study of b → s processes is a powerful test of LFU between electrons and muons. A
clean measurement can be performed using the branching fraction ratios, RH, between
B decays modes into muons and electrons. RH = B (B→ H 𝜇+ 𝜇- B (B H → e+e-)$, where B = Bs or B0 and H = K, K*0,
𝜙, 𝜂. In these ratios uncertainties due to the hadronic system in the final state cancel out.
In this work a preliminary measurement of the RK*0 ratio is presented using the semileptonic decays B0 → K*0 ℓ+ ℓ-.
The measurement is performed using data collected by the LHCb experiment at center-of-mass energies of 7 and
8~TeV, for a total of 3~fb-1.
Asls and the Ds production asymmetry
S Klaver
University of Manchester, UK
The CP violating asymmetry asls is measured with Bs → Ds μ ν X decays in 3fb-1 of pp collisions at center of mass
energies of 7 and 8 TeV recorded by the LHCb experiment during Run-I of the LHC. This analysis extends previous
measurements with Ds → φ π decays, by considering the Ds → K K π decay in the full Dalitz plane, and by using
new methods to control the detection asymmetries. We achieve a sensitivity on asls of 3x10-3. In addition, a
measurement of the Ds production asymmetry is performed, which also serves as a cross-check between the
different regions in the Dalitz plane.
Lifetime measurements and time dependent CP violation of B->h+h'S Karodia
University of Glasgow, UK
This talk will focus on lifetime measurements and time dependent CP violation of B->h+h'- decay modes using 3fb-1
of data collected during 2011 and 2012 at LHCb. The analysis uses a data driven approach to correct for decay
time acceptance. Lifetime measurements of six decay modes, Bs->K+K-, Bd->π+π-, Bd->K+π-, Bs->π+K-, Λb->p+K- and
Λb->p+π- and measurements of time dependent CP violation for Bs->K+K- and Bd->π+π- will be discussed.
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Search for CP violation in multi-body charm decays with the energy test
S Chen
University of Manchester, UK
The LHCb experiment has recorded the world’s largest sample of charmed meson decays. The search for matterantimatter asymmetries in charm sector requires high precision analysis and thus intensive computing. This
presentation will describe a powerful method to measure matter-antimatter asymmetries in multi-body decays
where GPU systems have been successfully exploited. In this method, local asymmetries in phase-space
distributions were explored with an unbinned approach, and the parallelisation of GPU makes this approach
feasible. The performance and application of this approach in CP violation searches in 3 body and 4 body charm
decays will also be discussed in detail.
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Tuesday 22 March
(invited) Rare b-hadron decays
T Blake
University of Warwick, UK
Rare b-hadron decays, which proceed via flavour changing neutral current transitions, provide a powerful test of the
Standard Model. I will present a short review of some of the rare b-hadron decay measurements performed by the
LHCb experiment, using the data collected during Run 1 of the LHC, and will discuss some interesting tensions that
have arisen between the data and the Standard Model predictions.
(invited) Recent results from LHCb
K Petridis
University of Bristol, UK
The LHCb experiment is fully exploiting the large bounty of heavy flavoured hadrons produced from LHC's protonproton collisions. Precision measurements of CP-violating observables and studies of rare decays, are providing
some of the strongest constraints on scenarios beyond the Standard Model. These high precision measurements are
also starting to reveal exciting new physics effects. Most notably, measurements involving semileptonic and rare
decays of B mesons, could be indicating new non-universal couplings to leptons. Beside these key measurements,
LHCb results cover an expansive physics program ranging from searches for exotic heavy flavour states, including
the recent observation of two pentaquark like states, to electroweak physics, including the observation of top
production in the forward region. A selection of recent LHCb results is presented, and prospects for future
measurements with larger data samples are briefly discussed.
(invited) The world of accelerator neutrinos
A Holin
University College London, UK
Accelerator neutrino beams provide excellent opportunities to make precision measurements of neutrino oscillation
parameters and the neutrino mass hierarchy in current and future neutrino experiments. With a well known beam
composition, it is possible to predict the expected flavour admixture at a certain distance from the beam under
different oscillation scenarios and parameters, thus allowing us to explore important physics questions such as the
neutrino mass hierarchy and whether there is CP-violation in the neutrino sector. Present and future accelerator
neutrino experiments will be discussed, including both long-baseline experiments that seek to answer the above
questions, and short-baseline oscillation programmes that aim to resolve the question of the existence of the sterile
neutrino.
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(invited) Non-accelerator neutrino physics
K Zuber
Technische Universität Dresden, Germany
The study of neutrino properties without accelerators provides a large amount of additional information with respect
to ongoing accelerator based searches. These informations are very complementary.
Among them are absolute neutrino mass measurements and the violation of the total lepton number, which would
indicate that neutrinos are their own antiparticles. The status and perspective of neutrino mass searches in beta and
neutrino-less double beta decay will be presented.
A wide variety of astrophysical neutrino sources can be studied from solar fusion reactions via neutrinos
from supernovae explosions up to extremely high energies from extragalactic sources. The current status and
future activities and challenges will be discussed. Last but not least, experiments to study neutrinos from nuclear
reactors will be described which not only explore oscillation parameters but also provide information about the heat
production of the Earth by measuring geoneutrinos.
(invited) Cosmology
A Green
University of Nottingham, UK
Over the past decade we have learnt a lot about the properties of the Universe from cosmological observations, in
particular of the Cosmic Microwave Background. I will overview what we know about the composition and evolution
of the Universe, with particular focus on dark matter and dark energy. If time permits I will also discuss probes of
inflation, a period of accelerated expansion that may have occurred shortly after the Big Bang and generated the
primordial perturbations from which structures form.
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Parallel Session 2A
Search for SM Higgs Boson decaying to two photons in Run II LHC collision at CMS
L Corpe on behalf of the CMS Collaboration
Imperial College London, UK / CERN, Switzerland
A search for the Standard Model Higgs boson decaying into pairs of photons in pp collisions at a centre-of-mass
energy of 13 TeV is presented. Events are categorised by their probable production mode and expected sensitivity
using multivariate analysis techniques. A data sample corresponding to 2.46 fb-1 recorded by the CMS experiment
at the LHC is analysed.
Search for Standard Model Higgs bosons produced in association with a t quark pair and decaying to two b quarks
in pp collisions at 13 TeV in ATLAS
W B Madden
University of Glasgow, UK
A search for Standard Model Higgs bosons produced in association with two t quarks and decaying to two b quarks
in proton-proton collisions at centre of mass energy 13 TeV in ATLAS is underway as part of Run-2 of the Large
Hadron Collider physics programme. The t quarks can decay leptonically and hadronically. The single lepton search
involves measurements of final states containing exactly one isolated high-pT lepton with the motivations of testing
the Standard Model prediction of the existence of Higgs bosons in this channel and measuring the Yukawa coupling
of the t quark with the Higgs.
The challenging, suppressed nature of the ttH, H to bb channel necessitates a detailed analysis strategy that aims
to maximise sensitivity to signal while constraining backgrounds and uncertainties. Following data recording, data
derivations and event selection, events are categorised by jet characteristics into signal-rich inclusive regions for
theory testing and signal-depleted background regions for constraining systematic uncertainties. Large, irreducible
backgrounds prompt multivariate approaches and definition of high-level event features in seeking optimal signal to
background separation.
Run-2 of the Large Hadron Collider physics programme is underway, with 3.2 fb-1 of data collected in 2015.
Estimations of ATLAS data collection prospects suggest that the beginning of 2017 could see the first combined ttH
evidence weighing on the reality of Standard Model Higgs bosons in this channel.
Search for the Higgs Boson decaying to two b-quarks, produced in association with leptonically decaying top
quarks in Run 2 at ATLAS
B Sowden
Royal Holloway, University of London, UK
An overview of the search for the Higgs Boson decaying to two b-quarks, produced in association with leptonically
decaying top quarks in Run 2 at ATLAS is presented. The data/Monte Carlo agreement with the background in
control regions is shown. Preliminary investigations of the QCD fake-lepton background for this channel will be
presented.
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Search for SM Higgs bosons produced in association with a t quark pair and decaying to two b quarks in pp
collisions at 13 TeV in ATLAS, in the boosted regime
S Crawley
University of Glasgow, UK
One of the searches currently ongoing at the LHC in Run 2 is looking for a Standard Model Higgs Boson produced in
association with a top-quark pair. The Higgs decays mainly into a b quark pair. When changing from 8 to 13 TeV in
the collision energy, the production of ttH sees a high gain in cross section. The motivation for this search is to test
the Standard Model prediction for this production and also to directly measure the Yukawa coupling of the top quark
to the Higgs, which is the largest Yukawa coupling in the SM.
Multiple top-antitop final states separate the channel into different analyses, one of which is the lepton+jets
analysis which focuses on the final state involving exactly one lepton. The boosted lepton+jets channel aims to
analyse events where the top quark or Higgs have high transverse momentum and therefore their decay products
are collimated into a single large radius jet. Benefits from working in the boosted regime primarily include the
ability to tag the boosted top quark or Higgs boson and also access to variables that allow for better discrimination
against the large irreducible ttbb background.
Signal and background regions are defined by the number of tagged b quarks and top quarks, and a multivariate
technique is used with the aim of producing a result that works towards improving on the Run 1 sensitivity.
Boosting Higgs pair production in the bb¯bb¯ final state with multivariate techniques
C Issever1, K Behr2, D Bortoletto1, J Frost1, N Hartland1 and J Rojo1
1

University of Oxford, UK, 2DESY, Germany

The measurement of Higgs pair production will be a cornerstone of the LHC program in the coming years. Double
Higgs production provides a crucial window upon the mechanism of electroweak symmetry breaking and has a
unique sensitivity to the Higgs trilinear coupling. We study the feasibility of a measurement of Higgs pair production
in the bbbb final state at the LHC. Our analysis is based on a combination of traditional cut-based methods with
state-of-the-art multivariate techniques. We account for all relevant backgrounds, including the contributions from
light and charm jet mis-identification, which are ultimately comparable in size to the irreducible 4b QCD
background. We demonstrate the robustness of our analysis strategy in a high pileup environment. For an integrated
luminosity of 3 ab-1, a signal significance of S/sqrt(B) ~ 3 is obtained, indicating that the bbbb final state alone
could allow for the observation of double Higgs production at the High-Luminosity LHC.
Search for rare exclusive Higgs boson decays to vector mesons and photons with ATLAS
J Broughton
University of Birmingham, UK
The coupling of the Higgs boson to light quarks is almost entirely unconstrained by current data. The rare exclusive
decays of the Higgs boson to a light meson and a photon offer a unique opportunity to access the light quark
Yukawa couplings at the LHC. A search for rare decays of the Higgs boson to vector mesons and a photon using a
data-sample of pp collisions at the unprecedented centre-of-mass energy of 13 TeV and corresponding to
integrated luminosities of around 2 fb-1 collected with the ATLAS detector at the CERN Large Hadron Collider is
presented.
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Parallel Session 2B
Measurement of the W and Z boson production cross sections at sqrt(s) = 13 TeV with the ATLAS detector
R Owen
University of Birmingham, UK
The production mechanisms of the W and Z boson at the LHC are theoretically well understood but previously unmeasured at this unprecedented centre-of-mass energy of sqrt(s) = 13 TeV. This analysis provides such a
measurement of the W and Z boson production cross sections using data taken by the ATLAS detector in the early
part of 2015 using an integrated luminosity of approximately 85pb-1. Ratios of the measurements allow for the
cancellation of many of the experimental systematic uncertainties providing constraints to the available PDF sets.
Measurement of the ZZ production cross section in pp collisions at sqrt(s) = 13 TeV with the ATLAS detector
S Richter
University College London, UK / CERN, Switzerland
Measurements of the production of two Z bosons in a proton collision are important tests of the Standard Model.
They test both the electroweak sector and — due to large QCD corrections to the theoretical predictions — the strong
sector. ZZ events also appear in the background and sidebands of many Higgs boson studies and searches for new
phenomena.
On behalf of the ATLAS collaboration, I present a recent measurement of the ZZ production cross section in pp
collisions at sqrt(s) = 13 TeV in the four-lepton channel. The analysed data correspond to an integrated luminosity
of 3.2 inverse femtobarn recorded with the ATLAS detector in 2015. Fiducial and extrapolated cross sections are
shown. The uncertainties are dominated by statistical fluctuations. The results agree with Standard Model
predictions. I also mention further prospects within the reach of LHC Run 2.
Measurement of the ZZ production cross section in pp collisions at √s = 13 TeV with the ATLAS detector
J Rosten and R Batley
University of Cambridge, UK
The electroweak sector is an important region for testing the standard model and looking for new physics. With its
unprecedented energy and high collision rates, the LHC provides a new window for studying the electroweak forces.
The ATLAS experiment at the LHC has measured ZZ production cross section in the fully leptonic channel at 13 TeV,
with the 2015 dataset. There are also good prospects for further investigation in 2016 data.
Measurement of the triple differential cross section of Drell-Yan production at 8 TeV with the ATLAS detector
L Armitage
Queen Mary, University of London, UK
The measurement of the Drell-Yan triple differential cross-section using Z/γ∗ → e+e− and Z/γ∗ → μ+μ− decays in
20.3 fb−1 of ATLAS data recorded in 2012 at a centre-of-mass energy of 8 TeV is presented. The triple differential
cross-section is presented as a function of M_ll, dilepton rapidity, yll, and cos θ∗ defined in the Collins-Soper
frame. The measurement provides sensitivity to the PDFs and the Z forward-backward asymmetry, AFB, from which
the M_ll dependence of the effective weak mixing angle sin2 θeff may be extracted.
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Measurements of the top quark pair production rate in pp collisions at 13 TeV with the ATLAS detector
F Wilk
University of Manchester, UK
We present measurements of the inclusive top-quark pair production cross-section at a centre-of-mass energy of √s
= 13 TeV. These have been performed with a data sample of 85 pb-1 of proton-proton collisions collected in 2015
by the ATLAS detector.
Two published measurements are presented: one with a single lepton and at least four jets in the final state (the socalled lepton+jets channel) and the other with an opposite-sign same-flavour lepton pair in the final state (the socalled same-flavour dilepton channel). Additional cuts are placed on the missing transverse momentum to reject
fakes and control the backgrounds. In addition, in the dilepton channel, events are rejected if the dilepton invariant
mass falls into the Z window. Furthermore, both analyses require that at least one jet can be identified to originate
from a b-quark.
These early data measurements provide crucial verification of the expected production rates for the top-antitop
system which is a laboratory for many physics analyses at ATLAS and a major background for upcoming
measurements such as ttH and new physics. Due to the complex topology of top quark pair events, the analyses
make use of data measured by all parts of the ATLAS detector which makes them an ideal testing ground for the
refurbished detector.
All results presented are in agreement with theoretical QCD calculations performed at next-to-next-to-leading order.
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Parallel Session 2C
First neutrino oscillation results from NOvA
L Vinton
University of Sussex, UK
NOvA is a long-baseline neutrino experiment that consists of two functionally identical detectors; a 330 ton Near
Detector located 100m underground at Fermilab, 1 km from the source, and a 14 kton Far Detector located 810 km
north in Ash River, MN. NOvA recently released its first oscillation physics results announcing that it is primed to
make significant contributions to our understanding of the neutrino sector.
I will present NOvA’s first measurements of electron neutrino appearance and muon neutrino disappearance. The
observation of muon-neutrino disappearance will allow for precision measurements of one of the mass-squared
splitting values. Measurement of the electron neutrino appearance rate will provide NOvA with sensitivity to the
neutrino mass ordering and the amount of CP violation in the neutrino sector.
Status of sterile neutrino global fits to neutrino oscillation data
D Cianci
University of Manchester, UK
There are several anomalous experimental signatures that suggest electron neutrino appearance and disappearance
that cannot be described by three-neutrino oscillations. Those signatures come from MiniBooNE, LSND, and reactor
very-short-baseline experiments, and are consistent with potential additional neutrino mass states, which must be
mostly sterile (i.e. not weakly-interacting). A 3+N neutrino model, with the three standard flavours and N sterile
flavour states, could alter the predicted oscillation probabilities at short baselines and has been suggested as an
explanation for these anomalous observations. Many efforts have been made to combine data from several neutrino
oscillation experiments under one model to test the validity of sterile neutrino oscillations. This talk will discuss the
status of these global fitting efforts, caveats inherent in the interpretation of global fits and prospects for future
oscillation experiments to constrain globally-allowed 3+N parameter space.
Charged-current neutral pion events in the ND280 for T2K
D Shaw
Lancaster University, UK
The Tokai to Kamioka (T2K) experiment in Japan is designed to investigate properties of neutrinos. A beam of muon
neutrinos is produced at the J-PARC facility in Tokai. The beam's flux, composition, energy spectrum and interaction
cross section are measured 280 m downstream of the production point at the near detector (ND280). These are
measured again after 295 km at the Super-Kamiokande detector. By comparing these two measurements,
oscillation parameters can be obtained.
As it is possible for decay photons from neutral pions to be mis-identified as electron neutrino events in SuperKamiokande, it is of great importance that we clearly understand the mechanisms by which these are produced. The
talk will focus on the muon neutrino charged-current neutral pion interactions which occur in the ND280. These
interactions will be investigated by selecting events where a muon is produced in one of the Fine-Grained detectors
(FGD) and the decay photons from the neutral pion are identified using the Electromagnetic Calorimeter (ECal) and
the Time Projection Chambers (TPCs). Analysis techniques including discriminating variables and selection criteria
will be described.
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Low energy physics at Hyper-Kamiokande
T Dealtry
Lancaster University, UK
Hyper-Kamiokande is a proposed experiment in Japan to study a vast range of physics, including neutrino
oscillations and proton decay. In order to access the low energy physics (e.g. solar neutrinos), an effective trigger
must be used. I will discuss the challenges of low-energy triggering at Hyper-K, and describe the specialist trigger
algorithms that are being developed.
Atmospheric-neutrino flux-integrated differential cross-section measurement in IceCube
T Katori and S Mandalia
Queen Mary University of London, UK
The IceCube detector located at the South Pole is capable of reconstructing the 4pi spectrum of neutrino-induced
charged current leptons. These data combined with detector efficiency corrections have utility in a wide range of
physics disciplines; nuclear physicists can use it to study neutrino interaction models, astrophysicists to study
atmospheric neutrino flux, and particle theorists to look for new interactions/particles. IceCube is in a good position
to produce the first flux-integrated differential cross section from atmospheric neutrinos. In this talk, we present the
current status of this analysis along with a discussion on future prospects.
Precision neutrino oscillation physics at the South Pole
S Wren
University of Manchester, UK
Working alongside the IceCube Neutrino Observatory at the South Pole is a sub-array of more densely-packed
strings known as DeepCore. Here, the neutrino energy threshold is roughly 10 GeV and so high-statistics datasets of
atmospheric neutrinos can be collected. It is from this that the first statistically significant observation was made of
the oscillations of neutrinos with energies above 20 GeV. This talk will present the current status of the work being
done to move into the precision era of neutrino oscillation physics. Particular focus will be made on the neutrino
mass ordering, since a determination of this will be the main goal of the proposed extension to IceCube, known as
the Precision IceCube Next Generation Upgrade (PINGU).
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Parallel Session 2D
Direct Dark Matter searches with the LUX and LZ experiments
S Shaw
University College London, UK
Discovery of the nature of dark matter is internationally recognised as one of the greatest contemporary challenges
in science, fundamental to our understanding of the Universe. Weakly Interacting Massive Particles (WIMPs) that
arise naturally in several models of physics beyond the Standard Model are compelling candidates for dark matter.
The discovery of galactic WIMPs would therefore enlighten two of the outstanding problems of modern physics - the
matter composition of the Universe and the extrapolation of the Standard Model of particle physics to GUT scales.
The LUX experiment, operated 1.5 km underground in the Davis Cavern of the SURF laboratory, USA, is the world
leader in the direct hunt for WIMPs. I will present my work determining the efficiency of the experiment to WIMP
dark matter for the 2015 reanalysis of the 2013 WIMP search data, as well as the status of the ongoing science run
with results expected next year.
If LUX does see WIMPs in its current run, we will still need a vastly more sensitive detector to confirm the
findings and study the WIMPs. If not and only further limits can be set, then we must extend our reach towads
discovery. Thus the LUX-ZEPLIN experiment is now under construction - LZ is a multi-tonne successor to LUX. This
instrument will have sensitivity ideally matched to explore the bulk of the remaining theoretically favoured
electroweak phase space towards galactic dark matter discovery, and may even be sensitive to the unobserved
standard model process of coherent neutrino-nucleus scattering. I will present my work on the development of the
background model for LZ - an important activity both during detector construction to ensure low-activity goals are
met to achieve WIMP sensitivity, and for analysis of science data from 2018/19 to evaluate potential discovery with
any excesses over background from signal.
Status of the LUX-ZEPLIN experiment
P Beltrame
University of Edinburgh, UK
The LUX-ZEPLIN (LZ) experiment is a next-generation instrument for direct search of Weakly Interacting Massive
Particles (WIMP). The detector scales the very successful double-phase xenon technology to multi-tonne target
mass. LZ will be deployed at the 4850-ft level of the Sanford Underground Research Facility (South Dakota, USA)
after completion of LUX, which is presently operating there.
At its core, LZ will feature a 7-tonne (active) liquid xenon Time Projection Chamber (TPC). Particle interactions in the
WIMP target generate two signatures: prompt scintillation light and ionisation charge. The latter is converted to a
pulse of electroluminescence light in a thin gaseous layer above the liquid. Electron recoils from solar pp neutrino
scattering and internal target background can be efficiently discriminated by the ratio of these two signatures, which
differs from that for nuclear recoil interactions which would be generated by WIMPs.
The TPC is surrounded by two outer ‘veto’ detectors: a single phase xenon skin, immediately around the reflector
walls of the TPC, and a Gd-doped Liquid Scintillator external to the cryostat vessels, making LZ unique compared to
its direct competitors. The signal identification is facilitated by the mitigation of radiogenic backgrounds from
detector materials and through the combination of self-shielding, precise vertex location, coincidence vetoing, and
xenon purification. An accurate Profile Likelihood analysis (implemented with detailed background modelling) is
used to estimate the expected sensitivity for WIMP.
We present the project status of the experiment and physics reach of this instrument.
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Multiple interaction event rejection in the LZ dark matter detector
T Davison and A Murphy
University of Edinburgh, UK
WIMPs are currently the favoured solution to the dark matter problem. The LZ detector will supersede the LUX
detector, which is located in the Davis Cavern at the Sanford Underground Research Facility. With a 7 tonne active
volume, the project aims to achieve a sensitivity of 2e-48 cm2 at 50GeV/ c2. WIMPs interact only once with the
detector's liquid xenon target while background events, such as neutrons and gamma rays, may result in multiple
interactions. This talk will present some recent efforts to design optimal algorithms to reject these multiple
interaction events.
DEAP-3600 dark matter detector
N Fatemighomi
Royal Holloway, University of London, UK
DEAP-3600 is a single phase liquid argon dark matter experiment, based at SNOLAB, in Sudbury, Ontario. A
sensitivity to spin-independent WIMP-nucleon cross section of 10-46cm2 at 100GeV WIMP mass is projected. This
requires <1 background event over 3 years of data. Position reconstruction and fiducialisation are key tools to
mitigate surface backgrounds from detector materials.
This presentation discusses the position reconstruction algorithms in DEAP-3600. Timing information is added to a
charge-based reconstruction algorithm for spherical liquid scintillator detectors. The algorithms are benchmarked on
data taken during detector commissioning.
Position reconstruction in DEAP-3600
N Seeburn
Royal Holloway, University of London, UK
DEAP-3600 is a single phase liquid argon dark matter experiment, based at SNOLAB, in Sudbury, Ontario. A
sensitivity to spin-independent WIMP-nucleon cross section of 10-46cm2 at 100GeV WIMP mass is projected. This
presentation discusses the position reconstruction algorithms in DEAP-3600. Timing information is added to a
charge-based reconstruction algorithm for spherical liquid scintillator detectors. The algorithms are benchmarked on
data taken during detector commissioning.
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Parallel Session 2E
The ATLAS muon trigger in Run-2
S Shaw
University of Manchester, UK
Events containing muons in the final state are an important signature for many physics processes being studied at
the Large Hadron Collider (LHC). To be able to study such events, it is required to have an efficient and wellunderstood muon trigger. During the first run of the LHC, the LHC operated at a centre of mass energy of 8 TeV. In
Run-2, the LHC will operate at a centre of mass energy between 13 and 14 TeV. To cope with the higher trigger rate
resulting from the increase in the centre of mass energy while maintaining efficiency, several updates to the muon
trigger have been implemented. We will discuss these updates, as well as the performance of the muon trigger in
2015.
Generalisation in machine learning for HEP
T Stevenson
Queen Mary, University of London, UK
We discuss cross validation and how this can be used to improve the generalisation of a MVA in the context of High
Energy Physics analyses.
Examples are presented based on toy data samples as well as the Higgs Machine Learning Challenge dataset
providing a physics example.
These are produced using the Toolkit for Multivariate Analysis (TMVA) based on ROOT and we describe our new tools
introduced for cross validation within this framework.
Gaseous photomultiplier development for position-sensitive VUV light detection in liquid argon
M Thiesse
University of Sheffield, UK
A gaseous photomultiplier (GPM) for position-sensitive scintillation light detection in Liquid Argon based on THGEM
structures is presented. Motivations for GPM development include neutrino physics as well as medical physics
applications, e.g. PET imaging. The detector consists of a CsI photocathode deposited on a THGEM and a cascade
of two more THGEMs, the last one utilising a resistive strip readout scheme for 2-dimension position detection. The
detector elements are sealed inside a stainless steel housing in an atmosphere of Neon/CH4(5%) with a MgF2
window for VUV light transmission. A stable gain of 3x106 per photoelectron, 100% photoelectron collection
efficiency, and position resolution of 100um achieved at 100kHz readout rate is demonstrated at room
temperature. Initial results from cryogenic operation are presented.
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Development of a 3He-based absolute calibration magnetometer for the muon g-2 experiment
S Henry
University of Oxford, UK
A measurement of the anomalous magnetic dipole moment of the muon requires a precision measurement of the
magnetic field across the muon storage ring. All magnetometer probes must be calibrated against an absolute
standard. With the aim of improving the accuracy of the water-based calibration, and providing an independent
verification, we have started a programme in Oxford to develop a new standard calibration probe using a 3He gas
sample, where the negligible diamagnetic susceptibility avoids the temperature and sample shape dependence
which limits the accuracy of the water calibration probe to ~35ppb. But this requires laser optical pumping to
polarize the sample. We present a design and report on the progress of this R&D programme.
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Parallel Session 3A
Search for new resonances decaying to a W or Z boson and a Higgs in 0,1,2 lepton channels in pp collisions at 13
TeV with the ATLAS detector
S Jiggins and G Hesketh on behalf ATLAS Collaboration
University College London, UK
A search for new resonances decaying into a Standard Model W or Z and Higgs boson, is presented in the decay
channels ννbb, lνbb & llbb in pp collisions at √s = 13TeV with the ATLAS detector at the Large Hadron Collider,
using a total of 3.2fb−1 of data. The search is conducted using a binned Maximum-Likelihood fit (ML) to the invariant
mass of the vector summed system of the W/Z vector boson and Higgs candidate (mVH) in the 1/2-lepton
channels, and the transverse mass distribution in the 0-Lepton channel, looking for local excesses. The results are
interpreted in the paradigm of a phenomenological lagragian of Heavy Vector Triplets (HVT), constructed using the
“Simplified Model“ strategy. Particular emphasis will be placed on V+jet Monte Carlo (MC) modelling, and the
derivation of systematic uncertainties, where the MC generators Sherpa 2.1.1 & MadGraph5+Pythia8, are used to
extract this modelling uncertainty. Issues with channel orthogonality stemming from Muon Overlap Removal (OR)
will also be addressed.
Search for beyond SM Higgs boson decaying to two tau leptons in Run-II ATLAS
G Hamity
University of Sheffield, UK
In 2015 the ATLAS experiment was running at an unprecedented centre of mass energy (13 TeV) and has already
collected over 3 inverse femtobarns of data in good running conditions. This high luminosity provides an improved
search sensitivity for beyond Standard Model bosons at relatively low integrated luminosity over what was possible
in Run-I data. In light of this, searches for heavy Higgs bosons predicted by the Minimal Supersymmetric extension
to the Standard Model (MSSM) and other models are being conducted in Run-II. This talk presents the search
strategy and available results from searches for MSSM CP-even heavy Higgs bosons decaying to two tau leptons.
The search is conducted in Run-II data using the ATLAS experiment.
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Perturbative unitarity bound on the parameter space in composite two Higgs doublet models
E Yildirim1, S De Curtis2, S Moretti1 and K Yagyu1
1

University of Southampton, UK, 2University of Florence, Italy

We discuss a composite two Higgs doublet model based on a symmetry breaking SO(6) × U (1) x → SO(4) ×SO(2)
× U (1)x at a scale f, and explain how the effective kinetic Lagrangian of the model is obtained. The coupling of the
Higgs boson as a pseudo Nambu-Goldstone boson to the standard model fields can deviate from that of the
standard model Higgs boson due to the non-linear feature. These deviations cause to unitarity violation at high
energies because the cancellation of the quadratic energy terms does not happen. We calculate the S-wave
amplitude for all the possible two body to two body elastic scalar boson scatterings at the energy \sqrt{s} which
involve the longitudinal component of weak gauge boson states as the corresponding Nambu-Goldstone boson
states via the Equivalence Theorem Approximation.
We will examine the constrains on parameter space from perturbative unitarity with a fixed energy scale in the
composite two Higgs doublet model. By requiring all the eigenvalues of the S-wave matrix to be smaller than a
certain value, we obtain constraints on the parameter space such as s, ξ and masses of extra Higgs bosons. We
show that stronger upper bounds on the masses of the CP-even and CP-odd Higgs bosons are obtained under the
constraints from the unitarity and vacuum stability conditions.
MonoH to bb in association with dark matter
M Baca
University of Birmingham, UK
A search for dark matter candidates produced in association with a Higgs boson decaying to a pair of b-quarks is
performed using the ATLAS detector and 3.2fb-1 of data recorded at a centre-of-mass energy of 13TeV. The search
exploits the large missing transverse energy and a pair of b-tagged jets from the decay of the higgs boson ("monoHiggs"). The b-jet pair mass is used as the final discriminant, and MET categorisation further improves the
sensitivity. The background processes are modelled by a mixture of data-driven and simulation-based techniques.
The results of the search are interpreted in the context of three physics models: Effective field theory, where the
Higgs boson and the two dark matter candidates arise directly from the decay of an intermediate state, a simplified
Z’ model, where the Z' decays into a pair of dark matter candidates following Higgs-strahlung emission, and a
simplified Z’-2HDM model, with an intermediate state decaying to a Higgs boson and another neutral particle
subsequently decaying into the dark matter candidates.
Searches for neutral BSM Higgs bosons with final states containing two taus
A de Wit
Imperial College London, UK
Searches for neutral BSM Higgs bosons with final states containing two taus, performed using the CMS detector at
the LHC, will be discussed. A search for a heavy neutral Higgs boson H decaying to a pair of lighter SM-like 125 GeV
Higgs bosons h, with the di-h pair decaying to a final state with two taus and two b-jets, will be presented. This
analysis was performed on a dataset corresponding to 19.7/fb of proton-proton collision data at a centre of mass
energy of 8 TeV, collected by the CMS detector during Run 1 of the LHC. In addition, the status of searches for
neutral Higgs bosons with di-tau final states using data collected during Run 2 of the LHC will be discussed.
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The search for high mass resonances in Diboson decays at ATLAS in Run-2
J Ennis
University of Warwick, UK
Many extensions to the standard model predict new particles which couple to the electroweak bosons. The W and Z
bosons decay mainly to hadrons but the identification of boson-initiated jets has historically been difficult; the
substructure of large-R jets gives a handle with which to ‘tag’ these jets and supress the standard model multi-jet
and V+jets background, allowing sensitive searches to be performed in the high-mass regime.
During run-1 of the LHC searches for new high mass resonances decaying to two highly-boosted electroweak vector
bosons were performed by ATLAS for final states where one or both of the bosons decayed hadronically, limits were
set on a EGM W’ and RS Graviton models and a small discrepancy with the standard model was found at 2 TeV in
the fully hadronic final state.
The increase in collision energy for run-2 gives a large boost to the potential production of these high mass particles
potentially allowing for a rapid confirmation or rejection of this discrepancy. This talk will present the combined
analysis of these channels using run-2 data with a focus on the fully hadronic decay channel and techniques for
triggering, identification and calibration of large-radius jets.

Parallel Session 3B
Search for supersymmetry in pp collisions at CMS at a centre of mass energy of 13 TeV
D Smith
University of Bristol, UK
A search for supersymmetry in final states with jets and missing transverse energy in pp collisions at a center of
mass energy of 13 TeV. The analysis utilises a kinematic variable to provide powerful control between events with
genuine and misreconstructed missing transverse energy.
In addition, due to the collimated nature of the final states of this search, in particular from the hadronic remnants
from boosted particles, the search adopts the use of jet substructure identification techniques. These tools provide a
powerful means to extract information from boosted jets and in turn can allow one to identify boosted particles.
Summary of searches for the electroweak production of supersymmetric particles in √s=8 TeV pp collisions in
ATLAS
I Santoyo Castillo
University of Sussex, UK
The ATLAS experiment at the Large Hadron Collider (LHC) has collected an unprecedented amount of data in its first
run. In this talk I will discuss the latest results from the searches in electroweak production of Supersymmetric
events with varying number of leptons (electron/muon/tau) and missing transverse energy in the final state. The
search is performed on the full dataset collected by the experiment in 2012, at a centre-of-mass energy of 8 TeV.
These searches are summarised in one of the four ATLAS “legacy” papers published in 2015 [1].
[1]
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Data-driven background estimation techniques used in ATLAS searches for SUSY
C Macdonald
University of Sheffield, UK
In the searches for new physics beyond the standard model it is particularly important to understand the Standard
Model (SM) backgrounds in the parameter space of interest. The majority of non-resonance searches rely on the
use of Monte-Carlo (MC) simulation of various SM processes which give a semi-data-driven background estimation
via the use of Control Regions. Many searches for physics beyond the SM probe regions which are not well
understood and suffer from a lack of MC statistics. It is therefore important to have alternative ways, such as fully
data-driven methods, of estimating the SM backgrounds.
A summary of multiple data-driven background estimation techniques used in various ATLAS searches for
Supersymmetry (SUSY) is to be given in this talk. Primarily focusing on: an estimation of the Z+jets background
from photon+jets events; Z->vv+b-jets background from Z->ll + light-jets; and the 'Jet Smearing' technique to
estimate QCD backgrounds associated with Multi-jet fluctuations. Other fully data-driven methods to estimate
various backgrounds such as the Multi-jet background from a template fit and fake lepton techniques will also be
presented.
The application of these techniques in public results from Run-I of the LHC, as well as recently published Run-II
results will be discussed in detail.
Direct stop pair production in the fully hadronic channel at ATLAS
D Lewis
Queen Mary, University of London, UK
Naturalness arguments favour supersymmetric partners of third generation quarks with masses not too far from their
standard model counterparts. Top squarks with masses of a few hundred GeV can lead to high direct pair production
rates at the LHC. This talk presents results for direct stop pair production in the fully hadronic decay channel, using
20/fb of 8 TeV pp collision data from the ATLAS experiment. Prospects for the 13 TeV data are also discussed,
including the analysis development underway for the new data.
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Parallel Session 3C
NC gamma, an exclusive channel for neutrino photo-production in GENIE neutrino event generator
P Lasorak
Queen Mary, University of London, UK
In this talk, I will present the effort to include a single photon exclusive channel in a popular neutrino event
generator, GENIE. Neutral Current Neutrino-production of single photon (NC gamma) is an important process in the
context of accelerator neutrino experiment because photons and electrons have very similar signatures in neutrino
detectors, careful estimations need to be made not to bias the nue appearance oscillation results. The single
photons are created by a nuclear resonance (typically Delta-1232) after Neutral Current interaction of the neutrino.
The cross section is expected to be of the order of 10-42 cm2 nucleon. Current implementation of the NC gamma
process relies on the Rein and Sehgal model, which is known for being outdated. Emphasis will be put on the use of
Monte Carlo optimisations to calculate complicated cross sections.
Nucleon final state interaction in NEUT
W Y Ma
Imperial College London, UK
This work describes the nucleon final state interaction (FSI) model in NEUT. The nucleon scattering Monte Carlo
generated by NEUT is compared to nucleon scattering data and these can be used to tune and extract errors for FSI
model parameters. The systematic errors associated with nucleon FSI uncertainties can be constrained using a
reweighting method, which can be used in neutrino oscillation analyses.
A truth study using transverse variables to characterise nuclear effects in neutrino–nucleus scattering
L Pickering1, Y Uchida1 and X Lu2
1

Imperial College London, UK, 2University of Oxford, UK

In the past few years it has become clear that nuclear effects impose significant uncertainties on precision
measurements in neutrino physics of the few GeV energy region. A number of convoluted effects in the nuclear
model, affecting both the initial nucleon momentum spectrum and intranuclear hadronic transport, result in different
interaction types giving the same hadronic final state and also affects the hadronic kinematics. This is a problem for
both exclusive cross-section measurements and event-by-event energy reconstruction.
We propose the use of variables defined in a plane transverse to the incoming neutrino momenta to directly study
such nuclear effects. We focus on the predictions from four of the most commonly used neutrino event generators
(GENIE, GiBUU, NEUT, and NuWro) including their predictions for the initial neutrino interaction model, the initial
states of all particles in the interaction, and the final states.
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Neutrino coherent pion production
P Martins1 and J Zmuda2
1

Queen Mary, University of London, UK, 2Wroclaw University, Poland

A summary of the theoretical differences between the neutrino coherent models and their current status in the
events generators will be presented with a special highlight about the Berger-Sehgal model. The models are then
compared against the data published by several experiments like ArgoNeuT, MINERvA, NOMAD, T2K...
Shower reconstruction in LAr for the detection of pi0s in the DUNE far detector
M Wallbank
University of Sheffield, UK
Pi0s are an important background in the DUNE far detector for the detection of CC nue interactions, the neutrino
oscillation signal. The use of a LAr TPC ensures extremely fine granularity to search for particle interactions but also
presents challenges when reconstructing important information involving complicated interactions, particularly
those containing multiple showers. A reconstruction technique specialising in shower reconstruction for the DUNE
far detector is presented here and used to search for pi0s in data taken during the recent 35t prototype run.
Particle Identification in the 35 ton and cosmogenic simulations
T Warburton
University of Sheffield, UK
Presentation of work done on the 35 ton DUNE prototype at Fermilab. The work is comprised of hadron identification
from cosmogenic background.
Additional work on cosmogenic background rejection for the DUNE far detector, simulated using the MUSUN
generator will also be presented.
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Parallel Session 3D
Liquid level monitoring with a differential capacitive sensor for the LUX-ZEPLIN dark matter experiment
F Liao, K Boast, P Scovell and H Kraus
University of Oxford, UK
One of the experimental techniques used for the direct detection of dark matter with noble liquids is the two-phase
liquid/gas time projection chamber (TPC). Experiments such as LUX-ZEPLIN (LZ) exploit such technology in the
attempt to detect the presence of dark matter through the discrimination between nuclear and electron recoils. In
order to achieve optimal discrimination, understanding the liquid/gas interface has become increasingly important
for large experiments. Precision level sensors can be installed around the upper part of the TPC to aid this
understanding. These sensors must be intrinsically radio-pure and able to operate in regions of high electric fields.
In order to achieve the required suppression for external sources of background radiation, the LZ TPC is installed
within a range of outer detectors. This configuration requires the use of long cables between the sensors and the
readout electronics which can introduce a significant systematic error in the level measurement due to cable
capacitance. Potential variation in this cable capacitance due to temperature changes as the cable moves from
liquid xenon temperature to room temperature negates the use of a simple correction factor.
In this talk, we report the novel differential capacitive sensor design used to maximise the sensitivity to small
changes in liquid level (measured at the 10-12 farad level with 10-15 farad precision) whilst mitigating the systematic
error associated with the cable capacitance (at the 10-9 farad level). We also report on the studies conducted and
the tests performed to confirm that the sensors can be operated in high E-field regions. Finally, we report on how the
cleanliness and radiopurity requirements for LZ impact the design and material selection for these sensors.
Simplified readout for CYGNUS-TPC: a massive directional dark matter detector
A Ezeribe and N Spooner
University of Sheffield, UK
There are new computational results suggesting that directional dark matter detectors will be able to probe for WIMP
dark matter particle beyond the neutrino bounds. A time projection chamber with sufficient and large target mass
will be required to get the sensitivity enough to reach this neutrino floor. To achieve this, the DRIFT collaboration and
other leading directional dark matter experiments are working towards designing a massive directional dark matter
telescope called CYGNUS-TPC. In this talk, we will discuss a simplified and low cost readout scheme for such
massive TPCs without compromising the detector's sensitivity to signal head-tail whilst operating in a fully
fiducialised mode.
Prospects for the direct detection of dark matter with inelastic transitions of xenon
C McCabe
University of Amsterdam, The Netherlands
Dark matter can scatter and excite the xenon isotopes 129Xe and 131Xe to a low-lying excitation in a direct
detection experiment. This signature is distinct from the canonical elastic scattering signal because the inelastic
signal also contains the energy deposited from the subsequent prompt de-excitation of the nucleus. A measurement
of the elastic and inelastic signal will allow a single experiment to distinguish between a spin-independent and spindependent interaction. In this talk, I will discuss the prospects of detecting this inelastic signal with up-coming
tonne-scale two-phase xenon direct detection experiments. Content based on research in arXiv:1512.00460.
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Boulby Underground Laboratory: update of science hosted and infrastructure for new projects
C Toth
STFC, UK
The STFC Boulby Underground Laboratory is the the UK’s deep underground science facility operating in a working
potash and salt mine on the North East coast of England. At 1100m deep (reducing cosmic ray muon flux by ~106)
Boulby is one of the few facilities in the world suited to hosting projects requiring a 'quiet environment', free of
interference from natural background radiation. Boulby currently hosts a wide range of studies from astro-particle
physics (the DRIFT & DM-Ice Dark Matter searches and a world-class material screening facility for rare-event
studies) to studies of geology, geophysics, climate, the environment, life on Earth and beyond. The underground
facilities at Boulby are now expanding and improving to best accommodate UK astro-particle physics and
underground science for the coming decades. This talk will give an overview of Boulby, the science currently hosted
and details of the underground support facilities old and new.
UK materials screening for the LZ dark matter direct detection experiment and future rare event searches
J Dobson
University College London, UK
Material screening provides the primary mechanism in ensuring the LZ dark matter experiment meets the strict
radioactivity constraints needed to achieve WIMP-search sensitivity to a spin independent cross-section of 2E48cm2, and achieves high precision in its background model against which any signal excess will be evaluated. As
part of the construction phase of the experiment, a comprehensive material assay campaign is well underway in the
U.S. and the U.K, where we have developed cutting-edge technologies that meet the unprecedented low-activity
and throughput demands for LZ. I will report on the status of the materials assay programme, and highlight the
world-class infrastructure we have developed in the U.K. This includes the gamma-spectroscopy detectors at the
Boulby Underground Laboratory, dedicated low-activity mass spectrometry instrumentation at UCL, and a radon
emanation measurement facility. The complementary techniques being deployed for LZ together deliver accurate
and complete measurements of the radiological content to select construction materials, maintain low-background
levels through integration and installation, and provide detailed input for the experiment's background model.
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Radio-purity strategy for the SuperNEMO experiment
X Liu
University College London, UK
SuperNEMO is a 0𝑣𝛽𝛽 experiment designed to reach a half-life sensitivity of 1026 years corresponding to an
effective Majorana neutrino mass of 〈mββ 〉 < 50 – 100 meV. To ensure the strict radio-purity requirements are
reached, an equally stringent screening programme was established with dedicated facilities set up for the
screening and selection of construction materials. Gamma ray spectroscopy using high-purity germanium (HPGe)
detectors offers a standard method for the measurement of material contamination. We will discuss sensitivities of
HPGe detectors at Modane and Boulby underground laboratories and results obtained from screening of
SuperNEMO detector materials and components.
Radon is one of the most dangerous backgrounds for SuperNEMO and most ther low background experiments. To
reach the target half-life sensitivity 222Rn concentration inside the SuperNEMO tracker volume must be less than
0.15 mBq/m3, 3 orders of magnitude below the sensitivity achievable by current leading commercial radon
detectors. Therefore, in order to confirm the target radon level has been achieved and to continuously monitor the
tracker for radon emanation during construction a "Radon Concentration Line" (RnCL) was built. This RnCL was
used in conjunction with a custom made electrostatic radon detector to achieve a sensitivity to 222Rn in large gas
volumes at the level of a few μBq/m3. An emanation chamber was developed to be used with the radon detector to
measure radon emanation from detector components. Results from RnCL measurements of 222Rn content in large
gas volumes and its emanation from components and detector subunits will be presented.

Parallel Session 3E
Reactor monitoring with T2K anti-neutrino technology
Y-J Schnellbach, J Coleman, C Metelko, M Murdoch and C Touramanis
University of Liverpool, UK
Technology developed for the T2K electromagnetic calorimeter has been adapted to make a small footprint, reliable,
segmented detector to detect anti-neutrinos emitted by nuclear reactors. The tonne-scale device has been
developed and demonstrated by the University of Liverpool and was undergoing field tests at the Wylfa Magnox
Reactor on Anglesey, UK. The field test system is situated in a 20 ft ISO shipping container, above ground, roughly
60 m from the 1.5 GWth reactor core. Based on the design of the T2K Near Detector ECal, the device detects antineutrinos through the distinctive delayed coincidence signal of IBD interactions using plastic scintillator and MPPCs.
This talk gives an overview of the project motivation, early results from the field test and future upgrade plans.
Muon radiography for carbon storage monitoring
D Woodward
University of Sheffield, UK
The regulation of atmospheric carbon dioxide levels is required to mitigate the effects of anthropogenic climate
change. Carbon capture and storage (CCS) is regarded as a promising technological solution but there is a demand
for a continuous and economically viable method of monitoring CO 2 after injection. Muon radiography has been
suggested as a potential monitoring technique and muon transport simulations have been performed in Geant4 to
test its suitability for monitoring CCS sites. Results of these simulations will be presented as well as updates on a
prototype detector deployed at the Boulby Underground Laboratory.
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Prototype atom interferometer for fundamental physics
D Morris
University of Liverpool, UK
Atom interferometers are becoming an increasingly precise tool to explore questions in fundamental physics. At the
University of Liverpool we are building a prototype atom interferometer, with the goal of investigating the dark
content of the vacuum, which may further the understanding of the cosmologically observed phenomenon of dark
energy. This talk will focus on the progress of our prototype atom interferometer.
Fabrication and characterisation of 3D diamond detectors
S Murphy
University of Manchester, UK
Tracking detectors at the Large Hadron Collider are used to determine the momentum of charged particles in the
ATLAS and CMS experiments. These detectors use a silicon substrate, which eventually becomes damaged by the
high levels of radiation. This causes a reduction in the detection efficiency. Diamond was proposed as a viable
alternative in the 1990s due to its radiation hardness, which is enhanced further through the use of a 3D geometry,
but the technology is still in the research and development stage.
This talk will discuss the current status of 3D diamond detectors. Focus will be made on the fabrication of graphitic
electrodes through the use of a femtosecond laser, the effect of the parameters on the electrodes, and the
characterisation of the detector using three key techniques: Raman spectroscopy, to probe the electrode content;
current-voltage (I-V) curves and resistivity, to probe the electrical properties; and cross polarised images, to probe
the stress induced by the electrodes on the diamond bulk.
3D diamond detector development
G Forcolin, A Oh, S Murphy, F Munoz Sanchez and I Laughton
University of Manchester, UK
3D Diamond detectors present an interesting prospect for future high-energy physics by combining the inherent
radiation hardness of Diamond as a material with the radiation hardness of a 3D detector geometry; providing
something which is significantly more radiation hard than what can be achieved with each of these approaches
individually. 3D Diamond detectors have been manufactured by using a laser to induce the production of graphitic
columns within the diamond bulk, which are then biased and read out using metallic contacts deposited on the
surface.
Both single crystal and polycrystalline detectors have been tested at a number of test beams. Simulations have
been produced to better understand the observed behaviour including the effects of charge sharing between pixels
and the effects of grain boundaries.
Experiments have also been conducted to study the viability of 3D Diamond detectors for medical applications.
Tests have been conducted at the Christie Hospital to study the possibility of using 3D Diamond for dosimetry in
radiotherapy.
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Wednesday 23 March
(invited) Electric Dipole Moment experiments
S Roccia
University Paris-Sud, CNRS/IN2P3, France
The quest for a non-zero electric dipole moment (EDM) in a non-degenerate system such as the electron, the
neutron or the Hg atom is a powerful way to search for physics beyond the standard model in the CP violation
framework, complementary to LHC experiments.
I will present the EDM landscape, discussing recent results and on-going efforts. In particular, I will focus on the
search for the neutron electric dipole moment and present the newly revised upper limit [J.M. Pendlebury et al.,
Phys. Rev. D 92, 092003 (2015)].

Parallel session 4A
The search for the production of four top quarks at the CMS experiment
L Beck1, J Goldstein1, F Blekman2, J Keaveney3, J Heilman4 and S Wimpenny4
1

University of Bristol, UK, 2Vrije Universiteit Brussel, Belgium, 3DESY, Germany, 4University of California, Riverside,
USA
A search for Standard Model four top quark production in the single lepton plus jets channel will be presented. After
an initial event selection to reduce the background, a combination of kinematic reconstruction and multivariate
techniques is used to distinguish between signal and backgrounds. As this is an extremely rare signal process, a
limit is set on the cross section. Results from the 2012 dataset which corresponds to an integrated luminosity of
19.6 fb-1 recorded at a centre of mass energy of 8 TeV will be shown. An upper limit on the cross section of standard
model four top quark production is set as 32 ± 17 fb (expected) and 32 fb (observed) at 95 % confidence level.
Alongside this the latest results from the 2015 analysis at 13 TeV will also be discussed.
Search for high mass Zgamma resonances using leptonic Z Boson decays in pp collisions at √s = 13 TeV with the
ATLAS detector
N Readioff1, H Hayward1, S Burdin1, T Donszelmann2, G Marchiori3 and Y Huang4
1

University of Liverpool, UK, 2University of Sheffield, UK, 3LPNHE-Paris, France, 4DESY, Germany

A search is performed for a localised excess in the invariant mass distribution of a Z boson and a photon. The
analysis is based on 3.2fb-1 of proton-proton collisions at √s } = 13 TeV recorded with the ATLAS detector at the
LHC in 2015. The latest expected and observed limits are presented.
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Theoretical uncertainties in the search for heavy gauge bosons at the LHC
E Kay
University of Liverpool, UK
The W’ and Z’ are new heavy gauge bosons arising from extensions of the Standard Model. Their clean final state
signatures and high production rates make them ‘golden channels’ to hunt for new physics at LHC's Run-2.
Searches by ATLAS using √s = 8 TeV data exclude W’ masses below 3.24 TeV and Z’ masses below 2.90 TeV, at
95% CL in the sequential Standard Model.
First results at √s = 13 TeV are presented that set preliminary W’and Z’ limits of 4.07 TeV and 3.40 TeV,
respectively. As these searches, with increasing luminosity, extend to hitherto unexplored high mass regions, higher
order QCD and electroweak corrections become rather large and their accurate modelling a necessity. An overview
on current ATLAS results is presented with special emphasis on the implications of our limited knowledge of the
proton structure and theory at high invariant masses.

Parallel session 4B
Determining the standard model backgrounds of a search for new physics with jets and missing transverse
momentum in 13 TeV pp collisions at the LHC
A Elwood on behalf of the CMS Collaboration
Imperial College London, UK
Methods for estimating yields of Standard Model background processes and their associated systematic
uncertainties will be presented in the context of an inclusive search for supersymmetric processes that produce final
states with jets and missing transverse momentum. The search is carried out with data collected from pp collisions
at a centre-of-mass energy of 13 TeV. A dimensionless kinematic variable, alphaT, is used to discriminate between
events with genuine and misreconstructed missing transverse momentum. A data sample corresponding to an
integrated luminosity of 2.2 fb-1, recorded by the CMS experiment at the LHC, is analysed. The observed signal
candidate event counts are found to be in agreement with the expected contributions from standard model
processes and the result is interpreted in the mass parameter space of supersymmetric simplified models.
Statistical methods for optimising the sensitivity of a search for new physics using jets and missing transverse
momentum in 13 TeV pp collisions at the LHC
M Citron on behalf of the CMS Collaboration
Imperial College London, UK
An inclusive search for supersymmetric processes that produce final states with jets and missing transverse
momentum is performed in pp collisions at a centre-of-mass energy of 13 TeV. A dimensionless kinematic variable,
alphaT, is used to discriminate between events with genuine and misreconstructed missing transverse momentum.
Methods utilised to optimise sensitivity to new physics while maintaining a robust analysis, including the addition of
a MET-like dimension to the search, will be presented. Utilising these optimisations, a data sample corresponding to
an integrated luminosity of 2.2/fb, recorded by the CMS experiment at the LHC, is analysed and the observed signal
candidate event counts are found to be in agreement with the expected contributions from standard model
processes. The result is interpreted in the mass parameter space of supersymmetric simplified models.
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Search for bottom squark pair production with the ATLAS detector in proton-proton collisions at sqrt(s) = 13TeV
J Anders
University of Liverpool, UK
Supersymmetry is one of the most compelling theories for physics beyond the standard model (SM). For each
known boson and fermion, a supersymmetric partner with spin differing a factor 1/2 is introduced. Naturalness
arguments favour the superpartners of the 3rd generation quarks (top/bottom squarks) to have masses of up to 1
TeV, hence they are expected to be produced with high rate at the Large Hadron Collider.
The result of a search for pair production of the superpartners of the bottom quarks are reported in this talk. The
search uses 3.2 fb−1 of pp collisions at √s=13 TeV collected by the ATLAS experiment in 2015. Bottom squarks are
searched for in final state events containing large missing transverse momentum and exactly two jets identified as
originating from a b-quark. No excess above the expected Standard Model background yields is observed.
Exclusion limits at 95% confidence level on the mass of the bottom squark (b~1) are derived in phenomenological
supersymmetric R-parity-conserving models in which the b~1 is the lightest squark and is assumed to decay via
b~1→b+χ~01, where χ~01 is the lightest neutralino. Bottom squark masses up to 800(840) GeV are excluded for
m(χ~01) below 360(100) GeV whilst differences in mass above 100 GeV between the b~1 and the χ~01 are excluded
up to m(b~1)=500 GeV.

Parallel session 4C
The ANNIE Experiment - Measuring neutron yield from accelerator neutrino interactions
M O'Flaherty
University of Sheffield, UK
ANNIE is a water Čerenkov neutrino detection experiment currently under construction downstream of the Booster
Neutrino Beam at Fermilab. The experiment will demonstrate the use of two new techniques with wide relevance for
neutrino physics; the use of Gadolinium doping in water Čerenkov neutrino beam experiments, and the use of LargeArea-Picosecond-Photodetectors (LAPPDs) for high resolution vertex reconstruction.
The ANNIE physics goals are twofold; to measure neutron yield as a function of neutrino energy, and to measure the
interaction cross-section of neutrinos on oxygen nuclei. Neutron yield has relevance for event identification and
background suppression in proton decay, oscillation, and supernova relic neutrino experiments. The ν-O cross
section measurement will help reduce systematic errors in long-baseline neutrino experiments, some of which
use a carbon near detector and oxygen far detector.
Gd doping enables prompt neutron detection with nearly 100% efficiency. This is a powerful tool for event
reconstruction; enabling discrimination of ν/ν̅ events, distinguishing atmospheric ν background events in proton
decay experiments, and characterizing the interaction mechanism (i.e. CCQE vs CC MEC).
LAPPDs are an emerging technology with greatly improved spatial and temporal resolution over standard PMTs,
enabling greater precision reconstruction, and the use of greater fiducial volumes in smaller detectors as in ANNIE.
This presentation will give an overview of the experiment, the techniques to be used and the current project status.
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Prototype detection unit for the CHIPS experiment
M Pfutzner
University College London, UK
CHIPS (CHerenkov detectors In mine PitS) is an R&D project aiming to develop novel cost-effective neutrino
detectors, focused on measuring the CP-violating neutrino mixing phase (δCP). A single detector module would
contain an enclosed volume of purified water submerged in an existing lake, located in a neutrino beam. A staged
approach is proposed with first detectors deployed in a flooded mine pit in Northern Minnesota, 7 mrad off-axis
from the existing NuMI beam. A small proof-of-principle model (CHIPS-M) has already been tested and the first
stage of a fully functional 10 kton module (CHIPS-10) is planned for 2018. One of the instruments submerged on
board of CHIPS-M in autumn 2015 was a prototype detection unit, constructed at Nikhef. The unit contains
hardware borrowed from the KM3NeT experiment, including 16 3" PMTs and readout electronics. In addition to
testing the mechanical design and data acquisition, it was used to characterise the cosmic ray muon
background. This talk introduces the CHIPS project, describes the design and construction of the detection unit, and
presents a preliminary analysis of the recorded data.
Search for short baseline oscillations with the SoLid Experiment
A Vacheret
University of Oxford, UK
The aim of the SoLid experiment is to measure antineutrinos at close distance from the SCK•CEN BR2 reactor using
a new detector technology to achieve unprecedented sensitivity in the search for new oscillations. It will test the
reactor anomaly by measuring the antineutrino spectrum as a function of distance and energy to confirm or reject
the hypothesis of a new neutral state called a sterile neutrino. The use of a different detector technology combined
with a High Enriched Uranium core also enables a very specific measurement complementary to the recent power
reactor data.
The detector technology proposed by SoLid utilises small size PVT cubes covered with a 6LiF:ZnS(Ag) sheet to
construct a highly segmented antineutrino detector. The Inverse Beta Decay (IBD) products can be detected close to
the interaction point which gives high position resolution and reduces the impact of external backgrounds. The PVT
is used to detect the positron with good energy resolution. The 6LiF:ZnS(Ag) layer provides both a neutron signal
insensitive to gamma-rays and a precise localisation of the neutron capture. The result is an antineutrino detector
with high detection efficiency and containment of energy designed for measuring meter scale antineutrino
oscillation.
The first phase of the experiment is planed for the end of 2016 with the staged deployment of 5 sub-modules
corresponding to around 1.5 tonnes of fiducial mass as close as 5.5m from the reactor core.
In this presentation I will review the detector technology, the current status of SoLid and the sensitivity of the
experiment to oscillation. I will also present the recent results from the first real scale sub-module, called SM1,
deployed at the reactor in 2015.
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Parallel session 4D
Status of the NA62 experiment at CERN SPS
A Romano
University of Birmingham, UK
The main goal of the NA62 experiment at the CERN SPS is to measure the branching ratio of the ultra-rare K+ -> pi+
nu nubar decay with 10% accuracy. The NA62 strategy foresees the collection of ~100 K+ -> pi+ nu nubar decays
in about 2-3 years of data taking, keeping the background at the level of 10%. This measurement can provide
stringent tests of SM predictions, but also offering a complementary approach, with respect to the LHC high energy
frontier, to probe new physics at short distances, corresponding to energy scales up to ~100 TeV. The NA62
detector, trigger and DAQ systems have been commissioned during a 5-months run in 2015. A minimum bias run at
1% of the nominal beam intensity has been acquired in order to precisely calculate efficiencies and investigate the
main features of the experiment. Preliminary analysis of data acquired at several beam intensities show that the
main expected final performances can be achieved. The detector performances at the nominal beam intensity are
currently under investigations in preparation for the next data taking in 2016. The physics prospects and the status
of the experiment will be presented in view of the next physics run.
The coherent muon to electron transition experiment
A Kurup
Imperial College London, UK
The COMET experiment aims to search for muon to electron conversion with a sensitivity of <10 -17. The experiment
will be built in two phases, with Phase-I aiming at a sensitivity of <10-15 using a cylindrical drift chamber. The design
of COMET Phase-II has a longer beam line to improve the quality of the muon beam and perform momentum
selection of electrons. The detector system will include a straw tracker and a calorimeter, which will be prototyped
and tested at Phase-I.
Staging the experiment is very important as this allows important measurements of the beam that will lead to a
better understanding of backgrounds and the muon yield. These measurements can then be used to optimise the
design of COMET Phase-II and will provide an improved estimate of the sensitivity of the experiment. The
construction of Phase-I is already underway and data taking will start in JFY 2018.
Physics with the g-2 straw tracker
T Stuttard
University College London, UK
The muon g-2 experiment at Fermilab will seek to confirm or reject the 3 sigma discrepancy relative to the Standard
Model observed in the muon anomalous magnetic moment at Brookhaven National Laboratory. This storage ring
experiment requires extreme precision to 140 ppb, necessitating excellent control of systematic errors. A straw
tracking detector is being developed by UK institutions to help meet these demanding requirements. This talk will
cover the design of the detector, the current status of prototypes and beam test results, and simulation studies of
the tracker contributions to the overall experiment.
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Measurement of the width difference of the B_d meson with the ATLAS detector
M Skinner1, G Borissov1, E Bouhova-Thacker1 and D Scheirich2
1

Lancaster University, UK, 2Charles University, Czech Republic

We present the measurement of the width difference of the B0 meson using the statistics collected by the ATLAS
experiment in Run I of the LHC. �ΔΓd is extracted from the measurement of the lifetime dependence of the
B0 → J/ψ KS and B0 → J= K*0 decays. The obtained result has a precision of 1.49%. Currently, this is the most
precise measurement of �ΔΓd. It agrees with the Standard Model prediction and the measurements of this
parameter by other experiments.
(invited) Direct searches for galactic particle dark matter
N Spooner
University of Sheffield, UK
Most of the Universe is made of non-luminous material, dark matter and dark energy. There is race in the world to
identify new particles that might account for the dark matter component. Exciting new experiments are producing
results and new ones starting to run now. The UK has a long history of involvement, including some of the first
experiments, performed in the Boulby deep underground laboratory and now in other deep labs in the US and
elsewhere. I'll review some of the key advance with an eye on the UK's participation and prospects for the future.
(invited) Quark and Lepton Flavour - probing the PeV scale
T Bowcock
University of Liverpool, UK
We summarize the current state of quark and charged lepton measurements in terms of probing new physics up to
the PeV scale. We look at new generations of charged lepton experiments (g’2, mu2e, mu3e etc) to explore what
these will add to the ‘landscape’ and present information as to what novel ideas, in particular storage ring EDM
measurements, can bring.
(invited) UK astroparticle physics research
G Hammond
University of Glasgow, UK
I am an experimental gravitational physicist and member of the Institute for Gravitational Research. My main area of
research is developing and installing the fused silica monolithic suspensions in advanced LIGO.
I am currently chair of the IOP astroparticle physics group and this talk will focus on the exciting opportunities
presented by the field. This will include a description of the technology required for gravitational wave detectors and
details of the observed merger of a black hole binary system in September 2015, opportunities presented by the
Boulby Underground Laboratory and Dark Matter research, and the Cherenkov Telescope Array (CTA), a large scale
global project to build a northern/southern array of telescopes for photon astronomy at energies between roughly
10GeV and 300TeV.

Joint annual HEPP and APP conference

39

Poster programme
P.01 Search for beyond SM Higgs bosons decaying to tau leptons in Run-II ATLAS
G Hamity
University of Sheffield, UK
In 2015 the ATLAS experiment was running at an unprecedented centre of mass energy (13 TeV) and has already
collected over 3 inverse femtobarns of data in good running conditions. This high luminosity provides an improved
search sensitivity for beyond Standard Model bosons at relatively low integrated luminosity over what was possible
in Run-I data. In light of this, searches for heavy Higgs bosons predicted by the Minimal Supersymmetric extension
to the Standard Model (MSSM) and other models are being conducted in Run-II. This poster presents the search
strategy and available results from searches for MSSM CP-even heavy Higgs bosons decaying to two tau leptons, as
well as di-Higgs decaying to two taus and two b-quarks. The searches are conducted in Run-II data using the ATLAS
experiment.
P.02 Search for gluinos pair-production decaying via sbottom squarks at center-of-mass energy of 13 TeV with the
ATLAS detector
E Kourlitis
University of Sheffield, UK
Supersymmetry (SUSY) is a generalization of spacetime symmetries that predicts supersymmetric partners of the
known bosons and fermions. In the framework of R-parity conserving minimal sypersymmetric extensions of
Standard Model (SM), supersymmetric particles are produced in pairs and the lightest of them (LSP) is stable.
SUSY can solve the hierarchy problem provided that the mass of the supersymetric partners of the top quark is not
too far above weak scale. Because of the weak isospin symmetry, the mass of the lightest supersymmetric partner
of the bottom quark (sbottom) should also be close to the weak scale. Additionally, as the mass of the fermionic
partners of gluons, gluinos, is constrained by naturalness to be around TeV scale and considering the high expected
production cross-section at the Large Hadron Collider, the search for the gluino-mediated sbottom production this
poster presents is highly motivated.
In particular, the search of the ATLAS collaboration using the full 2015 p-p collisions dataset corresponding to 3.3
fb-1 of integrated luminosity for gluino pair-production is illustrated.
Each gluino assumed to decay to a sbottom squark and a bottom quark. Each sbottom then decays to a bottom
quark and the LSP, which assumed to be the lightest neutralino. The experimental signature of the above process
consisting of four energetic b-jets, though at least three are required, and large missing transverse energy.
Several signal regions are designed to cover many gluino-neutralino mass scenarios. In all cases the background is
dominated by the SM top quark pair production, which is estimated by a dedicated control region.
Finally, due to lack of discovery, exclusion limits on the gluino-neutralino mass plane have been placed at 95%
confidence level.
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P.03 Neutrinoless double beta decay searches with Ge-76
B Schwingenheuer
Max-Planck-Institut Kernphysik, Germany
The search for neutrinoless double beta decay might be the only window to observe lepton number violation and to
determine the nature of neutrinos. Is is therefore considered to be of highest relevance. The isotope Ge-76 has
historically been most important for this search and the ongoing experiment GERDA has the lowest background of
all experiments in the field. The current experimental status and the proposed future experimental program beyond
GERDA (and Majorana) is presented.
P.04 Timing calibration of the DEAP-3600 experiment
F La Zia
Royal Holloway, University of London, UK
The DEAP-3600 experiment, located 2 km underground at SNOLAB in Sudbury, Ontario, Canada, is a single phase
liquid Argon dark matter direct detection experiment. It has 3600 kg liquid argon target and a fiducial volume of
1000 kg surrounded by 255 photomultiplier tubes (PMTs). The inner acrylic vessel surface is covered with a thin
layer of wavelength shifter of tetraphenyl butadiene (TPB), which converts the 128 nm argon scintillation light into
visible blue light.
DEAP-3600 has two optical calibration systems: a laserball and the Aluminium- Acrylic Fibre System (AARF). The
AARF system gives the opportunity to perform different detector studies throughout the lifetime of the experiment, in
particular it will allow an accurate timing calibration of the 255 PMTs as well as monitoring the optical response of
the detector. Three different wavelengths laser (375 nm, 405 nm and 445 nm) have been used as internal optical
source during the commissioning phase of the experiment. This data set will allow us to characterise the TPB
properties, the PMTs relative efficiencies as well as to perform a very accurate timing analysis. In particular, the very
narrow pulses coming from the laser allows us to perform a jitter analysis at the subnanosecond level, to be applied
in order to correct the channel-to-channel time offsets.
This poster will present the result of the analysis I have done to characterise this channel-to-channel offsets by
using the laserball data set.
P.05 Hadronization processes in neutrino interactions
S Mandalia and T Katori
Queen Mary, University of London, UK
Next generation neutrino oscillation experiments utilize details of hadronic final states to improve the precision of
neutrino interaction measurements. The hadronic system was often neglected or poorly modeled in the past, but
they have significant effects on high precision neutrino oscillation and cross-section measurements. Among the
physics of hadronic systems in neutrino interactions, the hadronization model controls multiplicities and kinematics
of final state hadrons from the primary interaction vertex. For relatively high invariant mass events, many neutrino
experiments rely on the PYTHIA6 program. Here, we show a possible improvement of this process in neutrino event
generators, by utilizing expertise from the HERMES experiment. We estimate the impact on the systematics of
hadronization models for neutrino mass hierarchy analysis using atmospheric neutrinos such as the PINGU
experiment. Finally we present preliminary analysis showcasing the result of upgrading PYTHIA6 to the more
contemporary event generator, PYTHIA8. Some comments are given on the viability and future work needed to adopt
PYTHIA8 as the standard for modelling hadronization interactions in neutrino event generators.

Joint annual HEPP and APP conference

41

P.06 Systematic uncertainties in missing transverse momentum for ATLAS
B Brunt
University of Cambridge, UK
The poster presents work carried out to estimate the systematic uncertainties in missing transverse momentum
measurement for the ATLAS experiment. This study was carried out using Monte Carlo simulation of 13TeV collisions
in order to provide a preliminary uncertainty estimate for early Run 2 analyses.
The use of missing transverse momentum is motivated, and the contribution to this of the track-based soft term
(TST) is explained. A method of estimating the systematic uncertainty in the TST is detailed, and the parametrization
used is set out. The results of the study are shown against the distribution of total missing transverse momentum
using plots made public in an ATLAS PUB note.
P.07 3D diamond detector simulation using synopsys TCAD
G Forcolin1, A Oh1, S Murphy1, N Skukan2 and V Grilj2
1

University of Manchester, UK, 2Ruđer Bošković Institute, Croatia

The recent development of 3D Diamond detectors has raised interesting prospects for the development of detectors
for future Particle Physics experiments such as the HL-LHC, as well as for medical applications of this technology.
This is due to the increase in radiation hardness due to a combination of a 3D geometry, with electrodes embedded
inside the bulk of the detector material, and the use of Diamond as a radiation hard detector material with many
favorable properties; such as high bond strength and low leakage current.
3D Diamond detector prototypes have been studied in detail at beam tests with 120 GeV protons and 4 MeV
protons. To understand the observations that have been made, simulations have been carried out using Sentaurus
TCAD in order to understand the movement of charge carriers within the sample, as well as the effects of charge
sharing between 3D pixel cells. Studies have also been conducted to understand the effects of varying cell
geometry, as well as grain boundaries in the material. Reasonable agreement has been observed between
simulation and experiment.
P.08 Searching for neutral current gamma with ND280 at T2K
P Lasorak and T Katori
Queen Mary, University London, UK
The methodology and preliminary results for the search of single photons initiated by Neutral Current neutrino
interactions with the ND280 detector at the T2K experiment are presented. This measurement aims to set the first
limit on single-photon neutrino production below 1 GeV. Neutrino production of single photon is a subdominant
process in neutrino interactions. Because photons and electrons have very similar signatures in neutrino detectors,
careful estimations need to be made not to bias the νe appearance oscillation results of accelerator neutrino
experiments. The single photons are created by a nuclear resonance (typically Delta(1232)) after interaction of the
neutrino. The cross section is expected to be of the order of 10−42 cm2. The main background is composed of pi0
decaying into two photons, where only one photon is detected, and photons created in the outer detector
interacting within the fiducial volume.
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P.09 3D printing gaseous radiation detectors for applications in homeland security
S Fargher
University of Sheffield, UK
Recent developments in Additive Manufacturing technologies have allowed Rapid Prototyping to become a costeffective, fast manufacturing technique for more complex designs, which require multiple materials. This poster will
discuss the use of Fused Deposition Modelling, Aerosol Jet Printing and Conductive Inkjet Printing to 3D print
gaseous radiation detectors. The decrease in production cost and time will allow for these detectors to have
homeland security applications; where purpose built detectors are needed quickly and don’t require long
operational lifetimes.
P.10 Search for pair-produced scalar bottom quarks in p-p collisions at sqrt{s}=13 TeV with the ATLAS detector
G Lerner
University of Sussex, UK
This poster presents a search for pair-produced scalar bottom quarks decaying into two Standard Model bottom
quarks and invisible particles. The signal model, motivated by the argument of naturalness, yields an experimental
signature with two b-tagged jets and missing transverse momentum. The search has been performed using the
full statistics of 2015 LHC proton-proton collisions collected by the ATLAS detector, corresponding to an integrated
luminosity of 3.2 fb-1. The optimization of the event selection, the background estimation techniques, and the
results obtained are presented.
P.11 ATLAS electron identification for the HL-LHC
E Reynolds
University of Birmingham, UK
To maximally exploit its physics potential, the Large Hadron Collider (LHC) will undergo upgrades that will increasing
its expected lifetime-integrated luminosity to 3000 fb-1, a factor of 10 above its original design value. The High
Luminosity LHC (HL-LHC) introduces a variety of challenges for the detectors, as it will increase the pileup to up to
200 hard-scattering events per bunch. The prospects for electron identification performance in the ATLAS under
these harsh environment are discussed.
P.12 Search for the rare decays Bs/Bd->mumu with the ATLAS detector at the LHC
F Tresoldi, A Cerri, U De Sanctis and O Winston
University of Sussex, UK
The ATLAS collaboration searched for the rare Bs/Bd -> mu mu decays using the data collected during the LHC “Run
1” proton-proton collision period (corresponding to 25 fb-1 of integrated luminosity). This poster will summarise the
results, emphasising specific aspects in the signal extraction and the analysis systematic uncertainties.
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P.13 Searching for supersymmetry at the Large Hadron Collider
N Abraham
University of Sussex, UK
The search for supersymmetry (SUSY) is one of the main physics goals of the ATLAS experiment at the Large Hadron
Collider (LHC). At the increased collision energy of 13 TeV, the lighter weakly interacting SUSY particles are expected
to be accessible, for example via their leptonic decay debris channels with high missing transverse energy.
Using the new collected data from the second run of the LHC, Run-2, the analysis work presented will focus
primarily on trileptonic searches plus high missing transverse energy in the final state. Discriminating SUSY signals
from standard model background processes that have similar signatures is crutial and is achieved by imposing
optimised kinematic requirements.
In addition, the production cross section of the standard model ttZ process, which is a dominant background to
SUSY multilepton analyses is presented.
P.14 Distinguishing benchmark Z' models with top pair asymmetries at the LHC
D Millar1, S Moretti1 and L Cerrito2
1

University of Southampton, UK, 2Queen Mary, University of London, UK

We investigate the sensitivity of asymmetry observables constructed from top pair decay products, particularly in
the dileptonic and semileptonic classﬁcations, to an underlying Z′ boson arising from U(1) gauge extensions to the
standard model. We include full tree level standard model background eﬀects and interferences and account for
appropriate experimental cuts and realistic reconstruction eﬃciencies for the partonic ﬁnal state decay products,
including reconstruction of the neutrino momentum in the semileptonic classiﬁcation. We demonstrate that
combinations of spin and charge asymmetries can enable one to distinguish between a selection of benchmark
Z′ models owing to their unique dependencies on chiral couplings to the new gauge boson.
P.15 Vector-like quarks, a new heavy top
D O'Brien, H Prager, S Moretti and L Panizzi
University of Southampton, UK
Searches for new heavy vector-like quarks are among the hot topics of the exotica groups at the LHC. Depending on
their mixing patterns with the SM quarks, the new quarks can decay into different channels, so that different
experimental strategies are adopted to optimize their detection. Regardless of their decay patterns, the assumptions
usually made in experimental searches are that the width of these new states is narrow and that the contribution of
interference effects with the SM background is small. I will explore the possibility that these assumptions are relaxed
and discuss the relevance of large width effects and of interference with the SM background for processes of pair
production of heavy vector-like quarks at the LHC. The results of this analysis will be implemented in XQCAT, a tool
we have developed to recast of experimental data for the analysis of scenarios with multiple vector-like quarks with
general mixing patterns with the SM.
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P.16 Model-independent study of an extra fermion coupling to dark matter
H Prager1, L Panizzi1, S Moretti1, A Deandre2 and D Barducci3
1

University of Southampton, UK, 2IPN Lyon, France, 3LAPTh, France

We give an overview of the phenomenological aspects of a simplified dark matter scenario where the mediator is a
new extra lepton (chiral or vector-like) and the dark matter candidate is either scalar or vector. The extra lepton and
the dark matter are odd under a Z2 symmetry, hence the leptonic mediator can only interact with the dark matter
state and standard model leptons of different flavours. In this study we will focus on scenarios where the new
heavy lepton is electrically charged. We consider tree- and loop-level constraints from direct and indirect detection,
electroweak precision tests, relic density, (g − 2) of electron and muon, lepton flavour violation and collider
signatures at the Large Hadron Collider.
P.17 The higgs boson mass from three-loop order of the effective potential of massless standard model
H Alrebdi and H A Alhendi
King Saud University (KSU), Saudi Arabia
The effective potential of a renormalizable quantum field theory is an essential tool in the investigation of the
vacuum structure and stability of the theory at zero and finite temperature.
The effective potential at three-loop order is used to investigate the vacuum structure of spontaneous symmetry
breaking through Coleman-Weinberg mechanism for massless standard model (SM). The three-loop order is
calculated using the renormalization group method. This method is built on the observation that the complete
effective potential satisfies exact renormalization group equation that depends on the renormalization group
functions.
The Higgs boson mass of the SM is determined by using the renormalization conditions for the effective potential at
one, two and three-loop order. We found that, Higgs boson mass 𝑚𝐻 of one-loop order is large because the values
of the scalar Higgs coupling 𝜆 is too large at the electroweak mass scale. The two-loop and three-loop results are
close to each others and lead to an improvement of Higgs boson mass and the scalar coupling values (241.3
GeV≤𝑚𝐻≤242 GeV) for the mass scale (𝜇=𝑣=246.2 GeV) at the top quark mass range (160 GeV≤𝑚𝑡≤176 GeV).
However for the values 𝑚𝑡=170 GeV,≃565.4 GeV, we get 𝑚𝐻−2𝑙𝑜𝑜𝑝≃125.4 GeV. At 𝜇≥2771.3≃11 𝑣 GeV, the
scalar coupling 𝜆 becomes negative and leads to metastable vacuum for the two-loop level while the three-loop
level is stable even at high scale energy ∼1021GeV.
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P.18 Search for direct pair production of the top squark in all-hadronic final states in pp collisions with the ATLAS
detector
F Miano
University of Sussex, UK
In this poster I present some initial studies towards optimising a search for direct production of stop pairs at ATLAS
in the Run 2 of the Large Hadron Collider (LHC). This search extends to the new run of the LHC an analysis already
published by ATLAS.
The optimisation is performed using Monte Carlo events generated at the conditions of the Run 2 of the LHC, with
proton-proton collisions simulated at a centre of mass energy of √s = 13 TeV.
P.19 Detecting fast time variations in the supernova neutrino flux with hyper-kamiokande
J Migenda
University of Sheffield, UK
In the event of a galactic supernova, the proposed Hyper-Kamiokande detector will be the first neutrino observatory
capable of delivering a high event rate whilst reconstructing individual neutrino events.
In this poster, I present my analysis of a three-dimensional supernova simulation provided by the Garching group. In
that simulation, the number flux and mean energy of the neutrinos exhibit oscillations with a frequency of ~100 Hz,
which are caused by the standing accretion shock instability (SASI). My goal was to determine whether the energy
information available from Hyper-Kamiokande can be used to increase the probability of detecting these fast time
variations in the neutrino number flux.
In the investigated simulation, the oscillations of the number flux and the mean energy are in phase. Accordingly,
the amplitude of number flux oscillations is energy-dependent. I was able to show that the larger amplitude in some
energy bins is not sufficient to counteract the increased noise caused by the lower event rate. Finally, I derived a
condition for when it is advantageous to consider an energy bin instead of the total signal, and demonstrated that
this condition is satisfied if the amplitude of the mean energy oscillations is increased slightly.
P.20 CC inclusive analysis at MicroBooNE
A Lister and D Devitt
Lancaster University, UK
MicroBooNE is a 170 ton Liquid Argon Time Projection Chamber (LAr-TPC), located at Fermi National Accelerator
Laboratory, which measures accelerator neutrinos from the Booster neutrino beam (on axis) and the Main Injector
neutrino beam (off axis). It has been taking beam data since October 2015 and is already demonstrating the
precise capabilities of LAr-TPC detectors. MicroBooNE will carry out a broad programme of physics, including
measurements of neutrino interactions on Argon and investigation of the low-energy electromagnetic excess
observed by the MiniBooNE experiment. One of the early MicroBooNE physics analyses will be a measurement of
the inclusive cross-section of muon neutrino charged-current (CC) interactions. As proof of principle, a Monte Carlo
study of this analysis has been developed, which uses fully automated techniques to reconstruct the LAr-TPC
images and separate muon neutrino CC interactions from cosmic-ray and neutral-current backgrounds. Similar
techniques have been used to select the first muon neutrino CC event candidates from the observed data. This
poster will show the results of these early studies, and will present the path to producing a muon neutrino CC
inclusive cross-section measurement.
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