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Abstracts
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Theory prospective on flavour
F Feruglio
University of Padua, Italy
Particle physics today is at a crossroad. The discovery of the Higgs boson at the LHC and the persistent
absence of signals from new physics are forcing us to rethink paradigms that have accompanied us in
this field for decades. Concepts like naturalness are questioned and yet no clear alternative picture has
emerged. Similarly, despite the precise knowledge of most of the relevant parameters in the flavour
sector, none compelling theoretical description has yet come to light in flavour physics. Fermion
masses and mixing angles can be equally well described by widely different conceptual frameworks,
ranging from extreme anarchy to highly ordered structures. In this talk the main ideas behind the
existing models are reviewed. Similarities and differences between quark and lepton sectors are
highlighted. Implications, from and on, possible new physics at the TeV scale are illustrated.
Status of three-neutrino mass-mixing parameters, circa 2013
E Lisi
University of Bari, Italy
The standard three-neutrino (3nu) oscillation framework is being increasingly refined by results coming from
different sets of experiments, using neutrinos from solar, atmospheric, accelerator and reactor sources. At
present, each of the known oscillation parameters [the two squared mass gaps (delta m^2, Delta m^2) and
the three mixing angles (theta_12}, theta_13, theta_23)] is dominantly determined by a single class of
experiments. Conversely, the unknown parameters [the mass hierarchy, the theta_23 octant and the CPviolating phase delta] can be currently constrained only through a combined analysis of various (eventually
all) classes of experiments. In the light of recent (circa 2013) new results coming from reactor and
accelerator experiments, and of their interplay with solar and atmospheric data, we update the estimated Nsigma ranges of the known 3nu parameters, and revisit the status of the unknown ones. Concerning the
hierarchy, no significant difference emerges between normal and inverted mass ordering. However, assuming
normal hierarchy, an overall preference is found for the first theta_23 octant (theta_23 < pi/4 at ~95%
C.L.) and for nonzero CP violation (sin delta < 0 at ~90% C.L.). Similar hints are found in inverted hierarchy,
but with lower statistical significance. We also discuss the correlations and stability of the oscillation
parameters within different combinations of data sets.

Present and future reactor neutrino experiments
Y Wang
IHEP, China
Reactor neutrino experiments played key roles in the past for the direct detection of neutrinos and the
independent confirmation of the solar neutrino oscillation. Recently the Daya Bay reactor neutrino
experiment measured definitely the neutrino mixing angle theta_13, representing a new type of neutrino
oscillation. This result is soon confirmed by many others. The unexpected large theta_13 allow us to build
new experiments for neutrino mass hierarchy and CP phase. I will describe the concept of the next
generation reactor neutrino experiment, JUNO, for the neutrino mass hierarchy
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Status of the prediction of reactor anti-neutrino spectra
M Fallot
Subatech-Nantes, France
New generation neutrino physics experiments at reactors have recently determined the value of the θ13
mixing angle. Even though their principle is to use multiple detectors allowing to minimize the influence of
reactor and nuclear physics ingredients on their results, these ingredients cannot be totally eliminated. They
include reactor simulations, but also new computations of reactor anti-neutrino energy spectra. Recently,
after a new computation of the reactor anti-neutrino energy spectra, based on the conversion of integral data
of the beta spectra from 235U, and 239;241Pu [1, 2], a deficit of reactor anti-neutrinos measured by short
baseline experiments was pointed out [3]. This is called the “reactor anomaly”, a new puzzle in the neutrino
physics area. Since then, numerous new experimental neutrino projects have emerged [4]. In parallel,
computations of the anti-neutrino spectra independent from the ILL data would be desirable. One possibility
is the use of the summation method, summing all the contributions of the fission product beta decay
branches that can be found in nuclear databases. Studies have shown that in order to obtain reliable
summation anti-neutrino energy spectra, new nuclear physics measurements of selected fission product
beta decay properties are required [5]. Lately, the first integral measurement of the beta spectrum
associated to fast fission of 238U has been performed [6]. Even more recently, the question of the influence
of forbidden decays in the determination of reactor anti-neutrino energy spectrum has been raised [7]. At
this conference, we will present the methods used to compute reactor anti-neutrino energy spectra, the
recent published developments on the topic, remaining open questions and some experimental outlooks.
[1]
[2]
[3]
[4]
[5]
[6]
[7]

Th. Mueller et al., Phys. Rev. C 83, 054615 (2011)
P. Huber, Phys. Rev. C 84, 024617 (2011)
G. Mention et al., Phys. Rev. D 83 073006 (2011)
K. N. Abazajian et al., http://arxiv.org/abs/1204.5379
M. Fallot et al., Phys. Rev. Lett. 109, 202504 (2012)
N. Haag, PhD thesis, Technische Universität München 2013
A. C. Hayes et al., arXiv:1309.4146

Atmospheric neutrinos present and future
S Soldner-Rembold
University of Manchester, UK
Atmospheric sources of neutrinos provide both neutrinos and anti-neutrinos, with different flavours, and
covering a wide range of energies and baselines. Results obtained using atmospheric neutrinos therefore
provide unique information about neutrino oscillation parameters. In addition, matter effects arising from
traversing the Earth’s core make atmospheric neutrinos a particularly sensitive probe of the neutrino mass
hierarchy. Recent and future experiments using atmospheric neutrinos will be reviewed.
Latest results on MINOS/NOvA
C Backhouse
Caltech, USA
The MINOS experiment took data in the Fermilab NuMI beam from 2005 to 2012. Construction of the NOvA
experiment will be completed in 2014, but the first part of the detector is already taking data in the
upgraded NuMI beam.
I give an overview of the experiments and present the results of the MINOS 3-flavour analysis combining all
channels, plus the current status of and future sensitivities for NOvA.
6

Future prospects on long-baseline neutrino experiments in the US
R Wilson
Colorado State University, USA
The US Department of Energy has given approval for the first phase of the Long-Baseline Neutrino
Experiment (LBNE), which will conduct a broad scientific program including neutrino oscillations, neutrino
scattering physics, search for baryon violation, supernova burst neutrinos and other interesting astrophysical
phenomena.
Current and future prospects on long-baseline neutrino experiments in Japan
T Nakaya
Kyoto University, Japan
We present the most updated status of the long-baseline neutrino experiments in Japan. In the T2K
experiment in Japan, we observe appearance of electron neutrinos in the muon neutrino beam, which is
sensitive to the mixing angle theta_13 and also the CP violation parameter delta_CP. We report the most
updated results from the T2K experiment. As a future project in Japan, we propose the next generation
1~Mton Water Cherenkov detector, Hyper-Kamiokande.
The Hyper-Kamiokande has 560~kton fiducial volume which is by a factor of 25 larger than that of SuperKamioaknde. The Hyper-Kamiokande experiment with an intense neutrino beam from the upgraded J-PARC
accelerator will be one of the most sensitive neutrino oscillation experiments in the world toward the
discovery of CP violation in neutrinos. We will report the most updated status of the Hyper-Kamiokande
project in Japan. We will also report the plan of the J-PARC accelerator power upgrade for the T2K and the
Hyper-Kamiokande experiments.
Current and future prospects on long-baseline neutrino experiments in Europe
D Wark
University of Oxford/ STFC-RAL, UK
Abstract unavailable
Statistical issues in long baseline neutrino physics
A Tonazzo
APC - Universite' Paris 7, France
The neutrino community has been debating on the way to assess the potential of future experiments for
determining the Mass Hierarchy and for establishing CP violation in the leptonic sector. A brief review of the
key issues will be presented, and a favourite approach for long baseline neutrino oscillation experiments will
be discussed.
LBNE is based in the United States but is being developed as an international partnership by a rapidly
growing collaboration. The project consists of an intense neutrino beam produced at Fermi National
Accelerator Laboratory (Fermilab), a highly capable set of neutrino detectors on the Fermilab campus, and a
large underground liquid argon time projection chamber at Sanford Underground Research Facility (SURF) in
South Dakota 1300 km from Fermilab. With an intense beam and massive far detector, LBNE will make
detailed studies of neutrino oscillations, including measurements of the neutrino mass hierarchy and
Charge-Parity symmetry violation, by measuring neutrino and anti-neutrino mixing separately. At the near
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site, the high-statistics neutrino scattering data will allow for many cross section measurements and
precision tests of the Standard Model. This presentation will describe the design of LBNE, the broad physics
program and its current status along with a summary of ideas proposed to enhance the LBNE program such
as CHIPS (CHerenkov detectors In mine PitS) and RADAR (R&D Argon Detector at Ash River).
Short baseline neutrino oscillation experiments
T Katori
Queen Mary, University of London, UK
Short baseline neutrino oscillation experiments are motivated by LSND and MiniBooNE oscillation results.
Pion decay-at-rest neutrino experiments are proposed to test LSND result. These experiments have well
defined timing and the background rejection is improved from LSND. Several experiments are planned to test
MiniBooNE oscillation results. These experiments have noble techniques to eliminate irreducible
backgrounds of MiniBooNE. On the other hand, it is very common to interpret LSND and MiniBooNE
oscillation results are due to sterile neutrino oscillation. There are worldwide efforts to look for such exotic
oscillations. In this talk, I will cover present and future programs of short baseline neutrino oscillation
experiments.
From Nu-Storm to a neutrino factory
A Bross
Fermilab, USA
Neutrinos from STORed Muons: A New Paradigm for neutrino physics?
The results of LSND and MiniBooNE, along with the recent papers on a possible reactor neutrino flux
anomaly, give tantalizing hints of new physics. Models beyond the neutrino SM have been developed to
explain these results and involve one or more additional neutrinos that are non-interacting or “sterile."
Neutrino beams produced from the decay of muons in a racetrack-like decay ring provide a powerful way to
study this potential new physics. In this talk, I will describe the facility, nuSTORM, and far detectors for
neutrino oscillation searches at short baseline. I will present sensitivity plots that indicated that this
experimental approach can provide 10 sigma confirmation or rejection of the LSND/MinBooNE results. In
addition I will explain how the facility can be used to make neutrino interaction cross section measurements
important to the next generation of long-baseline neutrino oscillation experiments and, in general, add
significantly to the study of neutrino interactions. The unique neutrino beam available at the nuSTORM
facility has the potential to be transformational in our approach to neutrino interaction physics, offering a
“neutrino light source” to physicists from a number of disciplines. Finally, I will show how nuSTORM can lead
in a natural way to a “Neutrino Factory” capable of adding a new dimension to the long-baseline neutrino
oscillation program.
High energy frontier studies of neutrinos
A Blondel
University of Geneva, Switzerland
The main limitation of the Standard Model is that it misses a unique solution to generate neutrino masses. A
common scenario is that both dirac masses and majorana masses are present, leading to the existence of
right handed (a.k.a. sterile) partners of the neutrinos at an a priori unknown mass scale. We will show that
precision measurements of the invisible width of both the Higgs boson and the Z boson, with precisions
allowed by the newly proposed high luminosity e+e- colliders, can lead to discoveries pointing to the
existence of these heavier neutrino states. are being developed to maximise the scientific return achievable
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from investments in existing infrastructure, and further, to develop the technologies and capabilities needed
to capitalise on the exciting scientific opportunities on the intermediate and longer-term horizons. In this talk
an overview of the status of possibilities for upgrading the advanced network will be given, along with a
longer term perspective on possibilities in detector development

Friday 20 December 2013
Sterile neutrinos
J Kopp
Max Planck Institute for Nuclear Physics, Germany
We investigate neutrino oscillations with more than three flavors in the context of global oscillation data and
cosmology. We discuss the possible experimental hints for sterile neutrinos and quantify their tension with
null results from other experiments. We do so by carrying out a comprehensive global fit including short and
long-baseline accelerator, reactor, and radioactive source experiments, as well as atmospheric and solar
neutrino data. We also address cosmological constraints on sterile neutrinos and discuss theoretical models
in which eV-scale sterile neutrinos can be consistent with BBN, CMB and structure formation constraints. In
particular, we expose the physics of self-interacting sterile neutrinos, whose production in the early Universe
would be suppressed due to a thermal MSW potential. The interaction responsible for this suppression could
simultaneously mitigate problems with cosmic structure formation at small scales.
Solar neutrinos: review and prospectives
M Pallavicini
University degli Studi di Genova, Italy
The talk will summarize recent solar neutrino results, with particular attention to open problems and
motivations for further investigations. The foreseen use of solar neutrino detectors for fundamental neutrino
search will be covered as well.
Theory prospective on masses
S Petcov
SISSA, Italy
Abstract unavailable
Direct neutrino mass determination present and future
G Drexlin
Karlsruher Institut für Technologie, Germany
In this talk I review the status and perspectives of direct neutrino mass experiments, which investigate the
kinematics of ß-decays of specific isotopes (H-3, Re-187, Ho-163) to derive model-independent information
on the averaged electron (anti)neutrino mass. After discussing the kinematics of ß-decay and the
determination of the neutrino mass, I give a brief overview of past neutrino mass measurements (SN1987aToF studies, Mainz and Troitsk experiments for H-3, cryobolometers for Re-187). I then describe the
Karlsruhe Tritium Neutrino (KATRIN) experiment currently under construction at Karlsruhe Institute of
Technology, which will use the MAC-E-Filter principle to push the sensitivity down to a value of 200meV
(90% C.L.). To do so, many technological challenges have to be solved related to source intensity and
stability, as well as precision energy analysis and low background rate close to the kinematic endpoint of
tritium ß-decay at 18.6 keV.
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Then new approaches such as the MARE, ECHO, and Project8 experiments are discussed, which offer the
promise to perform an independent measurement of the neutrino mass in the sub-eV region. Altogether, the
novel methods developed in direct neutrino mass experiments will provide vital information on the absolute
mass scale of neutrinos.
Neutrinoless double beta decay experiments
M Chen
Queen's University, Canada
The search for neutrinoless double beta decay is one of the most important endeavours in neutrino physics
today. The observation of this process would determine that neutrinos are Majorana fermions; knowledge of
the charge conjugation nature of neutrinos would help shed light on physics beyond the Standard Model at
higher energy scales. The next-generation of double beta decay experiments include several that have just
started taking data and have yielded impressive gains in sensitivity. Several other experiments are currently
under construction and will soon be completed. The suite of current and upcoming experiments will be
reviewed. Their sensitivities to neutrino mass and to the neutrino mass hierarchy will be presented.
Nuclear matrix elements for neutrinoless double beta decays
F Simkovic
BLTP, JINR, Russia
Nuclear physics is important for extracting useful information from the neutrinoless double beta decay data.
Interpreting existing results as a measurement of effective Majorana neutrino mass depends crucially on the
knowledge of the corresponding nuclear matrix elements (NMEs) that govern the decay rate. The NMEs for
neutrinoless double beta decay must be evaluated using tools of nuclear structure theory. There are no
observables that could be directly linked to the magnitude of neutrinoless double beta decay NMEs and,
thus, could be used to determine them in an essentially model independent way. To this end, we review the
sophisticated nuclear structure approaches which have recently been developed, and which give confidence
that the required nuclear matrix elements can be reliably calculated employing different methods. Subject of
interest are the accuracy and reliability of calculated NMEs associated with different neutrinoless double
beta decay mechanisms. New results and analysis performed within the QRPA with a restoration of isospin
symmetry are presented as well. Further, it is shown that it is possible to disentangle the various
mechanisms and unambiguously extract the important neutrino-mass scale, if all the signatures of the
reaction are searched for in a sufficient number of nuclear isotopes.
Neutrino masses at the LHC
F Deppisch
University College London, UK
While the mass and nature of light neutrinos cannot be directly probed at high energy colliders, many well
motivated New Physics scenarios that incorporate light neutrinos also predict new heavy states at the TeV
scale that can be probed at the LHC. I will provide an overview of such models and discuss the potential of
LHC searches to shed light on the mechanism of neutrino mass generation. This will include R-Parity
Violating Supersymmetry, Left-Right Symmetric models and models with electroweak scale sterile neutrinos.
A clear signature at the LHC in many of these models is the observation of same-sign charged leptons as a
result of the violation of lepton number at collider energies. The observation or non-observation of such
processes has immediate repercussions on neutrinoless double beta decay as a probe of lepton number
violation at low energies. Usually interpreted as "weighing" the mass scale of light Majorana neutrinos,
current searches for neutrinoless double beta decay are also sensitive to effective lepton number violating
operators that originate from physics at the TeV scale. I will discuss the potential synergy between high and
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low energy probes of lepton number violation to rule out or pinpoint different mechanisms of neutrino mass
generation.
Neutrino mass from cosmology
L Verde
ICC - Universidad de Barcelona, Spain
In the past few years there have been new developments in the effort of constraining neutrino properties with
cosmology.
The Cosmic Microwave Background has been measured with renewed in improved precision and large-scale
structure surveys have mapped cosmological structures in the Universe over unprecedentedly large volumes.
Future, massive large-scale structure survey have been presented and approved.
On the theory side, a significant effort has been devoted to achieve better modelling of small scale clustering
and of cosmological non-linearities.
As a result it has become clear that forthcoming cosmological data have enough statistical power to detect
the effect of non-zero neutrino mass (even at the lower mass scale limit imposed by oscillations) and to
constrain the absolute neutrino mass scale.
I will present some recent work on constraints on neutrino properties from cosmology, touching upon present
and possibly future constraints on neutrino masses.
Charged lepton flavour violation future
Y Uchida,
Imperial College London, UK
Experiments searching for Charged Lepton Flavour Violation (CLFV) played a critical role in defining, in the
1960’s, what we now know as the Standard Model of Particle Physics. They are now poised to complement
direct searches at high-energy colliders by probing clean and unambiguous processes that have the
potential to uncover BSM physics at energy scales well beyond those that colliders can reach. In this talk we
briefly review the past and present of the field of CLFV, and then discuss in more detail the next generation of
experiments, emphasising in particular the relationship between these and modern neutrino experiments.
Summary and prospectives
C Kee Jung
The State University of New York at Stony Brook, USA
Abstract unavailable
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Poster abstracts
MEMPHYS: Neutrinos observatory physics sensitivity and R&D
L Agostino, T Patzak, A Tonazzo and M Buizza Avanzini
APC Paris, France
LAGUNA LBNO is a collaborative project witch aim to answer to key questions in neutrino physics : neutrinos
from beams, super novae neutrinos, atmospheric neutrinos, proton decay, CP violation in leptonic sector. We
present the concept for MEMPHYS : 2 tanks of 65 m diameter and 100 m heigh each. This new facility will
provide a fiducial volume of about 500 ktons and an optical coverage of 20 % with about 130000 12
inches PMTs. Results from a complete simulation code will be shown as well as the physics potential. In
parallel a R&D work is in progress and a 8 tons testbench was built : MEMPHYNO, we will illustrate its
concept and its first results.
EXO-200
D Auty
University of Alabama, USA
EXO-200 is a double beta decay experiment, that used 200 kg of xenon, which is enriched to ~80% 136Xe, in
a cylindrical time projection chamber. EXO--200 is located at the WIPP facility near Carlsbad, New Mexico.
Double beta decay is a second order weak process in the Standard Model AZX -> AZ+2Y +2e- + 2νebar (2νββ)
which has been measured with 11 even--even isotopes. If the neutrino has a Majorana mass, then it will be
allowed to decay via neutrinoless double beta decay (0νββ) AZX -> AZ+2Y +2e-, which violates B-L symmetry.
If the (0νββ) decay exests the decay has a halflife of T0νββ1/2 > 1.6 × 1025y (90\,\% CL), which means
backgrounds need to kept to a minimum and the energy needs to be well calibrated.
Probing leptonic flavour with long-baseline neutrino oscillation experiments
P Ballett
Durham University, UK
Studies of neutrino oscillation have established that the bases of neutrino states with definite mass and
those with definite flavour are significantly misaligned. This fact stands in stark contrast to the flavour
structure of the quarks, where the corresponding mixing is approximately trivial. Therefore, studies of the
neutrino mixing pattern (conventionally described by the elements of the PMNS matrix) can be expected to
provide indispensable insights into the problem of flavour. In this poster, I will present some recent work on
how long-baseline neutrino oscillation experiments can constrain a class of models which introduce discrete
non-Abelian flavour symmetries to explain the known neutrino mixing pattern. These models are based on a
popular approach to the explanation of leptonic flavour which uses the idea of spontaneously broken
symmetries to predict the PMNS matrix elements. As I will show, the information provided by the nextgeneration of oscillation facilities could play a crucial role in our assessment of the viability of this approach.
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Latest Results of NEMO3: New limit on the 0vBB half-life for Mo-100
S Blot
University of Manchester, UK
The NEMO3 experiment is an experiment dedicated to the search for neutrino-less double beta decay
(0υββ). Detection of 0υββ decay would be direct evidence that neutrinos are Majorana particles and lepton
number is violated. In this experiment, the separation of source isotopes from the active detector region
allows for reconstruction of the full event topology, which aids in background suppression and the
investigation of 0υββ decay underlying mechanisms. NEMO3 has investigated a total of seven 0υββ
isotopes (100Mo, 82Se, 116Cd, 150Nd, 48Ca, 96Zr, and 130Te), and has produced the world's best 2υββ decay
half-life measurements for all of them. No indication of 0υββ decay has yet been observed at NEMO3. I will
present the newly published limit of T1/2(0υββ) > 1.1 x 1024 y (90% C.L.) for 47 kg·y exposure of 100Mo.
Confidence in the mass hierarchy determination from reactor neutrino experiments
E Ciuffoli, J Evslin and X Zhang
Chinese Academy of Sciences, China
In the next decade, a number of experiments will attempt to determine the neutrino mass hierarchy. We will
discuss some of the challenges that these experiments will face, focusing on the reactor neutrino
experiments at intermediate baselines. Here, for example, even a small nonlinear energy response can
severely affect the sensitivity to the hierarchy. Using MC simulations, we will determine the probability of
successfully determining the hierarchy for some realistic locations of the detector.
We will also show that, since the two hierarchies are non-nested hypothesis, the statistic delta chi^2 does
not follow a one-degree-of-freedom chi^2 distribution and so the confidence in the hierarchy determination
cannot be estimated by taking the square root of the expected delta chi^2; we will present the correct
formula for the confidence.
Sensitivities to neutrino oscillation parameters in the Hyper-Kamiokande experiment
L Cremonesi and F Di Lodovico
Queen Mary University of London, UK
The Hyper-Kamiokande (Hyper-K) detector is a next generation underground water Cherenkov detector that
will serve as the far detector of a long-baseline neutrino experiment (T2HK) located in Japan. T2HK is a
natural extension of the very successful T2K experiment.
The upgraded facilities at J-PARC will deliver an off-axis narrow band (~0.6 GeV) (anti-)neutrino beam
(750kW~1MW) directed to Hyper-K that will be used to measure the appearance and disappearance
parameters with unprecedented precision as well as potentially discover CP violation in the lepton sector.
Hyper-K consists of two cylindrical tanks lying side-by-side, whose total (fiducial) mass is 0.99 (0.56)
million metric tons (about 20 (25) times larger than that of Super-K). The inner detector region of the HyperK detector is covered by 99,000 20-inch PMTs (20% photo-cathode coverage of PMT density).
The near detector complex will include: INGRID and ND280 (respectively on-axis and off-axis detectors)
located 280 m from the target and already used by the T2K experiment, but upgraded for T2HK and a new
near detector to be possibly built 2 km from the target. The near detectors will help constrain the neutrino
flux and systematic errors.
If sin^2(2theta_{13})>0.03 and the mass hierarchy is known, Hyper-K is expected to determine the CP
phase to better than 18 degrees for all possible values of delta and CP violation can be determined at 3
sigmas for 74% of the delta parameter space (considering 5 years exposure to neutrino beam produced by
the 1.66 MW J-PARC proton synchrotron).
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Muon neutrino disappearance at T2K
T Dealtry
University of Oxford & RAL, UK
T2K is an off-axis long-baseline neutrino experiment, using the J-PARC muon-neutrino beam to study
neutrino oscillation parameters. A suite of near detectors, at 280 m from the proton beam target, is used to
constrain neutrino flux and cross section parameters. Super-Kamiokande, a 22.5 kton fiducial water
Cherenkov detector located 295 km from the neutrino source, is used as the far detector. Super-Kamiokande
is 2.5º off-axis, resulting in a neutrino energy spectrum peaking at Eν = 600 MeV = Δm322 L/2π, which
corresponds to the first oscillation maximum. This enhances the sensitivity to θ23 by increasing the number
of neutrinos that oscillate, and decreasing backgrounds from the high-energy tail. I report the latest results of
the muon-neutrino disappearance search.
Radiopurity requirements for the SuperNEMO experiment and the BiPo detector
G Eurin
University College London, UK
The main goal of the SuperNEMO collaboration is to observe neutrinoless double-β decay proving that the
neutrino is a Majorana particle. Today the lower limits on half-lives of this process are around 1024 and 1025
years as observed by the NEMO-3 experiment (for 100Mo and 82Se 2β isotopes) and other experiments.
SuperNEMO is the next generation experiment based on NEMO-3 tracker-calorimeter detection principle. As
the lowest background level dominated by the natural radioactivity is required, a new type of detector has
been designed: BiPo. The BiPo-3 detector is designed to measure contaminations in 208Tl (232Th chain) and
214
Bi (238U chain) in thin materials to measure the intrinsic background of the SuperNEMO source foils at a
level lower than can be achieved through other means: few µBq/kg in 208Tl and few dozen µBq/kg in 214Bi.
The full BiPo-3 detector has been running at the Laboratorio Subterraneo de Canfranc since December,
2012. The construction, performance and calibration of the BiPo-3 detector will be covered as well as the
radiopurity requirements for the SuperNEMO experiment.
Construction of the tracker for the SuperNEMO experiment
P Guzowski
University of Manchester, UK
The SuperNEMO experiment will search for neutrinoless double beta decay with a sensitivity two orders of
magnitude greater than its predecessor NEMO-3, achieved through better energy resolution and
unprecedented background levels. A Demonstrator module of the detector is currently under construction,
due to begin data taking in 2015. A vital component of the detector is the Tracker, a wire chamber made
from 2,034 cells operating in Geiger mode. This is important for triggering, background discrimination, and
measurement of the kinematic properties of the decay. The challenging requirements on background levels
have greatly constrained the construction environment and choice of materials, with many custom solutions
needing to be found for common components that other experiments are able to use. I will present the status
and outlook of the Tracker construction.
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Low background techniques for SuperNEMO
X R Liu and J Mott
University College London, UK
SuperNEMO is a next generation neutrinoless double beta decay experiment based on the NEMO-3 trackercalorimeter design. The main experimental objective is to achieve a half-life sensitivity of 1026 years
corresponding to an effective Majorana neutrino mass of mββ < 50 – 100 meV.
A key requirement of any double beta decay detector is ultra-low background conditions. To ensure radiopurity inside the detector, dedicated facilities have been established for screening and selection of materials
that will be used in the construction of SuperNEMO.
Gamma ray spectroscopy using high-purity germanium (HPGe) detectors offers a standard method for the
measurement of material contamination. A low-background HPGe detector located at Boulby Underground
Laboratory has been re-commissioned for this purpose. The first results from this HPGe detector are shown.
For SuperNEMO, one of the most problematic backgrounds comes from radon, which can enter the detector
either through diffusion, contamination during detector construction or emanation from the detector
materials themselves. In order to achieve the target sensitivity for SuperNEMO, the radon level inside the
detector must be less than 150 μBq/m3.
State-of-the-art radon detectors are only able to measure down to ~ 1-2 mBq/m3, so a "Radon
Concentration Line" (RnCL) has been developed that can make more sensitive measurements in large gas
volumes. This apparatus has now been commissioned and is capable of measuring radon levels in large
samples down to 5 μBq/m3.
In this poster, the development, commissioning and first measurements of radon content using the RnCL are
presented. These measurements include gas bottles, boil-off nitrogen and a SuperNEMO sub-module during
the early stages of construction.

Oscillations of pseudo-dirac neutrinos: active-sterile scenario
M Moumni
University of Biskra, Algeria
In this work, we study neutrino oscillations in the case of pseudo-Dirac scenario. We consider the case where
the pseudo-Dirac particle is composed of an active neutrino (electron neutrino) and a sterile one, both are
Majorana type. We study the oscillations generated by the mass difference between the two particles as well
as those caused by the interaction between the magnetic moment between the particles and an external
magnetic field. In our study, we use the values from the different experiences that strongly suggest the
presence of at least one sterile neutrino to explain what is called the anomaly of reactor neutrinos. We apply
it to the study of the explosion phase in supernova, to see which type of oscillations is favoured by the
different characteristics of supernova which are: density, magnetic moment and electronic ratio. We find that
the oscillations of spin-flip type are more advantaged in this case.
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Monitoring nuclear reactors for safeguards purposes using anti-neutrinos
M Murdoch, J Coleman, C Metelko, C Touramanis, J Carroll and M Lockwood
University of Liverpool, UK
Preventing nuclear proliferation is a high priority for the international community. Monitoring of nuclear
facilities to detect unauthorised removal of fissile materials from operational cores is central to this. Neutrino
detection devices can be used to remotely monitor the core of operating reactors in a safe, reliable manner.
Technology developed for the T2K experiment can be adapted to make a small footprint, very reliable, antineutrino detector to characterise anti-neutrinos emitted by nuclear reactors. Anti-neutrino spectral
information can be used to determine relative core content of uranium and plutonium during fuel burn-up
having an additional application as a monitoring tool for reactor operators.
A prototype of such a device has been developed and demonstrated at the University of Liverpool. Based on
the design of the T2K Near Detector Calorimeter, the device detects anti-neutrinos through the distinctive
delayed coincidence signal of inverse beta decay interactions. This poster presents data from detector
commissioning, showing proof-of-principle in detecting delayed coincidence 'inverse beta decay-like'
events. The device will be deployed at the TRIGA Mark II reactor in Llubljana for testing with planning for
future deployment at a UK power plant.
Lepton mixing predictions from delta(6n^2) family symmetry
T Neder, S F King and A J Stuart
University of Southampton, UK
We obtain predictions of lepton mixing parameters for direct models based on Delta(6n^2) family symmetry
groups for arbitrarily large n in which the full Klein symmetry is identiﬁed as a subgroup of the family
symmetry. After reviewing and developing the group theory associated with Delta(6n^2), we ﬁnd many new
candidates for large n able to yield reactor angle predictions within 3 sigma of recent global ﬁts. We show
that such Delta(6n^2) models with Majorana neutrinos predict trimaximal mixing with reactor angle
theta_13 ﬁxed up to a discrete choice, an oscillation phase of either zero or pi and the atmospheric angle
sum rules theta_23 = 45 degree +/- sqrt(2), respectively, which are consistent with recent global ﬁts and
will be tested in the near future.
Atmospheric neutrino oscillations with PINGU
S Odrowski
University of Manchester, UK
The IceCube neutrino telescope instruments a cubic kilometer of the Antarctic ice at the South Pole with a
three-dimensional grid of light sensors. The Precision IceCube Next Generation Upgrade (PINGU) is a
proposed extension of the IceCube neutrino detector. A denser instrumentation in the deep, clean ice at the
center of IceCube will allow to lower the energy threshold of the detector and to use the surrounding
instrumented volume to veto atmospheric muons. This strategy has been applied successfully in the
construction and operation of IceCube-DeepCore, the first low-energy extension of IceCube; DeepCore
enabled the study of atmospheric neutrino oscillations at energies above a few tens of GeV and the
observation of atmospheric neutrino induced cascade events. With PINGU, the energy threshold can be
lowered to a few GeV within two or three deployment seasons. This gives PINGU the potential to perform
precision measurements of the atmospheric oscillation parameters and to explore the neutrino mass
hierarchy, a yet unmeasured fundamental parameter. I will present the design of the detector and the
expected sensitivity.

16

Neutrino parameters and N_2 dominated leptogenesis
M Re Fiorentin and S King
University of Southampton, UK
We will review the main aims and concepts of leptogenesis, analysing more specifically different poissible
realisations. We will describe both the flavoured and unflavoured versions of the N1-dominated scenario and
then focus our attention on the flavoured N2-dominated one. Its main features will be pointed out as well as
possible relevant corrections. Finally, we will consider the conditions required by strong thermal
leptogenesis. Here a large preexisting asymmetry is efficiently washed out and the experimentally measured
amount is produced entirely by leptogenesis. Barring strong cancellations in the seesaw formula and
assuming, for the second right handed neutrino, M2 ≤ 5·1011GeV, we will show that strong thermal
leptogenesis can be realised only for a lightest neutrino mass m1 ≥ 10 meV. This implies that absolute
neutrino mass scale experiments will be able, in the near future, either to severely corner strong thermal
leptogenesis or to find positive signals pointing to m1 ≥ msol.
The poster is based on an article still in preparation at the submission of this abstract.
Can the low energy excess at MiniBooNE be explained by the radiative decay of sterile neutrinos to
photons?
M Ross-Lonergan, S Pascoli and P Ballett
IPPP Durham University, UK
We investigate the possibility that the excess of low energy electron neutrinos observed at MiniBooNE is the
result of sterile neutrinos (1 MeV to 388 MeV), produced from charged mesons decaying in flight, that
propagate and undergo radiative decay to photons. These photons are subsequently mis-identified as
electrons inside the detector. A framework for investigating the production and decay of such sterile
neutrinos is discussed, valid for a large variety of superbeams and detector geometry. The most stringent
bounds on sterile mass and mixing in these models come from charged meson decay experiments such as
PS191, which we show can be avoided and the resulting parameter space is used to phenomenologicaly
motivate some theoretical models.
Optical calibration of SNO+
J Sinclair and J Maneira
University of Sussex, UK
Situated 2 km underground in Sudbury, Northern Ontario, the SNO+ detector consists of an acrylic sphere
12 m in diameter containing 780 tons of target mass, surrounded by approximately 9,500 PMTs. For SNO,
this target mass was heavy water, however the change to SNO+ is defined by the change of this target mass
to a novel scintillator. With the lower energy threshold, low intrinsic radioactivity levels and the best shielding
against muons and cosmogenic activation of all existing neutrino experiments, SNO+ will be sensitive to
exciting new physics. The experiment will be studying solar, reactor, super nova and geo-neutrinos, though
the main purpose of SNO+ is the search for neutrinoless double-beta decay of Te-130. To meet the
requirements imposed by the physics on detector performance, a detailed optical calibration is needed.
Source deployment must be kept to a minimum and eliminated if possible, in order to meet the stringent
radiopurity requirements. This led to the development of the Embedded LED/laser Light Injection Entity
(ELLIE) system. This poster provides a summary of the requirements on and methods of optical calibration in
SNO+, focusing on the deployed laserball and the external ELLIE system.
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Muon reconstruction in Double Chooz
M Strait
University of Chicago, USA
I describe a muon track reconstruction algorithm for the reactor anti-neutrino experiment Double Chooz. The
Double Chooz detector consists of two optically isolated volumes of liquid scintillator viewed by PMTs, and
an Outer Veto above these made of crossed scintillator strips. Muons are reconstructed by their Outer Veto
hit positions along with timing information from the other two detector volumes, or any subset of this which is
available for a given muon. All muons are fit under the hypothesis that they are through-going and
ultrarelativistic. If the energy depositions suggest that the muon may have stopped, the reconstruction fits for
this hypothesis also and chooses between the two via the relative goodness-of-fit. In the ideal case of a
through-going muon intersecting the center of the detector, the resolution is 30mm in each dimension. The
reconstruction can be used used to identify our primary inverse beta decay background, Li-9, to study
cosmogenic isotope production by stopping muons, to discriminate between through-going muon and fast
neutron events, and to verify the detector geometry through muon imaging.
Future of neutrino interaction models
R Terri
Queen Mary, University of London, UK
Neutrino-nucleus cross sections are one of the dominant sources of systematic errors in long-baseline
neutrino oscillation experiments. To achieve the goals of precision measurements of the mixing angles and
difference of the mass eigenstates squared, and discover the mass hierarchy and CP-violating phase, the
underlying neutrino interactions must be better understood. This poster will mention some recent
improvements in models in the interaction generators as well as some possible future improvements for
proposed experiments.
Neutrino oscillations at MINOS/MINOS+
A Timmons
University of Manchester, UK
MINOS is a two-detector on-axis experiment based at Fermilab. The NuMI beam encounters the MINOS Near
Detector 1km downstream before travelling 734km through the Earth's crust until the beam reaches a mine
in northern Minnesota, the location of the Far Detector. MINOS has analysed muon neutrino and antineutrino
data from the NuMI beam, combined with 37.88 kton years of atmospheric neutrino data. I will present
results of this analysis, in a three-flavour framework, that makes the world's most precise measurement of
delta m sq 32 and probes delta_CP, the theta_23 octant degeneracy and the mass hierarchy.
Since the upgrade to the NuMI beam was complete in September 2013 MINOS+ has been taking data with
a neutrino beam with a higher energy than ever before. With an energy spectrum peaking around 7 GeV.
MINOS+ will see unprecedented statistics with higher energy neutrinos than previously seen in an
accelerator. MINOS+ has the capability to investigate beyond the standard model physics such as the
existence of sterile neutrinos by looking at both charged current and neutral current interactions in this
region of L/E.
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ORCA: a feasibility study for the measurement of neutrino mass hierarchy with a deep-sea Cherenkov
detector in the Mediterranean
V Van Elewyck
APC & University Paris Diderot, France
Since the measurement of the mixing angle θ13, the determination of the neutrino mass hierarchy (normal
vs. inverted) has become one of the central challenges of neutrino physics, together with the search for CP
violation in the leptonic sector. Recent studies have pointed out that the neutrino mass hierarchy could
reveal itself in the atmospheric neutrino sector, in the energy range 1 -- 20 GeV, where oscillations are
affected by Earth matter effects. Large volume underwater Cherenkov detectors, similar (but denser) to the
existing or planned neutrino telescopes ANTARES and KM3NeT, might therefore provide a measurement of
the neutrino mass hierarchy potentially competitive in terms of cost and timescale with future beam
experiments.
This contribution reports on a feasibility study for such a detector, dubbed ORCA (Oscillation Research with
Cosmics in the Abyss), which has been undertaken within the KM3NeT community. The baseline
performance in terms of flavor identification, energy and angular accuracy, and background rejection are
discussed on the basis of a reference detector with 50 instrumented lines. Preliminary projections for the
sensitivity to the neutrino mass hierarchy will be presented, although further improvements are expected as
a result of the currently ongoing detector optimization studies. The exciting possibility to use the ORCA
detector in conjunction with a neutrino beam will also be briefly discussed.
The SuperNEMO neutrinoless double-beta decay experiment
C Vilela
University College London, UK
SuperNEMO is an experiment currently in construction phase with the aim of searching for neutrinoless
double beta-decay, a beyond the standard model lepton number violating process. It employs the same
strategy as its predecessor NEMO-3, with a tracker and calorimeter surrounding a thin foil of source isotope.
Twenty modules are planned, yielding 200 kg of Se-82 as source, with a sensitivity to a half-life of 10^26
years. The first module is intended to demonstrate the very stringent radiopurity requirements, with no
background counts being expected in the region of interest of the decay for 2.5 years of data taking. It will
hold 7 kg of Se-82, giving it a sensitivity to a halflife of 6.5 x 10^24 years. The tracking detector is essential
for background discrimination and its construction and commissioning are being undertaken in the U.K.,
primarily at UCL, MSSL(UCL) and The University of Manchester.
Using MiniBooNE NCEL and CCQE cross section results to constrain 3+1 sterile neutrino models
C Wilkinson, S Cartwright and L Thompson
University of Sheffield, UK
The MiniBooNE Neutral Current Elastic (NCEL) and Charged Current Quasi-Elastic (CCQE) cross section
measurements are used to set limits in the Δm2-sin2θμs plane for a 3+1 sterile neutrino model with a mass
splitting 0.1 ≤ Δm2 ≤ 10.0 eV2. GENIE is used with a relativistic Fermi gas based cross section model, close
to the one employed by MiniBooNE, to produce event rate predictions using simulations on the MiniBooNE
target CH2. The axial mass is used as a free parameter in the fits.
It is now understood that the large axial mass measured by MiniBooNE and other experiments comes from
additional enhancements to the cross section from a multi-nucleon target. We take the MiniBooNE approach
and assume that an inflated, effective, axial mass reasonably describes these additional effects, and explore
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the possible issues that this situation presents for sterile neutrino analyses. Limits on short baseline sterile
neutrino oscillations are necessarily dependent on the underlying cross section model.
The consequence of using a single effective axial mass for both samples is explored, as is the consequence
of assuming that the axial mass and the sterile parameters are uncorrelated, an assumption which has been
made in some sterile analyses. Robust limits are produced by fitting the cross section and sterile model
simultaneously.
Cosmological bounds on active-sterile neutrino mixing after Planck data
N Saviano
Durham University, UK
In recent years a renewed attention has been devoted to low-mass sterile neutrinos, after intriguing but
controversial hints coming from precision cosmological measurements and laboratory oscillation
experiments. Light sterile neutrinos can be produced by oscillations with active neutrinos in the early
universe. Their properties can be constrained by their contribution as extra-radiation, parameterized in terms
of the effective number of neutrino species N_{eff} , and to the universe energy density today \Omega_h^2.
A recent breakthrough in constraining the N_{eff} and the neutrino masses is represented by the first data
release of the Planck experiment. Motivated by this new data, we update the cosmological bounds on (3+1)
sterile neutrino scenarios performing an extensive scan of the sterile neutrino mass and mixing parameter
space.
The ESS neutrino super beam experiment ESSνSB
T Ekelöf1 and C Carlile2
1

Uppsala University, Sweden, 2Science Village Scandinavia, Lund, Sweden

The linear proton accelerator of the European Spallation Source (ESS) has the potential to become the
proton driver of the world’s most intense neutrino beam, in addition to the world’s most intense pulsed
spallation neutron source. The physics performance of this neutrino beam in conjunction with a megaton
water Cherenkov neutrino detector installed 1000 m down in a mine at a distance of ca 500 km from ESS,
corresponding to the position of the second neutrino oscillation maximum, is shown. The superior potential
of such a neutrino experiment for lepton CP violation discovery, with the prospect of explaining the matterantimatter asymmetry in the Universe, is demonstrated. The equipment required to operate the ESS linac for
neutrino beam production in parallel with neutron production, in particular the radiofrequency sources of
increased power, the accumulator ring and the neutrino target, is also shown.
Rejection of backgrounds from pile-up alpha coincidences in the SNO+ detector
K Majumdar
University of Oxford, UK
The SNO+ detector is a multi-purpose neutrino detector located 2km underground in the Creighton Mine near
Sudbury, Ontario in Canada. There are a number of physics goals such as studying solar, reactor and
supernovae neutrinos, as well as the experiment’s main aim: to investigate the existence of Neutrinoless
Double Beta Decay. The potential rarity of this decay means that other radioactive decays occurring in and
around the detector can become major sources of background events. Two such backgrounds are the beta
decays of 214Bi and 212Bi, which are followed by the alpha decays of their respective daughters: 214Po
and 212Po. This allows them to be tagged with high efficiency in principle, although pile-up will still
sometimes occur, particularly for 212Bi. Methods of dealing with pile-up alphas are discussed here.
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Scattering length monitoring with SMELLIE at the SNO+ detector
S Langrock and K Majumdar
Queen Mary, University of London, UK
SNO+ is a multipurpose detector located in the Creighton Mine in Sudbury, Ontario, Canada. It is build to
investigate double beta decays, as well as solar and reactor neutrino oscillations. Thus, SNO+ will make a
significant contribution to several important aspects of modern neutrino physics. The events will be detected
using the liquid scintillator LAB PPO. To optimise the detector energy resolution we need to understand all
optical processes in the detector with high precision. This poster presents the Scattering Module of the
Embedded LED Light Injection Entity (SMELLIE). It is part of the detectors calibration program, designed for
measuring the scattering length of photons within the scintillator material. Using these measurements a
detailed detector profile will be achieved. The SMELLIE hardware components and its installation within the
detector will be discussed. Furthermore, the analysis procedure to measure the Rayleigh scattering lengths is
introduced.
Current status of the SNO+ experiment
A Back
Queen Mary, University of London, UK
Preparations are well under way for preliminary sessions of data taking with SNO+. The multi-purpose
neutrino detector, located two kilometres underground in SNOLAB, should soon have PMTs submerged in
ultra-pure water. Recent work, in anticipation of this data taking, on both software and hardware, is
presented. In terms of software, the continued development of a suite of data quality checks, is focused – at
present – on implementing all the checks concerned with timings and event rates. Whilst, in terms of
hardware, there is the current effort to repair close to 1% of the PMTs inherited from SNO, as well as a
number of repairs necessary in the electronics. Both the period of data taking scheduled for December 2013
and that anticipated for spring 2014, will act as a vital platform for, among other things, testing and refining
the data quality code and confirming the PMT repairs and electronics repairs were successful.
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