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Program layout
Time Sun May 31 Mon June 1 Tue June 2 Wed June 3 Thu June 4 Fri June 5

OPENING

8 : 30 − 11 : 00 NEMF NNA DBD DM SSO
Photo

CLOSING
11 : 00 − 11 : 30 B R E AK (20 min)

LUNCH

SSO NEMF DM NEMF
11 : 30 − 13 : 00 DM DBD SSO DBD

13 : 00 − 14 : 30 L U N CH

DBD DBD DBD
14 : 30 − 16 : 00 NNA DM NNA SSO

15:30

16 : 00 − 16 : 30 BREAK SSO BREAK

DM NNA Boat cruise
16 : 30 − 19 : 00 NEMF DBD and

Banquet
Welcome Informal Reception Informal at

19 : 00− Reception Nanosauna at the Nanosauna Savutuvan
19:00 - 22:00 Seminar City Hall Seminar Apaja
Hotel Alba Session 18:00 - 21:00 Session 16:15 - 23:00

NNA = Neutrinos in Nucleosynthesis and Astrophysics
DM = Dark Matter
DBD = Double Beta Decay
SSO = Supernova and Solar neutrinos, neutrino Oscillations
NEMF = Neutrino Experiments, Methods and Facilities

2



Talks

3



STATUS OF THE RED EXPERIMENT 
 
D.Yu. Akimova,b, V.A. Belova,b, A.I. Bolozdynyab, A.A. Burenkova,b, Yu.V. Efre-
menkoc,b, Yu.V. Gusakovd,b, A.V. Etenkoe,b, V.A. Kaplinb, A.V. Khromovb, A.M. Kono-
valova,b, A.G. Kovalenkoa,b, A.V. Kumpanb, T.D. Krakhmalovab, Yu.A. Melikyanb, P.P. 
Naumovb, D.G. Rudika,b, R.R. Shafigullinb, A.V. Shakirovb, G.E. Simakova,b, V.V. Sos-
novtsevb, V.N. Stekhanova,b A.A. Tobolkinb, I.A. Tolstukhinb 
 
a SSC RF ITEP of NRC “Kurchatov Institute”, Moscow, Russian Federation 
b NRNU MEPhI (Moscow Engineering Physics Institute), Moscow, Russian Federation 
c University of Tennessee, Knoxville, USA 
d JINR, Dubna, Russian Federation 
e NRC “Kurchatov Institute”, Moscow, Russian Federation 
e-mail: akimov_d@itep.ru 
 
 
 
The RED-100 (Russian Emission Detector) is being constructed for the experiment on 
the first observation of neutrino elastic coherent scattering off atomic nuclei [1]. This 
fundamental process was predicted several decades ago by the Standard Model of elec-
troweak interactions but has not been discovered yet.  
The RED-100 is an emission two-phase xenon detector containing ~200 kg of the liquid 
Xe (~ 100 kg in a fiducial volume). One of the possible sites to carry out the experiment 
is SNS (Spallation Neutron Source) facility of Oak Ridge National Laboratory, USA. 
The energy spectrum of neutrinos produced at the SNS source extends up to ~ 50 MeV 
that gives kinetic energies of Xe recoils of up to a few tens of keV. For these energies of 
Xe recoils the response of the LXe is well known from neutron calibrations of dark mat-
ter detectors. Possible detector locations at the SNS are under consideration now. One 
of them is in a basement under the experimental hall at a distance of ~30 meters from the 
SNS target. The expected signal and background (neutron and gamma) are estimated for 
this specific location of the detector.  
The detector details and the current status are given. 
 
 
[1] D.Yu. Akimov, I.S. Alexandrov, V.I. Aleshin et al., JINST 8 (2013) P10023, 
arXiv:1212.1938[physics.ins-det].
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Heavy element nucleosynthesis in core-collapse supernovae and neutron star mergers 
 
A. Arcones 
 
TU Darmstadt and GSI 
email: almudena.arcones@physik.tu-darmstadt.de 
 
 
 
Core-collapse supernovae and neutrino-driven winds can produce elements up to silver. 
Because the synthesis of these elements occurs closer to stability, in the near future, the 
nuclear physics uncertainties will be reduced by experiments. This will uniquely allow 
us to combine observations and nucleosynthesis calculations to constrain the astrophys-
ical conditions in neutrino-driven winds [1] and thus gain new insights about core-
collapse supernovae. In addition, all r-process elements are synthesized in neutron star 
mergers. Different ways of ejecting matter lead to variations of the nucleosynthesis: the 
early dynamic ejecta is very neutron rich and produce the heaviest elements, while in 
the post-merger neutrino-driven wind elements below the second r-process peak are 
synthesized [2]. The radioactive decay of neutron-rich nuclei triggers an electromagnet-
ic signal in mergers known as kilonova or macronova. This was potentially observed 
after a short gamma ray burst, associated with a neutron star merger. The composition 
and distribution of the different ejecta is critical to understand such kilonova light curve. 
 
 
[1] C. Hansen, F. Montes, and A. Arcones, ApJ 797, 123 (2014). 
[2] D. Martin et al., in prep.
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NEUTRINO PROPERTIES, COLLECTIVE NEUTRINO OSCILLATIONS, AND 
R-PROCESS NUCLEOSYNTHESIS  
 
A. B. Balantekin 
 
Department of Physics, University of Wisconsin-Madison, Madison, Wisconsin 53706 
USA 
email: baha@physics.wisc.edu 
 
 
 
For a long time very little experimental information was available about neutrino prop-
erties, even though even a small neutrino mass has intriguing cosmological and astro-
physical implications. This situation has changed in the recent years.  In this talk recent 
experimental and theoretical developments in solar, atmospheric, and reactor neutrino 
physics will be briefly reviewed. Implications of those experiments for astronomy and 
astrophysics will be discussed. The role of neutrinos in the dynamics of core-collapse 
supernovae will be elucidated.  
 
In addition, neutrinos form the intellectual bridge between many astrophysical phenom-
ena and laboratory nuclear physics, investigating stable as well as unstable, exotic, and 
rare elements. Exploiting this connection in an intellectually beneficial way necessitates 
a multitude of experimental and theoretical efforts. One topic where the connection be-
tween rare isotope physics and neutrino physics is manifest is the nucleosynthesis of 
various elements. In this talk the connection between neutrinos and the various nucle-
oynthesis scenarios will be explored. In particular, neutrino collective oscillations, their 
symmetries, and their impact on possible supernova r-process nucleosynthesis will be 
discussed.  
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REVIEW OF MODERN DOUBLE BETA DECAY EXPERIMENTS

A.S Barabash

Institute of Theoretical and Experimental Physics, Russia
email: barabash@itep.ru

The review of modern experiments on search and studying of double beta decay pro-
cesses is done. Results of the most sensitive current experiments are discussed. The 
main attention is paid to EXO-200, KamLAND-Zen, GERDA-I and CUORE0 experi-
ments. Modern values of T1/2(2ν) and best present limits on neutrinoless double beta de-
cay and double beta decay with Majoron emission are presented. Conservative limits on 
effective mass of a Majorana neutrino (<mν> < 0.34 eV) and a coupling constant of Ma-
joron to neutrino (<gee>  < 10-5) are obtained. 

In the second part of the review prospects of search for neutrinoless double beta decay 
in new experiments with sensitivity to <mν> at the level of ~ 0.01-0.1 eV are discussed. 
The main attention is paid to experiments of CUORE, GERDA, MAJORANA, EXO, 
KamLAND-Zen-2, SuperNEMO and SNO+. Possibilities of low-temperature scintillat-
ing bolometers on the basis of inorganic crystals (ZnSe, ZnMoO4, Li2MoO4, CdWO4, 
CaMoO4) are considered too.

7



DOUBLE BETA DECAY MATRIX ELEMENTS IN THE IBM-2 WITH ISOSPIN
RESTORATION

J. Barea1, J. Kotila2,3 and F. Iachello2

1Departamento de Física, Universidad de Concepción, Casilla 160-C, Concepción 4070386,
Chile.

2Center for Theoretical Physics, Sloane Physics Laboratory, Yale University, New Haven,
Connecticut 06520-8120, USA.

3University of Jyvaskyla, Department of Physics, B.O. Box 35, FI-40014, University of
Jyvaskyla, Finland.

The halflives for double beta decays can be written as a product of several terms where
one is the socalled nuclear matrix element, which takes into account the nuclear structure
of the states involved in the decay. So far these quantities have been calculated in the
microscopic Interacting Boson Model (IBM-2) using a transition operator which violates
the isospin selection rule of the Fermi matrix element for the two neutrinos double beta
decay. Very recently we published a work [1] where we introduce a method to solve
this issue. We will discuss this method and show the new values for the matrix elements
obtained by using it. In general, the new values reduced and the Fermi matrix elements
for the two neutrinos double beta decay decay become zero.

[1] J. Barea, J. Kotila and F. Iachello Phys. Rev. C 91, 034304 (2015).
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RESULTS AND STRATEGIES FOR DARK MATTER INVESTIGATIONS

P. Belli

Dip. di Fisica, Università di Roma “Tor Vergata”, I-00133 Rome, Italy and I.N.F.N., sez. Roma
“Tor Vergata”, I-00133 Rome, Italy

An overview of the latest results of Dark Matter direct detection will be discussed, with
particular care to the DAMA/LIBRA-phase1 results and the 9.3 σ C.L. evidence obtained
by exploiting the model-independent Dark Matter annual modulation signature for the
presence of Dark Matter particles in the galactic halo. Comparisons, implications and
experimental perspectives will be addressed.
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CUORE-0 experiment: first physics results.

M. Biassoni for the CUORE Collaboration

University of Milano-Bicocca and INFN - Sezione di Milano-Bicocca

email: matteo.biassoni@mib.infn.it

CUORE (Cryogenic Underground Observatory for Rare Events) is a ton-scale experiment
for the search for neutrinoless double beta decay in 130Te with tellurium oxide bolome-
ters. It’s projected sensitivity touches the inverted mass hierarchy region, and it is cur-
rently at final stage of construction at the Gran Sasso National Laboratory (LNGS, Italy).
CUORE-0 experiment, the precursor of CUORE, is an array of 52 TeO2 bolometers built
using the same technologies and procedures developed for CUORE. CUORE-0 started
taking data at LNGS in spring 2013 and is producing the first physics results after hitting
all its primary goals in terms of background and energy resolution, thus supporting the
achievement of the CUORE target sensitivity. In this talk we will report about CUORE-0
performance and present the latest results on neutrinoless double beta decay, background
modelling and two neutrinos double beta decay.
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PENNING-TRAP MASS SPECTROMETRY AND NEUTRINO PHYSICS 
 
K. Blaum 
 
Max-Planck-Institute for Nuclear Physics, Germany 
email: Klaus.blaum@mpi-hd.mpg.de 
 
 
 
Penning-trap mass spectrometry has become a versatile tool to contribute to a variety of 
fundamental problems including the field of neutrino physics. The most familiar are the 
absolute neutrino mass and the possible existence of resonant neutrinoless double-
electron capture / double-beta dacay and of keV-sterile neutrinos [1]. This contribution 
provides an overview of the latest achievements and future perspectives of Penning-trap 
mass spectrometry in the exploration of these problems with a focus on electron capture 
and double-electron capture processes. 
 
 
[1] S. Eliseev, Yu.N. Novikov and K. Blaum, Ann. Phys. 525, 707-719 (2013).
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THE PRESENT GENERATION OF BOLOMETERS FOR DOUBLE BETA DE-
CAY SEARCHES 
 
C. Brofferio 
 
University of Milano Bicocca and INFN, Italy 
email: chiara.brofferio@mib.infn.it 
 
 
 
The observation of neutrinoless double-beta decay (0νββ) would unambiguously estab-
lish the ���violation of Lepton Number conservation, and indicate that neutrinos are Ma-
jorana particles, i.e. they ���are their own anti-particles. Determining whether neutrinos are 
Majorana or Dirac particles and measuring their masses are among ���the highest priorities 
in neutrino physics. The answer will have important implications for astrophysics ���and 
cosmology. A Majorana neutrino mass is not generated by the Higgs ���mechanism and 
Majorana particles are not accommodated in the Standard Model. Thus, discovery of ���the 
Majorana nature of neutrinos would provide a clear indication of new physics beyond 
the Standard ���Model. ��� 

Bolometers or, with a more specific definition, low temperature detectors, have been 
used by now for more than 20 years in 0νββ searches, with excellent results: they com-
pete with Ge diodes for the rank of detectors with the best energy resolution in the MeV 
region and are in the race with other technologies for the best sensitivity to the effective 
neutrino mass.  

The present generation of detectors for 0νββ aims at an isotope mass of the order of 100 
kg and at a half life sensitivity of the order of 1026 y, which can be reached only with a 
level of residual background of few counts/ton�keV�y.  

CUORE has therefore invested in the suppression of bulk and surface contaminations of 
all materials used in the detector and in the cryostat and, as demonstrated by CUORE-0, 
should reach the goal.  

LUCIFER and LUMINEU search for α − β particle discrimination using bolometers 
with simultaneous readout of heat and light signals, since degraded α could result to be 
the limiting factor in the background reduction.  

AMoRE is also aiming at the identification of α− versus β- events with scintillating bo-
lometers, but tries to profit of pulse shape discrimination using metallic magnetic calo-
rimeters (MMCs) as sensors. 

Finally, TIN.TIN is still at a preliminary R&D scale, but would clearly like to enter into 
the game sooner or later. 

Similarities and differences will be discussed, trying to highlight strengths and weak-
nesses of the different approaches for the present and near future. 
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Exploring Solar Neutrinos - Recent results and future opportunities. 

 
Frank P. Calaprice 
 
Department of Physics, Princeton University 
Email: calaprice@princeton.edu 

 
The experimental study of solar neutrinos has entered a new phase of measurements 
aimed at furthering our understanding of neutrino oscillations, searching for new physics, 
and exploring the Sun itself.  Borexino and Super-K are continuing to measure solar 
neutrinos. In this talk I will summarize the status of measurements of solar neutrinos by 
Borexino, including the recent measurement of pp neutrinos [1]. I will also outline future 
opportunities, including the challenges of a possible measurement of CNO neutrinos.  
 
[1] Borexino Collaboration, Nature 512, 383 (2014) 
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THE NUCLEAR MATRIX ELEMENTS OF 0 DECAY AND THE NUMEN 
PROJECT AT INFN-LNS 
 
F. Cappuzzello for the NUMEN collaboration 
 
INFN – Laboratori Nazionali del Sud, Catania, Italy 
Dipartimento di Fisica e Astronomia, Univ. di Catania, Catania, Italy 
email: cappuzzello@lns.infn.it 
 
 
The problem of the determination of the nuclear matrix elements entering in the expres-
sion of the half-life of single and double beta decay will be introduced.  
The novel idea of using heavy-ion induced reactions as tools for the determination of 
these matrix elements will be presented. The strengths and the limits of the proposed 
methodology will be indicated. New data from the MAGNEX spectrometer at the INFN-
LNS laboratory give first evidences of the possibility to get quantitative indications to-
ward the determination of nuclear matrix elements. New results will be shown at the 
Conference regarding the 40Ca(18O,18Ne)40Ar at 270 MeV incident energy. 
Finally the NUMEN project of INFN and the proposed strategy to this research will be 
sketched in the view of the upgrading of the INFN-LNS facilities. 
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DAMA/LIBRA-PHASE1 RESULTS, PERSPECTIVES OF PHASE-2 AND BE-

YOND 

 

R. Cerulli for DAMA Collaboration 

 

Laboratori Nazionali del Gran Sasso, I.N.F.N., Assergi, Italy 

email: riccardo.cerulli@lngs.infn.it 

 

 

The DAMA/LIBRA experiment [1,2,3,4,5] (about 250 kg of highly radio-pure NaI(Tl)), 

is running deep underground at the Gran Sasso National Laboratory (LNGS) of the 

I.N.F.N.; its main aim is the investigation of Dark Matter (DM) particles in the Galactic 

halo by means of the model independent DM annual modulation signature. The results 

released so far have been obtained in its first phase of measurements (DAMA/LIBRA-

phase1) lasted for 7 annual cycles with a total exposure of 1.04 ton x yr. The DA-

MA/LIBRA--phase1 and the former DAMA/NaI data (cumulative exposure 1.33 ton  

yr, corresponding to 14 annual cycles) give evidence at 9.3 C.L. for the presence of 

DM particles in the galactic halo. No systematic or side reaction able to mimic the ex-

ploited DM signature has been found or suggested by anyone over more than a decade. 

The obtained DAMA model independent evidence is compatible with a wide set of sce-

narios regarding the nature of the DM candidate and related astrophysical, nuclear and 

particle Physics.  

In the talk, recent investigation on diurnal effect in the data and its implication will also 

be discussed as well as some recent corollary analyses.   

After a relevant upgrade of the experiment when all the PMTs have been replaced by 

new ones having higher quantum efficiency, a new phase of measurement, DA-

MA/LIBRA-phase2, has begun in this new configuration with increased sensitivity. Fu-

ture perspectives will be finally addressed. 

 

[1] R. Bernabei et al., Nucl. Instr. Meth. A 592 (2008) 59 

[2] R. Bernabei et al., Eur. Phys. J. C 56 (2008) 333 

[3] R. Bernabei et al., Eur. Phys. J. C 67 (2010) 39 

[4] R. Bernabei et al Eur. Phys. J. C 73 (2013) 2648 

[5] R. Bernabei et al Int. J. Mod. Phys. A 28 (2013) 1330022 
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NEUTRINO-INDUCED REACTIONS BY QRPA AND RELATED TOPICS    

 

Myung-Ki Cheoun, K.S.Kim, G. S. Yang, E. Ha and T. Kajino 

 

Soongsil University, Korea 

email: cheoun@ssu.ac.kr 

 

 

 

In this talk, we present recent calculations regarding neutrino-induced reactions by 

Quasi Particle Random Phase Approximation (QRPA) which was recently developed 

with the deformation and the neutron-proton pairing correlations [1]. 

 

Firstly, we show GT(+/-) strength distributions and M1 spin strength on various nuclei. 

Effects of deformation and the pairing correlations will be discussed for the strength dis-

tributions and compared with standard QRPA which considers only like particle pairing 

correlations in the spherical symmetry [1,2].  Density dependence of the weak form fac-

tors on the neutrino reaction will be also presented, whose dependence was calculated 

by the Quark Meson Coupling (QMC) model [2].     

 

Secondly, we present some results of the neutrino scattering on carbon target. In par-

ticular, we focus on the MiniBooNE and NOMAD data, whose energy range goes to 

tens of GeV [3]. Our theoretical frameworks for this energy range are based on the 

DWBA and the elementary process corrected by the Fermi motion. Effects of the axial 

mass and the strangeness contents on the nucleon are to be discussed.  

 

Finally, physical implications of the neutrino scattering and reactions to nuclear astro-

physics are discussed. 

 

 

[1] Eunja Ha, Myung-Ki Cheoun, Phys. Rev. C 88, 017603 (2013); Nucl. Phys. A 934, 

73 (2014). 

[2] Myung-Ki Cheoun et.al, Phys. Rev. C 87, 065502, (2013); Phys. Lett. B 723, 464, 

(2013).  

[3] Myung-Ki Cheoun et. al, J. Phys. G42, 045102 (2015); Phys. Rev. C 91, 014606 

(2015).  
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MATRIX ELEMENTS FOR 2νββ AND 0νββ DECAYS: CURRENT RESULTS
AND APPLICATIONS

O. Civitarese a, and J. Suhonen b

aDepartamento de Física, UNLP, C.C. 67, (1900) La Plata, Argentina,

email: osvaldo.civitarese@fisica.unlp.edu.ar

b Department of Physics, University of Jyväskylä, P.O. Box 35 (YFL), FI-40014 Jyväskylä,
Finland.

email: jouni.suhonen@phys.jyu.fi

We review the recent work done by the Jyväskylä-La Plata collaboration on the calcula-
tion of nuclear matrix elements for various modes of double beta decays. We connect our
recent work to the historical background in order to highlight the progress achieved in the
field of double beta decay. At the same time we introduce some new concepts to treat pos-
sible backgrounds in Gamow–Teller strength functions and/or the renormalization of the
axial-vector coupling. From the recently established lower limits on the non-observability
of the neutrinoless double beta decay of 76Ge (GERDA collaboration) and 136Xe (EXO-
200 and KamLAND-Zen collaborations) we extract limits for the left-right mixing-angle
and for the mass of the right-handed boson.

[1] J. Suhonen and O. Civitarese J. Phys. G: Nuc. Part. Phys. 39 (2012) 085105, ibid; J.
Phys. G: Nuc. Part. Phys. 39 (2012) 124005

[2] J. Suhonen and O. Civitarese Phys. Lett. B 725 (2013) 153

17



PROSPECTS FOR WIMP DARK MATTER AND COHERENT NEUTRINO
SCATTERING WITH THE LUX-ZEPLIN DETECTOR

A. Dobi

Lawrence Berkeley National Laboratory. Berkeley, CA. USA
email: adobi@lbl.gov

The LZ is a G2 dark matter experiment. It is follow on to the LUX detector, which is
currently the most sensitive WIMP direct detection experiment. The central LZ detector
will be composed of 7 tonnes of active, liquid xenon. Further, LZ is predicted to observe
dozens of solar 8B neutrino interactions via coherent neutrino-nucleus scattering. Along
with being the most sensitive WIMP dark matter detector LZ may be the first measure-
ment of the coherent neutrino scattering process. Understanding the expected neutrino
interaction rates is crucial for extracting the WIMP signal and neutrino properties. I will
discuss the status of the LZ experiment along with sensitivity projections.
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STATUS OF THE DANSS PROJECT

V. Egorov

Joint Institute for Nuclear Research, Russia
email: egorov@jinr.ru

The DANSS project performed within JINR (Dubna) – ITEP (Moscow) collaboration
is aimed at creating a relatively compact neutrino spectrometer which does not contain
any flammable or other dangerous liquids and may therefore be located very close to the
core of an industrial power reactor. As a result, it is expected that a high neutrino flux
would provide about 15,000 inverse beta decay interactions per day in the detector with a
sensitive volume of 1 m3. High segmentation of the plastic scintillator allows to suppress
a background down to a 1% level. Numerous tests performed with a simplified pilot
prototype DANSSino under a 3 GWth reactor WWER-1000 of the Kalinin nuclear power
plant have demonstrated operability of the chosen design [1, 2].

The DANSS detector surrounded with a composite shield is made movable by means
of a special lifting gear, varying the distance to the reactor core in a range from 9.7 m
to 12.2 m. Due to this feature, it could be used not only for the reactor monitoring,
but also for fundamental research including neutrino oscillations. Thus, we expect to
confirm or disprove the “sterile ” explanation of the reactor neutrino anomaly within few
weeks of data taking. Supposing a one-year measurement, the sensitivity to the oscillation
parameters will reach a level of sin2(2θnew) ∼ 5× 10−3 with ∆m2 ∈ (0.02− 5) eV2.

In addition, several small auxiliary detectors – S-Cubes, based on improved scintillator
elements, are under development. With a sensitive volume of 64 liter, each S-Cube will
detect about 500 neutrinos per day and, operating jointly with DANSS, provide a space
pattern of the fuel burning in the reactor core.

[1] V. Belov et al., JINST 8, P05018 (2013).
[2] I. Alexeev et al., Phys.Part.Nucl.Lett. 11, 473-482 (2014).
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NEUTRINO NUCLEAR RESPONSES FOR DOUBLE BETA DECAYS AND AS-
TRO NEUTRINO INTERACTIONS

H. Ejiri

Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka, 567-0047, Japan
email: Ejiri@rcnp.osaka-u.ac.jp

Neutrino-nuclear responses, i.e. squares of the involved nuclear matrix elements (NMEs),
are crucial to extract neutrino properties from double beta decay (DBD) experiments [1, 2]
and to evaluate astro-neutrino nuclear interaction and nucleosynthesis rates.
Neutrino nuclear responses for ν − β and ββ transitions are very small and sensitive
to nucleon nucleon (NN) spin-isospin(στ ) and nuclear medium (nucleon isobar ;N∆)στ
correlations [1, 3]. Accordingly, axial weak coupling gA is much modified in nuclei. The-
oretical calculations for NMEs are very hard.
Experimental inputs from charge exchange reactions(CER) such as (3He,t), (d,2He), (γ,n)
via IAS, (µ, νµxnγ) ,(νe,e) are used for evaluating ν-weak NMEs for ββ and astro-ν pro-
cesses [1, 2]. Among them, (µ, νµxnγ) with the large capture rate is found to show the
giant resonance (GR)-like β+ strength at around E≈12 MeV. Two neutrino ββ NMEs are
reproduced by using the observed β+ and β− NMEs [4].
Gamow-Teller (GT) and spin dipole (SD) NMEs for pairs of β± 1+ ↔ 0+ ground-state-to-
ground-state transitions, in particular their geometric mean NME Mm, are studied [5, 6].
The observed means Mm

exp in the medium-heavy mass region are reduced by k ≈0.2-0.25
with respect to the corresponding single-quasiparticle (qp) NMEs and by kNM ≈0.5-0.6
with respect to the pnQRPA NMEs. This reduction coefficient k is inferred to the reduc-
tion coefficient kστ ≈0.4-0.5 due to the nucleon στ correlation and to the one kNM ≈0.5-
0.6 due to the nuclear medium effects such as nucleon isobar (∆) that are not explicitly
included in the pnQRPA. Reductions of the 2νββ NMEs and gA are discussed [7, 8].
The nuclear medium effects such as N∆ correlations are incorporated by using the effec-
tive coupling constant geffA =(0.5-0.6)×gA(free) for ββ and astro-ν NMEs. The impact
of these reductions on neutrino-less ββ and astro ν processes is discussed.

[1] H. Ejiri, Phys. Rep. 338 (2000) 265.
[2] J. Vergados, H. Ejiri, F. Šimkovic, Rep. Prog. Phys. 75 (2012) 106301.
[3] H. Ejiri and J.I. Fujita, Phys. Rep. C 38 (1978) 85.
[4] H. Ejiri 2009 J. Phys. Soc. Jpn. 78 (2009) 074201; 81 (2012) 033201.
[5] H. Ejiri, N. Soukouti, J. Suhonen, Phys. Lett. B 729 (2014) 27.
[6] H. Ejiri and J. Suhonen, J. Physics G . to be published (2015).
[7] J. Suhonen, O. Civitarese, Phys. Lett. B 725 (2013) 153.
[8] J. Barea, J. Kotila, F. Iachello, Phys. Rev. C 87 (2013) 014315.
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THE MAJORANA DEMONSTRATOR PROJECT

S. R. Elliott

Los Alamos National Laboratory
Los Alamos, NM USA
email: elliotts@lanl.gov

Neutrino oscillation experiments have shown that at least one neutrino has a mass greater
than 50 meV. This fact has led to a resurgence of interest in the search for neutrinoless
double beta decay. If this rare nuclear decay process exists it would demonstrate that
Lepton number conservation is violated, that neutrinos are their own anti-particles and
the decay rate would give an indication of the neutrino mass. This presentation will
provide a description of the MAJORANA DEMONSTRATOR project: an experiment being
built to search for the process. This experiment will operate at the Sanford Underground
Research Facility in Lead, SD, USA. The status of the assembly will be summarized.
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Multi-Dimensional Simulations of Core-Collapse Supernova Explosions with
CHIMERA

E. Endeve, E.J. Lentz, S.W. Bruenn, W.R. Hix, A. Mezzacappa, O.E.B. Messer, J.M. Blondin,
J.A. Harris, P. Marronetti and K.N. Yakunin

Oak Ridge National Laboratory, USA
email: endevee@ornl.gov

Colgate & White [1] first proposed that core collapse supernovae (CCSNe) may be neutrino-
driven, and this idea is still central to current investigations into the CCSN explosion
mechanism (e.g., [2]). However, spherically symmetric models with high physical fidelity
generally fail to produce explosions, and it is widely accepted that CCSNe are inherently
multi-dimensional. Here we discuss our most recent work on understanding neutrino-
driven CCSN explosions employing multi-dimensional neutrino-radiation hydrodynam-
ics simulations with the CHIMERA code [3, 4]. We discuss the various inputs to these
simulations and their resulting outcomes, the role of neutrino radiation transport, and the
importance of multi-dimensional fluid flows in shaping the explosions (see Figure).

Volume rendering of entropy per
baryon from a three-dimensional,
ab initio core-collapse supernova
explosion simulation, performed
with the multi-physics neutrino-
radiation hydrodynamics code
CHIMERA [5].

[1] S.A. Colgate & R.H. White, Astrophys. J. 143, 626 (1966)
[2] H.-Th. Janka, Annu. Rev. Nucl. Part. Sci. 62, 407 (2012)
[3] S.W. Bruenn, A. Mezzacappa, W.R. Hix, et al., Astrophys. J. Letters 767, L6 (2013)
[4] S.W. Bruenn, E.J. Lentz, W.R. Hix, et al., (arXiv:1409.5779)
[5] E.J. Lentz, S.W. Bruenn, A. Mezzacappa, et al. (in preparation)
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REDUCING UNCERTAINTY IN THE MATRIX ELEMENTS GOVERNING
NEUTRINOLESS DOUBLE-BETA DECAY

J. Engel

Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC
25799-3255 USA
email: engelj@physics.unc.edu

I outline a program to improve several different models for calculating the nuclear ma-
trix elements that govern neutrinoless double-beta decay. The shell model can be refined
through the ab initio construction of effective interactions and double-beta-decay opera-
tors. The Interacting Boson Model and the Generator Coordinate Method can be modi-
fied to incorporate important collective degrees of freedom that they currently omit. An
enhanced QRPA can include multi-phonon excited states and explicit fermionic ground
states. All models can include two-body corrections to one-body weak currents. I present
recent work on all these fronts and discuss prospects for significantly reducing the uncer-
tainty in the matrix elements.
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Search for neutrinoless double-beta decay of 136Xe with nEXO

J. Farine for the nEXO Collaboration

Laurentian University, Canada
email: farine@snolab.ca

The nEXO Collaboration is planning a next generation Time Projection Chamber (TPC)
filled with 5 tonnes of liquid xenon (LXe) enriched in 136Xe to probe the effective neutrino
mass scale in the inverted hierarchy region. The nEXO Collaboration consists of over one
hundred physicists from the USA, Canada, Russia, China, Switzerland, Germany and
South Korea. The nEXO detector concept is a single-phase, single drift volume LXe
TPC immersed in a refrigerant acting also as shielding. The refrigerant is contained in a
double-walled cryostat made from very high purity copper, itself immersed in ultrapure
water for additional shielding from environmental radiation. The TPC is instrumented
for charge and light readout, and the ultrapure water shielding is instrumented with pho-
tomultiplier tubes to serve as a veto against residual cosmic radiation. A possible site
for the nEXO detector is the Cryopit at SNOLAB. The materials screening program is
activerly testing materials using very sensitive techniques including neutron activation,
gamma spectroscopy and radon emanation. The strengths of the nEXO detector are built
on the experience gained with the successful EXO-200 detector and include separate read-
out of light and charge, multisite separation, and very good energy resolution by exploit-
ing the anticorrelation of the scintillation and ionization signals. The projected sensitivity
for T 0νββ

1/2 is over 6× 1027 y for a 5 years exposure.

An update on the restart of operations at WIPP with the EXO-200 detector will also be
given.
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ROLE OF LIGHT NUCLEAR CLUSTERS IN SIMULATIONS OF CORE COL-
LAPSE SUPERNOVAE

T. Fischer  1  , G.Martínez-Pinedo2, M.Hempel3, S.Typel4, G.Röpke5

1 University of Wroclaw, Institute of Theoretical Physics, Poland
2 University of Darmstadt, Institute for Nuclear Physics – theory devision, Germany
3 University of Basel, Department of Physics, Schwitzerland
4 GSI, Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany
5 University of Rostock, Institute of Physics, Germany
email: fischer@ift.uni.wroc.pl

About the possible role of light nuclear clusters, such as deuteron (2H) triton (3H) and 
helium-3 (3He), in simulations of core collapse supernovae has long been speculated. In 
order to study consistently their impact one has to include these light clusters not only in  
the nuclear equation of state (EoS) consistently, together with heavy nuclear clusters 
with  atomic  mass  A>3,  but  consider  also  “all”  relevant  weak  processes  with  light 
clusters accordingly. It includes (in)elastic neutrino scattering for all neutrino flavours 
and charged-current  absorption reactions.  These latter  are  mainly break-up reactions 
where the light cluster is dissolved into the constituent free nucleons. The in-medium re-
action rates for these weak processes have to calculated consistently with the nuclear 
EoS, similar as for the charged current absorption reactions for the electron-type neutri-
nos with the free nucleons. 

Implementing these reactions into simulations of core collapse supernovae consistently 
requires a substantial extension of the neutrino transport scheme, taking care in particu-
lar of phenomena such as final state Pauli blocking. In my talk I will demonstrate the 
impact of the nuclear EoS in simulations comparing different nuclear models w/o light 
nuclear clusters, and present results from simulations w/o neutrino response to the light 
clusters included. I will focus on the early post bounce evolution before the possible on-
set of the supernova explosion as well as on the protoneutron star deleptonization phase, 
i.e. after the launch of the explosion. The latter is determined from the continuous emis-
sion of neutrinos of all flavours, during which the hot and lepton-rich protoneutron star 
develops towards the final state neutron star. I will discuss the impact on the supernova 
dynamics as well as on the neutrino signal. The latter has important consequences for 
the nucleosynthesis of heavy elements in the neutrino driven wind, a low mass outlfow 
which is  ejected from the  protoneutron star  surface via  neutrino heating during the 
deleptonization phase. Of particular relevance thereby are spectral differences between 
electron neutrinos  and antineutrinos,  which determines  the  nucleosynthesis  in  either 
neutron or proton rich conditions.
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PARTICLE DARK MATTER SIGNALS IN THE ANISOTROPIC SKY: A CROSS-
CORRELATIONS APPROACH

N. Fornengo

University of Torino and INFN, Italy
email: fornengo@to.infn.it

Anisotropies in the extragalactic electromagnetic emission originated from dark mat-
ter represent an emerging tool in the quest for a particle dark matter signal. These
anisotropies are due to the cumulative emission from unresolved dark matter structures,
which are present potentially at any scale: galaxy clusters, individual galaxies, subhalos
inside galaxies. The same structures can be probed by gravitational tracers of the dark
matter distribution in the Universe: this is obtained by large-scale-structure surveys, but
in the future a good wealth of additional and complementary information will be available
from weak lensing surveys. The study of anisotropies in the cross- correlation between
dark matter signals, like gamma rays or radio waves, and gravitational tracers, namely the
cosmic shear, CMB lensing and LSS distribution, will offer a novel and potentially very
powerful opportunity to probe the particle physics nature of dark matter. The talk will
discuss in details the features and the perspectives of the cross-correlation approach.
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CHARGE-EXCHANGE REACTIONS, GT TRANSITIONS AND  

THE THINGS BEYOND FOR THE DOUBLE BETA DECAY 

 

D. Frekers 

 

University of Münster, Germany 

email: frekers@uni-muenster.de 

 

 

 

The (
3
He,t) reaction as a probe for the Gamow-Teller (GT) excitations was developed at 

the RCNP facility in Osaka (JP), where measurements with an unprecedented high reso-

lution of 30 keV at incident energies of 420 MeV are now readily possible. Because GT 

transition are directly connected to the  decay, the high resolution allows a detailed 

insight into the excitations of the intermediate odd-odd nuclei of  decay and the prop-

erties of the  “decay paths”, which are generally described by the nuclear matrix 

elements. As will be shown, some rather unexpected features are being unveiled. The 

decay nuclei 
76

Ge, 
82

Se,
 96

Zr, 
100

Mo, and 
136

Xe will be highlighted, where one ob-

serves that the strong fragmentation of the GT strength seen in 
76

Ge at low excitation 

energies is gradually shifted to the region of the giant GT resonance as one increases the 

mass to 
100

Mo. Further, 
100

Mo features the largest  decay matrix element and 
136

Xe 

the smallest of all relevant  decay nuclei, and some explanation will be given. It will 

also be argued that the intrinsic deformation of the ground-state wave functions of the 

mother and grand-daughter nucleus has a pronounced effect on the observed GT distri-

bution and the  decay matrix elements. 

 

In the end, I will describe efforts how to get information about the matrix elements for 

the neutrinoless  decay, either from charge-exchange reactions and/or from measuring 

weak decay properties of the intermediate odd-odd nuclei. In this context, the low-

energy strength of 

 states in charge-exchange reactions will be reported and compared 

with shell-model predictions.  Here 
136

Xe stands out again, in particular against 
96

Zr and 
100

Mo. Following this, an outlook will be given of what will be ahead, where I shortly 

describe an upcoming experiment on 
96

Zr, which will provide direct input to theoretical 

models aimed at predicting the matrix elements for the neutrinoless decay. 
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SEARCH FOR NEUTRINOLESS DOUBLE BETA DECAY WITH KAMLAND-
ZEN 
 
A. Gando for the KamLAND-Zen Collaboration 
 
Research center for neutrino science, Tohoku University, Japan 
email: azusa@awa.tohoku.ac.jp 
 
 
 
KamLAND-Zen experiment searches for neutrinoless double beta decay with 136Xe 
loaded liquid scintillator. Phase 1 started on October 2011 and we reported the most 
stringent lower limit of 136Xe half-life, 1.9×1025 yr at 90% C.L. [1]. In this phase, how-
ever, we confirmed that 110mAg existed as background in ROI and it limited sensitivity. 
So we purified xenon and liquid scintillator to reduce background.  After the purifica-
tion, we started phase 2 on December 2013.  The problematic 110mAg is reduced more 
than a factor of 10. Combination of phase 1 and 2 data-set, a preliminary lower limit of 
the decay is obtained as 2.6×1025 yr at 90% C.L. We will continue to take data at the 
end of 2015 and additional low background data will improve the sensitivity. Future 
prospects of the experiment are also presented.  
 
[1] A. Gando et al. , (KamLAND-Zen Collaboration), Phys. Rev. Lett. 110, 062502 
(2013)
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THE ELECTRON CAPTURE IN 163Ho EXPERIMENT

L. Gastaldo for the ECHo Collaboration

Kirchhoff Institute for Physics, Heidelberg University, Germany
email: Loredana.Gastaldo@kip.uni-heidelberg.de

The Electron Capture 163Ho experiment, ECHo, is designed to investigate the electron
neutrino mass in the sub-eV range by means of the analysis of the calorimetrically mea-
sured spectrum following the electron capture in 163Ho. Arrays of low temperature metal-
lic magnetic calorimeters (MMCs) will be used in this experiment. With a first prototype
of MMC having the 163Ho source embedded in the absorber, we performed the first high
energy resolution measurement of the EC spectrum, which demonstrated the feasibility
of such an experiment. In addition to the technological challenges for the measurement
of the EC spectrum, the success of the experiment relies on the precise description of the
expected spectrum and on the identification and reduction of background.

We present the plan for a medium scale experiment, ECHo-1k, in which about 1000 Bq of
high purity 163Ho will be implanted in detector arrays. With one year of measuring time
we will be able to achieve a sensitivity on the electron neutrino mass below 10 eV/c2 (90%
C.L.), improving the present limit by more than one order of magnitude. This experiment
will guide the necessary developments to reach the sub-eV sensitivity.
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WEAK AND RARE LOW ENERGY NUCLEAR PROCESSES 
 
D. Gazit  
 
Racah Institute of Physics, Center for Nanoscience and Nanotechnology, 
Hebrew University of Jerusalem 
email: doron.gazit@mail.huji.ac.il  
 
 
 
The development of effective field theories and renormalization group, and their appli-
cation to nuclear physics, have had significant impact on the predictivity and uncertain-
ty estimates in theoretical assessment of nuclear processes. This is of particular im-
portance in searches for dark matter and other hypothesized reactions, where the calcu-
lated rate has two-fold importance: in understanding the limits of the search, as well as 
the consequent particle properties. In this talk I will review recent advances in under-
standing the response of nuclei to external probes, based on Lorentz invariance. This 
allows to completely constrain the structure of the scattering operator of the spin de-
pendent response of nuclei to spin ½ dark matter particles, independent of their funda-
mental origin, as well as a systematic decomposition of this current according to the rel-
ative contribution of its different components to the observable. While the leading con-
tribution to this scattering operator includes the interaction of the probe with a single 
nucleon, sub-leading contributions include the simultaneous interaction of the probe 
with 2-body nuclear currents. The latter allows theoretical assessment of uncertainties. 
The evolution of these operators to many-body calculations of medium-mass nuclei is 
an additional challenge, and I will review recent progress on this front. 
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SEARCH FOR NEUTRINOLESS DOUBLE BETA DECAY WITH BOLOME-

TERS: R&D TOWARDS CUPID 

 

A. Giuliani (on behalf of the CUPID Group of Interest) 

 

CNRS-CSNSM, Campus d’Orsay, 91405 Orsay, France 

email: giuliani@csnsm.in2p3.fr 

 

CUPID (CUORE Upgrade with Particle Identification) is a proposed ton-scale bolo-

metric neutrinoless double beta decay (0) experiment aiming to discover Lepton 

Number Violation if neutrinos turn out to be Majorana particles in or above the so-

called inverted hierarchy region of the neutrino mass. CUPID will be built on experi-

ence, expertise and lessons learned in CUORE (a large 0 bolometric experiment 

under commissioning at LNGS, Italy), and will exploit the current CUORE infrastruc-

ture as much as possible. In order to achieve its ambitious science goals, CUPID aims 

to increase the source mass and dramatically reduce the backgrounds in the region of 

interest.  This requires isotopic enrichment, upgraded purification and crystal growing 

procedures, new detector technologies, a stricter material selection, and possibly new 

shielding concepts with respect to the state of the art deployed in CUORE.   

 

This paper reviews and describes the rich and varied detector R&D performed inside 

and outside the CUORE collaboration towards CUPID. Innovating techniques aim at an 

active tagging of surface radioactivity events, which constitute the dominating back-

ground component in CUORE according to the current background model.  Fig. 1 gives 

an overview of the detector upgrades pursued in CUPID and discussed in this contribu-

tion. 

 

 

 

 

Figure 1 – Scheme of R&D detector activities in CUPID. Two main branches are rec-

ognizable: one foresees the use of TeO2 crystals as in CUORE (isotope 
130

Te with 

0Region of Interest below 2615 keV) and the other one focuses on other materials 

(isotopes with 0Region of Interest above 2615 keV). Several techniques for particle 

identification are considered in the right part of the diagram.  
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Light Sterile Neutrinos

C. Giunti

INFN, Sezione di Torino, Via P. Giuria 1, I-10125 Torino, Italy
email: giunti@to.infn.it

I review the experimental indications in favor of short-baseline neutrino oscillations. I
discuss their interpretation in the framework of neutrino mixing schemes with one or more
sterile neutrinos which have masses around the eV scale. I present arguments in favor of
3+1 neutrino mixing with one sterile neutrino at the eV scale. I discuss the implications
for neutrinoless double-beta decay and cosmology.
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RARE NUCLEAR SINGLE BETA DECAYS

M. Haaranen

University of Jyväskylä, Finland
email: mikko.m.haaranen@student.jyu.fi

The theoretical formalism for the nuclear single-β-decay is well established at least for the
most typical types of β-decay transitions [1]. These transitions are mainly of allowed type,
or in few cases decays of low level of forbiddenness. Recently, however, the theoretical
studies have been extended to the more extreme types of decay. These involve β-decay
transitions suppressed by high level of forbiddennes and/or low Q value [2, 3, 4].

The motivation for studying single-β-decay can, firstly, be related to its applications in the
neutrino studies. A careful observation of the slight distorsion of the electron end-point
spectrum provides a direct and model-independent way for measuring the neutrino mass.
The observed effects at end-point are more pronounced when the decay energy is small.
Therefore transitions with the smallest possible Q value are the most desirable.

In general the theoretical analysis for the highly forbidden transitions is complicated by
the many nuclear matrix elements involved. An important special case to the general
formalism is, however, the class of unique decays. On the first order these decays are
characterized by a single matrix element only. This simplicity together with up to few
orders of magnitude faster decay times compared to the corresponding non-unique decay
branches makes these transitions interesting candidates for such measurements.

Secondly, the complicated dependence of
the forbidden non-unique transitions on
the various nuclear matrix elements, and
therefore, on the value of the axial vec-
tor coupling gA makes these decays ideal
for the electron spectra studies. A well-
known problem concerns the appropriate
value of gA for highly forbidden decays.
A systematic deduction of suitable values
of gA from the electron spectra of various
beta decay branches might provide more
insight to this problem.
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[1] H. Behrens, and W. Bühring, Electron Radial Wave Functions and Nuclear Beta de-
cay, Clarendon, Oxford, 1982.

[2] M. Haaranen, and J. Suhonen, Eur. Phys. J. A 49, 93 (2013).
[3] M. Haaranen, M. Horoi, and J. Suhonen, Phys. Rev. C 89, 034315 (2014).
[4] M. Haaranen, P. Srivastava, J. Suhonen, and K. Zuber, Phys. Rev. C 90, 044314

(2014).
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THE DEAP 3600 DARK MATTER SEARCH IN SNOLAB 

 

A.L. Hallin for the DEAP 3600 Collaboration 

 

University of Alberta, Canada 

email: aksel.hallin@ualberta.ca 

 

 

 

The DEAP 3600 detector consists of 3600 kg of liquid argon contained in an ultrapure 

acrylic cryostat. The design focusses on careful control of radioactivity, with projected 

background free operation for 3 years of live-time, resulting in a cross section limit 

around 10
-46

 cm
2
- an improvement by about a factor of 10 over the current best limits.  

In addition to careful material selection and control, several innovations have been im-

plemented in the design and construction of the apparatus, including the use of acrylic 

for a large scale cryostat, novel techniques for forming and bonding acrylic, and the ro-

botic removal of a layer of acrylic inside the vessel.   As of May, 2015 we are baking the 

acrylic vessel prior to the installation of TPB and subsequent cooldown.  We have start-

ed the commissioning of the electronics, DAQ and calibration systems.     
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NEUTRINO PROCESS IN SUPERNOVA EXPLOSION AND EFFECTS TO 

PRIMITIVE METEORITES 

 

T. Hayakawa 

 

Japan Atomic Energy Agency, Japan 

email: hayakawa.takehito@jaea.go.jp 

 

 

 

During core-collapse supernovae copious amounts of energetic neutrinos are emitted 

from the proto-neutron star.  As these neutrinos pass through the outer layers of the star 

they can induce nuclear reactions on ambient nuclei. This process is referred to as the 

neutrino process.  This has been proposed as the mechanism responsible for the origin 

of some rare isotopes of light and heavy elements. Although most stable isotopes and 

unstable isotopes near the beta stability line can be synthesized by the neutrino process, 

the produced abundance is usually negligibly small compared to production by other 

major nucleosynthesis processes. Therefore, the neutrino process can only play a signifi-

cant role in the synthesis of isotopes which are bypassed by other major processes. Be-

fore 2010, five isotopes, 
6
Li, 

11
B, 

19
F, 

138
La, and 

180
Ta, have been considered to major 

neutrino-isotopes. Three light isotopes are primary produced by major compositions 

stars as 
4
He, 

12
C, whereas two heavy isotopes are produced by seed nuclei, which are 

products of early generation of stars, by the neutrino-process in O/Ne layers. There was 

a problem that the solar abundances of two heavy isotopes, 
138

La, and 
180

Ta, cannot be 

reproduced systematically by theoretical calculations. This is because there is a meta-

stable isomer and unstable ground state in 
180

Ta and the two states are linked by (γ, γ’) 

reactions through high excitation energy states in hot temperature environment. We 

have proposed a new time-dependent model to calculate the abundance ratio of the iso-

mer to the ground state of 
180

Ta and thereby the abundances of 
138

La and 
180

Ta are sys-

tematically explained by the neutrino-process. Progress in astronomical chemistry has 

provided the abundance of a short-lived radioactivity 
92

Nb (T1/2=3.5 Myr) at the solar 

system formation. 
92

Nb has a potential that can be used as a nuclear cosmochronometer 

to measure the time from a nucleosynthesis episode such as supernova explosion to the 

solar system formation. However, the astrophysical origin of 
92

Nb has not been an open 

question. In such situation, we have proposed a supernova neutrino-process origin for 
92

Nb. We have reproduced the abundance of 
92

Nb at the solar system formation by su-

pernova explosion model with neutrino-nucleus interactions calculated by a QRPA 

model. This suggests that a core-collapse supernova occurred before the solar system 

formation. The duration time from the supernova to the solar system formation has been 

estimated to be 10
6
-3×10

7 
 y. We have also suggested a possibility that a short-lived 

unstable isotope 
98

Tc can be produced by the supernova neutrino process. If so, we have 

a chance to find it in primitive meteorite analysis or astronomical γ-ray observations. 

The investigation for new neutrino-isotopes would give us a crew understanding the su-

pernova neutrino physics and astronomical history before the solar system formation. 
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Structure of nuclei with strangeness and neutron star

E. Hiyamaand H. Togashi

RIKEN, Japan
email: hiyama@riken.jp

In strange nuclear physics, it is one of important subject to study the inert core of neutron
star. It used be considered that the values of the mazimum mass of nautron star is 1.4
of solar mass. However, in 2010 and 2013, we observed 1.97 (4)M⊙ (PSR J1614-2230)
[1] and 2.01 (4)M⊙ (PSRJ1614-2230) [2]. In order to understand these mass values,
hyperon-nucleon (Y N ) and hyperon-hyperon (Y Y ) interactions are extremely important.
As availableY N and Y Y interactions, several types of theY N and Y Y one-boson-
exchange (OBE) potential models have been proposed within SU(3) and SU(6) frame-
work. However, theseY N andY Y OBE models have a great of ambiguity at present,
sinceY N scattering experiments are extremely limited. Furthermore, there is noY Y
scattering data. Therefore, it is important to obtain information onY N andY Y inter-
actions from hypernuclear structure studies. As one of the powerful method to calculate
hypernuclear structure precisely, in the end of 1980’s, a powerful calculation method, the
Gaussian Expansion method (GEM), [3, 4] was proposed as a means to perform precise
structure calculations for three- and four-body systems, etc. In this method, a well-chosen
set of Gaussian basis functions is used, forming an approximately complete set in a finite
(coordinate) space, so that one can describe accurately both short-range correlations and
the long-range asymptotic behavior of the wavefunction for bound systems as well as for
scattering states. It was demonstrated that GEM provides the same caliber of numerical
precision as, for example, the Faddeev-Yakubovsky method for3H (3He) and4He. Fur-
thermore, in the end of 1990’s, high-resolutionγ-ray experimental technique has been
developed. Then, it became possible to measure theγ-ray from some excited state in
the resultantΛ hypernuclei within a few keV resolution. Then, we have been extracting
information onY N interactions combining few-body calculation andγ-ray experiment.
In the conference, I will review the recent progress of hypernuclear physics and EOS of
neutron star matter using recent YN and YY interactions.

[1] P. B. Demorest, T. Pennucci, S. M. Ransom, M. S. E. Roberts, and J. W. T. Hessels,
Nature (London)467, 1081 (2010).

[2] J. Antoniadiset al., Science340, 1233232 (2013).
[3] M. Kamimura, Phys. Rev. A38 (1988) 621.

M. Kamimura, Muon Catalyzed Fusion3 (1988) 335.
[4] E. Hiyama, Y. Kino, and M. Kamimura, Prog. Part. Nucl. Phys.51 (2003) 223.
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A PATH TOWARD AB INITIO CALCULATIONS OF NEUTRINOLESS
DOUBLE-BETA DECAY

Jason D. Holtt

TRIUMF, Canada
email: jholt@triumf.ca

Recent advances in ab initio nuclear structure theory have led to groundbreaking predic-
tions in the exotic medium-mass region, from the location of the neutron dripline to the
emergence of new magic numbers far from stability [1]. Playing a key role in this progress
has been the development of sophisticated many-body techniques and chiral effective field
theory (EFT), which provides a systematic basis for consistent many-nucleon forces and
electroweak currents [2]. Extending these methods to calculations of electroweak oper-
ators now opens exciting new directions for fundamental-symmetries studies in nuclei,
particularly neutrinoless double-beta (0νββ) decay in 48Ca, 76Ge, and 82Se.

The shell-model approach based on chiral EFT currently offers the only viable path to an
ab initio treatment of 0νββ decay in open-shell nuclei. Here a primary challenge is un-
derstanding how excitations outside the valence space are renormalized into an effective
valence-space 0νββ-decay operator. I will present first perturbative calculations of effec-
tive 0νββ-decay operators based on renormalization-group-evolved chiral forces, which
show a significant but modest increase in the nuclear matrix element over standard shell-
model values: by 25–30% in 76Ge and 82Se [3, 4] and 75% in 48Ca [5] (but with a similar
absolute increase in all cases). I will then discuss steps toward a fully nonperturbative
treatment based on the in-medium similarity renormalization group (IM-SRG), which has
shown promising results for the structure of medium-mass nuclei [6, 7]. First extensions
of the IM-SRG to effective valence-space electroweak operators including Gamow-Teller
transitions, for understanding gA quenching, and 0νββ decay will be highlighted.

[1] K. Hebeler, J. D. Holt, J. Menéndez, A. Schwenk, Ann. Rev. Nucl. Part. Sci., in press
(2015).

[2] E. Epelbaum, H.-W. Hammer, and U. G. Meißner, Rev. Mod. Phys. 81, 1773 (2009).
[3] D. L. Lincoln, J. D. Holt et al., Phys. Rev. Lett. 110, 012501 (2013).
[4] J. D. Holt and J. Engel, Phys. Rev. C 87, 064315 (2013).
[5] A. A. Kwiatkowski et al., Phys. Rev. C 89, 045502 (2014).
[6] S. K. Bogner, H. Hergert, J. D. Holt, A. Schwenk et al., Phys. Rev. Lett. 113, 142501

(2014).
[7] L. Cáceres et al., arXiv:1501.01166 (2015).
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Nuclear matrix elements for double-beta decay: a shell model perspective

Mihai Horoi

Department of Physics, Central Michigan University, Mount Pleasant, MI 48859, USA
email: mihai.horoi@cmich.edu

Nutrinoless double-beta decay, if observed, would signal physics beyond the Standard
Model that could be discovered at energies significantly lower than those at which the
relevant degrees of freedom could be excited. Therefore, it might be difficult to further
use the neutrinoless double-beta decay observations to distinguish between many beyond
Standard Model competing mechanisms to this process [1]. Accurate nuclear structure
calculation of the nuclear matrix elements (NME) necessary to analyze the decay rates
could be helpful to narrow down the list of competing mechanisms, and to better identify
the more exotic properties of the neutrinos. The NME for the standard mass mechanism
were thoroughly investigated using several nuclear structure models. Figure 1 shows
some selected results for the isotopes of immediate experimental relevance (see Ref. [2]
for details). In my talk I will analyze the status of the shell model NME calculations
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10], and their relevance for discriminating possible competing
mechanisms that may contribute to the neutrinoless double-beta decay process.

NME for the light-
neutrino exchange
mechanisms. See
Ref. [2] for details
and notations
(IBM-2 results
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Ref. [11]).
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[1] M. Horoi, Phys. Rev. C 87, 014320 (2013).
[2] A. Neacsu and M. Horoi, Phys. Rev. C 91, 024309 (2015).
[3] B.A. Brown, M. Horoi, and R. Senkov, Phys. Rev. Lett. 113, 026501 (2014).
[4] R. Senkov and M. Horoi, Phys. Rev C 90, 051301(R) (2014).
[5] R. Senkov, M. Horoi, and B.A. Brown, Phys. Rev. C 89, (2014).
[6] R. Senkov and M. Horoi, Phys. Rev C 88, 064312 (2013).
[7] M. Horoi and B.A. Brown, Phys. Rev. Lett. 110, 222502 (2013).
[8] A. Neacsu, S. Soica, and M. Horoi, Phys. Rev. C 86, 067304 (2012).
[9] M. Horoi and S. Stoica, Phys. Rev C 81, 024321 (2010).
[10] M. Horoi, S. Stoica, and B.A. Brown, Phys. Rev. C 75, 034303 (2007).
[11] J. Barea, J. Kotila, and F. Iachello, Phys. Rev. C 91, 034304 (2015).
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Large-scale shell model calculations for neutrinoless double beta decay of 48Ca
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Neutrinoless double beta decay is studied based on the large-scale shell model calcula-
tions including two major shells (sd and pf shells). A shell model interaction is derived
[1] which reproduces both Gamow-Teller transition experiment [2] and the excitation en-
ergy of a low-lying proton-excitation state of 48Ca [3]. Using this interaction, the nuclear
matrix element for neutrinoless double beta decay is calculated, as well as that for two-
neutrino double beta decay. Comparing to the shell model calculations including one
major shell (pf shell) [4,5], the contributions of the excitation across the magic gap at
Z=N=20 are evaluated. The present calculation shows that such contributions increase
the nuclear matrix elements by 40%. For a given neutrino mass, this results in a decrease
of half life by a factor two.

[1] Y. Iwata et al., to appear in JPS Conf. Proc.; arXiv 1409.4003.
[2] K. Yako et al., Phys. Rev. Lett. 103 012503 (2009).
[3] F. Videbaek et al., Nucl. Phys. A451 131 (1986).
[4] M. Horoi and S. Stoica, Phys. Rev. C81 024321 (2010).
[5] J. Menéndez et al.,Nucl. Phys. A818 139 (2009).
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SEARCH FOR THE NEUTRINOLESS DOUBLE BETA DECAY WITH THE
"GERDA" EXPERIMENT, STATUS OF PHASE II

József Janicskó Csáthy

Technische Universität München, Germany
email: janicsko@mytum.de

The search for the lepton number violating neutrinoless double beta decay (0νββ) is a
test of physics beyond the Standard Model. The 0νββ could occur if the neutrinos are
Majorana particles, i.e. particles that are their own anti-particles. The discovery of 0νββ
would also help to determine the absolute neutrino mass scale and the neutrino mass
hierarchy. Until now neutrinoless double beta decay was not observed.

The GERmanium Detector Array GERDA [1] is a double beta decay experiment located
at the INFN Gran Sasso National Laboratory, Italy. GERDA operates bare Ge diodes
enriched in 76Ge in liquid argon supplemented by a water shield. The signature of the
signal is a mono-energetic peak at 2039 keV, the Qββ value of the decay.

In Phase I of the experiment successful operation of germanium detectors in liquid ar-
gon was demonstrated. The achieved background was about 1 · 10−2 cts/(keV·kg·yr) an
order of magnitude better than in predecessor experiments. With 21.6 kg·yr accumu-
lated exposure and in absence of signal the collaboration published a half life limit of
T 0ν
1/2 > 2.1 × 1025 cts/(keV·kg·yr) (90% C.L.) [2]. The previous claim of observation of

the 0νββ decay is strongly disfavored.

In Phase II additionally 20 kg enriched Ge detectors will be deployed. The new detec-
tors have improved pulse-shape discrimination performance and the liquid argon volume
around the germanium detectors is instrumented with light detectors to function as anti-
Compton veto. With the planed improvements the background level is expected to be an
order of magnitude better than in Phase I. In my talk I will report about the results of
Phase I and the preparation and commissioning of Phase II.

[1] K.-H. Ackermann et al. Eur. Phys. J. C 73 3 1-29 (2013)
[2] M. Agostini et al. Phys. Rev. Lett. 111 12 122503 (2013)
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We consider dark matter in a minimal extension of the Standard Model (SM) which breaks
electroweak symmetry dynamically and leads to a complete unification of the SM and
technicolor coupling constants. The unification scale is determined to beMU ≈ 2.2×1015
GeV and the unified coupling αU ≈ 0.0304. Unification requires that the technicolor
sector of the model must become strong at the scale of O(TeV). The model contains
a tightly constrained sector of mixing neutral fields stabilized by a discrete symmetry.
We find the lightest of these states can be dark matter (DM) with a mass in the range
mDM ≈ 30 − 800 GeV. Model satisfies all current constraints from colliders and from
dark matter search experiments, but most of the available parameter space is within the
reach of the next generation of DM search experiments.
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Supernova Neutrinos and Nucleosynthesis
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Active neutrinos ejected from core-collapse supernovae (SNe) cause flavor oscillation due to the
MSW effect which depends on still unknown neutrino mass hierarchy. We will first show that the
SK or HK water-Cerenkov detections of the energy spectra of relic neutrinos which are ejected
from the failed supernovae associated with black hole formation would distinguish the soft or stiff
EoS of the proto-neutron stars [1]. In our proposed model of shifting the critical stellar mass for
the formation of neutron stars or black holes, we can solve the cosmic supernova rate problem and
the red supergiant problem simultaneously [1].

We will secondly discuss the nucleosynthesis induced by SN neutrinos. Several nuclei such as
7Li, 11B, 92Nb, 138La, 180Ta and r-process elements are known to be strongly or never affected by
the neutrino flavor oscillation caused by the MSW effect, which depends on where these elements
are produced inside the exploding SNe. Light elements are affected strongly by the MSW effect,
intermediate-to-heavy mass elements which are free from the MSW effect are used as cosmic clock
to date the astrophysical events along the Galactic evolution [2], and r-process elements are the
most sensitive probe of collective neutrino flavor oscillation due to self-interactions [3]. We will
propose nucleosynthetic method to determine the neutrino mass hierarchy [4] and show successful
example of the cosmic clock.

Thirdly, we will discuss the r-process nucleosynthesis and the roles of nuclear physics. Both
core-collapse SNe and binary neutron-star mergers (NSMs) are viable candidate astrophysical sites
for the r-process. Although SN models can naturally explain the ”universality” of the elemental
abundance pattern between the solar-system and the metal-poor stars, the explosion mechanism
is till poorly known theoretically. On the other hand, the NSMs could not have arrived in early
generations of metal-poor stars because of their cosmologically long coalescence time scale 0.1Gy
≤ τ ≤ 1000Gy. We will discuss the importance of nuclear data such as the beta-decay half-lives
by taking account of recent experimental data obtained at RIKEN-RIBF, and the fission modes
including fission mass-fragment distribution. We then apply these refined nuclear input data to
the r-process calculations in both astrophysical models [5], and try to solve the coalescence time
scale problem in Galactic chemo-dynamical evolution model.

[1] G. J. Mathews et al., Astrophys. J. 790 (2014), 115; J. Hidaka, et al., (2015), in preparation.
[2] T. Hayakawa, et al., Phys. Rev. C81 (2010), 052801; Astrophys. J. Lett. 779 (2013), L9.
[3] Y. Pehlivan, A. B. Balantekin, and T. Kajino, Phys. Rev. D90 (2014), 065011;
Phys. Rev. D84 (2011), 065008
[4] G. J. Mathews, T. Kajino, W. Aoki, and W. Fujiya, Phys. Rev. D85 (2012), 105023; T. Suzuki,
and T. Kajino, J. Phys. G40 (2013), 083101.
[5] S. Shibagaki, et al., Phys. Rev. C (2015), submitted.
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NEW RESULTS FROM RENO 
 
Soo-Bong Kim 
 
Seoul National University, Republic of Korea 
email: sbk@snu.ac.kr 
 
 
 
The Reactor Experiment for Neutrino Oscillation(RENO) started data-taking from Au-
gust, 2011 and has observed the disappearance of reactor electron antineutrinos to 
measure the smallest neutrino mixing angle θ13. The experiment has analyzed roughly 
800 days of data to make an accurate measurement of the reactor neutrino flux and spec-
tral shape, and has found an excess in the region of 5 MeV relative to the most com-
monly used model. Based on energy and baseline dependent disappearance of reactor 
neutrinos, we have extracted the neutrino oscillation frequency of |∆mee

2|. In this talk, 
we present a new measured value of θ13 and our first measurement of |∆mee

2|. 
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The status and plan for KIMS experiment

Yeongduk Kim for KIMS collaboration
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KIMS (Korean Invisible Mass Search) experiment presented the annual modulation data
of CsI(Tl) crystal array with 2.5 years data. Now KIMS group is preparing to run NaI(Tl)
crystals to directly confirm the DAMA/LIBRA annual modulation signal. First, we con-
firmed that the neutron scattering rates from muon induced neutrons are far lower than the
rates which can produce the DAMA/LIBRA modulation signals [1]. Second, will sum-
marize the goal and the expected sensitivities of the KIMS-NaI experiment comparing
with other proposed experiments. I will briefly describe the current status of the detector
development and the design of the experiment [2, 3]

KIMS group also try to develop the low temperature detectors for low mass WIMP search.
We are trying to get the sensitivity close to the neutrino background level at the mass
region below 5 GeV by developing the low background techniques with oxygen based
crystals. The expected sensitivities with various energy thresholds and nuclear targets
will be discussed.

[1] E. Jeon and Y. Kim, arXiv:1503.07918 [hep-ex].
[2] K. W. Kim, W. G. Kang, S. Y. Oh, P. Adhikari, J. H. So, N. Y. Kim, H. S. Lee and

S. Choi et al., Astropart. Phys. 62, 249 (2014) [arXiv:1407.1586 [astro-ph.IM]].
[3] H. S. Lee, G. Adhikari, P. Adhikari, S. Choi, I. S. Hahn, E. J. Jeon, H. W. Joo and

W. G. Kang et al., arXiv:1503.05253 [astro-ph.IM].
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NON-STANDARD NEUTRINO-NUCLEUS INTERACTIONS
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Flavour changing neutral current processes, predicted by various new-physics models to
occur in the presence of nuclei, are examined [1]. In this work, our main aim is to ex-
plore the role of the non-standard interactions (NSI) in the leptonic sector and specifically
in lepton flavour violating (LFV) processes involving neutrinos, and in charged lepton
flavour violating (cLFV) processes involving charged leptons [2]. From nuclear physics
perspectives, the relevant nuclear matrix elements are computed within the context of the
quasi-particle random phase approximation using realistic strong two-body forces [3].

We also employ the vector NSI component of our neutrino-nucleus cross sections calcu-
lations in order to estimate the differential and total event rates of Supernova and stopped
pion-muon beam neutrinos. We show that the SNS at Oak Ridge constitutes a favourable
facility to perform SM precision tests in the low-energy regime and furthermore to probe
for new physics [4]. Towards this aim, we evaluate the number of events originating from
vector and tensor exotic interactions for the case of reactor neutrinos, studied with TEX-
ONO and GEMMA neutrino detectors [5]. Our nuclear calculations in conjunction with
recent terrestrial experiments offer improved constraints for the relevant NSI couplings
and on the effective neutrino magnetic moments as well as on other electromagnetic pa-
rameters (neutrino charge-radius and milli-charges).

[1] D.K. Papoulias, T.S. Kosmas, Phys. Lett. B 728 (2014) 482–488.
[2] D.K. Papoulias and T.S. Kosmas, Adv. High Energy Phys. 2014 (2014) 763648.
[3] E. Ydrefors, K.G. Balasi, T.S. Kosmas, J. Suhonen, Nucl. Phys. A 896 (2012) 1-23.
[4] K. Scholberg, Phys. Rev. D 73 (2006) 033005.
[5] D.K. Papoulias, T.S. Kosmas, Phys. Lett. B, submitted.
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The fundamental nature and direct determination of the neutrino mass through double-β
decay is at the present time one of the most important areas of experimental and theoretical
research in nuclear and particle physics. Even though, double electron decay proceeding
through mass mechanism is the most promising decay mode at the moment, in very recent
years interest in the double positron decay, positron emitting electron capture and double
electron capture has been renewed. In principle the probability of neutrinoless double
electron capture can be resonantly enhanced by some orders of magnitude and recent
progress in high-precision Penning-trap mass spectrometry has finally provided suitable
means for a determination of atomic masses with a sufficient precision. This has given
rise to the campaign for a search for resonantly enhanced transitions. Using complete and
improved calculation of phase space factors (PSF) for ββ-decay and competing modes,
ECβ and ECEC [1, 2, 3], and nuclear matrix elements (NME) from microscopic inter-
acting boson model [3, 4] predictions for the expected half-lives in neutrinoless double-β
decay, as well as for the less studied competing modes will be made in terms of neutrino
masses.

A second, somewhat exotic mechanism for 0νββ decay involves the emission of one or
two additional bosons called Majorons. This decay has different electron spectrum and
therefore also a different PSF depending on the spectral index n. Calculations with differ-
ent n will be discussed as well as the half-life predictions for the ordinary Majoron decay
(spectral index n=1). Furthermore, comparing theoretical predictions with the obtained
experimental lower bounds for this decay mode we are able to set some limits on the
effective Majoron-neutrino coupling constant 〈gMee 〉.

[1] J. Kotila and F. Iachello, Phys. Rev. C 85, 034316 (2012).
[2] J. Kotila and F. Iachello, Phys. Rev. C 87, 024313 (2013).
[3] J. Kotila, J. Barea, and F. Iachello, Phys. Rev. C 89, 064319 (2014).
[4] J. Barea, J. Kotila and F. Iachello, Phys. Rev. C 91, 034304 (2015).
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 Messengers of the infinitely small, neutrinos provide us with valuable insights 
into the fundamental laws of physics. Messengers of the infinitely large, traveling on 
cosmological distances, they are privileged probes of cataclysmic astrophysical phe-
nomena.  
 Neutrino telescopes, buried in the Mediterranean abyss (ANTARES) or the ice 
of the South Pole (IceCube), are trying to meet this double challenge. These detectors 
consist of a 3D matrix of photomultipliers that detect the Cherenkov light emitted by the 
charged particles produced when neutrinos interact around the detector. 
 I will briefly review the landscape in neutrino astronomy, focusing on the recent 
results from the ANTARES Neutrino Telescope, and the excellent all-flavour potential 
of his successor KM3NeT, in particular for the search for neutrino sources in our Gal-
axy. 
 I will then discuss the potential of neutrino telescopes for the determination of 
the neutrino mass ordering through the study of atmospheric neutrinos in the GeV 
range. Given the importance of this topic and the encouraging results obtained so far, 
the KM3NeT collaboration has decided to build a demonstrator of 6-7 lines on the 
French site, paving the way towards a full detector named ORCA circa 2020. 
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Evolution of the SNO+ physics progamme and status of the detector
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The SNO+ experiment is a multi-purpose neutrino experiment that uses the SNO exper-
iment with a new target liquid to measure reactor neutrinos, geo neutrinos, solar neutri-
nos and study the double beta decay of tellurium. The conversion of SNO to SNO+ is
mostly finished, the processing and purification plant for the linear alkylbenzene based
liquid scintillator is currently undergoing final cleaning and first commissioning steps to
be ready for a detector fill in 2016. The loading of tellurium into the scintillator has been
proven to be stable and results in a high light yield up to percent scale loading.

The progress in the detector construction and commissioning will be presented and the
status of the development of systems for the production of radiopure tellurium loaded
scintillator will be shown.
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The description of nuclear reactions induced by supernova neutrinos has witnessed sig-

nificant progress during the recent years. On one hand this progress is due to experi-

mental data which serve as important constraints to model calculations, on the other 

hand it is related to advances in nuclear modelling itself and in computer hardware.  At 

the energies and momentum transfers relevant for supernova neutrinos neutrino-nucleus 

cross sections are dominated by allowed transitions, however, often with non-negligible 

contributions from (first) forbidden transitions. For several nuclei allowed Gamow-

Teller strength distributions could be derived from charge-exchange reactions and from 

inelastic electron scattering data.  Importantly the diagonalization shell model has been 

proven to accurately describe these data and hence became the appropriate tool to calcu-

late the allowed contributions while higher multipole contributions are calculated within 

the framework of the Quasiparticle Random Phase Approximation. 

 

The talk reviews recent progress achieved in calculating supernova-relevant neutrino-

nucleus cross sections and summarizes the impact which these reactions have on the dy-

namics of supernovae and on the associated nucleosynthesis.
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The LUX (Large Underground Xenon) experiment is a dark matter direct detection ex-
periment located 4850’ underground at the Sanford Underground Research Facility in 
Lead, South Dakota.  It consists of a 370-kg two-phase (liquid/gas) xenon-based time 
projection chamber with a 118-kg fiducial volume.   From April to August 2013, LUX 
collected 85.3 live-days of WIMP search data.  In October 2013, LUX reported a cross-
section limit of 7.6 × 10−46 cm2 for spin-independent WIMP-nucleon elastic scattering 
for 33 GeV/c2-mass WIMPs, which is the most sensitive limit to date.  Typically, direct 
detection experiments characterize WIMP-nucleon interactions in terms of spin-
independent (SI) and spin-dependent (SD) couplings. However, the total set of effective 
field theory operators allowed by basic symmetry considerations result in additional 
qualitatively distinct nuclear responses for WIMP-nucleon interactions.  These new op-
erators can also interfere with the old ones, potentially enhancing or suppressing the 
standard SI and SD interactions.  It is therefore important for direct detection experi-
ments to take these new operators into consideration to ensure that commonly-used tar-
gets do not leave any blind spots in WIMP parameter space.  Here, I will give an over-
view and status update for the LUX experiment, and I will discuss efforts toward using 
the LUX 2013 WIMP search dataset to set limits on the new effective field theory oper-
ators in a model-independent way. 
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SUPERNOVAE, NEUTRON STARS, AND THE EQUATION OF STATE OF
DENSE MATTER
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Core-collapse supernovae lead to the formation of neutron stars, and both are sensitive to
the dense matter equation of state. Once it was recognized that the matter in the collaps-
ing core of a massive star has a relatively low entropy which prevents nuclear dissociation
until nuclei merge near the nuclear saturation density, collapse is known to continue until
the core exceeds the saturation density. These supernovae sample matter up to about twice
nuclear saturation density, but neutron stars are sensitive to the equation of state of mat-
ter both near the saturation density and at several times higher densities. Two important
recent developments are the discovery of two-solar mass neutron stars and refined exper-
imental determinations of the behavior of the symmetry energy of nuclear matter near the
saturation density. Combined with the assumption of causality, they imply that the radii of
observed neutron stars are largely independent of their mass, and that this radius is in the
range of 11 to 13 km. These theoretical results are not only consistent with expectations
from theoretical studies of pure neutron matter, but also accumulated observations of both
bursting and cooling neutron stars.
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A giant (10-50 kt) Liquid Argon Time Projection Chamber (LAr-TPC) has been proposed
as the detector for an underground observatory for the study of neutrino oscillations, neu-
trino astrophysics and proton decay. This detector has excellent tracking and calorimetric
capabilities, much superior to currently operating neutrino detectors.

LBNO-DEMO (WA105) is a large demonstrator of the double phase LAr-TPC based on
the GLACIER design, with a 6×6×6 m3 (appr. 300 t) active volume [1]. Its construction
and operation test scalable solutions for the crucial aspects of this detector: ultra-high
argon purity in non-evacuable tanks, long drifts, very high drift voltages, large area Micro
Pattern Gas Detectors (MPGD), and cold preamplifiers.

The TPC will be built inside a tank based on industrial technology developed for lique-
fied natural gas transportation. Electrons produced in the liquid argon are extracted in
the gas phase. Here, a readout plane based on Large Electron Multiplier (LEM) detectors
provides amplification before the charge collection onto an anode plane with strip read-
out. Photomultiplier tubes located on the bottom of the tank containing the liquid argon
provide the readout of the scintillation light.

This demonstrator is an industrial prototype of the design proposed for a large under-
ground detector. WA105 is under construction at CERN and will be exposed to a charged
particle beam (0.5-20 GeV/c), consisting of p,e±, π± and K±, in the North Area in 2018.
The data will provide necessary means for analysing and developing shower reconstruc-
tion, energy response and calibration, MC event generator tuning, particle identification,
and tracking, as well as related efficiencies, and for development of analysis tools. This
project is a crucial milestone providing feedback for future long baseline experiments
considering LAr-TPCs.

[1] L. Agostino, B. Andrieu, R. Asfandiyarov, D. Autiero, O. Bésida, F. Bay, R. Bayes
and A. M. Blebea-Apostu et al., arXiv:1409.4405 [physics.ins-det].

52



LUMINEU: A DEMONSTRATOR EXPERIMENT TO SEARCH FOR NEUTRI-
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The "Luminescent Underground Molybdenum Investigation for NEUtrino mass and na-
ture" (LUMINEU) aims to perform a pilot experiment to search for neutrinoless double
beta (0ν2β) decay with an array of scintillating bolometers based on ZnMoO4 crystals
containing the favourable isotope 100Mo[1]. These hybrid detectors, able to measure both
the scintillation light and the heat generated by an interacting particle, are in fact very
promising tools in 0ν2β decay search in terms of efficiency, energy resolution and alpha-
background rejection capability. Simulations and preliminary results confirm that the LU-
MINEU technology can reach zero background in the region of interest (around 3 MeV)
with exposures of the order of hundreds kg×y, setting the bases for a next-generation
0ν2β decay experiment capable to explore deeply the inverted hierarchy region of the
neutrino mass pattern.
In December 2013 improved ZnMoO4 cylindrical crystals, with size � 50 × 40 mm
and mass 334 and 336 g, have been produced by recrystallization using the low-thermal-
gradient Czochralski technique from molybdenum purified by double recrystallization
from aqueous solutions. The radio-purity of the ZnMoO4 samples, derived from the over
2000 h exposure in a low background test, satisfies the LUMINEU goals and in general
those of a next-generation experiment: trace of internal contamination is related with
210Po at the level of 1.27(2) mBq/kg, while only limits on the activity of other naturally
occurring alpha radionuclides were set for 226Ra < 0.005 mBq/kg, 228Th < 0.005 mBq/kg
and 238U < 0.002 mBq/kg.
Moreover, a zinc molybdate crystal from enriched 100Mo (Zn100MoO4) was successfully
grown for the first time. Two samples cut from the Zn100MoO4 boule (with mass 59 and
63 g) were successfully tested as scintillating bolometers at the Centre de Sciences Nu-
cléaires et de Sciences de la Matière (Orsay, France). Two new samples of Zn100MoO4

with a mass of ~400 g each are now ready to be mounted and tested in the Gran Sasso
underground laboratory. Finally, an immediate LUMINEU follow-up is discussed, con-
sisting of an array of about 40 elements containing 10 kg of enriched molybdenum. The
purpose of this set-up is to demonstrate that the LUMINEU technology is viable for a
next-generation neutrinoless double beta decay experiment at the ton-scale, in the frame-
work of a future upgrade of the present CUORE experiment (CUPID program).

[1] J.W. Beeman et al, Physics Letters B 710, 318-323 (2012).

53



STERILE NEUTRINO DARK MATTER AND CORE COLLAPSE SUPERNOVAE
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We have explored the impact of sterile neutrino dark matter on core-collapse supernova
explosions [1]. We have included oscillations between electron or muon/tau neutrinos and
right-handed sterile neutrinos in numerical relativistic supernova models with detailed
neutron transport. We have chosen sterile neutrino masses and mixing angles that are
consistent with sterile neutrino dark matter candidates. We have explored the impact of
sterile neutrinos on the core bounce and shock reheating. We find that, for broad range
ranges of sterile neutrino masses and mixing angles, the shock energy can be significantly
enhanced and even a model that does not otherwise explode will explode when sterile
neutrino oscillations are included. The reason for this is that a oscillation to dark-matter
sterile neutrinos and back to normal neutrinos can significantly diminish the transport
time of energetic neutrinos from the core to to the neutrinosphere. In addition, find that
the presence of a sterile neutrino can lead to potentially observable effects in the neutrino
light curve.

[1] M. L. Warren, M. Meixner, G. J. Mathews, J. Hidaka, and T. Kajino, Phys. Rev. D90,
103007 (2014), arXiv:1405.6101.
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Neutrino Flavor Transformation in Compact Object Mergers and Collapsars

G. McLaughlin

North Carolina State University
email: Gail_McLaughlin@ncsu.edu

We consider neutrino flavor transformation from neutrinos that are emitted in compact
object mergers and in rotating stellar collapse (collapsars). We find that the neutrinos
from compact object mergers have special properties, i.e. antineutrinos can outnumber
neutrinos, which creates a novel type of resonance transition very close to the disk. This
transition does not exist in the standard models for supernovae or other astrophysical
environments. However, it can also occur in collapsars because of geometric effects.
We explain the physics of this resonance and its consequences for nucleosynthesis. The
consequences are particularly strong because the resonance transition occurs close to the
emission point of the neutrinos where the neutrons and protons are still present in the
wind ejecta.
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Double-beta decay and nuclear structure correlations

J. Menéndez

University of Tokyo, Japan
email: menendez@nt.phys.s.u-tokyo.ac.jp

Reliable matrix elements for neutrinoless double-beta decay identify the most promising
decay candidates for experiment, and once the lifetime of this process is measured they
will be key to determine fundamental neutrino properties. However, present calculations
obtained by different nuclear structure approaches differ by factors around 2-3.

Here I will discuss the double-beta decay of medium-mass isotopes in the pf shell, which
are not relevant for experimental searches, but quite useful to identify the nuclear structure
correlations most relevant to neutrinoless double-beta decay. I will show that the nuclear
matrix elements are particularly sensitive to correlations associated to high seniority com-
ponents in the initial and finalstates [1, 2], and to isoscalar (proton-neutron) pairing, see
Figure 1. These correlations are included to different levels of sophistication in different
approaches, which may explain part of the spread in calculated nuclear matrix elements.

Figure 1: Nuclear matrix elements for the neutrinoless double-beta decay of calcium
isotopes, calculated with the effective interaction KB3G (black), a schematic interaction
including monopole, pairing, quadrupole, and στστ terms, with strengths adjusted to
KB3G (grey), and the same schematic interaction but omitting isoscalar pairing (orange).
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[1] J. Menéndez, T. R. Rodríguez, G. Martínez-Pinedo and A. Poves, Phys. Rev. C 90,
024311 (2014).

[2] E. Caurier, J. Menéndez, F. Nowacki and A. Poves, Phys. Rev. Lett. 100, 052503
(2008).
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Probing the Neutrino Mass and Search for Sterile Neutrinos with the KATRIN Ex-
periment

S. Mertens

Lawrence Berkeley National Laboratory, USA
email: smertens@lbl.gov

Right-handed neutrinos are a natural extension of the Standard Model of particle physics.
These neutrinos would not take part in Standard Model interactions and are therefore
called sterile neutrinos. Light sterile neutrinos (eV mass range) are motivated by a number
of puzzling experimental anomalies [1]. Heavier sterile neutrinos (keV mass range) could
account for a significant fraction of the dark matter in the universe [2]. A unique way
to search for these sterile neutrinos in a model-independent laboratory experiment is via
tritium β-decay.

The Karlsruhe Tritium Neutrino Experiment (KATRIN) is a large-scale tritium β-decay
experiment planned to begin taking data in the near future[3, 4]. Its primary goal is
to directly probe the absolute neutrino mass scale by measuring the tritium beta-decay
spectrum close to its endpoint. However, extending the measurement interval to the entire
β-decay energy spectrum makes a high-sensitivity search for sterile neutrinos possible [5].
In this talk the current status of the KATRIN experiment and its future perspectives to
search for sterile neutrinos will be presented.

[1] K.N. Abazajian et al., Light Sterile Neutrinos: A White Paper, arXiv:1204.5379, 2012
[2] X. Shi and G.M. Fuller, New Dark Matter Candidate: Nonthermal Sterile Neutrinos,

Phys. Rev. Lett. 82 2832–2835 (1999)
[3] J. Angrik et al., (KATRIN Collaboration), KATRIN Design Report 2004, Wis-

senschaftliche Berichte, FZ Karlsruhe 7090, (2004)
[4] G. Drexlin V. Hannen, S. Mertens, and C. Weinheimer, Current Direct Neutrino Mass

Experiments, Adv. High Energy Physics, Article ID 293986 (2013)
[5] S. Mertens et al. Sensitivity of Next Generation Tritium β-Decay Experiments for keV-

Scale Sterile Neutrinos, Cosmology and Astroparticle Physics, 2015, 02, 020 (2015)
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SUPERNOVA NEUTRINO FLAVOR CONVERSIONS: CHALLENGES AND 

OPPORTUNITIES 

 

 

Alessandro Mirizzi 
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The detection of neutrinos from the next galactic supernova (SN) represents one of the 

next frontiers of low-energy neutrino astronomy. In this talk, I will review some of the 

lessons from such an observation where neutrinos largely play the role of astrophysical 

messengers. I will put a particular emphasis on the flavor conversions of SN neutrinos. I 

will present recent results on self-induced effects, associated with neutrino-neutrino in-

teractions in the deepest supernova regions. I will show how these nonlinear effects can 

lead to spontaneous symmetry breaking effects in the flavor evolution, that would pro-

duce significant changes in our characterization of the oscillated neutrinos fluxes.   
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RECENT RESULTS FROM XENON100 AND STATUS OF XENON1T AT GRAN
SASSO NATIONAL LABORATORIES

A. Molinario on behalf of the XENON Collaboration
INFN-Laboratori Nazionali del Gran Sasso, Italy
email: andrea.molinario@lngs.infn.it

The XENON Project aims at directly detecting dark matter particles through their inter-
action in a liquid xenon target. The XENON100 detector, a dual phase Time Projec-
tion Chamber employing 161 kg of liquid xenon, started the first science run at INFN
Gran Sasso National Laboratories (LNGS), Italy, in 2010. It provided limits on the spin-
independent and spin-dependent interaction cross sections of Weakly Interacting Massive
Particles (WIMPs) with xenon nuclei, and on the couplings of solar axions and galactic
axions-like particles. A new data taking run is currently ongoing, mainly focused on ad-
ditional calibration for the low energy response of the detector. While still taking data
with XENON100 the collaboration is also committed to build the third generation de-
tector, XENON1T. This new detector, currently under construction at LNGS and starting
data taking by the end of 2015, will employ a liquid xenon target of ton scale, reaching a
sensitivity to spin-independent WIMP-nucleon cross section of the order of 10−47 cm2 in
a 2 yr data taking.
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INDIRECT DARK-MATTER SEARCHES WITH GAMMA-RAYS EXPERI-
MENTS : STATUS AND FUTURE PLANS 
 
A. Morselli 
 
INFN Roma Tor Vergata 
email: aldo.morselli@roma2.infn.it 
 
 
 
 
Detection of gamma rays and cosmic rays from the annihilation or decay of dark matter 
particles is a promising method for identifying dark matter, understanding its intrinsic 
properties, and mapping its distribution in the universe. I will review recent results from 
the Fermi Gamma-ray Space Telescope and other space-based experiments, and high-
light the constraints these currently place on particle dark matter models. I will also dis-
cuss the prospects for indirect searches to robustly identify or exclude a dark matter sig-
nal using upcoming data and the comparison with LHC searches. 
 
 
 
.
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NEUTRINO INTERACTIONS WITH NUCLEONS AND NUCLEI

U. Mosel

Institut fuer Theoretische Physik, Universitaet Giessen, D-35392 Giessen, Germany
email: mosel@physik.uni-giessen.de

Neutrino interactions with nucleons can give important information on axial properties
and axial transition form factors. So far, the data do not allow to determine these proper-
ties with an accuracy comparable to that of vector couplings and form factors. This is true
for quasielastic scattering of neutrinos on nucleons and even more so for pion production
through the ∆ resonance. Interactions of neutrinos with nuclei are further complicated by
possible in-medium changes of elementary nucleonic properties. In addition, any experi-
mental investigation of neutrino interactions with nuclei has to deal with significant final
state interactions of the outgoing particles. This requires theoretical descriptions that are
capable of describing the full time-development of a neutrino-nucleus reaction. In this
talk I will give an overview about what we know about neutrino interactions and where
the open problems are.
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RECENT RESULTS FROM SUPER-KAMIOKANDE

Masayuki Nakahata

Kamioka Observatory, ICRR, the University of Tokyo, Japan
email: nakahata@suketto.icrr.u-tokyo.ac.jp

Recent results from the study of atmospheric neutrinos and solar neutrinos as well as from
searches for nucleon decays and dark matter at Super-Kamiokande (SK) are presented.
Super-Kamiokande is a 50,000 ton water Cherenkov detector that has been taking data
since 1996.

More than 47,500 atmospheric neutrino events have been observed during 4581 days of
data taking between 1996 and 2014. Using this large data sample neutrino oscillation
parameters and the mass hierarchy have been studied. The normal hierarchy is favored at
the level of ∆χ2 = 0.9 using SK alone and at ∆χ2 = 1.2 with SK constrained by T2K
νe and νµ analyses. Additionally, recent progress in the analysis of atmospheric neutrinos
is highlighted by evidence for the appearance of oscillation-induced ντ , which has been
obtained with 3.8 σ significance. Further, limits on sterile neutrino oscillations and the
violation of Lorentz invariance have been obtained with unprecedented precision.

An indirect dark matter search has been performed using the atmospheric neutrino data
sample. The expected signature is high energy neutrinos from the sun, where neutralino
self-annihilation produces secondary neutrinos that would appear on top of the atmo-
spheric neutrino background. Super-Kamiokande has placed the most stringent con-
straints on spin-dependent interactions on protons below 200 GeV and also set new limits
on the spin-independent interactions of light WIMPs (< 6GeV).

Additionally, SK has observed almost 70,000 8B solar neutrino events during 4504 live-
days and the stability of the solar neutrino flux has been discussed with high precision.
No significant correlation with the activity of the sun has been observed even though the
data taking period spans almost 1.5 solar cycles. A difference between the daytime and
nighttime solar neutrino fluxes, which is expected from the effects of matter on neutrino
oscillations in the earth, has been observed. However, the distortion of the energy spec-
trum expected from Large Mixing Angle solar neutrino oscillations has not been observed
yet. The value of ∆m2

12 obtained from the SK solar neutrino data is in tension with that
from KamLAND reactor neutrino measurements by about 2σ.

In order to detect low energy ν̄e from the diffuse supernova neutrino background and to
improve SK’s pointing accuracy to supernova bursts, the feasibility of dissolving gadolin-
ium in the detector for enhanced neutron tagging has been studied. A 200 ton test tank
which mimics the SK detector has been constructed and 0.2% Gd2(SO4)3 has been dis-
solved within it. Recent developments from this R&D project are also presented.
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Neutrino emissivities from deuteron breakup and formation in supernova

S. Nakamura

Osaka University, Japan
email: nakamura@kern.phys.sci.osaka-u.ac.jp

In the presentation, I discuss neutrino emissions from electron/positron capture on the
deuteron and the nucleon-nucleon fusion processes in the surface region of a supernova
core. These weak processes are evaluated in an approach which consists of one-nucleon
and two-nucleon-exchange currents and nuclear wave functions generated by a high pre-
cision nucleon-nucleon potential. In addition to the cross sections for these processes
involving the deuteron, I present neutrino emissivities due to these processes calculated
for typical profiles of core-collapsed supernovae. These novel neutrino emissivities are
compared with the standard neutrino emission mechanisms. We find that the neutrino
emissivity due to the electron capture on the deuteron is comparable to that on the pro-
ton in the deuteron abundant region. The implications of the new channels involving
deuterons for the supernova mechanism are discussed. This presentation is based on our
recent publication [1].

[1] S. Nasu, S.X. Nakamura, K. Sumiyoshi, T. Sato, F. Myhrer, and K. Kubodera, Astro-
phys.J. 801, 78 (2015).
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DECAY SPECTROSCOPY OF NEUTRON-RICH NUCLEI RELEVANT TO AS-
TROPHYSICAL R PROCESS

S. Nishimura1, G. Lorusso1,2, Z. Xu1,3, J. Wu1,4, P. Doornenbal1, P.-A. Söderström1,
T. Sumikama1, H. Watanabe5,1, H. Baba1, G. Benzoni6, F. Browne7,1, A. Bruce7, R. Daido8,
Y.F. Fang8, R. Gernhäuser9, G. Gey10,1, E. Ideguchi11, T. Isobe1, H.S. Jung12, A. Jungclaus13,
I. Kojouharov14, R. Krücken8,15, N. Kurz13, Y.K. Kwon16, R. Lozeva17, Z. Li4, D. Lubos8,1,
M. Tanaka10, C.B. Moon18, K. Moschner19,1, F. Naqvi20, M. Niikura21, H. Nishibata5,
T. Nishizuka22, A. Odahara8, Z. Patel23,1, S. Rice23,1, E. Sahin24, H. Sakurai1,21, H. Schaffner13,
T. Shimoda5, G. Simpson9, L. Sinclair25,1, D. Sohler26, K. Steiger9, J. Taprogge12, Z. Vajta26,
A. Yagi8, R. Yokoyama27, V. Werner20 for the EURICA Collaboration

1RIKEN Nishina Center, Japan, 2NPL, United Kingdom, 3Univ. of Hong Kong, Hong
Kong, 4Peking University, China, 5Beihang University, China, 6INFN sezione di Milano,
Italy, 7University of Brighton, United Kingdom, 8Osaka University, Japan, 9Technische
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of Surrey, United Kingdom, 24University of Oslo, Norway, 25York Univ., United King-
dom, 26Hungarian Academy of Sciences, Hungary, 27CNS, Japan
email: nishimu@ribf.riken.jp

Decay properties of exotic nuclei far from the stability provide great opportunity to un-
derstand the evolution of nuclear structure and astrophysical nucleosynthesis at extreme
conditions in the universe. High intensity radioactive isotope beam facility RIBF provides
great chance to extend our knowledge of nuclear structure far from the stability. at RIKEN
Nishina Center.

A new project EURICA (EUROBALL RIKEN Cluster Array), consisting of world’s
largest γ-rays detectors (Euroball germanium cluster detectors) and highly-segmented
beta-counting system (WAS3ABi), has been launched with the goal of performing βγ
spectroscopy of exotic nuclei [1, 2]. In the EURICA project, decay properties of beta-
decay half-lives, excited states, and β-delayed neutron emissions have been surveyed to
study on the mechanism of a rapid-neutron-capture process (r process) nucleosynthesis,
which is responsible for the production of elements heavier than Fe. Highlights of recent
results and future perspectives will be presented to discuss the nuclear shell evolution and
their impacts to the r-process nucleosynthesis[3, 4, 5].

[1] S. Nishimura, Prog. Theor. Exp. Phys. 2012, 03C006, 1-13 (2012).
[2] P.-A. Söderström et al., Nucl. Instrum. Meth. B 317, 649-652 (2013).
[3] H. Watanabe et al., Phys. Rev. Lett. 111, 152501, 1-5 (2013).
[4] Z.Y. Xu et al., Phys. Rev. Lett. 113, 032505, 1-5 (2014).
[5] G. Lorusso et al., Phys. Rev. Lett. 114, 192501, 1-7 (2015).
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RECENT RESULTS AND FUTURE PLANS FOR DARK MATTER SEARCHES
WITH PICO

A. J. Noble for the PICO Collaboration.

Queen’s University, Kingston, Canada.
email: potato@snolab.ca

The PICO experimental program at SNOLAB uses superheated bubble chambers to search
for evidence of dark matter primarily through spin-dependent interactions on 19F in C3F8.
Recoiling nuclei from WIMP-nucleus interactions in the active fluid deposit enough en-
ergy locally to initiate a phase transition in the fluid. The bubbles which form are observed
with stereo cameras and their acoustic signature is recorded by sensitive piezo-electric
transducers. By controlling the degree of superheat, the detector can be made insensi-
tive to gamma and electron backgrounds. Alpha particles with relatively longer tracks
have a distinctly different acoustic signal when compared to nuclear recoils which en-
ables this background to be identified and discriminated against. The first results from
PICO, formed through a merger of the PICASSO and COUPP collaborations, set world
leading limits in the spin-dependent sector and added constraints to the low WIMP mass
region of the spin-independent sector. These recent results will be presented, along with
an outlook for the future program with this unique technology.
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DIRECT SEARCH FOR DARK MATTER WITH THE EDELWEISS-III 
EXPERIMENT: NEW WIMPS RESULTS 
 
C. Nones for the EDELWEISS-III collaboration 
 
CEA, Irfu, SPP - Centre de Saclay, 91191 Gif-sur-Yvette, France 
email: claudia.nones@cea.fr 
 
 
 
A variety of observations point to the existence of cold, non baryonic dark matter which 
would make up to 27% of the content of the Universe. After decades of various 
experimental studies, its nature remains poorly constrained. One well-motivated 
candidate (referred to as a Weakly Interacting Massive Particle or WIMP) arises from 
Beyond Standard Model theories like SUSY. If WIMPs exist, they should be found in 
the galactic halo and are expected to scatter off nuclei on Earth. This motivates direct 
detection experiments which search for nuclear recoils in massive detectors.  
 
The EDELWEISS-III direct dark matter detection experiment aims at exploring the 10-9 
- 10-10 pb cross section region for spin-independent WIMP-nucleon interactions. It is 
located at the Modane Underground Laboratory and consists of 36 advanced Full Inter 
Digit (FID) germanium detectors operating at 18 mK in a dilution refrigerator. Detector 
and electronics upgrades have enhanced the background discrimination and the low 
energy sensitivity with respect to EDELWEISS-II. 
In this talk detector performance and a new first analysis of data acquired in a long-term 
campaign will be presented. New limits on low mass WIMPs obtained with a 
multivariate analysis will be shown as well.  
 
Perspectives for the FID detector technology and the related R&D programme will be 
also presented in view of next generation direct detection experiments based on 
cryogenic detectors especially for low-mass WIMP searches. 
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THEIA: PHYSICS POTENTIAL OF AN ADVANCED SCINTILLATION DE-
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The recent development of water-based liquid scintillator (WbLS) and the concurrent 
development of high-efficiency and ultra-fast light sensors has opened up the possibility 
for a new kind of large-scale detector capable of a very broad program of physics.  
 
WbLS [1] offers a unique combination of high light yield and low-threshold detection 
with attenuation close to that of pure water, particularly at wavelengths > 400 nm.  Use 
of this novel target material could allow separation of prompt, directional Cherenkov 
light from the more abundant, isotropic, delayed scintillation light.  This would be a 
huge leap forwards in neutrino detection technology, enabling the first low-threshold, 
directional neutrino detector.  Such a detector could achieve fantastic background rejec-
tion using directionality, event topology, and particle ID.  WbLS chemistry also allows 
loading of metallic ions as an additional target for particle detection, including: 7Li for 
charged-current solar neutrino detection; natGd for neutron tagging enhancement; or iso-
topes that undergo double beta decay, facilitating a neutrinoless double-beta decay 
(NLDBD) program. 
 
THEIA is a proposed realization of the Advanced Scintillation Detector Concept 
(ASDC) [2], which combines the use of a 30-100 kton WbLS target, doping with a 
number of potential isotopes, high efficiency and ultra-fast timing photosensors, and a 
deep underground location.  A potential site is the Long Baseline Neutrino Facility 
(LBNF) far site, where THEIA could operate in conjunction with the liquid argon track-
ing detector proposed by DUNE [3].  
 
The physics program at THEIA would span nuclear, high-energy, and astrophysics, ad-
dressing a broad program of topics including: solar neutrinos, geo-neutrinos, supernova 
neutrinos, nucleon decay, measurement of the neutrino mass hierarchy and CP violating 
phase, and even a next-generation NLDBD search.   
 
This talk describes the technical breakthroughs that led to this possibility, and the broad 
physics program thus enabled.   
 
 
[1] M. Yeh et al., Nucl. Inst. & Meth. A660 (2011) 51 
[2] J. R. Alonso et al., arXiv: 1409.5864 (2014) 
[3] C. Adams et al., arXiv: 1307.7335 (2013) 
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Weak charged-current neutrino-induced reactions in nuclei and inelastic neutrino-
nucleus scattering through the neutral-current play an important role in stellar evolution 
and nucleosynthesis. Modeling the neutrino-nucleus cross sections provides not only the 
relevant input for supernova simulations, but it also allows to study variety of phenom-
ena involving (anti)neutrinos. Recently, a fully self-consistent framework has been es-
tablished to describe neutral- and charged-current neutrino-nucleus reactions based on a 
relativistic nuclear energy density functional [1]. Neutrino-nucleus cross sections are 
calculated using a weak Hamiltonian and nuclear properties of initial and excited states 
are obtained within relativistic Hartree-Bogoliubov model and relativistic quasiparticle 
random phase approximation. This framework has been employed in systematic studies 
of charged-current neutrino reactions with nuclei of relevance for the r-process nucleo-
synthesis [2] and for the neutrino detectors, including the estimates of the systematic 
theoretical uncertainties in the calculated cross sections [3]. Inelastic neutral-current 
neutrino-nucleus cross sections have been described, including its isotopic dependence 
and respective cross sections averaged over the distribution of supernova neutrinos [4]. 
 
Recently a hybrid method has been introduced to explore the feasibility to determine 
neutrino mass hierarchy by simultaneous measurements of detector responses induced 
by antineutrino and neutrino fluxes from accretion and cooling phase of type II super-
nova [5]. The (anti)neutrino-nucleus cross sections for 56Fe and 208Pb are calculated in 
the framework or relativistic energy density functional, while the cross sections for ine-
lastic scattering on free protons in mineral oil and water are obtained using heavy-
baryon chiral perturbation theory [6]. The simulations of (anti)neutrino fluxes emitted 
from a protoneutron star in a core-collapse supernova include collective and Mikheyev-
Smirnov-Wolfenstein effects. It is shown that simultaneous use of (anti)neutrino detec-
tors with different target material and time dependence of the signal provide useful in-
formation to determine the neutrino mass hierarchy from the ratios of neutri-
no/antineutrino induced particle emissions.  
 
[1] T. Nikšić, N. Paar, D. Vretenar, P. Ring, Comp. Phys. Comm. 185, 1808 (2014). 
[2] N. Paar, H. Tutman, T. Marketin, T. Fischer, Phys. Rev. C 87, 025801 (2013). 
[3] H. Đapo, N. Paar, Phys. Rev. C 86, 035804 (2012). 
[4] N. Paar, T. Suzuki, M. Honma, et al., Phys. Rev. C 84, 047305 (2011). 
[5] D. Vale, N. Paar, arXiv:1406.2584 (2015). 
[6] U. Raha, F. Myhrer, and K. Kubodera, Phys. Rev. C 85, 045502 (2012). 
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RESULTS FROM THE OPERA EXPERIMENT ON THE CNGS BEAM 
 
The OPERA Collaboration 
 

 
OPERA is a long-baseline experiment at the Gran Sasso Laboratory planned to search 
for nu_mu to nu_tau oscillations in appearance mode on an event by event basis. Four 
nu_tau candidate events have been confirmed so far, using a sub-sample of data from 
the 2008-2012 CNGS runs.  
The data analysis is ongoing with the goal of establishing nu_tau appearance with high 
significance. Current results will be presented and perspectives discussed. 
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FLAVOR EVOLUTION OF SUPERNOVA NEUTRINOS AS A MANY-BODY
PROBLEM

Yamac Pehlivan, A. Baha Balantekin, T. Kajino

Mimar Sinan Fine Arts University, Turkey
email: yamac.pehlivan@msgsu.edu.tr

Several neutrino experiments will detect the intense neutrino flux from the next galactic
core collapse supernova. This neutrino signal is expected to give us essential informa-
tion about the nuclear processes in the supernova and the proto-neutron star that forms
in its center, as well as about the neutrinos themselves. The differences between the en-
ergy spectra of different neutrino and antineutrino flavors form an important probe in this
respect.

However, the energy spectra of these flavors are expected to be mixed with one another
as neutrinos propagate across the layers of supernova and undergo flavor evolution. This
flavor evolution is very different from the standard MSW effect in the Sun because the
high neutrino density reached near the proto-neutron star gives rise to neutrino-neutrino
interactions and result in emergent many-body effects in flavor transformation [1].

Our recent research has shown that, under some simplifying assumptions, the flavor evo-
lution of supernova neutrinos has the same underlying dynamics and the same symmetries
as the Cooper pairs of electrons in a superconductor described by the reduced BCS model
[2]. Although these two theories belong to different domains of physics and describe
starkly different phenomena, the underlying many-body correlations evolve in the same
way [2, 3].

In this talk, I will describe the parallels between these two models in detail. I will show
that some analytical and numerical methods developed in the context of BCS model and
depend on the shared symmetries between these two problems, are useful in calculating
the neutrino energy spectra. In particular, I will show some exact many-body neutrino
calculations carried out with the BCS algorithms. These methods based on the symme-
tries may eventually allow us to understand the sensitivity of our results on the underlying
assumptions about the conditions in the supernova and approximations used in our calcu-
lations.

[1] A. B. Balantekin and Y. Pehlivan, J. Phys. G 34, 47 (2007) [astro-ph/0607527].
[2] Y. Pehlivan, A. B. Balantekin, T. Kajino and T. Yoshida, Phys. Rev. D 84, 065008

(2011) [arXiv:1105.1182 [astro-ph.CO]].
[3] Y. Pehlivan, A. B. Balantekin and T. Kajino, Phys. Rev. D 90, no. 6, 065011 (2014)

[arXiv:1406.5489 [hep-ph]].
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DARK MATTER SCATTERING IN A DENSE NUCLEAR MEDIUM
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37008 Salamanca, Spain
2Institut d’Astrophysique, UMR 7095 CNRS, Université Pierre et Marie Curie, 98bis
Blvd Arago, 75014 Paris, France

Dark matter (DM) is the most abundant type of matter in our universe in the present time.
Dense astrophysical bodies such as compact neutron stars have the potential to gravita-
tionally accrete that matter component. In this contribution we focus on the relativistic
response of a dense medium at low temperatures, as this is relevant in astrophysical sce-
narios of this kind. In addition these scenarios may play an important role as they can
be subject to other indirect DM searches [1, 2]. We consider DM as Dirac fermions with
light masses mχ ∼ 100 MeV − 1 GeV. Assuming Lorentz scalar and vector point-like in-
teractions for momentum transfers q2 such that q2 ≪ M2

Φ for a generic Φ-mediator much
heavier than the typical q2 values we calculate the integrated cross section, σ/V , and dif-
ferential cross section, 1

V
dσ

dΩdq0
. We also calculate the DM particle mean free path, λ, for a

typically weak-scale coupling to nucleons gχN
∼ 10−11 MeV−2. In such case sub-meter

mean free path values are found. This yields a diffusive behaviour of DM inside the star
with radius R as λ ≪ R. Using a Hartree approximation in the many-body response of
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Figure 1: Differential cross section for an incoming DM particle as a function of energy
transferred, q0, for several momentum transfer values, q, in a cold nuclear medium.

the nuclear medium [3] to the passage of a DM particle we analyze the structure of the po-
larization to different energy-momentum transfers. As an example in figure 1 we show the
differential cross section for an incoming dark matter particle with mχ = 500 MeV and a
boosted energy when approaching the compact star Eχ = 1.4mχ as a function of energy
transferred q0 for several momentum transfer values q = 20, 41, 2017, 290 MeV in a cold
nuclear medium with standard baryionic number density nB = 2.5n0 (n0 ≃ 0.17 fm−3).

[1] M. A. Pérez-García and J. Silk, Phys. Lett. B 744, 13 (2015).
[2] M. A. Pérez-García, F. Daigne, J. Silk, Astrophys. J. 768 145 (2013)
[3] C. J. Horowitz and M. A. Pérez-García, Phys. Rev. C 68, 025803 (2003).
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PREDICTIONS FOR LEPTONIC DIRAC CP VIOLATION

S. T. Petcov

SISSA/INFN, Trieste, Italy, and
Kavli IPMU, University of Tokyo, Japan

Using the fact that the neutrino mixing matrix U = U †
eUν , where Ue and Uν result from

the diagonalisation of the charged lepton and neutrino mass matrices, we analyse the sum
rules which the Dirac phase δ present in U satisfies when Uν has a form dictated by, or
associated with, discrete symmetries and Ue has a “minimal” form (in terms of angles
and phases it contains) that can provide the requisite corrections to Uν , so that reactor, at-
mospheric and solar neutrino mixing angles θ13, θ23 and θ12 have values compatible with
the current data. The following symmetry forms of Uν are considered: i) tri-bimaximal
(TBM), ii) bimaximal (BM) (or corresponding to the conservation of the lepton charge
L′ = Le−Lµ−Lτ (LC)), iii) golden ratio type A (GRA), iv) golden ratio type B (GRB),
and v) hexagonal (HG). Under the conditions specified above and for the symmetry forms
considered, cos δ satisfies an exact sum rule [1] by which it is expressed in terms of the
three neutrino mixing angles θ13, θ23 and θ12. Using this exact sum rule we derive predic-
tions for δ and the rephasing invariant JCP, which controls the magnitude of CP violation
effects in neutrino oscillations, using the best fit values of, and the current uncertainties
in the measured values of, sin2 θ13, sin2 θ23 and sin2 θ12 [1, 2]. We derive also predictions
for cos δ using the prospective uncertainties in the determination of sin2 θ12, sin2 θ13 and
sin2 θ23 [2]. We found, in particular, that in the TBM, GRA, GRB and HG cases, the best
fit values of JCP lie in the narrow interval (−0.034) ≤ JCP ≤ (−0.031), while at 3σ
we have 0.020 ≤ |JCP| ≤ 0.039. Thus, in all these cases relatively large CP violation
effects in neutrino oscillations are predicted. The predictions for δ, cos δ and JCP in the
case of the BM (LC) symmetry form of Ũν , differ significantly: the best fit value of δ,
for instance, is δ ∼= π, and, correspondingly, the best fit value of JCP

∼= 0. The results
obtained in [1, 2] (see also [3]) show, in particular, that the experimental measurement of
the Dirac phase δ (or of cos δ) of the PMNS neutrino mixing matrix, combined with the
data on the neutrino mixing angles, can provide unique information about the possible
discrete symmetry origin of the observed pattern of neutrino mixing.

[1] S. T. Petcov, Nucl. Phys. B 892, 400 (2015).
[2] I. Girardi, S. T. Petcov and A. V. Titov, Nucl. Phys. B 894, 733 (2015), and Int. J.

Mod. Phys. A 30, 1530035 (2015).
[3] I. Girardi, S. T. Petcov and A. V. Titov, arXiv:1504.00658 [hep-ph].
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NEUTRINOLESS ββ-DECAY AND PHYSICS BEYOND STANDARD MODEL

P. K. Rath

Department of Physics, University of Lucknow, Lucknow-226007, India
email: pkrath_lu@yahoo.co.in

The observation of neutrinoless double beta (ββ)0ν decay is presently the best possi-
bility for clarifying a number of issues, such as, Dirac or Majorana nature of massive
neutrinos, the origin of neutrino mass, absolute scale of neutrino mass, the type of hi-
erarchy in the neutrino mass spectrum, possible CP violation in the leptonic sector and
the role of various mechanisms in different gauge theoretical models beyond the standard
model of electroweak unification. However, the reliability of extracted gauge theoretical
parameters depends on the accuracy of calculated model dependent nuclear transition ma-
trix elements (NTMEs). In the calculation of reliable NTMEs, different nuclear models,
namely shell model, QRPA and its extensions, PHFB, EDF, pseudo-SU(3) and IBM etc.
are presently being employed. The talk will mainly deal with the model specific theoreti-
cal uncertainties in NTMEs calculated within PHFB approach and the extraction of gauge
theoretical parameters from the observed limits on the (ββ)0ν decay.
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EXPLORING LOW-MASS WIMPS WITH CRESST

F. Reindl1 on behalf of the CRESST collaboration: G. Angloher1, A. Bento1,2, C. Bucci3,
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S. Scholl7, S. Schönert4, W. Seidel1, L. Stodolsky1, C. Strandhagen6, R. Strauss1,
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1. Max-Planck-Institut für Physik, D-80805 München, Germany
2. Departamento de Fisica, Universidade de Coimbra, P3004 516 Coimbra, Portugal
3. INFN, Laboratori Nazionali del Gran Sasso, I-67010 Assergi, Italy
4. Physik-Department, Technische Universität München, D-85747 Garching, Germany
5. Walther-Meißner-Institut für Tieftemperaturforschung, D-85748 Garching, Germany
6. Institut für Hochenergiephysik der Österreichischen Akademie der Wissenschaften,
A-1050 Wien, Austria and Atominstitut, Vienna University of Technology, A-1020
Wien, Austria
7. Eberhard-Karls-Universität Tübingen, D-72076 Tübingen, Germany
8. Department of Physics, University of Oxford, Oxford OX1 3RH, United Kingdom

email: florian.reindl@mpp.mpg.de

CRESST-II is a cryogenic direct dark matter search, based on the phonon-light
technique. The main background in phase 1 (2009 - 2012, [1]) originated from α-decays
on the surface of or implanted in non-scintillating materials in the vicinity of the CaWO4

target crystal. Therefore, we equipped one third of the detector modules in the currently
ongoing phase 2 (2013 - now) with an active veto for this kind of background.
In this contribution we present a low-threshold analysis of 29 kg days of data taken in
2013 with one of those upgraded detector modules [2]. With the fully-efficient veto and
an increased overall performance of this module we could set a leading limit on the
elastic WIMP-nucleon scattering cross-section for WIMPs lighter than 3 GeV/c2. To
further improve at higher WIMP masses the complete and still blinded data set of phase
2 will be needed.
CRESST detectors are capable of precisely determining tiny energy depositions
(O(1 keV)) and, thus, are extremely well suited to explore the low WIMP mass regime.
CRESST-III will use new detector modules optimized to measure even lower recoil
energies to further enhance the sensitivity for low WIMP masses. We will report on
the status of the currently ongoing preparations towards CRESST-III and discuss the
potential of CRESST-III beyond phase 1.

[1] G. Angloher et.al. Eur. Phys. J. C v.72 nr.4, (2012).
[2] G. Angloher et.al. Eur. Phys. J. C v.74 nr.12, (2014).
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RESULTS FROM THE OPERA EXPERIMENT ON THE CNGS BEAM

M. Roda on behalf of the OPERA collaboration

University of Padova and Padova INFN, Italy
email: marco.roda@pd.infn.it

OPERA is a long-baseline experiment at the Gran Sasso Laboratory planned to search for
νµ to ντ oscillations in appearance mode on an event by event basis. Four ντ candidate
events have been confirmed so far, using a sub-sample of data from the 2008-2012 CNGS
runs. The data analysis is ongoing with the goal of establishing ντ appearance with high
significance. Current results will be presented and perspectives discussed.
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RIGHT-HANDED CURRENTS IN SINGLE AND DOUBLE BETA DECAY

W. Rodejohann

Max-Planck-Institut für Kernphysik, Postfach 103980, D-69029 Heidelberg, Germany
email: werner.rodejohann@mpi-hd.mpg.de

Neutrinoless double beta decay can be meadiated not only by light massive Majorana
neutrinos, but also by many new physics scenarios. In particular, if the mass scale of the
new particles is around the TeV-scale, current lifetime limits on double beta decay can be
mediated, and tests of those mechanisms with colliders, lepton flavor violation, etc. are
possible.

Left-right symmetric theories are among the most popular candidates for new physics
models leading to double beta decay. The many diagrams for double beta decay within
left-right symmetric theories are summarized and the impact of collider and lepton fla-
vor violation bounds is discussed [1]. Often overlooked is the fact that right-handed in-
teractions can show up also in single beta decay. A modified KATRIN setup can test
right-handed interactions and neutrinos with masses of up to the Q-value of 18.6 keV, i.e.
including the regime of Warm Dark Matter candidates. The physics potential of this setup
is discussed, and possibilities to evade the strong astrophysical constraints on keV-scale
WDM candidates are presented [2].

[1] J. Barry and W. Rodejohann, “Lepton number and flavour violation in TeV-scale
left-right symmetric theories with large left-right mixing,” JHEP 1309 (2013) 153
[arXiv:1303.6324 [hep-ph]].

[2] J. Barry, J. Heeck and W. Rodejohann, “Sterile neutrinos and right-handed currents
in KATRIN,” JHEP 1407 (2014) 081 [arXiv:1404.5955 [hep-ph]].
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Present status and future perspectives for neutrinoless double beta decay nuclear
matrix elements with energy density functional methods

Tomás R. Rodríguez

Departamento de Física Teórica, Universidad Autónoma de Madrid, E-28049, Madrid
(Spain)
email: tomas.rodriguez@uam.es

Potential detection of non-conserving lepton number processes, such as the neutrinoless
double beta decay, constitutes one of the most promising signals of new physics beyond
the Standard Model. In the neutrinoless double beta decay (0νββ) two neutrons are trans-
formed into two protons and only two electrons are emitted in the final state. This is a very
encouraging case due to its implications in fundamental physics since it can only occur
if neutrinos are massive and Majorana particles (neutrinos and antineutrinos are identi-
cal particles). Additionally, the inverse of the half-life of this process is proportional to
the neutrino effective mass. Therefore, an eventual detection of this decay mode would
determine the absolute scale of the mass of these elementary particles.

Nevertheless, once the half-life of a given double-beta emitter is eventually measured in
the lab, the absolute scale of the neutrino mass can be only determined if the so-called
nuclear matrix element (NME), that connects initial and final nuclear states, is accurately
known. However, current 0νββ NMEs calculations differ by a factor of three approxi-
mately, depending on the nuclear model.

In particular, energy density methods (EDF) that are applied successfully to describe nu-
clear structure observables have been also used recently to compute such NMEs. In this
contribution I will give an overview of the current status and future perspectives for nu-
clear matrix elements calculations performed within EDF approaches.
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TOPOLOGICAL DETECTION OF DOUBLE BETA DECAY WITH NEMO-3
AND SUPERNEMO

Ruben Saakyan, on behalf of the NEMO-3 and SuperNEMO collaborations
University College London, UK
email: r.saakyan@ucl.ac.uk

Neutrinoless double beta decay (0νββ) is the only practical way to understand the neu-
trino nature (Dirac or Majorana particle) and to observe full lepton number violation re-
quired by most beyond the standard model schemes. It may also turn out to be the only
way to measure the absolute neutrino mass in the laboratory environment.

The goal of the SuperNEMO experiment is to search for 0νββ decay. Its technology is
based on a successful design approach of the NEMO-3 experiment which was running at
the Modane Underground Laboratory in the Frejus Tunnel under the French-Italian Alps
in 2003 − 2011. The unique features of this approach are the ability to study almost
any ββ isotope and reconstruction of the event topology which produces a "smoking
gun" evidence for the process and may allow the underlying physics mechanism to be
disentangled.

Latest NEMO-3 results obtained with 7 different ββ isotopes are presented. The physics
reach of the SuperNEMO project is discussed and the status of the construction and com-
missioning of its first module, the Demonstrator, as well as its physics sensitivity are
presented.
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In order to explore the inverted hierarchy region, future experiments on the neutrinoless
double beta decay have to demand for detectors with excellent energy resolution and zero
background in the energy region of interest. The LUCIFER project is developing cryo-
genic scintillating bolometers based on Zn82Se crystals which, thanks to the phonon-light
technique, allow for an α-particle identification and rejection [1]. The suppression of the
α-background is the key-issue for next-generation tonne-scale bolometric experiments.
LUCIFER aims at running a small-scale experiment with about 9 kg of 82Se and a back-
ground level of 10−3 counts/(keV kg y) in the energy region of interest.
The main effort is currently focused on the crystal growth procedure. We will report on
the progress made in refining and optimizing the quality of our ZnSe crystals in terms
of optical and bolometric properties [2]. To guarantee high radiopurity a series of low
background measurements with High Purity Ge detectors from samples of our Zn and
82Se metals were performed. From these measurements we can set the presently best
limits on different modes of the 2β-decay of 64Zn and 82Se isotopes to excited states of
daughter nuclei at the level of about 1020-1022 y. Results from tests of such crystals op-
erated as scintillating bolometers at milli-Kelvin temperatures demonstrate the excellent
background rejection capabilities towards a background-free pilot experiment.

[1] J.W. Beeman et al., Adv. High En. Phys. 2013, 237973 (2013).
[2] I. Dafinei, Journal of Crystal Growth 393, 13 (2014).
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Experiments using high-purity germanium diodes enriched in the isotope 76Ge have a 
long tradition in the search of neutrinoless double beta decay. The recent results of 
GERDA Phase I [1,2] showed the lowest background count rate (normalized to the 
number of double-beta decay isotopes), the best energy resolution, and thus led to one 
of the highest sensitivities for neutrinoless double beta decay search in the field. Cur-
rently, GERDA Phase II and the Majorana Demonstrator (MJD) are in their start-up 
phases. Their goals are to further reduce the background count rate w.r. to that of GER-
DA Phase I by one order of magnitude and to increase their exposures in order to ex-
plore half-lives for neutrinoless double beta decay of 76Ge in the few 1026 yr range, qua-
si free of backgrounds. Provided the success of GERDA Phase II and MJD, it is con-
ceived to pool and enlarge the target mass in a staged implementation towards a large-
scale next generation 76Ge experiment. Possible scenarios and challenges towards this 
goal are discussed in this paper.  
    
 
[1] GERDA collaboration (M. Agostini et al.), PRL 111 (2013) 
[2] GERDA collaboration (M. Agostini et al.), Eur. Phys. J. C 74 (2014) 2764 
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CHIRAL EFFECTIVE FIELD THEORY FOR DARK MATTER DIRECT DE-
TECTION

A. Schwenk
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We present a model-independent description of WIMP-nucleon interactions based on chi-
ral effective field theory [1, 2, 3]. This allows us to derive the one- and two-body currents
for general WIMP-nucleon interactions [3]. Matching our amplitudes to non-relativistic
effective field theory, we find that chiral symmetry predicts a hierarchy amongst the non-
relativistic operators.

Focusing on spin-dependent WIMP scattering [2], we study the structure factors based
on state-of-the-art large-scale shell-model calculations, which are shown to yield a good
spectroscopic description of all experimentally relevant isotopes. This comprehensive
survey covers the non-zero-spin nuclei relevant to direct dark matter detection and in-
cludes theoretical error bands due to the nuclear uncertainties of WIMP currents in nu-
clei. For spin-independent WIMP scattering, our results based on the leading one-body
currents show that the structure factors for the relevant momentum transfers are in very
good agreement with the phenomenological Helm form factors used to give experimental
limits for WIMP-nucleon cross sections [4].

In addition, we present results for inelastic scattering [5] where the nucleus is excited
to a low-lying state of 10-100 keV, with subsequent prompt de-excitation. For xenon,
we find that the inelastic channel is comparable to or can dominate the elastic channel
for momentum transfers around 150 MeV. We calculate the inelastic recoil spectra in the
standard halo model, compare these to the elastic case, and discuss the expected signatures
in a xenon detector, along with implications for existing and future experiments. The
combined information from elastic and inelastic scattering will allow to determine the
dominant interaction channel within one experiment. Moreover, the onset of the inelastic
response depends on the mass of the dark matter particle, thus providing a potential handle
to constrain its mass.

[1] J. Menéndez, D. Gazit, and A. Schwenk, Phys. Rev. D 86, 103511 (2012).
[2] P. Klos, J. Menéndez, D. Gazit, and A. Schwenk, Phys. Rev. D 88, 083516 (2013).
[3] M. Hoferichter, P. Klos, and A. Schwenk, arXiv:1503.04811 [hep-ph].
[4] L. Vietze, P. Klos, J. Menéndez, W. C. Haxton, and A. Schwenk, Phys. Rev. D 91,

043520 (2015).
[5] L. Baudis, G. Kessler, P. Klos, R. F. Lang, J. Menéndez, S. Reichard, and A. Schwenk,

Phys. Rev. D 88, 115014 (2013).
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Solar models and neutrinos: the standard model and beyond
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The talk comprises two parts. In the first one, devoted to standard solar models, I will
review the latest developments in the modeling of the Sun, in the context of solar neutri-
nos and the solar abundance problem. In particular, the first ever measurements of iron
opacities at almost solar conditions show discrepancies with atomic opacity calculations
and promise to have a strong impact for solar models. The second part will focus on re-
cent applications of solar modeling to particle physics: 1) new solar limits to the coupling
of axions and hidden photons will be discussed, based on a more rigorous treatment of
neutrino and seismic constraints; 2) is there evidence of asymmetric dark matter in the
Sun?
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Nuclear weak processes play crucial roles in various processes of astrophysical nucleo-

synthesis, and high-precision data of the cross sections or lifetimes of those processes 

are indispensable for quantitative analysis of the nucleosynthesis. Recently developed 

high-performance sources of the secondary particles are expected to provide new oppor-

tunities to obtain experimental information on those nuclear weak processes. For exam-

ple, the lifetime τn of free neutrons is the key parameter in the primordial nucleosynthe-

sis [1]. So far, precise data of τn have been obtained from the storage time of ultra-cold 

neutrons and the in-flight decay rate of cold neutrons. The recent data from both meth-

ods were, however, different from each other by more than 6σ [2], leading to one of the 

main sources of the uncertainty in the calculation of the primordial nucleosynthesis. To 

determine τn with better accuracy, a relative measurement of the neutron decay rate and 

the well-known 3He(n,p)3H reaction rate is in progress by using a pulsed neutron beam 

provided at the Material and Life science Laboratory (MLF) of the J-PARC [3].  

Another example of the nuclear weak process relevant for astrophysical nucleosyn-

thesis is the neutrino-nucleus interactions. The neutrino-induced reactions on light nu-

clei produced by the photo-dissociation of an iron core are considered to assist the ex-

plosions of Type-II supernovae by heating the outgoing shockwave [4]. On the other 

hand, the neutrino process is supposed to make an important contribution to the produc-

tion of rare isotopes in supernova explosions [5,6]. Since the efficiencies of those pro-

cesses are affected by the reaction rates of those neutrino-nucleus interactions, it is im-

portant to obtain precise data of relevant neutrino-nuclear reaction cross sections. For 

precise determination of the neutrino-nuclear reaction rates, the studies of the nuclear 

spin isospin responses are performed or planned with use of newly developed sources of 

γ-rays, muons and neutrinos.  

In this talk, the details and the results of the above experimental studies will be intro-

duced.  

   

.  

 

[1]  G. J. Mathews, T. Kajino and T. Shima, Phys. Rev. D71, 021302(R) (2005). 

[2]  F. E. Wietfeldt and G. L. Greene, Rev. Mod. Phys. 83, 1173 (2011).    

[3]  Y. Arimoto et al.,  Prog. Theor. Exp. Phys. 02B007 (2012). 

[4]  K. Sumiyoshi and G. Röpke, Phys. Rev. C77, 055804 (2008). 

[5]  A. Heger, E. Kolbe, W. C. Haxton, K. Langanke, G. Mart´ınez-Pinedo, and S. E.  

Woosley, Phys. Lett. B606, 258 (2005). 

[6]  G. J. Mathews, T. Kajino, W. Aoki, W. Fujiya and J. B. Pitts, Phys. Rev. D85,  

105023 (2012) 
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The ADMX-HF Experiment

T. Shokair on behalf of the ADMX-HF Collaboration
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The Axion Dark Matter eXperiment - High Frequency (ADMX-HF) is a a collaboration
of Yale, Berkeley, Colorado/JILA and LLNL to search for dark matter axions initially in
the 4-10 GHz (20-50 µeV) range. Axions may convert to a monochromatic RF signal in a
microwave cavity permeated by a magnetic field. ADMX-HF will serve as an innovation
test-bed for new concepts which can be applied in the much larger ADMX experiment,
as well as serve as a pathfinder for this new frequency range. These innovations include
hybrid superconducting cavities to boost the conversion power of the experiment and a
squeezed-state receiver to reduce amplifier noise below the quantum limit. The experi-
ment is currently in the commissioning phase, and is expected to be in full data-taking
mode by late spring 2015.
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The Double Chooz experiment aims at measuring accurately the value of the neutrino
mixing angle θ13 appearing in the PMNS matrix. To do so, the experiment makes the most
of two identical detectors – filled with gadolinium-loaded liquid scintillator – observing
νe’s released by the two 4.25GWth nuclear reactors of the French Chooz power plant. The
mixing parameter θ13 leads to an energy dependent disappearance of the antineutrinos
as they propagate from the nuclear cores to the detection sites, which allows for a fit
of the sin2 2θ13 value. The so-called "far detector" is located at an average distance of
1050m from the two nuclear cores, and has been taking data since April 2011. The
467.90 live days of data taking with the far detector and a good understanding of the
various backgrounds has allowed the Double Collaboration to publish a recent and robust
assessment of the mixing parameter: sin2 2θ13 = 0.090+0.032

−0.029 [1]. On the other hand, the
"near detector" – located at an average distance of 400m from the cores – is to serve
as reactor antineutrino flux measurement before the latter have started disappearing, i.e.
before the antineutrino oscillation has developed. The near detector is indeed finishing
the commissioning stage and results with combined data are soon to be presented, which
will greatly reduce the systematics.
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Figure 1: Fit of the sin2 2θ13 value by estimating the spectral distortion induced by the νe
propagation to a L = 1050m distance.

[1] Y. Abe et al. (Double Chooz collaboration), JHEP 10, 086 (2014).
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Neutrinoless double beta decay with left and right-handed currents revisited

F. Šimkovic, D. Štefánik, and R. Dvornický

Department of Nuclear Physics and Biophysics, Comenius University, Slovakia
email: simkovic@fmph.uniba.sk

The formalism of the Majorana neutrino mass mechanism of the neutrinoless double-beta
is extended by considering p1/2-states of emitted electrons and recoil corrections to nu-
cleon currents. The derived decay rate of the process is a sum of products of kinematical
phase space factors and various nuclear matrix elements. By using exact Dirac wave func-
tion with finite nuclear size and electron screening numerical computation of phase space
integrals is performed. The nuclear matrix element associated with the largest correction
term to the standard expression for decay rate is calculated within the QRPA with restora-
tion of isospin symmetry. The obtained results allow to conclude that the effect of the p1/2
electrons on the neutrinoless double-beta decay rate is not large.

The neutrinoless double-beta with the inclusion of the right-handed leptonic and hadronic
currents and by assuming small neutrino masses is revisited. The p1/2-states of emitted
electrons and recoil corrections to nucleon currents are taken into account. Calculation
of the phase space integrals and differential characteristics is performed by using exact
Dirac wave function with finite nuclear size and electron screening. Analysis is respect of
the effective lepton number violating parameters due to right-handed currents are updated
in light of recent progress achieved by the GERDA, EXO and KamlandZen experiments.
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The AMoRE experiment: A search for neutrinoless double beta decay 
of 100Mo 
 
 
J. H. So on behalf of the AMoRE collaboration 
 
Institute for Basic Science, Republic of Korea 
email: jhso50@gmail.com 
 
 
 

AMoRE (Advanced Mo-based Rare process Experiment) is an international collabo-
ration to search for neutrinoless double beta decay of 100Mo (Qbb = 3034 keV) using 
CaMoO4 cryogenic scintillating bolometers as a source and a detector [1]. In order to 
increase the mass content of 100Mo and reduce the concentration of 48Ca (which is an-
other double beta decay isotope with Qbb = 4272 keV and 0.187 % natural abundance), 
40Ca100MoO4 crystal scintillators were developed [2]. The scintillation properties and 
the internal radioactive contamination of the scintillators have been studied at Yang-
Yang underground laboratory (Y2L) [3]. The heat and light signals upon the interaction 
of a particle in the scintillating crystal will be measured using low temperature metallic 
magnetic calorimeters (MMCs) which have already shown an excellent energy resolu-
tion and signal rise time [4]. A test setup operating in dilution refrigerator at tempera-
tures 10 - 50 mK demonstrated excellent particle discrimination ability both by using 
ratio of heat/light, and by phonon pulse shape analysis [5]. Results of previous studies, 
current status, and prospect of AMoRE experiment will be reported.  
 

  
Figure 1. A picture of 40Ca100MoO4 scintillation crystal (left), and a cryogenic detector setup for the 
simultaneous measurement of light and heat signals using MMC sensors (right). 
 
[1] H. J. Kim et al., in Proc. New View in Particle Physics, Vietnam, p. 449 (2004). 
[2] V. V. Alenkov et al., Cryst. Res. Technol. 46, 1223 (2011). 
[3] J. H. So et al., IEEE Tran. Nucl. Sci. 59, 2214 (2012). 
[4] A. Fleishmann et al., AIP Conf. Proc. 1185, 571 (2009).  
[5] G. B. Kim et al., Advances in High Energy Physics, Article ID 817530 (2015).  
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SPIN RESPONSES IN NUCLEAR WEAK PROCESSES AND NUCLEOSYN-

THESIS 

 

Toshio Suzuki 

 

Department of Physics, Nihon University, Sakurajosui 3, Tokyo 156-8550, Japan 

email: suzuki@phys.chs.nihon-u.ac.jp  

 

 

Nuclear weak rates and reaction cross sections are evaluated with new shell-model 

Hamiltonians, which can well describe spin responses in nuclei, and applied to nucleo-

synthesis by neutrino- and r-processes as well as evolution of stars. The following topics 

are discussed.  

 

1. Neutrino-nucleus reaction cross sections evaluated with new shell-model Hamiltoni-

ans are shown to be quite successful in describing experimental data in 
12

C and 
56

Fe [1, 

2]. New reaction cross sections in light nuclei as well as 
56

Ni are applied to nucleosyn-

thesis in supernova explosions [2]. Cross sections for targets relevant to neutrino detec-

tions are also evaluated [3].   

 

2. Electron-capture rates at stellar environments are evaluated for pf-shell nuclei with 

GXPF1J [4], and applied to study nucleosynthesis in supernova explosions. Electron-

capture and beta-decay rates for URCA nuclear pairs in sd-shell [5] and pf-shell nuclei 

are evaluated and applied to study cooling of stars  [6]. Important roles of accurate eval-

uation of the rates are discussed.   

     

3. Beta-decay rates for isotones with N=126 relevant to r-process nucleosynthesis are 

evaluated [7]. The half-lives for the waiting-point nuclei obtained are used to study r-

process nucleosynthesis in core-collapse supernova explosions and binary neutron star 

mergers. The element abundances are obtained up to third peak as well as beyond the 

peak region up to thorium and uranium [8].  

. 

 

 

[1] T. Suzuki, S. Chiba, T. Yoshida, T. Kajino, and T. Otsuka, Phys. Rev. C 74, 034307 

(2006).   

[2] T. Suzuki et al.,  Phys. Rev. C 79, 061603(R) (2009). 

[3] T. Suzuki, A. B. Balantekin and T. Kajino, Phys. Rev. C 86, 015502 (2012);            

T. Suzuki and M. Honma, Phys. Rev. C 87, 014607 (2013). 

[4] T. Suzuki et al., Phys. Rev. C 83, 044619 (2011).  

[5] H. Toki, T. Suzuki, K. Nomoto, S. Jones and R. Hirschi, Phys. Rev. C 88, 015806 

(2013). 

[6] S. Jones et al., Astrophys. J. 772, 150 (2013).  

[7] T. Suzuki, T. Yoshida, T. Kajino and T. Otsuka, Phys. Rev. C 85, 015802 (2012). 

[8] T. Suzuki, T. Yoshida, S. Shibagaki, T. Kajino and T. Otsuka, in preparation.   
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Recent results from XMASS

Y. Suzuki and the XMASS collaboration

Kavli Institute for the Physics and Mathematics of the Universe, the University of Tokyo
email: yoichiro.suzuki@ipmu.jp

XMASS is a single phase liquid xenon detector aiming to observe direct interaction of
dark matter with the target material. XMASS is a spherical detector containing 832 kg of
liquid xenon viewed by 642 low background two inch size photo-multiplier tubes provid-
ing large photo-cathode coverage of 64%. All the material used as the detector parts were
carefully selected to realize low radioactive environment. XMASS achieved large light
yields of 14 photo-electrons per keVee which assured us 0.3 keVee threshold. The exper-
iment is sensitive not only to nuclear recoils, but also to electron or gamma events with
very low radioactive background level. The advantage of this unique feature of XMASS
was actually demonstrated by a high sensitive search for solar axion, by achieving the
world best limit for the bosonic super-WIMPs and so on.

The XMASS detector was refurbished in 2013 to reduce the unexpected background
found in its commissioning phase. The background was reduced about one order of mag-
nitude at a few keV region. The experiment has started again in December, 2013 and has
been running for more than one year. XMASS is able to accumulate about 0.8 ton*yr of
data for one year of operation due to the large target mass of 832 kg of XMASS, which
can be compared with 1.33 ton*yr of exposure of DAMA/LIBRA for 13 years. There-
fore It is possible for XMASS to make a serious test by one or two years of data on the
modulation effect.

The remains background of XMASS comes mostly from surface backgrounds. We are
considering to reduce such backgrounds by developing a new type of PMT, which effec-
tively identify and reduce the surface backgrounds.

New results, future improvement and prospects of XMASS will be presented.
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NUCLEAR RESPONSE AND GAMMA-EMISSIVITY STUDIED BY PROTON 
INELASTIC SCATTERING 
 
A. Tamii 
 
Research Center for Nuclear Physics, Osaka University, Japan 
email: tamii@rcnp.osaka-u.ac.jp 
 
 
  Spin-isospin responses of nuclei are of fundamental importance for the calculation of 
neutrino-nucleus reactions in astrophysical processes as well as in neutrino detector. At 
the Research Center for Nuclear Physics, we are studying the nuclear responses by 
using high-resolution proton inelastic scattering at forward angles including zero de-
grees. Combination of polarization transfer measurements and angular distribution 
analyses has revealed the complete electric dipole response in heavy nuclei as well as 
the isoscalar/isovector spin-M1 responses and their quenching mechanism. We also 
have started decay gamma-ray coincidence measurements for studying the neutral cur-
rent (NC) neutrino-nucleus reactions in the water Cherenkov neutrino detectors, damp-
ing mechanism of the giant resonances, and isovector spin excitations in nuclei. 
  I plan to pick up the following recent topics as well as the future plans in the confer-
ence. 
1) Isoscalar/isovector spin-M1 responses and their quenching mechanism [1] 
2) Gamma emissivity of giant resonances as a probe of NC neutrino reactions [2] 
 
[1] H. Matsubara, A. Tamii et al., submitted to PRL. 
[2] I. Ou, M. Sakuda, A. Tamii et al., RCNP-E398 experiment.
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STATUS AND PERSPECTIVES OF THE COBRA DOUBLE BETA DECAY EX-
PERIMENT

Jan Tebrügge for the COBRA Collaboration

Technical University of Dortmund, Germany
email: jan.tebruegge@tu-dortmund.de

The aim of the COBRA experiment is to search for the neutrinoless double-beta-decay
and to measure its half-life. For this purpose the COBRA demonstrator, a prototype for
a large-scale experiment, is operated at the Gran Sasso Underground Laboratory (LNGS)
in Italy. The demonstrator consists of an array of 64 monolithic, calorimetric CdZnTe
semiconductor detectors with coplanar grid design with a total mass of 400g. It is used
to investigate the experimental challenges of operating CdZnTe detectors in low back-
ground mode and to identify potential background components. The first data-taking
period started in 2011, while the demonstrator was completed in November 2013. To
date, approximately 250 kg×days of data have been collected.
The energy resolution, long-term stability and background levels have been studied, and
first limits on the searched-for processes have been set.
Furthermore, studies of the pulse shape of detector signals are performed to obtain a bet-
ter separation between signal and background events.
This talk gives an overview of the current status of the experiment and future perspectives.
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Variational study of the equation of state for hyperonic neutron stars

H. Togashi1,2, E. Hiyama1, Y. Yamamoto1 and M. Takano2

1RIKEN, Japan
2Waseda University, Japan
email: hajime.togashi@riken.jp

We investigate the effects of bare hyperon interactions on the structure of neutron stars.
For this purpose, we construct new EOSs of hyperon-mixed nuclear matter based on the
Hamiltonian composed of bare baryon forces.

In previous studies, the EOSs of uniform asymmetric nuclear matter at zero and finite
temperatures are calculated starting from the realistic nuclear Hamiltonian composed of
the Argonne v18 (AV18) two-body potential and Urbana IX (UIX) three-body potential
by the cluster variational method [1]. Using this method, we construct new EOSs of
hyperonic nuclear matter composed of nucleons (N ), Λ and Σ− hyperons. For the NΛ
interaction and the even-state part of ΛΛ interaction, we employ the central three-range
Gaussian potentials in Ref. [2]. Those interactions are determined so as to reproduce the
experimental data of single- and double-Λ hypernuclei. However, there are no experi-
mental data to restrict the odd-state part of ΛΛ interaction. Therefore, we prepare several
models of the odd-state part of ΛΛ interaction to investigate its influence on the static
properties of neutron stars. We also use the simple NΣ−interaction, which is determined
so that the single particle potential of Σ− in normal nuclear matter reproduces the empir-
ical value. Using these bare hyperon interactions, we calculate the energy of hyperonic
nuclear matter with the Jastrow wave function in the two-body cluster approximation.
Then, we apply the obtained EOSs to the study of neutron stars.

In this presentation, we will report the properties of our EOSs for hyperonic nuclear mat-
ter, and discuss the effects of the odd-state part of ΛΛ interaction on the structure of
neutron stars by our variational EOS.

[1] H. Togashi and M. Takano, Nucl. Phys. A 902, 53 (2013).
[2] E. Hiyama et al., Phys. Rev. C 66, 024007 (2002).

92
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Cadmium tungstate (CdWO4) crystal scintillators enriched in 
106

Cd and 
116

Cd are 

used deep underground (3600 m w.e.) at the Gran Sasso National Laboratory of INFN 

(Italy) to search for 2 processes in 
106

Cd (2
+
/

+
/2) and 

116
Cd (2


), respectively. 

A 
106

CdWO4 scintillator (215 g, 66% of 
106

Cd) works in coincidence with four 

HPGe detectors (225 cm
3
 volume each); it is viewed by a low-background photo-

multiplier tube (PMT) through a PbWO4 crystal light-guide (40×83 mm) produced 

from deeply purified archaeological lead. An event-by-event data acquisition system 

stores time of event’s occurrence, data from the HPGe detectors, and pulse shape of 

scintillation signal in 
106

CdWO4 that allows to apply time-amplitude and pulse shape 

analyses of the data. The experiment is finished after 13085 h of data taking. New im-

proved limits on the most of the 
106

Cd 2 processes under study are obtained on the lev-

el of 10
20

 – 10
21

 yr.  

 Two 
116

CdWO4 scintillators (total mass 1162 g, 82% of 
116

Cd), fixed in Teflon 

containers filled with liquid scintillator, are viewed through high purity quartz light-

guides (70×400 mm) by low background high quantum efficiency PMTs (Hamamatsu 

R6233MOD). The detectors are installed inside low background Cu box with external 

shield of Cu (15 cm), Pb (15 cm), Cd (1.5 mm) and polyethylene/paraffin (4 to 10 cm); 

all the set-up is flushed by HP nitrogen. After 8960 h of data taking (in the last version 

of the set-up), T1/2 for 22 decay of 
116

Cd is measured in agreement with previous re-

sults ( 2.810
19

 yr). With counting rate of  0.1 c/(keV kg yr), the sensitivity of the ex-

periment to the 20 decay is limT1/2  1.110
23

 yr at 90% C.L. The data analysis of the 

experiments is in progress. 
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DOUBLE GAMOW-TELLER RESONANCES
– THE OTHER SIDE OF DOUBLE BETA DECAYS –

T. Uesaka1 and M. Takaki2 for the E429 Collaboration

1RIKEN Nishina Center for Accelerator-Based Science
2Center for Nuclear Study, University of Tokyo
email: uesaka@riken.jp

A double beta decay is the slowest decay mode in nuclei and has a typical life time longer
than 1019 years. This is a consequence of small Q values and tiny nuclear matrix elements,
double Gamow-Teller matrix elements, linking the parent and grand-daughter nuclei.

It is believed that, at higher excitation energies, there is a state that exhausts a major part of
the double Gamow-Teller strengths; a double Gamow-Teller giant resonance (DGTGR).
Since a DGTGR is driven by the same operator as double beta decays, it is expected
that we can learn the nature of nuclear matrix elements of the double beta decay through
observation of a DGTGR. However, a DGTGR has been kept yet-to-be-discovered since
the first theoretical prediction in 1989[1].

We have started an experimental program to search for a DGTGR with a newly-invented
method. It is based on use of the heavy-ion double charge exchange (12C, 12Be(0+

2 ))
reaction as a probe to a DGTGR. This reaction has strong points that are missing in
previously employed reactions and is quite efficient in populating a DGTGR.

We performed the first experiment with the (12C, 12Be(0+
2 )) reaction by using a 100-MeV

12C beam at Research Center for Nuclear Physics, Osaka University. We employed 48Ca
as a target and obtained an excitation spectrum in 48Ti.

In the symposium, overview of the experimental program and results from the first exper-
iment will be reported.

[1] N. Auerbach, L. Zamick, and D. Zheng, Annals of Physics 192, 77 (1989).
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Direct Dark Matter Hunt

J.D. Vergados

University of Ioannina
email: vergados@uoi.gr

Matter constitutes 30% of the energy content of the Universe. The remain-
ing 70% is what is called dark energy, which exhibits unusual repulsive
gravitational interactions. On the matter sheet, only 5% is of known nature,
i.e. matter such as found in atoms, in stars, in planets and ourselves. From
observations on all astrophysical and cosmological scales we know that
most of it, i.e. 25%, is dark matter (DM) of unknown nature. The nature of
DM is one of the most important open problems in science. The ongoing
hunt for DM is multi-pronged and interdisciplinary involving cosmology
and astrophysics, particle and nuclear physics as well as detector technol-
ogy. In this talk we will focus on the direct detection of the dark matter
constituents, the so called weakly interacting massive particles (WIMPs),
in underground labs. The detection consists of measuring the energy de-
posited in the detector by the recoiling nucleus, after its elastic collision
with a WIMP (spin independent or spin induced). In obtaining the event
rates one needs models about the WIMP interaction and density in our
vicinity as well as its velocity distribution. From such expressions one
hopes to extract the particle physics parameters contained the elementary
nucleon cross section and infer the nature of WIMPs. No events have so
far been observed, only exclusion plots on the nucleon cross sections have
been obtained, which will be discussed. Anyway, since the expected rates
are very small and the usual experimental signature is not different from
that of the backgrounds, we will discuss some special signatures that might
aid in the analysis of the experiments such as the time dependence of the
signal (modulation effect) and the option of inelastic scattering (possible
in some special targets).
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SOLAR MODELS AND NEUTRINOS: A QUANTITATIVE ANALYSIS OF THE 
SOLAR ABUNDANCE PROBLEM 
 
F.L. Villante 
 
University of L’Aquila and INFN-LNGS, Italy 
email: villante@lngs.infn.it 
 
 
 
The talk comprises two parts. In the first part, I will provide a quantitative analysis of 
the information that helioseismology and neutrino provide on the chemical composition 
and on the opacity profile of the Sun. In the second part, I will focus on the possibility 
of a future detection of neutrinos emitted in the CNO cycle (either the “conventional” 
CNO neutrinos or the rare ecCNO neutrinos produced by electron capture reactions) and 
on their role for the solution of the problem. 
 
 
 
[1] F.L. Villante, Phys. Lett. B 742 279 (2015)  
[2] F.L. Villante et al., Astrophys. J. 787 13 (2014) 
[3] F.L. Villante, Astrophys. J. 724  98 (2010) 
[4] F.L. Villante et al.,  Phys. Lett. B701 336 (2011) 
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Formal and interdisciplinary aspects of neutrino flavour conversion in astrophysical
environments

C. Volpe

AstroParticule et Cosmologie (APC), CNRS/Université de Paris 7, 10, rue Alice Domon
et Léonie Duquet, 75205 Paris cedex 13, France
email: volpe@apc.univ-paris7.fr

Neutrinos change their flavour in intriguing ways in astrophysical environments such as
core-collapse supernovae, binary neutron stars and collapsars. In this talk, I will discuss
general aspects of the evolution equations usually employed in the description of neutrino
flavour conversion in media. In particular I will recall their approximations and describe
the current attempts to go beyond. I will emphasise the connection with condensed matter
and nuclear physics.
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NEUTRINO AND DARK MATTER PHYSICS WITH SUB-KEV GERMANIUM 
DETECTORS  
 
Henry T. Wong 
 
Institute of Physics, Academia Sinica, Taipei 11529, Taiwan. 
email: htwong@phys.sinica.edu.tw 
 
Germanium detectors with sub-keV sensitivities[1] offer a unique opportunity to study 
neutrino interactions and properties [2] as well as to search for light WIMP Dark Mat-
ter[3]. The TEXONO and CDEX Collaborations has been pursuing this research pro-
gram at the Kuo-Sheng Neutrino Laboratory (KSNL) in Taiwan and in the China 
Jinping Underground Laboratory (CJPL) in China. We will present highlights of the de-
tector R&D program which allow us to experimental probe this new energy window. 
The results, status and plans of our physics program will be discussed. 
 
 

[1] H. T. Wong et al., J. Phys. Conf. Ser. 39, 266 (2006) ; H.B. Li et al., Astropart. Phys. 
56, 1 (2014) ; A.K. Soma et al., arXiv:1411.4802 (2014) . 

[2]  J-W. Chen et al., Phys. Rev. D 90, 011301(R) (2014) ; J-W. Chen et al., Phys.Rev. 
D 91,013005 (2015). 

[3]  H.B. Li et al, Phys. Rev. Lett. 110, 261301 (2013) ; Q. Yue et al., Phys. Rev. D 90, 
091701(R) (2014) ; S.K. Liu et al., Phys. Rev. D 90, 032003 (2014). 
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ON THE ROLE OF EV-STERILE NEUTRINOS IN CORE-COLLAPSE SUPER-
NOVAE

Meng-Ru Wu, Yong-Zhong Qian and Gabriel Martínez-Pinedo

Technische Universität Darmstadt, Germany
email: mwu@theorie.ikp.physik.tu-darmstadt.de

Recent short-baseline reactor neutrino experiments may implicate the possible existence
of light sterile neutrinos with eV masses that mix with active neutrinos [1]. Previous
studies suggested that the flavor conversion between active neutrinos and sterile neutrinos
may have strong impact on the nucleosynthesis in core-collapse supernovae [2, 3, 4]. I
will discuss our recent work on elucidating the role of light eV sterile neutrinos on super-
novae explosion and the associated nucleosynthesis, when various convoluted feedbacks
between flavor oscillations and the evolution of matter composition and hydrodynamics
are considered [5, 6].

[1] G. Mention, M. Fechner, Th. Lasserre et. al., Phy.Rev. D83, 073006 (2011).
[2] H. Nunokawa, J.T. Peltoniemi, A. Rossi and J.W.F. Valle, Phy.Rev. D56, 1704 (1997).
[3] G.C. McLaughlin, J.M. Fetter, A.B. Balantekin and G.M. Fuller, Phy.Rev. C59, 2873

(1999).
[4] I. Tamborra, G. Raffelt, L. Hudepohl and H.T. Janka, JCAP 1203, 013 (2012).
[5] M.-R. Wu, T. Fischer, L. Huther et. al., Phy.Rev. D89, 061303 (2014).
[6] M.-R. Wu, Y.-Z. Qian, G. Martínez-Pinedo, in preparation (2015)
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EXPERIMENTAL SEARCHES FOR EV-SCLAE STERILE NEUTRINOS

Michael Wurm

University of Mainz/EC PRISMA, Germany
email: michael.wurm@uni-mainz.de

While the baseline scenario of neutrino oscillations among the three active neutrino fla-
vors is by now well established, oscillation anomalies have been observed in a variety of
neutrino experiments. The available data hint towards the existence of one or more addi-
tional eV-scale sterile neutrinos mixing with the active flavors [1]. As a consequence, new
efforts have been started to test this sterile neutrino hypothesis in dedicated experimental
setups. As these experiments will perform an L/E-dependent measurement of the oscilla-
tions from active to sterile neutrinos, the emergence of a disappearance pattern would be
a smoking-gun evidence for sterile neutrinos.

The present contribution will give an introduction to the physics case as well as an
overview of the on-going experimental efforts, highlighting the two European short-
baseline projects that are foreseen to start in 2016: The SOX experiment deploying a
radioactive neutrino source at short distance from the BOREXINO detector at LNGS
[3], and the STEREO detector searching for sterile neutrino oscillations at short distance
from the ILL reactor core [2]. Moreover, the sensitivity of the KATRIN experiment to
an eV-scale sterile neutrino mass eigenstate will be discussed, resulting from the precise
measurement of the tritium beta-decay endpoint [4].

[1] K. N. Abazajian et al., arXiv:1204.5379 [hep-ph].
[2] D. Lhuillier, PoS EPS -HEP2013 (2013) 522 & talk at XXVI Int. Conference on

Neutrino Physics and Astrophysics, Boston (2014).
[3] G. Bellini et al. [Borexino Collaboration], JHEP 1308 (2013) 038 [arXiv:1304.7721].
[4] J. A. Formaggio, J. Barret, PLB 706 (2011) 68
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NEUTRINO-NUCLEUS SCATTERING AT SUPERNOVA ENERGIES

E. Ydrefors and J. Suhonen

University of Jyväskylä, Finland
email: ydrefors@kth.se

Supernova neutrinos constitute very valuable probes of both the currently unknown su-
pernova mechanisms and of physics beyond the Standard Model. Neutrinos from a future
Galactic supernova explosion could be detected with Earth-bound detectors using neutrino
scatterings from nuclei. Examples of current/planned experiments include the MOON [1],
the HALO [2] and the Hyper-K [3].

Reliable theoretical estimates of the nuclear responses to supernova neutrinos for relevant
nuclei are essential in order to, e.g., extract information concerning neutrino properties
and for various astrophysical applications. In this contribution, we present and discuss
recently computed results [4, 5] for the charged-current and neutral-current neutrino-
nucleus cross sections for a selected set of nuclei which are of interest for the detection of
supernova neutrinos and/or other neutrino-physics studies. Reliable nuclear wave func-
tions are essential in order to produce accurate estimates of the neutrino-nucleus cross
sections. A special effort will therefore be devoted to discuss the impact of the nuclear
structure on the computed cross sections.

[1] H. Ejiri et al. , Eur. Phys. J. Special Topics 162, 239 (2008).
[2] HALO - Helium and Lead Observatory, http://www.snolab.ca/halo/.
[3] Hyper-Kamiokande,http://www.hyperk.org/.
[4] E. Ydrefors, J. Suhonen and Y. M. Zhao, Phys. Rev. C 91, 014307 (2015).
[5] W. Almosly et al., Phys. Rev. C 89, 024308 (2014.
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OPEN CALL – THE SEARCH FOR FUTURE SCIENTIFIC ACTIVITY IN THE 
PYHÄSALMI MINE 
 
M. Aittola, T. Enqvist and J. Kutuniva 
 
Oulu Southern Institute and Department of Physics, University of Oulu, Finland 
email: timo.enqvist@oulu.fi 
 
 
 
The Pyhäsalmi Mine is 1400 metres deep modern metal mine at Pyhäjärvi, Finland. The 
facilities of the mine are excellent, for example, for various kind of physics experiments 
due to the large rock overburden, but they can also serve for other fields of sciences, 
offering unique facilities and opportunities for several purposes. The excellence of Py-
häsalmi Mine area for various underground physics experiments from both technical, 
infrastructural and scientifical point of view has been proven in different international 
studies and reports [1]. The suitability has been shown also by the extended site investi-
gations at Pyhäsalmi Mine [2], which included, among others, analyses of the structural, 
physical and chemical conditions of the rock mass. 
 
At the moment the mine already hosts EMMA experiment, which consists of 11 detec-
tor stations (15 m2) assembled in the caverns at the depth of 75 and 45 meters. The ex-
periment studies the composition of cosmic rays around the knee region (energy above 
3 PeV). In addition, the new laboratory space (~130 m2) is being developed at the main 
level of the mine – at 1400 metres. The first experiment in the new laboratory will be 
the C14 experiment, which will study the C-14 content in liquid scintillator samples, 
requiring low background.   
 
For the further exploitation of the available underground infrastructure there are plans to 
expand activity by attracting other, national and international, users to the mine, and to 
create a Science and Research Centre, CallioLab. The centre will be able to host several 
experiments of particle physics, and also other fields of sciences. The expanding of ac-
tivity will be realized by so-called Open Call process, through which research groups 
and collaborations can apply to the new and upcoming laboratory spaces. The open call 
will be opened at April 15th, 2015. 
 
 
[1] M. Wurm et al., Astroparticle Physics 35 (2012) 685 
[2] Kalliosuunnittelu Oy Rockplan Ltd, Extended Site Investigations at Pyhäsalmi 
Mine, Finland
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Theoretical estimates of the (anti)neutrino-nucleus scattering cross sections are of paramount
importance. The theoretical estimates of the cross sections of the charged-current reac-
tions, for example, are important for the predictions of nuclear matrix elements for the
neutrinoless double beta decay by exploiting the so-called neutrino beams. The stable
cadmium nuclei are highly interesting nuclei for such studies and for the running COBRA
experiment. Furthermore, The interest in studies of supernova (anti)neutrino-nucleus in-
teractions goes beyond the study of the supernova mechanisms and standard model.

We have computed the cross sections for the incoherent neutral-current [1] and charged-
current [2] (anti)neutrino scattering off the stable cadmium isotopes, at energies typical
of supernova neutrinos. The Donnelly-Walecka method has been adopted as the basic
framework in computing the cross sections. The quasiparticle random-phase approxima-
tion (QRPA) has been adopted to construct the initial and final nuclear states of the even-
mass cadmium nuclei and the proton-neutron variant of the quasiparticle random-phase
approximation (pnQRPA) for the final states of the odd-odd indium and silver nuclei. The
wave functions of the odd-mass cadmium, indium and silver nuclei has been obtained by
the use of the microscopic quasiparticle-phonon model (MQPM).

In the case of 116Cd we perform self-consistent calculations of the cross sections for
the charged-current neutrino and antineutrino scattering based on ten different globally
parametrized Skyrme interactions [3]. We compared those results with those obtained by
using Bonn one-boson exchange potential and the mean field was of Coulomb-corrected
Woods-Saxon type [4].

The computed cross sections are folded with suitably parametrized Fermi-Dirac distribu-
tion of the supernova neutrino and antineutrinos energies to obtain realistic estimates of
the nuclear responses to these neutrinos.

[1] W. Almosly, E. Ydrefors and J. Suhonen, J. Phys. G: Nucl. Part. Phys. 42, 025106
(2015).

[2] W. Almosly, E. Ydrefors and J. Suhonen, manuscript in preparation .
[3] W. Almosly, B. G. Carlsson, J. Dobaczewski, J. Suhonen, J. Toivanen, P. Vesely, and

E. Ydrefors, Phys. Rev. C 89, 024308 (2014).
[4] W. Almosly, E. Ydrefors and J. Suhonen, J. Phys. G: Nucl. Part. Phys. 40, 095201

(2013).
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We have computed the nuclear matrix elements (NMEs) for neutrinoless double beta de-
cays (0νββ) of experimentally interesting nuclei 76Ge, 82Se, 96Zr, 100Mo, 110Pd, 116Cd,
124Sn, 128Te, 130Te and 136Xe. We have concentrated on ground-state-to-ground-state tran-
sitions which proceed either by light (l-NMEs) or heavy (h-NMEs) Majorana-neutrino
exchange. In our computations the nuclear structure was modelled by the proton-neutron
quasiparticle random-phase approximation (pnQRPA) in realistic single-particle model
spaces and with the G-matrix two-body interactions. Short-range correlation effects
were included in a phenomenological way by using the Jastrow correlation function
parametrized in the usual ways (Miller-Spencer, Argonne and CD-Bonn). Inner structure
of the decaying neutrons was taken into account via the nucleon form factors. We have
also included in our calculations the contributions arising from the higher-order terms of
the nucleonic weak current. The pnQRPA results were corrected for the isospin symmetry
by using the method proposed in Ref. [4].

In [1] we have compared our results for the l-NMEs and h-NMEs with the earlier QRPA
calculations from Refs. [2, 3, 4] and with the IBM-2 calculations from Ref. [5] Our
isospin symmetry corrected total l-NMEs are in good agreement with the QRPA calcu-
lations from [4]. However, the isospin symmetry restoration seems to have only a minor
effect on our Fermi matrix elements. This is at odds with the results of Ref. [4] where
a significant reduction in the Fermi matrix elements was observed. Our results for the
CD-Bonn parametrized h-NMEs behave in a similar way as the ones calculated recently
by the Tübingen-Caltec group [3, 4]. Our Miller-Spencer parametrized h-NMEs differ
nevertheless considerably from the older Tübingen calculations [2]. There exists also
a significant deviation between our h-NMEs and the IBM-2 calculations of Ref. [5] in
all three parametrizations of the Jastrow function. Despite this large deviation, our h-
NMEs change in a similar way with the IBM-2 matrix elements when we move from the
Miller-Spencer to softer Argonne and CD-Bonn parametrizations of the Jastrow function.
This fact also suggests that there is probably some problem with the h-NMEs of Ref.
[2]. Reason for the large differences between the QRPA and IBM-2 h-NMEs is currently
unknown. More studies are needed to clarify this point.

[1] J. Hyvärinen, J. Suhonen, Phys. Rev. C 91, 024613 (2015).
[2] F. Šimkovic, G. Pantis, J. D. Vergados and A. Faessler, Phys. Rev. C 60, 055502

(1999).
[3] J. Vergados, H. Ejiri and F. Šimkovic, Rep. Prog. Phys. 75, 106301 (2012).
[4] F. Šimkovic, V. Rodin, A. Faessler and P. Vogel, Phys. Rev. C 87, 045501 (2013).
[5] J. Barea, J. Kotila and F. Iachello, Phys. Rev. C 87, 014315 (2013).
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In this work we perform a systematic study of pairs of single-β-decaying nuclei in the
mass regionA = 100−136 to extract information on the effective value of the axial-vector
coupling constant gA. As the many-body framework we use the quasiparticle random-
phase approximation (QRPA) and its proton-neutron variant (pnQRPA) in single-particle
valence bases with Woods-Saxon calculated single-particle energies. Along with probing
the effective value of gA we attempt to deal with the unsettled value of the particle-particle
interaction parameter gpp of the pnQRPA by allowing the value of gpp to vary and, for each
value of gpp, adjusting the value of gA to reproduce the experimental geometric means of
single beta decay matrix elements in the examined isobaric triplets. The geometric mean
of these matrix elements is typically almost independent of the value of gpp. Moreover, the
two-neutrino double beta (2νββ) decay matrix elements are also quite weakly dependent
on gpp, which effectively diminishes the so called gpp problem in this work.

It is found that, to a reasonable approx-
imation, gA is a linear function of the
mass number A, with a slightly differ-
ent parametrization below and above the
massA = 121. Using the values of gA ex-
tracted from the linear fit and an average
value of gpp = 0.7 we calculate the 2νββ
decay half-lives of 11 β−β− decays and
10 β+β+/β+EC/ECEC decays to both the
ground state and the lowest three excited
states. All results obtained using the lin-
ear gA model are compared with corre-
sponding results computed with an aver-
age constant value of gA = 0.60.
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We consider a fermionic dark matter candidate interacting via a scalar mediator coupled
with the Standard Model through a Higgs portal. We consider a general setting including
both scalar and pseudoscalar interactions between the scalar and fermion, and illustrate
the relevant features for dark matter abundance, self-interaction and direct search limits.
We find that the mass of the mediator has to be . 1GeV, in order to explain the features
seen in the large-scale simulations of structure formation. In addition we show that the
problems of a light scalar mediator in the early universe can be resolved by introducing a
sterile neutrino mixing with the Standard Model neutrinos.
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