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We know neutrino mass differences but not yet the 
hierarchy or the absolute mass scale.  
 
For direct Neutrino Mass Measurement, there are two 
approaches being used: 
1. Neutrino-less Double Beta Decay (in addition to absolute mass 

information an observation provides substantial additional information 
including physics beyond the Standard Model)  
 
• An observation involves: 

• Lepton Flavor Violation 
• Majorana neutrinos (Neutrino = Anti Neutrino) 
• A measure of the absolute mass of neutrinos 
• Majorana CP violating phases. 

 
     The mixing information obtained from oscillations implies that we are 

within reach of the inverted hierarchy in the next generation experiments. 
 

2.  Distortion of the endpoint of the electron spectrum for beta decay (a 
kinematic measurement using physics within the Standard Model)  
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Double Beta Decay & Mass Parabolas 

Qββ= 2039 MeV 

          
Standard Model: 2 weak decays X=2e- +2νe    2ν beta decay 
Beyond the SM: X=2e-    0ν (neutrino-less) beta decay 
Requires Majorana neutrinos and finite neutrino mass, can involve other physics 
beyond the SM. 

Double beta decay: 
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For 3 Active neutrinos. 

Solar,Reactor Atmospheric, Accel. 

As of today: Oscillation of 3 massive active neutrinos is clearly the dominant effect: 

For two neutrino oscillation in a vacuum: (a valid approximation in many cases) 

CP Violating Phase Reactor, Accel. Majorana CP Phases 

Range defined for ∆m12, ∆m23 

Pontecorvo-Maki-Nakagawa-Sakata matrix 

(Double β decay only) 
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CP Violating Phases: implication for Antimatter/Matter asymmetry via Leptogenesis? 



SUMMARY OF RESULTS FOR THREE ACTIVE  ν TYPES 

Mass Hierarchies 

Normal Inverted 

∆m~0.05 eV 

No strong theoretical motivation 
for choosing between these 

hierarchies 
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Lightest neutrino (m1) in eV 

mνββ =  |m1 cos2θ13cos²θ12 + m2  e2iα cos2θ13sin²θ12 + m3 e2iβ sin²θ13| 

ν-less Double Beta Decay: Measuring Effective ν Mass 

Inverted 

Normal 
Mass 
Hierarchy 

Present Limits 

0.05 eV Degenerate 

2.01.51.00.50.0
Sum Energy for the Two Electrons (MeV)

 Two Neutrino Spectrum
 Zero Neutrino Spectrum

1% resolution
Γ(2 ν) = 100 * Γ(0 ν)

T1/2= F(Qββ,Z) |Μ0ν|2 <mνββ>2 

Neutrinoless 

2 ν  
Emission 

Requires: Neutrino wave function = Anti-neutrino w.f. (Majorana particles) 

• Finite ν mass: Lifetimes > ~1026 years imply ν mass < 0.1 eV 

Present 
Generation 

Majorana phases 

Next 
Generation 



Next Generation: >~$100 M 
From J. Wilkerson 



Isotopes have similar sensitivity per unit mass. 
Variations in our knowledge of Nuclear Matrix Elements and 
effective phase space are shown below. 



Inverted Hierarchy Coverage 
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Figure source: A. Dueck, W. Rodejohann, and K. Zuber, Phys. Rev. D83 (2011) 113010. 
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 Further work on nuclear theory will be very valuable 



Most isotopes are below 10% abundance, so availability and cost of 
isotope enrichment is an important question for the future. 



Detector Resolution is another major factor affecting sensitivity, as is the 
amount of other background contained in the region of interest. 



Signals and 
Background for 
neutrino-less 
double beta 

decay  

Limiting cosmic ray background is important. Depth is the most effective way 
to do this, but local shielding can compensate somewhat at shallower depths. 

From J. Wilkerson 



Notional Timeline 
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Construction 

Operation 

Today 



From J. Wilkerson 
Next Generation: >~$100 M 
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Next Generation Experiments 





GERDA PHASE 1 

T1/2 > 
2 x 1025 y 



Ge Sensitivity 

GERDA 
Phase 2 

Ge 1 tonne objective 



Tracking reduces background and will enable tests of underlying physics mechanisms 
once detection takes place. 





CUORE ~ 100 counts/ROI/Tonne/year 

Future Prospects using Light from ZnSe, ZnMoO4 to 
discriminate against surface alphas 

Start in 2016: CUORE Objective: T1/2 > 1026 years 



1000 tonnes D2O 

12 m diameter Acrylic Vessel 
18 m diameter support structure; 9500 PMTs  
(~54% photocathode coverage) 

 
1700 tonnes inner shielding H2O 
5700 tonnes outer shielding H2O 
Urylon liner radon seal 

 

depth: 2092 m (~6010 m.w.e.) ~70 muons/day 

Sudbury  
Neutrino 
Observatory 

780 tonnes liquid 
scintillator 

hold-down 
rope net 

Start in 2015 



SNO+ Double Beta Decay 
(5-yr Data Simulated) 

~ 10cts/ROI/T/Yr 



Percent Loading of Tellurium 

• 0.3%, 0.5%, 1%, 3%, 5% (from left to right) 

For the Future 

800 kg 130Te in SNO+ 8000 kg 130Te in SNO+ 



SNO+ 0.5% 

SNO+ 3% 

                     Excluded by EXO-200, GERDA, KamLAND-Zen 
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Shimizu Nu2014 





Xe TPC 

Liquid 

High Pressure Gas 

EXO  ->   nEXO 

200 kg 84% 136Xe  ->  ~ 5 tonnes 

NEXT -> MAGIX 

10, 100kg -> 1000 kg 84% 136Xe 



Shown for EXO, even clearer for NEXT 

An experiment with 1 to 5 tonnes is capable of reaching below the Inverted hierarchy 
with adequate control of background. Identifying the Ba daughter may be possible. 



• A discovery would involve very important physics: 
• Lepton Flavor Violation 
• Majorana neutrinos (Neutrino = Anti Neutrino) 
• A measure of the absolute mass of neutrinos 
• Majorana CP violating phases. 

 
• More than one isotope /technique will be required for clear discovery. 

 
• More work on nuclear theory would be valuable. 

 
• Many experiments are pushing the sensitivity into inverted hierarchy region. 

 
• Next generation experiments will reach the bottom of the inverted hierarchy 

region (also needed for decay details if discovery made in present 
generation): Implies several future experiments each > $100 M. 
 

• Isotope separation will be very important for most of the experiments. For 
example: 1 Tonne of Ge enrichment is estimated to cost ~ $90 M. 

• International cooperation is essential for present generation and 
particularly for future generation experiments. 

 

Summary of Neutrino-less double beta decay 



 Neutrino mass from Beta Spectra 

neutrino masses mixing 

With flavor mixing: 

from oscillations mass scale 

From H. Robertson 



Start 2016 





Project 8 

Now testing with 83Kr source at U. Washington. Work with tritium will 
follow successful testing. 

Detect cyclotron radiation from the decay electrons 



Present and 
Future Neutrino 
Mass sensitivity, 
including KATRIN 

(start 2016)  

Potential Project 8 
Sensitivity for 

various Molecular 
and Atomic 

Tritium densities 



CONCLUSIONS 
• Neutrino-less Double Beta Decay and Tritium end-point measurements address very 
important and fundamental physics  
 

• The scale of the double beta decay experiments is reaching the stage where 
international cooperation is essential for future success. 
 

• Funding support for present generation experiments and sharing of scientific and 
technological information is important for future progress. 
 

• Collaboration building and international cooperation on isotope separation & low 
radioactivity materials and techniques during the next several years will enable the 
successful selection of the best isotopes, technologies and sites for several Next 
Generation Neutrino-less Double Beta Decay Experiments.  
 

• This should be done primarily on the basis of accomplishing the best possible science, 
generating  a coalescence of international scientists around the best Next Generation 
Experiments. 
 

• These topics should be included in the list for the communique from this meeting and 
the Underground Lab Directors should be encouraged to sponsor meetings  over the 
next 2-3 years to reach a consensus on Next Generation Double Beta Decay Expts.    



THANK YOU 
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