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Lightest neutrino (m1) in eV

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

ν-less Double Beta Decay: Assuming a Light Majorana ν

Inverted

Normal
Mass
Hierarchy

Present Limits

0.04 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)

Neutrinoless

2 ν
Emission

Requires: Neutrinos to be their own antiparticle (Majorana particles)

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

Additional phases

130Te
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(T1/2) -1 = G(Qββ,Z) gA
4 |Μ0ν|2 <mνββ>2
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For 3 Active neutrinos.

Solar,ReactorAtmospheric, 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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(T1/2) -1 = G(Qββ,Z) gA
4 |Μ0ν|2 <mνββ>2

ν-less Double Beta Decay: Assuming a Light Majorana ν

Phase Space

Matrix Elements

R. G. H. Robertson, Mod. Phys. Lett. A 28, 
1350021 (2013).

Combining this information on Phase 
Space and Matrix Elements, Robertson 
concludes that the sensitivity for 
observing an effective neutrino mass is 
quite similar for the various isotopes. 
The regions show the potential 
sensitivity for 1 event per tonne year. 
Note the uncertainty in gA on the 
vertical axis from possible quenching.
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The plot illustrates the two major uncertainties in relating a measurement of half 
life to an effective neutrino mass. 
• The range of matrix element calculations squared is substantial
• The possibility of “quenching” of gA is a topic of some controversy. It appears 

to occur for both single beta decay and for 2ν double beta decay. However, 
the components and phases are very different than for 0ν double beta decay.

Fortunately, the nuclear physics theory community is taking on these questions 
as high priority and progress is being made on reducing the uncertainties.
See following talk by Javier Memendez

(T1/2) -1 = G(Qββ,Z) gA
4 |Μ0ν|2 <mνββ>2

Theoretical Uncertainties

R. G. H. Robertson, Mod. Phys. Lett. A 28, 
1350021 (2013).

Same plot for all isotopes with 
Q greater than 2 MeV
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Limitations to Experimental Sensitivity

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)

M. Martinez WIN 2017

These Factors and 
Time are Universal

Good resolution and 
Low background are 
the objectives to 
maximize sensitivity

b ~ 2 ν Rate +
Local background 
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This translates into a sensitivity curve for a typical experiment where it is 
clear that background control and resolution are very important for 
discovery sensitivity. 

76Ge
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Interesting Bayesian study of the probability of observation, assuming 
Majorana neutrinos and the known information about neutrino 
properties. Implies reasonable probabilities for regions accessible for next 
generation experiments. Note that this study and most experimental 
sensitivities do not include possible quenching effects on gA in relating to 
the scale in eV.
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Effects on Probabilities of including Cosmology or assuming ml is zero
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Status of Major International Experiments

Isotope Present with data Future Type

76Ge MAJORANA
GERDA

LEGEND

Semiconductor
“
“

82Se NEMO-3 SuperNEMO
CUPID

Tracking Calorimeter
Bolometer/Scintillator

100Mo AMoRE
CUPID

Bolometer
Bolometer/Scintillator  

130Te CUORE
SNO+

Bolometer
Scintillator

136Xe EXO-200

KamLAND-Zen
NEXO

NEXT
PANDA-X III

Liquid TPC
Liquid TPC
Scintillator
Gas TPC
Gas TPC

Plus other experiments in the R&D Phase: 48Ca, 150Nd…
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76Ge
MAJORANA AND GERDA LEGEND 

MAJORANA
Ultra Pure Copper cryostat

30 kg Enriched Ge

Background: 1.8 x 10-3

counts/(keV kg y)

GERDA
Ge crystals in liquid Ar

35 kg Enriched Ge

Background: 2.7 x 10-3

counts/(keV kg y)

LEGEND
Phase 1:  Up to 200 kg Enr. 
Ge in GERDA cryostat

Phase 2: Up to 1000 kg
Combined Technologies and 
Collaborations
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76Ge New GERDA Result: Caldwell, TAUP2017
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82Se (and Others) NEMO-3

100Mo (7 kg), 82Se (1 kg), 130Te, 116Cd, 150Nd, 
96Zr, 48Ca

• Provided the best value for the 2ν
half life in these cases.

• Demonstrated the technology for the 
Super-NEMO detector
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82Se Super – NEMO Demonstrator

T. Le Noblet, TAUP 2017
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100Mo AMoRE

Hyon-Suk Jo, TAUP2017
YangYang Lab, South Korea
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100Mo

Hyon-Suk Jo, TAUP2017

AMoRE
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130Te CUORE

TAUP 2017
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CUORE130Te

Congratulations to the CUORE Collaboration on their beautiful first results
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130Te

TAUP 2017

CUORE sensitivity:9 x 1025 yr
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82Se (100Mo future) CUPID-0 (Formerly Lucifer)

S. Pirro TAUP 2017



SNO+ 

AV Hold Down
Ropes

Existing
AV Support
Ropes

Replace the heavy 
water in SNO with 
organic liquid  
scintillator (LAB) plus 
Te (~4 ton). Liquid is 
lighter than water so 
the Acrylic Vessel 
must be held down.

“SNO
RELOADED”

Hold-down ropes installed, now full with pure water, running. LAB 
installation 2018, Te installation early 2019.

130Te
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SNO+
Picture 
From 

Internal 
Camera

Possible Phase II:

5% Te Loading

PMT’s replaced with 
High Quantum 
Efficiency

130Te
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136Xe EXO-200: New Results
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136Xe

EXO-200: New Results
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136Xe

R. MacLellan TAUP2017



28

136Xe

• Electrically Biased probe with Resonance Ionization Spectroscopy
– Stanford University

• Extraction to Gas Phase with Ion Trapping
– Carleton and McGill Universities and TRIUMF

• Electrically Biased probe with Thermal Desorption
– University of Illinois Urbana-Champaign

• Cryogenic probe with Fluorescence Spectroscopy
– Colorado State University

nEXO

Ba-Tagging research ongoing:
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136Xe NEXT

• 5 kg of Ar has been 
running at CanFranc since 
Oct 2016.

• NEXT-100: 100 kg of Ar
will be running by the end 
of 2018

NEXT-100

Fluorescence of organic molecules being 
studied for Ba-tagging.
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136Xe KamLAND-Zen

Phase I + II (504 kg-yr): t½ < 1.07 x 1026 yrs
Now running with New Balloon and 750 kgs
Future: 1000 kg 
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136Xe PandaX-III

Full Project: 5 x 200 kg Modules in 
water shield in Jing Ping Laboratory

Presently one prototype module 
with Micromegas readout.

10 Bar Gas TPC: 
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Inverted Hierarchy 
Region
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Discovery Potential (5 year running)

Contours in mββ cover the range of 
Nuclear Matrix Elements (but not 
possible gA quenching)

136Xe

130Te76Ge
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Summary and Future Outlook

• Several experiments are prepared to dip into the Inverted 
Hierarchy region in the full operation of their present 
configuration.

• There are future prospects for sensitivity that will extend at least 
to the bottom of the IH region.

• Considerable work continues to be needed on control of 
backgrounds to attain adequate sensitivity in finite time.

• Analysis by Agostini et al suggests optimism for the possibility for 
discovery within the potentially accessible regions if neutrinos are 
Majorana particles.

• Further theoretical work is very important to improve the 
uncertainty in nuclear matrix elements and gA quenching.
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