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0nbb is important on 
any current particle physics roadmap

It would inform us about:

 An explanation why neutrinos are 

so much lighter than other particles

 Leptogenesis, a possible origin of 

the baryon-antibaryon asymmetry

if neutrinos violate CP (DUNE/HK)

 Neutrino absolute mass scale

Observation would imply:

 Violation of lepton number (by 2!)

 Neutrinos have Majorana masses

(different than quarks and leptons,

Schlechter and Valle, 1982)

 Neutrinos are their own anti-particles
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0νββ decay
Observable

IBM-2, May 2012

Barea, J., et al. Phys. Rev. Lett. 109, 042501 (2012).

J. Kotila and F. Iachello, Phys. Rev. C 85, 034316 (2012)

F. Iachello, NOW2012

<mee>=1 eV

(gA in matrix element)

J. Kotila and F. Iachello, Phys. Rev. C 85, 034316 (2012)
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Parameter space

~15 meV

PDG 2017

~50 meV
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Connection to cosmology
Arxiv:1711.05210
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KamLAND-Zen (current best limit)

Arxiv:1803.11545
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Current status
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Global perspective
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Near-future
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Future

*Mass in fiducial volume.

Note: SuperNEMO can install different foils and this use different isotopes

Arxiv:1705.02996

LEGEND: O(264) collaborators
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Approaches to the future

Monolithic (SNO+,LXe)Modular (CUORE,LEGEND)

NSAC review (US) Nov 2015:
“The modular and monolithic approaches both 

offer advantages and disadvantages. However, 

it is not possible to firmly conclude which 

approach will be optimal at this point”

Tracking/PID will become important 

to suppress backgrounds and for 

interpretation,

in case of an observation.
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European perspective

European Astroparticle Physics Strategy 2017-2026

APPEC strongly supports the present 

range of direct neutrino-mass 

measurements and searches for 

neutrinoless double-beta decay.

Guided by the results of experiments 

currently in operation, APPEC intends to 

converge on a roadmap for the next 

generation of experiments into neutrino 

mass and nature by 2020.
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USA perspective

US funding through nuclear part of 

DoE/NSF (not HEP)

Nr 1 project: 0nbb

Budget 250-500 M$. Down-select ongoing 

on basis of :

technologies past the R&D phase 

international contributors.

Preparations for next 7-year plan will start 

in about two years time:

beyond tonne scale
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UK perspective
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SuperNEMO
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SuperNEMO
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SuperNEMO
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Currently taking data with water.

This will be replaced with scintillator in the 

end of the year, and isotope will be added 

in April 2019.

Five year counting would enter the 

inverted hierarchy band region.

Relatively easy to upscale by increasing 

loading. To go further, more upgrades are 

needed.

SNO+
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Concept studies underway for large 

scale scintillator detectors with the 

possibility of multi-tonne loading, 

using separation of scintillation and 

Cherenkov light (removing 

backgrounds, in particular 8B).

Watchman – a 1 ktonne prototype 

closely associated with this – will 

be very likely be constructed in 

Boulby.

Also under consideration for 

beyond the first two cavities for 

DUNE.

Advanced scintillator 
detector concept – beyond SNO+

THEIA, see Arxiv:1504.08284

Facility

- Geo and reactor anti-neutrinos

- Solar neutrinos

- Supernovae neutrinos

- DSNB

- Nucleon decay

- Sterile neutrinos

Also: Arxiv:1306.5654
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PandaX III (and LZ, XENON1T) aiming to compete.

136Xe in DM experiments

Facility

- WIMP Dark Matter

- Electrophylic WIMPs

- Supernova neutrinos

- Neutrino

- Axion/ALP

Possible to continue to multi-tonne scale?

(2nbb backgrounds affect DM searches?)
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We are convinced of the 

physics case for neutrinoless

double-beta decay.

UK expertise:

Nearing completion of 

SuperNEMO demonstrator and 

SNO+ will start loading in spring 

2019.

UK community is coming together 

to form a common R&D 

programme.

Expertise in:

• Screening & radon assay

• Large scintillator-based detectors

But also: 

• Liquid nobel gases (DM)

• HPGe (Nuclear)

UK perspective
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Back up
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Why (monolithic) scintillator?

Background: 

Background scales with mass 

(b dominant):

𝑚𝛽𝛽 ∝ 𝑀1/4

Background scales with mass 

(c dominant):

𝑚𝛽𝛽 ∝ 𝑀1/2
SNO+ 

Self-shielding and cleaning
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Question & answer

• What consensus / conflicts (on what should be done in longer term European HEP) 
are there in this area?

• What are the experimental possibilities? Are different scenarios already envisaged?

• What are the choices for the strategy? What can the UK agree to input?

• What are the potential developments in this field? How do they relate to fundamental 
physics questions?
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LHC

arXiv:1508.04444


