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What distinguishes neutrinos from antineutrinos?

Neutrino oscillate

↪ thus they have mass

           ↪ boosted frame in which they are rest

           ↪ undefined helicity state

           ↪ same object?

Is the neutrino its own antiparticle?

MA, Benato, Detwiler, Menéndez, Vissani, 
Rev. Mod. Phys. 95, 025002 (2023)
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Most sensitive probe: neutrinoless 𝛽𝛽  decay

Implications of a discovery

● the neutrino is its own antiparticle

● neutrino mass from alternative Higgs mechanism

● direct “matter creation” in laboratory

● direct violation of last-standing global symmetry 
of the standard model (i.e. B-L)
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Discovery potential for light-neutrino exchange

● near-term: starting exploration of IO

● medium-term: 3σ discovery power down to       
(mββ )IO

min = 18.4 ±  1.3 meV

● long term: sensitivities for signals beyond IO 

inverted mass ordering 

normal mass 
ordering ● not equiprobable space! discovery around the corner?

● Multi-isotope experimental programme

○ corroborate discovery

○ nuclear matrix elements uncertain

○ pin-down decay mechanism
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Discovery potential for light Majorana neutrino exchange

● near-term: starting exploration of IO

● medium-term: 3σ discovery power down to       
(mββ )IO

min = 18.4 ±  1.3 meV

● long term: sensitivities for signals beyond IO 

inverted mass ordering 

normal mass 
ordering ● not equiprobable space! discovery around the corner?

● Multi-isotope experimental programme

○ corroborate discovery

○ nuclear matrix elements uncertain

○ pin-down decay mechanism
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Most sensitive technologies
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Ge Semiconductor 
detectors ( 76Ge)

Xe Time Projection 
Chambers ( 136Xe)

Large Liquid scintillator           
detectors ( 130Te,136Xe)

Image courtesy of Laura Manenti

Tracking Calorimeter (82Se)

MA, Benato, Detwiler, Menéndez, Vissani, 
Rev. Mod. Phys. 95, 025002 (2023). Image 

courtesy of Laura Manenti



Most sensitive technologies
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Recent and future experiments

MA, Benato, Detwiler, Menéndez, Vissani, Rev. Mod. Phys. 95, 025002 (2023). 



The UK 0𝜈ββ strategy
1. Continued support for the exploitation of LEGEND-200, SNO+ and the SuperNEMO Demonstrator, recognising the 

unique near-term physics programmes of each experiment and building on substantial prior UK investment.

2. Support the development and construction of LEGEND-1000 in the near term as the highest priority project in the 
USA and Europe, ensuring the UK leadership in an experiment that will have 3σ discovery sensitivity for Majorana 
neutrinos with inverted mass ordering in the medium term. 

3. Support the development of higher loading phases of SNO+, which will provide complementary sensitivity with a 
different isotope in the medium term and lay foundations for a technique that might be extended beyond the inverted 
mass ordering in the longer term.

4. Build on cross-field scientific and technical opportunities from XLZD and other complementary efforts to further 
strengthen the main programme, and continue to support blue-skies R&D into new technologies able to reach 
sensitivities beyond the inverted mass ordering. These include new scintillator loading and detector developments, 
germanium high-purity semiconductor detectors, xenon time projection chambers (such as NEXT) and barium 
tagging techniques.
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First draft of the document up for discussion at the 
upcoming PPAP meeting

Strong scientific and technical synergies between  0𝜈ββ and 
dark-matter captured and integrated in broader community strategy
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