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NSD goals
• LBNL-NSD played a major role in the discovery of neutrino mass and mixing - SNO and KamLAND 
• Our next goal: Leadership in the search for neutrinoless double-beta (0νββ) decay 
• Determine whether lepton number is violated, and  

thus whether neutrinos might be their own antiparticles 

• Double-Beta Decay: 
• 2νββ (lepton-number conserving): 

 

• 0νββ (lepton-number violating): 
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Our goals
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Light neutrino mechanism:
inverted hierarchy

Leading-order short-range
contribution: normal hierarchy

Neutrinos unique among SM fermions in lacking charges: allows them to have two 
types of mass, Dirac & Majorana

This leads to a new mass mechanism which accounts for the unusual lightness of 
the neutrino:  

The nucleus is the unique laboratory for studying this extremely rare 2nd-order-
weak process:  is lepton number violated, are there Majorana neutrino masses?

Discovery possible at the 1-ton scale
    - standard mechanism in the inverted hierarchy
    - short-range mechanisms in the normal hierarchy

Also connects to neutrino mass measurement (KATRIN) and Physics Division 
program (cosmology).



Neutrinoless Double-Beta (0νββ) Decay

Measure half-life        :

➡ Calculable phase-space factor.  

➡ Hard-to-calculate nuclear matrix 
elements (NME). 

➡ Particle physics parameter.  

Background (B)

Signal (S)
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NSD goals (next decade)
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Particle Data Book 2020

Next decade/ 
next generation

To probe the effective Majorana mass in the inverted hierarchy region and beyond

Next-to-next 
generation

IH

NH
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Targeting the neutrino mass scale
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CUORE - 130Te 
CUPID - 100Mo 
MAJORANA - 76Ge 
LEGEND - 76Ge 
SNO+ - 130Te 
THEIA

KATRIN - 3H

Physics Division
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DOE NP “portfolio review” of 0νββ: 07/13-16/21
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& North American - EU APPEC “workshop”: 9/29 - 10/1/21

Isotope Portfolio  
Review

APPEC  
workshop Competitors of same isotope

CUPID 100Mo ✓ ✓ AMoRE-II

LEGEND-1000 76Ge ✓ ✓ CDEX-1Tnu

nEXO 136Xe ✓ ✓ KamLAND2-ZEN, NEXT-BOLD, DARWIN

NEXT 136Xe ✓ KamLAND2-ZEN, nEXO, DARWIN

THEIA 130Te (?)



Sensitivity
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Giuliani (TAUP 2021)



Sensitivity
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Giuliani (TAUP 2021)



Complementarity to LHC / heavy flavor physics

LNV via heavy right-handed neutrino exchange 
can be probed via 
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Same sign:

Non-observation gives 
stringent limits on 
short-range WR 
mechanisms

Hirsch 2016



CUPID

11Snowmass at LBNL, September 17, 2021

Giuliani (TAUP 2021)



LEGEND-1000
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Giuliani (TAUP 2021)



nEXO
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NEXT
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