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Goal

Expanding on the Bayesian approaches in the literature1 to estimate “likelihood of discovery” for a 
given half-life. In particular:

- What new parameter space do future 0vbb experiments probe, when compared to e.g. 
cosmological probes of neutrino mass?

- Comparing a discovery in Xe to a discovery in Ge; given one, how “likely” is the other?

I want to try to put numbers behind some possible critiques:
- “It looks like the hierarchy is normal, therefore ‘ton-scale’ 0vbb experiments have no chance of 

making a discovery”
- “Cosmological neutrino mass measurements already rule out the space that ‘ton-scale’ 

experiments are sensitive to”
- “Xe experiments need to reach 1028-yr sensitivities to be competitive with ‘ton-scale’ Ge 

experiments like LEGEND-1000”
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1. Agostini, Benato, & Detwiler, Phys. Rev. D 96, 053001 (2017)



Generating a probability distribution for ⟨mꞵꞵ⟩
Assuming that 0vbb is mediated by the exchange of the known light neutrino states, the effective Majorana mass 
is given by:

Where the Uei are the elements of the PMNS matrix and 𝛼1 and 𝛼2 are come from the “Majorana phases” and the Dirac 
phase:

Then we can choose priors for all of these parameters, and by sampling from those priors produce a 
posterior probability distribution for mꞵꞵ

- Gaussian priors on each of the mixing angles using the experimental uncertainties (from 
https://globalfit.astroparticles.es/) 

- Uniform priors on the unknown Majorana phases
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https://globalfit.astroparticles.es/


Posterior distributions
Since we still don’t know the absolute mass scale for neutrinos, scan across possible values for the 
lightest neutrino mass state mlightest. Also, consider normal and inverted orderings separately
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Each vertical slice in these 
histograms is a posterior 
distribution that integrates to 1



Input parameters for experimental sensitivities

Shickele et al., Phys. Rev. D 114 (2026)
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Kotila & Iachello, Phys. Rev. C 85 (2012) 

ab-initio

pheno

Assume uniform priors 
on NMEs within the 
ranges given below

https://journals.aps.org/prd/abstract/10.1103/rsw5-57fz
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.85.034316


Discovery “probability” for Xe experiments

Assume a Xe 
experiment can 
discover a signal at 
a fixed half-life. 
What is probability 
of detecting a 
signal, as a 
function of mlightest?

Shown:

T1/2 = 1 x 1027 yrs
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Discovery “probability” for Xe experiments

Assume a Xe 
experiment can 
discover a signal at 
a fixed half-life. 
What is probability 
of detecting a 
signal, as a 
function of mlightest?

Shown:

T1/2 = 5 x 1027 yrs
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Discovery “probability” for Xe experiments

Assume a Xe 
experiment can 
discover a signal at 
a fixed half-life. 
What is probability 
of detecting a 
signal, as a 
function of mlightest?

Shown:

T1/2 = 1 x 1028 yrs
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Discovery “probability” for Xe experiments

Assume a Xe 
experiment can 
discover a signal at 
a fixed half-life. 
What is probability 
of detecting a 
signal, as a 
function of mlightest?

Shown:

T1/2 = 1 x 1029 yrs
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Discovery “probability” for Xe experiments

Assume a Xe 
experiment can 
discover a signal at 
a fixed half-life. 
What is probability 
of detecting a 
signal, as a 
function of mlightest?

Shown:

T1/2 = 1 x 1030 yrs
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Comparing across isotopes
Can also look at different isotopes, and 
ask the questions:

- What half-life sensitivities are 
needed for different isotopes to 
reach same discovery potential?

- Given a discovery in one 
experiment (e.g. Ge), what is 
probability of a discovery in 
another (e.g. Xe)?

Two simplifications here:
1. Ignoring statistical 

uncertainties/fluctuations
2. Only using Shickele et al. ab-initio 

NMEs with uniform priors, and 
assume no correlations between 
isotopes
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https://journals.aps.org/prd/abstract/10.1103/rsw5-57fz
https://journals.aps.org/prd/abstract/10.1103/rsw5-57fz


Assuming a Ge discovery, will Xe see it?

Xe expts’ 3𝞼 discovery potential: 
NEXT-HD (1t)1

XLZD 60t2

XLZD 80t2

nEXO3

(Note: PandaX-xT and K2Z are missing because I 
could not find 3σ discovery projections, apologies)
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T1/2
 in Ge = 5 x 1026 yrs

1. Adams et al (NEXT)., JHEP 2021 (2021) 08, 164
2. Aalbers et al. (XLZD), J.Phys.G 52 (2025) 4, 045102
3. Adhikari et al. (nEXO), J.Phys.G 49 (2022) 1, 015104

https://arxiv.org/abs/2005.06467
https://arxiv.org/abs/2410.19016
https://arxiv.org/abs/2106.16243
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An aside: work towards NME recommendations

Chart a path towards “recommended” ranges 
for NMEs, blessed by theory community

- Establish criteria for NME calculations
- Near-term, very loose criteria for 

maximum reach
- In 3 years, reconvene and establish 

strict criteria for more consistent 
comparisons

- Whitepaper in preparation (see Jason’s 
slides from recent community meeting)

- Aiming to circulate in ~Spring, and 
finalize at MEDEX next summer

- Plan to seek endorsements from 
experimental collaborations
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Recent workshop at UW Institute for Nuclear Theory:

https://indico.global/event/18868/
https://indico.global/event/18868/
https://www.int.washington.edu/programs-and-workshops/26-2a


Thank you
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