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Plan of talk
• Neutrinoless double beta decay: Brief 

introduction
• Nuclear matrix elements

– Shell model approach
– Statistical analysis for 136Xe
– Statistical analysis for 76Ge 

• Conclusions and outlook
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Two-Neutrino Double Beta Decay
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Neutrinoless Double Beta Decay
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DBD Phase Space Factors
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First Searches of 0vbb
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Phys. Rev 75, 323 (1949) Letter to the Editor



2nbb Half-Lives
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2nbb Half-Lives and NME

INT-26-2a, 7/13/2026 M. Horoi CMU 8

A. Barabash, Universe 6, 159 (2020)



Classical Double Beta Decay Problem
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Neutrino Masses
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- Tritium decay:

- Cosmology: CMB power 
spectrum, BAO, etc,

Two neutrino mass hierarchies
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Neutrino bb effective mass
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arxiv:1507.08204

Exp 
goal
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NSAC 2023 Long Range Plan
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NSAC 2023 Long Range Plan
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Other models: Left-Right Symmetric Model (LRSM) 
and SUSY R-parity violation

Gluino exchange

Squark 
exchange

M. Horoi, A. Neacsu, PRD 93, 113014 (2016)
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Effective field theory after hadronization

M. Horoi, A. Neacsu, PRC 98, 035502 (2018)



The Black Box Theorems
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J. Schechter and J.W.F Valle, PRD 25, 2951 (1982)

0nbb observed     ó

at some level

E. Takasugi, PLB 149, 372 (1984)

(i) Lepton number conservation is 
violated by 2 units. 

(ii) Electron neutrinos are Majorana 
fermions (with m > 0).

J.F. Nieves, PLB 145, 375 (1984)

Black box I  (electron neutrino)

However:

M. Duerr et al, JHEP 06 (2011) 91

Black box II  (all flavors + oscillations)

M. Hirsch, S. Kovalenko, I. Schmidt, PLB 646, 106 (2006)

0nbb observed     ó

at some level

(i) Lepton number conservation is 
violated by 2 units. 

(ii) Neutrinos are Majorana fermions.

Regardless of the 
dominant 0nbb 
mechanism!
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NME: mass mechanism
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M0n = MGT+MF+MT+…
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Rev. Mod. Phys. 95, 025002 (2023)



M. Horoi CMU

Shell Model Effective Hamiltonians

core polarization: 
Phys.Rep. 261, 125 
(1995)
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Shell Model Effective Hamiltonians

core polarization: 
Phys.Rep. 261, 125 
(1995)

PRC 74, 34315 (2006), 78, 064302 (2008)
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Shell Model Effective Hamiltonians

core polarization: 
Phys.Rep. 261, 125 
(1995)

PRC 74, 34315 (2006), 78, 064302 (2008)
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Shell Model Spaces
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Statistical analysis of the NME
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Statistical Model: why 136Xe?

• One of the longest half-life limit measured, 
~3x1026 years

• One of the potential isotopes chosen for the 
next “tonne experiment”

• Relatively low shell model dimensions in 
the jj55 (0g7/2,2s,1d,0h11/2) model space
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Statistical Model: Shell Model Effective 
Hamiltonians
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- Isospin conserving effective Hamiltonians 
in jj55 model space (0g7/2, 2s1d, 0h11/2)

- 327 TBME of starting Hamiltonians  ±10% 
uniformly random changes

- Three starting effective Hamiltonians:

     => SVD,  PRC 86 044323 (2012)

     => GCN5082, PRC 82 064304 (2010)

     => jj55t, PRL 110 222502 (2013)



Statistical Model: Observables (24)
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- 0nbb NME (1): M0n , short-range correlator CD-Bonn

- 2nbb NME (1): M2n , 𝑞 = 0.7

- Energies 2+, 4+, 6+ (6): PE2+, PE4+ , PE6+ , DE2+ , DE4+ , DE6+

- B(GT) to 1+1 state (2): PGT, DGT, 𝑞 = 0.7

- B(E2) 2+ -> 0+ (2): PBE2, DBE2

- Proton occupation (8): POPg7, POPs1, POPd, POPh11, DOPg7, 
DOPs1, DOPd, DOPh11

- Neutron vacancies (4): DVNg7, DVNs1, DVNd, DVNh11

- Muon Capture rate (0)

- B(M1) (0)



Overview
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The Late Bump in 136Xe
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136Xe – SVD
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M. Horoi arXiV:2606.28224
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Statistical Model: 
Heat Map

# samples=1,000
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Statistical Model: 
Correlations Map
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Statistical Model: 
Density Distributions
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Statistical Model: 
joint distribution

Statistical Model: Bayesian 
Model Averaging

Evidence integrals

WH

M0n =2.2 ± 0.48

M. Horoi, Universe 10, 252 (2024)
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76Ge: Heat Map

# samples=200



2nbb NME: Direct Sum vs Strength 
Function Approach
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𝑀#% 𝑀#%
76Ge 136Xe

Direct sum:

Strength function (Physics 2022, 4, 1135) :

M. Horoi arXiV:2606.28224
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76Ge:  Correlations 
Map
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76Ge: Density Distributions
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76Ge: Joint Distributions

M0n =2.46 ± 0.26

1.93-3.02 @90%

M. Horoi and A. Neacsu, arXiV:2605.21657
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Statistical Model: Results
• Shell model observables show robustness relative to 

small random changes of the effective  Hamiltonian

• M0n shows significant correlations with about half of 
the observables considered

• The outcome of our Bayesian Averaging model is a 
joint distribution of the 76Ge M0n with a range of 1.93 – 
3.02 at 90% confidence level

• We propose a M0n NME of 2.46 ± 0.26 for 76Ge

Future work:

- Statistical investigation of the robustness of 76Ge results

- Statistical investigation of the maximal interference effects
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