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Majorana neutrino mass(𝐦𝛃𝛃): 
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Where, cij = cosθij, sij = sinθij, 

0 ≤ θij ≤ π/2,0 ≤ δ13 ≤ 2π, α1 and α2 are Majorana 

CP-violating phases.

Upper limit for mββ of 36-156 meV has been determined from 0νββ decay experiment 

of 136Xe at KamLAND-Zen ( PHYSICAL REVIEW LETTERS 130, 051801 (2023) ) with lower 

limit of  T1/2
0ν  2.3 × 1026 yr using different nuclear matrix elements  



Fig1: Feynman diagram for light neutrino exchange 0νββ
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Fig 3: Feynman diagram for two-neutrino double beta decay
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Recent Topic: Left-Right Symmetric Mechanisms of 𝟎𝛎𝛃𝛃 decay

If we consider all the diagrams of 𝟎𝝂𝜷𝜷 
decay in left-right symmetric model, the 
decay rate can be written as 

We aim to calculate all relevant nuclear 
matrix elements using closure and 
nonclosure approach

λ - mechanism 



Recent Topic: Left-Right Symmetric Mechanisms of 𝟎𝛎𝛃𝛃 decay
λ - mechanism 

λ - mechanism 



Nuclear Matrix Element(NME) 𝐌𝟎𝛎

• Nuclear Shell Model (NSM) (We use this)
• Quasiparticle Random Phase Approximation 

(QRPA)
• Projected Hartree Fock Bogliovob Method 

(PHFB)
• Interacting Boson Model 2 (IBM2)
• Energy Density Functional Theory (EDF)

Models of Nuclear Matrix Element calculations
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Fig 3: Nuclear shell structure

• F- Fermi
• GT- Gamow-Teller
• T- Tensor
• gV and gA are vector and axial vector constant

Shell structure of nucleus

Mα
0ν = f τ−1τ−2 O12

α i α = (F, GT, T)

0νββ transition operators

• Fermi Type: O12
F = SFHF r = HF(r)

• Gamow Teller type: 

O12
GT = SGTHGT r = σ1. σ2HGT(r)

• Tensor Type: 

     O12
T = STHT r = [3(σ1. ොr)(σ2. ොr) − σ1. σ2]HT(r)
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Method: Running nonclosure and closure
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Explicit Form of NME in running nonclosure method

E0 + Ek
∗ → 1.9 MeV + Ek

∗

Here….Neutrino potential are calculated explicitly in terms of excitation energy of  48Sc

𝐸0 + 𝐸𝑘
∗ = 𝐸Closure approximation

Nonclosure Closure approximation
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Fig 20: Schematic diagram to calculate OBTD
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Recent Trends in Theoretical NME research

10

 Two-neutrino double beta decay within the mapped IBM
 Modeling neutrinoless double-beta decay with operators from chiral effective field theory
 Impact of isovector pairing fluctuations on neutrinoless double-βdecay in MR-CDFT
 Improvement of reliability of nuclear matrix element of double-beta decay
 Neutrinoless DBD from valence-space in-medium similarity renormalization group
 Beta spectral shapes - A versatile tool for probing weak interactions
 Neutrinoless double-beta decay nuclear matrix elements: overview and future directions
 implication of ab initio no-core Monte Carlo Shell Model to double beta dacay
 Improved neutrinoless double-beta-decay matrix elements in the pnQRPA
 Anti-Neutrino Nuclear Responses by Ordinary Muon Capture: Status and Review
 Recent progress in the nuclear matrix element calculation using the FAM for QRPA
 High precision description of two neutrino double beta decay spectra
 Study of Neutrinoless Double Beta Decay in Nuclear Shell Model
 Impact from nuclear structure aspects on the neutrinoless double-beta decay
 Uncertainties of NME of neutrinoless DBD based on Skyrme QRPA model and beyond
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