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  Beta decay
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Annihilation-creation 
of a hadron (p,n)

Annihilation-creation 
of a lepton (e,νe)

Quantum-wise: 
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Double beta decay

Energy parabolaś of the even-even and odd-odd iśobarś of A =76. 
Data from F. Kondev et al., Chineśe Phyś. C 45, 030001 (2021). 3/13



  

  Nuclear matrix element
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Extremely rare!
(only 11 nuclei)

leptonic part nuclear matrix element
     (all nuclear QM)
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  Fermi golden rule of the 2nd order
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Theoretical eśtimation via virtual tranśitionś:

Forbidden tranśitionś contribute to the total decay rate.

Key difficulty: conśtructing
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Iπ(T) – projection
configuration mixing
rediagonalization

no good quantum numbers
γ, β transitions

good quantum numbers
γ, β transitions

NCCI based on Skyrme nuclear density functional 

 Kohn-Sham

6/13Ref: W. Satuła et al., Phys. Rev. C 94, 024306 – 024319 (2016) 
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48Ca → 48Ti case
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1) Construction of mean-field configurations with Skyrme SV force:

Mother: 48Ca Virtual: 48Sc Daughter: 48Ti
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48Ca → 48Ti case
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3) Partial Gamow-Teller elements:

48Ca

48Sc

48Ti

2) Iπ - projection:
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48Ca → 48Ti case
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4) Configuration mixing of the projected states:

The whole procedure has been performed numerically within DFT-based HFODD code (open access).

taken from experiment

5) Calculation of the cumulative 2νββ matrix element :

48Sc: mixing + same for 
48Ca and 48Ti
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48Ca → 48Ti case
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Resulting cumulative                   :

śaturation at 0.054 (MeV-1)

SV functional
48Ca – 11 configś.
48Ti – 39 configś.

0.027 (dimleśś)

Number of configś. in 48Sc

ΔE1(Iπ=1+)=2.2MeV (normalization)
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48Ca → 48Ti case
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Expectations: Unexpected reality:

Higheśt contribution from 
the śtrongeśt partial GTś

•NCCI mixing of crumble (~0.001) 
GTś makeś up 88% of the total 
matrix element!

Nuclear widow’s mite: 
many small contributions > few huge

Excluśive for 48Ca, or a rule for 
heavier? 

•Key factor: NCCI mixing in daughter



  

  Status and future plans for 76Ge and 136Xe
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Summing contributionś from                 up to 
śaturation. ΔE1(Iπ=1+)=100keV (normalization).

Preliminary estimation for 
76Ge nucleus.

● High triaxiality (γ~27-30°) in 
each nucleuś – little control over 
śingle-particle occupancy

● Spectrum highly dependent on 
the śpin-orbit magnitude in 
Skyrme SV
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  Status and future plans for 76Ge and 136Xe
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What next?

● Implementation of neutrinoless 
matrix elementś into DFT-NCCI 
framework (HFODD)

● Teśtś of the model on the  
(hypothetical) 0νββ decay. 
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136Xe – initial stage

● Configuration convergence in 
progreśś

● Prolate śhape for 136Xe, 136Cś 
and 136Ba expected aś dominant 

● Little deformation śo far 
(β~0.03-0.05) 
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