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Two neutrino double beta decay (2νββ) 
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Neutrinoless double beta decay (0νββ)
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Forbidden in SM electroweak interaction 
and it may occur if lepton number 
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conservation is not an exact symmetry of 
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Nuclear Dynamics of ββ Decay

Virtual excitation of states of 
all multipolarities in  

Continuum
p

intermediate (A,Z+1) nucleus 
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Matrix Elements

The rate of 2νββ decay is 
22ν MG1/T 2
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The rate of 0νββ decay is  
2
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The leptonic phase space factors G are accurately calculable.
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p p p y
Nuclear matrix elements for Double Beta Decay are as important as
the data to determine Neutrino Mass.



2νββ decay : Description of the  Gamow-Teller amplitudes

The double Gamow-Teller transition from g.s.to g.s.:
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All multipoles contribute(0+,1-, ……), enhanced role of nucleon 
short range  correlations.
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Why to focus on the nuclear deformation?

ν 0 M )( 50 VT ν 0

V.Rodin, A. Faessler, F. Šimkovic., P. Vogel, NPA793 (2007) (Spherical QRPA)

Nuclear 
transition
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76 Ge      76 Se                        3.92             4.51                        8.60 Х 1026

100 Mo     100 Ru      2.78            3.34                        2.37 Х 1026

Q Q

130 Te      130 Xe                       2.95            3.66                        2.16 Х 1026

150 Nd 150 Sm                      4.16              4.74                       2.23 Х 1025

Strongly deformed
Sh ll M d l l l ti   f t b t it !Shell Model calculations can forget about it !



In 0νββ arise a problem  of how to fix numerous strength parameters p
of the forces in different Jπ partial channels.

ŠM. Saleh Yousef , V.Rodin, A.Faessler and F. Šimkovic
Also



Deformed Nuclei:
Use of deformed single particle basis 

the s.p. wave function without conservation
M
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The overlap is necessary since the two sets of intermediate states 
calculated within the QRPA are not the same.
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QRPA Formalism (deformed nuclei)
QRPA  wave functions of GT excitations for even-even nuclei 
in the laboratory frame
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The intrinsic states are generated by the phonon creation operator
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The quasi particle creation and annihilation operators  can be defined by 
the Bogolyubov transformation
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Excitation energy and forwardExcitation energy and forward--and backwardand backward--going amplitudes going amplitudes --
by solvingby solving QRPAQRPA matrix equation:matrix equation:
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Nuclear Hamiltonian

into HHH +=The total Hamiltonian is defined as:
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Single Particle States

Single-particle wavefunctions  in  deformed Woods-Saxon potential :
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Deformed harmonic oscillator wave function Spin wave function

The selection rules  Ωp - Ωn = K  for K= 0, ±1 and πpπn=1
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Realistic Interaction:

As a realistic two-body interaction we use the nuclear 
matter G-matrix.matter G matrix.
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The G-matrix in the deformed single particle basis:
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The G-matrix in the deformed single particle basis:
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Results
The BCS equation is solved and the strenghts         and
are determined  to reproduce the experimental odd-even mass 
difference for each nucleus 
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GT strength functions
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Matrix Elements



Matrix Elements



Conclusions
BCS equations are solved for protons and neutrons. The protons
and neutron gaps are determined to reproduce the odd-even
mass differences.
G-matrix in deformed s.p. basis is calculated using that for
spherical s p basisspherical s.p. basis.
The QRPA equation is solved using the realistic forces and B(GT)
strengths are calculated for 76Ge ,76Se, 150Nd and 150Sm nuclei

id i d f ticonsidering deformation.
2νββ matrix element for 76Ge and 150Nd with deformation have
been obtained



Outlook
Go Further to study the matrix elements of
0νββ decay within deformed QRPA and realistic0νββ decay within deformed QRPA and realistic
forces.
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