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Study of  decayββ

• Nature of neutrinos, test of fundamental symmetries, … 

• Experiments: GERDA, NEMO, KamLAND … 

• Variety of theoretical predictions (QRPA, LSSM, IBM, 
EDF, ab initio, etc.)

Avignone et al., RMP (2008), Agostini et al., RMP (2023), Engel, Menendez 
RPP (2017), etc.



This work

- Framework: EDF-to-IBM mapping 
-  decay of 26 even-even nuclei 
- No closure approximation: calculations for odd-odd nuclei

2νββ



• Introduction, interacting boson model 
 

• Low-lying structure of even-even and odd-odd nuclei 
 

•  decay2νββ

Contents



prolate deformation

Potential Energy Surface (PES)

Mean-field calculation

76Ge 76Se

Oblate deformation

… obtained from the relativistic energy density functional



Computing energy spectra

Observables:  
Excitation spectra, EM 

properties, ,  decay?β ββ

Intrinsic frame lab. frame



KN et al. PRL101 (2008) 142501; PRC81 (2010) 044307 

Mean-field to IBM

- SCMF energy surface is mapped onto the IBM Hamiltonian 
- Diagonalization of the mapped Hamiltonian yields energy spectra

BosonicFermionic



Interacting Boson Model

Building blocks:

s, d bosons ~ ,  collective pairs of valence nucleonsJ = 0+ 2+

Hamiltonian:

Arima, Iachello (1975)

ĤIBM = ϵd ( ̂ndν
+ ̂ndπ

) + κ Q̂ν ⋅ Q̂π

pairing-like (spherical driving)
quadrupole-quadrupole 

(deformation driving)



Geometry of the IBM

Energy surface: EIBM(β, γ) = ⟨ϕ | ĤIBM |ϕ⟩

|ϕ⟩ ∝ Πρ=ν,π [s†
ρ + β cos γd†

ρ,0 +
1

2
β sin γ (d†

ρ,+2 + d†
ρ,−2)]

Nρ

|0⟩

… with boson coherent state

ESCMF(β, γ) ≈ EIBM(β, γ)

IBM Hamiltonian is determined by

KN et al. PRL101 (2008) 142501

Ginocchio-Kirson (1980)



Interacting Boson-Fermion-Fermion Model

• Iachello, Van Isacker, “The interacting boson-fermion model” (1991)

monopolequadrupole 
dynamical exchange

ĤIBFFM = ĤIBM + ĤF + ̂VBF + ̂Vνπ

ĤF = ∑
jρ

ϵjρ ̂njρ
̂VBF = ̂Vdyn + ̂Vexc + ̂Vmon

neutron-proton interaction



Boson-fermion interactions

exchange terms direct terms



Building the IBFFM Hamiltonian

• PES :  

• Spherical single (quasi) particle energies :  

• Particle occupation probabilities :  and 

ĤIBM

ĤF

̂VBF
̂Vνπ

Microscopic input from DFT:

… remaining coupling constants of  and  are fitted to datâVBF
̂Vνπ

KN et al. PRC93 (2016) 054305; PRC99 (2019) 034308



Low-lying structure



Energy surfaces of even-even nuclei



Mapped IBM energy surfaces



Energy spectra of even-even nuclei
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Energy spectra of even-even nuclei
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B(E2)s of parent nuclei



B(E2)s of daughter nuclei



Energy spectra of odd-odd nuclei
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 decay2νββ



Calculation of NME

GT and Fermi 
operators

with  given as one of̂Pj

and their H.C.



 valuesQββ

Qββ = 2(mn − mp − me)c2 + EI
gs − EF

gs

-  : calculated by using the IBM eigen energy 

-  : experimental value

Qββ,th

Qββ,ex

Egs = EIBM(0+
1 ) + E0



Effective  factorsgA

-  

-

g(I)
A,eff = gA ⋅ A−0.169

g(II)
A,eff = gA ⋅ e−0.008A



 NME2νββ

-0.045



Isospin symmetry breaking
χF(0+) = MF

2ν /MGT
2ν



Comparison with experiment

data: Barabash, Universe (2020)



Comparison with other predictions



Half-lives

data: Barabash, Universe (2020)



Sensitivity to single-particle energies
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… compared with the phenomenological SPEs used for LSSM



Sensitivity to single-particle energies

… experimental  used for both calculationsQββ

Data (for ): 76Ge: 0.106(4) 
                       82Se: 0.085(1)

0+
1



Sensitivity to the EDFs

… from the mapped 
IBM using the Gogny-
D1M EDF. 
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Sensitivity to the EDFs

…  calculated for each modelQββ



Related studies



• Simultaneous description of low-lying states and  NME 

• Further improvements by assessing model deficiency, 
coupling to higher-order deformations, shape coexistence…? 

• Extension to the neutrinoless mode in progress

2νββ

Concluding remarks



Thank you


