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Context

2 issues :
→ Which mass hierarchy is
satisfied ?
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Mass hierarchies

Schrödinger’s equation

HΨ = EΨ =⇒ Ψ = eigenstates

eigenstates : flavor 6= mass ?

- flavor eigenstates 6= mass eigenstates
- type of neutrinos, observable 6= purely mathematical object
→ linked by the matrix PMNS :

mass eigenstates ↔ mass

Neutrino mass ?
= mixing of m1, m2, m3, associated to mass eigenstates
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Mass hierarchies

Oscillation probability → ∆m2

Figure: https://sfp2015.sciencesconf.org/74897/document
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Contexte

2 issues :
Which mass hierarchy is sat-
isfied ?
What is the nature of neutri-
nos ?
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Neutrinoless double beta decay

Experimental observation ?

theoretical decay rate :

Theoretical predictions depend on
Models
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Theoretical predictions

Extrait de : J.Engel and J.Menéndez 2017 Rep.Prog. Phys. 80 04630110/27
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Framework

Basic notions : nucleus

Nucleus

• Atomic nucleus
= many-body system, high
complexity

• Nuclear force ?
→ not explicitly known
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Framework

Basic notions : deformation

Collective motion
Rotations, vibrations (monopole, quadrupole, etc.), Giant resonances ...
→ Deformation :

R(θ, φ) = R0

1 +
∞∑
λ=0

λ∑
µ=−λ

α∗λµYλµ(θ, φ)


Hill-Wheeler parameters β, γ:
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Framework

Microscopic Shell Model

neutrons + protons move freely in a central
potential
satisfy Pauli principal
• external space
• valence space

= supposed to give properties of nuclei
• core = supposed to be inert
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Framework

Theoretical approach

To study 76Ge and 76Se nuclei :

• Define a valence space
• Define an effective interaction such that :
HΨ = EΨ→ Heff Ψeff = EΨeff

For operators : multiplication of proton and neutron parts by
effective charges
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Framework

Valence space-interaction

Interactions : LNPS and JUN45.
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Valence space-interaction
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Framework

Theoretical approach

To study 76Ge and 76Se nuclei :

• Define a valence space
• Define an effective interaction such that :
HΨ = EΨ→ Heff Ψeff = EΨeff

For operators : multiplication of proton and neutron parts by
effective charges

• Diagonalize the hamiltonian matrix to get E and Ψeff → ANTOINE
code
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Framework

ANTOINE code

It uses Lanczos method to diagonalize the hamiltonian :

The obtained matrix = tridiagonal, symmetric in basis |n >
=⇒ D(H) = U−1HU in basis Ψeff
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Study of the spectroscopic properties of 76Ge and 76Se

Computing time

ANTOINE code = iterative methode to compute E et Ψ (Lanczos
method)

Nuclei of reference
Ni56 (Z=28,N=28) : NZME = 955511317808 =⇒ 3437s ≈ 1h
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Study of the spectroscopic properties of 76Ge and 76Se

Analysis of 76Ge and 76Se spectroscopic properties

Spectroscopic properties

• E*(2+) : Excitation energy from 0+ to 2+ states
• B(E2) : 2+ to 0+ transition probability
• Qspec : describes non spherical charge distribution in the nucleus
• deformation (β, γ)
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Study of the spectroscopic properties of 76Ge and 76Se

Deformation
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Matrix element

Results
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Matrix element

Improvements

LNPS underestimates experimental values of B(E2) for 76Se
→ adding 1g9/2 and 1d5/2 orbitals to proton valence space :

→ Computation of the B(E2) in case of
2 protons excited in 1g9/2 and 2d5/2.
Results :
• B(E2) = 644 e2fm4 with (ep, en) =

(0.43, 1.31)

• B(E2) = 821 e2fm4 with (ep, en) =
(0.5, 1.5)

Experimental value : 838 e2fm4
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Conclusion

• LNPS well describes Qspec of 76Ge → thanks to 2d5/2 neutron shell
• for Se, LNPS underestimates experimental values → need to add

1g9/2 and 2d5/2 to proton valence space.
• matrix elements a priori underestimated : due to proton valence

space ? → extension of the space to reproduce BE2 increase from
76Kr to 76Sr.
Preliminary results seem to support this mecanism.

• next step :double beta decay of 82Se into 82Kr.
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