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O0v538 decay

* |epton-number violation: no v-emission
ovBp — insights to matter and anti-matter asymmetry
— BSM physics
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Motivation
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* phenomenological calculations for
medium-mass or heavy nuclei

* top:
deviation up to factor of three

* bottom - translation:

up to an order of magnitude in
half-life

* experiment:
half-life ~ required material

large NME uncertainty:
current uncertainty estimation
— variation of model parameters

reliable uncertainty quantification — EFT for medium-mass and heavy nuclei



Effective Field Theory for heavy nuclei

* phonon (quadrupole excitation) and fermion (neutron or proton) degrees
of freedom

[dyis dl] =0, {0, ”L} = Ouv {Pwpl} = Ouv
* reference state: ground state (gs) of spherical even-even core |0)
* nucleus: reference state coupled to fermions and/or phonons

(Jr)
| JeMg; jp, jn) = (nT ® pT) ' |0), gs of odd-odd nucleus



Effective Field Theory for heavy nuclei

* phonon (quadrupole excitation) and fermion (neutron or proton) degrees
of freedom
[dyis dl] =0, {mu, ”I} =Ouv {Pwpl} = 0w
* reference state: ground state (gs) of spherical even-even core |0)

* nucleus: reference state coupled to fermions and/or phonons

(Jr)
| JeMg; jp, jn) = (nT ® pT) ' |0), gs of odd-odd nucleus

* power counting: Q" = (%)", n =number of phonons

breakdown scale A at three-phonon level: A = 3w ~ 2 — 3 MeV
— quantification of theoretical uncertainties

* low-energy constants (LECs):
quenching, high-energy physics & microscopic information
— fit to experimental data required



O0v(38 not observed - how to fit low-energy constants?

* LECs: experimental data of GT transitions available

# correlation between DGT and 0v38 NMEs

Shimizu et al., Phys. Rev. Lett. 120 14, 142502 (2018),

44 < A < 238 e VX
strategy: ® NSM, 44 < A <136 «
. fitnsm X v%
L 4210 x EDF L 1
1. DGT NMEs within EFT ? IBM (MPT/20) £ ,v’5>$
] QRPA M/
2. correlation + DGT NMEs 7 o
A o x * 3
= 05 RN |
— EFT 0v88 NME prediction 2 «Fuge
. . - = e
with systematic quantified ﬁ'j‘
uncertainties o o ‘ ‘ ‘ ‘ ‘
0 0.5 1.0 L5 2.0 25 3.0
MOSB(0F | — 0% ) CATE



LO nuclear matrix element
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LO nuclear matrix element - Low-energy constant
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Cj fit to GT data: C§ = Cp1Cp2 M initial Ointermediate

Coello Pérez, Menéndez, and Schwenk, M final A
Phys. Lett. B 797, 134885 (2019) Z

# GT transition selection rule:
Ader =1 Amar =+

* log(ft)-values of GT decays

# GT strengths from
charge-exchange reactions
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Nucleon orbitals
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* idea: nucleon orbitals from z
adjacent odd-mass nuclei
* dominant orbitals:
ground or low-lying single-particle
excited states ,
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Nucleon orbitals
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* idea: nucleon orbitals from

adjacent odd-mass nuclei

* dominant orbitals:
ground or low-lying single-particle
excited states
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DGT NME + correlation band — 0v33 NME



Predictions in comparison
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Predictions in comparison
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* range: Mglg@rﬁ < 3.40 vs. Mgfhif < 6.5 — EFT smaller predictions
* (almost) overlap: “®Ca, "°Ge, 22Se, ®°Mo, '*°Cd and *°Xe
* combined unc. from other models larger than EFT unc.
* consistent with ab initio predictions (MR-/VS-IMSRG & CC)



* QvBB decay within EFT for heavy nuclei at LO
* in general: Ovf33 EFT NMEs smaller in comparison
* consistent with ab initio calculations
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* QvBB decay within EFT for heavy nuclei at LO

* in general: Ovf33 EFT NMEs smaller in comparison
* consistent with ab initio calculations
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Neutrinoless double-3 decay
from an effective field theory
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Thank you!!
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