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Neutrinoless double beta (0vfSf) decay

® Neutrinoless double beta (Ovff) decay:

Nuclear Chart: decay mode of the ground state nuclide(NUBASE2020)
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* Determine the nature of the neutrino (Dirac or Majorana)

» Determine the effective neutrino mass (mgp)

 Demonstrate the violation of the lepton number in nature

e Understand the origin of the matter-antimatter asymmetry
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Neutrinoless double beta (0vfSf) decay
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experimental half-life ~ Nuclear matrix element (NME)
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The NMEs calculated using different
models differs by 2 to 3 times !




Correlation between NMEs and low-energy nuclear observables
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Double Gamow-Teller transitions Double gamma (yy) transitions Properties of nuclear low-lying states

@ v" The NME exhibits a correlation with these low-energy experimental observables.
* Double Gamow-Teller transitions and double gamma decays have weak signals and are difficult to measure.

@ * The correlations between NMEs and the properties of low-lying nuclear states depend on the nucleus.
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Probing nuclear structure with heavy-ion collisions
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Probing the NME with heavy-ion collisions

NME of OvBf observables of HIC

@ Are these HIC observables have correlations with the NME?
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Theoretical framework of nuclear structure

Relativistic energy density functional (EDF)

/ Relativistic EDF \

« The EDF is composed of kinetic energy, electromagnetic energy and

C = {as.Bs.7s.0s,ay,Yv,0v, ary, o7y}
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‘ The 1,000 EDF parameter sets, obtained by varying the nine parameters C
around the PC-PK1 values, are used for correlation analysis

7



Theoretical framework of nuclear structure

Calculation of the NME

/ Relativistic EDF \
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* The NME of the ground-state-to-ground-state OV decay is given by

(eavy ion collisio s\
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Theoretical framework of heavy-ion collisions

\

Relativistic EDF \ Calculation of HIC observables

C = {as.Bs.7s.0s,ay,Yv,0v, ary, o7y}
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where v, and pr are strongly correlated with &, and E /S, respectively, such
that (%) 0.6 & DT 0.6 E/S

3 Initial-state properties
(3) (GE/SY?) (6E/S) ...

Observable variations * v, is the elliptic flow coefficient of final-state particles.
{A (M) A@{2}) .. ‘ * pristhe transverse momentum of final-state particles.
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Correlation between NMEs and R, 3,

S r=086 | (b) r=—093
6.0 - * We performed the correlation analysis using 1000 sets
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Y. Li, X. Zhang,G. Giacalone, J.M. Yao Phys. Rev. Lett. 135, 022301 (2025)
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Correlation between NMEs and heavy-ion collision observables
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v’ There are strong correlations between the NME of Ovp
101 decay and quantities accessible at colliders.
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v' With the upcoming detector upgrades (such as ALICE 3 ),
the measurement of HIC observables will be more precise.
E z T z z These observables could help reduce the uncertainty of
A (cov(u3, [pr])) [%] A (vo{4) (%] the NME.

_20 -

150Nd + 150Nd, ultra-central collisions (b=0fm)
v, is the elliptic flow coefficient of final-state particles.
pr is the transverse momentum of final-state particles.

Y. Li, X. Zhang,G. Giacalone, J.M. Yao Phys. Rev. Lett. 135, 022301 (2025)
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Nucleus A

A
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Nucleus B
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v' The strong correlation is still maintained as the impact parameter b increases.
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Summary and Outlook

Summary

v’ There are significant uncertainties in the nuclear matrix elements (NMEs) for
neutrinoless double beta decay calculated using different theoretical models.

v We have conducted the first statistical analysis of the correlation between NMEs of Ovp
decay and observables from HIC using energy density functional theory (EDFT).

v The heavy-ion collision observables (of **°Nd) investigated in this study exhibit a strong
correlation with NME, offering a promising way to constrain the NME in the future.

Outlook

» Verify whether the correlation exhibits model-dependence and nucleus-dependence.

» Combine experimental data to constrain the value of NME.
Thanks !
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