Extending physics reach of HI studies with nuclei around A~80
Physics cases for a second ion injector
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Nuclear Matrix Elements of Neutrinoless Double Beta (Ov(33) Decay
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Synergies with nuclear structure physics and other areas Georgios Krintiras (University of Kansas) Urs Wiedemann (CERN)

Accelerator and experiments perspectives for future light-ion rur Saverio Mariani (CERN) You Zhou (NBI Copenhagen)



Box 4.5: Neutrinoless double beta
decay research

RECOMMENDATION 2

As the highest priority for new experiment con-
struction, we recommend that the United States
lead an international consortium that will under-
take a neutrinoless double beta decay campaign,
featuring the expeditious construction of ton-scale
experiments, using different isotopes and comple-
mentary techniques.

In the hypothetical mem beta decay (OvBp) two neutrons
in the nucleus transform into protons, and only two electrons are

emitted. This process is forbidden in the Standard Model of particle
physics, as two matter particles are created without any antimatter.
Ovpp is expected to be mediated by the exchange of a neutrino (see
upper panel) that must be its own antiparticle (i.e., a Majorana particle).
Hence, the detection and subsequent study of OvBp would deeply
impact our understanding of neutrinos, physics beyond the Standard
Model, and why the observed universe is formed by matter. Searching
for this extremely rare decay is the goal of several ongoing and future
experimental programs. However, a main uncertainty for predicting Ovp
half-lives comes from the nuclear matrix elements (NMEs) connecting
the initial and final nuclear states. NMEs are calculated with many-body
techniques routinely used to describe nuclear structure (e.g., nuclear
shell model, energy density functional, QRPA)
up to a factor of 3-4 for the isotopes of interest
methods (Coupled cluster, In-medium SRG, F
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https://nupecc.org/lrp2024/Documents/nupecc_lrp2024_web.pdf
https://nuclearsciencefuture.org/wp-content/uploads/2024/03/23-G06476-2024-LRP-8.5x11-pcg-v1.5-3.14.24.pdf
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Bottleneck for interpretation/design — NMEs ;o a5 | ]
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Two-body properties of ground states at various length scales
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Example with deformed 150Nd-Sm - Strong correlation with parent isotope deformation
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Many-body correlations — Unique capability of high-energy collisions
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Emulation and global sensitivity
analysis to correlate NME with
operators accessible via <vn"2>
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2025 - NME@LHC “Task Force”
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Feasibility of (£,,) extraction in
collider run based on hydro

A 1sobar ratio of v2{2}
Se+Se / Ge+Ge

Understanding relation between
NME and two-body correlations
in parent species isotopes

M = (°Se(07)] O ["°Ge(07))

(5Ge(01)] 0% [°Ge(01)) + ...




GOAL

Ge, '°Se are isobars, highly deformed (triaxial)
Everything is illuminated @ LHC

— Mean NME
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CONCLUSION

Neutrinoless double beta (OvBf) decay is the most promising avenue to discover
lepton number violation and elucidate nature of neutrinos

Nuclear Matrix Elements required to interpret signal and designh experiments
They require a good theoretical control of many-body ground-state correlations

Low-hanging fruit in high-energy collisions? *Ge and 7°Se are isobars with highly
complex structures - Full exploitation of multi-particle correlation techniques!

Launched NME@LHC project to quantify possible impact of LHC data on NME evaluations
Get in touch if you are interested!

Scientific reach very strongly enhanced if °Ge and °Se collided in “isobar mode”
Clear and strong physics case for a second ion injector!
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