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~ 2 MeV

… what we hope to see

In practice … 
observation

nuclear
structure

new physics

Future proposals (e.g. LEGEND-1000) 
are O(1B)$ endeavors

LEGEND-200

inverted hierarchy

normal hierarchy

[Agostini et al., RMP 95 (2023) 2, 025002]
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Bottleneck for interpretation/design – NMEs

Two-body properties of ground states at various length scales

observation NME

new physics

[Jokiniemi, Soriano, Menéndez, PLB 823 (2021) 136720]



  nucleon-nucleon correlation!

elliptic flow

150Nd (parent) 150Nd+150Nd

Many-body correlations – Unique capability of high-energy collisions

150Sm (daughter)

Example with deformed 150Nd-Sm – Strong correlation with parent isotope deformation

[Li, Giacalone, Yao, Zhang, PRL 135 (2025) 2, 022301]

[Duguet, Giacalone, Jeon, Tichai, PRL 135 (2025) 18, 182301]
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2025 – NME@LHC “Task Force”
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accessible via flow
measurements

Feasibility of        extraction in 
collider run based on hydro

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

Emulation and global sensitivity
analysis to correlate NME with
operators accessible via <vn^2>

+ … ~
Se+Se / Ge+Ge
Isobar ratio of v2{2}
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76Ge, 76Se are isobars, highly deformed (triaxial)
Everything is illuminated @ LHC

NME

?

Theory 1 (EDF)

Theory 2 (ab initio)

LHC constraint

GOAL

[Belley et al.,PRL 132 (2024) 18, 182502]

Preliminary



  

CONCLUSION

● Neutrinoless double beta (0νββ) decay is the most promising avenue to discover 
lepton number violation and elucidate nature of neutrinos

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

● Low-hanging fruit in high-energy collisions? 76Ge and 76Se 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 76Ge and 76Se collided in “isobar mode” 
Clear and strong physics case for a second ion injector!

mailto:NME@LHC
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