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Spectroscopy and lifetime measurements for n-rich Ne isotopes
Validation for different theoretical models
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Relativistic HFB PGCM & IN-NCSM on χEFT Hamiltonians

Couple Cluster

Data-models discrepancies even in less exotic nuclei
Limited experimental information

24Ne

EXP RHB PGCM SMIN-NCSM

RHB: Physical Review C 97 024334 2018
PGCM, IN-NCSM: The European Physical Journal A 58:63 2022

CC: Physical Review C 111 044304 2025
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DFT and ab initio calculations



The experimental campaign
Multi-nucleon transfer reactions @LNL

AGATA-PRISMA with 238U target

PRISMA
AGATA

Dipole

Quadrupole
Beam

European Physical Journal Plus 138:709 2023

Spectroscopy and lifetimes based 
on clean ion-𝛾𝛾 coincidences
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Results: Ne level schemes Spectroscopy

 3 new levels added

 7 (+6 uncertain) new 
observed transitions

 First transition candidate 
originating from (5/2,7/2-) 
state

23Ne



Results: Ne level schemes Spectroscopy

 New energy value for 
(7/2-) state

 Possible candidate 
originating from (7/2-) 
state 

25Ne

Phys. Rev. Lett. 104 192501 2010



Results: Ne level schemes Spectroscopy

 6 new levels added

 8 (+11 uncertain) new 
observed transitions

 Focus on low energy 
doublet structure: 21
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Results: 24Ne energy doublet Spectroscopy
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Results: 24Ne energy doublet Spectroscopy

𝜸𝜸 − 𝜸𝜸 Coincidence Matrix AGATA Simulations (Geant4)
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Precise energy 
measurement for future 
DSAM lifetime extraction
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DSAM Benchmarks on 27,28Mg Lifetimes
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Almost same cascade structure as 24Ne!
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• The AGATA-PRISMA campaign targeting Ne and 
Mg nuclei toward the Island of Inversion is now 
completed.

• Decay level scheme were extracted for 23,24,25Ne, 
including the low energy doublet in 24Ne.

• Simulation-based DSAM was successfully 
benchmarked; lifetimes extraction in progress.

• The analysis on ion-𝛾𝛾 angular distributions with 
AGATA is nearing completion.
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Optimized PRISMA analysis
Recovery of only PPAC cathodes events

Suited for light ions
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DSAM Benchmarks on 27,28Mg Lifetimes
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DSAM Benchmarks on 27,28Mg Lifetimes
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Ion-𝜸𝜸 angular distributions Spectroscopy

Observed states are prepared once the emitter 
beam-like fragment is detected in PRISMA

𝝋𝝋 selection

Quantization axis Cylindrical symmetry

Beam
Beam-like (𝑏𝑏) 
Recoil-like (𝐵𝐵)

Normal to reaction 
plane  (but…)

Reaction plane reconstructed event-by-event

AGATA

Beam

𝐴𝐴 𝑎𝑎, 𝑏𝑏 𝐵𝐵

𝑏𝑏

𝐵𝐵
𝑝𝑝𝑓𝑓

𝑝𝑝𝑖𝑖

PRISMA

𝑞𝑞



𝑝𝑝𝑓𝑓

Beam

𝐴𝐴 𝑎𝑎, 𝑏𝑏 𝐵𝐵

𝑏𝑏

𝐵𝐵

𝑞𝑞

𝑝𝑝𝑖𝑖

Cylindrical symmetry 
Sub-states population around 𝑚𝑚 = 0

22Ne: 21
+→01

+

24Ne: 21
+→01

+

Ion-𝜸𝜸 angular distributions Spectroscopy

AGATA

PRISMA



𝑝𝑝𝑓𝑓

Beam

𝐴𝐴 𝑎𝑎, 𝑏𝑏 𝐵𝐵

𝑏𝑏

𝐵𝐵
𝑝𝑝𝑖𝑖

Need complete 𝑊𝑊(𝜃𝜃,𝜑𝜑) with mixed 
parameters: 𝐴𝐴22, 𝜙𝜙22

𝑞𝑞
𝑛𝑛

Cylindrical symmetry 
Sub-states population around 𝑚𝑚 = ±2

More statistics is needed when adding 
mixed parameters…

22Ne: 21
+→01

+

22Ne: 21
+→01

+

2D analysis

1D analysis

Ion-𝜸𝜸 angular distributions Spectroscopy

AGATA

PRISMA
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