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Light neutron-rich nuclei
shell and shape evolution

Shape evolution towards the IoI

Shell evolution towards the IoI

Spectroscopy approaching the Island of Inversion
test of different theoretical models 

FOCUS ON:
neutron-rich Ne isotopes

N=20

Z=8 K. Wimmer et al., Phys. Rev. Lett. 105, 252501 (2010)
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Global Energy Density Functional 
configuration mixing and 

parity-angular momentum projection

Ground state properties

Excited states properties
absolute minimum always prolate 

except for 24Ne and 28Ne

Shape mixing in 24Ne impacts on 
energies and reduced transition probabilities

predicted differences with 26Ne 

o Prolate minimum for 20-22Ne
o Shape mixing in 24Ne
o Spherical minimum in 26-30Ne
o Prolate minimum in the IoI
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N3LO χEFT Hamiltonians
with different many-body methods Couple cluster calculations 

odd-mass Na,Ne,Mg isotopes

o Shape mixing in 24-28Ne
o Sphericity in 30Ne

Difficulties to predict 
the features of the IoI

Discrepancies with experimental 
data start from 24Ne 

odd-even nuclei 
are very little explored

Na



A puzzle for theory
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T. Ostuka et al., Nature 587, 66 (2020)M. Frosini et al., EPJ A 58, 63 (2022)M. Marevic et al., PRC  97, 024334 (2018)

Relativistic HFB ab inito shell model
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o Spectroscopy of less exotic nuclei (both even and odd)

o Shell evolution (both neutrons and protons)

o Shape evolution and mixing

To understand the physics of the IoI
nuclei at and beyond N=20
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Multi-nucleon transfer reactions

AGATA+PRISMA and 238U target

ONGOING 
ANALYSIS

K. Wimmer, S. Bottoni, G. Benzoni, P. Aguilera et al.
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PhD work by D. Genna and F. Drent

Lifetimes of excited states with DSAM

Different states population
in xp and xn channels

New 𝛾 ray transitions

22Ne+238U
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Transfer reactions with 24Ne beam
already available at GANIL at ~ 2E5 pps

No need of further beam developments
unless more intensity can be achieved 

AGATA-GRIT-VAMOS setup
same as MUGAST campaign  

Courtesy of D. Brugnara 

VAMOS configuration for light ions

Proton-transfer reactions
24Ne(3He,d)25Na and 24Ne(t,𝛼)23F

Two-neutron-transfer reactions
24Ne(t,p)26Ne



Transfer reactions with 24Ne beam
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Proton single-particle configuration of 24Ne
occupancies and vacancies in the sd shell

T. Ostuka et al., Nature 587, 66 (2020)

Strong connection with neutron orbitals 
and shell/shape evolution

Possible experiments

24Ne (3He,d)25Na 
need of 

cryo target

24Ne(t,𝛼)23F Q = 3.3 MeV
Q for (d,3He) is -11 MeV

Deformed structures in 26Ne
Shape evolution towards the IoI

Possible experiments
24Ne(t,p)26Ne

Sensitivity to 2n components 
of the wave function

Overlap with 24Ne ground state

Courtesy of K. Wimmer

Courtesy of K. Wimmer

M. Marevic et al., PRC  97, 024334 (2018)



Summary 
Simone Bottoni

GRIT-AGATA-VAMOS 
workshop

The LNL campaign
AGATA+PRISMA and 238U target

K. Wimmer, S. Bottoni, G. Benzoni, P. Aguilera et al.

spectroscopy and lifetime measurements 

PhD work by D. Genna and F. Drent

Follow-up experiments at GANIL
transfer reaction with 24Ne beam and AGATA-GRIT-VAMOS

Proton-transfer reactions
24Ne(3He,d)25Na and 24Ne(t,𝛼)23F

Two-neutron-transfer reactions
24Ne(t,p)26Ne

o 24Ne available at ~2E5 pps

o Use of cryo taget and radioactive tritium target

o Mainly backward but also forward GRIT

o (t,p) and (t,𝛼) can be done simultaneously 

Considering typical cross sections at 6-10 MeVA
8–10-day experiments 

I think we should invest in the tritium target 
for this campaign as done at ISOLDE and FRIB  

Similar reactions possible 
with other light SPIRAL beams



Simone Bottoni
Università degli Studi di Milano 

INFN Sezione di Milano

Thank you!

GRIT-AGATA-VAMOS 
workshop

GANIL, June 2025

S. Bottoni, D. Genna, G. Benzoni 
K. Wimmer, F. Galtarossa 

and the INFN-GAMMA collaboration


