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Nature of the nuclear forces 
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Study of nuclear structure and reactions

Nature of the nuclear forces 
and nuclear interactions

Different nuclear models
with different predictive powers

Shell Model calculations 

Synergy between 
experiments and theory

Density functional theories 

Ab initio methods

E. Caurier et al, Rev. Mod. Phys. 77, 427 (2005)

V. Soma ̀, Frontiers in Phys. 8, 340 (2020)

G. Colò, Adv. Phys.-X 5, 1740061 (2020)

The complex world

of light nuclei

Implications for stellar
nucleosynthesis 

Interacting many-body 
fermionic systems

on a large energy scale  

nuclear interaction is little known

Comprehensive understanding of 
nuclear structure and dynamics 

from first principles 
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The nuclear landscape
Emergent phenomena from the same Hamiltonian

underlying shell structure and nuclear forces
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The nuclear landscape
Evolution of nuclear structure

• Energy and angular momentum

• Proton-to-neutron ratio (isospin)

• Nuclear reactions to produce exotic species

• Measurement of different decay modes

• Study of nuclear excitations  

Emergent phenomena from the same Hamiltonian
underlying shell structure and nuclear forces



halo 
nuclei

clustering

shell structure

collective excitations 

fission

particle-vibration
coupling

r-process rotational 
nuclei

N

Z

proton drip-lin
e

neutron drip-line

octupole
deformations 

triaxality

deformation and
shape coexistence

magnetic rotations

The nuclear many-body problem

VI Incontro Nazionale
di Fisica Nucleare

Trento, 26-28/02/2024

Simone Bottoni

2

The nuclear landscape
Evolution of nuclear structure

• Energy and angular momentum

• Proton-to-neutron ratio (isospin)

• Nuclear reactions to produce exotic species

• Measurement of different decay modes

• Study of nuclear excitations  

Electromagnetic decay of excited states  

Most sensitive probe of the wave function of excited states

Emergent phenomena from the same Hamiltonian
underlying shell structure and nuclear forces
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Deeper understanding 
of atomic nuclei
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Improving the resolving power over the years 
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The AGATA design 

• Continuous array
• 180 hexagonal crystals in 60 ATCs 
• Solid angle coverage: 82 %
• 36-fold segmentation: 6480 segments

S. Akkoyun et al., NIMA 668, 26 (2012)
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Pulse shape and tracking 

𝛾-ray energy and direction 
after Compton scattering 

• Continuous array
• 180 hexagonal crystals in 60 ATCs 
• Solid angle coverage: 82 %
• 36-fold segmentation: 6480 segments

~ 5 mm (FWHM)
position resolution

Improved resolving power and Doppler correction 

The AGATA design 
S. Akkoyun et al., NIMA 668, 26 (2012)
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2009

2011

2014

2021 - 2026

AGATA@LNL

AGATA@GANIL

AGATA@GSI

AGATA@LNL

AGATA 
timeline

CELEBRATION 10(+2) YEARS

PHASE 1 PHASE 2

Local project manager 
J.J. Valiente-Dobón

Scientific coordinator
M. Zielinska

TANDEM
PIAVE
ALPI
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Installation: 2021-2022

Commissioning: April 2022
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Many other complementary detectors
for charged particles and 𝛾 rays 

Installation: 2021-2022

Commissioning: April 2022
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28 proposals submitted 
• 10 (+3 commissioning) priority A 
• 5 priority B

PAC@LNL 21-23 February 2022

24 proposals submitted 
• 6 priority A 
• 10 priority B

PAC@LNL 05-06 December 2022

15 proposals submitted  
Tandem only beams:
• 8 approved priority A
• 3 approved priority B

PAC@LNL 10-11-12 July 2023

26 + 3 experiments performed

PAC@LNL  January 2024

TAP beams:
18 proposals submitted
• 7 priority A 
• 5 priority B

The LNL physics program 
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Large interest by the community
for 𝛾-ray spectroscopy 

LNL is in full swing
80% of TAP beam time to AGATA 

CLARA

AGATA

GALILE
O

AGATA

28 proposals submitted 
• 10 (+3 commissioning) priority A 
• 5 priority B

PAC@LNL 21-23 February 2022

24 proposals submitted 
• 6 priority A 
• 10 priority B

PAC@LNL 05-06 December 2022

15 proposals submitted  
Tandem only beams:
• 8 approved priority A
• 3 approved priority B

PAC@LNL 10-11-12 July 2023

26 + 3 experiments performed

PAC@LNL  January 2024

TAP beams:
18 proposals submitted
• 7 priority A 
• 5 priority B

The LNL physics program 



Fully-completed experiments

VI Incontro Nazionale
di Fisica Nucleare

Trento, 26-28/02/2024

Simone Bottoni

Pathway to nuclear structure in heavy neutron rich nuclei in the vicinity of 
N=126 and nuclei northwest of 132Sn via multinucleon transfer reactions 

(P.Reiter)

Evolution of the mixing between single particle 
and intruder configurations at N=20 

(F. Galtarossa, A. Gottardo)

Probing Multiple Shape Coexistence in 110Cd with Coulomb Excitation 
(M.Zielinska, K.Wrzosek Lipska, A.Nannini, P.Garrett)

Fusion fission for gamma ray spectroscopy of neutron rich nuclei around N=50 
(A. Gottardo, M. Caamano, JJVD)

Search for a Josephson like effect in the 116Sn+60Ni system 
(L. Corradi, S. Szilner) 

Understanding the nature of 0+ states in 110Sn and 112Sn and 108Cd 
( N. Marginean, M.Ciemala, F.Crespi)

Study of shape coexistence in 60Fe via lifetime 
measurement of excited 0+ states 

(G.Pasqualato/J.Ljungvall  ) 

Probing nucleon nucleon correlations in the 
48Ca+208Pb system below the Coulomb barrier

(T. Mijatovic L. Corradi)

Test of the CKM unitarity and the existence of Fierz 
interference through the measurement of 
superallowed beta decay of light nuclei 

(J.Ha/F.Recchia  )

Lifetime of the 6793 keV state in 15O 
(J.Skowronski)

Precise measurement of the B(E2; 2+1 → 0+1) in 56Ni  
(F. Galtarossa, A. Gottardo)

Decay-out of the oblate, triaxial and highly-deformed bands in 136,137Nd 
(C. Petrache/O. Stezowski ) 

Shell and shapes above 56Ni: lifetime measurements 
in ground-state and side band of 60Zn 

(E. Pilotto, G. Pasqualato) 

Two-Phonon Octupole excitation in 96Zr 
(D. Stramaccioni, J.J. Valiente-Dobon, A. Gadea) 

The fusion dynamics far below the barrier for 12C+24Mg by 
gamma particle coincidences with AGATA+Si detectors 

(G.Montagnoli/A.Stefanini)

8

Octupole correlations in the neutron 
deficient plutonium isotopes 

(J.F.Smith/D.Mengoni )

Investigating the low-lying states of 196Os via lifetime measurements 
(D.Brugnara/M.Sedlak/J.Pellumaj)

Spectroscopy and lifetime measurements toward the Island of Inversion 
(K.Wimmer/S.Bottoni/G.Benzoni/F.Recchia/P.Aguilera)

Emergence of enhanced collectivity near magic 
nuclei: Coulomb excitation of 60Ni 

(K.HadynskaKlek/M.Rocchini/N.Marchini) 

Coexisting Shapes in 96Zr 
(D. Doherty, N. Marchini, M. Zielinska) 
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Fusion-fission reactions
AGATA+PRISMA

Shell evolution along N=50
shape coexistence at low excitation energy 

A. Gottardo (LNL) et al.

F. Nowacki et al., PRL 117, 272501 (2016)
N
=
5
0

N
=
5
0
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Spectroscopy of low-Z fission fragments
towards doubly-magic 78Ni 

Fusion-fission reactions
AGATA+PRISMA

Analysis by F. Angelini (UNIPD)

Shell evolution along N=50
shape coexistence at low excitation energy 

A. Gottardo (LNL) et al.

F. Nowacki et al., PRL 117, 272501 (2016)
N
=
5
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Shape evolution at N=126
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From deformation to sphericity at N=126
triaxial features of 196Os

D. Brugnara (LNL) et al.
Multi-nucleon transfer reactions

AGATA+PRISMA

Beyond 
mean 
field 

P.R. John et al., PRC 90, 021301(R) (2014)

198Pt
136Xe
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t-1 ~ B(E2: Ji →Jf) = 1/(2Ji +1)‹ψf ||E2|| ψi›2

From deformation to sphericity at N=126
triaxial features of 196Os

D. Brugnara (LNL) et al.
Multi-nucleon transfer reactions

AGATA+PRISMA

Lifetime measurements with the inversed plunger
assessing ps lifetimes of excited states

Beyond 
mean 
field 

P.R. John et al., PRC 90, 021301(R) (2014)

Analysis by B. Gongora and J. Pellumaj (LNL)2+ of 198Pt

198Pt
136Xe



Towards the Island of Inversion at N=20
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Intruder configurations towards N=20 
evolution of negative-parity states

K. Wimmer (GSI) et al.
Multi-nucleon transfer reactions

AGATA+PRISMA and 235U target

PHASE A
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Intruder configurations towards N=20 
evolution of negative-parity states

K. Wimmer (GSI) et al.
Multi-nucleon transfer reactions

AGATA+PRISMA and 235U target

PHASE A

PRISMA optimization and lifetime measurements
assessing fs lifetimes of excited states

Analysis by F. Drent (GSI),  P. Aguilera (UNIPD), D. Genna (UNIMI)

DSAM Experiment 
approved

22Ne 
beam test



More physics…
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Come and see the AGATA posters



The young strenght of AGATA at LNL
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Thank you!
on behalf of the GAMMA collaboration

PD-LNL

MI

FI
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