
The AGATA multi-detector for 

Nuclear Structure



What about Nuclear Data ? 

Why the AGATA collaboration can shed new 

light on our definition of nuclear data ?



The main goals of Nuclear Structure 

How do nuclei and nuclear matter emerge from the underlying fundamental interactions? 

What is the limit of nuclear existence and which phenomena arise from open quantum systems?

How do nuclear shells evolve across the nuclear landscape, what kind of shapes can nuclei take, and 

what is the role of nuclear correlations? 

How can we better understand the synthesis of heavy elements and the chemical evolution of the 

visible universe? 

Explore the limits of nuclear existence: discovery of new isotopes/elements, the evolution of nuclear 

structure, nuclear shapes and their spectra.

Study unstable nuclei, their decay modes, and the mechanisms governing nuclear reactions and 

fission.

Investigate exotic structures related to weakly bound and open quantum systems.

Our contribution : We measure gamma’s ! (electromagnetic decay of a quantum system)

3-body force

Shell evolution

Isospin symmetry

Clustering, pairing, 
nuclear deformation, 
astrophysics, fission …



How to approach such endevour? 

The progress in the understanding of nuclei is driven by major advances of 
theoretical and experimental tools. 

Theory development Experimental apparata and facilities

The nuclear structure is not an observable. The nucleus is a many body object  need to measure in the 

laboratory various observables to constrain the nuclear models 

Evaluated data



The AGATA project : THE ultimate spectrometer 

• 180 (60 triple-clusters) crystals

• Mass of Germanium: 362 kg

• Solid Angle: 82 %

• Acquisition rate >50 kHz

• Efficiency:   43% (Mγ=1) , 28% (M γ =30)

• Angular resolution: ~1º

S. Akkoyun et al., Nucl. Instrum. Methods Phys. Res., Sect. A 668, 26 (2012).

AGATA White Book  : W. Korten et al, Eur. Phys. J. A (2020) 56:137

www.agata.org

Topical Issue EPJA : 

https://epja.epj.org/component/toc/?task=topic&id=1878

The European Physical Journal A

AGATA: Advancements in Science and Technology

Editors : Nicolas Alamanos, Maria Jose Garcia Borge, Angela Bracco, 

Emmanuel Clement, Andres Gadea, Wolfram Korten, Silvia Leoni and 

John Simpson

http://www.agata.org/
https://epja.epj.org/component/toc/?task=topic&id=1878


Global Physics Photowalk

https://www.interactions.org

2026 Second place (judges)

2026 Third place (public)

https://www.interactions.org/


AGATA : How does it work ?

Complementary 
Detectors

b, q, f, E*

Doppler 
Correction
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J. Dudouet et al (IP2I)

Spitzer (left), JWST (right).

Et à la fin ?
AGATA : At the end



Discovery potential of AGATA when completed

Super Deformation (one of the most famous discovery of the 2nd half of the XX 

century  Hyper Deformation  High g  multiplicity gain factor 300!!



2010-2012
Legnaro, Italy
Intense stable beams
15 detectors

AGATA Demonstrator + 
PRISMA at LNL

2012-2014
GSI, Germany
Fast fragmentation beams
25 detectors

AGATA at GSI

2014- 2021
GANIL, France
ISOL and stable beams
approaching 1π (45)

AGATA at GANIL

2021- 2028
LNL, Italy
Stable beams
EXOTIC beams

AGATA at LNL

LNL 2.0

MoU Phase 1 + Addendum MoU Phase 2

2031 –
LNL, SPES, Italy
FAIR, Germany
ISOLDE, CERN

The AGATA project : THE ultimate spectrometer

1st AGATA Steering 

Committee and 

Management Board 

(2002) March 2022

2028- 2030(+1 ?)
GANIL, France
ISOL beams from
SPIRAL1

GANIL 2.0



Experiments performed in 2015-2021 at GANIL with AGATA

Shape transition in the neutron-rich W isotopes

Lifetime measurements of excited 
states in neutron-rich C and O isotopes

Octupole correlation in 207Pb  

48Ca

132Sn

68Ni
78Ni

100Sn

208Pb

Evolution of the shell structure in the 
region of neutron-rich Ti isotopes

Evolution of collectivity around N=40: lifetime measurements in 73,75Ga

i13/2 single particle state in 133Sn and high spin in 108Zr 

The lifetime in 23Mg as a probe 
for classical novae models

Exploration of alpha-cluster : the 
unique case of 212Po (208Pb + α)

Transition Quadrupole Moments in 166,168Dy. 

Shape evolution in neutron rich fission 
fragments in the mass A~100 region

Evolution of collectivity around N=40: lifetime measurements in 64Fe

Evolution of collectivity around N=52: lifetime measurements in 83,84Ge

Shell evolution around N=50: 81Ga spectroscopy

Evolution of collectivity around N=50: lifetime 
measurements 104,106Sn 

Evolution of collectivity around N=50: 
lifetime measurements 94Ru

Studies of excited states in 102,103Sn

Search for isoscalar pairing in 
the N=Z nucleus 88Ru

Isospin Symmetry Breaking in 
the A=63,71 mirror nuclei 

Octupole – Quadrupole correlation in 112Xe

Reaction mechanism : Fission of Light Hg

Search for Double Gamma decay in 137Cs source

Above barrier narrow 
resonances in 15F

Is there a problem with 
protons in N=28 nucleus 46Ar ? 

Deter. the 
α+15O 
radiative 
capture 
rate

3-body contribution 
in 20O structure

Proton-neutron interactions 
across the N = 28 shell 
closure via 47K(d,p)48K

RIB SHE Cross section 238U+238U in MNT

N=126 Xe+Pt spectroscopy after MNT



Some highlights of AGATA@GANIL.1

Direct observation of a “delayed”

rotational alignment in a

deformed N = Z nucleus (88Ru), in

agreement with theoretical

predictions related to the presence

of strong isoscalar neutron-proton

pair correlations.

B. Cederwall et al, Phys. 
Rev. Lett. 124,062501 
(2020)

Evidence of octupole-phonon at high spin in 207Pb : 
Study of the octupole phonon in the 208Pb region.

D. Ralet et al Phys. Lett. B 797, 134797 (2019),

M.Siciliano et al, Physics Letters B 806 (2020) 135474

Ch. Fougère et al Nature Communications

volume 14, 4536 (2023) 

Constraining the 22Na(p, γ)23Mg reaction  from the 

spectroscopy of the 7785.0(7) keV resonance in 23Mg.  

Accurate and holistic description of 20O using
3-body term from ab initio VS-IMSRG at 
MUGAST-AGATA data,  Phys. Rev. Lett. 131, 
262501 (2023), I. Zanon, E. Clément, et al. 

R.M. Pérez-Vidal et al, Phys. Rev. Lett 129, 112501 (2022)

Investigation of the Seniority Conservation in the pg9/2 shell

- 2+ wave function is dominated by the p-n quadrupole interaction

- 4+ wave function is a balance p-n quadrupole and pairing interactions

- Revisit our predictions on the 100Sn structure to be investigated at S3

Direct transfer to 46,48K as a survey of the 
πs1/2-nsdpf interaction; N=28  .J. Paxman
Phys. Rev. Lett. 134, 162504 (2025)

https://www.nature.com/ncomms


20

The physics campaign (so far) at LNL

Coexisting Shapes in 96Zr 
(D. Doherty, N. Marchini, M. Zielinska) 

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)

Lifetimes in the 196Os region populated 

with multinucleon transfer reactions 

(D. Brugnara, M. Sedlak, J. Pellumaj)

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

Galtarossa, A. Gottardo)

Shape Coexistence Coulex of 74Se 

(W.Korten, K.Wrzosek Lipska, E.Clement)

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, D. Ramos, JJVD)

Search for a Josephson like effect in the 116Sn+60Ni system 

(L. Corradi, S. Szilner) 

Lifetime measurements intruder states towards the island of inversion along the N=20 shell closure (Z. Irene, 

D. Brugnara) 

Understanding the nature of 0+ states in 110Sn and 112Sn and 108Cd 

( N. Marginean, M.Ciemala, F.Crespi)

The low energy fusion in the system 12C + 26Mg (G. Montagnoli)

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

(T. Mijatovic L. Corradi)

Nuclear structure in the vicinity of the Z=28 neutron rich isotopes with AGATA and PRISMA

(R.M.Pérez Vidal, S.Bottoni, E.Sahin,A.Illana, J. Benito, J. Ljungvall, M. Doncel, A.Gadea, L.M. Fraile)

Search for octupole structures in the light U Th and Pa isotopes via Multinucleon 

transfer reactions 

(A. Goasduff  G. De Angelis)

Study of shape coexistence in 60Fe via lifetime 

measurement of excited 0+ states 

(G.Pasqualato/J.Ljungvall) 

Lifetime measurements around 48Ca

(C. Fransen, A. Gottardo, D. Menogni)

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 )
Spectroscopy and lifetime measurements toward the 

Island of Inversion (K.Wimmer, S.Bottoni, G.Benzoni, 

F.Recchia, P.Aguilera)

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

Octupole correlations in the neutron deficient plutonium isotopes (J.F.Smith,D.Mengoni )

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 emergence of enhanced collectivity near magic 

nuclei: Coulomb excitation of 60Ni (K. HadinskaKleck, 

N. Marchini, M. Rocchini,)

Accessing neutron-rich nuclei close to 208Pb via multi-nucleon transfer reactions (F. 
Galtarossa, T. Mijatovic)

Combined lifetime and transition-probability measurements in 96Zr via unsafe 

Coulomb excitation (M. Zielinska, F. Ercolano, N. Marchini, J.J. Valiente Dobon)



The physics campaign (so far) at LNL

First 
paper

nuclear reaction cross section



How to place AGATA in the Framework of International Workshop on Nuclear Data for the Next Decade ? 

For researchers working on experimental and theoretical methods related to nuclear data production. 

AGATA collaboration

VAMOS / PRISMA device

GRIT collaboration

GANIL / LNL facility

P.I from XYZ university

AGATA (or GRETA)  Nuclear Data  Spectroscopy Data Base



International Atomic Energy Agency, 

nuclear data definition

Number of nuclides covered: > 3,000

Number of entries (e.g., g-rays): ~200,000



To access these g-data, many tools have been developed 

All measured T1/2 (2+) in even-even nuclei

Powered by https://tkn.in2p3.fr/

https://tkn.in2p3.fr/


AGATA collaboration

VAMOS / PRISMA device

GRIT collaboration

GANIL / LNL facility

P.I from XYZ university

What we want…

Where we want to go…

The L2,L3 data are valuable  data

GANIL campaign is 29 experiments

LNL.1  campaign is 25 experiments

GSI     campaign is 5 experiments

LNL.2  campaign is so far 48 experiments, counting

~1400 To of data archived in TIER’s 1 (CCIN2P3, CNAF)



traces

Processed

Analyzed

« metadata »

Courtesy J. Dudouet (IP2i)
MySQL data base extracted from GRID – completed (2026)
 AGATA Data catalogue 



A. Lemasson et al, Nupecc LRP 2024

Long term storage of Data after processing beyond the 
primary goal of the experiment 

Keeping this analysed data for future (hypothetic) use

We need catalogues
We need metadata and reliable workflow
We need to manage the access and data collection
We need to manage the authorship and policies
We need to manage multiple collaborations
We need  code and processing reviews
We need more standards

https://opennp.in2p3.fr/

What we want…

Where we want to go…

https://opennp.in2p3.fr/


252Cf – High fold GS
1995 + 2000 run’s

AGATA VAMOS



Use-case : reusable data with INDRA-FAZIA
Experiments at GANIL:

 e789 experiment (2019)

 → Title: “Isospin transport and the Density Dependence of the Symmetry Energy”

 → Setup: INDRA-FAZIA

 → Systems: 58,64Ni+58,64Ni at 32 and 52 MeV/nuc

 → Publications:  

 https://doi.org/10.1103/PhysRevC.106.024603 (2022)

 https://doi.org/10.1103/PhysRevC.108.054611 (2023)

Isospin equilibration

https://doi.org/10.26143/ganil-2019-e789_18
https://doi.org/10.1103/PhysRevC.106.024603
https://doi.org/10.1103/PhysRevC.108.054611




58Ni+58Ni at 32 MeV/nuc also studied in a former INDRA campaign 



 INDRA 2nd campaign (1994)

 → Title: “Multifragmentation process for different mass asymmetry”

 → Setup: INDRA (solo)

 → Systems: 



181Ta+238U, 197Au @ 33 MeV/nuc



238U+238U @ 23 MeV/nuc



58Ni+58Ni @ 32-90 MeV/nuc



58Ni+197Au @ 10-90 MeV/nuc

 → Publications:  
 https://doi.org/10.1103/PhysRevC.65.044604 (2002)

 https://doi.org/10.1103/PhysRevC.67.064603 (2002)

 https://doi.org/10.1016/S0375-9474(02)00988-0 (2003)

 https://doi.org/10.1103/PhysRevC.79.064614 (2009)



Use-case : reusable data with INDRA-FAZIA

Sideward Flow

Isospin equilibration

Multifragmentation

https://doi.org/10.1103/PhysRevC.65.044604
https://doi.org/10.1103/PhysRevC.67.064603
https://doi.org/10.1016/S0375-9474(02)00988-0
https://doi.org/10.1103/PhysRevC.79.064614


Use-case : reusable data with INDRA-FAZIA
e789 (2019) 

 “Isospin transport and the Density 

Dependence of the Symmetry Energy”

 Setup: INDRA-FAZIA

 Systems: 58,64Ni+58,64Ni @ 32 and 52 

MeV/nuc

INDRA 2nd campaign (1994)

 “Multifragmentation process for 

different mass asymmetry”

 Setup: INDRA (solo)

 Systems: 

 → 181Ta+238U, 197Au @ 33 MeV/nuc

 → 238U+238U @ 23 MeV/nuc

 → 58Ni+58Ni @ 32-90 MeV/nuc 

 → 58Ni+197Au @ 10-90 MeV/nuc

Computing Center

e789 dataset INDRA 2nd campaign

Raw data

Metadata

Logbooks...

Raw data

Metadata

Logbooks...

 Data analysis framework

 Dataset management

https://doi.org/10.26143/ganil-2019-e789_18


Use-case : reusable data with INDRA-FAZIA
e789 (2019) 

 “Isospin transport and the Density 

Dependence of the Symmetry Energy”

 Setup: INDRA-FAZIA

 Systems: 58,64Ni+58,64Ni @ 32 and 52 

MeV/nuc

INDRA 2nd campaign (1994)

 “Multifragmentation process for 

different mass asymmetry”

 Setup: INDRA (solo)

 Systems: 

 → 181Ta+238U, 197Au @ 33 MeV/nuc

 → 238U+238U @ 23 MeV/nuc

 → 58Ni+58Ni @ 32-90 MeV/nuc 

 → 58Ni+197Au @ 10-90 MeV/nuc

Computing Center

e789 dataset INDRA 2nd campaign

Raw data

Metadata

Logbooks...

Raw data

Metadata

Logbooks...

 Data analysis framework

 Dataset management

Pre-processed data

The physics analysis



58,64Ni+58,64Ni @ 32 Mev/nuc

 Observable = Isospin transport ratio 

 [e789] → exp. isospin diffusion

 [e789 + 2nd camp.] 

 → model-independent impact 

parameter reconstruction

 [e789 + 2nd camp. + simulations]

 → Symmetry energy constraints

œ

Publication

https://doi.org/10.26143/ganil-2019-e789_18


These cases are somehow a bit simpler 

because one deals with a unique 

apparatus's or single collaboration with a 

relatively low data taking frequency



2015-2017
2018 2019-2021

AGATA@GANIL.1 were many sub-campaigns

AGATA coupled to VAMOS, 
FATIMA, PARIS

AGATA coupled to 
NEDA- DIAMANT

AGATA coupled to 
VAMOS MUGAST

AGATA coupled to VAMOS, 
EXOGAM, 2nd Arm, LEPS

2021

24-34 capsules
Exotic nuclei spectroscopy by 
MNT transfer and fission reaction

36 capsules

40-41 capsules

40-41 capsules
N~Z nuclei spectroscopy
by fusion evaporation

Exotic nuclei
spectroscopy by transfer
reaction using RIB

Exotic nuclei spectroscopy 
by MNT transfer 



If time allows

More examples



HIE-ISOLDE A. Illana et al. Phys. Rev. C 108, 044305  (2023)

J. Van de Walle et al. Phys. Rev. Lett. 99, (2007)

(AGATA)C. Louchart et al. Phys. Rev. C 87, 054302 – (2013)

; Phys. Rev. C 79, 014309 (2009)

(EXOGAM) I. Celikovic, et al Acta Phys. Pol. B 44, 375 (2013).

D. Mücher, Phys. Rev. C 79, 054310 (2009)

Y. Shiga et al. Phys. Rev. C 93, 024320 (2016)

(AGATA) T. Milanović et al Acta Phys. Pol. B 51, 837 (2020), in preparation.RDDS GANIL 2

Strong anomaly /inconsistency

Spectroscopy of the 4+
1 state in 74Zn 

The lifetime experiments have been (certainly) 

contaminated by a long-lived feeder or several feeders

Feeding is reaction-dependent (nearly unpredictable) 

The dream : gather all reactions used, make a gg, gather 

all plunger distances measured and compute all data 

set to seek for anomalies



M. Rocchini et 

al, Phys. Rev. 

Lett. 130, 

122502 (2023) AGATA - Fission

J. L. Tracy Jr. et al 

PRC 98, 034309 

(2018)

G. Duchêne in preparation

Spectroscopy of the 4+
1 state in 74Zn 

238U+ 76Ge PRISMA  AGATA plunger MNT (2010)
238U+ 76Ge VAMOS AGATA plunger MNT (2016)
238U + Be   VAMOS  AGATA                  FISSION (2015) light mass rigidity
238U + Be   VAMOS  AGATA                   FISSION (2016) heavy mass rigidity
238U + Be   VAMOS  AGATA plunger FISSION (2015)

238U + 76Ge PRISMA  CLARA plunger MNT (<2010)
238U + 70Zn VAMOS EXOGAM plunger MNT (<2010)
208Pb + 70Zn VAMOS EXOGAM MNT (<2010)

What we want…

Where we want to go…

Being able to gather all these data 

set to crack the case without 

collecting again new in-beam data



Fission  Spectroscopy of fission fragments for nuclear structure 
Fission Reaction  mechanism studies

EXOGAM VAMOS FISSION
AGATA VAMOS FISSION
PARIS VAMOS FISSION
FATIMA AGATA VAMOS FISSION

Similar for Multi-Nucleon transfer

What a potential !

What a potential !



My take home message is

Large collaborations within the EU nuclear low-energy

physics community are working towards the objective of

ensuring that the data to be evaluated and archived (with

open access) includes not only the final products

(numbers), but also the L3 data.




