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Outline

▪ General Introduction

▪ Selected Theoretical Methods  

▪ Summary Table-List of the Experiments

▪ Available Experimental Instrumentation 

▪ Detailed Physics Cases (SPES beams)

▪ Detailed Physics Cases (stable beams)

▪ Conclusions and Perspectives
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Resonances and Nuclear Structure

• One of the best examples of collective modes in nuclei is the Isovector Electric Giant Dipole
Resonance (IVGDR), that can be understood as a density oscillation of neutrons against protons

• This is also a perfect example of how a complex quantum system like the atomic nucleus can exhibit
very simple collective configurations

Lorentzian-Type Shape
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Resonances and Nuclear Structure

✓ This phenomenological “simplicity” out of the “nuclear complexity” has 

been used to extract valuable information on the nuclear structure (IVGDR 

reflects the bulk properties of nuclear matter)

✓ In particular, the IVGDR has been widely studied in the past, both at zero 

and finite temperature, however, some interesting aspects are still subject of 

present important scientific research, like the understanding of its evolution 

as a function of isospin and of the low-lying dipole strength (Pygmy 

Dipole Resonance)

➢ In this respect experiments performed with SPES radioactive neutron 

rich beams are important. In addition, also experiments using stable 

beams have still an important role as will be outlined in the following 

example cases. 
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Selected theoretical methods  
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Summary table
Experimental Ideas for the Deformation and collective states Working Group - Legnaro Mid Term Plan

PHYSICS TOPIC BEAM (1) BEAM (2)
BOMBARDING 

ENERGY TARGET REACTION

Detection of γ rays
Detection 
of Particles

OtherAGATA PARIS/HECTOR+
CLY

C TRACE EUCLIDES

PDR STABLE and SPES different 10 MeV /A p, alpha inel. scattering X X CTADIR

PDR STABLE and SPES different Coulomb barrier deuteron (d, p) or (d, t) X X X CTADIR

Hot GDR / Jacobi Shape STABLE and SPES different different different fusion-evaporation X X X

Octupole def B(E3) SPES 146Ba 4.5 MeV /A 208Pb Coulex X Coulex Silicon

BETA DECAY PDR SPES 146Cs STOPPED -
beta decay to 

146Ba Ge+Si+CLYC(?)

PQR STABLE and SPES different 10 MeV /A p, alpha inel. scattering X X X CTADIR

GQR / GDR STABLE 17O 20 MeV/A
40Ca, 

Heavier inel. scattering X X X

Hot GDR /Isospin 
Mixing STABLE 24Mg 40-80 MeV 28Si,30Si fusion-evaporation X X X
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Detection of Gamma-rays

The Advanced GAmma Tracking Array (AGATA) PARIS : A versatile detection 
array for low and high energy 
gamma-rays

HECTOR+ / Large volume 
LaBr3:Ce

CLYC 
scintillators
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Detection of Charged Particles

GRIT stands for “Granularity, Resolution, Identification, 
Transparency”. It is a new generation silicon array for low 
energy nuclear physics

The highly-efficient light-charged-particle detector EUCLIDES
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Other Complementary Instrumentation

The Cryogenic Target for Direct Reactions (CTADIR) 

**Possibility of nuclear resonance studies also with Active Targets (ATS)
See e.g. presentation of S. Bottoni (Light to medium-mass exotic nuclei)

PRIN 2017
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SPES Beams – Pygmy Dipole Resonance (1)

Inelastic scattering

• Inelastic scattering in inverse kinematics + gamma-rays in coincidence
• Beam Energy: 10 MeV / u  Possibly Studied nuclei: 94Sr, 132Sn, 140Xe, 142Ba, 

134Te + STABLE**
• Setup: Cryogenic target CTADIR (p or alpha) + AGATA + PARIS/LaBr3:Ce + GRIT
• SPES Letter of intent already submitted 

Calculations by E. Lanza (INFN Catania)

mainly involved working group participants: F. Crespi UNIMI/INFN, L. Pellegri WITS & iTL

LNL-NS-DCS-c0

LNL-NS-DCS-b0
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SPES Beams – Pygmy Quadrupole Resonance

mainly involved working group participants: 
F. Crespi UNIMI/INFN, L. Pellegri WITS & iTL, M. Spieker FSU 

LNL-NS-DCS-c0

LNL-NS-DCS-b0

• Inelastic scattering in inverse kinematics + gamma-rays in coincidence
• Beam Energy: 10 MeV / u  Possibly Studied nuclei: 94Sr, 132Sn, 140Xe, 

142Ba, 134Te + STABLE**
• Setup: Cryogenic target CTADIR (p or alpha) + AGATA + PARIS/LaBr3:Ce + 

GRIT
• SPES Letter of intent already submitted 
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SPES Beams – Pygmy Dipole Resonance (2)
• Transfer reactions in inverse kinematics + gamma-rays in coincidence
• Beam Energy: sub-Coulomb, few MeV/u above Coulomb barrier
• Reactions: 131Sn(d,p)132Sn*    133Sn(d,t)132Sn* + STABLE**

• Setup: Cryogenic target CTADIR (deuteron) + AGATA + PARIS/LaBr3:Ce + GRIT

Example: 119Sn(d,pγ)120Sn @ 8.5 MeV

Institute for Nuclear Physics in Cologne

LNL-NS-DCS-c1

LNL-NS-DCS-b1

mainly involved working group participants: 
F. Crespi UNIMI/INFN, L. Pellegri WITS & iTL, M. Spieker FSU 
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SPES Beams – Jacobi shape (hot GDR)
142La

Beam: 420 MeV 94Rb  - radioactive/re-accelerated

Target: 48Ca 

Fusion-evaporation, E* = 109MeV, Lmax=98 h

Measured: high-energy γ rays, discrete transitions 

and multiplicity (PARIS)

Detectors: PARIS, AGATA 

GDR – nuclear shape probe

GDR

mainly involved working group participants: M. Kmiecik, IFJ-PAN Krakow

LNL-NS-DCS-c2
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SPES Beams – Jacobi shape (hot GDR)

142La
Beam: 420 MeV 94Rb  
Target: 48Ca 
Fusion-evaporation, E* = 109MeV, Lmax=98 h,

Detectors: PARIS, AGATA, 
Measured: high-energy γ rays and multiplicity 
(PARIS) – if beam intensity >  108-109

Gated on discrete transitions (137La, 136La) 
– if beam intensity >  1010

mainly involved working group participants: M. Kmiecik,  IFJ-PAN Krakow

Calculations: M. Kmiecik
and K. Mazurek
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SPES Beams – Octupole Deformation in 146Ba 

• Coulomb excitation in inverse kinematics + gamma-rays in coincidence
• Beam Energy: 4.5 MeV/A 
• Reactions: 146Ba(208Pb,208Pb)146Ba*
• 146Ba(48Ti, 48Ti)146Ba*
• 146Ba(58Ni, 58Ni)146Ba*
• Silicon Det. + AGATA

mainly involved working group participants: M. Scheck UWS, M. Spieker FSU

LNL-NS-DCS-c3
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• Decay spectroscopy 

SPES Beta decay station
-> setup shown in the next slide

• + possibility of adding a neutron detector array under 
consideration

mainly involved working group participants: G. Benzoni INFN Mi, F. Crespi UNIMI-INFN , M. Scheck UWS

LNL-NS-DCS-c3

Orsay-ALTO 83Ga decay, N=50 
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Name Surnameb-DS @SPES

3D rendering of the structure:
- 2 chambers connected via same tape system
- Top chamber dedicated to decay studies:

- Plastic det. for betas with SiPM readout
- HPGe (Galileo Triple Clusters) for gamma rays

- Bottom chamber for E0 and EC measurements:
- MOS system coupled to cooled Si(Li)

INFN Milano, Firenze, Perugia, Uni. Camerino Courtesy of G. Benzoni
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Stable Beams – PDR and PQR 
• Inelastic scattering and transfer reactions (also in inverse kinematics) + gamma-rays in 

coincidence
• Setup: Cryogenic target CTADIR (p or alpha) (AGATA and PARIS/LaBr3:Ce) (TRACE)

• Reactions: 91Zr(p,d)90Zr* also Sn and Te
• neutron removal (investigation of hole states)

LNL-NS-DCS-a0

LNL-NS-DCS-b0

Example: 119Sn(d,pγ)120Sn @ 8.5 MeV

Institute for Nuclear Physics in Cologne

mainly involved working group participants: 
F. Crespi UNIMI/INFN, L. Pellegri WITS & iTL, M. Spieker FSU 



Nuclear Physics Mid Term Plan in Italy – LNL Session
19

Fabio Crespi

Text

Stable Beams – GDR / GQR
Gamma and Particle Decay of Giant Resonances 
Excited by Inelastic Scattering of 17O ions at 20 MeV/A

❑ The gamma-decay width is a small fraction (≈ 10−3) of the total width

❑ A microscopic model based on Skyrme functionals has been [*] developed

[*] M. Brenna, G. Colò, and P.F. Bortignon, Phys. Rev. C85, 014305 (2012)The particle decay from GR states

❑ in past experiments main limitation was due to the detection of the low energy charge 
particles 
➢ decay was mainly measured for the ground state and the first excited state

❑ We would like to measure the GR particle decay via detection of gamma rays from residual 
nuclei (high efficiency of AGATA allows to determine the entry point after particle 
emission)
❑ Better energy resolution and no problems for detection of low energy particles

Interesting nuclear systems to study first are 40Ca, 24Mg and Ni isotopes

mainly involved working group participants: F. Crespi UNIMI-INFN

LNL-NS-DCS-a1

**Learning about the structure of giant resonances from their γ decay, W. L. Lv, Y. F. Niu, and G. Colo, Phys. Rev. C 103, 064321 (2021).
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Stable Beams – Jacobi shape (hot GDR)
96Mo
Beam: 250 MeV 48Ca - stable
Target: 48Ti 
Fusion-evaporation, E* = 121MeV, Lmax=80 h
Measured: high-energy γ rays, discrete transitions and 
α particles
Detectors: PARIS, AGATA, Euclides

130Ba
Beam: 350 MeV 82Se - stable
Target: 48Ti 
Fusion-evaporation, E* = 90MeV, 
Lmax=78 h
Measured: high-energy γ rays, discrete 
transitions and multiplicity (PARIS)
Detectors: PARIS, AGATA, 

mainly involved working group participants: M. Kmiecik IFJ-PAN Krakow

LNL-NS-DCS-a2
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Stable Beams – Isospin Mixing

mainly involved working group participants: O. Wieland INFN Mi/ F. Camera UNIMI-INFN

LNL-NS-DCS-a3
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mainly involved working group participants: O. Wieland INFN Mi LNL-NS-DCS-a4

***

*** Low-energy monopole and dipole response in nuclei at finite temperature, Y. F. Niu, N. Paar, D. Vretenar, and J. Meng, Phys. Lett. B 681, 315 (2009)

Temperature effects on neutron-capture cross sections and rates through electric dipole transitions in hot nuclei, A. Berceanu, Y. Xu, and Y. F. Niu, Phys. Rev. C 104, 044332 (2021).
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Conclusions and Perspectives

• Lively discussions and significant work performed by 
the Deformation and Collective States Working Group, 
show the scientific vitality of this sub-field

• Several selected central physics cases that can be 
addressed taking advantage of the specific 
instrumentations and accelerators available at LNL
(presently and in the next few years, like SPES)

• Preparation of the paper…


