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Nuclear resonances, what are we talking about ? 

q Giant resonances are collective excitation modes. Majority of the nucleons are involved in the excitation.

A. Bracco et al. Prog. Part. Nucl. Phys. 106 (2019) 

q Pygmy Dipole Resonance (PDR)
Additional dipole strength at lower 

energy than the (IV)GDR

q Giant resonances as a constraint of the Equation of State
q PDR plays a role in the nucleosynthesis r process 
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Where we were in 2017 ?
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q Challenge to measure giant resonances in exotic nuclei
Ø Full isoscalar and isovector responses started to be investigated

with innovative techniques

q Open questions :
- Problem of collectivity in spin, spin-isospin modes in mentioned
- Quenching of M1 and Gamow—Teller decays of paramount importance

in astrophysics
- Investigations of low-energy isovector excitations expected in exotic

systems to probe the effective restoring forces
q Perspectives with ELI-NP

Where we were in 2017 ?

Nuclear structure approach
q Focus on the nature of the PDR

Ø Isoscalar and isovector states co-exist in the same 
energy region (example in 124Sn)

Extracted from Nupecc LRP2017 5



Where we were in 2017 ?

Giant resonances and Equation of State
Complementary approach to heavy-ion collisions studies

q Incompressibility of nuclear matter (K∞) probed around saturation
density using ISGMR and ISGDR

Ø One problem in 2017 : in Cd and Sn isotopes, the ISGMR
energy is measured significantly lower than expected from
the accepted value of K∞ = 240+/-30 MeV (from ISGMR in
Zr, Sm and Pb isotopes and heavy-ions collisions results)

Ø some theoretical explanations but not fully satisfactory, it is
still an unsolved problem

q Symmetry energy
Strength S0 and slope L of the symmetry energy at the saturation
density govern collective excitations such as the PDR

Ø Complementarity of investigations in nuclear physics and
astrophysics to probe the ranges of S0 and L

U. Garg and G. Colò, Prog. Part. Nucl. Phys. 101, 55-95 (2018) 

Exp value for 120Sn

Exp value for 208Pb

Extracted from Nupecc LRP2017
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Contributions from the community submitted in 2022
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Contributions from the community submitted in 2022

Gamma decay of the giant resonances and pygmy states excited in hot and cold nuclei
(proposal 142)

Highlighting 4 programs

Ø Study of the link between deformation of the compound nucleus and deformation of levels populated in the decay products
How ? Measurement of high-energy g rays from IVGDR in coincidence with low-energy g rays from excited states in residues

Where ? @IJCLab nu-ball campaign 192Pt -> 188Pt (2018), nu-Ball2 + PARIS campaign 80Sr -> 76Kr (2022)  
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Contributions from the community submitted in 2022

Gamma decay of the giant resonances and pygmy states excited in hot and cold nuclei
(proposal 142)

Highlighting 4 programs

Ø Study of the link between deformation of the compound nucleus and deformation of levels populated in the decay products
How ? Measurement of high-energy g rays from IVGDR in coincidence with low-energy g rays from excited states in residues

Where ? @IJCLab nu-ball campaign 192Pt -> 188Pt (2018), nu-Ball2 + PARIS campaign 80Sr -> 76Kr (2022)  

Ø Evolution of the nuclear shape as a function of spin – Study of Jacobi shape transition
How ? Measurement of high-energy g rays from IVGDR in coincidence with light charged particles and low-energy g rays from 

excited states in residues
Where ? Planned experiment @LNL-INFN using AGATA+PARIS+EUCLIDES (96Mo and 134Ba)

Ø Gamma decay of ISGQR built on the ground state as a probe of the resonance wave function
How ? Measurement of direct g decay of the ISGQR to low-lying states

Where ? Planned experiments @CCB (p,p’) using PARIS+KRATTA, @LNL-INFN (17O,17O’) using AGATA+PARIS+silicon detectors

Ø Properties of the pygmy resonance
How ? Measurement of g rays coming from the deexcitation of the PDR

1) Isospin character of the PDR 
Where ? @CCB (p,p’) using PARIS+KRATTA, @GANIL-SPIRAL2/NFS (n,n’) using PARIS+MONSTER

2)  PDR properties at different temperatures. 
Where ? Planned experiments @CCB and @IFIN-HH using PARIS or ELIGANT-GN detectors 8



Contributions from the community submitted in 2022

Gamma decay of the giant resonances and pygmy states excited in hot and cold nuclei
(proposal 142)

• Proposed by a large part of the European nuclear physics community interested in nuclear resonances

• A number of promising emerging programs… 

PARIS+MONSTER @NFS September 2022PARIS+AGATA @LNL > ~ 2023PARIS+Nuball2 @IJCLab 2022-2023 9



Contributions from the community submitted in 2022

Equation of State
Link with heavy-ions collisions

Equation of State of hot and exotic nuclear matter
(proposal 51)

Long range plans for the determination of the nuclear EoS
from sub- to supra-saturation densities using HIC

(proposal 198)

Theory
The MONSTRE (MOdeling Nuclear Structure and REactions) project 

(proposal 94)

Detectors
Towards the 4p PARIS gamma calorimeter

(proposal 147)
Perspectives for precision experiments with heavy-ion storage rings

(proposal 204)

Other Physics cases
High Spin States and Exotic Shapes in Medium-Heavy Nuclei

(proposal 154)

Gamma decay of the giant resonances and pygmy states excited in hot and cold nuclei
(proposal 142)
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Facilities
Nuclear Physics Research at the Extreme Light Infrastructure  

Nuclear Physics (ELI-NP) Facility
(proposal 33)

Nuclear Physics research and plans in Italy + LNS proposal
(proposal 82 + 209)

The Neutrons For Science facility in the next decade
(proposal 155)

National Cyclotron Laboratory Consortium in Poland: 
HIL in Warsaw and CCB  in Krakow
(additional submission to TWG6)



In parallel of these emerging programs submitted in 2022, additional 
ongoing studies that we can think of …
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Experimental programs dedicated to the study of nuclear resonances 

GDR in deformed nuclei
Ongoing work at TU Darmstadt by N. Pietralla, J. Kleemann et al. 

K=1K=0

B. L. Berman and S. C. Fultz, Rev. Mod. Phys. 47, 713 (1975)

• GDR splits in two humps in deformed nuclei: K=0 and 1
• GDR decays to ~1% internally by E1 γ-decay
• Internal decay to 0+, 2+ states of the gs band 
• Decay branching ratio G2/G0 to gsb predicted by Alaga rule
• K-assignments to GDR never tested experimentally
• Idea: Excite „slices“ of GDR with monochromatic γs at HIγS and VEGA
• Measure branching ratio by angular distribution

PRELIMINARY

First experimental results for branching ratios:

12



Experimental programs dedicated to the study of nuclear resonances 

Collective vs single-particle character of the PDR
Ongoing work at University of Cologne by M. Weinert, M. Spieker, A. Zilges et al. 

• Population via (d,p) and gate on ground-state decays
Comparable to bremsstrahlung and (𝛼,𝛼’𝛾)

• Selective to specific 1p-1h content within PDR states

• Experimental filter:
Access through ground state of target nucleus

• Strong population in lower PDR region!

• Angular dist. pin down J𝜋=1- states

• Exp. + theory prove 1p-1h PDR strength

d

p

120Sn
𝛾

M. Weinert et al., Phys. Rev. Lett. 127, 242501 (2021)
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Experimental programs dedicated to the study of nuclear resonances 

ISGMR in exotic nuclei using active target at GANIL
Ongoing work at KU Leuven and CEA Saclay by A. Arokiaraj, R. Raabe, D. Thisse, M. Vandebrouck et al. 

2005 - 2015

C. Monrozeau et al., Phys. Rev. Lett. 100, 042501 (2008)
M. Vandebrouck et al., Phys. Rev. Lett. 113, 032504 (2014)
M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)
S. Bagchi et al., Phys. Lett. B 751, 371 (2015)
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Experimental programs dedicated to the study of nuclear resonances 

ISGMR in exotic nuclei using active target at GANIL
Ongoing work at KU Leuven and CEA Saclay by A. Arokiaraj, R. Raabe, D. Thisse, M. Vandebrouck et al. 

2005 - 2015 Since 2019

C. Monrozeau et al., Phys. Rev. Lett. 100, 042501 (2008)
M. Vandebrouck et al., Phys. Rev. Lett. 113, 032504 (2014)
M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)
S. Bagchi et al., Phys. Lett. B 751, 371 (2015)

In 2019
58Ni + a → a’ + 58Ni* (inverse kinematics) @50MeV/nucl

68Ni + a → a’ + 68Ni* @50MeV/nucl

E*(58Ni) [19.5;21.5]MeV
Not corrected for efficiency

PRELIMINARY

Ongoing analysis 
A. Arokiaraj
(KU Leuven)

D. Thisse
(CEA Saclay)
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Theory programs dedicated to the study of nuclear resonances 

Consistent comparison – Nuclear structure and rection theory

states seen in (d,p𝛾) and (𝛾,𝛾’) 
and above (d,p𝛾) sensitivity limit

(p,p’) CoulEx

QPM

• Comparing apples to apples is crucial!

• Structure input via EDF+QPM
• Reaction theory for each hadronic probe

• Similar work done in 120Sn(𝛼,𝛼’𝛾)

• Full-scale analysis of QPM output
uncovered evolution of structure

• Is this local to 120Sn?

E. G. Lanza, INFN

G. Potel, LLNL

N. Tsoneva, ELI-NP

M. Weinert et al., Phys. Rev. Lett. 127 (2021) 242501

15

(Is energy integrated nuclear resonance fluorescence (NRF) cross section) 



Theory programs dedicated to the study of nuclear resonances 

Ab-initio description of monopole resonance in light- and medium-mass nuclei
Ongoing work at CEA by A. Porro, T. Duguet, J-P. Ebran, M. Frosini, V. Somà

GMR

Shape coexistence

Superfluidity Exotic modes

Deformation Incompressibility
Ab-initio

1. T. Hüther et al., Phys. Lett. B 808 (2020)
2. Y. Beaujeault-Taudière, et al., Phys. Rev. C 107(2) (2023)
3. A. Porro et al., “Ab-initio description of monopole resonance 

in light- and medium-mass nuclei”, In preparation.

New ab-initio study of Giant Monopole Resonance

• State-of-the-art realistic chiral two+three-body interactions (1)

• Consistently taking into accounts several physical aspects

• Both for closed- and open-shell systems

Use of both well-established and new methods 

• QRPA canonical method of choice for GMR studies (2)

• PGCM first use for a systematic description of GMR (3)

• Goes beyond the standard harmonic approximation

• Preserves the symmetries of the Hamiltonian

16
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New ab-initio study of Giant Monopole Resonance

• State-of-the-art realistic chiral two+three-body interactions (1)

• Consistently taking into accounts several physical aspects

• Both for closed- and open-shell systems

Use of both well-established and new methods 

• QRPA canonical method of choice for GMR studies (2)

• PGCM first use for a systematic description of GMR (3)

• Goes beyond the standard harmonic approximation

• Preserves the symmetries of the Hamiltonian

Useful but not unambiguous comparison to data

• Very promising agreement with experiments

• Need for precise data in the low A region

• Privileged access point to fundamental questions

(Physics of deformation, rotation/vibration coupling) 16



Summary 
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q One main proposal dedicated to the study of giant resonances and PDR which presents several emerging 
programs :

- Study of the link between deformation of the compound nucleus and deformation of levels populated in the decay products
- Evolution of the nuclear shape as a function of spin – Study of Jacobi shape transition
- Gamma decay of ISGQR built on the ground state as a probe of the resonance wave function
- Properties of the pygmy resonance

q In parallel, several ongoing experimental programs
- GDR in deformed nuclei
- Collective versus single-particle character of the PDR
- ISGMR in exotic nuclei using active targets
… and theory programs 
- Consistent comparison, nuclear structure and reaction theory
- Ab-initio description of monopole resonance in light- and medium- mass nuclei

q And maybe other studies we have forgotten …

q Also Virtual Access facility Theo4Exp within EURO-LABS project initiated by Kraków, Milano and Seville 
groups.

Thank you !


