The /LL journey : nuclear structure with neutrons




The “Universe Essentials”
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Big quark-gluon proton & neutron formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
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Particle Physics > Nuclear Physics > Applications

precision vs discovery frontiers

different probes, different methods, different laboratories world-wide
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M. Jentschel et al 2017 JINST 12 P11003
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Particle-core excitations in 133Sb
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132Sn core excitations are very relevant.
New microscopic model, starting point for new
investigations in medium/heavy nuclei

G. Bocchi et al., PLB 760 (2016) 273



The proton catching the wave of the phonon

Courtesy of B. Fornal
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In NUCLEI

Particle-Phonon Couplings

Coupling between
Particles and Core Vibrations

excited core
(phonon)

Key Ingredient for:

- Anharmonicity of vibrational spectra
- Damping of Giant Resonances

- Quenching of Spectroscopic Factors, ...

In CONDENSED MATTER

Electron-Phonon Couplings

Coupling between
Electrons and plasmons and phonons

- Electromagnetic Response
- Superconductivity

in Metal Clusters, Fullerenes, ...

Common many-body diagrammatic techniques

Different energy scales ...
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FIPPS+IFIN @ ILL
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Study of the performance of the upgraded FIPPS HPGe array:
Compton background suppression and fission tagging
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RECENT RESULTS & PERSPECTIVES
AT FIPPS

NEUTRONS

3-5 APRIL 2019 | MAGURELE, ROMANIA FOR SOCIETY




Shape coexistence at zero spin in Ni isotopes
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Structure of rare-earth nuclei: the case of 11Gd

Rare-earth nuclei (Dy, Gd, Eu, ...)

Nuclear structure between Z=50 and Z=126
Single-particle orbitals in deformed potential
Scissor modes

Very complex level scheme

161Gd (Z=64, N=97)

Close to N=90 "questioned” magic number
Medical interest ('®'Tb production)
Only few excited states are known

160Gd(n,v)'®'Gd < highly isotopically pure target

Target produced at the ILL V4 position

Isotope o A fraction of Compos.
(b) (=) | captures (%) (%)
155Gd 60330 155 0.3 3.3% 102
157Gd 254000 157 0.8 4.2 %108
160Gq 1.4 160 98.9 98.10

A. Saracino, Master Thesis, Univ. Milano ILL
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(Almost) complete spectroscopy of *1Gd at low spin

Capture state

n
.......... ; 5635.4
Gate 4514.3keV e
| e H 5
i 3 4514.3 keV >
g 1600 .'g
S ek &
1200~ F 11241 | g
2 .‘
§ = i
809.6 keV -
100 200 300 400 500 600 ml::)ncrgy 2Dkocv) 314.5 keV 31(;_()5
Ground state -
0(g.s.)

35 new excited levels, 294 new ~ transitions found
Performed experiment at IFIN-HH (multinucleon transfer)

A. Saracino, Master Thesis, Univ. Milano ILL; A. Saracino et al., to be submitted to Phys. Rev. C
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Challenges in y spectroscopy of fission fragments

235
U(ng,F)
1,5e+09
N
|
o)
0
| I
=
[ =
C
<]
-—
o
le+09 - L T LB
2 50 T8Ni . 2
: —
3 Neutron number N
5e+08
La Rivista del Nuovo Cimento
https://doi.org/10.1007/s40766-022-00033-2
y REVIEW PAPER ")
Check for
updates
0 Gamma-ray spectroscopy of fission fragments with
T I T T T T T

T T I I state-of-the-art techniques
600 800 1000 1200
Energy [keV]

l
200 400

S. Leoni'2 . C. Michelagnoli? - J. N. Wilson*

Received: 21 December 2021 / Accepted: 2 March 2022
© The Author(s) 2022, corrected publication 2023

14



Fission challenges and FIPPS Active target
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Adapted from F. Kandzia et al., Eur. Phys. J A 56 (2020) 207
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Lineshapes in multi-y coincidence spectra
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G. Colombi, PhD Thesis, Univ. Grenoble-Alpes, ILL and Univ. Milan, 2023
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Etude de la déformation nucléaire des fragments de
fission a l'aide de nouvelles techniques de mesure
de temps de vie par décalage Doppler

Nuclear deformation in fission fragments studied with
novel implementations of Doppler shift lifetime
measurement techniques
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A diamond-based fission fragment id setup
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Looking forward for
future projects!!
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