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Physics @ GANIL

= Structure and reaction dynamics
of exotic nuclei

= stable nuclei
exotic nuclei (observed)

= exotic nuclei (predicted)

The symmetry energy of the nuclear EoS | /,.f‘ ®"Li nucleus
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= Nuclear collisions under various conditions.
Nuclear matter dynamics and thermodynamics
Equation of State
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= Fundamental interactions, atomic, condensed matter physics,
radiobiology, medical applications, ...



The ab-initio breakthrough: a challenge for nuclear theory

=) Starting point : Chiral Lagrangian Lapouxetal., PRL 117 (2016)
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New effective interactions (DFT): spin-isospin channels

 New EFT-guided nuclear density functionals (DFT):
cold neutrons in a trap (inclusion of spin-orbit and pairing)
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Merging structure and reaction dynamics (light systems)
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halo nuclei ...

Study of '1Be+'%’Au at 3-4 MeV/u

"Be 7 Elastic Inelastic: ' 'Be->''Be* Breakup: "'Be->"Be+n
2 LR2FTTTTTTTT R T T T T 08—
N i 1 sk n |
= i\ — o6} .

. I Je R _
« New reaction models: _ “Her ] ST 3 0
New CDCC code with e~ X 1% 0l §
core excitations for breakup oz @] R e 1t ]
I I o5 '3|0' 60 90 120 l 05 zlo 200 8010 Y0 '3|0' |6|0| 90 120 150
in weakly bound nuclei. 00 T & 2%

V.Pesudo et al, PRL118, 152502 (2017)

... and clustered systems,
exotic structure...

v Experiments proposed at GANIL (last PAC meetings): a few examples...

« Study of 220: 190(d,p)?°0 reactions (AGATA + MUGAST + VAMOS), 1°0 by SPIRAL1
 Study of resonant clustered structure of 1?Be: “He(8He, 8He)*He reactions

(SPIRAL1, ACTAR TPC)
« Proton (or two-proton) halo: 1’Ne + 2%Pp (elastic and °O detection ),14O, 8B, °1°C,

150 radiative capture rate (SPIRALL1), 3*Ca bubble nucleus, ...



Understanding shell evolution, configuration mixing and shape co-existence

* N =20, 28 shell closure
* Nuclei withN=Z — role of n-p pairing (1°°Sn region)
» Ni isotopes beyond N=50, Sn isotopes near and beyond N=82 (new generation ISOL)
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super-deformed structure in 2Ca N
-- Disappearance of N=28 closed shell structure (exp. data)

- GANIL experiments (VAMOS + AGATA + MUGAST) ( ex. Ar(®He,d)*K )
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Collective motion in nuclei
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Collective motion — ‘macroscopic’ features (NM compressibility, symm. energy..) — EOS
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Challenges for reactions: from direct reactions to dissipative collisions

Deep-inelastic
Quasi-fission  Spectator/participant

Quasi-elastic Transfer fragmentatinn
Entrance channel
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Fusion/fission and Quasi-fission:

Ex: Inverse kinematics at VAMOS/GANIL
238 + 12C at 6 MeV/u

 Fission from fusion and multi-nucleon transfer
* Quasi-fission

—> Shell effects, isospin effects, potential surface..
Quadrupolar or Octupolar ? -

[Scamps & Simenel, . 0-_510
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shell effects & EOS
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» symmetry energy effects



Fragmentation at Fermi energies & the nuclear EOS

» Characterization of reaction dynamics:

(@) 36Ar+58Ni 260fm/c .
25AMeV o (T Treatment of the dynamics of a many-body system !
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—> Diffusion and migration
[Napolitani & Colonna, PLB797, 134833 (2019)] within the same experiment:
Indra + Vamos @ GANIL

Indra + FAZIA @ GANIL
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Fragmentation at Fermi energies & the nuclear EOS

» Characterization of reaction dynamics:

(@) 36Ar+58Ni 260fm/c .
25AMeV o (T Treatment of the dynamics of a many-body system !

Aj:‘(b) —> reach consistent transport model description
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—> Diffusion and migration
[Napolitani & Colonna, PLB797, 134833 (2019)] within the same experiment:
Indra + Vamos @ GANIL
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« Isospin dynamics and symmetry energy Indra + FAZIA @ GANIL

C.J.Horowitz et al., Jou. Phys. G41 (2014)
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d Summary

» Reach a consistent description (through models and associated
eff. interactions) of the structure of nuclei along the nuclear chart.

» Reach a consistent description of reaction dynamics, from low to
Intermediate energy.

> Describe the behavior of nuclear matter under several conditions of
density, temperature, charge asymmetry, ..

The synergy between theory and experiments is essential to progress !!

Thanks to Denis Lacroix !



