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/c'. How does the N
complexity of nuclear
structure arise from
the interaction

between nucleons?
o
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Perspectives
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How and where in the
Universe are the
chemical elements
produced?

Observables:

Basic ground state properties:
mass, radius, moments J, 4, Q
Half-life y decay process
Transition probabilities

Theoretical Models:
Shell Model (magic numbers)

Mean field Calculations (collective properties
Ab Initio Calculations (light nuclei)




Hot subjects in Nuclear Physics

Fission Dynamics
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Nuclear Physics
Magnificent Complexity

Exotic Decay Modes

Shape Coexistence
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The Nuclear Shell Model:
: ?

Universal

Mayer &
Jensen

@® Nuclei exhibit shell structure

» Filled orbitals = « magic nuclei »
» Valence nucleons are crucial
» We rely on the Shell Model, with magic
nuclei as the building blocks, to predict
the structure of exotic nuclei
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Nucleo-synthesis: Stellar scenario

* Protons & Neutrons are produced 10¢s — 1s after the Big Bang (13.7 x 10° years ago)
* H, D, He, Li, Be, B were formed 3 - 20 min after the Big Bang
e Heavier nuclei are formed along the life of the star

rp-, p-process:
* masses at & beyond the proton drip-line =
* (p.y), (y,p) rates neutron star merger |

r-process:
* masses, half-lives

* B-delayed neutron emission
* (y,n), (n,y) rates

* shell structure

=» Combine accurate nuclear physics with precision
astronomy to constrain astrophysical scenarios
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ISOLDE & n_ToF at CERN

CERN Proton
Distribution
in 2016

ﬁ accelerator and experimental faciity, shown as
development) a percentage of the number of protons sent by
the PS Booster
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‘ The neutron time of Flight Facility i

World Reference for Nuclear data (IAEA and JEFF ) in EAR1
Main feature of n_TOF is the extremely high instantaneous neutron
flux (10> n/cm?/pulse)

EAR2 (2014) " [

igh resolution in energy (AE/E=10%) - study resonances
Large energy range (25 meV<E_<1 GeV) 2>
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Radiative capture
(n,y)

Physics at n-ToF

104 ISOTOPES MEASURED
4+ Fission (n,f)
4+ radiative capture (n, v)
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‘ Research with radioactive nuclides @ ISOLDE

Nuclear Phys

Astrophys leld (at/

ISOLDE today offers the largest
range of available nuclei ( >1000
of 74 elements) of any ISOL
facility worldwide.
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‘ Masas & Numeros magicos O
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Exploring the nature of N=32

Hyperfine structure spectra
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%, i 8122 Cau=3/2 i ® Collinear laser Spectroscopy
) ER .. e study of Ca-isotopes: 49->2Ca
393.4 nm . .
® Change in nuclear size
4578, — produces a shift in the hfs.
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ISOLTRAP: Mass of 54Ca and 3-body forces
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The astrophysical r-process

» The r-process is a two step process:

1. Neutron capture until n-y equilibrium

2. beta-decay ® N-rich Cd isotopes
http://www.nupecc.org/report97/report97 astrobib/nodel7.html| important for the r-
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earching for pear-shaped nuclei @ ISOLDE

Stable nuclei
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‘Multidisciplinary Efforts to fight the cancer

Personalised Treatment «&» Different responses to the same drug

Same Chemical elements of Diagnosis and Treatment : Theranostics

. 4
Tumor Protein/ @
. 3
ligand
y N
Immunology Biochemistry

Bombesin is a ligand successfully
used with 135Tb (5 d) and 23| (59 d) for
prostate, mama and stomach cancers




‘ The HIE-ISOLDE project: | A, E7

Energy: 4.5-10MeV/u =
Intensity: x10 in power » it
Beam Quality i
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Physics at HIE-ISOLDE
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The new energy window gives the opportunity to address

new physics questions 3 35 Experiments approved
Isospin symmetry > 700 shifts ‘fﬁ

Magic numbers far from stability .l s
Collectivity versus Single Particle _I‘E#HM
Shape Coexistence ; H :
Quadrupole and Octupole degrees T o |
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Summary & Outlook  _imr

® ISOLDE offers largest variety of radioactive and post-
accelerated beams in the World. Plenty of challenging physics

® ISOLDE, operative since 50 years (first radioactive beam
October 16, 1967), is in continuous transformation to stay at
the forefront of nuclear physics research.

® The energy upgrade, up 10 MeV/u in 2018. Many new devices
and groups have been attracted by the increase of energy of
the post-accelerated beams.

® Main features of n_TOF is the high instantaneous neutron
flux, high resolution in energy and large energy range

® Since 2001, n_TOF is contributing to the world efforts aimed
at collecting high quality data, mostly on capture and fission

® The new EAR2 (since 2014) offers the unique opportunity
to perform challenging measurements involving shor;-ﬁved -
radioisotopes or sub-mg samples 12019




iThanks for your attention!



