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Challenges in MODERN NUCLEAR PHYSICS

Quest for a UNIFIED DESCRIPTION of ALL Nuclei
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MICROSCOPIC Structure of Nuclei:
a computational challenge ...



Challenges in MODERN NUCLEAR PHYSICS

Quest for a UNIFIED DESCRIPTION of ALL Nuclei
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SHELL MODEL Approach

SHELL GAPS as
Truncation Scheme

VALENCE
Nucleons

core

Frozen CORE

Doubly magic nucleus
4He, 160, 4°Ca,
132Sn, 208Pb

LIMITATION

® Interactions among VALENCE nucleons:

excitations restricted
to ONE-TWO oscillator SHELL

® CORE excitations NOT fully included:
NOT always doable, few nucleons only

Relevance of
CORE Excitations

Complex, collective excitations dominate
Low Lying states in DOUBLY MAGIC Nuclei

2%, 37,4", ... PHONONS
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The Structure of Nuclei with
one or two valence particles is influenced by

Particle-PHONON couplings

Key Ingredient for:

* Quenching of Spectroscopic Factors
* Anharmonicity of vibrational spectra
* Damping of Giant Resonances, ...

PHENOMENOLOGICAL models (Bohr-Mottelson)

MICROSCOPIC models (Dobaczewski, Sagawa, Colo, ...

)



A search for particle-phonon couplings
around doubly magic n-rich nuclei

y-spectroscopy technique
Motivation for new ” j
development in THEORY
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A search for particle-phonon couplings
around doubly magic n-rich nuclei

y-spectroscopy technique
Motivation for new 82 ,u
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Multi Nucl. Transfer with THIN targets: GE ARRAY + MAGNETIC SPECTROMETER
Studies of Moderately N-Rich Nuclei

A Quadrupole
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Spectroscopy of 49Ca: Spin, Parity and Lifetimes

48Ca+%Ni @ 6 MeV/A
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Particle-Vibration Coupling

Weak coupling
Phenomenological Model (Bohr-Mottelson)

Interpretation of g/2+ state of 49Ca

Large Scale SHELL Model

FULL sd-pf-sdg shell still NOT possible
Truncation scheme sd+pf+sdg (2.515.437 conf)

with V,,, interaction
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A search for particle-phonon couplings
around doubly magic n-rich nuclei

y-spectroscopy technique
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The y-Spectroscopy Campaign @ ILL-reactor (Grenoble)
2012-2013: 2 Reactor Cycles (100 days, 95% DATA Taking)
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First time a large HPGe array (52 Ge crystals)
installed around a highly collimated cold-neutron beam

SETUP 1 SETUP 2

Y - spectroscopy Lifetime Measurement

6% efﬁ:ci'ency FATIMA ARRAY: Fast Timing
-

The ACQUISITION SYSTEM
A Fully Digital Approach, TRIGGERLESS

>10 kHz/crystal, >600 kHz total, 10 ns clock
Unique opportunity for y-coincidences over several us time window

- n-induced fission on 35U and 24*Pu and (n,y) on several targets

G. DeFrance, A. Blanc, U. Koster, M. Jentschel, P. Mutti, G. Simpson, J.M. Regis, C. Ur et al.
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PhD Thesis, Milano
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INTERPRETATION
Multiplet of states

11/2%, 13/2%, ... 25/2*

Lifetimes Analysis
with Scintillators

15/2+ | =10ps 0.7 W.u.
2 > > 100

13/2+ | =40 ps 0.005 W.u.

Not Simple Configurations !

PROBLEM:

LARGE SHELL Model Calculations
Involving complex CORE-excitations

are NOT possible!




HYBRID Model - (G. Colo, P.F. Bortignon - Milano)
Extended Microscopic Particle-Vibration Coupling Model

133Sb: 132Sn + 17T
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- Coupling matrix elements between single particle and CORE excitations
are consistently calculated with the same SkX interaction: NO FREE PARAMETERS



HYBRID Model - *33Sb Spectrum

Relevance of Couplings of different type of
CORE excitations (few nucleons, phonons) to valence particles
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A search for particle-phonon couplings
around doubly magic n-rich nuclei

y-spectroscopy technique
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Doubly-magic SHELL CLOSURE
At the Valley of Stability

Particle-Phonon Multiplet in 292Bi: 299Bij(d,d’), 2°°Bi(a, '), ...,

208Pp + 17T + 1V
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The nuclei around 2°8Pb are strongly influenced by the very collective
3" octupole phonon of 2°%Pb, E_= 2.6 MeV, B(E3) = 34 W.u

Bohr-Mottelson Model (1970)



209Bi(n,Y)?*°Bi - ILL Grenoble
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< Studies of COUPLINGS between Conclusions
PARTICLE and CORE excitations around DOUBLE SHELL CLOSURES

—> Key ingredients for

quenching of Spectroscopic factors,
damping phenomena,
hanarmonicity of vibrational spectra, ...

Very difficult to be described by SHELL MODEL Calculations for A > 5o
Up to now Mainly interpreted Phenomenologically

<> SURVEY of RECENT y-spectroscopy DATA
on excited structures near doubly magic nuclei (hard to reach)

49Ca — Multinucleon Transfer
1335b — Neutron Induced Fission

ZIOBI' — (nl y)
from Legnaro-INFN Laboratory and ILL (Grenoble)
— Experimental evidence for particle-phonon states

<> New Microscopic Approach: The Hybrid Model

—> Possible Basis for Future Theoretical Description
of Complex excitations in Heavy Nuclei
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